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FOREWORD 
This 2005 edition of the New Zealand Institute of Forestry’s handbook reflects a wide interpretation of "forestry". Having 
emerged from an era where clear boundaries were drawn between indigenous and exotic forestry, we are returning to the 
view that forestry needs to integrate conservation with production. New values are emerging. They include the post-1990 
"Kyoto forests" forming a crucial carbon sink for New Zealand’s Climate Change commitments. Just under half of our 
plantation forests are certified, most commonly with the Forestry Stewardship Council. In the future our forests will be a 
valuable source of biomaterials. 

It’s nearly a decade since the third edition of the handbook, edited by Don Hammond, was published in 1995. Mike Colley 
has taken up the role for this edition and like many projects it has presented a number of challenges as well as rewards. 

It’s important that the 2005 handbook stands the test of time. With increasing access to electronic communication, the 
Institute decided to offer the Forestry Handbook in print and on CD. In it’s printed form you can read it at your leisure. In 
the electronic form, combined with powerful search tools, the handbook will be a valuable reference document for those 
involved with forestry, both in New Zealand and overseas. 

Updating this handbook is just one of the areas in which the Institute is active. Over the currency of this handbook, the 
New Zealand Institute of Forestry’s vision is to: 

> be a vibrant professional organisation demonstrating leadership; 

> be well respected for its independent and considered views; 

> advocate forestry in its widest sense; and 

> be relevant to current and new members. 

The Institute provides a forum where those involved in forest management, utilisation, research and consulting can 
exchange ideas and information and keep up to date with industry trends. 

Thanks to all those who have contributed to this handbook. Your time and effort is much appreciated. 

 
Jaquetta (Ket) Bradshaw 
President, New Zealand Institute Of Forestry 
Te Pũ tahi Ngãherehere o Aotearoa Inc. 

 

EDITOR’S COMMENTS 
This edition of the New Zealand Institute of Forestry’s handbook maintains the style and broad content of the previous 
edition, but with an evolution of content reflecting the changing "landscape" and nature of the industry. 

Some things never change, and with good reason. They are the pillars of the industry and include the humble mensuration 
table and investment formulae, which continue to be included in this edition. 

There is increased emphasis on forestry as a business, with the inclusion of new articles on tree crop ownership structures, 
the valuation of land, forest insurance, and forest accounting. A balance is attempted with the inclusion of articles on 
forest and product certification, and dispute resolution. 

Articles on indigenous forestry reflect the impact of legislation during the past ten years. The inclusion of articles on clonal 
forestry and molecular biology mirror the advances made in tree development. 

The processing industry is covered. This oft-scrutinised sector continues its creeping expansion. Like trees themselves, give 
it sufficient time and it starts to loom above the horizon. Patience and determination are just as important as the more 
frequently used buzz-words in the business world. 

The forest industry in New Zealand is diverse and rich in history and achievement. The handbook attempts to record the 
legacy of those who developed it, with some glimpse into the future. 

Although the handbook attempts to cover most fields, it does not purport to be all-inclusive. Those who detect gaps in the 
coverage will perhaps have the chance to put their hand up some time after 2010. 

The contribution of the authors (even those who stretched the editor’s patience in the final months of the task), and their 
peer-reviewers, is acknowledged, each an expert in its own field. The publisher brought ideas and enthusiasm to the task. 
The editorial committee of Hugh Bigsby and Don Hammond contributed to ideas and administration. Sue Colley bent a 
thousand different formats into one, over hours extending to a big number. Others involved with the handbook are 
acknowledged and thanked. The advent of email since the last edition has helped enormously. 

 
Mike Colley 
Editor 

 
Note: The number of references listed in many articles has been pared back to keep within word limits. Many authors are open to being 
asked to provide further references. 

 

 

DISCLAIMER 

Whilst every effort has been made to ensure the accuracy of the information contained in the handbook, the New Zealand 
Institute of Forestry, the Editor, and the authors of individual articles accept no liability for any error or omission. The 
information in the handbook should not be relied upon as a substitute for professional advice for specific situations. Where 
opinions are expressed they do not necessarily reflect the opinion of the employing organisation of the particular author or 
of the New Zealand Institute of Forestry. 
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   SECTION 1.1   

A CONDENSED 
HISTORY OF 
COMMERCIAL 
FORESTRY 
J Purey-Cust – Farm Forester, Gore 

D R Hammond – Hammond Resource 
Management Ltd, Rotorua 

THE BEGINNINGS 

The history of forestry in New Zealand has been one of 

conflict and of debates that still continue in various forms. 

The result of that conflict is a country where natural forests 

have been severely affected by two successive waves of 

colonisation over the past 1100 years, but nonetheless 

where the forest industry has been developed into one of 

the key contributors to the economy. 

The forest estate in New Zealand in 2004 is made up as 

shown in Table 1. 

 
 
 
 
 
 
 
 
 

Table 1: Forested Area 

The first human settlers (Polynesians) arrived around 1100 

years ago and found a country that was three-quarters 

covered by natural forest. Over the next 1000 years they 

cleared around one third of the forest by fire, either 

deliberate or accidental. 

The second wave of settlement was European and began 

around 200 years ago. These settlers removed a further 

third of the forest estate to facilitate agricultural 

development. The traditional European-settler approach to 

the forest was that it was an impediment to progress. The 

forest was seen as never-ending and its resources 

inexhaustible. Land was cleared by fire with timber used 

only when convenient. Probably little more than 10% of 

the merchantable timber was used, the rest being burnt. 

Kauri, by virtue of its recognised timber qualities and the 

generally impoverished soils on which it grew, fared better 

than other species. 

The wasteful and casual attitude to the forest resource 

concerned some influential people from as early as the 

1870s. There was also concern about future wood  

supplies, especially in the drier eastern parts of the country. 

As a consequence, there was a series of Forest Acts 

between 1874 and 1908, and even, briefly, a small forestry 

department  (1885-1888). 

A Government-sponsored timber conference in 1896, set 

up to push for greater export of timber, found instead that 

an adequate resource no longer existed. A consequence of 

this was the establishment of an Afforestation Branch of 

the Lands and Survey Department. Over the next 25 years, 

it was to establish 15,000 ha of plantation, but its 

mandate did not extend into the natural forest. 

 

By 1913, public concern for the future, of both the natural 

forests and for the need for a national timber supply, was 

such that the Government set up a Royal Commission on 

Forestry. It found that the natural forest resource was 

limited, the methods of its use were wasteful, and that 

generally the native species were unsuited to afforestation 

(though following the work of the botanist Leonard 

Cockayne on the southern beeches a decade later, this 

view was relaxed for the genus Nothofagus). Future needs 

would have to come from imports or from large-scale 

plantings of introduced species. 

There was a call for a State Forest Service to be  

established. With the intervention of the First World War, it 

was not until 1919 that the New Zealand State Forest 

Service was finally established. 

1919 – THE STATE FOREST SERVICE 

ESTABLISHED AND THE FIRST 

PLANTING BOOM 

Along with these developing views on the need for positive 

measures came changes in attitude to forestry itself. 

Increasingly the most important species was radiata pine. 

The Afforestation Branch of the Department of Lands and 

Survey had sought to provide for specific end uses, 

concentrating on species common to northern European 

practice of the day. The policy itself was a failure - many 

species did not grow and the need did not eventuate – but 

much valuable knowledge was gained. 

The 1913 Commission was less specific, recognising that 

the chief needs of the colony would lie in general  

utilitarian purposes such as building and packaging. For  

this it recognised the virtues of radiata pine and pushed for 

the species to be planted more widely. In spite of this 

endorsement, doubt continued for some time thereafter 

and radiata pine only gradually achieved the predominance 

it now has in the New Zealand planted forest estate. 

The first director of the new service, Macintosh Ellis, was a 

Canadian of great drive and vigour. He reviewed the 

natural forest resources of the country, revised the timber 

sale methods, accurately predicted timber demand 30 years 

ahead, and set up an afforestation target of 125,000ha by 

1935 to meet the projected demand. 

The target was achieved before time, mostly on the pumice 

plateau of the central North Island, along with a similar 

area planted by the private sector. 

While many aspects of forestry – such as harvesting – have taken 
quantum leaps forward, some have changed little, and remain 
dependant on skilled and motivated labour as opposed to large 
capital investment. 

Photographs courtesy of Forestry Corporation of NZ. 

 

 
 

Kaingaroa forest, 1930s. 

 
 

2  SECTION 1 – EXOTIC PLANTATION FORESTS 

Category Area (ha) Percentage 

Total land area 27.1 million 100 

Natural forest 

(mostly protection or reserves) 

 
6.3 million 

 
23 

Planted forest 

(mostly introduced species) 

 
1.8 million 

 
7 

 



 

 
 

Pokopoko forest, 1993. 

After 1935, the first planting boom slowed down and little 

more was planted by either the State or the private sector 

until the early 1960s. There was much agonising over 

silviculture but little action, and the priority passed to the 

utilisation of the forests planted prior to 1935. 

Along with the upsurge in afforestation, Ellis established a 

forest products branch and appointed to it an engineer: 

A R Entrican. Research began into all aspects of wood 

usage, and the foundation was laid for utilisation of the 

forest resources then being planted. 

AFTER WORLD WAR TWO 

The surge in enthusiasm for forestry generated by Ellis died 

away in the Depression and did not rise again until the 

appointment in 1939 of A R Entrican as Director. Entrican’s 

prime interest was in the use of the resources of the first 

planting boom, beginning to come to fruition when World 

War 2 ended, but the drive for better forest management 

spread much further than that, into education and  

training, soil conservation and protection, forest 

management and national parks. 

Above all, Entrican saw the need for trained people, and a 

system of professional and ranger training was set up, 

concentrating initially on returned servicemen. A training 

school was established in Rotorua offering courses in field 

forestry and technical training in utilisation skills. Formal 

training in forest management (the Forest Ranger 

Certificate) followed, and in due course a resident 

apprentice scheme (Woodsman training) was set up in 

three other centres around New Zealand. 

In 1946 there was no forestry school in New Zealand 

(although two short-lived schools had existed at Auckland 

and Christchurch Universities before they were closed 

during the Depression), so students were sent abroad for 

university training. This continued until 1970 when training 

in forestry commenced at the University of Canterbury. 

The natural forests were surveyed in detail (the National 

Forest Survey) over a 10 year period (1946-55), and a great 

deal of basic knowledge of their timber resource and 

ecology resulted. Some of this information continues to be 

used today as the country attempts to quantify carbon 

sequestration in natural forests. 

The natural forest resource was known to be diminishing, 

but political pressures of the day slowed any reduction of 

the rate of harvest. However it was clear to the Forest 

Service that it would be the plantations that would have to 

meet the future national demand for wood. 

A move in this direction had already been made in the 

research work started in the 1920s and the plans laid just 

before the war for the establishment of demonstration 

sawmills to show what could be done with plantation 

timber. These two mills (Waipa at Rotorua and Conical Hill 

at Tapanui) were for a while the largest sawmills in the 

country. They succeeded in their purpose of showing what 

could be done with the new resource and in weaning 

people off the cheap price-controlled high-quality natural 

timber they were used to. 

 

 
 

Extracting thinnings from 1907 planted Pinus laricio in 
Whakarewarewa Forest, 1952. 
Photo courtesy of NZ Forest Research Institute.  

The private sector was not slow to take up the challenge 

and, by 1960, the timber sawn from the new plantations 

equalled that from the natural forest by volume. By 1978 it 

was 7 times greater, by 1984 14 times greater and by 

2003, 213 times greater. 

The use of wood residues followed much the same  

pattern, though here much of the initiative lay with the 

private sector, based on the extensive plantations of the 

central North Island. There was rapid development from 

1940 onwards. New Zealand, now self-sufficient in artificial 

boards and pulp and paper, began exporting increasing 

volumes of all forest and wood products. 

Ellis and Entrican had also seen the value of research but it 

wasn’t until after the war in 1948 that it became possible 

to pull together the resources for a comprehensive research 

centre. This grew first out of the headquarters at Rotorua 

of the National Forest Survey, and then slowly developed 

into an institute covering all facets of forest management 

and timber utilisation. 

The National Forest Survey also coincided with wide 

concern over the condition of much mountain and pastoral 

farm land where over-use and the depredations of 

introduced animals were seen to be causing serious 

erosion. A National Soil Conservation Authority was 

established in 1942 to pursue better use of farmed land. 

The Forest Service role in this lay largely in the control of 

wild animals, which passed to it in 1956, bringing with it 

strong protest from sporting interests. A little later on, the 

Forest and Range Experimental Station was established at 

Craigieburn under J T Holloway, to investigate the 

challenges of high country land management. 

THE SECOND FORESTRY BOOM 

Around 1960 the Forest Service reviewed the future 

national supply and demand for timber products. It saw a 

temporary export surplus based on the plantings of the 

1920s and 1930s turn into a domestic supply deficit by the 

end of the century. The case was made for an additional 

800,000 ha of plantation by the year 2050. This would 

give a total plantation estate of one million hectares, and 

implied a trebling of the annual planting rate to 12,500 ha 

per year. In fact by 1973, new planting had risen to 40,000 

ha per year, and the target was passed in 1984. 

A number of circumstances combined to achieve this. In 

the past, every warning of waste and impending shortage 

had been ignored, but now the Forestry Development 

Conferences of 1969 and 1974 had recognised forestry for 

the first time as a legitimate export-oriented land use with 
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an economically viable future. In 1962, loans, and then 

grants, were made available to landowners who planted 

trees. Above all, perhaps, the start of the highly profitable 

Japanese log trade convinced people generally that forestry 

could be profitable. A whole group of farmers with far- 

sighted forebears who had planted trees were seen 

suddenly to be prosperous. 

The new plantings, nearly all radiata pine, were by policy 

widely spread (contrary to the first boom of the 1920s to 

1930s which was concentrated in the central North Island). 

Forests were established in roughly equal area by the State 

and private sector wherever there was a good combination 

of suitable land, transport, and port facilities on which to 

build regional export-orientated forest industries. 

The scale and speed of forest expansion caused great 

alarm amongst hill-country pastoral farmers, who saw 

themselves attacked from both ends by competition from 

forestry on the hills and horticulture (another burgeoning 

industry of the 1970s and 1980s) on the flat land. There 

were consistent efforts through the use of Town and 

Country Planning legislation to restrict both. Largely these 

failed, primarily because of the decline in profitability of 

pastoral farming and the lack of other uses for hill-country 

land. 

Logs from the second planting boom began entering the 

market place in the 1990s significantly increasing 

production. By this time New Zealand was more than self- 

sufficient in wood products apart from some minor 

specialty uses; from now on the export market would 

dominate. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Timberline delimber, 
Kaingaroa Forest, and 
(above) a Timbco feller- 
buncher, Tarawera Forest. 

Photographs courtesy of 
LIRO. 

The two supreme virtues of radiata pine – to grow large 

quickly and to respond vigorously to silvicultural treatment 

– have been preached for a long time. Given a defined 

objective, the tree may be grown to meet a wide range of 

requirements. But what objectives and how to achieve 

them? 

In the early 1980s these matters were investigated in depth 

by the Radiata Pine Task Force, with the objective of 

identifying the profitable markets and the silvicultural 

regimes to produce the logs for them, and providing forest 

managers with the tools to work out their own strategies. 

Considerable effort was devoted to growth modelling, 

analysis of silvicultural regimes and sawmilling patterns. 

Wide-spaced planting and intensive pruning and thinning 

to a low final crop stocking, first mooted several decades 

ago, were now widely adopted as standard practice. Many 

forest owners continue to invest in producing clearwood 

from pruned logs and see this as providing the most 

profitable outcome for their forest. Other products are 

produced from the rest of the tree including structural 

lumber, pulp and paper, and a wide range of engineered 

and panel products. 

PRESSURE AND CHANGE 

Though all generations probably feel that the woes of their 

time are worse than any other time, it seems true to say 

that forestry in New Zealand was under its greatest 

pressure in the 1960s to the 1980s, perhaps more so than 

at other times in its history. The original battles had been 

to keep the forests in existence and to provide an 

alternative timber supply to the dwindling natural resource. 

By the 1960s this had been largely achieved. 

The pressures which then arose did not threaten the 

national forest estate in any way, but came from different 

perceptions of how it should be used. If the time of the 

individual lobby had passed, the age of the pressure group 

had arrived. From the 1960s to the late 1990s 

preservationists mounted a long and skilful campaign to 

end all harvesting in natural forests. 

The 1984 Labour Government had pledged to wind down 

any production from natural forest. Its election pledge in 

1995 was to cease any production from Crown-owned 

natural forest, and this was achieved in 2002, the forests in 

question being transferred to the Department of 

Conservation. New Zealand now has a very low level of 

harvest in private natural forest, which must be carried out 

according to approved sustained yield management plans 

and permits. 

The 1984 Labour Government had an even greater impact 

on plantation forestry. Its policy of privatising all 

commercial functions of Government resulted in the 

dissolution of the New Zealand Forest Service and the sale 

of cutting and management rights in the former State 

Forest plantations. 

A foundation policy of the sales process was that bidders 

should have sufficient wood to justify investment in 

downstream processing. A possibly unforeseen result was 

that the size of the parcels put up for sale was too large 

for the local market, with many purchased by offshore 

interests. 

Buyers of those cutting rights have significantly diversified 

ownership of the plantation resource (although the State 

continues to be one of the 10 largest forest estate owners) 

and have introduced new capital for development of 

downstream processing. However the quantum of new 

capital for processing has fallen well short of Government 

aspirations, or the level required to process the increasing 

wood flow. Further, some of the purchasers of the State’s 

plantation assets have had at best a troubled time 

financially, and at worst have been placed into receivership. 
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Another influence of the 1984 Government was the 

introduction of a tax regime very unfavourable to forestry. 

This, combined with the sale of the State’s forest 

plantations – the new owners were too busy paying for 

their purchases to think beyond wood sales – saw new 

plantings almost cease. Not until 1991 was this rectified. 

The changes introduced in 1991 allowing some 

deductibility, coupled with improvement in market prices 

and recognition of the value of forest investment, resulted 

in a massive increase in new planting, generally referred to 

as the third planting boom. 

Since then the forest industry’s focus has moved towards 

processing. Additional processing capacity has almost 

exclusively been in the form of modernisation and 

expansion of existing plants rather than new processing 

operations. A key driver of this phenomenon has been the 

Resource Management Act, which can make green-field 

development a convoluted, slow, costly and uncertain 

process. Declining reliability of energy supply (and 

increasing cost) has also been suggested as further 

constraining investment in processing. 

THE THIRD PLANTING BOOM 

From 1993 to approximately 2002 most of the investment 

in new planting was made by non-corporate foresters. At 

the height of this boom, new planting levels were double 

anything seen previously, reaching a peak of 98,000 

hectares in 1994. Much of the impetus for this surge came 

from small private investors and landowners wishing to 

provide for their superannuation and recognising the long- 

term potential of forestry. 

The land targeted for this third planting boom was largely 

grassland with a history of agricultural use, in stark 

contrast to earlier planting booms where only land 

"unsuited" to agriculture was deemed appropriate for 

trees. This has implications for infrastructure, on tree 

growth rates and on wood quality, all of which will require 

addressing. 

While the majority of the new planting is to be intensively 

tended (thinned and pruned), at least one large integrated 

company believes the future for plantation-grown wood in 

New Zealand is to provide low-cost fibre a as feedstock to 

produce engineered wood products to meet the markets of 

the future. In this scenario tending is not seen as necessary. 

THE NEW MILLENNIUM 

New planting in the new millennium fell quickly from the 

1990s to its current very low level (even by historical 

standards). Contributory factors include a significant 

agricultural upturn (driving up land prices and returns from 

other land uses), a high exchange rate in relation to some 

key markets lowering the return for forest products, and 

financial constraints in some parts of the corporate forestry 

world. 

In several areas, tracts of planted forest are being 

converted to agricultural use, or in some cases lifestyle 

blocks. The mid part of the 2000 decade could well see 

the total net stocked area of planted forest decline for the 

first time in the nation’s history as a result of deliberate 

action. 

The change to other uses is driven more by potentially 

higher returns, the desire to free up cash, and potential 

fears about the impact of the Kyoto Protocol rather than 

any inherent structural change in the validity of forestry as 

a land-use or investment. Concurrent with some forest 

owners selling the land the forest is planted on, other new 

owners are investing heavily in purchasing existing planted 

forests and expanding the resource of non radiata pine 

plantations. This reflects the spectrum of views on forestry 

as an investment and the investment time frames of the 

various parties involved. 

Behind all this, harvest volumes are rising rapidly as the 

plantings of the second and third planting booms come on 

stream: 10 million m3  in 1986, 15 million m3  in 1993, 21 

million m3  in 2003 and a projected 31 million m3  by 2010. 

Domestic consumption remains fairly static and the 

production from the increased harvest will have to be 

exported in some form. 

Plantation forestry is now seen as a normal land use and 

the power to discriminate against it under the old Town 

and Country Planning Act has largely been removed by the 

Resource Management Act. However discrimination 

continues to occur on occasions with a recent example 

being attempts in drier parts of the country to control 

forestry on the grounds that it uses water that could 

otherwise feed water-intensive forms of agriculture. The 

validity of the claims is yet to be determined through the 

Resource Management Act. 

While plantations are increasingly accepted as part of the 

landscape and the investment scene, demands upon those 

forests continue to diversify and intensify. Timber 

production is now an accepted objective, but the forests 

are expected to meet other goals of society such as 

environmental protection, waste disposal, recreation and 

carbon sequestration to name a few. For many forest 

owners, independent certification and verification of these 

other values is sought through various systems such as the 

Forest Stewardship Council. Almost half of the plantation 

estate and the majority of the (very small) indigenous 

production estate is certified through such schemes. 

With the new millennium has also come a new word: 

biosecurity, or the awareness of the vulnerability of New 

Zealand to new pests and diseases with potential impact 

on forestry and agriculture as well as the natural 

environment. Surveillance is now more intense than before, 

particularly around ports and airports, and unloading sites 

for imported goods. In many cases incursions have been 

responded to with widespread eradication programmes  

and in extreme cases with aerial spraying. Surveillance is 

becoming increasingly complex as the volume and range of 

goods crossing the border increases. 

The challenges for the future lie in the planning, processing 

and marketing of the growing harvest, and the wider 

integration of forestry into New Zealand society. New 

Zealand has a forest growing climate, as any area of 

abandoned farmland will attest as it rapidly reverts to 

woody vegetation. While the industry has a vision of being 

the largest export earner supported by a planted estate of 

5 million hectares, there is no plan in place for how that 

vision may be achieved. The industry has considerable 

untapped potential; to date the quantum leap required to 

tap that potential has yet to be made. 
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   SECTION 1.2   

 

PLANTATION 
FOREST 
DESCRIPTION 
P M Lane – Ministry of Agriculture and 
Forestry, Wellington 

New Zealand has a total land area of 27.05 million 

hectares, of which an estimated 1.83 million hectares is in 

exotic planted production forests. 

AREA OF LAND BY COVER TYPE 

Figure 1 shows a breakdown of the New Zealand land area 

by major cover type. (as at April 2003). 

 
 

 
 

 
 

 
Figure 1: Area of Land by Cover Type. 

Approximately 32% of the entire planted forest area is 

located in the Central North Island region. Other significant 

forest resources are in the Northland, Nelson/Marlborough 

and Otago/Southland regions. 

SPECIES DISTRIBUTION 

Figure 2 shows the distribution of species within the 

 
 

 
 

 
 

planted forest area. 

Figure 2: Species Distribution as at April 2003. 

Radiata pine is the dominant species, making up 89% of 

the planted area. Douglas-fir makes up approximately 6%, 

and the remaining 5% of the resource is made up of 

numerous softwood and hardwood species. 

FOREST MANAGEMENT PRACTICE 

Figure 3 shows the major types of management practised 

in the radiata pine estate. 

Figure 3: Forest Management Practice in 2003. 

About 67 percent (1.09 million hectares) of the radiata 

pine planted forest estate is, or is expected to be, pruned 

to a height of at least four metres. The area of pruned 

radiata pine approaching harvestable age is increasing. 

Approximately 9 percent (94,000 hectares) of pruned 

radiata pine is older than 25 years, while 16 percent 

(174,000 hectares) of pruned radiata pine is between 21 

and 25 years old. 

Approximately 21 percent of the radiata pine planted 

forests currently is, or is expected to be, production- 

thinned. The area of production-thinned forest has 

declined in recent years: in 1995 28 percent of the radiata 

pine forests was, or was intended to be, production- 

thinned. Production thinning of the radiata resource has 

decreased in the Central North Island wood supply region 

from 65 percent of the area of plantation in 1995 to 33 

percent in 2003. 

PLANTED FOREST AREA BY AGE 

Figure 4 shows the age distribution of the national exotic 

plantation estate as at April 2003. 

The areas planted during the past five years reflect re- 

planting following an increasing harvest program, 

countered by a diminishing new-land planting program. 

NEW-LAND PLANTING 

Figure 5 shows the area by year of new exotic plantation 

forest planted since 1921. 

The average new planting rate over the last 30 years has 

been 44,900 hectares per year. In the period 1992 to 1998 

new planting rates were high and averaged 69,000 

hectares per year. Since 1998 the rate of new planting has 

declined. At 14,900 hectares in 2003, new planting is now 

well below the average afforestation rate of the last 30 

years. 

OWNERSHIP 

The make-up of the New Zealand forest industry has 

changed substantially over a little more than a decade – it 

is now dominated by the private sector, is international and 

includes an increasing proportion of small forest growers. 

Between 1990 and 2002 it is estimated that 640,000 

hectares of new forest have been planted. New entrants to 

forestry have carried out much of this planting. Accurate 

details of the ownership of this resource are not available. 

Anecdotal evidence indicates that the majority of these 

new owners are either private land owners or syndicate 

investors and that most of the forests established by these 
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Figure 4: Planted Forest Area by Age as at April 2003. 
Note: The area is shown for each age up to 35 years. After this, five-year age classes are shown. 
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Figure 5: New Forest Area Planted Since 1921. 

 

owners are small in size. While these new owners have 

planted a significant area during the 1990s, 70 percent 

(1.3 million hectares) of the entire forest resource is still 

owned by around 70 owners, each with more than one 

thousand hectares of forest. 

Over 60 percent of the planted forest estate is owned by 

22 major organisations (with considerable offshore 

investment), each owning more than 10,000 hectares. 

There is continuing change of forest holdings among 

existing companies as well as sales of forests. Some 

integrated companies are divesting their forest assets, 

which show a poorer return on capital than their 

processing operations. Fund managers (particularly from 

the Northern Hemisphere) have purchased significant areas 

of forest during the past 10 years. 

The remaining forests are owned by small companies, local 

government, partnerships, joint ventures and thousands of 

small-scale forest owners. The dominance of large 

companies in new planting has given way to individuals 

and groups of smaller investors. These include farmers, 

individual investors, Maori forestry interests and additional 

foreign participants. Almost 14,000 forests are fewer than 

100 hectares in size (June 2002), and many of these are 

individually owned. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: New Zealand Planted Forest Ownership/Management – 
April 2004. 

Note 1: Global Forest Partners has full ownership of 27,000 ha of 
forest. It has further ownership through joint venture interests in 
Mangakahia forest (with Carter Holt Harvey) and the forests 
managed by Weyerhaeuser NZ Inc in the Nelson region, both 
totalling an equity interest of 44,000 ha. 

Much of the material in the table is taken from the 

National Exotic Forest Description (NEFD) reports. The latest 

NEFD statistics are available at www.maf.govt.nz/forestry. 

REFERENCES 
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MINISTRY of AGRICULTURE and FORESTRY, 2004: "A National 
Exotic Forest Description as at 1 April 2003". 
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Forest Owner/Manager Area (ha) Proportion 

Carter Holt Harvey 315,000 17.2% 

Kaingaroa Timberlands 165,000 9.0% 

PruTimber 66,000 3.6% 

Weyerhaeuser New Zealand 64,000 3.5% 

Ernslaw One 56,000 3.1% 

Juken Nissho 55,000 3.0% 

Rayonier New Zealand 50,000 2.7% 

Crown Forestry 42,000 2.3% 

Hancock Natural Resource Group 41,000 2.2% 

Pan Pac Forest Products 32,000 1.7% 

Blakely Pacific 28,000 1.5% 

Global Forest Partners 1 27,000 1.5% 

Hikurangi Forest Farms 27,000 1.5% 

Timberlands West Coast 27,000 1.5% 

Wenita Forest Products 25,000 1.4% 

Roger Dickie New Zealand 24,000 1.3% 

Forest Enterprises 22,000 1.2% 

Evergreen Forests 21,000 1.1% 

Winstone Pulp International 17,000 0.9% 

GMO Renewable Resources 15,000 0.8% 

City Forests 15,000 0.8% 

GSL Capital 11,000 0.6% 

Other 685,000 37.4% 

Total 1,830,000 100.0% 

 

http://www.maf.govt.nz/forestry
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   SECTION 1.3   
 

PLANTATION 
HARVEST 

processing capacity and capital for new wood processing 

investment were likely to limit the rate of increase in wood 

supply. Future harvesting was likely to fall between the 

"base cut" and "late cut" scenarios as presented in 

Figure 2. 

P M Lane and J Eyre – Ministry of Agriculture 35 

and Forestry, Wellington 
30 

HISTORIC TRENDS 

In the ten years following the corporatisation and 25 

privatisation of New Zealand's state forests the annual 

harvest increased 76 percent. In the year ended March 
1987, 9 million cubic metres of roundwood was harvested.

 20
 

By 1997 harvesting had reached 16 million cubic metres. 
The Asian financial crisis of 1997/1998 halted the trend of 15 

increasing harvesting rates. There was a slight decrease in 

1997 then the annual harvest remained relatively static up 

until 1999. 10 

With improving markets and weaker NZ dollar against the 

US dollar there was another period of growth in harvest 5 

between 1999 and 2003. During this four year period the 

annual harvest increased a further 43 percent to 22.4
 0
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(Figure 1). 
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Figure 1: Planted forest harvesting (1951 to 2003). 

Since 2003 the rate of harvesting has declined owing to 

deteriorating market conditions, a strong New Zealand 

dollar and a doubling of shipping freight charges. 

In late 2003 and early 2004 New Zealand's two largest 

forest owners announced their intentions to reduce harvest 

volumes to increase the maturity of their forests. In the 

year ended 31 December 2003 harvesting fell to 21.4 

million cubic metres. 

FUTURE HARVEST LEVELS 

In 2000 the Ministry of Agriculture and Forestry (MAF) 

published a set of wood supply forecasts as the National 

Exotic Forest Description (NEFD) National and Regional 

Wood Supply Forecasts. These indicated that, based on the 

forest estate as at 1999, the national harvest had the 

potential to increase up to a long-term sustainable level of 

30 to 31 million cubic metres per annum (assuming an 

average radiata pine harvest age of 28 years). The report 

also noted that constraints such as market demand, labour, 

 

Figure 2: 2000 NEFD National Wood Supply Forecasts (2000 to 
2015). 

Because New Zealand’s domestic demand for forestry 

products is relatively static all increases in harvested wood 

volumes will need to be exported. If the potential increase 

indicated by the 2000 NEFD Wood Supply report comes to 

fruition (30 to 31 million cubic metres) an additional 9 to 

10 million cubic metres annually of wood (roundwood 

equivalent) will become available for export. 

The Wood Supply report contained separate forecasts for 

10 wood supply regions: Northland; Auckland; Central 

North Island; East Coast; Hawkes Bay; Southern North 

Island; Nelson/Marlborough; West Coast; Canterbury; and 

Otago/Southland. 

The regional forecasts highlight that: 

> In the Central North Island harvest volumes will remain 

relatively static. The Central North Island produced 50 

percent of New Zealand's harvest in the year ended 

March 2003. 

> Large increases in wood supply will become available in 

both the Northland and East Coast regions. 

> Both of these regions are "new" forestry regions and 

have relatively undeveloped forestry infrastructure. 

COMMENT ON HARVEST PROJECTIONS 

The NEFD forecasts show the potentially available 

sustainable wood supply if the forests are managed to 

maximise long-term yield within the constraints of non- 

declining yield. It needs to be recognised that the harvest 

from New Zealand’s forests is not regulated by the artificial 

forecasting constraints and regional boundaries used in the 

NEFD modelling. Forest owners implement their own 

harvesting strategies. Many smaller-scale private owners 

are not harvesting mature forest because of actual or 

perceived market conditions and some remote forests are 

not currently economic to harvest. 

It has also become evident in some regions (e.g. Otago and 

Southland) that the 1995 NEFD yield tables (which the 

2000 Wood Supply forecasts are based on) overstate 
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merchantable volumes. It is important that these yield 

tables are updated before any further national wood 

supply forecasts are produced. 

To better understand short-term harvesting strategies of 

forest owners, MAF and a number of forestry consultancy 

firms have undertaken regional harvesting intention surveys 

in the: 

> Central North Island; 

> Nelson and Marlborough; 

> Otago and Southland; and 

> Southern North Island. 

The results of these surveys have been published and are 

available on MAF's web site at: 

www.maf.govt.nz/statistics/primaryindustries/forestry/forest 

-resources. 

PRODUCT FORECASTS 

In addition to the NEFD information, MAF produces 

economic forecasts of all major agricultural and forestry 

products every six months. These are broad market-based 

economic forecasts based on an economic forecasting 
model and expectations of key forest industry companies. 

They are published in the report "New Zealand Situation 

and Outlook for Agriculture and Forestry" (MAF 2004) (see 

www.maf.govt.nz/mafnet/rural-nz/statistics-and- 

forecasts/sonzaf). Tables 1 and 2 show volume figures 

produced from the March 2004 forecasts. 

FUTURE WORK 

At the time of writing this section there was some 

uncertainty about future harvesting levels and the volume 

of timber potentially available from New Zealand’s forests. 

Work is currently underway to improve the NEFD resource 

description. Improvements include: 

> Collecting better information on the large number of 

privately owned small-scale forests. 

> Developing a method to scale back reported stocked 

areas from small private owners to better represent 

actual net stocked areas (anecdotal evidence suggests 

that many private forest stocked areas are overstated). 

> A complete revision the NEFD yield tables. 

It is anticipated that the resource description will be 

updated by early 2006. Once this is completed a new set 

of national and regional wood supply models will be 

developed. It is likely that the name given to the next set 

of NEFD wood supply forecasts will be changed to better 

reflect what these linear programming models show. The 

NEFD models actually show the amount of wood available 

for harvesting rather than forecasting wood supply per se. 

Market demand, economics and the intentions of an 

increasing number of forest owners will determine future 

harvest levels. 

Much of the material in the article is taken from NEFD 

reports. The latest NEFD statistics are available on 

www.maf.govt.nz/forestry. 
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Exotic Forest Description as at 1 April 2003". 

MINISTRY of AGRICULTURE and FORESTRY, 2004: New Zealand 
Situation and Outlook for Agriculture and Forestry. 

 
 

  
Units 

 
2002 

Year 

2003p 

ended Marc 

2004e 

h 

2005f 

 
2006z 

 
2007z 

Total roundwood M m3
 20.9 22.4 23.2 21.1 23.6 24.7 

Lumber M m3
 3.86 4.43 4.37 4.27 4.82 5.16 

Wood pulp ‘000t 1,524 1,513 1,515 1,660 1,710 1,720 

Paper products ‘000t 847 855 913 930 918 965 

Panels ‘000 m3
 1,284 1,413 1,514 1,620 1,700 1,770 

p = provisional, e = estimate, f = forecast and z = projection 

Table 1: New Zealand Forest Production Volumes. 

 

  
Units 

 
2002 

Year 

2003p 

ended Marc 

2004e 

h 

2005f 

 
2006z 

 
2007z 

Logs M m3
 7.38 8.09 7.46 5.72 6.94 7.33 

Lumber M m3
 1.64 1.87 1.70 1.52 2.05 2.32 

Wood pulp ‘000t 794 771 685 827 855 862 

Paper products ‘000t 498 519 500 514 536 535 

Panels ‘000 m3
 868 967 1,012 1,120 1,170 1,230 

e = estimate, f = forecast and z = projection 

Table 2: New Zealand Forest Export Volumes. 
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   SECTION 1.4   
 

CURRENT TRENDS 
P Maclaren – Piers Maclaren & Associates, 
Rangiora 

EXPANSION OF PLANTED FOREST AREA 

New-land planting 

New Zealand’s current area of planted production forests 

as at 1st April 2002 was 1.83 million ha, according to the 

National Exotic Forest Description (NEFD). The first Land 

planting boom; and taxation incentives had not changed 

over this period for the majority of (small) growers, 

although the perception of the taxation situation may have 

altered. In this author’s personal observation, the last 

mentioned was probably the main driver. 

The reasons for the recent decline in new-land planting are 

similarly anecdotal but could be related to the negative 

publicity that forestry has incurred resulting from the woes 

of the larger corporates, combined with the rising cost of 

land acquisition and a recent reduction in stumpage. It is 

entirely conceivable that none of these factors may persist, 

and new-land planting rates may return to their former 

levels at some time in the future. 

Cover Database (LCDB) of 1996/1997, which estimated an 
area of 1.61 million ha, supports this figure to a close 

approximation, given that some 0.22 million ha of new- 
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land planting has occurred in the interim.  
Figure 1 shows new-land planting since the start of  
records. The decline in planting in the seven years prior to 100,000 

1992 is attributable to the dissolution of the NZ Forest  
Service and the extinction of the land bank held by large  
private companies. Many of those companies preferred to 80,000 

buy existing forests from the State rather than establishing  
new forests, and the considerable debt incurred in so  
doing precluded the option of future land purchases. 60,000 
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Figure 1: New-land planting since 1920. 

New entrants to the sector (smaller investors, investment 

syndicates, farm foresters, and smaller companies) drove 

New Zealand’s third planting boom, which peaked in 1994- 

1996 (Figure 2). The boom is clearly over, with new-land 

planting now falling to very low levels, particularly for 

radiata pine. It is estimated that just 14,900 hectares of 

new planting occurred in 2003, well below the 30-year 

average (1973 to 2002) of 43,500 hectares. 

No hard evidence is available as to the reasons for the 

spectacular start of the planting boom in 1992, and for the 

sudden change in composition of those responsible for 

establishing the new forests. Unsubstantiated opinion 

includes the following explanations: an export log price 

"spike" in 1992-1993; favourable taxation changes; port 

and transport reforms; relaxation of local planning 

restrictions; a critical threshold of information available to 

smaller investors and growers; and changes in government 

support for superannuation. The first two can be 

discounted: the price spike occurred after the start of the 

Figure 2: New land planting since 1990. 

Deforestation 

Anecdotal evidence suggests that some growers, rather 

than contemplating the expansion of their forest estate, 

are planning to convert some area to pasture. Some tens 

of thousands of hectares of leased land are destined to 

revert to the lessor/licensor in a bare state, as required by 

the contracts between the parties. Indications are that 

some new managers may choose not to keep the land in 

forestry. There are also large areas where the current value 

of land under alternative uses (dairy farming, lifestyle 

blocks) exceeds its value for forestry. Lastly, there are 

investors (such as those in superannuation schemes) who 

do not intend to continue in forestry after their first 

harvest. 

Countering this somewhat negative picture is the 

realisation that, following the first harvest, the 

infrastructure (roading, skid sites, bridges) is in place for a 

profitable second crop 

Although the size of the nation’s plantation resource may 

not be greatly threatened by the decline in new planting 

and the possibility of deforestation, the age structure of 

the estate will certainly be affected. An estate that 

comprises similar areas of each age is far easier to manage: 

the requirements for labour and machinery are relatively 

constant, and the markets merely have to be serviced as 

opposed to created anew for each harvesting "boom". To 

maintain export volumes with a gross imbalance of age 

classes, it is necessary to allow wide fluctuations in rotation 

age. This has implications for stand-level profitability and 

for wood quality. It may also be of major importance in the 
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nation’s carbon balance over the short periods required by 

international carbon accounting procedures. 

COMPOSITION OF GROWERS 

Some 50% of the total area is privately owned, some 42% 

is owned by registered public companies, and the 

remainder is almost equally split between central and local 

government and state-owned enterprises. The exact 

composition of the privately owned companies is not 

known, but a substantial proportion involves separate 

ownership of land and trees. 

There is a trend for larger corporates to exit forestry (or at 

least to exit forest growing), while small privately owned 

companies – many based overseas – expand their 

operations. Fletcher Challenge Forests has recently 

announced the sale of its forests, Rayonier sold parts of its 

estate in recent years, and Carter Holt Harvey may also be 

preparing its forests for sale. On the other hand, Northern 

Hemisphere pension and other funds (e.g. GFP, GMO, 

Harvard) have become significant forest owners since the 

early 1990s. A considerable advantage that these funds 

bring to forest ownership is their high degree of equity 

funding. The pressure to harvest the forest to reduce debt 

is largely absent, allowing other objectives to be used to 

determine harvest strategy. 

WOOD PRODUCTION 

Supply predictions 

In the year ended March 2003, 23.1 million m3 of wood 

were harvested. Assuming a 28-year rotation, the harvest 

could reach a sustainable level of 35 million m3 by 2020. 

Given that domestic demand is fairly static at a level of 

about 6.2 million m3, this implies that exports have the 

potential to almost double over the next decade. In the 

case of pruned logs, the 1.5 million m3 produced in 2000 

could rise to about 5 million m3 in 2006. The largest 

potential increases in supply are estimated to come from 

Northland, the East Coast, Hawkes Bay, and the Southern 

North Island regions. 

Demand predictions 

In terms of value, New Zealand’s main export markets (in 

order) are Australia, Japan, South Korea, the USA, and 

China, which make up 84% of the total. For many years, 

Australia has threatened to increase its own resources to 

the point where it ceases to import New Zealand wood 

and also becomes a competitor on our own domestic 

market. This has not happened yet, possibly because of 

increased Australian domestic demand, restrictions on 

logging in their native forests, and other reductions 

(including from fire) in expected supply. 

Unlike Australia, China favours imports in the form of 

unprocessed logs, but has now begun importing lumber 

and, as at December 2003, includes radiata pine in its 

building code. New Zealand increased its log exports to 

China by 60% in the year ending March 2003, on top of a 

massive 128% increase in the previous year. Lumber 

exports to China increased by 69% over the previous year. 

China has for a long time held the promise of being able 

to absorb all of New Zealand’s surplus production, 

particularly of lower and cheaper grades. This has not 

eventuated, largely because of superior alternatives from 

Russia. The Russian government is now planning to raise 

duties on log exports, so that China remains the brightest 

long-term hope for the New Zealand forestry sector. 

SPECIES COMPOSITION 

Radiata pine continues to dominate the existing resource 

(89% of the estate) but an increasing proportion of new- 

land planting is in Douglas-fir (6% of the estate), especially 

in Otago and Southland. The latest Ministry of Agriculture 

and Forestry figures (2003 provisional) show that Douglas- 

fir has increased to 36% of new-land planting while 

radiata pine has decreased to 52%. Hardwoods – mainly 
eucalypts – are present in large areas only in 
Otago/Southland and the Central North Island. Recent 

recurrences of eucalypt diseases suggest that the existing 
area of these species will decline substantially. There is 
widespread interest in cypresses, but cypress canker is a 
critical impediment to greater adoption of Cupressus 

macrocarpa, although the more resistant C. lusitanica may 

expand in warmer regions. Redwoods (Sequoia 
sempervirens) are being actively promoted by some 

companies, and – if the initial plantings show promise – 
this could be a species with potential. 

REGIME TRENDS 

Intensive tending 

Radiata pine continues to be intensively tended. Some two- 

thirds (67%) of the estate is, or is expected to be, pruned 

to at least four metres as at March 2002. The comparative 

figure in 1990 was only half (52%), although there may 

have been confusion over definitions in the early 1990s. 

Nevertheless, pruning appeared to reach a peak 6-10 years 

ago and now seems to be less popular (Table 1). One 

reason is the adoption of a targeted approach to pruning 

by most of the major forest owners, confining pruning to 

the better sites. Adverse publicity for pruning by one large 

corporate may be a contributing factor, together with poor 

returns and a bleak forecast for forestry as suggested by 

the recent decline in new-land planting. 

Given that the future of radiata pine grown in New 

Zealand, especially on farm sites, probably lies in appearance 

grades rather than structural grades (where Australia and 

Chile may have competitive advantages), the decline in the 

proportion of pruned regimes may be short-lived. 

 
Ages 1-5 Ages 6-10 Ages 11-15 All ages 

60 72 69 67 

Table 1: Trend in intensive regimes. Percentage of radiata estate in 

each age-class that is or is intended to be intensively tended (March 

2002). 

Direct regimes 

Production thinning appears to be declining in popularity 

with only 21% of stands of thinning age being, or 

intended to be, production thinned (March 2002). The 

comparative figure for 1992 was 27%. This downward 

trend seems to be continuing (Table 2), reflecting a 

preference for higher-density furnish by the pulp industry, a 

move of age class to steeper slopes, and other factors. 

 
Ages 1-5 Ages 6-10 Ages 11-15 All ages 

15 21 25 21 

Table 2: Trend in production-thinned regimes. Percentage of radiata 
estate in each age-class that is or is intended to be production 
thinned (March 2002). 

 

SITING TRENDS 

Farm sites 

Since 1992, nearly all new-land planting has taken place 

on either scrub or pasture sites, with the latter dominating. 

Conversion of indigenous forest to exotic plantation forest 

has almost ceased, except for exceptional cases such as 

certain Maori land in Southland. Almost half the planting 

in this period took place on "improved pasture", where  

the "farm effect" may be evident. Radiata pine on these 

sites could grow substantially more wood than forecast by 

the models available (as used in the NEFD), but the wood 

may be of inferior internal wood quality in some respects. 
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Although the LCDB shows that 2,678,700 ha of land is 

currently in scrub, this does not appear to be the 

vegetation type favoured by new-land planters, 

contributing only 15% of new land planted since 1993. On 

the other hand, 10,361,800 ha of New Zealand is currently 

in pasture, much of which may be unsustainable owing to 

the presence of weeds, or issues relating to water quality 

and soil erosion. This implies that there will be 

opportunities and pressure to expand tree planting onto 

these sites. 

Regional changes 

The Central North Island contains the largest plantation 

resource (577,400 ha), with almost three times the area of 

Northland or Otago/Southland, but all regions show 

previous high levels of forest expansion. All regions share a 

similar average tree age (between 12 and 15 years). If 

Douglas-fir comes to dominate new plantings, then 

resources in southernmost regions are likely to expand the 

most. If frost-sensitive species (for example, the Stringybark 

eucalypts) come into vogue, then Northland may be the 

region with the greatest expansion. The catchment areas of 

critical catchments (such as Lake Taupo, or Rotorua lakes), 

where water quality is a major concern, may see  

substantial localised plantings. 

DISCUSSION 

As this handbook goes to press, New Zealand forestry 

seems to be at a crossroads. A crisis of confidence has 

reduced levels of new-land planting, and fewer recent 

plantings are destined for intensive tending. A particular 

group of investors is still optimistic about Douglas-fir, and 

many enthusiasts continue to search for species other than 

the two major ones, but there are no convincing signs of 

breakthroughs in that direction. Research funding for 

forestry – and particularly for forest growing – is at a 

critical level. Genetic modification of tree crops may be 

politically unacceptable, and eventually New Zealand can 

anticipate importing wood from countries without the 

same constraints. In the meantime, a trend towards 

increasing radiata pine exports to China holds the greatest 

promise. 

Farming (especially dairy farming) is currently buoyant, and 

is forcing up land prices to levels where forestry cannot 

compete. A new trend is that farmers are being held 

increasingly accountable for their environmental actions, in 

particular the leaching of nitrogen, phosphorus and 

bacteria into waterways; soil erosion on steeper slopes; and 

greenhouse gases caused by both methane-emitting 

ruminants and high-nitrogen pastures. If the Kyoto  

Protocol enters into force, it places a major obligation on 

the New Zealand government to maintain and expand the 

forest estate. The consequence of all these issues is that 

farmers may either be taxed for the negative externalities 

that their industry creates, or that they may be compelled 

to retire parts of their farm for conversion to some type of 

forestry. Future Government action could therefore greatly 

influence land-use trends that have been recently 

determined predominantly by supply and demand for 

wood or agricultural products. 

Farm foresters are major players in new-land planting, and 

are developing systems that maximise the returns and 

lifestyle benefits of farming while minimising 

environmental impacts. They are currently too fragmented 

to be an influential force in politics or the economy, but 

this may change when their (young) trees reach 

harvestable age. 

Lastly, it must be remembered that the world’s supply of 

cheap oil is limited. Within the lifetime of a crop of radiata 

pine planted today, the world must see either radical new 

technologies to replace cheap oil or a substantial increase 

in the price. Trees are a general-purpose source of fibre, 

but they are also a source of energy. A forest plantation is 

a natural and environmentally friendly way of capturing 

and holding the energy in sunlight over large areas of 

steep isolated country. The energy is greenhouse-neutral, 

and there is flexibility in the order of decades as to when it 

must be used. In an energy-constrained world, this 

suggests a bright future for forestry and foresters. 
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GROWING 
CONDITIONS 
A Dunningham – Forest Research, Rotorua 

NATIVE POPULATION GROWING 

CONDITIONS 

Native population of radiata pine occur in California at Ano 

Nuevo, Monterey, and Cambria. There are also two island 
populations on Guadalupe Island and Cedros Island 

(Shelbourne et al. 1979). The climatic conditions of the 

mainland populations are (Offord 1964, Scott 1960 as 

quoted in Lavery 1986): 

> typical Mediterranean climate; 

> 400-800mm of annual rainfall, which is strongly 

seasonal in distribution with 70% of the rain falling in 

winter; 

> limited frosts, with hard frosts restricted to the winter 

months; and 

> no snow or hail. 

CLIMATIC LIMITATIONS 

Rainfall 

The guidelines for site selection for successful 

establishment of plantations are for a minimum annual 

rainfall of 600-750 mm (FCV 1982; Grey & Taylor 1993). 
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Where there are prolonged summer droughts or high soil 

moisture deficits, new plantings face the risk of failure 

(Lavery 1986). 

Humidity 

Lavery (1986) states that climates which involve high 

humidities in the warmer seasons are hazardous to the 

long-term viability of radiata pine. In such conditions, the 

species is susceptible to various pathogens. He identifies 

the moister parts of Northland as being a risk zone, and 

while the Central North Island is also identified as risky the 

higher elevation mitigates the effects of Dothistroma pini 
and Cyclaneusma minus needle-cast to a degree. 

Low Temperature 

Radiata pine has a limited tolerance to frosts. Menzies and 

Chavasse (1982), using the minimum acceptable survival of 

80% of planted seedlings as a frost tolerance threshold, 

give a frost tolerance of –6˚C in January and February 

dropping to –13˚C for June to August, rising to -6˚C by 

November and December. 

ENVIRONMENTAL FACTORS AFFECTING 

GROWTH AND PRODUCTIVITY 

Temperature 

In most of New Zealand radiata pine does not experience a 

dormant period. Diameter growth is more or less 

continuous throughout the year (Jackson & Gifford 1974). 

Hunter and Gibson (1984) suggest that the optimal mean 

annual temperature for productivity is 12˚C and Nicholls 

and Wright (1976) suggest that diameter growth drops 

when the mean air temperature falls below 9˚C. Jackson 

and Gifford (1974) identify an optimal night-time 

temperature of 5˚C and an optimal daytime temperature of 

20˚C (Hellmers & Rook 1973), in a model of site 

productivity. Deviations in either direction have negative 

effects on productivity. 

Rainfall and Soil Interactions 

Productivity gains from rainfall are dependent on soil depth 

and soil drainage. The salient features of the interaction 

between rainfall and soil properties are: 

> at any given level of mean annual precipitation, 

productivity increases as effective soil depth increases; 

>  it is the deepest and most freely draining soils that are 

the most productive and on these soils productivity 

increases almost linearly with rainfall; and 

> on the shallowest soils there is a point where increased 

rainfall leads to a drop in productivity. 

In a further paper (Jackson & Gifford 1974) it is suggested 

that the seasonal distribution of precipitation could have a 

strong influence on the relative effects of soil depth, 

showing that soil moisture-holding capacity is critical. This 

is also supported by Schlatter and Gerding (1984). Water- 

logging can be an overriding factor in limiting growth 

(Poutsma 1960). 

Disease 

Changing climatic conditions increase the risk of greater 

severity for some diseases. Gadgil (1984) demonstrated 
that temperatures over 10˚C and rainfall over 5 hours are 
optimal for Cyclaneusma needle-cast infection, but in areas 

where there is low autumn-winter rainfall Cyclaneusma 
should not be a problem. Hazard-rating maps of 

Cyclaneusma are published in Bulman and Gadgil (2001). 

Dothistroma infection is related to temperature and 

moisture regimes, with Dothistroma found in most parts of 

the North Island south of Auckland. A fuller discussion can 
be found in Kershaw et al. (1988), which is currently being 

updated by Bulman. 

Soil Depth 

Soil depth affects productivity, with the primary cause of 

growth differences arising from the moisture-holding 

capacity of the soil. The greatest reduction in growth 

occurs in very shallow soils, though when 55% of the 

annual rainfall fell in June, July, and November to February, 

the increment was virtually unaffected by soil depth. 

However, when only 45% of the annual rainfall fell in the 

same period (or was uniformly distributed), the effects of 

soil depth were large (Jackson and Gifford 1984). 

Trees grown on some soil types exhibit symptoms of 

nutrient deficiency, notably clay soils (with phosphorus 

deficiency), and sandy soils (with nitrogen deficiency). 

Jackson and Gifford (1974) used the amount of nitrogen 

(%) and phosphorus (ppm) in the 0-7.5 cm layer as 

significant variables in their model of productivity. 

Wind 

Exposure to wind can limit productivity through lower tree 

height and reduced diameter growth (van Laar 1967). 

Severe wind damage has been reported at wind speeds 

between 50 and 170 km/hr (Somerville 1980). Thinning 

increases the risk of damage during the period following 

thinning, and topography and the proximity of clearfelled 

areas exert further influences (Knowles & Paton 1989). 

Windthrow is common on shallow or saturated soils 

(Versfeld 1980). Where there is deep rooting, damage from 

breakage will predominate over damage from uprooting 

(Hocking 1947). 

Precipitation 

Hail and snow can cause significant damage as detailed by 

Cremer (1984) in Australian plantations. The major 

damage is physical, involving tip dieback, damaged bark, 

toppling and broken branches. 

Influence of Topography 

Growth can be influenced by localised topographic effects 

through modification of factors such as soil moisture and 

solar radiation interception (Lavery 1986). Ballard (1971) 

found that site index is strongly correlated with slope and 

aspect. This correlation arises from differing levels of solar 

radiation. 

Elevation has effects on tree growth, primarily due to its 

modification of climatic variables. Wood density also 

changes with elevation and latitude (Cown & McConchie 

1983). Lavery (1986) states the following two rules of 

thumb: (i) a decrease in density with increasing altitude at 

a rate of 7 kg/m3 for each 100m rise in elevation; and (ii) a 

decrease in density with increasing latitude at a rate of 6.5 

kg/m3 per degree of latitude. 
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FOREST SOILS 
T Payn – Forest Research, Rotorua 

INTRODUCTION 

Soils are the foundation for New Zealand’s primary 

production, and are our most valuable natural resource. 

They need to be treated with respect if we aspire to truly 

sustainable production systems. Soils are formed from the 

interaction of climatic, chemical, physical and biological 

processes on the underlying geology. New Zealand is 

characterised by a high degree of climatic, geological and 

biological diversity giving rise to a diverse range of soils in 

a relatively small area compared with continental land 

masses. Soils can therefore be variable in character with 

management needs changing over quite small areas. An 

understanding of the distribution and properties of soils is 

critical for effective forest management. 

NEW ZEALAND SOIL CLASSIFICATION 

Background 

Soil classification was first deployed at a national scale in 

1948 by Norman Taylor who developed the New Zealand 

Genetic Classification based on soil groups. This was used 

until the current soil classification system was developed by 

Hewitt and colleagues in the 1980s (Hewitt et al. 1993) to 

improve the ability to map soils at a finer resolution. The 

current classification is hierarchical, with groupings based 

on similarities in soil properties that are easily observed and 

measured. 

The classification has four levels in the hierarchy. 

> Soil orders – 15 orders (Allophanic, Anthropic, Brown, 

Gley, Granular, Melanic, Organic, Oxidic, Pallic, Podzol, 

Pumice, Raw, Recent, Semiarid, and Ultic) cover New 

Zealand (see maps). 

> Soil groups divide the orders into 73 subsets based on 

factors such as parent material and chemical and 

physical properties. 

> Subgroups (272) provide further detail of the range of 

soils within the groups. 

> Soilforms differentiate further, based on soil physical 

properties and parent material. 

Available Information 

Maps and associated reports are available in a range of 

scales (1:10,000 to 1:2.5m) and coverage across New 

Zealand. Most surveys were undertaken by DSIR Soil 

Bureau, the Lands and Survey Department, and the 

Ministry of Works. The best current source of information 

on soil surveys, reports and information is Landcare 

Research (www.landcare.cri.nz/mwpress/). There have 

typically been very few specific forestry soil surveys (e.g. 

Mew 1980). Soil survey intensity in forest lands has tended 

to be less than for more easily accessible agricultural lands. 

Soils in New Zealand Plantations 

Overlaying New Zealand’s plantation boundaries on the 

national soil orders map (Rijkse & Hewitt 1995) provides an 

indication of the soils underlying our forests. Not all soil 

orders are represented in the forests. Seven orders cover 

94% of the forest estate. They are (with the percentage of 

the total plantation area in parentheses):Brown (33%), 

Pumice (32%), Recent (9%), Podzol (7%), Pallic (7%), Ultic 

(4%), and Allophanic (2%). An excellent overview of the 

characteristics of these soils in terms of occurrence, and 

physical and chemical properties is provided in the most 

recent edition of "The Living Mantle, Soils in the New 

Zealand Landscape" by Molloy (1993). 
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Soils need to be managed sensitively if long term 

productivity goals are to be met, and site quality is to be 

maintained (Dyck et al. 1994). Sustainable land use needs 

to incorporate appropriate management techniques and 

these will vary from soil to soil depending on the inherent 

characteristics of each soil. Soil has a range of inherent 

physical characteristics, a capacity to supply resources such 

as nutrients and water, and a resistance to external 

impacts. Four key manageable characteristics of forest soils 

relevant to long-term site productivity can be identified: 

> capacity to supply nutrients; 

> capacity to supply water; 

> susceptibility to degradation by erosion; and 

> susceptibility to degradation by compaction. 

Capacity to Supply Nutrients 

Historically plantations were established on sites which 

sometimes included soils with inadequate levels of  

nutrients for good tree growth. Early research was on 

remediation of these deficiencies through fertilising. There 

is general understanding now as to how to identify (Will, 

1985; Hunter et al, 1991; www.forestresearch.co.nz/ 

sfm/maps) and manage nutrient deficient sites, and 

research emphasis is shifting to ensuring long-term nutrient 

supply over multiple rotations to allow sustained 

production. Maintaining nutrient supply depends on 

maintaining soil organic matter levels, and replenishing 

nutrients when soil management or harvesting has 

removed significant amounts. 

While there is no evidence in New Zealand that successive 

harvests cause severe decrease in soil nutrient supply, an 

early classification by Hunter et al (1988) suggests some 

soils will be less able to maintain nutrient supply than 

others. Additionally, areas such as skid sites where topsoil 

is removed will be likely to show problems. Fertility 

monitoring through soil or foliage analysis is therefore 

recommended to give early indication of effects on crop 

productivity. 

Susceptibility to nutrient depletion is likely to be highest on 

Recent and Raw soil orders which tend to have lower 

nutrient content, and on shallow soils. Soil nutrient budget 

models are being developed through Forest Research’s 

Sustainable Forest Management research programme 

(www.forestresearch.co.nz/sfm) that will allow 

characterisation of risk for different soils. 

Capacity to Supply Water 

A soil’s capacity to supply water is first of all dependent on 

the rainfall in that area. The supply is then moderated by 

the volume (depth) of the soil and the texture, which 

determine how much water can be stored in the profile for 

supply to the crop. Very few forest soils in New Zealand 

have water supply limitations as New Zealand generally has 

a generous amount of rainfall, reasonably distributed 

throughout the year. However, seasonal water limitations 

are possible, and this can specifically affect boron nutrition 

of the crop on soils low in boron. There are suggestions 

that such moisture supply disruptions can affect wood 

properties. As it is difficult to manipulate water supply 

(except through irrigation) and soil depth, management 

options for soils where moisture limitations are expected 

are restricted to controlling competing vegetation. Of the 

major soil orders Pallic soils (and to a degree Brown soils) 

that occur in drier parts of the South Island will exhibit 

moisture supply limitations. 

Susceptibility to Degradation by Erosion 

The New Zealand Land Resource Inventory (LRI) surveys 

(Ministry of Works and Development 1979) include a 

characterisation of erodibility of the soils mapped. Erosion 

susceptibility depends on soil texture (finer soils such as 

clays and silts being more erodible), slope, vegetation 

cover, and rainfall. Overlaying plantation forest boundaries 

with the six LRI erosion susceptibility classes shows that 

erosion susceptibility on 40% of the plantation area is 

classified as negligible, 45% as slight, 12% as moderate, 

2% as severe as, 0.5% as very severe, and 0.2% as 
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extreme. 

Erosion peaks can be expected in conjunction with 

harvesting operations, and the 0-4 year period between 

harvest and re-establishment of a good vegetation cover is 

particularly risky. Riparian buffers should be used to protect 

streams from sediment influx, and particular care taken on 

fine textured soils, where grass or legume oversowing to 

rapidly bind the soil after harvest should be considered. 

A major source of sediment production is represented by 

roading operations. It should be noted that severe erosion 

is possible on any soil type where inappropriate roading 

operations are undertaken (Fransen et al. 2001). 

Erosion can contribute to a decrease in nutrient supply at 

the eroded sites. Once the damage is done the impact can 

be long-term. 

Susceptibility to Degradation by Compaction 

Soils subject to compaction can take up to 50 years to 

recover from the effects if site remediation is not 

undertaken. As with erosion, compaction should be 

avoided if at all possible, though it is easier to remediate 

than erosion damage. Compaction is caused mainly by 

machine traffic over a site. 

Air-filled porosity is a good measure of soil compaction. 

Once this value falls below a threshold of 10%, tree 

growth will be adversely affected owing to limitations to 

root extension, soil aeration and nutrient uptake. Impacts 

are not necessarily visible. One study found that significant 

damage could not be seen on over 30% of the area in one 

harvesting trial. 

Fine textured soils are generally more sensitive to 

compaction than coarse textured soils, however there is a 

very strong interaction with soil moisture. If fine textured 

soils are dry, compaction risk will be very low compared 

with when they are wet. At present there is no easy 

method to identify risk levels under different moisture 

conditions, though these are being developed through the 

Sustainable Forest Management research programme. 

Scheduling harvesting operations between coarse and fine 

textured soils depending on the weather is one way to 

minimise risk, as is use of low-pressure tyres on machinery 

used on sensitive sites. 
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   SECTION 1.7   
 

WORKING 
ALONGSIDE 
COMMUNITIES 
T Barnard – Forest Research, Rotorua 

G Fitzgerald – Fitzgerald Applied Sociology, 
Christchurch 

E R Langer – Forest Research, Christchurch 

COMMUNITIES MATTER 

Responsible forest owners and managers will be aware of 

the value of positive relationships with individuals, iwi, local 

communities and other groups with an interest in their 

forests. Examples of the potential benefits include: 

> The fostering of goodwill towards the forest owner. 

> Local communities that feel valued are more likely to 

want to be part of the local workforce. 

> The minimisation of political risk in matters governed by 

the Resource Management Act 1991 and other 

processes through early detection and resolution of 

issues. 

> Communities can be the eyes and ears of the forest 

manager in the detection of fire or pest incursions. 

Building Community Relationships 

Community relationships and networks take time to 

develop and should be underpinned by a strong policy and 

organisational commitment that is embedded in the 

organisation. Developing and maintaining local networks 

will require a sustained investment of time and effort. It 

should be recognised that the benefits of this approach 

may not always be realised immediately and that it may 

take years to nurture or develop new relationships. 

It is also important to acknowledge at the outset that 

communities will have their own concerns about forestry. A 

legacy of issues may have built up over many years. 

Common community concerns include: 

> Loss of farmland and decline in rural population and 

services. 

> Employment of outsiders. 

> Working conditions. 

> Visual impacts. 

> Recreational use and access. 
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> Transportation impacts. 

> Perceptions, real or imagined, of environmental effects. 

> Water quality and water yield issues. 

> External ownership versus local accountability. 

Many of these issues may have to be worked through with 

interested parties. It is important not to adopt an ad hoc 

approach to engagement with interested parties. A 

community strategy should be developed, with the forest 

owner prepared to adapt or modify its approach where 

appropriate to reflect local concerns. This relationship 

should be a two-way process in which information and 

goodwill is offered and exchanged. 

Initiating and Maintaining Iwi Relationships 

Empathy with Maori and their culture is a prerequisite to a 

successful relationship (Harmsworth 2001). This includes 

the acknowledgement and recognition of protocol, tikanga 

Maori (Maori custom) and a conscious attempt to meet 

with key individuals and mandated iwi authorities. Maori 

are highly represented in the forest industry workforce and 

in communities that are dependent on the industry. Forest 

certification requires that the rights of indigenous people 

are respected. Maori will become the owners of the land in 

a number of forests as Treaty of Waitangi claims are settled. 

Understanding and Managing Impacts 

Forest management decisions will on occasions have an 

impact on communities and interest groups. It is important 

that these potential impacts are detected early and 

managed effectively. If healthy community relationships 

have already been established and maintained, this process 

will prove much easier to manage and implement. 

SOCIAL IMPACT ASSESSMENT 

Social impact assessment (SIA) is a tool used to anticipate, 

understand and manage the impact on sectors of society 

from change brought about by a policy, practice, project, 

or the implementation of new technology (Taylor et al. 

1995). Information gained from the process may then be 

used to: 

> Identify and describe the impacts. For example, where, 

why and when will these impacts occur. 

> Understand who is likely to be affected, both positively 

and negatively. 

> Identify and evaluate alternative options. 

> Develop mitigation strategies for negative impacts. 

> Maximise potential benefits. 

SIA combines social research, monitoring and community 

engagement techniques within a coherent and structured 

process. 

Scoping 

Scoping is simply a preliminary assessment of potential 

impacts. This preliminary assessment should uncover the 

magnitude and scale of impacts, whether they are positive 

or negative, temporary or long lasting, localised or 

occurring across a broad geographical area. It should also 

identify cumulative impacts or those that give rise to a 

sequence of further impacts. 

Scoping will provide an idea of the depth and extent of the 

issues that will need to be addressed in more detail and  

the types of information that will be required. It will also 

help to map out the sequence of steps needed to take the 

assessment forward. 

Approaches used to scope projects vary. Common methods 

include: 

> Expanding the possible impacts and their pathways 

through an impact "tree" diagram. 

> Sequentially ordering possible effects through a chain or 

web of inter-related issues. 

> Focusing on specific individuals, groups, or sectors and 

brainstorming likely impacts. 

> Making use of documented precedents of similar 

assessments to benchmark your initial thoughts and 

ideas. 

A list of groups and individuals that may be affected is 

drawn up. Company stakeholder or contact databases may 

be used, with knowledge and experience of others in the 

organisation drawn upon. Local authorities, iwi and other 

community groups will be spoken to about the study and 

their views sought. The affected area will be visited to 

observe what people do. Questions will be asked and a 

social map will be constructed, showing connections and 

activities within the affected area. 

Social Profiling 

With any business venture it is important to know and 

understand important clients and customers. Likewise, in 

social impact assessment, it is important that attempts are 

made to get to know the characteristics of the groups and 

communities with an interest in the forest. Profiling will 

offer detailed information on social context and relevant 

trends. It will also highlight events that may have had an 

impact on the community in the past and which may still 

shape local attitudes and perspectives. 

A starting point would be the collection of census data, for 

example, on community ethnicity, local unemployment, 

numbers in different age groups, and on income and salary 

levels. Other data may be of value in helping build up a 

profile, for example, on community activities, local events 

and leisure activities. Earlier surveys and historical accounts 

or statistics collected by local authorities will provide  

further material. Newspapers may also be useful sources of 

recent historical information. 

This information can be used to create a "picture" of the 

local community. This will provide a baseline against which 

to measure and monitor change. 

If new data or information is required, it can be gathered 

through workshops, interviews, hui, group discussions, 

questionnaires or surveys. Expert or professional advice 

should be sought if there is uncertainty about the most 

appropriate methods and techniques to employ. 

Formulation of Alternatives 

Once potential impacts have been scoped, and a profile of 

the local communities clearly established, it will be 

necessary to explore the likely alternative options to the 

initial proposal. All ideas should be considered including 

proceeding as planned or even abandoning the proposal. 

Estimation and Mitigation of Impacts 

This is a critical examination of identified options against a 

detailed assessment of their positive and negative impacts. 

Based on the data already collected, it should be possible 

to systematically measure, estimate, and analyse the direct 

and indirect impacts at the relevant social level (e.g. 

community, group, hapu, family/whanau or individual). The 

scale, intensity, duration and probability of each impact 

and the consequences for resource allocation and 

community wellbeing can be compared. It is important to 

explore the possible trade-offs between impacts (e.g. 

positive and negative) and consider all options for 

implementing the proposal. Consultation with the 

community and affected groups over the impacts, options, 

and how to avoid or mitigate them will prove invaluable. A 

decision must be made on which proposal and 
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implementation option is most socially sustainable and 

responsible. 

Some forestry companies and managers may not be 

equipped with the resources or skills to be able to cope 

with significant social impacts therefore consultation with 

outside bodies or groups may be essential. Early 

engagement in the SIA process with iwi authorities and 

government agencies with an interest in the health and 

wellbeing of local communities will help in the 

development and eventual implementation of mitigation 

measures. Some key agencies include: 

> Te Puni Kokiri. 

> Work and Income New Zealand. 

> Community Employment Group of the Department of 

Labour. 

> Relevant local and iwi authorities, and community 

development groups. 

> Employee or contractor organisations. 

Monitoring and Managing Impacts 

Data collection and dialogue with affected groups should 

continue after the implementation of the policy decision. 

Collecting relevant social data as change occurs will 

highlight differences between anticipated and actual 

effects and ensure that mitigation measures are evaluated 

for their effectiveness and, where appropriate, modified. 

Such systematic monitoring may also bring to light any 

unforeseen effects that may need to be addressed. For 

large proposals, establishing an advisory panel or forum of 

relevant community and agency representatives that meets 

regularly to discuss progress and issues can be helpful. 

Evaluation and Review 

Ideally, a follow-up evaluation of actual effects should be 

undertaken to learn about what went right or wrong and 

correct procedural mistakes for the next time. As during 

other phases of the SIA, it may also be useful to involve 

the community and other groups in the process and get 

them to contribute their own evaluation of where the SIA 

process may be improved. 
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PROTECTED 
NATURAL AREAS 
J D M Galilee – Department Of Conservation, 
Wellington (1995) 

Updated by D Hunt – Department of 
Conservation, Rotorua (2004) 

INTRODUCTION 

There have been major changes in the composition and 

administration of New Zealand’s protected natural areas 

(PNA) network since the restructuring of the Government’s 

environmental agencies in the mid-1980s. 

Among the outcomes of restructuring was the 

establishment in April 1987 of a single Government 

agency, which for the first time had a responsibility to 

undertake and foster conservation of New Zealand’s 

natural and historic resources. The Department of 

Conservation brought together the environmental 

functions and responsibilities of the former New Zealand 

Forest Service, Department of Lands and Survey, and New 

Zealand Wildlife Service. 

The PNA network increased greatly as a result of 

restructuring, with the protection of substantial areas of 

former State Forest and Crown Land under the 

Conservation Act 1987 as stewardship areas, and 

establishment of numerous conservation covenants over 

lands allocated to state-owned enterprises. In addition, 

numerous areas have been added to the PNA network 

since 1987 through land acquisition, covenants, gifts and 

land exchanges. Further, large forest owners have extended 

protection of PNAs through The New Zealand Forest 

Accord. 

The Department has established a comprehensive register 

of all the lands it holds. It has administrative responsibility 

for 8,265,945 hectares within New Zealand (including the 

major sub-antarctic islands and Raoul Island) as shown in 

Table 1, which is approximately 30% of New Zealand’s 

land area. 
 

Conservancy Area (ha) 

Northland 164,612 

Auckland 37,083 

Waikato 286,256 

Bay of Plenty 176,256 

Tongariro-Taupo 219,942 

East Coast/Hawkes Bay 579,511 

Wanganui 354,310 

Wellington 190,920 

Nelson 1,129,614 

Canterbury 802,187 

West Coast 1,884,960 

Otago 538,386 

Southland 1,901,908 

Total 8,265,945 

 
Table 1: Area of land administered by the Department of 
Conservation. 

 

 
REPRESENTATIVENESS 

Critical analysis of the PNA network reveals a bias towards 

the protection of steepland forests and mountain lands, 

which represent more than 50% of the existing PNAs. This 

reflects past attitudes towards land use where, for 

example, mountain "wastelands" were set aside for 

protection in the absence of alternative economic uses, or 

forested steeplands were retained for soil and water 

conservation, while the potentially productive lowlands 

were converted to agricultural and other land uses. The 

existing network is deficient in the representation of a 

number of indigenous ecosystems, including lowland 

forests (especially alluvial and coastal forests), wetlands 

(except alpine wetlands), dunelands and indigenous 

grasslands. The existing network has been established over 

the past 100 years on a largely ad hoc basis. 

NEW ZEALAND PROTECTED NATURAL 

AREAS PROGRAMME 

Since the early 1980s, the New Zealand PNA programme 

has been implemented by the former Department of Lands 

and Survey and now the Department of Conservation to 

redress the lack of representativeness in the existing 

network on a systematic basis. The programme aims to 

give effect to improving the representativeness of the 

network, insofar as that is possible given that many former 

indigenous ecosystems have been lost or much diminished. 

Representativeness is assessed using the ecological district 

framework developed in the early 1980s. New Zealand is 

divided into 268 ecological districts, grouped into 68 

ecological regions. An ecological district is a local part of 

New Zealand where natural features and processes, 

together with the broad cultural pattern, interrelate to 

produce a characteristic landscape and range of biological 

communities. 

The Programme has two phases, the first of which is a 

comprehensive rapid survey and identification of a set of 

recommended areas for protection. The second phase is 

the implementation of legal protection over the identified 

areas. Implementation of protection over areas is 

undertaken through voluntary negotiation with the 

landowner, and the wishes of the landowner will usually 

determine which options for protection will be 

implemented in any particular case (e.g. purchase, 

covenant or management agreement). Effecting protection 

over areas may in some circumstances simply mean 

negotiating a change to a landowner’s management 

practices. 

CATEGORIES OF RESERVES 

There are a large number of protected area categories 

which have been created over the past 100 years. The 

Department of Conservation administers many of the 

categories with which the public is most familiar, including 

national parks, conservation parks (formerly state forest 

parks), scenic reserves, ecological reserves, conservation 

covenants and marine reserves. Existing categories cannot 

be considered in a strict hierarchy, and any hierarchy would 

ignore the fact that many areas are held under 

inappropriate categories, owing either to historical factors 

and changing perceptions of natural and historic values, or 

because many areas have not yet undergone assessment of 

their appropriate classification. Table 2 shows the 

relationship between New Zealand protected area classes 

and International Union for the Conservation of Nature 

(IUCN) protected area categories. 
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IUCN Category Class of NZ protected area 

Scientific Reserves and 

Wilderness Areas 

Scientific Reserves 

Nature Reserves 

Sanctuary Areas 

Ecological Areas 

Wildlife Sanctuaries 

National Park 

Specially Protected Areas 

Marine Reserves 

Wilderness Areas (in National 

Parks and Conservation 

Areas) 

Conservation Covenants (some) 

Protected Private Land (some) 

National Parks and 

Equivalent Reserves 

National Parks 

Conservation Parks 

Scenic Reserves (some large 

ones) 

Conservation Areas (some) 

Natural Monuments Historic Reserves 

 Scenic Reserves (most) 

 Conservation Areas (some) 

 Scientific Reserves (some) 

Habitat and Wildlife 

Management Areas 

Wildlife Management Reserves 

Wildlife Refuges 

Protected 

Land/Seascapes 

Marginal Strips 

Recreation Reserves 

Table 2: Relationship between main New Zealand protected area 
classes and IUCN protected area categories. 

In addition, there are various categories of protected areas 

with limited application, especially under legislation 

establishing particular powers of local authorities such as 

the Auckland Centennial Park Act 1948. Local authorities 

administer extensive protected areas around the country, 

especially within major cities. 

The Queen Elizabeth II National Trust is another key agency 

which has gained the support of the land-owning 

community since its establishment in 1977. The Trust is an 

independent statutory body with responsibility for 

encouragement and promotion of the provision, protection 

and enhancement of open space for the benefit and 

enjoyment of the public. The Trust currently has 1,795 

registered covenants covering some 64,620 ha. The success 

of the Trust underlines the value of covenant mechanisms, 

which permit the retention of land by the owners. 

The number of protected areas being added to the  

network has greatly increased since 1990, when the Nature 

Heritage Fund (formally the Forest Heritage Fund) and Nga 

Whenua Rahui were established as part of the 

Government’s Indigenous Forest Policy. The Nature Heritage 

Fund, which was established to provide funding for the 

protection of natural ecosystems on private land, receives 

annual funding of around $10 million from the Crown. 

Applications to the Fund are considered by an independent 

advisory committee to the Minister of Conservation. To 

date (2004) the Fund has approved funding for the 

protection of over 200,000 ha of natural ecosystems 

throughout the country. 

Nga Whenua Rahui, which has a similar advisory 

committee, receives Crown funding of $2.1 million 

annually. Nga Whenua Rahui is aimed at the protection of 

indigenous forest in Maori ownership, and a new 

protection mechanism known as Nga Whenua Rahui 

Kawenata has been developed for application to Maori 

lands. To date (2004) Nga Whenua Rahui has extended 

protection to some 29,300 ha of forest in Maori 

ownership. 

CHALLENGES FOR THE FUTURE 

The key challenges facing the Department of Conservation 

and other administrators of New Zealand’s protected areas 

network are: threats faced from introduced animals and 

plants, an increasing demand for access and recreation 

opportunities in protected areas, the expected increase in 

tourist numbers visiting protected areas, continued and 

evolving pressures for development opportunities in 

protected areas, and increasing competition for resources 

to manage protected areas. The concept of ‘Landcare’ 

among the farming community is also increasing in 

popularity, and that may have benefits for retention and 

protection of those natural areas remaining outside the 

protected area network. 

 
 

 
 

CLASSIFICATION 
OF NATIVE FORESTS 
J L Nicholls – Consultant, Rotorua 

J W Herbert – Forest Research Institute, 
Rotorua 

INTRODUCTION 

The stratification of forests into types or communities is 

routine practice in primary forest survey and inventory, 

whether this is designed as a basis for resources 

management or scientific research. In New Zealand, 

forestry-type classifications have been devised 

independently time and again for particular areas of native 

forest that have been surveyed for either purpose. Good 

examples in published works may be found in Baylis et al 

(1963), Chavasse, (1964), Hamilton, (1961), Holloway, 

(1946), Morris, (1959), Wardle et al, (1973), McKelvey, 

(1963 & 1984), and Wardle, (1984). 

On the completion of the timber-assessment phase of the 

National Forest Survey in 1956, it was apparent that a 

universal classification of the country’s forest types was 

needed for the broad planning of native forest 

management. With the great diversity of the forests in 

mind, it was clear that only a simple system of cover-types 

would be realistic. Each type should be distinguished solely 

by whatever tree species might be consistently present over 

a reasonably large area, leaving sub-division based on  

other criteria until circumstances requiring this might arise 

in some management or research situation. 

A provisional classification of the North Island forests was 

devised by McKelvey and Nicholls, (1957) using New 

Zealand Forest Service (NZFS) data and information from 

other sources, including the comprehensive pioneer 

descriptive work of Cockayne. Detailed accounts of the 

main cover-types of two regions were published in 1959 

and 1963, and forest-type maps with concise explanatory 

texts covering parts if the central North Island were 

published during the late 1960s (NZFS Mapping Series 5, 

scale 1:63360). 

Following the completion in 1969 of an extension of the 

National Forest Survey over the unmerchantable native 

forests of the North Island (commonly known as the 
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Ecological Survey) the provisional classification was revised. 

In this greatly expanded version, there are 239 mappable 

virgin and variously modified forest types with one or more 

important features in common. The distribution of these 

classes is shown on a series of regional maps of both North 

and South Islands (NZFS Mapping Series 6, scale  

1:250000). Since then a series of regional maps has been 

updated by the then Ministry of Forestry. 

A reconnaissance survey of the South Island native forests 

which were not covered by the original National Forest 

Survey before 1956 has been completed. All the cover- 

types distinguished are satisfactorily accommodated within 

the broad classes of the revised North Island Classification. 

Because about one quarter of the North Island tree species 

either do not occur in the South Island or only in the very 

north of it, many North Island forest types are not 

represented. On the other hand, some trees rare in the 

North Island occur widely eg silver pine and southern rata. 

Therefore, an ultimate New Zealand classification is likely 

to contain perhaps as many as 100 mappable cover-types 

limited to the South Island. 

Thus, McKelvey has published a provisional classification of 

South Island virgin indigenous forest in which he identifies 

a total of 94 forest types included largely within 10 of the 

forest classes described below. 

FOREST CLASSES 

The 18 forest classes are a condensed classification of our 

complex native forests. Some explanation of the terms  

used is needed. In the forest class headings, the term 

"softwood" embraces all conifers except kauri. But in the 

text the term "podocarp" is used as a popular though not 

strictly accurate synonym for native conifers. The term 

"hardwoods" covers all other tree species except the 

beeches, which it is convenient to always refer to 

separately. In places it is also convenient to use the term 

"general hardwoods", which excludes taraire and tawa as 

well as the beeches. "Shrub hardwoods" refers to species 

that may reach the dimensions of small trees but are 

usually of shrubby form. "Poles’ are young trees 10-30cm 

dbh. The separation of "lowland" and "highland" forest 

depends on the upper altitudinal limit of rimu. This limit is 

about 900m above sea level (asl) over much of the North 

Island, falling to 800m over the southern third of the island 

and the northern third of the South Island, to 650m over 

the rest of the South Island and down to about 400m in 

Fiordland and Stewart Island. 

(1) Kauri 

Forest where kauri is abundant, either as large to very large 

trees in virgin forest remnants or as poles and small trees in 

young stands developed, usually, since the burning 

accompanying logging and gum-digging in the main 

utilisation era up to around 1940. Understoreys of small 

podocarps and hardwoods are usual, but with a smaller 

variety of species in the secondary stands. Sizeable areas of 

dense old-growth kauri are confined to the Hokianga 

district. The most extensive areas of abundant young kauri 

are between the Bay of Islands and Whangarei and on 

Great Barrier Island; but minor areas occur frequently 

throughout the range of the species (from about latitude 

38 deg. northward). 

(2) Kauri-Softwoods-Hardwoods 

Kauri are well scattered to locally frequent in matrices of 

podocarp-hardwood forest. Usually, a general sparseness of 

large kauri is the result of logging many years ago; but 

from the same cause there are frequent pockets of poles or 

small trees in heavily disturbed forest. Because kauri occurs 

from very near sea level to about 800 m, associated species 

vary considerably; from pohutukawa and puriri on the 

coasts to yellow silver pine and southern rata on poorly- 

drained high country. This is the common forest class north 

of Hamilton and Tauranga; the main tracts are in the 

Hokianga district and on the Waitakere and Coromandel 

ranges. 

(3) Kauri-Softwoods-Hardwoods-Beeches 

Forest of abundant, often small, kauri and sub-dominant 

hard beech, with a limited variety of occasional to frequent 

small podocarps and hardwoods. Includes much secondary 

forest, developed since burning in the distant past. Though 

pockets occur almost throughout the range of kauri, 

stands are common only on the Hunua range and the 

southern end of the Coromandel range. 

(4) Softwoods 

Lowland old-growth forest where podocarps are abundant, 

or dense podocarp pole stands developing into tall forest. 

The occasional stands of abundant but permanently 

stunted podocarps on wetlands or in highland forest are 

excluded. Rimu predominates, but other podocarps may be 

locally dominant and even, rarely, form pure stands. 

Hardwoods are commonly present but confined to the 

understorey. Occurring as a rule on easy terrain, this class 

has been greatly reduced by logging and clearing. 

Appreciable areas remain only on the fringes of the Central 

North Island volcanic plateau, in south Westland, and in 

parts of Southland. 

(5) Rimu-Matai-Hardwoods 

Moderately dense podocarp forest (15-50 trees/ha); 

frequent to abundant hardwoods contribute to the forest 

canopy. This class is distinguished from other softwood- 

hardwood forest classes by the consistent presence of 

matai (mainly), totara, and kahikatea. Once widespread on 

alluvial soils and the most fertile hill country of both 

islands, but reduced to scattered remnants in all districts 

except the southern Urewera country and the east side of 

the Hauhungaroa range. Small areas of matai-dominant 

forest occur above the altitudinal limit of rimu in central 

North Island. 

(6) Rimu-Taraire-Tawa 

Forest of occasional podocarps (fewer than 15/ha) and 

abundant hardwoods. Rimu, taraire and tawa predominate; 

but a wide range of tree species is usually present, and this 

is probably the floristically richest class of forest in the 

country. This class is the usual matrix for scattered kauri in 

Northland, so the total area of purely podocarp-hardwood 

stands is quite small. Pockets occur as far south as the Port 

Waikato district. 

(7) Rimu-Tawa 

Softwoods tend to be very occasional in this class, though 

rimu (the commonest by far) is usually a large tree. The 

only other large tree is northern rata, but this is gradually 

dying out in most districts. Other hardwoods are abundant. 

Tawa predominates and forms most of the canopy; some 

hardwoods eg mangeao and towai, have very clearcut 

latitudinal limits. Formerly common on hill country over 

most of the North Island, but much reduced by logging 

and clearing. Fairly large tracts remain between Mt  

Pirongia and Wanganui and in the northern Urewera 

country. This class is also the usual matrix for scattered 

kauri on the Coromandel range. Very small areas occur in 

the north-east of the South Island. 

(8) Rimu-General Hardwoods 

Forest of occasional to frequent podocarps and abundant 

hardwoods beyond the altitudinal and latitudinal limits of 

taraire and tawa. Rimu is the commonest podocarp, but 

miro and Hall’s totara are also often prominent. Of the 

hardwoods, towai is the most abundant north of  

Auckland, kamahi in the rest of the North Island, and 

kamahi and southern rata more or less equally in the South 

Island. This class is limited to poorly-drained plateaux in the 

Hokianga district, to moderately high country elsewhere in 
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the North Island where beeches are absent (eg on Mt 

Egmont and the southern end of the Ruahine range) and 

to hill country in the South Island where the beeches do 

not occur (eg in South Westland). 

(9) Lowland Wetland, Steepland and Highland 

Softwoods-Hardwoods 

The class is restricted to very wet or very rugged lowland 

country where beeches are absent and rimu is on the 

whole a rare, small tree. Lowland forest on very peaty or 

swampy soils but without beech is rare outside Westland, 

where abundant but stunted silver pine, yellow silver pine, 

pink pine, kahikatea, and manuka are the characteristic 

species. Lowland steepland softwood-hardwood forest is 

common only on very broken limestone, sandstone, or 

ignimbrite terrain on the central North Island; the main 

trees are miro, Hall’s totara, tanekaha, toatoa, kamahi, 

tawari, and quintinia. Softwood-hardwood forest above 

the altitudinal limit of rimu is usually composed of stunted 

podocarps, malformed hardwoods, and a variety of shrub 

hardwoods forming part of the canopy. Typical podocarps 

are Hall’s totara, mountain toatoa, and kaikawaka; the 

commonest hardwoods are kamahi and, in the South 

Island, southern rata, but both are dying over wide areas. 

This sub-class is extensive in either island only where 

beeches are absent on the high country, as on Mt Egmont 

and throughout most of Westland. 

(10) Rimu-Tawa-Beeches 

Rimu-tawa forest with irregular admixtures or frequent 

pockets of beech. Black and hard beech are the 

commonest, but red and silver beech are present, in some 

localities exclusively. Other species not characteristic of 

rimu-tawa forest also occur locally, notably tanekaha, 

toatoa, and small rata of terrestrial origin. In the North 

Island this class occurs mainly on the large stretches of very 

broken country between Mokau and Wanganui Rivers and 

in the Eastern Bay of Plenty. There are minor areas 

elsewhere and also about the Marlborough Sounds in the 

South Island. 

(11) Rimu-General Hardwoods-Beeches 

As a rule, beeches are abundant in this forest class, there 

are occasional to frequent podocarps, and small  

hardwoods form a large proportion of the understorey. 

Rimu and miro are the commonest podocarps, but 

kahikatea predominates in stands on alluvial ground. In the 

North Island, kamahi is the most abundant hardwood with 

tawari also very prominent in the northernmost stands. In 

the South Island, the chief hardwoods are kamahi, southern 

rata, and quintinia. Included in this class is the             

rather stunted podocarp-hardwood-beech forest on poorly 

drained land which is most common in the north west and 

south west quarters of the South Island. Rimu is usually 

present but silver pine or yellow silver pine often 

predominate. Also included are the fairly common belts of 

forest often miscalled "podocarp-beech ecotones", where 

beeches occur as frequent clumps in rimu-matai- 

hardwoods or rimu-general hardwoods forest eg, on the 

western side of the Kaimanawa and Tararua ranges and in 

north Westland. Most forest of this class in the North  

Island occurs in rather narrow belts above the altitudinal 

limit of tawa along the outskirts of the main ranges and 

along the western base of Mt Ruapehu. In the South  

Island, the class is widespread over all kinds of terrain up to 

800m asl in the north west quarter, but occurs rather more 

locally, up to 600m at best, in the south west. 

(12) Highland  Softwoods-Beeches 

A class usually occurring above the altitudinal limit of rimu, 

but locally present below this on very harsh sites. Miro and 

Hall’s totara are the commonest podocarps but mountain 

toatoa, kaikawaka, and pink pine predominate locally. The 

usual beech species are red, silver, or mountain beech, but 

black and hard beech do occur. As a rule, hardwoods are 

limited to one or two species and are confined to the 

understorey. This class occurs along the main ranges of 

both islands and on Mt Ruapehu, but for most part as 

relatively minor stands in large tracts of almost pure beech 

forest. 

(13) Taraire-Tawa 

Former rimu-taraire-tawa forest in which nearly all the 

podocarps have been felled or destroyed by crown fires. 

The hardwoods have often been logged or damaged to 

some degree, but as a rule taraire and tawa are still 

numerous and predominant. Limited to rather small areas 

in Northland and on Great Barrier Island, with a few 

pockets as far south as Port Waikato district. 

(14) Tawa 

This is former podocarp-hardwood forest of any type 

containing tawa (but not taraire) which has been modified 

by the felling of the podocarps or their destruction by fire 

or, rarely, by gales. The hardwoods may have been logged 

or damaged to some extent, but generally a tawa canopy 

remains. Formerly most common in the Rotorua-King 

Country area but much of it is now cleared. 

(15) General Hardwoods 

Occurring mainly below the altitudinal limit of rimu, this is 

a forest class with a very wide variety of cover-types, but all 

have in common an almost complete absence of  

podocarps as trees or large poles while, in the North Island, 

the normally common or regionally common hardwoods 

tawa and taraire are nearly as scarce. In some localities, 

podocarps appear to be naturally rare, eg in pohutukawa 

stands on the northern North Island coasts, in the large 

tracts of southern rata and kamahi on the windswept hills 

of Stewart Island, and in the very steep valley walls in 

Westland. More usually, though mainly in the North Island, 

areas of this class consist of secondary hardwood forest 

developed since the destruction of high forest by fire in 

Polynesian or Early European times, by gales or landslides 

and, exceptionally, the eruption of Mt Tarawera in 1886. 

There are many different specific mixtures, and shrub 

hardwoods are sometimes very abundant; but kamahi, 

kanuka and also in the North Island rewarewa and hinau 

predominate. Podocarps are frequent in the understorey of 

many of these hardwood pole stands, promising future 

pockets of dense podocarp forest. Shrub hardwoods and 

tree ferns are often prominent, filling the gaps. Fairly 

extensive tracts occur in the central North Island and these 

are increasing in areas of hill country as reversion from 

farming occurs. 

(16) Tawa-Beeches 

Former rimu-tawa beech forest where the podocarps have 

been largely felled or destroyed by crown fires. Hardwoods 

and beeches may have been logged or damaged to some 

degree, but generally a large proportion of tawa and beech 

trees remain standing. This modified forest is mainly 

confined to the fringes of large tracts of virgin forest and 

the total area is quite small. The biggest area by far is an 

outlier on the Mamaku Plateau. Also included in this class 

are rare remnants of North Island coastal forest containing 

tawa and black or hard beech, where podocarps may be 

naturally absent. 

(17) General Hardwoods-Beeches 

This class is chiefly composed of former rimu-general 

hardwoods-beech forest where the podocarps have largely 

been logged. Very often, some hardwoods and beeches 

have also been felled, but a more or less continuous 

hardwood-beech forest remains. The only appreciable areas 

are in north Westland and western Southland; minor areas 

occur in South Island districts, and in northern Hawkes Bay 

and on the Tararua range. Also included in this modified 

class are the common but usually small stands of pole 

hardwoods and beech developed since fires in Polynesian 
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times destroyed forest on broken hill country, mainly in the 

Wellington and Wairarapa districts. Locally these stands 

have a podocarp understorey. 

(18) Beeches 

This class is composed of all types of forest where one or 

more of the beeches clearly predominates. Podocarps are 

very rare, except for local abundance of bushy pink pine or 

stunted mountain toatoa in the understorey. Hardwoods 

are more widely present, but there are few species, always 

shrubby and confined again to the understorey. Virgin 

forest usually occurs above the altitudinal limit of rimu but 

occasionally below this on harsh sites and, anomalously, on 

easy terrain along the northern faces of the Kaimanawa 

range. At its upper margins in most places, and also on the 

precipitous walls of the South Island fiords, the forest is 

very stunted. Pure or nearly pure beech forest is the 

common class throughout the higher forested mountain 

country of the South Island, except in South Westland. It 

also occurs almost continuously along the crests of the 

North Island axial ranges, except for a break centred in the 

Manawatu Gorge. Also included in this class are the 

numerous but small areas of pure pole beech, developed 

since fires in Polynesian or early European times destroyed 

forest on the mountain sides in the driest parts of both 

islands. 
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CONTROLS ON 
HARVESTING AND 
SALE OF 
INDIGENOUS 
TIMBER 
A D Griffiths – Ministry of Agriculture and 
Forestry, Christchurch 

This article is a summary of the provisions in the Forests 

Amendment Act 1993 (the Act). For a complete 

understanding it should be read in conjunction with the 

Act. 

The Act has as its purpose: 

> "The promotion of sustainable management of 

indigenous forests". 

> "The management of an area of indigenous forest land 
in a way that maintains the ability of the forest growing 
on that land to continue to provide a full range of 
products and amenities in perpetuity while retaining the 
forest's natural values". 

There are approximately 1 million hectares of privately 

owned indigenous forest in New Zealand, of which 

perhaps 25% may be capable of sustaining an ongoing 

production of a relatively small quantity of indigenous 

timber. 

The Act does not cover all indigenous forest land. Those 

areas not covered by the Act are: land reserved under the 

South Island Landless Natives Act (SILNA) 1906 and still 

under Maori ownership; planted indigenous forest; and 

land held or administered by the Department of 

Conservation (DoC) under the Conservation Act 1987. 

The Act was amended in 2004 through the Forests 

Amendment Act 2004 with a number of technical 

changes. The most significant change was to allow SILNA 

lands to voluntarily come under the sustainable forest 

management provisions of the Act. Any SILNA lands under 

the provisions of the Act will have the ability to export, 

whereas other lands will not. 

The Act focuses on three specific areas to achieve its purpose. 

EXPORT CONTROLS 

The Act seeks to promote the use of indigenous timber 

within New Zealand. As a result log and chip exports are 

generally banned as is sawn timber of all species except 

rimu and beech and these may be exported only in pieces 

not exceeding 300 x 100mm in cross section. 

Other indigenous forest produce may be exported as: 

> finished products; 

> personal effects; 

> stumps or roots taken from an area managed under a 

registered sustainable forest management plan; 

> salvaged stumps and roots taken from an area that is 

not indigenous forest land; or 

> tree fern trunks or parts of tree fern trunks taken under 

similar circumstances to the two categories of stumps 

and roots. 

The intention to export indigenous sawn timber, stumps, 

roots, or tree ferns must have first been notified to the 

Ministry of Agriculture and Forestry (MAF). The timber 

must be inspected and approved by a Forestry Officer prior 

to export. 
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SAWMILL CONTROLS 

The Act does not prohibit landowners from felling 

indigenous forest on their land, subject to any required 

land use consents under the Resource Management Act 

1991. A landowner is not prevented from converting land 

to other uses or cutting trees for firewood, provided that 

the firewood is not cut by a mill or plant capable of 

producing sawn timber. Instead, the controls are instituted 

at the sawmill. For a sawmill to legally mill indigenous 

timber from private land the timber must have been felled 

under specific authority issued by MAF. 

The mill must be registered to cut indigenous timber and: 

> the timber is to be taken from an area managed under 

a registered sustainable forest management plan or a 

registered sustainable forest management permit; or 

> the timber is to be felled for a public work, construction 

of an access way or water impoundment, or for bona 

fide research; or 

> the timber is to be salvaged from an area that is not 

indigenous forest land (where previously felled, trees 

must have been felled to waste or logged prior to July 

1989); or 

> the tree fern trunks or parts thereof are to be taken 

from an area that is not indigenous forest land or from 

an area not managed under a registered sustainable 

forest management plan but where the forest is able to 

supply annually or periodically equal yields of treefern 

trunks in perpetuity; or 

> the timber is from wind-thrown or dead standing trees 

and from land not being managed under a registered 

sustainable forest management plan or sustainable 

forest management permit; or 

> the timber was first milled prior to 1 July 1993; or 

> the timber does not exceed 50m3 and is for the owner's 

personal use; or 

> the timber is from SILNA land still under Maori 

ownership; or 

> the timber is from land held or administered by DoC; or 

> the timber is from planted indigenous forest. 

In each case a written authority or approval must be issued 

by MAF before felling, salvaging and milling of the timber. 

In addition to the above sawmill controls, regulations 

require registration of sawmills, quarterly returns to be 

provided to MAF and provide for the charging of fees for 

annual registration and periodic inspections. 

PROVISIONS FOR SUSTAINABLE FOREST 

MANAGEMENT 

Sustainable Forest Management Permits 

Under a sustainable forest management permit a 

landowner may harvest and mill up to 250m3 of podocarp 

or kauri and 500m3 of beech over a ten year period. The 

quantity of timber must not exceed 10% of the standing 

timber present on the landholding, and natural forest 

values must be maintained. 

Requirements for permit applications include: 

> legal and physical description of the land and forest; 

> proposed quantity of timber to be harvested by species; 

> the timber must be harvested in accordance with 

sustainable forest management prescriptions described 

in the Second Schedule of the Act (these relate to 

reserve areas, species management, harvesting methods 

and promotion of regeneration); and 

> the permit must be registered against the title of the 

land (it will expire if it is not registered within 18 

months of being approved). 

Prior to the issue of a further permit for any subsequent 10 

year period the forest must have replaced the timber 

removed, through growth. In the case of podocarps, this is 

unlikely in many areas. 

Annual logging plans must be prepared and approved by 

MAF for each year that harvesting of timber is to take 

place; these must indicate the area(s) to be felled or which 

individual trees or groups of trees will be harvested, 

location of roads and tracks present and to be constructed, 

topography and watercourses, special harvesting 

techniques (e.g. directional felling, breaking down in situ) 

and equipment to be used. 

Sustainable Forest Management Plans 

Sustainable forest management plans are intended for 

larger forest areas or collections of forested areas where 

annual or periodic yields will be permitted such that the 

structure of the forest is retained, harvesting is carried out 

utilising low-impact methods and species are managed 

according to their particular ecological characteristics and 

requirements. 

Requirements for plan applications include: 

> legal and physical description of the land; 

> description of the forest areas, including maps showing 

forest types present and extent of previous logging; 

> requirements of applicable Regional and District Plans; 

> the period the plan will be registered for a minimum of 

50 years or a lesser term if the interest in the land is for 

a lesser term; 

> registration of the plan against title to the land; 

> an inventory of sufficient quality to provide reliable 

estimates of the gross and merchantable volumes and 

size-class distributions of target timber species and tree 

ferns, sufficient to justify the proposed rate of harvest; 

> details of proposed rate of harvest by species; 

> management systems to be imposed on the forest; 

> specific fire protection, pest control and livestock 

control measures required; 

> specific ecological or soil and water conservation 

measures required; and 

> the timber must be harvested in accordance with 

sustainable forest management prescriptions contained 

in the Second Schedule of the Act. 

Sustainable forest management plans and permits may be 

reviewed five-yearly and amendments made with (or 

without in certain circumstances) the landowner's consent. 

Similarly, annual logging plans may be subject to 

amendment before being approved. 

Sustainable Forest Management Prescriptions 

A few key prescriptions are listed in the Act: 

> the rate of harvest from a forest or group of forests 

shall not exceed that which the forest can continue to 

supply in perpetuity; 

> a Representative Area may be set aside which shall not 

exceed 20% of the forest; 

> shade-tolerant or light-sensitive species shall be 
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harvested only by the removal of single trees or small 

groups of trees; such harvest shall in the first instance 

concentrate on trees susceptible to windthrow or likely 

to die in the short term; 

> light-demanding species shall be managed by coupe 

felling, which shall not exceed 0.5 hectares (there may 

be a case for single tree/small group harvesting of light- 

demanding species on occasion); 

> where natural regeneration fails, planting of seedlings 

shall be carried out at the rate of five seedlings for each 

shade-tolerant or light-sensitive species removed or in 

the case of light-demanding species at a density equal 

to the density of stems before harvesting took place; 

and 

> harvesting a coupe closer to an existing coupe than the 

width of the existing coupe may be carried out only 

once regeneration in the existing coupe has reached 

four metres. 

Beech Coupe Size 

In the case of beech, an exemption to harvest coupes 

between 0.5 and 20 hectares in area may be granted by 

the Director General, MAF. However, any such approval is 

subject to the public notification, objection and appeal 

process under the Resource Management Act 1991. 

Standards and Guidelines For The Preparation 

of Plans and Permits 

Standards and Guidelines are available from MAF for the 

preparation of applications for sustainable forest 

management permits and sustainable forest management 

plans. 

Consultation 

In the case of personal use applications, sustainable forest 

management permits, and sustainable forest management 

plans, the Act provides for consultation between MAF and 

DoC before an approval is granted. Also consultation is 

required with the Ministry of Maori Development where 

the landholding is Maori land. 

Offences and Penalties 

There are a number of offences identified in the Act, e.g. 

illegal milling of timber, failing to keep records, failing to 

provide information or providing misleading information to 

MAF. MAF has the power to seize timber pending court 

action and in specific circumstances to sell timber which 

has been seized. 

Penalties range from a maximum of $10,000 for failing to 

keep records or providing misleading information, to 

$200,000 for failing to comply with the Act or falsifying 

milling records. 

 
 

 
 

ESTABLISHMENT 
AND 
MANAGEMENT 
OF INDIGENOUS 
PLANTATION 
FOREST 
D Bergin and G Steward – Forest Research, 
Rotorua 

INTRODUCTION 

Interest has increased in the wider community in 

developing sustainable management systems for the 

planting and management of indigenous timber species for 

market and non-market benefits. This ‘new’ forest resource 

will largely be stands of indigenous timber trees that have 

been planted on previously cleared land, but may also 

include managed naturally regenerating second-growth 

stands that have developed on farmland since clearance of 

the original forest cover. 

The current indigenous forestry research programme at 

Forest Research, Rotorua, is continuing to evaluate the 

potential and performance of planted high-value 

indigenous timber tree species. This includes the major 

indigenous conifer timber species (with initial focus on 

totara and kauri) and selected hardwood tree species. 

Beech (Nothofagus spp.) is not included in the Rotorua- 

based programme but is covered by other researchers 

based in the South Island. The programme builds on the 

considerable experience in the planting of indigenous trees 

by the former New Zealand Forest Service and other 

agencies over the last several decades. 

TOTARA 

Totara (Podocarpus totara) is a widely distributed 

indigenous timber tree in lowland forest in most regions of 

the country. It has been used extensively in the past by 

both Maori and Pakeha. In addition to non-timber benefits, 

there are good reasons for management of totara as a 

special-purpose timber species. These include cultural and 

heritage values; durability and machining qualities of the 

wood; wide distribution and tolerance of a variety of sites; 

ease with which seedlings can be raised in a nursery; 

reasonable growth rates; and amenability to tending. 

Planting 

Totara is among the easiest of indigenous species to raise 

as seedlings using standard nursery techniques. It can be 

raised either as bare-rooted or container-grown seedlings. 

Tall seedlings (50-80 cm), which can be produced in 2-3 

years, are preferred for planting where vigorous weed 

growth is expected. Planting trials indicate that survival is 

usually over 90% on most sites where appropriate after- 

planting care is carried out. 

Planting small groups of 3-5 seedlings in canopy gaps to 

take advantage of overhead light is the preferred method 

for degraded high forest, cutovers and bush remnants on 

farms. Group- or line-planting are appropriate for planting 

podocarps on scrub sites, depending on height of the 

canopy. For scrub less than 4 m high, cut lines to give a 1- 

2 m canopy gap spaced at 5 m intervals, with totara 

seedlings planted along lines at 3 m spacing. This will give 

a stocking of about 600 stems per hectare (sph). It will 

allow for some mortality and later selection of the better 

trees. As totara is relatively light-demanding, maintaining a 

canopy gap is essential for continued growth. 

Totara can be successfully established on open sites. 

However, on such sites, pure stands of untended totara 

develop poor form unless they are planted at densities of 

at least 1000 sph. At high planting density, many seedlings 

will need to be thinned out 20 years or more after planting 

to ensure continued good growth. Establishing a cover of 

hardy indigenous shrubs such as manuka (Leptospermum 

scoparium) or kanuka (Kunzea ericoides), or the exotic tree 
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lucerne (Chamaecytisus palmensis), as nurse species 3-5 

years before planting the target timber trees will improve 

survival and growth, especially on difficult sites. Trials have 

indicated that indigenous nurse species need to be planted 

at 2-3 m spacing. Just like naturally regenerated scrub 

cover, an established nurse crop will allow for planting of a 

lower quantity of timber trees at wider spacings. A near- 

final plant spacing of 4-5 m within a nurse cover will give a 

stocking of approximately 400-600 sph. 

Tending and Tree Form 

Minimal releasing to ensure seedlings are not overtopped 

by competing vegetation is required until they reach about 

2 m in height, when they can grow in competition with 

other vegetation. Pruning up to 3 m carried out in a 23- 

year-old planted totara stand in Hawkes Bay and up to 5 m 

in an East Coast stand had no apparent detrimental effect 

on external stem quality or tree health. There are clear 

indications from both planted and natural stands that 

stocking in planted stands can influence stem form and 

branch development, but there have been no detailed 

assessments of these factors. A dense, untended stand of 

90-year-old totara in Northland originally planted at 

approximately 1.5 m spacing has excellent form. It 

contrasts strongly with similarly-aged totara planted at a 

relatively low stocking (5 m spacing) at Cornwall Park, 

Auckland, where the trees have short, multi-leadered stems 

with branching to low levels. 

Growth and Yield 

Thirty-seven planted totara stands and shelterbelts 20-80 

years old covering a wide range of site and climatic types 

and different management histories were assessed in a 

national survey (Pardy et al. 1992). In these trees the mean 

annual diameter (1.4 m above ground level) growth rate 

was 8 mm and mean annual height growth 25 cm. The 

more successful totara plantations located on open fertile 

sites had a mean annual height increment of up to 55 cm 

and mean annual diameter increment of 10 mm. 

A crude growth model based on data from eight planted 

stands up to 100 years of age (Figure 1) shows that total 

stem volume growth is slow at first but accelerates during 

the second 50-year period. These were mostly small 

plantations at different densities located from Northland to 

Banks Peninsula that covered a wide range of sites. The 

model indicates that a mean basal area of 100 m2/ha and 

mean volume of 800 m3/ha might be expected at age 80 

years. Predicted current annual volume increment (no 

adjustment made for mortality) is less than 7 m3/ha at age 

30, increasing to 14 m3/ha at age 60 (Bergin 2003). 
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Figure 1: The solid line shows an average totara volume/age curve 
for 1000 sph, assuming no mortality. Various points show actual 
volumes of six plantations with comparable stocking. 

Management of Second-growth Stands 

In many farming districts, there is a considerable resource 

in second-growth totara stands which are often a 

prominent feature of the landscape. Here totara is often 

seen as established groves, or small stands of semi-mature 

trees on hill country, and on river plains as stands along 

riparian strips. Most second-growth stands range in age 

from 50 to 120 years, and are the result of land clearing 

over that time and subsequent regeneration in grass or 

amongst manuka-dominated scrub. 

Regeneration amongst grass on steep hillsides can develop 

into small thickets of saplings within 20 years on sites 

which are not grazed heavily, or cleared regularly by 

landowners. Densities can exceed 50,000 sph. Usually 

within 40 years of establishment, sapling thickets develop 

into pole stands that have undergone self-thinning and 

pruning. In one such stand, estimated to be about 60 years 

old, density had reduced to 6,000 sph, with diameters 

ranging from 15 to 18 cm and heights ranging from 10 to 

15 m and clear boles up to 6 m high. 

A major advantage of managing naturally-regenerating 

stands of totara on farmland as a potential long-term 

source of specialty timber is that seedlings do not need to 

be raised in a nursery, planted out and then maintained for 

several years. The presence of grazing stock during 

establishment appears to have little adverse effect, 

obviating the need for fencing or releasing from grass. 

Thinning and/or pruning offer some scope for 

improvement of totara stem form and growth rate. 

KAURI 

Kauri (Agathis australis) is a warm-temperate tree that is 

dominant in natural rain forests of the northern part of 

New Zealand. It can live 1,000 years or more and is 

probably New Zealand’s highest profile indigenous tree.  

The massive individuals that remain are regarded as taonga 

(national treasures). During the early period of European 

settlement most kauri forest was logged, cleared for 

farming or destroyed by fire. From the mid-19th to the 

early 20th century kauri forests were an important 

component of the developing New Zealand economy. The 

small remaining areas of mature kauri forest are now 

reserves, most of them managed by the Department of 

Conservation. In many areas cleared of indigenous forest 

since European settlement, young kauri forest is 

regenerating. Current research is focussing on 

establishment, management, productivity and wood quality 

of planted kauri. 

Planting 

Large numbers of kauri seedlings have been raised since 

the 1930s and planted by the Forest Service in Northland, 

Great Barrier Island and the Coromandel Peninsula. The 

focus was on supplementary or enrichment planting in tall 

scrub or partially-logged kauri forest where natural 

regeneration was considered to be inadequate. Although 

many were not well managed, some good examples of 

planted kauri groves, particularly on fertile, sheltered sites 

occur. Many other small plantations have been established 

and maintained by local authorities. These stands are 

currently providing useful information about growth rates 

and management requirements at a range of sites (Barton 

1995, 1996). 

Most kauri plants are raised in containers, but large-scale 

bare-root production has been carried out in the past. 

There can be difficulties in obtaining a dense fibrous root 

system with bare-rooted kauri. 

Kauri seedlings tend to have poorly-developed root systems 

and can be susceptible to drought, particularly within the 

first two years after planting. Heavy compacted soils may 

slow root growth, which is usually more rapid in soils of 

light texture. Although kauri grows best on sheltered fertile 
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sites, growth can be compromised by vigorous competition 

from shrub hardwoods and ferns. The most favourable 

sites for planting are those where secondary forest or scrub 

has developed, or where pastoral farmland has been 

invaded by small-leaved vegetation such as manuka or 

kanuka. Application of fertiliser is likely to improve growth 

of planted kauri on nutrient-poor sites. 

Tending 

Although kauri lose lower branches naturally, lower 

branches on saplings and young trees can be induced to 

abscise earlier if desirable by either maintaining a high 

stand density or by pruning. Pruning of branches should 

leave a 5 cm branch stub. Stubs fall off within a year of 

pruning to leave a knot-free stem. However, larger steep- 

angle branches and multiple leaders will require sawing 

closer to the stem. 

Most thinning of kauri has been undertaken in naturally 

regenerated pole stands. Four trials assessed between 19 

and 40 years after thinning found significant increases in 

diameter growth of residual trees. Unthinned controls had 

mean annual diameter increments between 1.2 and 1.4 

mm per annum since thinning, while thinned treatments 

had diameter increments between 3.1 and 3.3 mm per 

annum. Cross-sectional increment cores identified the 

majority of the diameter increment in three trials was 

sapwood, with little change in heartwood content since 

thinning. 

Barton and Madgwick (1987) found a substantial growth 

response to thinning and fertilising in a naturally 

regenerated pole stand in the Hunua Ranges, south of 

Auckland, that was known to be deficient in nitrogen and 

phosphate. Within 6 weeks of fertilising the foliage also 

turned from an olive-green to bright green colour. 

In a thinning of a 66-year-old plantation of kauri located at 

Brooklands Park, New Plymouth, almost 50% of standing 

stems were felled to reduce stocking from 1300 sph to 

around 700 sph (Gould 2002). The mean diameter of 

stems was 31 cm and mean height 19 m. Multi-leadered  

or poor performing suppressed stems were selected for 

felling but single-leadered trees were also included in the 

thinning. Selected trees were carefully felled by arborists 

climbing trees and felling tops and upper bole lengths to 

reduce damage to residual stems before felling lower 

trunks. 

Growth and Yield 

The best performing stands of planted kauri have been 

established on fertile, sheltered sites. Kauri in some 

plantations can average in excess of 10 mm diameter 

increment annually for periods up to 40 years whilst 

individual trees can grow up to 1 m height increment in 

some years. However, another survey of planted  

indigenous trees suggested that most kauri average around 

7 mm diameter and 36 cm height growth annually (Pardy 

et al. 1992). 

Some stands are now approaching 70 years of age, many 

at stockings in excess of 1000 sph. Consequently, growth 

rates have slowed and mortality of individual trees is 

occurring as competition increases (Herbert et al. 1996). 

Consideration of thinning options will be appropriate for 

some of these sites where up to half of the trees have 

multiple leaders. Form pruning in early years to remove 

multiple leaders and occasional large, steep-angled 

branches is a likely practical option that requires evaluation 

in trials. 

Herbert et al. (1996) determined productivity from two 60- 

year-old kauri plantations growing on favourable sites in 

New Plymouth. Initial stockings of 1680 and 2240 sph had 

declined to an average of 1375 sph through a combination 

of natural mortality and an early thinning in the more 

heavily stocked stand. Current basal area was 96 m2/ha  

and is predicted to reach 116 m2/ha by age 80 years. Total 

stand volume at age 60 years was 804 m3/ha and is 

predicted to be 1103 m3/ha at age 80 years. 

OTHER INDIGENOUS CONIFERS 

Other indigenous conifers with potential for planting as a 
long-term timber resource include rimu (Dacrydium 
cupressinum), kahikatea (Dacrycarpus dacrydioidies) and 

tanekaha (Phyllocladus trichomanoidies). They give 

reasonable growth rates especially on sheltered lowland 
sites. 

INDIGENOUS HARDWOOD TREES 

A survey of planted New Zealand indigenous trees in 1986 
identified a number of hardwood species that showed 
promise for growing or managing for timber production in 
plantations (Pardy et al. 1992). The two most commonly 

planted and best performing were puriri (Vitex lucens) and 

rewarewa (Knightia excelsa). Other hardwood species with 

well-regarded timber qualities, which also deserve 
consideration, include kohekohe (Dysoxylum spectabile) 
and mangeao (Litsea calicaris). 

Pardy et al. (1992) reported mean annual height increment 

for puriri and rewarewa of 32-49 cm for the first 20 years. 
In a number of recent trials, these species are exceeding 60 
cm annual height increment within 5 years of planting 
beneath different nurse crops (Steward 2000). Herbert et 
al. (1997) suggest that for the faster growing hardwood 

tree species, diameters exceeding 50 cm at breast height 

will take between 60 and 80 years to achieve although 
growth of well-tended plantations on good sites could be 
expected to be greater. 

Current research is focussing on refining methods for 

raising seedlings and their establishment with and without 

the use of nurse crops to encourage faster growth and 

enhance stem form. As planting trials develop, the 

silvicultural requirements for the planted hardwoods are 

being investigated. 

WOOD QUALITY OF PLANTED 

INDIGENOUS TREES 

Until the late twentieth century, supplies of indigenous 

timber were derived from trees several hundred years old 

where the bulk of the stem comprised heartwood. In 

contrast, planted and second-growth stands such as totara 

fewer than 100 years old appear to have a high proportion 

of sapwood. In a recent study evaluating heartwood 

content in planted and natural second-growth kauri 

stands, Steward and Kimberley (2002) found heartwood 

formation to be strongly correlated with stem diameter: 

larger stems had more heartwood. Age was a secondary 

factor. 

MULTIPLE OBJECTIVES FOR PLANTING 

INDIGENOUS TREES 

Many landowners, iwi, forestry consultants, and 

Government agencies consider that the development of 

sustainable management systems for the planting and 

management of indigenous timber species will bring 

market and non-market benefits (Silvester & McGowan 

1999). The establishment and management of new 

indigenous forests for wood production on previously 

cleared land would stimulate community interest in New 

Zealand’s natural heritage and culture. Biodiversity would 

be enhanced in a range of landscapes, and multiple-use 

forestry practices would be encouraged. Future generations 

of New Zealanders would have access to a sustainable 

indigenous timber resource supplying cultural, social, and 

economic needs. Reliance on imported specialty timbers 

harvested from natural forests would be reduced if some 

locally-grown naturally-durable timber was substituted for 

wood treated with preservatives. If indigenous trees are 
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planted to fulfil a range of non-wood values, and do so in 

ways that are unique to these species, then that, and that 

alone, may be more than sufficient to justify planting these 

trees (Horgan 2000). 

Ultimately, some landowners will want to remove and use 

wood from stands of planted indigenous forest. 

Consideration of the timber and non-timber values of the 

stand will require careful choice of harvesting methods if 

high-forest character is to be maintained. Low-impact 

logging regimes can be used in mixed age/mixed species 

stands to produce wood while retaining the near-natural 

character of the forest. Long-term management of our 

planted indigenous forest will need considerable specialist 

input if selection silviculture similar to that prescribed for 

long-rotation species in the Northern Hemisphere is to be 

developed in New Zealand. 

TANE’S TREE TRUST 

Tane’s Tree Trust was formed in 2001 to encourage New 

Zealand landowners to plant and sustainably manage 

indigenous trees for multiple use. The objectives of the 

Trust are: promotion of indigenous forestry as an attractive 

land use option by consolidating and advancing the state 

of knowledge of indigenous tree species; maximising 

economic incentives for establishing natives; resolving legal 

and political obstacles to the planting of natives; and 

encouragement of knowledge-sharing amongst 

stakeholders. To join the network or obtain further 

information, contact the Trust at ibtrees@ihug.co.nz. 
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MANAGEMENT OF 
INDIGENOUS 
FOREST 
C R Richards – Orakau Consultants Ltd, 
Hokitika 

It is 10 years since the introduction of the indigenous 

forestry provisions (Part IIIA) in the Forests Amendment Act 

1993 (the Act). The Act’s principal objective is to promote 

the sustainable management of indigenous forest on 

private land. It does this by regulating the level of harvest 

permitted such that it is carried out on a sustainable level 

whilst also providing for protection of the ecological values 

of the forest. 

Revised approaches to management brought with them 

increased opportunities for an ecologically-based industry 

However, since then the small industry based around native 

timbers has been on a volatile path as intense competition 

from imported speciality timbers, the lack of scale, and 

fragmentation and consequential uncertain and 

inconsistent supply within the industry take effect. 

Today, patterns of management are becoming well 

defined, as are the approaches to silviculture within 

commercially managed stands. Marketing is the key to 

either the success or failure of management for timber. 

THE STATUS OF PLAY 

At the high level, indigenous forest management in New 

Zealand now reflects the intentions of current Government 

policy. Today, ownership is dominated by the Crown whose 

involvement is exclusively for the purpose of managing 

such resources for the conservation of New Zealand’s 

natural and cultural heritage and increasingly to protect 

(and if possible realise) any potential for carbon 

sequestration. 

Within the policy framework, patterns and trends in 

management of indigenous forest in private ownership 

have become discernable. 

Indigenous Forest Ownership 

Analysis of privately owned indigenous forest land reveals 

three elements. Firstly there is a distinct difference between 

the North and South Islands whereby the ratio of Crown 

Conservation estate to private indigenous estate is lower in 

the North Island than the South Island. There is an average 

of 1.5 ha of Crown forest for every hectare of private  

forest in the North Island, compared with an average of 

8.2 ha in the South Island. The latter is skewed heavily by 

the West Coast with its ratio of 32 hectares of Crown 

forest per hectare of private forest (Table 1). 

The second pattern is a loose but increasing trend toward 

higher Crown land area ratio with increasing regional area 

of indigenous forest. These trends are illustrated in 

Figure 1. 

The third element is the high proportion of Maori 

ownership, which accounts for 41% of the indigenous 

estate on private land. 

The trends reflect historic patterns of more intensive 

clearance of forest (for farm land) in the North Island, the 
higher utilisation value of the North Island forests as 

manifested in the dominance of kauri (Agathis australis) 
and podocarp forests there, and probably the historical 

difficulty experienced by Maori in commercially utilising 
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Regional Authority 

Total 

Indigenous 

Conservation 

Estate 

Private 

Estate 
 
% Private 

 
% Crown 

Ratio Crown: 

Private 

Northland 271,958 105,187 166,771 61% 39% 0.6 

Auckland 85,540 9,266 76,274 89% 11% 0.1 

Waikato 513,765 297,011 216,754 42% 58% 1.4 

Bay of Plenty 644,190 473,047 171,143 27% 73% 2.8 

Gisborne 138,241 73,625 64,616 47% 53% 1.1 

Hawkes Bay 299,198 201,567 97,631 33% 67% 2.1 

Taranaki 225,265 128,041 97,224 43% 57% 1.3 

Manawatu/Wanganui 431,081 290,985 140,096 32% 68% 2.1 

Wellington 158,085 98,412 59,673 38% 62% 1.6 

North Is Total 2,767,323 1,677,141 1,090,182 39% 61% 1.5 

Tasman 531,688 456,016 75,672 14% 86% 6.0 

West Coast 1,231,351 1,194,511 36,840 3% 97% 32.4 

Canterbury 263,637 186,263 77,374 29% 71% 2.4 

Otago 204,321 158,838 45,483 22% 78% 3.5 

Marlborough 196,150 167,253 28,897 15% 85% 5.8 

Southland 1,131,656 1,008,412 123,244 11% 89% 8.2 

South Is Total 3,558,803 3,171,293 387,510 11% 89% 8.2 

National Total 6,326,126 4,848,434 1,477,692 23% 77% 3.3 

Table 1: Regional Statistics of Indigenous Forest Ownership. 
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the felling of indigenous forests for timber, bringing such 

activities within a framework of prescriptive rules seeking 

to ensure harvesting is conducted in a sustainable fashion. 

Part IIIA does not cover the management of planted 

indigenous species plantations. 

The Act provides for "sustainable" management primarily 

by way of sustainable forest management (SFM) "Permits" 

and "Plans". Permits allow a landowner to take a defined 

harvest over a ten year term. Subsequent harvests are 

predicated on the ability to establish a replacement of 

removed volume by forest growth. Permits set maximum 

merchantable harvest levels of either (usually) podocarps or 

kauri (250 cubic metres) and/or beech (500 cubic metres) 

provided that such quantities do not exceed 10% of the 

total merchantable inventory of that particular species on 

the property in question. Actual harvest levels up to the 

maximum can be set by the Ministry of Agriculture and 

Forestry (MAF). Permits are relatively cheap and easy to 

implement though a recent amendment to the Act in 2004 
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Figure 1: Scatter plot of Private and Crown Ownership Ratio Within 
Regional Authority Boundaries. 

 

their often geographically more demanding ancestral lands. 

These patterns of ownership indicate that the capacity of 

the Crown to directly influence the conservation and 

protection of New Zealand’s natural heritage is more 

constrained in the North Island, while concurrently the role 

of the private owner is more important, especially in highly 

fragmented lowland situations. Today the private forest 

estate of the South Island is dominated by the beeches 

(Nothofagus spp) while the North Island estate is more 

diverse – usually still exhibiting high proportions of beech 

but with a strong component of podocarps and tawa. 

INDIGENOUS MANAGEMENT TRENDS 

Permits and Plans 

Management of naturally established indigenous forests for 
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the purpose of timber production has been controlled since 

1993 under Part IIIA of the Act. This part seeks to control 

Figure 2: Plans and Permits Approved under the Forests 
Amendment Act 1993. 
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 Approved 

Area (ha) 

Number Mean Area 

(ha) 

Average 

Annual (ha/yr) 

Increase 

Permissible 

Yield (m3) 

Annual 

Yield 

(m3/ha/yr) 

Plans       

North Island 10,221 12 852 508 17,773 1.74 

South Island 19,586 31 632 1,212 46,565 2.38 

Permits       
North Island 42,423 285 149 7,453 6,610 0.16 

South Island 12,436 176 71 1,803 5,885 0.47 

Table 2: Summary of Permits and Plans Approved Y E June 2003. 

 

has introduced additional requirements designed to 

increase the ecological protection provisions for Permits. 

In contrast, SFM Plans (as interpreted under the Act)  

require much more comprehensive (and expensive) 

planning, data and skill in implementation. Plans are 

required to address matters of forest stock holding, 

productivity, biodiversity and protection, with an underlying 

objective seeking to maintain forests in some form or  

status similar to, or better than, that existing at the time of 

commencement of management. The perceived benefit 

arising from this substantial additional cost and skill input is 

the capacity to take annual or regular periodic harvests at 

levels determined by the forest’s productive and ecosystem 

potential. This could enable regular cash streams from the 

forest, promote the development of long-term businesses, 

and help ensure protection of the forest concerned. 

How the application of Part IIIA of the Act has evolved is 

demonstrated in some quite distinct trends (Table 2 and 

Figure 2). 

Points to note are: 

> To date the implementation of SFM Plans has been 

dominated by South Island interests seeking to develop 

the long-term potential of beech forest. There is twice 

the area in currently approved Plans in the South as in 

the North Island. This situation may change with the 

some large North Island Maori land areas working 

through both MAF and RMA approval processes and 

adding principally to the potentially available beech 

volumes but with associated rimu and tawa yields. 

There is nearly four times as much area under Permits in 

the North Island as in the South Island. 

> The level of activity in the processing of Plans and 

Permits shows that Plans have been filed at a low but 

consistent rate in both islands (approximately seven 

Plans per year) while Permit activity has been 

substantially higher at 5 and 10 times higher in the 

South and North Island respectively. 

> Most of the harvest volume is approved through Plans 

(Table 2). 

> Uplift of volume versus permitted yield has averaged 

22% for Permits and 23% for Plans over the last five 

years. Actual harvested volumes over this period have 

been dominated by rimu (3,049 m3 per year on 

average) and beech (7,962 m3 per year). Other species, 

notably tawa and podocarps other than rimu, have 

averaged 1,178 m3 per year. The low uptake of 

approved volumes partly reflects the periodic harvest 

nature of Plans and also the economics of harvesting 

species other than rimu. Some Plan and Permit holders 

have chosen not to harvest under current market 

conditions. 

Records from MAF show that the predominance of Permit 

harvesting activity is focussed on the podocarp resources of 

the North Island principally in the Taranaki and 

Manawatu/Wanganui regions. In the South Island, 

podocarps are again the focus of Permits with 

Marlborough and Westland being the dominant areas. This 

is a reflection of the value and marketability of rimu 

compared with beech and other hardwoods such as tawa. 

Most of the approved Plans are for forests dominated by 

beech. This trend reflects a likelihood that the beech 

resource has been seen as sufficiently definable in terms of 

quality and growth to form a manageable proposition, 

while to date, the often scattered podocarp remnants 

brought into production have been neither well quantified 

nor manageable in the long-term but nevertheless of high 

immediate commercial worth. 

Indigenous Species Plantations 

There are no clear data on the extent to which private 

planting of indigenous species for timber production has 

been undertaken. Barton (2003) believes there are many 

small plantation blocks but there is no clear information on 

area. At least 100 ha are anticipated. 

Recently revived interest has led to limited research being 

undertaken by Forest Research into the prospects for 

totara, kauri, and the native hardwoods rewarewa and 

puriri, with a focus on growth and silviculture models 

(Forest Research 2003). Forest Research Bulletins on totara 

and kauri have also been recently produced. Data on kauri 

cut out from a 70 year-old New Plymouth plantation 

thinned in 2002 have also been promising. The wood, 

although mostly sap, has proved to have many of the 

characteristics of heart kauri and further thinning trials in 

another block nearby have been proposed (Barton 2003). 

However, despite the enthusiastic support of individuals 

from organisations such as Tane’s Tree Trust with specific 

objectives of promoting indigenous forestry, general activity 

outside existing natural stands is small. General lack of 

knowledge, current taxation laws, and uncertainty as to  

the status of plantations at the time of harvest under the 

Resource Management Act are considered to contribute to 

the low level of activity, along with ill-defined economic 

benefits. 

Biodiversity Protection 

There exist well established organisations and mechanisms 

to promote or assist in the management of private 

indigenous forests for biodiversity functions. 

The Queen Elizabeth II National Trust (QEII) achieves its 

objective through instruments known as "Open Space 

Covenants". These Covenants are legal, binding 

agreements to manage areas of private land in certain  

ways to secure the protection of the natural features 

(including forest) in question. They are entered into 

voluntarily by the landowner with whom management 

remains. The Trust provides advice, technical assistance and 

sometimes financial assistance with fencing. Rate relief may 

be obtainable from regional authorities. 

The QEII Trust claims that 62,000 ha are presently 

registered under 1,600 covenants. Because pest control 
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remains the single most significant threat to the 

achievement of the Trust’s goals on many properties, 

additional Government funding is sometimes provided for 

pest and weed control in selected covenants. 

Two other structures also provide for private land 

protection: Nature Heritage Fund and Nga Whenua Rahui. 

Both provide access to contestable Government funds 

which can be directed to projects seeking to purchase 

(Heritage Fund only), covenant, manage or protect areas of 

ecological value. The schemes claim a total of 180,000 ha 

and 112,000 ha respectively inclusive of purchased land 

which is subsequently managed by the Department of 

Conservation. 

FORESTS MANAGED FOR TIMBER 

PRODUCTION 

Management Systems 

Management of indigenous forest for timber production 

has evolved substantially over the years from systems based 

around the cheap clearance of land and exploitation of the 

forest, purely for the benefit of the users of land and 

wood, to substantially more complex approaches designed 

to maintain the ecological integrity of the forests  

concerned while producing a timber product. 

Past Silvicultural Approaches 

Past approaches to more advanced systems of indigenous 

management have been researched (sometimes extensively) 

and well documented and are summarised elsewhere, 
(Beveridge & Herbert 1995 – kauri; Franklin & Beveridge 

1995 – rimu; Beveridge et al.1995 – beech). They are 

summarised below. 

Kauri 

Research into kauri has established that it is a species 

potentially suited to management with regular seeding, 

good form, moderately good growth rates and successful 

regeneration under a light overwood canopy. By the time 

of the 1993 amendment to the Act, stands of pole 

"ricker" kauri within second-growth forests provided the 

only real future management resource. Helicopter 

extraction techniques were applied in the late 1970s/early 

1980s (Barton 2003). These operations were successful in 

that forest damage was minimal and costs acceptable. 

However, the second-growth kauri had a high proportion 

of sap of relatively lower value and less desirable wood 

properties. 

Figures quoted by Beveridge and Herbert suggest that 

productivity within well stocked but untended stands could 

be expected to be 5 to 9m3 per hectare per year with 

considerable potential for improvement with tending and 

the use of improved planting stock. Well tended 

plantations are expected to require rotations of 150 years 

to produce reasonable heartwood and significantly longer 

if naturally regenerated. 

Techniques for the nursery propagation of potted seedling 

stock have been well established and by 1993 some 

research was being conducted into the application to kauri 

of mass propagation techniques normally used with radiata 

pine. 

Tawa 

Tawa is a major component of mixed podocarp- 

broadleaved hardwood forests of the North Island and is 

often the dominant canopy species. It extends as far south 

as the Clarence River on the east coast of the South Island 

and Westport in the west. Like rimu on the alluvial terraces 

of South Westland, tawa often exhibits the full range of 

size and age classes and has long been considered a prime 

candidate by foresters for sustainable management 

through careful size-class management. Tawa has long 

been a utility timber in New Zealand and there continues 

to be an existing market for the species as a joinery and 

finishing timber. 

In good-quality stands tawa may carry up to 150m3/ha and 

exhibit good form and gross increments exceeding 2 

m3/ha/annum. Tawa regenerates vegetatively (coppicing) 

and as seedlings. Its high shade tolerance lends the species 

to single-tree or small-group selection, although harvest 

gaps must be small in order to prevent interruption (by the 

establishment of broadleaved hardwoods and tree ferns) of 

the recruitment/replacement process. Empirical evidence 

suggests that harvest gaps should not exceed 0.014 

hectares, which is the space occupied by the canopies of 2 

or 3 trees on average. 

Rimu 

As a species which is widely distributed and of high 

commercial value over many decades, approaches to the 

management of rimu were historically constrained by: 

> the pressures of production requiring a high intensity of 

harvest; 

> the high sensitivity of the species to root and other 

damage following harvest; 

> low growth rates indicating growth cycles of 500 years 

or more; and 

> the limitations of available harvesting technology. 

Research, particularly into regeneration processes and 

stand dynamics, provided a better understanding of the 

established growth characteristics in the forests of the 

North Island and the terrace forests of Westland. In the 

former, large rimu associated with volcanic soils tend to 

predominate with very little sapling and pole stock to 

provide for future stock replacement. Where gaps are 

created through the death of single or groups of trees, 

regeneration may occur but will have to work its way 

through a developing sub-canopy of vigorous hardwoods 

such as kamahi or tawa, a process that takes many 

decades. 

In the terrace forests of South Westland, patterns of even- 

aged cohorts of trees are discernable at differing scales 

depending upon the soil surfaces upon which they grow. 

Regeneration occurs regularly and successfully as older 

trees die or groups collapse following disturbance (thought 

often to be associated with earthquake activity), storms or 

natural dieback. 

By the time of the introduction of Part IIIA of the Act in 

1993, rimu harvesting from Crown Forests in the North 

Island had ceased while the application of the first 

comprehensive sustainable management Plans were just 

commencing in Okarito and Saltwater forests in Westland. 

Recent re-measurement of ground-based selection 

harvesting trials undertaken in West Taupo forests in the 

1970s indicates that stand stability has been maintained 

but net decrement has continued, reflecting the 

unbalanced and old-aged structure of these forests. 

In 2002 all harvesting of rimu on Crown land ceased with 

the Government-decreed closure of operations in Saltwater 

and Okarito after almost a decade of operation. The 

silvicultural systems adopted had involved a passive 

selection approach. Selection involved small groups of trees 

within the cohort patterns with removals focussed upon 

mortality recovery or pre-emption. All extraction was 

undertaken by helicopter. Natural regeneration with some 

supplementary planting was relied upon to restock the 

forests. Tree lifecycles were based on 500 years on average, 

producing 7,449m3 from a gross area of 9,541 hectares or 

a little under 1m3 per hectare per year. 

Beech Species 

The New Zealand beeches have often been considered a 
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resource of great potential despite the difficult processing 

involved in converting the logs to lumber. 

As a group exhibiting rapid plentiful regeneration after 

disturbance, and relatively fast growth rates, the genus has 

been the subject of much research over the years. Much of 

this research focussed on even-aged silvicultural systems 

that sought to: 

> provide a means to effectively remove from the site a 

large proportion of low-grade log material which 

typically characterises most natural beech stands; 

> in so doing, minimise future stand hygiene problems in 

the regenerated crop associated with build-up of 

pinhole borer (Platypus spp); 

> take advantage of the even-aged nature of the 

regenerated stands to apply more intensive tending 

practices (thinning and sometimes pruning) to maximise 

stand productivity and quality; and 

> work on rotations of 60 to 100 years depending on 

species and site, with diameter increments between 8 

and 12 mm per year. 

Most of this work was undertaken on an experimental 

scale, though in Western Southland some areas were 

intensively tended in the 1950s. These approaches are no 

longer applicable at the scales envisaged owing to the limit 

on coupe size set by the Act in recognition of the need to 

retain other values within indigenous forests. However, 

with the nursery production of seedling beech stock well 

proven, the apparent success of such regimes indicates 

potential applicability in a plantation scenario. 

Today, with the exception of the "South Island Landless 

Natives" (SILNA) lands (which are yet to come fully within 

the Act or equivalent arrangements) natural beech forests 

are managed within the constraints of Part IIIA of the Act. 

Present Silvicultural Practice 

In order to operate within the legislative framework, all 

harvesting in naturally established native forest must 

comply with the prescriptive requirements of Part IIIA of 

the Act. These requirements promote variations of a 

generally passive approach. Part IIIA specifically requires 

that: 

> "Podocarp and kauri species shall be harvested only by 

single tree or small group harvesting…..". Similar 

requirements are stated for "shade-tolerant and 

exposure-sensitive broadleaved hardwood species". 

> For beech species, unless by special exemption, coupes 

of 0.5 hectares maximum are allowed. 

As forest managers seek to operate within the prescribed 
framework, practices have adapted. Beech management 
under full SFM Plans adopts either of two systems. The first 
is a variation of the group tree selection system developed 

for the beech forests of the West Coast (Timberlands West 
Coast 1998, refer- Beech Management Plans) as adapted 

from those operations first implemented within the South 
Westland rimu forests (Hammond & Richards 1995) 
(Timberlands West Coast 1998, refer- Rimu Management 

Plans). The second system utilises the coupe system to the 

degree allowed under law. 

The management system in the former is characterised by: 

> a high proportion of primary-growth forest; 

> small group selection from within even-aged cohorts; 

> natural lifecycles of 250-400 years producing 2-4m3 of 

gross log volume per hectare per year; 

> reliance on small-scale disturbance and natural 

regeneration to maintain stand structure and diversity; 

> operation normally on difficult terrain, with most 

volume extracted by helicopter or sometimes by very 

small ground-haul machines; and 

> no active tending to manipulate crop characteristics. 

Management by the coupe system is characterised by: 

> a high proportion of secondary-growth forest; 

> clearfell within coupe boundaries; 

> easier topography; 

> ground-based harvesting system; 

> reliance on natural regeneration assisted by machine- 

induced disturbance; 

> shorter nominal rotations if the option of thinning 

coupes is taken up; and 

> yields of around 2m3 per hectare per year. 

There are very few remaining forests on private land where 

rimu and other podocarps occur as the dominant species in 

high densities with wide age distributions or age-cohorts as 

they did in the glacial terraces of Westland. Mostly rimu 

occurs as mixed forest in association with other species 

such as tawa and beech and where the other species 

dominates. In addition the podocarps growing in private 

forest tend to be of uneven age, dominated by older trees 

with little regeneration coming through. This poses a 

problem for management required to maintain a 

sustainable harvest. Typically podocarp management in 

Permits has simply involved the extraction of scattered 

single trees or small groups of trees (usually by helicopter) 

up to the permissible quantum defined by the Permit, with 

a requirement to replant where regeneration is inadequate. 

MAF Standards and Guidelines (2002) for managing such 

forests promote tree selection under sustainable forest 

management to focus on trees to be retained (vigorous, 

healthy trees along with trees of high habitat values) so 

that the timber resource is eked out over as long a period 

as possible. Forest management planning must incorporate 

consideration of forest changes, either already occurring or 

likely to occur in the future. 

Accurate description of the growth, form and structure of 

beech forests is more certain than in most available rimu 

forests. Thus beech forest owners who have taken up Plans 

manage their forests with the expectation of both 

sustaining the approved annual harvest volume and 

maintaining forest structure and its natural values. To date, 

however, poor market penetration has limited the ability of 

most forest owners to manage beech forest intensively. 

The Act provides for scope to define logging practices 

required in each annual logging plan including individual 

tree selection. An amendment to the Act in 2004 extends 

the forest protection requirements which exist for Plans to 

Permits. Additional forest protection requirements can be 

specified in both Plans and Permits. The success or 

otherwise of managing Plans and Permits comes down to 

the application and enforcement of the protective and 

management provisions of the Act, the skill and diligence 

of the forest manager in implementing them, and the 

appropriateness (still poorly understood) of such 

management in the old-aged rimu that dominates much of 

the mixed forests of the North Island and northern South 

Island. The capacity within Permits to harvest up to 10% 

every 10 years for species with growth cycles many times 

longer than 100 years may be cause for concern if 

inventory and monitoring are insufficiently precise to 

establish whether volume has been replaced. 

In the longer term, current trends suggest that the bulk of 

approved volume available in the future can arise from a 

limited number of comprehensive plans, provided that 
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marketing and industry structural issues can be resolved 

and policy consistency endures. 

Forest Certification 

The issue of indigenous forest certification remains 

contentious within New Zealand, with opposition to 

development of national standards coming from some 

within environmental non-government organisations. 

Nevertheless indigenous forests have been, or are in the 

process of being, independently certified under Forest 

Stewardship Council generic rules. Within the national 

structure seeking to develop New Zealand standards for 

forest certification, there is an active participating 

committee and an Indigenous Standards Technical 

Committee. 

MARKETS 

While there is little doubt that markets continue to exist for 

traditional native timbers, the cessation of sustainable 

harvesting from Crown land has led to a cascade of effects 

as industry and consumer seek to adjust to the altered 
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Marketing Issues 

Rimu remains the New Zealand consumer’s species of 

choice for furniture. High demand has supported high 

prices for logs and the high level of permit activity as 

landowners attempt to cash in on the value of their forest. 

Over the past two years industry commentary has been 

that, while the species is still readily obtainable, supplies 

are dwindling and quality is in decline. 

Merchants and furniture manufacturers have sought to 

combat supply uncertainty and increasing price by 

importing furniture grade timbers from the Pacific, Asia  

and elsewhere (Figure 3). Significant volumes have also 

arisen from Australia, Canada, and the USA, though these 

tend not to be targeted at the furniture markets but rather, 

flooring and outdoor cladding. 

10000 

Solomons 

Figure 4: Value of Furniture and Components Imports. 

 
in the furniture segment and, where used (in increasing 

quantities), are usually stained. The market has also been 

confounded to some extent by the continuing availability 

of cheap beech from unsustainably harvested SILNA lands. 

For the producers of beech, the species is today in 

competition, particularly in the flooring segment, with a 

range of imported hardwood timbers, now readily available 

from large companies operating in the Pacific, Europe, 

America and Australia. While generally competitively priced 

with these alternatives, the scale and marketing support 

behind these companies is substantial. This, combined with 

a local lack of knowledge and uncertainty about the status 

and future of New Zealand native timbers requires that, to 

make head way, significant marketing investment is 

required. Strict attention to the perennial basics of 

consistency, quality, sizing, drying and presentation is also 

required. 
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Returns 

In the near to medium term, it is likely that the consumer 

market will remain buoyant for rimu and other podocarps. 

With Permits easy to obtain and requiring little initial or 

sustained management input or cost, it is likely that 

harvesting of this species will yield owners some tens of 

thousands of dollars on any Permit volume. 

In the case of beech, returns can be expected to remain 

relatively low until and unless market penetration and 

acceptance improves or export options gain momentum, 

where the value of the New Zealand dollar rather than 

colour acceptance appears to be a key factor in initial 

success. 
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STATUTES 
RELEVANT TO 
FORESTRY 
A Caddie – Simpson Grierson, Auckland 

Statutes and regulations that are relevant to forestry as of 

December 2003 are shown in Table 1. 

The statutes are listed in three categories. The first are 

statutes specifically directed at forestry. The second are 

directed at a variety of activities including forestry. The 

third are statutes which relate to forestry owing purely to 

its commercial nature. 

Clearly, the Resource Management Act 1991 (RMA) is of 

special relevance to forestry as a land use. For further 

information on the RMA see Section 3.3. 

For additional reading see the Forestry section of The Laws 
of New Zealand, published by Lexus Nexus and the 'Crown 
Forests Assets Act 1989', a research report dated 

November 1997 prepared by A Caddie and commissioned 
by the Waitangi Tribunal. 

Further notes on the four Acts of direct relevance follow. 

CROWN FOREST ASSETS ACT 1989 

How is the Act relevant to forestry? 

The Crown Forest Assets Act came into being as a 

consequence of Treaty settlement litigation between Maori 

and the Crown. In early 1989, the New Zealand Maori 

Council ([1989] 2 NZLR 142) challenged the Crown's 

proposal to sell off forestry assets, because the land could 

 
 

 
be the subject of either current or future Treaty claims. The 

Act gives effect to the agreement, made between Crown 

and Maori, to ensure Treaty claims to the land were 

protected while still allowing the transfer of the Crown 

forest assets. 

What is the purpose of the Act? 

The Crown Forest Assets Act provides for the management 

and transfer of the Crown Forest assets while 

simultaneously protecting the claims of Maori under the 

Treaty of Waitangi Act 1975. Where there is a successful 

claim to Crown Forestry land by Maori the Act allows for 

the transfer of land to Maori ownership. At the same time 

compensation is payable to Maori following a Tribunal 

recommendation to return the land. 

What are Crown Forest Assets? 

Crown forest assets include every Crown forest comprising 

exotic trees, any improvements (i.e. buildings, roads, 

bridges), all plant and equipment, forest produce (including 

raw materials), forest records, legal rights such as leases, 

licences, easements, agreements for sale and purchase, 

intellectual property rights and contracts entered into by 

the Crown in respect of Crown forest assets. 

What is a Crown Forestry Licence? 

The Act allows for the transfer of the Crown forests but 

not the underlying land. The legal mechanism that gives 

effect to such a transfer is known as a Crown Forestry 

Licence (CFL). Some of the legal features of a (CFL) include: 

> any successors in title are bound by the CFL; 

> no interest in land is created by a CFL; 

> a CFL may be freely assigned; 

> the licence holder is required to pay an annual fee for 

the use of the licensed land; 

 
 

Directly relevant Indirectly relevant Relation to forestry 

as a commercial venture 

Regulations 

Crown Forest Assets 

Act 1989 

Forest & Rural Fires 

Act 1977 

Forestry Rights 

Registration Act 1983 

Forests Act 1949 

(amended by the 

Forests Amendment 

Act 1993) 

Bio Security Act 1993 

Conservation Act 1987 

Fencing Act 1978 

Hazardous Substances and 

New Organisms Act 1996 

Historic Places Act 1993 

Land Act 1948 

Maori Reserved Land Act 1955 

Misuse of Drugs Act 1975 

National Parks Act 1980  

Native Plants Protection 

Act 1934 

New Zealand Walkways 

Act 1990 

Plant Variety Rights Act 1987 

Plants Act 1970 

Reserves Act 1977 

Resource Management 

Act 1991 

Tarawera Forest Act 1967 

Te Ture Whenua Maori 

(Maori Land Act) 1993 

Transport Act 1962 

Treaty of Waitangi Act 1975 

Trespass Act 1980 

Wild Animal Control Act 1977 

Wildlife Act 1953 

Commerce Act 1986 

Companies Act 1993 

Contracts Enforcements 

Act 1956 

Co-Operative Companies 

Act 1996 

Employment Relations 

Act 2000 

Forestry Encouragement 

Act 1962 

Health & Safety in 

Employment Act 1992 

Holidays Act 1981 

Injury Prevention, 

Rehabilitation, and 

Compensation Act 2001 

Land Transfer Act 1952 

Local Government 

Act 2002 

Machinery Act 1950 

Minimum Wage Act 1983 

Overseas Investment 

Act 1973 

Personal Property Securities 

Act 1999 

Public Works Act 1981 

Sale of Goods Act 1908 

Trade Marks Act 2002 

Forest & Rural Fires 

Regulations 1979 

Forest Produce Import & Export 

Regulations 1989 

Forestry (East Coast) Grants 

Regulations 2000 

Forestry (Indigenous Timber 

Milling) Regulations 1993 

Forestry Encouragement Grant 

Regulations 1983 

Forestry Encouragement 

Loans Regulations 1967 

Health & Safety Employment 

(Prescribed Matters) 

Regulations 2003 

Indigenous Forest Timber 

Advisory Committee 

Regulations 1966 

State Forest Parks & Forest 

Recreation Regulations 1979 

Timber Floating Regulations 

1955 

Timber Industry Training Centre 

Advisory Committee 

Regulations 1966 

Timber Production Advisory 

Committee Regulations 1949 

Timber Regulations 1948 

Table 1: Forestry Statutes and Regulations. 
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> the CFL must stipulate the termination process to be 

followed where a Tribunal recommendation to return 

the land has been made; 

> existing covenants and easements will generally run 

with the land where it is returned to Maori after a 

Tribunal recommendation; and 

> a CFL is capable of being registered and once the 

licence has been registered subsequent transfers, 

mortgages and dispositions may be recorded in 

accordance with the Land Transfer Act. 

What is the Crown Forestry Rental Trust? 

The Act also established the Crown Forestry Rental Trust 

(CFRT). The trust receives licence fees payable under CFLs 

pending settlement of the applicable Treaty claims. 

Claimants can approach the CFRT for funding and 

assistance in researching and preparing their Treaty claims 

involving CFL land. 

FORESTS & RURAL FIRES ACT 1977 

How is the Act relevant to forestry? 

A fundamental requirement in the management of any 

forest is fire protection. This Act regulates the prevention 

and control of fires in forest and rural areas. Legislative 

requirements for fire protection are complex and in reading 

the following summary this needs to be borne in mind. 

What is the purpose of the Act? 

The Act provides for all matters relating to national and 

regional rural fire control. It includes the facilitation of 

identifying, controlling and extinguishing fires in forests  

and rural areas. The Act is divided into four parts which are 

summarised below. 

Who amongst the forestry industry needs to 

comply? 

Part I of the Act allows for the division of the country into 

rural fire districts and provides for the establishment of 

"Fire Authorities" which are responsible for promoting and 

carrying out fire control measures. Of particular relevance 

to forestry landowners are the following sections: 

> Section 16: This section permits only landowners to 

enter into any agreement for the purpose of fire control. 

> Section 17: A landowner may apply to have its land 

declared a "Forest Area". The effect of this is to create 

certain obligations on the part of the landowner and on 

the part of the Fire Authority in relation to fire 

prevention and control. For example, being responsible 

for fire protection and providing warning signs in 

respect of fire lighting restrictions for the approval of 

the Fire Authority. 

What specifically needs to be complied with? 

Part 2 of the Act relates to fire control operations and for 

the landowner it is the most relevant part of the Act. Note 

in particular section 34 which sets broad duties of fire 

prevention and control specifically upon licencees, permit 

holders and lease holders etc of "State Areas" (any land 

not privately held). Other relevant sections that foresters 

will need to comply with include: 

> Sections 20-22: Set prohibitions on fires during 

hazardous periods. 

> Sections 23-24: Permits are required for lighting open 

fires. 

> Sections 25-26: Create offences for the spreading of 

fires. 

> Sections 27-29: Create an obligation on landowners to 

build fire breaks. 

> Section 32: Sets restrictions on entering exotic forests 

during hazardous periods. 

> Section 35: Establishes a duty to attempt to extinguish 

neighbouring fires. 

> Section 40: Sets prohibition against back-burning. 

Part 3 of the Act relates to funding of fire control. Of 

particular relevance are the following provisions: allowing 

for the recovery from persons responsible for a fire in 

certain circumstances (see section 43) and allowing a levy 

to be imposed for fire fighting costs. A levy may be 

imposed upon the landowner unless an agreement is 

reached between the landowner and the District Fire 

Authority (sections 45-46A). 

Part 4 of the Act contains general provisions including 

section 61 which creates offences relating to hindering in 

some way the effective prevention and control of fires in 

forests, and section 67 which provides that the Governor- 

General may make regulations for purposes connected 

with the Act. 

FORESTRY RIGHTS REGISTRATION 

ACT 1983 

How is the Act relevant to forestry? 

Prior to 1983 legal instruments such as a lease, licence, or 

a legal device known as a "profit à prendre" were used to 

create forestry interests. For a number of reasons these 

methods were not seen as attractive. For example, 

registering a lease against title often required a survey of 

the land involved. Similarly the problem with a licence was 

that it was unable to be registered against a certificate of 

title. 

The Sector lobbied for the Forestry Right structure as a 

response to these concerns. This has resulted in an easy, 

flexible and legally binding mechanism to allow for the 

creation of separate interests between the landowner and 

the forests growing on the land. In essence the Act creates 

a new type of statutory land interest. 

What is the purpose of the Act? 

The Act allows for the creation and registration against title 

to land of an agreement for the separate ownership,  

access to, and management of trees on the land. This is 

known as a Forestry Right. A Forestry Right may be  

granted to establish, maintain, and harvest one or more 

crops. 

What is the nature of a Forestry Right? 

An important point about the Forestry Right regime is that 

the Act is a framework rather than a specific structure. In 

other words the Forestry Right concept is very flexible and 

reflects the contractual agreements of the parties in any 

number of situations. Some the advantages of Forestry 

Rights include: 

> they can be registered and therefore are binding on 

successors in title; 

> they can be for whatever term the parties agree; 

> overseas investors who wish to acquire a Forestry Right 

may not need to obtain Overseas Investment 

Commission consent notwithstanding that they are 

acquiring an interest in land; 

> the holder of a Forestry Right can mortgage the same. 

The mortgage of a Forestry Right attaches to the trees 

and not to the underlying land; 

> they are particularly useful in terms of securing access 

to Maori land for forestry purposes. Because a Forestry 

Right is not the grant of exclusive possession, Maori 

landowners are still able to access the land; and 
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> where there is no certificate of title (not uncommon 

with Maori land) the Act sets out the process whereby a 

Forestry Right can be "registered" without a formal 

survey and is binding on successors in title. 

Recent examples of the use of the Forestry Right 

mechanism in large scale afforestation schemes or 

transactions include the "greenfields" forestry joint venture 

between Ngati Porou and Hansol New Zealand Limited, 

involving some 10,000ha of Maori land, and the 

acquisition by UBS Timber Investors on behalf of North 

American investors of approximately 9,000ha of existing 

forest from Fletcher Challenge Forests. 

THE FORESTS ACT 1949 AMENDED BY 

THE FOREST AMENDMENT ACT 1996 

How is the Act relevant to forestry? 

The majority of the Act relates to the administrative powers 

of the Minister of Forestry. However Part III, governing 

indigenous forests, is of particular interest. 

What is the purpose of Part III of the Act? 

Part III governs indigenous forests. Its provisions control the 

export of indigenous timber, milling indigenous timber, and 

the establishment of sustainable forest management plans. 

Indigenous forest land is land that is wholly or 

predominantly under the cover of indigenous flora. 

The general rule is that no indigenous timber may be  

milled or exported unless it is harvested from an area 

managed under a sustainable forest management plan or 

permit approved by the Secretary of Forestry and registered 

against the title of the land concerned. 

What are the consequences for non- 

compliance? 

The penalties for offences relating to the export or milling 

of indigenous timber are severe. Every person who 

commits such an offence is liable on summary conviction 

to a fine up to $200,000 and, if the offence continues, a 

further fine up to $10,000 for every day during which the 

offence continues. 

 
 

 
 

STRUCTURE AND 
ROLE OF LOCAL 
GOVERNMENT 
P Fordyce – Solicitor, Auckland 

INTRODUCTION 

There are 86 councils in New Zealand: 12 regional councils, 

4 unitary authorities (which act as both regional and 

district/city councils), and 70 district/city councils. In general, 

regional councils look after air, water, soil, the coast and 

discharges. District/city councils look after land use, noise 

and subdivisions. 

Central government has delegated functions to the councils 

primarily under the Local Government Act 2002 (LGA). 

However there are other statutes that delegate specific 

functions to councils. By way of example the following acts 

are relevant: Resource Management Act 1991, the 

Biosecurity Act 1993, Dog Control and Hydatids Act 1982, 

the Building Act 1991, and The Health Act 1956. 

THE LGA 2002 

General Power of Competence 

This act represents a very significant step in the evolution 

of local government in New Zealand. It confers upon 

councils the general power of competence. It is a complete 

reversal of the previous statutory regime in which a council 

could do only that which it was empowered to do. It is 

now able to do anything except that which the Act 

proscribes. In fact one of the few things that a council is 

not allowed to do is to provide its own police force. This 

new approach is called providing councils with the general 

power  of  competence. 

The purpose of local government is now very broad and is 

set out in Section 10 which provides for councils to: 

> enable democratic local decision-making and action by, 

and on behalf of, communities; and 

> promote the social, economic, environmental, and 

cultural well-being of communities, in the present and 

for the future. 

Potentially, councils have very wide powers. However they 
have not been given a totally free hand. The major 
limitation is that extensive consultation procedures have 

been imposed. Legal challenges as to a council acting ultra 
vires its functions will be replaced by challenges as to 

compliance with procedure (and in particular the 
consultation procedure). 

Strategic Assets 

Councils are required to formulate a "significance policy" 

to deal with strategic assets or important matters. The 

policy is to set out: 

> the approach to determine the significance of proposals 

and decisions relating to issues and assets; 

> relevant thresholds, criteria or procedures to assess 

significance; and 

> assets considered to be significant. 

The act defines such assets as those including equity 

security in a port or airport company. 

Principles of Consultation 

Section 82 of the act requires that persons affected by a 

decision are to have access to information and are 

encouraged to present their views. The public is to be 

given a reasonable opportunity to present its views and a 

council should give reasons for its decisions. 

Councils are to prepare a statement setting out their 

special consultative procedure. The procedure will then be 

used for the Long-term Council Community Plan (LTCCP), 

annual plans, by-laws and other issues of significance. 

Long-term Council Community Plan 

The LTCCP is the blueprint plan, the overarching document 

for all council activities. The plan is to: 

> describe the council’s activities; 

> describe community outcomes; 

> provide integrated decision-making and co-ordination 

of resources; 

> provide a long-term focus for decisions and activities; 

> provide a basis for accountability of the council to its 

community; and 
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> provide an opportunity for participation by the public in 

decision-making. 

A council is required to prepare an LTCCP every three years. 

Under the plan the council will continue to produce          

an annual plan. These plans will very much be budget 

plans. Every six years councils are required to identify 

community outcomes. It is noted that councils have 

produced their first plans in 2004. All these plans will be 

subject to a public submission process. Only history will 

show whether or not such processes will produce 

opportunities for increased and open public participation or 

will just be part of public fatigue with the local   

government submission process. 

For the forest industry it will be important to participate as 

the plans will set the frame-work for council development, 

transportation, development contributions, the basis for 

the setting of rates, and the activities that a council will 

become involved in. The plans will be the opportunity to 

approve or object to a council’s involvement in cultural 

activities, in the provision of reserves, pensioner housing 

and the development of roads. All such activities will have 

an impact on rates. 

A downside of the process is that it will be very difficult to 

challenge a council for the substance of a plan. There is 

only the remedy of judicial review for challenging 

procedure. 

Development Contributions 

Part 8 of the LGA is new. A council may introduce a 

development contribution policy and include it in the 

LTCCP. A development contribution is calculated in 

accordance with the methodology set out in Schedule 13. 

It is related to costs of capital expenditure to meet 

increased demand resulting from growth, and identified 

according to the share of that expenditure attributable to 

each unit of demand. It comprises money or land or both. 

A contribution can be required only when granting a 

resource consent for development or a building consent or 

authorisation for a service connection. 

The forest industry may be affected by contributions to 

roading and any connection to a town supply for water or 

wastewater. It is anticipated that these provisions will take 

over from financial contribution provisions of district plans. 

It is noted that regional councils can not set development 

contributions. 

GENERAL 

The Local Government Official Information and Meetings 

Act 1987 may be used (Section 10) to obtain information 

from a council. The council must respond within 21 

working days. If the council is slow in replying or a matter 

needs to be investigated further then complaints may be 

forwarded to the Ombudsman. The Ombudsman Act 1975 

provides substantial jurisdiction to review decisions 

concerning the disclosure of official information. It is a 

useful office and a cheap forum through which to obtain 

information and seek investigation of council decisions. 

Complaints must be in writing. For further information 

check: www.ombudsman.govt.nz. 

The government has provided a web-site whereby anyone 

may browse its legislation free of charge: 

www.legislation.govt.nz. 

 
 

 
 

RESOURCE 
MANAGEMENT 
ACT 1991 
P Fordyce – Solicitor, Auckland 

WHO IS RESPONSIBLE FOR WHAT? 

The approach of the Resource Management Act 1991 

(RMA) to environmental management is centred on the 

ideas of sustainable management and the integrated 

management of resources. New Zealand has 12 regional 

councils, 4 unitary authorities (which act as both regional 

and district/city councils), and 70 district/city councils. In 

general, regional councils look after air, water, soil, the 

coast and discharges. District/city councils look after land 

use, noise and subdivisions. 

The government may introduce National Policy Statements 
and National Environmental Standards. There must be a 

National Coastal Policy Statement. Regions must have 

Regional Policy Statements and may introduce Regional 

Plans. Districts/cities must have District Plans. To date there 

is only the New Zealand Coastal Policy Statement and draft 
environmental standards for air. All regions have policy 
statements and a variety of regional plans. Districts/cities all 
have district plans. www.oultwood.com/localgov/ 

newzealand.htm includes maps of regional council regions 
and direct links to their web sites. Some councils have their 
plans available for downloading from their web sites. 

The Ministry for the Environment (MfE) assists the Minister 

for the Environment to carry out his or her functions under 

the RMA (section 24). The functions include initiating and 

recommending the adoption of national policy statements 

and national environmental standards, recommending the 

making of water conservation orders, monitoring the effect 

and implementation of the RMA, and monitoring and 

investigating matters of environmental significance. MfE’s 

publications can be downloaded from the website 

www.mfe.govt.nz. 

The Department of Conservation (DoC) manages New 

Zealand’s conservation lands and oversees the coastal area. 

It has a general advocacy function for conservation on 

private land (sections 5 and 6 Conservation Act 1987). 

Contact details are at www.doc.govt.nz. 

PLANNING DOCUMENTS 

Regional or district plans assist the councils in carrying out 

their functions under the RMA. Plans state: the issues to be 

addressed, the objectives to be achieved, the policies and 

the methods to implement the policies. Plans usually 

provide rules that govern activities. Regional Plans (section 

30) may deal with: 

> soil conservation; 

> water quality and quantity; 

> aquatic ecosystems; 

> biodiversity; 

> natural hazards; 

> hazardous substances; and 

> discharge of contaminants. 

District plans (section 31) may deal with: 

> the effects of land use; 
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> land-use impacts on natural hazards and the 

management of hazardous substances; 

> noise; 

> surface water activities; and 

> land-use impacts on indigenous biodiversity. 

There are areas of overlap. For forestry this overlap usually 

occurs for earthwork and vegetation removal activities. This 

means that both regional and district plans may have 

controls for the same activity. 

The RMA classifies activities into six categories: permitted, 

controlled, restricted discretionary, discretionary, non- 

complying and prohibited. The rules in the plans set out 

the classification of activities and which activities require a 

resource consent. A land use does not require consent 

unless it contravenes a rule in a proposed or operative 

plan. However many plans reverse this presumption by 

including a "catch all" rule that provides that all activities 

not specifically identified require a resource consent. 

An activity involving a public resource (such as the coast, 

air, water, river beds) or subdivisions will require a resource 

consent unless a rule in a plan expressly permits the activity. 

NOTIFICATION OF RESOURCE CONSENT 

APPLICATIONS. 

Under the RMA all resource consent applications must be 

publicly notified unless they fall within specific exceptions. 

There is provision for limited notification where only those 

people adversely affected are notified. If a resource consent 

is not notified no one has the right to make submissions or 

to appeal any decision. 

The specific exceptions are where: 

> an application is for a controlled activity where the plan 

does not state notification is required (sections 93(1)(a) 

and 94D); 

> an application is for a restricted discretionary activity 

where the plan states that notification is not required 

(section 94D); or 

> the council is satisfied that the adverse effects of the activity 

on the environment will be minor (section 93 (1) (b) ). 

If the above exceptions apply, the council can notify an 

application only if it considers that special circumstances 

exist, notification is desirable, or if the applicant requests 

notification (section 94C). In 2003 the concept of limited 

notification was introduced. If identified affected persons 

do not give their written approval to an application the 

application will be notified only to those persons and they 

can make submissions on the application. In identifying 

people who may be adversely affected see section 94B. 

Adversely affected persons are those who have an interest 

greater than the public generally. This will normally include 

neighbours, downstream resource users, iwi authorities and 

DoC but excludes public interest groups. The council may 

disregard an adverse effect if the plan permits an activity 

with that effect. This is termed the permitted baseline 

(section 94A). 

ENFORCEMENT 

There are a number of mechanisms that are used to 
enforce the RMA, plans and resource consents. Enforcement 
Orders are orders of the Environment Court to make a 

person stop or perform an activity (sections 314-321). Any 
person may apply to the court for an order. Abatement 
notices are issued by councils to enforce compliance with 

the RMA, plans or resource consents (sections 322-325). 
Infringement notices are notices from the council for a 

minor offence and fines can range from $300 to $1,000. 

FORESTRY ACTIVITIES AND THE RMA 

The table below is a general indication of how forestry 

activities may be covered by council plans. 

REFERENCES 

"Breaking Down the Barriers-A Guide to the Resource Management 
Act 1991" Royal Forest and Bird Protection Society of NZ Inc. 
available on http://www.forestandbird.org.nz 

"Environmental Defence Society on-line Guide to the Resource 
Management Act 1991" available on http:// www.rmaguide.org.nz 

"New Zealand legislation" on http://www.legislation.govt.nz 

 

Forestry Activity Planning Activity Plan Requirements 

roads/tracks earth works Regional Land Plan/District Plan 

 discharge of sediment Regional Land/Water Plan 

logging removal of vegetation 

removal of indigenous vegetation 

Regional Land Plan/District Plan 

District Plan 

 noise standards District Plan 

culverts/bridges structure in river bed Regional Plan 

planting forestry (land use) District Plan 

 landscape  standards District Plan 

spraying discharge to air/water Regional Air Plan 

burning discharge to air Regional Air Plan 

fertilising discharge to air/land/ Regional Air/Land Plan water 

 

 
 

FOREST ACCORDS 
P J McKelvey – Christchurch 

Over the last few decades in New Zealand opposition by 

conservation interests to commercial forest development 

and management has grown, particularly where 

indigenous forest cover has been involved. The result has 

often been conflict, but sometimes ending in a degree of 

agreement and compromise between the protagonists, 

which has been manifest in the form of forest accords. 

WEST COAST ACCORD 

The first accord was the West Coast Accord, which had its 

origin in 1986 when the Labour Government directed the 
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Secretary of the Environment to convene a representative 

working party to make recommendations for the allocation 

of State forest land north of the Cook River in Westland. 

The allocation was to be between a viable sawmilling 

industry (including a small-scale industry based on the 

beech resource) and an appropriate set of reserves in the 

indigenous forests. The working party was made up of 

government agencies, the West Coast United Council, and 

environmental and industry groups. It considered primarily 

the maintenance of existing jobs in the timber industry and 

the expansion of indigenous forest reserves. Eventually a 

binding signed agreement was reached that year between 

the West Coast United Council, the Joint Campaign on 

Native Forests, the West Coast Sawmillers’ Association, the 

Westland Timber Workers’ Union and the Crown. 

The basic commercial strategy of the accord was that 

sufficient indigenous forest be made available for logging 

in Karamea, Buller and north and south Westland until the 

established exotic plantation resource in north Westland 

matured to form the main timber supply. Also an area of 

beech forest – approximately 100,000 ha – was to be set 

aside for a commercially viable and environmentally 

acceptable beech utilisation scheme. The basic reservation 

strategy was that an additional area of approximately 

139,000 ha of indigenous State forest be given national 

park or reserve status, and another area of about 44,500 

ha of indigenous State forest be proposed for further 

reservation which would be advertised for public comment. 

Further debate on forests in south Westland was 

scheduled. 

More detailed provisions developed with time. It was 

agreed that unsustainable harvesting would cease in 1994, 

except in Buller where a low level could continue until 

2006. South Westland State forests Okarito and Saltwater 

(both rimu) were reaffirmed to be managed for sustained 

production. As compensation for the people of South 

Westland for the large areas of southern forest to be 

placed in national park tenure, the Crown proposed 

establishing up to 10,000 ha of special-purpose exotic 

species in the region. In the end this amounted to only 

about 1,700 ha of Acacia melanoxylon by 1994. 

The West Coast Accord collapsed in 2001 when the Labour 

Government abolished all timber management in Westland 

State indigenous forests including any "beech scheme", 

despite the development by then of low-impact sustainable 

silvicultural techniques. This general prohibition was 

compensated for with a substantial regional development 

grant. 

TASMAN FOREST ACCORD 

The next accord – the Tasman Reserve and Forestry 

Development Accord (known as the Tasman Forest Accord) 

– proved to be more durable and productive and was 

inspired by the issue of enclaves of various sizes of 

indigenous forest on otherwise open land where there 

were plans by Tasman Forestry Ltd (TFL) for the 

establishment of exotic plantations. Initially concern had 

been expressed by the Royal Forest and Bird Protection 

Society (F&B) about land at Pongakawa in the Bay of 

Plenty, which TFL proposed to afforest. Discussions with 

F&B about the Pongakawa block progressed well with TFL 

assuring F&B that significant areas of indigenous forest 

would be reserved. 

TFL saw the opportunity to achieve a permanent 

relationship with the whole conservation movement as the 

company had acquired or controlled extensive areas of land 

in both North and South Islands which contained 

substantial areas of indigenous forest. In fact this 

indigenous forest had been designated in the TFL 

management plans as reserves. If F&B could speak for the 

conservation movement, expressing confidence in TFL’s 

intentions for the indigenous enclaves, and at the same 

time expressing support for their afforestation proposals, 

many piece-meal arguments in the future could be 

avoided. When F&B obtained a mandate to negotiate on 

behalf of practically all the conservation groups there was 

seen to be the prospect for TFL of a truly national accord. 

The result following about 12 months of meetings  

between TFL and F&B (representing the whole conservation 

movement) was as follows: 

> F&B and the conservation movement endorsed TFL’s 

reservation of the indigenous enclaves on land it 

proposed to afforest. 

> F&B et al agreed to support the development of 

plantation forests. 

> TFL agreed not to afforest areas of significant 

conservation value in future operations. 

> TFL would fund a Kokako Recovery Programme for a 

short period. 

> TFL agreed to dispose of its substantial holdings of 

indigenous forest on the Mamaku Plateau and 

elsewhere to the Department of Conservation. 

This wide-ranging agreement was signed on 22 June 1989. 

NEW ZEALAND FOREST ACCORD 

The Tasman Forest Accord was broadened to a truly 

national purview on the initiative of the New Zealand 

Forest Owners’Association (FOA) and with the support of 

wood industry organisations. F&B and the Maruia Society 

were the principal conservation groups involved in the 

discussions and were supported by other conservation 

organisations. The resultant national agreement is known 

as The New Zealand Forest Accord and was formally signed 

in Wellington on 14 August 1991. 

The reciprocal nature of the Accord was demonstrated 

shortly afterwards when, in Japan, New Zealand 

conservation groups called attention to the renewable 

nature of New Zealand pine plantations, so helping our 

exports there. 

The New Zealand Forest Accord has not been without 

criticism in this country and it is notable that the New 

Zealand Institute of Forestry has not signed it; nor have 

Maori landowners. Concern was expressed that the 

preservation of any indigenous forest was favoured, rather 

than all land resources being considered equally with trade- 

offs being looked at between the various values in an 

holistic, multi-objective approach. In fact the Accord does 

allow the management of indigenous forest provided that 

it is sustainable and for the production of solid-wood 

products, i.e. not wood chips. Further, there was concern 

that the interests of other stake-holders such as the public 

and landowners are not always taken into account. For 

example, on the East Coast of the North Island an issue 

arose because the owners there wanted to remove stands 

of high kanuka so that they could plant exotic species. 

Nevertheless the Accord has stood for 13 years and has 

been observed by all the signatories. It is detailed on next 

page: 
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THE NEW ZEALAND 
FOREST ACCORD 

This accord is between the New Zealand 

Forest Owners’ Association (Inc.), the 

New Zealand Timber Industry 

Federation, the New Zealand Farm 

Forestry Association, the New Zealand 

Wood Panel Manufacturers’ Association 

and 

the Royal Forest and Bird protection 

Society of New Zealand (Inc.) together 

with the following environmental or 

recreational organisations who 

collectively comprise the New Zealand 

Rainforest Coalition: 

• Environment & Conservation 

Organisations of N.Z. Inc. 

• Federated Mountain Clubs 

• Friends of the Earth 

• Beech Action Committee 

• Pacific Institute of Resource 

Management 

• World Fund for Nature (N.Z.) 

• Japan Tropical Forest Action 

Network 

• Tropical Rainforests Action Group 

and 

Maruia Society 

OBJECTIVES OF ACCORD 

To: 

• define those areas where it is 

inappropriate to establish 

plantation forestry 

• recognise the important heritage 

values of New Zealand’s remaining 

natural indigenous forests and the 

need for their protection and 

conservation 

• acknowledge that the existing area 

of natural indigenous forest in New 

Zealand should be maintained and 

enhanced 

• recognise that commercial 

plantation forests of either 

introduced or indigenous species are 

an essential source of perpetually 

renewable fibre and energy offering 

an alternative to the depletion of 

natural forests 

• acknowledge the mutual benefits 

emanating from an accord between 

New Zealand commercial forestry 

enterprises and cons-ervation 

groups and the example that this 

unique accord can provide for the 

international community. 

INSTRUMENTS OF ACCORD 

1. The parties agree that for the 

purposes of this accord a native tree 

is defined as any indigenous woody 

plant which ultimately forms part of 

the canopy of a naturally occurring 

forest in the locality under 

consideration and also includes any 

indigenous tree species which 

attains a diameter at breast height 

of 30cm or greater. 

2. It is the policy of N.Z.F.O.A. that 

members, when establishing 

plantation forests, will exclude from 

land clearing and disturbance all 

areas of naturally occurring 

indigenous vegetation with the 

following characteristics: 

i. any area of 5 hectares or greater 

which has an actual or emerging 

predominance of naturally 

occurring indigenous tree species 

of any height. 

ii. any natural indigenous forest 

vegetation of between 1 and 5 

hectares in area with an average 

canopy height of at least 6 metres 

which is practical to protect. This 

recognises that in some instances 

small pockets of native vegetation 

within a commercial forest cannot 

practically be protected from 

disturbance. However, viable 

stands will be excluded from 

clearance and every reasonable 

effort made to ensure such areas 

are not damaged in subsequent 

forestry operations. 

iii. any vegetation recommended for 

protection in a survey report in 

the Protected Natural Areas 

Programme or classified as a Site 

of Special Wildlife Interest 

(S.S.W.I.) in a published report by 

the former Wildlife Service. 

iv. in ecological districts where such 

surveys have not taken place, 

areas that would qualify as a 

Recommended Area for 

Protection (R.A.P.) or S.S.W.I. in 

the professional opinion of the 

Department of Conservation, 

using established criteria for 

such surveys. 

3. The parties support the production 

man-agement and harvest of 

naturally occurring indigenous 

forest only where such activity is 

conducted on a sustainable basis 

and prin-cipally for the production 

of added value solid wood products 

in New Zealand. A "sustainable 

basis" is considered to be a rate and 

method of tree extraction that does 

not exceed the replenishment so 

that the forest ecosystem in the area 

under consideration is maintained 

in perpetuity. 

4. The conservation groups undertake to: 

acknowledge the importance of 

plan-tation forestry as a means of 

producing wood products and 

energy on a sustainable basis 

while promoting the protection 

and conservation of remaining 

natural forests, and to promote 

these understandings both within 

New Zealand and internationally; 

5. The parties agree that this accord 

excludes high country Crown land, 

Crown pastoral leases and lands 

controlled by the Depart-ment of 

Conservation. 

6. The parties agree that existing 

arrangements for the supply of 

native timber authorised by past 

Government decisions are not 

covered by this accord and that this 

accord will not be used by them to 

have effect on, nor to influence, 

negotiations with the Crown for 

forest arrangements referred to by 

the West Coast accord and the 

transitional arrange-ments in 

Southland. 

7. The parties to this accord agree to 

meet from time to time to monitor 

the implementation and address 

issues which may arise. 
 

Signed by the following parties, in Wellington on the 14th day of August 1991: 
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FOREST CODE OF 
PRACTICE 
(Second Edition) 
R J M Visser – Logging Industry Research 
Organisation, Rotorua 

The Forest Code of Practice (FCoP) provides information 

and methods to ensure the protection of important 

environmental values in our production forests. Driven by 

the implementation of the Resource Management Act and 

with feedback from the Forest Industry, Regional Councils, 

and other interested parties, the FCoP was revised and 

updated. The second edition was published in June 1993. 

Aim: To plan, manage and carry out forestry operations in 

a sustainable manner. 

Objectives: To identify and protect values relating to: soil 

and water, scenery, culture, recreation, ecology, forest 

health, and site productivity, while giving due consideration 

to both safety and commercial viability. 

USING THE CODE 

Following the Environmental Planning Process (Figure 1) 

prior to carrying out any operation will help to protect 

environmental values, or minimise adverse impacts on 

them. This consultative approach has been successfully 

used in some of New Zealand's most environmentally 

sensitive areas (eg Coromandel) to the benefit of everyone. 

It allows issues to be resolved prior to the commencement 

of operations, rather than force a confrontational situation 

part way through. The diagram also shows when the other 

sections of the FCoP can be used. 

IMPACT  ASSESSMENT 

The Impact Checklist is a matrix that covers all forest 

operations and allows a quick assessment of the potential 

impact on established environmental values. It is designed 

for easy use in the field and links operations to the 

environmental values that may be affected. 

 

 
 

Figure 1: The Environmental Planning Process. 

Both the level of the potential impact (or risk) and the term 

of the possible effect are considered, and positive and 

negative impacts are recorded which is important for a 

balanced perspective (Figure 2). 
 

Length 

of Time 

Affected 

Degree  of 

Risk/Potential 

Effect 

Potential 

Impact 

Checklist 

Symbol 

Short Term Minor Minimal * 

Long Term Minor Low + or - 

Short Term Major Intmdte ++ or -- 

Long Term Major High +++ or --- 

Figure 2: Impact Checklist. 

Figure 3 shows an example of a completed impact 

checklist, using the impact rating system. The water quality 

and wetland and riparian areas values were obtained by 

consulting the Department of Conservation and Fish and 

Game. The Regional Council was concerned about slope 

stability and erosion, while the land owner informed us 

about the location of his stock and domestic water supply . 

OPERATIONS  DATABASE 

The Operations Database contains information on forest 

practices that can be used to select cost-effective low- 

impact techniques. The database is divided into the six 

stages of forest development: Access, Land preparation, 

Establishment, Tending, Protection and Harvesting. 

For each stage common operations are listed with key 

consideration factors that will influence the choice of 

technique. Common techniques are provided for each 

operation, with information on likely machinery 

requirements, potential adverse impacts and methods of 

reducing these impacts. 

In practice, the best option may appear to be limited 

financially, or physically (lack of a suitable machine). 

However, poor planning or inadequate budgeting is not a 

reason for the use of environmentally unsound practices. It 

may be necessary to delay the start of a high-impact 

operation until the right machine is available, or the 

weather is suitable, in order to reduce impacts. 

APPENDICES 

There are three appendices in the FCoP. The first provides 

lists of additional information sources of both institutions 

and references for all the common values. The second 

appendix contains brief descriptions of all the relevant 

laws, while the last one contains pages of some common 

documents such as the NZ Forest Accord and the purposes 

of the Resource Management Act and the Health and 

Safety in Employment Act. 

CONCLUSION 

The implementation of the FCoP, in association with 

existing legislation and guidelines, offers an effective 

means of ensuring safe and efficient forest operations that 

meet the requirements of sound and practical 

environmental management. 

Editor’s Note 

The Logging Industry Research Organisation no longer 

exists. The FCoP continues, however, to be used in the 

industry. 

REFERENCE 

VAUGHAN, L; and revised by VISSER, R; & SMITH, M. 1993: "NZ 
Forest Code of Practice", LIRO, Rotorua. 
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Operation Identified Environmental Values 

 Water Quality Riparian & 

Wetland Areas 

Slope Stability Erosion Water Supply 

Access: 

- roading, tracking 

 

- 

 

* 

 

--- 

 

-- 

 

-- 

Land Preparation:  

-- 

 

* 

 

* 

 

* 

 

-- - herbicide application 

- oversowing ++ * + + * 

- tracking -- - -- -- -- 

- grazing -- --- --- --- -- 

Establishment:  

+ 

 

* 

 

+++ 

 

+++ 

 

++ - planting 

- releasing * * * * -- 

- grazing --- --- --- --- -- 

- fertilising -- * * + -- 

Tending:  

+++ 

 

* 

 

* 

 

++ 

 

* - pruning 

- waste thinning +++ * +++ +++ * 

Protection:  

* 

 

* 

 

* 

 

* 

 

-- - animal control 

- roads maintenance - longterm -- * ++ -- - 

- roads maintenance - shortterm +++ * +++ +++ ++ 

- weed control -- -- * * * 

Harvesting:  

- 

 

* 

 

--- 

 

--- 

 

--- - roading 

- landings --- * --- --- * 

- felling * +++ ++ * * 

- processing ++ * * * * 

- extraction --- -- -- --- -- 

- stream crossings --- - * --- - 

- transportation * * -- - - 

Figure 3: Impact Checklist for Wairarapa Woodlot. 
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BIODIVERSITY IN 
PLANTATION 
FORESTS 
E G Brockerhoff – Forest Research, 

Christchurch 

INTRODUCTION 

Biological diversity, or ‘biodiversity’, describes the variety 

of life at different levels ranging from genes and species 

to ecosystems. The decline of biodiversity is an issue of 

global proportion, and New Zealand’s unique biota is 

among the most threatened. The New Zealand 

Government recognised this and prepared the Biodiversity 

Strategy (DoC/MfE 2000) which aims to halt the decline  

of indigenous biodiversity, both in the conservation estate 

and on other land. 

Traditionally the management of New Zealand’s 

plantation forests, as in other land uses, did not pay 

much attention to the conservation of biodiversity. A 

widely held view was that conservation happens in 

indigenous forests but not in plantations, although there 

was appreciation of the indirect conservation benefit of 

plantation-grown timber which reduces the need to 

harvest indigenous forests. 

The 1991 New Zealand Forest Accord between 

organisations representing forestry and environmental 

interests was a milestone that practically protected 

indigenous forests from being replaced by plantations. 

Since then, there has been a growing awareness of the 

many indigenous plants and animals that live in  

plantation forests (Maclaren 1996), and recognition that 

plantations, along with other ‘production land uses’, can 

provide additional, important habitat for indigenous 

biodiversity, particularly in regions where little indigenous 

vegetation remains. There has also been a significant 

policy shift (Brockerhoff et al. 2001). The Biodiversity 

Strategy encourages management of production land in a 

way that is "sympathetic to indigenous biodiversity". The 

increasing trend to obtain certification for plantation 

management has led to biodiversity conservation 

becoming a mainstream subject in the management of 

plantation forests. 

BIODIVERSITY IN PLANTATION FORESTS 

The number and kind of species and assemblages that 

occur in plantations (looking specifically at the planted 

area) vary greatly in response to numerous factors. For 

example, in a study comparing vascular plants in pine 

plantations across New Zealand, the composition of plant 

assemblages and total species richness varied greatly 

among regions (Brockerhoff et al. 2003). Over a rotation of 

radiata pine, mature stands (Figure 1) tend to have the 

highest indigenous species richness of birds (Clout & Gaze 

1984) and vascular plants (Brockerhoff et al. 2003). Most 

of these are forest species; that is, they are usually found in 

indigenous forests but not in grasslands. Interestingly, one 

of the highest bird counts ever made in a forest in New 

Zealand was recorded in Kaingaroa Forest, a pine 

plantation in the Central North Island (Gibb 1961). Exotic 

plant species are most numerous in young stands and 

decline with increasing stand age (Brockerhoff et al. 2003), 

owing probably to the increasing shade that affects the 

predominantly light-demanding exotics. 

 
 
 

 
Figure 1: Plantation forests can have an understorey of native plants 

such as these tree ferns and shrubs among 27-year old Pinus 

radiata in the Bay of Plenty region. Photo: Eckehard Brockerhoff. 

An important factor influencing the composition of  

species in a plantation is whether the land was previously 

occupied by indigenous forest or, for example, pasture. In 

the former case many forest species would have been 

present and may have persisted whereas few, if any, forest 

species would have been at the pasture site before it was 

afforested. However, a former pasture site can readily be 

colonised by dispersing forest plants and animals if a 

source habitat is located nearby. On the other hand, 

colonisation by forest species can be expected to be  

greatly delayed if seed and animal sources are distant. This 

is thought to be a significant factor in the comparatively 

impoverished flora and fauna of plantations in regions  

with little remaining natural vegetation such as the 

Canterbury Plains. 

The outcome of a biodiversity survey also depends on 

which taxon is being assessed. For example, a study in 

Britain showed that sites of low plant diversity may have a 

very rich fungal flora. Similarly, a densely planted stand 

(such as a Douglas-fir stand) with few understorey plants 

may still have diverse assemblages of birds (Gibb 1961). 

Although higher plants and birds have been relatively well 

studied in New Zealand plantations, other groups  

including fungi, invertebrates, and vertebrates other than 

birds are still not well known. However, the few studies 

that have been undertaken show that plantations can 

contain diverse insect populations (e.g. Hutcheson & Jones 

1999), and there are also records of native bats and frogs. 

Of particular conservation concern is the fact that some 

species occurring in plantations are threatened or 

endangered. The best known case of such a species is that 

of kiwi in Waitangi Forest (Kleinpaste 1990) and several 

other plantations in Northland. Other threatened species 

occurring in plantations are kokako, certain orchids, the 

native bats and frogs mentioned above, and the critically 

endangered ground beetle Holcaspis brevicula, which is 

endemic to North Canterbury and appears to be restricted 

to Eyrewell Forest. 

These examples show that plantations can provide habitat 

for a diverse array of indigenous species. The common 

perception that ‘plantation forestry’ and ‘biodiversity’ are 

mutually exclusive cannot be upheld by the available 

information. However, the judgement how good or bad 

plantations are for biodiversity very much depends on 

one’s perspective and point of reference. While natural 

forests and other natural vegetation are generally 

considered most important for the conservation of 

biodiversity, plantations compare very favourably with 

pasture and other agricultural land. Since most new 

plantations established in New Zealand are replacing 

farmland, this afforestation is likely to result in a 

conservation benefit. 
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In addition to indigenous species occurring in the 

understorey, plantations often contain considerable areas 

of natural vegetation. The total area managed by some 

plantation forest owners may contain as much as 20% or 

more of indigenous forest remnants and other natural 

vegetation. Some of these areas are particularly important 

because they are considered to be significant natural areas 

or they are located in regions that are under-represented in 

the conservation estate. 

Finally, even exotic species such as the trees that are 

commonly used in New Zealand plantations may be of 

significance to biodiversity. Some of these exotics are 

known to be threatened in their native range, including 

some of the most common species. For example, Pinus 

radiata variety binata is 'endangered', and Cupressus 

macrocarpa is 'vulnerable'. New Zealand has significant 

stocks of some of these species, which may be useful for 

ex situ conservation or re-introduction to their native 

range. 

WHY SHOULD BIODIVERSITY 

CONSERVATION IN PLANTATIONS 

BE OF CONCERN? 

The examples provided illustrate that plantations can 

contribute to the conservation of biodiversity. With this 

background, plantation managers may view the protection 

of biodiversity as one of many objectives of their activities, 

as would be the case if they managed natural forests for 

multiple purposes. The presence of threatened species 

would be a particularly good reason for considering 

biodiversity. However, even plantation managers that 

traditionally have not viewed biodiversity as an important 

issue are taking increasing interest in response to external 

signals. 

Environmental lobby groups have campaigned for some 

time for improvements in the environmental impact of 

plantation forestry in New Zealand. A significant 

development was the policy change resulting from the 

Biodiversity Strategy, the recommendations of the 

ministerial advisory committee on ‘biodiversity and private 

land’, and other documents. However, it is mainly the 

interest in obtaining certification that has turned the 

protection of biodiversity into an important matter in 

plantation forests. In a recent review of certification audits 

carried out in New Zealand up to 2002 (Hock & Hay 2003), 

environmental issues and particularly biodiversity-related 

matters topped the list of identified problems. The 

biodiversity-related ‘corrective action requests’ issued by 

certification auditors centred around shortcomings in the 

following areas: 

> environmental impact assessments at the landscape 

level, 

> protection of rare, threatened and endangered species, 

> protection of representative ecosystems and natural 

vegetation, 

> restoration (of vegetation or ecosystems), 

> information to assess needs and strategies relating to all 

of the above, 

> the size of felling coupes (which is commonly perceived 

to be both an environmental as well as an aesthetic 

issue), 

> the management of wildlife corridors, and 

> the spread of wildling trees into natural vegetation. 

Clearly, there appears to be a need for more attention to 

these biodiversity-related matters in the management of 

our plantations. That said, significant progress has already 

been achieved, and most forestry companies have taken 

the required ‘corrective action’. 

Other reasons that can be stated why the protection of 

biodiversity should be given more weight are perhaps of a 

more academic nature at this time, for example the 

relationships between biodiversity and ecosystem 

functioning and stability. Although such relationships have 

not yet been clearly established for plantation forest 

ecosystems in this country, there is increasing evidence 

from studies around the globe that ‘ecosystem services’ 

such as nutrient cycling may be improved in diverse 

ecosystems compared with their less diverse counterparts. 

Similarly, diversity is thought to be positively related to 

stability. For example, in a recent world-wide review, the 

incidence of forest pest problems was found to be lower in 

mixed-species stands than in single-species stands, 

although there is only limited evidence of such a 

relationship in New Zealand plantations. 

In summary, there are many reasons for giving greater 

consideration to biodiversity in the management of 

plantations. The major impediment to doing this is the 

commercial nature of plantation forestry, and the need to 

reduce costs wherever possible. While some actions that 

could be undertaken to the benefit of biodiversity will 

clearly incur costs, other actions may not be costly at all, 

and plantation managers could seriously look at their 

implementation. 

SYMPATHETIC MANAGEMENT FOR 

BIODIVERSITY 

Options for the conservation of biodiversity in plantation 

forestry were reviewed by Norton (1998) with a focus on 

New Zealand and by Hartley (2002) for plantations in 

general. These options can be broadly grouped into 

considerations applying at the stand or at the landscape 

level. 

Stand Level 

Options for sympathetic management within stands are 

numerous. First, the tree species planted has important 

implications for biodiversity. Generally, indigenous tree 

species are preferable, from a biodiversity point of view, 

because indigenous trees usually provide better habitat for 

the indigenous species present. However, in New Zealand 

there are few indigenous species that are deemed suitable 

for large-scale, commercial plantation forestry. The reality is 

that over 99% of commercial plantations consist of exotic 

trees, and the predominance of radiata pine, Douglas-fir 

and a few minor species is unlikely to be changed on a 

large scale to provide for better biodiversity protection. 

However, indigenous trees could be of interest on a smaller 

scale on sites that are not suitable for the primary 

commercial species or in riparian areas that are not planted 

with exotics. 

Second, planting mixed-species stands is preferable over 

single-species stands because of greater habitat diversity 

and potentially increased resistance to pest outbreaks 

(Hartley 2002). But again, the current management 

philosophy and the use of species that are only economic 

when forestry practises are highly rationalised, makes 

large-scale mixed-species planting unrealistic for 

commercial purposes, although it may be viable to 'mix' 

stands of different species at the landscape level (see 

below). That still leaves a wide range of options for 

manipulating stands within the bounds of single-species 

management of an exotic species. 

The use of herbicides is widespread at the establishment 

phase of plantations to prevent competition from weeds. 

Concerns over the environmental impact of herbicides are 

generally in relation to non-target impacts and the 

persistence of toxins in the environment. However, 
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herbicide use (especially blanket application) also reduces, 

and may prevent, the survival of indigenous plants and 

associated animals and fungi early in the rotation. Broad- 

scale application of herbicides is especially detrimental 

where plantations are inhabited by rare or threatened 

plants or animals associated with plants. If herbicide use is 

unavoidable, spot application around trees, which would 

leave some vegetation (and also reduce the herbicide 

quantities used) is preferable to blanket application. 

Manipulation of tree density can be used to improve 

plantations as habitat. The understorey vegetation in 

densely planted, unthinned stands tends to become 

shaded out, whilst in stands that are very open, light- 

demanding weeds may persist longer (Brockerhoff et al. 

2003). By choosing an intermediate planting and thinning 

regime, understorey plant diversity can be maximised. This 

would not necessarily compromise timber production or 

economic viability. 

Much can be done in the way harvesting is being carried 

out. Generally, methods that minimise the disturbance of 

the soil, or leave some woody debris and live vegetation, 

are preferable. 

Landscape Level 

Landscape-level recommendations focus on the benefits of 

plantations in terms of providing additional habitat (see 

above) and in terms of buffering and connecting remnants 

of indigenous forest vegetation. With these benefits in 

mind it is obvious that the way in which stands are planted 

and felled will have implications for the quality of the 

habitat in that area. For example, a plantation forest 

adjacent to a forest remnant will increase the area of 

habitat available for numerous species, while also buffering 

the forest remnant from so called edge effects that reduce 

the quality of the habitat for forest species (Norton 1998). 

Similarly, plantations can improve connectivity by acting as 

corridors that allow forest species to move between 

remnants (Figure 2). 
 

 
Figure 2: Plantation forests can increase connectivity between 

native forest remnants, as illustrated in this scheme (illustration 

from Norton 1998). 

On the other hand, large-scale clearfelling of stands will 

temporarily end these benefits and it may leave the forest 

species present without the required habitat. For example, 

kiwi, which are territorial, could suffer from large-scale 

clearing, and it would be preferable if stands were 

harvested in a way that leaves a patchwork of older stands 

amongst the cleared areas (Figure 3). 

The retention of wildlife corridors is already part of the 

management plans for some plantations in New Zealand, 

for example where kokako occur. Norton (1998) suggests 

that careful spatial management of different-aged stands 

may be possible without reducing timber production, 

which suggests that the additional costs are probably not 

unreasonable. However, the implementation of these 

spatial considerations will be a challenge in regions where 

plantations consist of stands of similar age that are 

maturing at the same time. Here, the solution may be to 

advance the harvesting of some stands and delay that of 

others, by a few years, to allow new forest habitat to 

develop before all the stands are felled. Another possibility 

would be to retain forest habitat across the landscape by 

moving to a different harvesting method such as patch 

clearfelling or group selection harvesting. However, 

although these are being used in other countries, they 

appear to be unlikely options in New Zealand. Planting a 

patchwork of stands of different species could be 

considered for the future to break up large areas of 

similarly-aged stands that require synchronised harvesting. 

This would also increase diversity at the landscape level and 

at that scale possibly also yield some of the benefits 

attributed to stands of mixed species (see above). 

In conclusion, the changing forestry 'environment' gives 

many reasons for increased consideration of biodiversity 

issues in plantations, and many opportunities exist where 

improvements could be made. However, current practices 

are not as bad as they are often perceived to be, as the 

'status quo' of biodiversity in plantations is far better than 

that of many other land uses. Remarkably, even after 

successive rotations, there may be no apparent decrease in 

the diversity of understorey plants (Brockerhoff et al. 2001) 

and the same may be true for other taxa. But this is not to 

say that all is well, judging by the outcomes of certification 

audits and public perceptions of plantation forestry. There 

is considerable scope for adopting management practices 

to enhance plantations. 
 

 
 

Figure 3: Thousands of brown kiwi (Apteryx mantelli) live in 

territories entirely located within pine plantations. However, only 

stands older than 10 years are suitable habitat. Photo: Rogan 

Colbourne. 
 

REFERENCES 

Note: An extended version of this article with more literature 

references is available from the author for those interested. 

BROCKERHOFF, E.G.; ECROYD, C.E.; LANGER, E.R. 2001: 

Biodiversity in New Zealand plantation forests: Policy trends, 

incentives, and the state of our knowledge. New Zealand Journal of 

Forestry 46 (1): 31-37. 

BROCKERHOFF, E.G.; ECROYD, C.E.; LECKIE, A.C.; KIMBERLEY, M.O: 

2003. Diversity and succession of vascular understory plants in 

exotic Pinus radiata plantation forests in New Zealand. Forest 

Ecology and Management 185: 307–326. 

CLOUT, M.N.; GAZE, P.D: 1984. Effects of plantation forestry on 

birds in New Zealand. Journal of Applied Ecology 21: 795-815. 

DoC/MfE. 2000: New Zealand Biodiversity Strategy. Department of 

Conservation and Ministry for the Environment, Wellington. 

GIBB, J.A. 1961: Ecology of the birds of Kaingaroa Forest. 

Proceedings of the Ecological Society of New Zealand 8: 29-38. 

HARTLEY, M.J. 2002: Rationale and methods for conserving 

biodiversity in plantation forests. Forest Ecology and Management 

155:  81-95. 

HOCK, B.; HAY, E: 2003. Forest certification in New Zealand: How 

are we doing? New Zealand Journal of Forestry 47 (4): 17-23. 

HUTCHESON, J.; JONES, D. 1999: Spatial variability of insect 

communities in a homogenous system: Measuring biodiversity using 

Malaise trapped beetles in a Pinus radiata plantation in New 

Zealand. Forest Ecology and Management 118, 93-105. 

 
 

 

50  SECTION 4 – FORESTS AND THE ENVIRONMENT 



KLEINPASTE, R. 1990: Kiwis in a pine forest habitat. Pp. 97-138 in 

Fuller, E. (ed.), "Kiwis, a Monograph of the Family Apterygidae". 

SeTo Publishing, Auckland, New Zealand. 

MACLAREN, J.P. 1996: Environmental Effects of Planted Forests. 

New Zealand Forest Research Institute Ltd, FRI Bulletin No. 198, 

Rotorua. 

NORTON, D.A. 1998: Indigenous biodiversity conservation and 

plantation forestry: options for the future. New Zealand Forestry 43 

(2): 34-39. 

 

 
 

WILD ANIMAL 
MANAGEMENT 
C H Cochrane – School of Forestry, Canterbury 

University 

WILD ANIMAL MANAGEMENT 

Currently, New Zealand has 22 feral or wild introduced 

mammalian herbivores (Table 1) which reduce biodiversity 

values on conservation land and impact on production 

lands. These species are a legacy of a long period of 

introductions that began when Maori introduced the kiore 

and kuri (Thomson 1922) and continued with first 

European animal liberations in the late 1700s. These 

animals represent the successful survivors of attempts to 

establish a wide range of mammals in New Zealand 

between the late 1700s and early 1900s (Table 1). As well 

as the herbivores, nine other mammals have established 

including rats, cats, ferrets, stoats and weasels. 

Captain James Cook is credited with being the most 

prolific early liberator of mammals onto the shores of New 

Zealand. On 2 June 1773, a party from his ship released 

one male and one female goat on the eastern side of 

Queen Charlotte Sound. Two sheep from the Cape of 

Good Hope were also released, however both were later 

found dead. On his third trip in 1777 Cook released 

another pair of goats and two pigs (Thomson 1922). 

The management of these introduced animals has changed 

markedly since their introduction. This in part reflects the 

level of knowledge that has been gained on their 

interaction with the natural and managed systems in New 

Zealand, and also reflects our changing society and the 

agencies that have been entrusted with their management 

(Figure 1). 

THE INTRODUCTION OF ANIMALS TO 

NEW ZEALAND 

The primary reason for the initial release of goats, pigs, 

and sheep was to provide a potential food source for ship- 

wrecked mariners on New Zealand and its offshore islands 

and to provide a food supply for early settlers (Thomson 

1922; Wodzicki 1950). Generally, during the 1850s and 

1860s, with increased settlement of New Zealand, lesser 

consideration was given to food sources and more to pets 

and potential sporting resources (Thomson 1922). 

Approximately 39% of currently extant mammalian 

herbivores were introduced during this period, in which the 

goal really was to "larder stock" (Cochrane 1999). 

Wodzicki (1950) states that by the 1860s settlement of 

 
Species Current distribution Year of Introduction 

Macropus eugenii (Dama wallaby) Kawau and Nth Is – localised ~ 1870 

M. rufogriseus (Bennet’s wallaby) Sth Is – localised 1874 

M. parma (Parma wallaby) Kawau Is ~ 1870 

Petrogale penicillata (Brushtail rock wallaby) Kawau, Motutapu, Rangitoto Is 1873 

Wallabia bicolor (Swamp wallaby) Kawau Is ~ 1870 

Trichosurus vulpecula (Brushtail possum) Widespread 1858 onwards 

Oryctolagus cuniculus (European rabbit) Widespread 1777 

Lepus europaeus (Brown hare) Widespread 1851 0nwards 

Equus caballus (Feral horse) Localised 1814 

Sus scrofa (Feral pig) Widespread 1769 

Bos taurus (Feral cattle) Localised 1814 

Rupicapra rupicapra (Chamois) Sth Is 1907 

Hemitragus jemlahicus (Thar) Sth Is 1904 

Capra hircus (Feral goat) Widespread 1773, 1777 

Ovis aries (Feral sheep) Localised ~ 1820s 

Cervus elaphus scoticus (Red deer) Widespread 1850s, 1861 

C. elaphus nelsoni (Wapiti) Localised 1870s, 1905 

C. nippon (Sika deer) Nth Is 1885, 1905 

C. timorensis (Rusa deer) Localised, Nth Is 1907 

C. unicolor (Sambar) Localised, Nth Is 1875 

Dama dama (Fallow deer) Localised, Nth & Sth Is 1860s 

Odocoileus virginianus  (Whitetail deer) Localised 1905 

Adapted from Cochrane 1999. 

Table 1: Introduced feral and wild mammal herbivores in New Zealand. 
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Figure 1: Diagram of the evolution of administrative bodies involved in the control and management of introduced mammalian herbivores in 

New Zealand. The focus is on administration of indigenous forested lands. FRES refers to the Forest and Range Experiment Station, and FRI  

to Forest Research Institute. 
 

New Zealand was considered advanced enough for settlers 

to divert themselves away from a constant need to secure 

food. Consideration was given to sentiment and sport 

values for introduced animals, although utility was also a 

concern (the release of opossums was initially done to 

establish a fur industry although other reasons emerged 

later). At the time many people believed that the native 

flora and fauna would disappear and should therefore be 

replaced with a flora and fauna resembling that of Europe 

(Wodzicki 1950). 

The period from 1860 to approximately 1910 can be 

considered the acclimatisation period, and was 

characterised by the introduction of many of the species 

that are today considered to be pests. 

It is a period that is also marked by the emergence of Acts 

of Parliament which sought to protect and promote 

introduced animals. An example is the Protection of 

Certain Animals Act 1861 which had as its intention: 

"encourage the importation of animals not native to New 

Zealand which would contribute to the pleasure and profit 

of the inhabitants, when they became acclimatised and 

were spread over the country in sufficient numbers." 

This Act gave complete protection to all introduced game 

animals until the passing of the Protection of Animals Act 

1867 which prescribed detailed schedules for specific game 

animals, including deer, hares and antelope, and gave legal 

standing to the rules of the newly formed acclimatisation 

societies in New Zealand. 

The Nelson Acclimatisation Society was formed in 1863 

(Figure 1), which marked the beginning of organised 

management of introduced mammals. At a government 

level the Colonial Secretary’s Office was involved in 

introduced mammal management at the same time. In 

1895 the Animals Protection Amendment Act dealt with 

the issue of exotic fauna importation in New Zealand. This 

legislation prohibited importation of any animal without 

the consent of the Minister of Agriculture. It received only 

minor amendments until the Animals Protection 

Amendment Act 1920 was passed. The primary reason for 

this amendment was to formally give the opossum 

legislative protection regulating when and where it could 

be killed. 

By 1900 three government departments (Figure 1) were 

involved in the management of introduced mammals on 

land where predominantly indigenous vegetation was 

present. The Colonial Secretary’s Office (renamed the 

Department of Internal Affairs in 1907) was responsible for 

animal management generally, the Department of Lands 

and Survey was involved in management of mammals in 

areas where indigenous forest had been identified as 

potential production forest, and the Department of Tourists 

and Health Resorts was involved in animal management 

where tourism potential had been identified (for example 

game animals such as red deer). 

The Animals Protection and Game Act 1921-22 was the 

next piece of legislation to be passed controlling the 

management of wild animals, and was the controlling 

piece of legislation until the passing of the Wildlife Act 

1953. Under the 1921-22 legislation opossums were still 

protected, acclimatisation societies were still given 

considerable powers, and deer were classified as game. 

Newly introduced animals such as chamois and thar were 

also classified as game. 

During the period 1910 – 1960 the recognition of many 

introduced wild animals as pests emerged. While early 
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records of introduced mammal numbers are sketchy, it is 

recorded that by 1916 in Central Otago feral goat numbers 

were conservatively estimated at 30,000 (Thomson 1922). 

Ironically, while on several stations goats were culled 

because of competition with stock, on others they were 

encouraged because of their ability to eat out the "native 

briar" (Thomson 1922). 

General animal control began between 1910 and 1920, 

with feral goats controlled on Mt Taranaki as early as 1924 

by National Park staff (Parkes 1996). However, it was not 

until the formation of the Department of Internal Affairs 

Deer Destruction Unit in 1930 that widespread control of 

introduced animals began. The deer destruction campaign 

was a response to concerns in the 1920s that deer were 

damaging native vegetation. It was intended that the Deer 

Destruction Unit would exist only for a short time, but it 

became a New Zealand institution, and existed in some 

form or another until 1956 when the New Zealand Forest 

Service successfully annexed control of animal 

management on all forest lands. 

The 1950s were a period of considerable change in the 

management of introduced mammals in New Zealand. The 

passing of the Wildlife Act 1953 gave recognition to 

protected species (generally indigenous fauna), and game 

species (redefined as birds only e.g. pheasant, quail), and 

classified other introduced wildlife in a Schedule IV. 

Inclusion in Schedule IV meant that an animal was to be 

controlled where it was present on Crown land and acting 

in a deleterious manner. 

The appointment of Thane Riney (a North American deer 

biologist) to the Wildlife Branch of Internal Affairs in the 

early 1950s substantially changed the approach to deer 

control in particular and the whole ungulate question in 

general. Riney (1958) attempted to redefine the context of 

animal control to one of animal management (in other 

words focusing on deer as a potential resource rather than 

only as a pest). 

Riney believed that we needed to consider management 

and research in terms of the land use of particular areas. 

Research needed to focus on both the land and the ability 

of the animals to respond to it. Riney suggested that funds 

needed to be directed at fundamental research into the 

interaction of animal and environment. 

By the 1960s government policy had changed considerably 

to focus primarily on protection values. In the 1970s 

controversy again re-emerged over the policy on wild 

animal management. Clarification was sought via a 

Parliamentary Commission of Inquiry, which sought to 

address the pest issues facing New Zealand at the time. 

Miers (1973) provided a distinction between game 

management and control. Management suggested a 

situation where objectives were seen to favour animal 

populations in some respect, whereas control suggested 

objectives that favoured the environment. Miers stated that 

in areas of concern control must outweigh management. 

However, he also recognised that recreational hunting 

should be encouraged, particularly in non-critical areas. 

The Wild Animal Control Act 1977 was formulated as an 

outcome of the Commission of Inquiry, which addressed 

matters relating to noxious animal control (Holloway 1988). 

The act was aimed at controlling wild animals generally, 

and was also designed to regulate the activities of 

recreational and commercial hunting operations (Holloway 

1988). Holloway reviewed a number of the statutes in 

terms of their application to the management of 

introduced animals in New Zealand. Holloway considered 

that Acts were aimed either at the management of 

individual introduced mammals (Wildlife Act 1953, Wild 

Animal Control Act 1977), or were targeted at the 

management of tracts of land (Land Act 1948, Forests Act 

1949, Reserves Act 1977, National Parks Act 1980). He 

suggested that this dichotomy had significant implications 

for how animal control was approached, and for how 

recreational hunters were viewed. The narrow focus on 

animal management required under the Reserves Act 1977 

and the National Parks Act 1980 meant that eradication 

was the only option legally available, which led to 

operational aims that were unsustainable in the long term. 

In the early 1980s restructuring was undertaken to have 

management of non-production lands, conservation of 

indigenous flora and fauna, and management of animals 

threatening indigenous flora and fauna placed in one body. 

This led (in 1987) to the formation of the Department of 

Conservation, the national body which today manages 

conservation lands in New Zealand. The creation of the 

department was marked by the enactment of the 

Conservation Act 1987. Amongst other matters, this 

statute guides the management of natural resources in 

New Zealand, in which the emphasis is clearly placed in 

favour of indigenous flora and fauna (Holloway 1988). 

WILD ANIMAL IMPACTS 

A wide range of impacts has been attributed to introduced 

wild animals. The mustelids and rodents have had 

significant impacts upon indigenous wildlife and have 

threatened several species with localised extinction. The 

introduced herbivores have had a different impact. An 

indicative model of how herbivores can impact is seen with 

feral goats at Isolated Hill Scenic Reserve in South 

Marlborough. Here the goats have had impacts upon 

specific species such as mahoe and broadleaf and have  

also impacted upon vegetation communities (Table 2). The 

impacts themselves are localised, so not all vegetation 

communities are affected equally in a spatial or temporal 

sense. 

 
Stage Vegetation changes induced by feral goats 

1 Removal of saplings of palatable canopy and 

understorey trees. Regeneration of these species 

now slowed. 

2 Understorey dominated by unpalatable/low 

preference species. Canopy trees continue to 

produce seed but low establishment rates of 

seedlings. 

3 Increase in grass/sedge ground cover. Gradual 

loss of palatable species from the canopy. 

4 Canopy structure changed – very high 

percentage of unpalatable species. Depending 

on the growth form of unpalatable species a 

shrubland/grassland association may occur. 

Possible invasion of exotic species. 

Table 2: General model for goat-induced vegetation change in 

forested areas. 

More recently it has been recognised that, as many 

introduced wild animal species occur together, impacts 

may act in an additive function. Forsyth et al. (2000) 

advocated the integrated management of five co-occurring 

wild animals in the Southern Alps: red deer, opossums, 

tahr, chamois and hares. They contend that, while some 

behavioural and physical exclusion may occur between 

species, it is likely that co-occurring species overlap in 

terms of impact and habitat requirements and thus should 

be managed in a way that is integrative rather than 

divisive. Similarly, Cochrane and Norton (2003), in a review 

of diet and impacts of introduced mammalian herbivores, 

found considerable overlap between different species. In a 

review of 63 diet studies they recorded considerable 

overlap at a genus and functional level suggesting that for 

long-term conservation management it was necessary to 

address introduced animals collectively rather than in a 

piecemeal fashion. 
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Notwithstanding this increased interest and focus on multi- 

species management, three strategies have been identified 

to reduce the impact of wild animals on conservation lands 

(Department of Conservation 1998). They are: 

> limitation of dispersal and introduction (this can be 

enacted through the Wild Animal Control Act 1977 and 

the Biosecurity Act 1993, but more importantly through 

public education); 

> eradication (limited by the following requirements: re- 

infestation probability must be low; culling rate must be 

higher than replacement rate; all target animals must  

be susceptible to control; and there must be the 

genuine will to eradicate); and 

> sustained control (which should reduce animal density 

to a pre-set target at which the conservation resource 

under threat will respond). 

Another key impact of introduced wild animals is their role 

as vectors of disease. Bovine tuberculosis is the best known 

example with opossums, mustelids, and some wild 

ungulates acting as vectors. Whilst diseases impact 

primarily upon production values, their impact upon 

indigenous values remains unknown, and hence must 

remain a concern. The predilection of individual 

recreational hunters to translocate wild populations of 

introduced animals, in particular deer and pigs, is also a 

significant concern in this regard. 

THE FUTURE 

In the previous handbook M C Llewellyn considered the 

way in which we perceive introduced species in terms of 

their negative values (impacts) and their positive values 

(recreation). He also considered the "straightjacket" 

approach that the Conservation Act 1987 (and indeed the 

National Parks Act 1980) forces upon wild animal 

management. 

Legislation - at least its interpretation and implementation - 

is one area that has changed markedly in the last few 

years. Introduced animals are, where their impacts are felt 

to be deleterious, now managed on about two-thirds of 

New Zealand through regional pest management strategies 

(RPMSs) formulated under the Biosecurity Act 1993. These 

RPMSs have allowed wide public input into whether 

species should be managed and, if so, how they should be 

managed. The Biosecurity Act provides a mechanism by 

which seamless integration of policy and implementation 

occurs from national down to local areas. In 2003 a review 

of biosecurity and what it means for New Zealand was 

completed and we now have a long-term strategy that will 

govern how we approach areas as diverse as border 

security and management of established pests. 

However, we have seen the reinforcing of a threat that 

affects not just wild animal management but also many 

other aspects of forestry and other forms of land 

management. Sociological risk, as Dyck (2002) stated in a 

discussion on forest biosecurity issues, is a key factor in the 

continuing oversimplification of wild animal management 

in New Zealand. A parallel can be seen in the current 

tenure review process in the high country: "land is either 

suitable for conservation or it is suitable for production". 

The simple view of wild animals in New Zealand is that 

they are simply a pest. What this fails to recognise are the 

multiple values that many introduced animals have for New 

Zealanders. 

Clearly the introduced mammalian herbivores in particular 

represent a part of New Zealand’s cultural as well as 

natural history. Recognition and acceptance of multiple 

values for many of the animals is inevitable, yet caution is 

needed. It is clear that introduced herbivores do have 

significant impacts in some areas, and that those impacts 

are held by the majority of New Zealanders to be 

unacceptable. In other land areas, where biodiversity values 

are lower, rather than seeking eradication, other ways of 

managing introduced herbivores are needed. But to 

manage properly will require accurate data on how animals 

use landscapes, an example of which can be seen in a 

study of red deer in the Craigieburn area, Southern Alps 

(McKenzie and Cochrane, unpublished data). GPS-collared 

deer were released (Figure 2) and their subsequent 

movement across the landscape was monitored (Figure 3). 

Initial analyses of data suggest that the individual animals 

partition the available habitat and use different functional 

elements of the landscape (for example beech forest) in 

quite different ways. Accurate data provide managers with 

the knowledge needed to better manage introduced 

animals for a range of goals. These goals should include 

recreation, commerce, culture and biodiversity where 

suitable. 

 

 
Figure 2: A red deer with GPS collar attached. Photograph by 

T McKenzie. 

 

 
Figure 3: Home ranges (95% kernel) for two red deer in the 

Craigieburn area: stag (red) and spiker (yellow). McKenzie and 

Cochrane unpublished data. 
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VISUAL IMPACTS 
OF FORESTRY 
B Hock – Forest Research, Rotorua 

Forestry operations, particularly establishment and harvest 

operations, may change the scenic impact of a landscape 

significantly. This can elicit a negative public response, 

particularly when the change is perceived as sudden, 

unexpected, dramatic and/or careless. 

There is a large public concern about environmental quality 

in New Zealand and about supporting the large tourism 

industry with its expectations of scenic beauty. The 

Resource Management Act 1991 (RMA) emphasises the 

need to avoid or minimise negative effects, including the 

loss of visual amenity, and the need to protect outstanding 

landscapes. The pressure for minimising loss of visual 

amenities may be particularly high near cities and lifestyle 

blocks, along main public transport routes (especially 

tourist routes), along coastlines and lakes, and around 

scenic lookouts. 

ATTITUDES TO FORESTRY WITHIN 

THE LANDSCAPE 

Attitudes to forestry in New Zealand are not always 

favourable. While concerns are mainly about the effects of 

forestry on regional and local economies, including 

employment, and about the environmental effects of 

forestry (Langer and Tomlinson 2003), people also include 

visual impacts in their evaluations. For example, the 

Mackenzie Basin is known for its open, unrestricted views 

(Boffa Miskell 1992). While the preference of the majority 

of local stakeholders is for a mix of pastoral farming and 

plantation forestry (Fairweather & Swaffield 1995), forestry 

remains a controlled activity (for example, Undorf-Lay 

2003). This is despite indications of the higher economic 

returns possible from forestry than from extensive farming 

(Hock et al. 2001). 

Plantations occur in a number of other locations that are 

valued for their scenery. A survey in 1996 of visitors mainly 

to the Nelson region (Thorn et al. 1997) investigated 

preferences for the visual effects of alternative forest 

management scenarios. Results included: 

> No distinct preferences among vertical and contour 

planting. 

> Substantial preference for edge (buffer) plantings. 

> A higher value attributed to the contribution pine 

forests make to the quality of the New Zealand 

landscape by foreign visitors than by New Zealanders 

(particularly locals). 

There is a dichotomy in peoples’ views between what is 

desirable and what is likely for forestry in regions with new 

plantings (Swaffield & Fairweather 2000). In terms of visual 

perceptions, people surveyed in the Gisborne/East Coast 

area indicated that the most likely landscape under forestry 

was clearfells, scenes of pruned and thinned pines, and 

landscapes with younger managed pines. Questioned on 

the landscapes considered as the most beneficial to the 

local community, two viewpoints emerged that differed 

only slightly from one another and which were very 

different from the likely landscape. One group of responses 

indicated that bush vegetation was most beneficial, with 

pastoral farming and woodlots among pastoral farming as 

the next best options. The other group’s highest preference 

was for woodlots among pastoral farming, followed by 

pastoral farming, and mature forest landscapes. 

DOES FORESTRY HAVE NATURAL 

CHARACTER? 

A survey performed in the Coromandel Peninsula 

(Fairweather & Swaffield 1999) used photographs of 

settings ranging from very natural to heavily modified to 

explore the public’s views on ‘natural character’ – a term 

used but not explicitly defined in the RMA. The 

Coromandel incorporates farm and forest land adjacent to 

a popular, scenic coastline. Two distinct viewpoints were 

found – one indicated that any evidence of built structures 

or urban form created a shift from more natural to less 

natural. The other viewpoint was more willing to accept 

discrete and well designed structures, provided that the 

overall setting retained ‘picturesque’ qualities. Thus the first 

group indicated plantation forests as having some 

attributes of naturalness, while the other placed 

monocultural plantation landscapes in the less natural to 

least natural categories. 

A further, random survey in the Gisborne/East Coast area 

that drew on the key results of the Coromandel survey 

(Fairweather & Swaffield 2003) found that the majority of 

those interviewed indicated their identification with the 

second group above, namely with those who indicated 

monocultural forestry as least liked/unnatural. The authors 

note that the predominant opposition to forestry within a 

landscape potentially arises when that land use dominates, 

as opposed to the landscape supporting a mixed mosaic of 

land uses. 

PLANNING 

The first step in reducing loss of visual amenity involves 

considering landscape values during the planning of any 

forest operations. Thought needs to be given as to which 

forest practices will cause negative visual impacts, which 

areas of the forest are highly visible to the public, and how 

the public will perceive the changes in the landscape. The 

New Zealand Forest Code of Practice identifies forest 

practices that can have a negative visual impact and 

provides some information on methods for reducing visual 

disruption to the landscape. Various techniques are then 

available for identifying the visibility of landscape change, 

ranging from field checks and the use of topographic maps 
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and aerial photographs to the use of digital terrain models 

and computer graphics. 

Identification of how the public will perceive the landscape 

change may be addressed on the basis of past experience, 

the professional judgment of landscape architects, the 

responses of a selection of the viewing public, or on direct 

consultation with the affected landowners, community and 

interest groups. 

The degree of planning which is necessary depends upon 

the number of people affected by the landscape change, 

the proximity of the viewing audience, the importance 

placed upon the scenic quality of the area by individuals 

and groups, and the attitudes of the audience towards 

forestry and various parameters of environmental quality. 

Two basic strategies are available for reducing the visual 

impacts of forestry operations: hiding the operation from 

view, and reducing the conspicuousness of the operation. 

The first strategy may involve screening harvest operations 

from view, removing slash from view, oversowing to 

quickly hide exposed soil, placing access roads behind 

ridges, harvesting only the forest hidden behind ridges, or 

undertaking selective logging. The second strategy involves 

ensuring that the size, shape and pattern of the operation 

is not overly intrusive. 

A number of texts offer suggestions for implementing low- 

impact forest operations. Anstey et al. (1982) and Lucas 

(1987) provide suggestions on landscape design for 

carefully integrating new woodlots, forests and multiple- 

use facilities into the existing landscape. Moore and Orwin 

(1991) offer suggestions for minimising visual disruption 

caused by forest operations along roadsides and forest 

boundaries, while Mawson (1990) provides some 

information on techniques for assessing and reducing 

visual disruption resulting from forest operations on highly 

visible slopes. Vaughan et al. (1993) provide general 

information on methods for reducing adverse 

environmental impacts at all stages of production forestry. 

PRACTICE 

The consideration of landscape values and public concerns 

during planning should be reflected in the actual landscape 

change. Visual impacts which could precipitate adverse 

comments about the forest operation, or forestry in 

general, need to be avoided. Of particular concern are 

visual impacts which may indicate negative impacts on 

water quality. Avoid excessive tracking, sidecast and  

erosion on highly visible slopes, unnecessary damage to 

streams, wetlands and riparian strips, and excessive visible 

waste. 

Public concern about visual impacts can be further 

ameliorated through consultation, site interpretation and 

the provision of information about forestry. Landowners 

within the immediate vicinity of the forest operation should 

be consulted as to the proposed operation, and the 

measures which are to be undertaken in order to minimise 

impacts on important indicators of environmental quality 

such as water quality and landscape. Concerns of the 

wider viewing audience may be addressed by enhancing 

their knowledge of the dynamics of plantation forestry and 

the care given to maintaining environmental quality. This 

may be achieved by providing tours of working forests, 

interpretation signs for roadsides or for scenic lookouts and 

picnic sites, and/or providing written material explaining 

proposed forest operations. Used to inform and educate, 

landscape interpretation and public consultation may 

reduce the likelihood of adverse negative comments about 

forestry based on visual first impressions. 
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FORESTRY AND 
HYDROLOGY 
C L O’Loughlin – Consultant, Christchurch 

The influences of forests on erosion rates, stream water 

quality and streamflow have great significance in New 

Zealand because most important rivers and streams 

providing water for recreation, domestic supply, irrigation 

and industry, drain forested terrain. Furthermore, there is 

an increasing need within the forestry profession to sustain 

and protect water and soil values to meet the requirements 

of resource consents and forest certification systems. The 

conversion of pasture, grassland or scrub to forest and the 

management of forests can profoundly influence erosion 

and sedimentation rates, aquatic environments and aquatic 

biota in positive and negative ways. Forests can also 

influence the quality and quantity of groundwater. This 

section will examine these influences and their implications 
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for forest management and indicate where relevant advice 

and information relating to various forest hydrological 

aspects can be obtained. 

FORESTS AND SLOPE STABILITY 

Although vegetation is generally considered to play a 

secondary role to rainfall, topography, and geology in 

controlling regional erosion rates, forests have significant 

influence on the stability of slopes and soils. The 

mechanical reinforcement provided by tree root networks 

and the ability of forests to dry soils through 

evapotranspiration raises soil resistance to failure under 

forests compared with soils on non-forested areas thus 

reducing the incidence of mass wasting. 

This was clearly demonstrated in the erosion-susceptible 

East Coast region during Cyclone Bola in 1988. Post 

cyclone surveys of landslide frequencies under various 

vegetation types showed that indigenous forest and radiata 

pine forest older than 8 years provided significantly      

more protection against shallow landslides than 

regenerating scrub, pines younger than 6 years and 

pasture. New Zealand studies show that undisturbed 

indigenous forests and maturing plantation forests 

generally hold the soil mantle in place under most 

conditions of rainfall. Only during conditions of extreme 

rainfall when soils are fully saturated are soils under mature 

forests likely to fail. Under conditions of soil saturation, the 

binding and reinforcing effects of tree roots usually provide 

most of the soil resistance to failure. On hill country, the 

slope localities most susceptible to failure are slope 

depressions or hollows where subsurface water 

accumulates. 

Removal of forests results in a gradual reduction in root 

biomass and strength (O’Loughlin & Watson 1979). 

Without root reinforcement, the soils on many slopes over 

30 degrees may suffer shallow landsliding during only 

moderate storms. For plantation forests the most critical 

period occurs between about 2 years and 8 years after the 

forests have been felled, when root systems are in an 

advanced state of decay and a substantial replacement 

root network has not had time to develop. As a general 

rule, slopes over 32 degrees where shallow soils overlay 

impermeable substrata are most susceptible to shallow 

mass wasting after forest removal. However, deep-seated 

slumps and earthflows on weak rocks in the eastern North 

Island may activate after forest removal on relatively gentle 

slopes less than 28 degrees. 

Information on the increase in root biomass as radiata pine 

stands develop, combined with information on root 

deterioration after harvesting, enables the construction of  

a generalised model of the reinforcement provided by pine 

roots through a harvest and subsequent rotation (Figure 1). 
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Figure 1: Relative root reinforcement changes after clearfelling (at 

year 0) and planting (at year 1) in a radiata pine plantation. The 

curve for relative reinforcement when planting is delayed 5 years is 

also shown. 

Undisturbed permeable organic forest floors protect forest 

soils from sheet wash, raindrop impacts, ice needle erosion 

and wind erosion. Road, track and log landing 

constructions and logging activities disrupt the forest floor 

exposing mineral soil and enabling surface erosion 

processes to operate effectively. Studies in New Zealand 

and overseas show that roads often affect the stability of 

slopes and can be a major source of sediment. On steep 

country it is important to plan new forest road networks to 

minimise their hydrological impacts on slopes. Locating 

roads on ridge tops, terraces and benches is always 

preferable. Where roads are required to traverse steep 

slopes the road line should avoid obvious unstable areas 

and poorly drained areas. Providing good road drainage 

including stable water table drains, adequate cutoffs and 

culverts which discharge on to stable ground or through 

flumes, limiting heights of cuts in soils and unconsolidated 

materials to less than 3 metres and avoiding extensive side- 

casting during construction are particularly important 

aspects of road construction to lessen the impacts on slope 

stability. A comprehensive guide to good forest road 

construction is provided by the Logging Industry Research 

Organisation’s Forest Roading Manual (Larcombe, 1999). 

Limiting the size of clear-felled areas and staging clear- 

cutting on steep slopes (such as those in the Marlborough 

Sounds) so that only parts of a slope are devoid of trees at 

any one time, will help avoid soil failure and accelerated 

sediment deposition into water bodies. 

The application of modern GIS and Digital Elevation  

Models in conjunction with slope stability models enables 

the mapping of the relative slope stability over an area. The 

approach which computes the spatial distribution of a  

slope stability index, has not, to the author’s knowledge, 

been used in New Zealand but has been applied in Canada 

and the USA to assist forest operations planning. More 

time-consuming field-based terrain stability assessments 

which essentially rely on geological, soil and topographic 

information and a good knowledge of the way these 

influences affect stability, have been carried out on the East 

Coast North Island and on the West Coast to help plan 

harvesting and road network development. More 

information on these approaches can be obtained from the 

author or from Landcare Research NZ Ltd., PO Box 40, 

Lincoln. 

FORESTS AND WATER QUALITY 

Forest ecosystems cycle nutrients efficiently and erosion 

rates under forest cover are usually subdued. 

Consequently, the quality of stream water draining 

indigenous forests and maturing plantation forests is 

generally high and concentrations of nutrients and 

suspended solids are low in forest streamwaters. Forest 

harvesting can influence water quality, but usually not 

seriously and only temporarily, especially if deforested sites 

are revegetated with forest cover. The most serious 

measured stream water quality changes in New Zealand 

forests have been increases in suspended sediment 

concentrations associated with the construction of forest 

roads, tracks and landings or, in the case of steep unstable 

slopes, accelerated landsliding and other forms of erosion 

after forest removal (Fahey et al. 2003). Where pine forests 

have been established on former pasture land, the upper 

stream channels tend to widen as they adjust to the new 

conditions of streamflow and steam bank vegetation cover 

resulting in bank erosion and increased sediment flows 

down the channels in the early and middle stages of the 

first rotation. 

Experimental forest catchment studies in Westland, Nelson, 

Central North Island and Coromandel Peninsula show that 

clearfelling indigenous and radiata pine forests causes only 

small streamwater chemistry and nutrient outflow changes. 

However, post-harvest burning can induce much more 
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pronounced stream water quality changes, particularly the 

concentrations of K and NO3-N. Similar findings are 

reported in the overseas literature on forest harvesting 

impacts on stream water quality. 

Fertilising of pine forests by aerial topdressing has not been 

shown to seriously influence the concentrations of 

nutrients in stream waters. Most of the nutrients which 

enter streams, result from fertilisers being inadvertently 

applied directly into the stream channels. Similarly, studies 

by the Forest Research Institute in the 1970s and more 

recent investigations by Landcare Research and the 

Department of Conservation have indicated that the aerial 

distribution of baits loaded with 1080 to control opossums 

has not caused the concentration of 1080 or the products 

resulting from its breakdown to be raised to detectable 

levels in streams draining treated areas. 

A micro-biological water quality problem of some concern 

is the spread of Giardia in streamwaters throughout the 

country. Opossums are believed to assist the spread of 

Giardia. Cryptosporidium bacteria and other bacteria such 

as E. coli in streamwaters have created potential health 

problems for users of untreated stream waters. Most of the 

reported problems have been associated with streams 

draining urban or agricultural land but there is no certainty 

that forest streams do not harbour these organisms in 

concentrations sufficient to be a threat. The Department of 

Health has produced guidelines covering the problems 

surrounding micro-biological organisms in water. 

There is increasing evidence that protective management  

of the riparian areas, including the establishment of 

permanent riparian strips of native shrubs and trees, helps 

to maintain healthy stream and lake environments and 

protects water quality. Studies overseas and in New 

Zealand indicate that retaining or establishing shrub or tree 

vegetation strips alongside water bodies stabilises banks, 

provides woody and foliage materials of importance to 

aquatic insects, provides shade which helps maintain cooler 

streamwater temperatures in summer, helps trap sediments 

and nutrients before they enter streams and helps to keep 

domestic stock from entering stream channels. On the 

other hand, setting aside riparian areas can remove 10 

percent or more (as much as 30 percent in finely dissected 

landscapes) from productive forestry. Furthermore, the 

presence of riparian buffers and the need to protect them 

from damage during harvesting complicates logging 

operations and raises costs. Riparian trees and shrubs are 

sometimes considered to be big water users and are not 

favoured by some water resource planners and managers 

in regions with a shortage of water. 

The optimum design of riparian buffers remains a topic 

requiring continuing investigation. For many New Zealand 

regions a mixture of indigenous trees and shrubs seems to 

be the favoured buffer composition. In water-short areas 

such as Canterbury it may be that buffers of tussock and 

possibly wetland vegetation (which are conservative water 

users), will be preferred. Buffer widths of at least 10 m are 

usually recommended but the author prefers a variable 

width design where the width of the buffer is tailored to 

suit the streamside topography. The National Institute of 

Water and Atmosphere (NIWA), has recently produced a 

set of CDs ("Environment Watch") including one on 

"Forestry and Streams" which is concerned with managing 

and moderating the impacts of forestry operations on the 

stream environment. The CDs are available from NIWA, PO 

Box 1115, Hamilton, or from 

www.niwa.co.nz/edu/resources/envwatch 

FORESTS AND STREAMFLOW 

Forest vegetation uses water through transpiration (water 

taken up by roots, transported to the leaves and 

evaporated from the dry canopy via stomata), and 

interception loss (evaporation of water from wet canopies 

during and after rain). The term "evapotranspiration" 

includes both transpiration and interception loss. Generally 

evapotranspiration is greater from forest cover than from 

covers of smaller stature such as grass, tussock and shrub. 

However, dense tall scrub vegetation such as mature 

manuka/kanuka or gorse cover can use almost as much 

water as forest covers. Consequently, a land use change 

from pasture or tussock to plantation forestry is likely to 

cause a measurable reduction in streamflow volume once 

the trees mature. A land use change from scrub to forest is 

likely to cause smaller streamflow change. This has been 

seen in numerous studies overseas and in New Zealand 

(Bosch & Hewlett 1982, Fahey & Rowe 1992, Rowe et al. 

2002). 

Other climatic and physiographic factors being equal, the 

available evidence suggests that differences in water use 

between different types of forest cover are not large as 

illustrated by the information presented in Table 1. 

Generally, it can be assumed that evergreen trees use more 

water than deciduous trees over the course of a year. 

 

Locality Vegetation Annual 

rainfall 

mm 

Annual 

interception 

mm (% annual 

rainfall) 

Annual 

transpiration 

mm (% annual 

rainfall) 
  

Maimai, Westland Beech/podocarp/hardwood  forest 2,600 660  (25%) c.350 (13%) 

Big Bush, Nelson Beech/podocarp/hardwood  forest 1,550 435  (28%) c.340 (22%) 

Otutira, Taupo Neopanax scrub 1,450 390  (27%) ? 

Taita, Wellington Regrowth native forest 1,380 410  (30%) ? 

East Coast, Nth Is. Tall kanuka scrub 1,780 740  (42%) ? 

Moutere, Nelson Dense gorse scrub 1,100 425  (39%) ? 

Rotorua 10 year old radiata pine, 750 stems/ha 1,500 330  (22%) ? 

Moutere, Nelson 8 year old radiata pine, 500 stems/ha 1,028 288  (28%) c.700 (68%) 

Rotorua 20 year old radiata pine 1,500 450  (30%) c.400 (27%) 

Hororata, Canterbury 18 year old radiata pine, 650 stems/ha 900 180  (20%) c.380 (42%) 

Ashley, Canterbury 40 year old radiata pine, dry year 640 220  (34%) c.420 (66%) 

Ashley, Canterbury 40 year old radiata pine, wet year 1,190 390  (33%) c.640 (54%) 

Hororata, Canterbury 18 year old Douglas fir, 1360 stems/ha 900 261  (29%) c.420 (47%) 

Hororata, Canterbury 54 year old Douglas fir, 570 stems/ha 900 252  (28%) c.522 (58%) 

Table 1: Annual interception and transpiration losses for New Zealand forest and scrub vegetation. 
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Small and medium sized catchment studies, broader 

regional studies and the application of hydrological models 

have shown that the conversion of pasture and tussock 

land to forests reduces annual water yields, summer low 

flows and storm peak flows from small and intermediate 

sized storms. If all of a tussock grassland or pasture 

catchment is planted in pines, after canopy closure at 

about 9-10 years after planting it can be assumed that 

water yield from the catchment will decline by between 35 

and 45 percent. Conversely, forest removal can increase 

annual water yield, low flow and peak flow. Although 

information is sparse, it is generally assumed that the 

magnitude of change in streamflow following a land use 

change is directly proportional to the percentage of a 

particular catchment undergoing the land use change. 

However, strong rainfall gradients across larger catchments 

are likely to invalidate such a proportional relationship. 

Small and medium sized catchment studies of the influence 

of land use change on streamflow also reveal that, in 

general, streamflow changes become detectable only after 

about 20 percent of a catchment undergoes a change in 

land use. Furthermore, there is considerable evidence that 

certain parts of an individual catchment are more sensitive 

to a land use change than other parts with respect to the 

influence on streamflow. This is particularly so where there 

are steep precipitation gradients across catchments. At  

least one study has shown that planting trees in the 

riparian area of a catchment can reduce streamflow 

disproportionally compared with planting trees in other 

parts of the catchment. 

An emerging problem of importance in the dryer eastern 

areas of New Zealand is the possible reduction in summer 

low flows caused by large scale afforestation of grasslands 

and pasture land. The summer water yields from many key 

catchments are already fully allocated to irrigation and 

other uses and further reductions in streamflow could 

cause major problems. This issue has focussed attention on 

the effects of land use change on summer low flows. 

MANAGEMENT IMPLICATIONS 

Managing forests so that soil and water resources are 

protected principally involves maintaining or improving soil 

and slope stability, preventing the products of any erosion 

from entering stream channels, and ensuring that any new 

afforestation has minimal impacts on water yields 

(particularly in dry regions with low summer rainfalls). 

Under the Resource Management Act (RMA), Regional 

Councils are obligated to prepare Regional Policy 

Statements and Regional Management Plans concerned 

with the management of soil, water, pollution control, 

natural hazard mitigation, lakes and river beds and the 

coastal marine area. District Councils are bound to prepare 

District Plans that set out the land use activities that may 

be carried out in a district and the controls that apply. 

Regional and District Councils have responsibility for issuing 

resource consents for land use activities classified as 

controlled, discretionary or non complying activities. Some 

local authorities have included strict controls on forestry 

development in their policies and plans. The need to  

protect landscape values and water yields has usually  

driven the controlling policies. The forestry fraternity often 

views such controls as unfair discrimination against forestry 

which fails to take into consideration the many 

environmental and economic advantages that forestry land 

use offers compared with other land uses. 

In discussing management implications two very broad 

types of forests can be recognised: exotic forests and 

indigenous forests. 

Exotic Forests 

Generally, carefully planned forestry development and 

management of forests for wood production does not 

conflict seriously with the sustainable management of 

water resources. In catchments which supply water for 

domestic consumption (such as the Hunua water supply 

catchments south of Auckland city and important 

catchments supplying water for the cities of Wellington, 

Upper and Lower Hutt and Dunedin) the future 

management of forests will need to include new and 

innovative management approaches to maintain and 

possibly enhance stream water quality and quantity. Similar 

innovative approaches towards the future development  

and management of plantation forests will be required in 

the dryer regions of the eastern North Island, Marlborough, 

Canterbury and north Otago, where water resources are 

under increasing pressure as downstream land use changes 

(particularly to dairying and horticulture), heighten the  

need for irrigation water. Areas with very steep slopes or 

unstable terrain will also require special planning and 

management approaches. 

Some of the new approaches include: 

> The use of hydrological models which are designed to 

predict the impacts of land use changes on streamflow 

(Landcare Research at Lincoln has recently developed 

such a model). 

> The identification of the important streamflow 

generation parts of a catchment, particularly the sub- 

catchment areas where the bulk of summer low flows 

originate from, using flow mapping techniques. 

> The use of terrain stability evaluation and mapping 

techniques in steep country such as the US-designed 

"Sinmap" stability index mapping approach to identify 

where stability problems are most likely to occur during 

road formation or removal of forest. 

> The adoption of improved harvest planning approaches 

including the "staging" of clearfelled areas and limiting 

the size of clearfelled areas on steep and unstable 

slopes to limit the area exposed without protective 

cover and lessen the likelihood of erosion and landslides 

in the post-harvest period. 

> The adoption of special silvicultural approaches in 

water-short areas including heavy thinning regimes 

producing final crop stockings of 150 or fewer stems 

per hectare. 

> The use of GIS and digital elevation models to integrate 

and record a wide range of spatial data including 

watercourse locations, terrain stability information, 

location of wetlands and areas with poor drainage and 

climate information such as precipitation. 

> The careful management of riparian areas and 

establishment of permanent riparian vegetation cover 

as outlined in the section on water quality. 

> The use of guidelines, particularly the New Zealand 

Forest Code of Practice (Vaughn et al. 1993), and the 

Forest Roading Manual, in planning new forestry 

developments and managing the forests. 

The responsibility for implementing the approaches listed 

above rests with both the local bodies and the forest 

industry. It is most important that forestry enterprises 

establish a good working relationship with their District or 

Regional Council so that planning of new forestry 

developments is based on solid information and mutual 

understandings. For instance, the Canterbury forestry 

fraternity has been working closely with Environment 

Canterbury to establish rules and policies for future forestry 

developments in Canterbury’s dry hill country to enable 

forestry to develop without serious impacts on water 

resources. Similar close working relationships are ongoing 

in many other regions including Waikato, Otago and 

Nelson – Marlborough. 
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An increasing interest by forest growers in obtaining forest 

management certification has led to the development of a 

set of certification standards for New Zealand plantation 

forests based on the Forest Stewardship Council’s Principles 

and Criteria. To meet the requirements of certification it 

will be incumbent on forest owners to achieve 

management standards relating to maintenance and 

protection of soil and water values. The adoption of the 

approaches outlined above will go a long way towards 

enabling forest owners to meet these requirements. 

Indigenous Forests 

A large part of New Zealand’s indigenous forest estate 

occurs in high rainfall mountain and hill country. Most of 

these forests are under the stewardship of the Department 

of Conservation. Many indigenous forest ecosystems are in 

a fragile state and are sensitive to human impacts, 

introduced animal browsing and environmental changes. 

Protecting the health, vigour and regenerative capacity of 

these forests is important for maintaining soil and water 

values. Introduced pests such as the Australian brush-tailed 

opossum, stoats, rats, goats, wasps and a number of plant 

species threaten these forests and have led to a serious 

decline in the health of large tracts of indigenous forest 

ecosystems. The most notable decline has occurred in the 

forests in the high rainfall mountain areas of Westland and 

in the North Island axial ranges leading to accelerated rates 

of erosion and sedimentation in streams. Although the 

decline in the health of some indigenous forests may not 

be fully understood, it is generally conceded that the 

control of opossums, stoats and rats is a prime requirement 

in the management of these forests. Lowering the 

populations of these pests to levels which enables forest 

ecosystems to recover and maintaining these levels is 

extremely expensive and, except for small "mainland 

island" areas and offshore islands, is probably beyond the 

capacity of the Department of Conservation using current 

control technologies. 

From the hydrological viewpoint, the maintenance of the 

generally high water quality of most of New Zealand’s 

major rivers and streams is closely linked with maintenance 

of the health and protective capacity of the indigenous 

forests which occupy large tracts of the headwaters of 

these rivers and streams. 

Management of lowland indigenous forests for timber 

production is restricted to privately owned forests including 

Maori-owned forests. There are about 300,000 hectares of 

forest suitable for sustainable timber production. 

Production from indigenous forests has reached an all time 

low of fewer than 20,000 m3. However, utilisation of some 

types of indigenous forests for timber production using 

modern management approaches would provide additional 

funding for pest control and other protection activities in 

indigenous forests without compromising forest ecological 

values or processes. 
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FOREST 
CERTIFICATION 
C Maunder – Timber Management Company 

Limited, Rotorua 

BACKGROUND 

The 1990s and early 2000s have seen increased emphasis 

on environmental management in the form of certification 

within the New Zealand forest industry. The systems- 

approach certification of ISO 14001 was taken up by many 

companies in the early to mid 1990s, but has been 

overshadowed by Forest Stewardship Council (FSC) 

certification – which is based more on performance than 

process – in recent years. 

The current dominance of FSC certification has not 

developed without difficulty. There was initially 

considerable opposition to FSC certification. Much of the 

industry elected for the relative ease of ISO 14001 

certification, but also commenced development of the 

industry’s own standard, Verifiable Environmental 

Performance (VEP). The belief that Environmental Non- 

Government Organisations (ENGOs) had too much 

leverage under schemes such as FSC certification led to 

this. 

The certification of Craigpine Timber Ltd and Rayonier 

Southland led the way for other companies such as  

Fletcher Challenge Forests to establish FSC as the 

predominant forest certification in New Zealand. As a result 

the industry began to recognise the value of FSC and VEP 

was replaced by a program to develop national standards 

aligned with FSC. 

At the present time, the management of over one-third of 

the plantation forest resource in New Zealand is FSC 

certified. The "National Standard for Certification of 

Plantation Forest Management in New Zealand" is in its 

second public consultation draft with the results due in 

2004. It is worthwhile noting that the forest owners with 

North American connections have largely been reluctant to 

take up FSC certification. This is mostly a reflection on their 

problematic relationship with FSC and ENGOs in North 

America. 

There are many other wood product certification labels 

available worldwide, but most of these are applicable only 

to the country(s) where they have been developed. Two 
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schemes developed through forest industry organisations 

but without universal ENGO support are the Pan European 

Forest Certification Council (PEFC) and the North American 

Sustainable Forest Initiative (SFI). These schemes have a 

similar or larger scale of certified forests to FSC but have 

not been sought in New Zealand to date. 

While various schemes have played their role in the 

development of forest certification in New Zealand, FSC 

has dominated. This article therefore concentrates on FSC 

certification. 

FOREST STEWARDSHIP COUNCIL 

CERTIFICATION 

International boycott campaigns on rainforest timbers in 

the late 1980s resulted in the need to provide an 

alternative and creditable supply of timber (Rosoman 

2003). As a result the FSC was founded in 1993. It is 

divided into three controlling chambers: economic, social 

and environmental (in New Zealand a fourth chamber for 

Maori has been established) and is now managed from 

Bonn in Germany. 

FSC certification is an international labelling scheme for 

forest products, which provides an independent and 

credible guarantee that the products come from forests 

that have been managed in accordance with the FSC 

Principles and Criteria. In FSC terms this verifies that the 

forest products come from a "well managed forest". To 

uphold environmental credibility it is supported and 

promoted internationally by the World Wildlife Fund, 

Greenpeace, Friends of the Earth and many other 

prominent ENGOs. 

The FSC Mission Statement is: 

"The Forest Stewardship Council shall promote 

environmentally appropriate, socially beneficial and 

economically viable management of the world’s forests". 

The FSC promotes 10 Principles, each with several Criteria. 

All Criteria must be complied with to hold FSC 

certification. The 10 Principles (number of Criteria in 

brackets) are: 

> COMPLIANCE WITH LAWS AND FSC PRINCIPLES (6) 

> TENURE AND USE RIGHTS AND RESPONSIBILITIES (3) 

> INDIGENOUS PEOPLES' RIGHTS (4) 

> COMMUNITY RELATIONS AND WORKERS’ RIGHTS (5) 

> BENEFITS FROM THE FOREST (6) 

> ENVIRONMENTAL IMPACT (10) 

> MANAGEMENT PLAN (4) 

> MONITORING AND ASSESSMENT (5) 

> MAINTENANCE OF HIGH CONSERVATION VALUE 

FORESTS (4) 

> PLANTATIONS (9) 

Over 40 million hectares of forest have been certified by 

FSC through 566 certificates in 58 countries (as at 2 

December 2003). The total area of FSC certified forest in 

New Zealand was 714,682 ha as at 2 December 2003. This 

has been dominated by the certification of plantations with 

only one indigenous forest management certificate to date 

(Gowan Hill Trust). Table 1 shows the breakdown of FSC 

certified area. 

BENEFITS OF CERTIFICATION 

Certification gives environmental verification that provides 

opportunities for market access and price premiums on 

forest products. International surveys indicate that 

customers are willing to pay between a 5 and 7 percent 

premium for environmentally certified products (Palmer 

2002). However, in reality FSC certification does not 

normally entertain a price premium for New Zealand log 

sellers. While there have been examples of price premiums 

being paid for certified logs the main benefit is clearly 

market access (Richardson 2003, Gilmore 2003, Maunder 

2002). For example a university study in Canada compared 

consumer demand for similar pieces of plywood in a Home 

Depot store. When the price was the same, the FSC 

certified product outsold the non certified three to one but 

when the FSC certified product was 2 per cent more 

expensive, the non-FSC certified outsold it two to one 

(source: FSC comments). 

Other benefits that forestry companies have obtained from 

certification include reduction in environmental risk, 

improved environmental culture (Gilmore 2003), a greater 

 
Company Certificate Number Area* Comments 

Blakely Pacific Ltd SGS-FM/COC-1493 24,206 Plantation 

City Forests Ltd SGS-FM/COC-0549 15,845 Plantation 

Craigpine Timber Ltd SGS-FM/COC-0096 3,593 Plantation 

Ernslaw One Ltd – South Island SGS-FM/COC-1037 29,919 Plantation 

Ernslaw One Ltd – North Island SW-FM/COC-1038 38,874 Plantation 

Evergreen Forests Ltd SW-FM/COC-272 26,193 Plantation 

Fletcher Challenge Forests Ltd SCS-FM/COC-00027P 170,294 Plantation 

Gowan Hill Trust SW-FM/COC-107 551 Natural 

NZ Forest Managers Ltd SGS-FM/COC-1016 48,462 Plantation 

Pan Pac Forest Industries Ltd SGS-FM/COC-0850 42,958 Plantation 

PF Olsen and Company Ltd SW-FM/COC-190 5,087 Plantation Group Scheme 

Selwyn Plantation Board Ltd SW-FM/COC-273 13,448 Plantation 

Timber Management Company Ltd SCS-FM/COC-00059P 189,560 Plantation 

Timberlands West Coast SGS-FM/COC-0763 51,025 Plantation 

Wenita Forest Products Ltd SGS-FM/COC-0831 29,720 Plantation 

Winstone Pulp International Ltd SGS-FM/COC-0905 24,947 Plantation 

 

* The FSC representation of certified area reflects land title area, not the productive area of plantation. 

Table 1: FSC Certified Area in New Zealand (Dec 2003). 
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understanding of effects on the wider environment, and 

improved stakeholder relations (Richardson 2003) in 

particular with iwi. 

WHO CERTIFIES? 

FSC certification is undertaken by independent third party 

certifying bodies. Table two provides detail on the three 

certification bodies and their local representatives currently 

operating within New Zealand. 

 
 
 
 
 
 
 
 
 
 
 
 

Table 2: FSC-Accredited Certifying Bodies Operating in New Zealand. 
 

TYPES OF FSC CERTIFICATION 

Two types of FSC certification are available to the forest 

owner: 

Resource Manager 

FSC certification applies to the forest management and 

therefore the resource manager obtains the certificate. The 

resource manager can be the owner and manager or a 

contract manager. A contract manager can have multiple 

forests under different ownership producing certified logs 

under their certificate. Resource manager certification is 

the most common in New Zealand and worldwide. 

Group Scheme 

Individually managed forests can pool together under an 

umbrella organisation, the Group Manager, who holds the 

certificate. In this case the Group Manager does not 

undertake the forest management, but must ensure that 

Group Members (the forests in the scheme) meet FSC 

requirements. This is usually undertaken through provision 

of materials and services such as an environmental 

management system, template forest management plan, 

forms, checklists and compliance audits (Maunder 2002). 

The group scheme concept has been developed to provide 

a cost effective mechanism for smaller forest owners to 

obtain certification. PF Olsen and Company Limited 

developed the first and so far only certified group scheme 

in New Zealand. Other group schemes are currently under 

development. 

WHAT IS REQUIRED TO ATTAIN FCS 

CERTIFICATION? 

Standards 

To obtain and maintain FSC certification the forest 

manager must develop an Environmental Management 

System that complies with the FSC Principles and Criteria 

as interpreted through the local standards. Local standards 

can either be an FSC-compliant National Standard or in its 

absence interim standards developed by the certifying 

agency. 

Audits 

Auditing is an integral component of FSC certification and 

is generally undertaken in three stages: 

1. A preliminary evaluation to determine the 

preparedness of the forest management for 

certification. The resulting report allows the forest 

manager to focus development on areas of weakness. 

2. Once the shortfalls in the preliminary evaluation are 

addressed a full assessment is undertaken to determine 

if the forest manager meets certification standards. The 

assessment results are independently reviewed and if 

successful a certificate is issued, usually within three 

months of the assessment. 

3. Annual audits are then undertaken, with the first being 

six months after the certification date. An intensive 

review assessment is undertaken at five-yearly intervals. 

An assessment report is issued with Corrective Action 

Requests (CARs) at three levels of compliance (Hock & Hay 

2003): 

1. Pre-conditions or major CARs are issued where there is 

a major deficiency in the area identified. Pre-conditions 

must be cleared before the forest manager can be 

certified or maintain certification. 

2. Minor CARs are issued where performance must be 

improved to meet the certification requirements, but is 

not a limiting factor in issuing the certificate. A 

deadline for completion is given, which is often the 

date of the next audit. 

3. Recommendations are issued where improvements 

could be made that are not essential to certification. 

Environmental  Performance 

While FSC certification has brought a host of new or 

heightened issues to the table, forest managers have been 

required to improve their environmental performance in 

general. In particular certification has seen increased 

responsibility for the management of chemicals, reserves, 

rare and endangered species, biodiversity, landscape-level 

impacts, integrated pest and weed management and 

clearcut size (Gilmore 2003, Hock & Hay 2003, Rosoman 

2003). 
 

 

Photograph 1: More emphasis is being placed on the management 

of rare and endangered species found within the forest estate, such 

as this New Zealand Falcon perched on some logging slash. Photo 

courtesy of James Powrie. 

Consultation and Social Responsibility 

One component that sets FSC aside from many other 

certification schemes is the emphasis on stakeholder 

consultation. In the FSC context stakeholders include 

indigenous people (Maori groups), conservation authorities 

(DOC), neighbours, ENGOs and forest users (Hock and Hay 

2003). The social responsibilities required of FSC are much 

broader and more intense than foresters have experienced 
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Agency NZ Representative Comment 

Scientific 

Certification 

Systems (SCS) 

Forest Research North American 

based 

SGS Qualifor Forme Consulting 

Group 

Europe / United 

Kingdom based 

SmartWood Agriquality Certifying arm of 

the Rain Forest 

Alliance 

 



under the Resource Management Act, Health and Safety in 

Employment Act or other statutory requirements 

(Richardson 2003). For example foresters must now 

undertake in-depth social impact assessments for actions 

that may affect social wellbeing, such as contractor 

redundancies, major restructures and sale of large forest 

estates. 

FSC Chain of Custody 

Chain-of-custody tracking of the logs and wood products 

from source to market is an essential component of FSC 

certification. This means that the forest grower, processor 

and exporter must all have FSC chain-of-custody 

certification. The wood product will lose the FSC label at 

any break in the chain. This topic is covered further in 

Section 8.6. 

COSTS OF FSC CERTIFICATION 

The costs of certification appear to vary considerably and 

depend on scale or resource, complexity of issues and what 

costs are actually accounted for. A recent unpublished 

study undertaken in New Zealand found the cost of FSC 

certification ranged from $0.5/ha to $5/ha. In reality the 

cost is likely to be significantly higher. For example Gilmore 

(2003) puts the cost of Pan Pac’s certification at $300,000 

(excluding staff time) for 32,500 productive hectares. This 

equates to around $9.20/ha. 

In the case of a large resource such as Kaingaroa and allied 

forests the cost of certification is estimated at around 

$3/ha initially with a similar annual cost. This includes 

direct costs, staff costs and FSC-generated projects, but 

does not account for any diminished productivity or loss of 

productive land. 

Under the Olsen Group Scheme the cost of certification 

depends on the size of the forest and volume of certified 

logs produced (Maunder 2002) as shown in Table 3. Each 

Group Member must also meet the cost of complying with 

the group scheme requirements at the forest level. 

 
Category Cost (excl. GST) 

Joining fee, manual and checklists $500 

Initial audit plus SmartWood audit $1,500 

Annual Fee $500 

Forest Products Fee $0.50/tonne sold 

into FSC chain of 

custody 

Annual Area Fee $5/ha for every ha 

over 100 ha 

Table 3: Cost summary of the Olsen Group Scheme. 

Under this group scheme a 100 ha forest would cost 

$2,000 ($20/ha) to certify and $500 ($5/ha) for annual 

fees, plus the forest product fee if harvesting is being 

undertaken. The costs of forest-level compliance 

undertaken by the Group Member may be up to double 

those of the group membership fees. 

National Standards 

FSC is a global certification scheme that is interpreted at a 

local or regional level. In order to account for local and 

regional conditions FSC promotes the development of 

national or regional standards. Standards must involve 

wide consultation and are co-ordinated by members of 

each chamber. 

At a national meeting in 2001 it was decided to develop a 

set of New Zealand standards that were aligned with FSC 

but also designed to potentially meet other certification 

scheme requirements. Owing to the differences between 

plantation and indigenous forest management in New 

Zealand and the lack of ENGO support towards indigenous 

forest production two separate standards are being 

developed: 

1. Plantation – These standards are well advanced with 

submissions recently completed on the second public 

draft. Resolution on reserve area contribution and a 

few other matters is required before being submitted 

to FSC for endorsement. 

2. Indigenous – The indigenous standards are stalled 

owing to the lack of support from the environment 

chamber. It is hoped that these standards will gain 

momentum once the plantation standards are 

endorsed. 

FUTURE OF CERTIFICATION 

The future of environmental and in particular FSC 

certification remains uncertain. Much will depend on ENGO 

pressure towards retailers creating market opportunities for 

certified wood products. The ratification of the national 

standards will play a big role, but in the final analysis the 

certification decision comes down to a simple cost-benefit 

analysis by the forest manager. 

Current global trends suggest that certification will be a 

valuable market access tool in at least the medium term. 

Whether this means FSC or an alternative label, only time 

will tell. 
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SUSTAINABLE 
FOREST 
MANAGEMENT 
D Wijewardana – Ministry of Agriculture and 

Forestry 

BACKGROUND 

Forests perform many functions ranging from providing 

wood to protecting biological diversity. However, the 

emphasis at any particular time depends on society’s 

perceptions and expectations. For instance in the 19th 

century in New Zealand the main focus was on forests as a 

source of wood for building houses and ships. Their value 

was seen as relatively low compared with the alternative 

land use, which was agriculture. The result was the  

clearing of tracts of forest and the establishment of large- 

scale farms. But the exploitative and wasteful logging for 

timber and clearing of forests for farming led to resource 

surveys and moves to protect the remaining natural forests. 

The appointment of a Royal Commission on forests in 

1913, followed by the establishment of the State Forest 

Service, was the result of government response to 

changing values of society. Experimentation with growing 

introduced timber species also led to the creation of 

planted forests by both the newly formed Forest Service 

and by private companies. In more recent times changing 

policies of the Government, and further changes in 

society’s expectations, have reduced the role of State. This 

resulted in the sale of state-owned planted forests and 

conservation of the remaining natural state forests. 

Global developments have influenced policy in most 

countries in recent years. For instance in the 1980’s the 

alarming loss of tropical forest cover, estimated at over 12 

million hectares per year, became a major global concern. 

One of the key factors behind the UN Conference on 

Environment and Development (UNCED), that led to the 

Earth Summit of 1992, was the need to find ways to stem 

this destruction of forests. 

The Earth Summit in Rio de Janeiro brought together the 

largest ever gathering of world leaders who endorsed a 

number of conventions and agreements to address some 

key environmental issues facing the world. These included: 

> The Rio Declaration on Environment and Development 

> A statement of principles to guide the management, 

conservation, and sustainable development of all types 

of forests (Forest Principles) 

> Agenda 21 

> United Nations Framework Convention on Climate 

Change 

> The Convention on Biological Diversity 

It was the first time in history that the international 

community came together to address a variety of 

environmental issues in a comprehensive way. It marked a 

major change in global perception of the role of forests 

and the need to protect the environment. 

SUSTAINABLE FOREST MANAGEMENT 

Each of these conventions and instruments addressed a 

different element affecting the global environment. But 

there was a common thread that ran through all of them 

which gained international prominence in the years that 

followed. That was the concept of "sustainable 

development" which related to forests as "sustainable 

forest management" (SFM). Sustainable management is  

not a new concept. For many centuries people have used 

resources sustainably. It became an issue in more recent 

times with the rapid increase in world population which led 

to the growing increase in consumption when most natural 

resources had finite limits. Modern technology facilitated 

greater exploitation of the earth’s natural resources, easing 

short-term pressures, but in the process magnifying long- 

term impacts. 

The United Nations Conference on Human Environment 

held in Stockholm in 1972 was perhaps the first 

international forum that introduced the idea of sustainable 

development as a way of dealing with the environmental 

dilemmas that faced the world. It has since been 

popularised globally by the report of the World Commission 

on Environment and Development (WCED), Our common 

future. In this report, sustainable development is defined as 

"economic development that meets the needs of the 

present without compromising the ability of future 

generations to meet their own needs" (WCED 1987). There 

are many variations of this definition in describing SFM but 

the basic theme in all of them remains the same. 

Forests represent a unique situation in terms of global 

environmental issues. Physically, they are located within the 

territories of sovereign states, yet their environmental role 

extends beyond their borders. For example, the 

management, or mismanagement, of watershed forests of 

international rivers has transboundary implications in terms 

of soil and water conservation in neighbouring countries. 

Similarly, airborne pollutants generated in one country may 

be transported across the boundary and cause forest 

decline in others. The role of forests in global ecological 

cycles highlights the environmental significance of forests 

beyond the boundaries of the nations where they are 

located. In this context, they are being viewed as global 

commons similar to the atmosphere and oceans (Maini 

1992). 

For centuries forest management has been guided by the 

‘sustained yield’ principle. It is mainly concerned with 

managing the forest in such a way as to provide a perpetual 

flow of timber. It contains some elements of sustainable 

forest management (especially economic) and served the 

needs of society for most of the past three centuries. 

However, it did not cover the concept of SFM as it is 

defined today, which comprises not only the economic 

aspects but also social and environmental values. The 

change also represents the better understanding of 

ecological processes and their application to forest 

management. SFM can be illustrated graphically as shown 

in Figure 1. 

The three pillars of SFM are economic, environmental and 

social values. These three intersect and it is only when forest 

management achieves all its components that SFM is 

achieved. 

Since the Earth Summit in 1992 the United Nations, a 

number of other international bodies, and the private sector 

have taken many initiatives to promote SFM. These include 

the Food and Agriculture Organisation of the United  

Nations (FAO), International Tropical Timber Organisation 

(ITTO), United Nations Environment Programme (UNEP), The 

Convention on Biological Diversity (CBD), The Centre for 

International Forest Research (CIFOR) as well as private 

sector organisations. The lead on these has been taken by 

the United Nations to develop coherent policies to promote 

SFM. 

 
 

64  SECTION 4 – FORESTS AND THE ENVIRONMENT 

SECTION 4.6 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: British Forestry Commission, 2003. 

Figure 1: Sustainable forest management. 

The Intergovernmental Panel on Forests (IPF), from 1995 - 

1997, and the Intergovernmental Forum on Forests (IFF) 

from 1997 - 2000, both under the auspices of the United 

Nations Commission on Sustainable Development, 

examined a wide range of forest-related topics over a five- 

year period. Key outcomes of the deliberations under these 

two processes were in the form of more than 270 

proposals for action towards sustainable forest 

management. The UN Forum on Forests was established in 

2000 as part of a new international arrangement on 

forests, building on the IPF and IFF processes. A major 

achievement of this process is the coming together of all 

international organisations and instruments dealing with 

forest management to co-ordinate their efforts through the 

Collaborative Partnership on Forests (CPF). 

At the same time FAO and ITTO (in particular among 

international organisations) took major steps to promote 

SFM. Following from these the World Business Council for 

Sustainable Development, among other industry 

organisations, also commenced initiatives to promote 

sustainable industry. In short the last decade of the 20th 

century could be termed the "decade of sustainable 

development". 

One of the generally accepted current definitions of SFM is 

that it is 

"the process of managing forest to achieve one or 

more clearly specified objectives of management with 

regard to the production of a continuous flow of 

desired forest products and services without undue 

reduction of its inherent values and future 

productivity and without undue undesirable effects 

on the physical and social environment." (ITTO "Criteria 

and  Indicators  for  Sustainable  Management  of  Natural 

Tropical Forests" 1998). 

This definition of SFM is sound and simple but there are at 

least two problems: 

a) It is a theoretically consistent definition but it cannot 

help identify when a country in fact achieves SFM, and 

b) It does not give any guidelines to the practising 

forester on what actions they should take in managing 

their patch of forest to achieve SFM. 

A way to address a) is to establish standards of 

performance or values for each of the aspects of SFM. For 

instance if social equity is one of the objectives of SFM as 

shown in the above diagram you have to first define what 

social equity is, maybe in terms of a required minimum 

predetermined level of income, access to critical services 

etc. When the values for all the components of SFM are 

 
met, it can be said that sustainability has been achieved. 

However, it needs to be noted that no country at this stage 

has assigned such values. Obviously the values will vary 

between countries. As such the benchmarks for achieving 

SFM will vary between countries. A new tool to address b) 

above has emerged which is rapidly gaining international 

acceptance. 

Criteria and Indicators for Sustainable Forest 

Management 

Criteria and indicators (C&I) for SFM can be used to 

provide a practical interpretation of SFM as well as to 

provide a framework to implement SFM. A criterion is a 

category of conditions or processes by which sustainable 

forest management may be assessed. So far seven such 

common elements have been identified ranging from 

economic goods and services to biological diversity and 

water and soil protection. A criterion is characterised by a 

set of related indicators, which are monitored periodically 

to assess change. An indicator is a measure of an aspect of 

the criterion. It can be quantitative or qualitative and can 

be measured or described. The main usefulness of 

indicators is that when observed periodically they can 

demonstrate a trend. Figure 2 illustrates this. 
 

 

Figure 2: The main components of sustainable forest management. 

It is to be noted that (unlike when the ‘sustained yield’ 

criterion was the main guiding principle in forest 

management) there are now six other criteria that need to 

be met if sustainable forest management is to be achieved. 

When values of all indicators for all seven criteria are 

assessed over a period of time they can indicate whether a 

country is moving towards, or away from, SFM. They still 

cannot indicate whether a country has achieved SFM. For 

that, data on indicators need to be prepared with pre-set 

performance criteria. 

The first internationally recognised set of C&I was 

developed by the ITTO in 1992. Since then there have been 

eight other sets of forest related C&I developed by 

international and regional groups of countries. It is 

estimated that approximately 150 countries now subscribe 

to one of the C&I processes (Table 1). 
 

1992 ITTO C&I 

1994 MCPFE ("Pan-European"/"Helsinki" Process) 

1995 Montreal Process 

Tarapoto Proposal 

Dry Zone Africa 

1996 ATO Principles, Criteria and Indicators (PC&I) 

1996 Near East 

1997 Lepaterique - Central America 

1999 Dry Forest Asia 

Source: International Conference on the Contribution of Criteria 

and Indicators for Sustainable Forest Management, Guatemala, 

2003. 

Table 1: Current international and regional C&I processes. 
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Although C&I is a powerful tool to define and implement 

actions to achieve SFM, most countries are still at an early 

stage in implementing them. The pan-European and the 

Montreal Processes have produced the first assessment 

reports recently. But they provide only benchmark figures 

for a few selected criteria. Many countries are in the 

establishment phase and it will be several years before 

useful data emanates from the C&I process. There are 

some countries which do not belong to any C&I process. 

However, the fact that there is widespread interest and 

support for C&I suggests countries are now more keen 

than ever to implement SFM. There is considerable support 

for country initiatives mainly from international 

organisations such as the FAO and ITTO. 

Certification 

Implementing SFM through C&I has been taken one step 

further through another tool that is fast becoming popular 

among countries and forest owners. This is certification. 

Under this, a certificate is issued once internationally 

agreed guidelines on forest management have been met, 

indicating that the particular consignment of wood that is 

certified comes from trees grown and harvested in an 

environmentally and socially responsible manner. Timber 

certification and labelling (C&L) of this nature will not 

ensure achievement of SFM since the requirements for the 

two are different. However, C&L creates an interface 

between trade, environmental and social elements - the 

same elements upon which SFM is based. C&L are market- 

based instruments considered as soft policy tools, but they 

need to be voluntarily instituted in order to be meaningful 

and beneficial and avoid possible implications in relation to 

WTO rules. There are a few global providers of 

certification, the foremost among them being the Forestry 

Stewardship Council (FSC). 

There are also other tools that countries are using to 

implement SFM. Foremost among these are national forest 

programmes. Most countries have these programmes as 

the key mechanism within which all forest policy 

development and implementation are co-ordinated. But 

there are a few countries, notably New Zealand and the 

United States, which do not have designated programs. In 

these countries forest policy development is based on a 

range of legislative enactments, some of which cover more 

sectors than just forestry. 

Major progress has been made towards achieving SFM 

during the past ten years. But a scourge rapidly growing in 

a number of countries threatens this progress. This is large- 

scale illegal logging. The international community has been 

slow in responding to this, and so far it has continued 

unabated. Fortunately, there is a gathering political 

commitment from a number of countries to deal with the 

problem. 

SFM in New Zealand 

New Zealand’s approach to SFM includes a combination of 

measures. At a legislative level the foremost enactments 

are the Resource Management Act 1991 relating to all 

natural resources and the 1993 Amendment to the Forests 

Act 1949 which deals with privately owned indigenous 

forests. The Resource Management Act defines sustainable 

management as: 

"Managing the use, development, and protection of 

natural and physical resources in a way, or at a rate, which 

enables people and communities to provide for their social, 

economic, and cultural wellbeing and for their health and 

safety while 

(a) Sustaining the potential of natural and physical 

resources (excluding minerals) to meet the reasonably 

foreseeable needs of future generations; and 

(b) Safeguarding the life-supporting capacity of air, water, 

soil, and ecosystems; and 

(c) Avoiding, remedying, or mitigating any adverse effects 

of activities on the environment." 

According to the 1993 amendment to the Forests Act 

sustainable forest management means: 

"The management of an area of indigenous forest land in 

a way that maintains the ability of the forest growing on 

that land to continue to provide a full range of products 

and amenities in perpetuity while retaining the forest's 

natural values". 

The principal legislation that governs the management of 

New Zealand’s 1.8 million hectares of planted forests is the 

Resource Management Act. Of New Zealand’s 6.4 million 

hectares of indigenous forest the Crown is the major forest 

owner. Through the Department of Conservation it 

manages about 77 percent of the national estate for 

conservation, heritage and recreational purposes. 

Of the 1.4 million hectares of indigenous forest in private 

ownership, around 250,000 hectares could potentially 

come under sustainable management plans and permits 

with an annual log harvest volume of around 250,000 

cubic metres. Sustainable management of these forests is 

promoted through Part IIIA of the Forests Act by: 

> requiring private owners wishing to harvest and mill 

indigenous timber to manage their forests sustainably 

through sustainable management plans and permits; 

> controlling the indigenous timber input to sawmills; and 

> controlling exports of indigenous timber and timber 

products. 

The Ministry of Agriculture and Forestry is responsible for 

approving sustainable management plans and issuing of 

permits. Currently around 100,000 hectares of indigenous 

forests are covered by plans and permits with an approved 

annual log harvest of 63,000 cubic metres. At present 0.3 

percent (59,000 cubic metres per annum) of New Zealand’s 

total forest production is harvested from indigenous  

forests. 

At the time of writing (2004) there is a process in train to 

develop national forest management standards. This 

development is founded on the FSC criteria and standards. 

Once in place the standard could be used as a basis for 

awarding forest certification. This initiative covers both 

planted forests and privately owned indigenous forests. 

Many planted forest owners have obtained FSC 

certification prior to the negotiation of a national standard. 

Certification is not the same as SFM since they have 

somewhat different criteria. 

New Zealand belongs to the Montreal Process (MPCI) in 

implementing C&I. It is one of 12 countries in this Process, 

which produced its first combined Forest Overview Report 

in 2003. MPCI is one of the two advanced processes (Pan- 

European Process is the other) and yet finds it has a long 

way to go before data for all indicators will be available. 

The Ministry of Agriculture and Forestry is responsible for 

Montreal Process implementation in New Zealand. 

CONCLUSION 

Sustainable forest management gained prominence as the 

objective of forest management following the Earth 

Summit of 1992. It involves optimising forest management 

in at least seven elements compared with the single 

objective, the ‘sustained yield’ criterion, which guided 

forest management over the past three centuries. Over the 

past ten years the United Nations, several other UN bodies, 

and the private sector have initiated a range of initiatives  

to implement SFM. UN bodies involved now co-ordinate 

their efforts through a Collaborative Partnership on Forests. 

Many tools have been developed to implement SFM. These 

include C&I, national programs, and certification and 
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labelling. Many countries have accepted the need for SFM 

and adopted some of these tools to implement it, but in 

the majority of countries all these processes are in their 

infancy. It will take many years before they begin to bear 

fruit in a tangible way. A major scourge that has tended to 

counter the progress made so far is the emerging large- 

scale illegal logging in a number of countries. 

New Zealand has taken a number of initiatives towards 

SFM. These include legislative enactments, a range of 

policy initiatives, agreements between stakeholders, and 

implementing C&I and certification. 

There is no doubt that SFM is here to stay. Countries that 

take measures to implement it early will also reap early 

benefits. 
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BACKGROUND 

The Third Assessment Report by the Intergovernmental 

Panel on Climate Change provides clear evidence that the 

earth’s climate system has changed since pre-industrial 

times, and that most of the warming over the last 50 years 

has been caused by human-induced emissions of 

greenhouse gases. It reports that warming is expected to 

continue over the next 100 years, with an increase in 

average temperature of between 1.4 and 5.8˚C. This is 

between two and ten times larger than the warming 

observed in the 20th century, and could be higher than  

any estimated in the past 10,000 years. Human actions will 

affect whether and when these projections are realised. 

Human responses include two international agreements 

directly addressing the threat of climate change. New 

Zealand is a party to the United Nations Framework 

Convention on Climate Change (UNFCCC), and ratified its 

subsidiary agreement, the Kyoto Protocol, in December 

2002. The Protocol was expected to come into force 

internationally in 2003, following ratification by Russia, but 

this has yet to occur. 

The UNFCCC has the objective of ultimately stabilising the 

concentration of greenhouse gases in the atmosphere. It 

states that parties to the UNFCCC should limit 

anthropogenic emissions (sources) and promote 

conservation and enhancement of sinks and reservoirs of 

greenhouse gases, including forests and other terrestrial, 

coastal and marine ecosystems. It requires monitoring and 

regular reporting of sinks, sources and reservoirs, defining 

these terms as follows: 

> A sink is any process, activity or mechanism which 

removes a greenhouse gas, an aerosol or a precursor to 

a greenhouse gas from the atmosphere. 

> A source is any process, activity or mechanism which 

releases a greenhouse gas, an aerosol or a precursor to 

a greenhouse gas into the atmosphere. 

> A reservoir is a component of the climate system 

where a greenhouse gas is stored. 

The Kyoto Protocol aims to reduce overall emissions from 

developed countries by at least 5% below 1990 levels in 

the first commitment period of 2008-2012, assuming that 

all the signatory parties ratify it. If the USA and Australia  

do not ratify, as is currently their intention, the reduction 

may be less. Parties to the Kyoto Protocol with binding 

commitments (including New Zealand) can use a range of 

means to meet their obligations, including controls on 

greenhouse gas emissions, the use of carbon sinks, and 

international emissions trading. Article 2 of the Kyoto 

Protocol identifies possible policies and measures for Parties 

to implement to promote sustainable development as well 

as making emissions reductions. 

Forest sink ‘credits’ are measured as stock changes over the 

first commitment period, not in all forests, but only in so- 

called ‘Kyoto forests’. These are largely forests that have 

been established since 1990 as a result of afforestation and 

reforestation. In other words, the net change in carbon 

stocks resulting from growth minus losses e.g. harvesting 

and fire, are ‘counted’. Carbon stock changes on land 

subject to deforestation since 1990, regardless of the year 

of forest establishment, must also be accounted for. 

‘Deforestation’ is distinguished from harvesting because  

the former involves a land use change to a non-forest use. 

Changes in carbon stocks in forests established before 

1990 can be accounted for under a separate "Forest 

Management" category, if elected by the Party. 

Parties are required to account for all changes in the 

following carbon pools: above-ground biomass, below- 

ground biomass, litter, dead wood, and soil organic carbon, 

unless transparent and verifiable information is         

provided that the pool is not a source. Stocks, stock 

changes and emissions/removals are estimated according to 

the approaches and methods described in IPCC 2003. 

 
 

 

SECTION 4 – FORESTS AND THE ENVIRONMENT  67 

SECTION 4.7 

http://www.forestry.gov.uk/
http://www.maf.govt.nz/


FORESTRY SINKS AND SOURCES 

IN NEW ZEALAND 

The Ministry for the Environment has reported to the 

UNFCCC that the land use change and forestry sector sink 

was equivalent to 33% of all greenhouse gas emissions in 

2001. Net removals of CO2 from the atmosphere in 2001 

were almost 10% above net removals in 1990, indicating 

the sink has been increasing in magnitude. For this sink to 

continue, let alone increase further, there would have to be 

either a continued increase in the carbon stock (related to 

biomass or standing volume) per hectare, and/or a 

continued increase in the area of forest. The government 

has committed to quantifying and reporting sources and 

sinks of greenhouse gases and to the development and 

implementation of a carbon accounting system. This will 

include all forests, indigenous and exotic, as well as 

reverting shrublands. 

Afforestation in New Zealand usually occurs on pasture. 

The establishment of a stand of pines on grassland will 

tend to increase the total quantity of carbon on site by 

approximately 250 tonnes/ha over one rotation of 25-30 

years (Maclaren 2000). While carbon increases in the 

majority of carbon pools, there is a relatively small decrease 

in the carbon content of the surface mineral soil during the 

first rotation of pine and a redistribution of surface mineral 

soil carbon to below 30cm depth following harvest 

disturbance (Oliver et al. 2004). Although there are 

fluctuations in the on-site carbon of each stand, over time 

the carbon stock of a forest will be substantially higher 

than in a grassland. Plantations in New Zealand retain a 

long-term average carbon stock of around 120 tonnes/ha 

taking harvesting into account, whereas New Zealand 

indigenous forest typically contains 150-200 tonnes/ha 

(Green et al. 2003). 

While forests are sinks in their establishment phase, as the 

standing volume stabilises (e.g. in a ‘normal’ forest 

containing equal areas of each age class) the forest 

becomes a carbon reservoir. When stands are harvested, 

the carbon is transferred into the products pool, or into 

waste that might be burned or left to decay releasing the 

carbon as CO2, or CH4 in anaerobic conditions (e.g. some 

landfills). Under the carbon accounting rules, the default 

assumption is that all stemwood carbon in harvested 

stands is oxidized and emitted at the point of harvest. 

There is ongoing debate about how emissions from 

harvesting and wood products are, or will be, included 

(Ford-Robertson 2003). It is an important issue for New 

Zealand since two-thirds of the harvested carbon is 

exported, and therefore the carbon is not emitted in New 

Zealand, even though New Zealand reports the emissions. 

This fails to meet the objective of producing accurate 

national inventories that best represent when and where 

emissions occur. 

As well as the assumed emissions, there is an energy cost 

associated with forest harvesting and processing. The 

harvesting and transport energy demands are relatively low 

compared with processing, but these vary widely in 

different situations and the type of fuel used affects the 

quantity of emission. For example in New Zealand, 

chemical pulp uses approximately 35 GJ/t whereas sawn 

timber uses 2 GJ/m3, and chemical pulp generates almost 

90% of its energy internally using biomass, and sawn 

timber tends to be around 50% self-sufficient. Energy from 

biomass is assumed to be ‘carbon-neutral’ in that it emits 

CO2 that was recycled from the atmosphere, and the 

emissions are already ‘counted’ at harvest. The emission of 

fossil carbon estimated for each product is highly 

dependent on the emission factor used for electricity. The 

means to calculate the emissions per unit of electricity in 

New Zealand are currently being established. They could be 

based on particular generation sources if these can be 

identified, or some form of average of all generation 

sources supplying the national grid. Using a New Zealand 

average value, pulp and paper plants emit 0.1 – 0.2 tonnes 

of carbon per tonne of product, whereas sawn timber and 

panels tend to be in the range of 0.01 – 0.02 tonnes. 

Each wood or fibre product will release its carbon back to 

the atmosphere over time, with the duration determined  

by the use. For example some carbon will be in long-lasting 

products such as furniture or building components. The 

carbon in sawdust or used in paper is likely to persist for a 

shorter period, but if waste wood or fibre is used for 

energy it can avoid, and perhaps reduce, the release of 

carbon from fossil fuels. This is known as direct fossil fuel 

substitution. Indirect substitution also occurs: 

manufacturing a wooden product means a similar product 

made from another material is not produced. Since other 

materials tend to be more energy intensive than wood, 

each wood product is said to reduce fossil carbon 

emissions. 

A highly positive carbon balance would result from a forest 

sector using fast-growing species that create a powerful 

carbon sink, can retain high biomass, and yield durable 

timber suitable for long-lived products. If the end-products 

do not require protective treatment or finishes, then there 

is the potential for bioenergy use after they have served a 

useful life. Waste from harvesting and milling operations is 

fed into combined heat and power units that make the 

sector a net energy exporter. Having all forests and 

processing operations located near each other minimises 

transport emissions. Since the Kyoto Protocol also aims to 

promote sustainable development, it would encourage 

aspects other than carbon balance alone to be considered. 

The future location and form of the forest industry will 

determine how emission sources change as the available 

harvest increases. Export of unprocessed logs will tend not 

to increase emissions, except possibly in the transport 

sector. Investment in large, capital and energy intensive 

pulp and paper plants would greatly increase processing 

emissions, although there are opportunities to increase the 

bioenergy component of energy supply. A focus on 

sawmills and added-value processing in forested areas, 

using wastes for combined heat and power production, 

could minimise investment requirements and reduce 

emissions by minimising transport distances and exporting 

energy. 

Climate change and energy are two topics being 

considered by committees within the government/industry 

Wood Processing Strategy initiative. 

NEW ZEALAND POLICY IMPLICATIONS 

FOR FOREST INDUSTRY 

Cabinet papers note that "New Zealand’s primary objective 

is to meet its obligations in a way that demonstrates 

integrity and leadership". They recognise "Reducing 

emissions from business will involve direct costs on  

business and consumer, and will lead to some indirect costs 

from economic restructuring and job losses. Some 

restructuring may be desirable from an environmental 

perspective to shift the economy away from activities 

involving high emissions". Furthermore, they note that 

some proportion of the additional ‘credits’ from sinks 

should accrue to those undertaking the activities, and that 

New Zealand has given international assurances that it will 

"not shield its domestic emitters" by using sink credits to 

offset emission increases. 

The key criteria used for setting policy in New Zealand are 

economic efficiency, equity, feasibility, environmental 

integrity and competitiveness. The principal elements of 

the national response have been established although 

there are some issues yet to be resolved. Plantation sinks 

are a crucial element in the policy mix. It has been 
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estimated that eligible plantation sinks in New Zealand will 

sequester over 110 million tonnes of CO2 over the first 

commitment period 2008-2012 (MfE 2002). Over the same 

period, the increase in emissions is estimated to be 50 - 75 

million tonnes above our target ‘assigned amount’ of 365 

million tonnes. This means that the sink, primarily from 

plantations established since 1990, exceeds the increase in 

emissions, making New Zealand a net seller of carbon 

credits. Reverting shrubland since 1990 may also qualify 

and further increase available sinks, but Forest 

Management has not been elected as an activity by New 

Zealand, since pre-1990 forest may exhibit declining  

carbon stocks during the first commitment period (Baisden 

et al. 2001). 

The New Zealand government has announced that it "will 

retain sink credits and associated liabilities allocated to 

New Zealand under the Protocol in recognition of the 

carbon sink value of post-1990 forest plantings" (Hodgson 

2003). The government is now working with industry to 

conclude a Forest Industry Framework Agreement (FIFA) 

that "recognises the sector’s significant contribution to 

New Zealand’s climate change initiatives". This will include 

policies "designed to support the forest industry’s future 

growth in the best interests of the environment, wood 

processors and forest growers" (Hodgson 2003). 

A policy to provide incentives to establish "new permanent 

‘non-harvest’ commercial forest sinks" might be one of the 

elements detailed in the FIFA since some aspects of the 

policy remain unresolved (NZIF 2003). The FIFA might also 

address other impacts of policy on the industry. Clearly the 

emissions charge, due to be introduced in 2007, will have 

an influence on the cost of fossil fuels and electricity. The 

emission factor(s) applied to electricity will be a major 

factor in identifying the effect on wood processing costs. If 

the charges are applied equally to all sectors, wood 

products may fare better than their more energy-intensive 

competitors. 

Firms and sectors that face significant risks to their 

international competitiveness as a result of the emissions 

charge are eligible to apply for Negotiated Greenhouse 

Agreements (NGAs). They can obtain relief from all or part 

of the emissions charge in return for a contractual 

commitment to achieve international best practice in 

managing emissions. If NGAs include allowances to 

increase emissions relative to 1990, these must be offset by 

sink credits or reductions in gross emissions elsewhere in 

order to meet Kyoto commitments. 

The government has also introduced a projects mechanism, 

to link to the Joint Implementation mechanism of the 

Koyoto Protocol. The government will award emission units 

to projects which "provide emission reductions in the 

Kyoto Protocol’s first commitment period (2008-2012) 

beyond the reductions that would have occurred without 

the project". In December 2003, 15 projects were awarded 

‘carbon credits’, including wind-farms, hydro-electricity 

schemes and industrial heat plants. It is anticipated that 

bioenergy projects using forest residues and wood wastes 

will be eligible for this mechanism. Bioenergy offers the 

opportunity to maintain energy supply and reduce gross 

emissions relative to 1990, if it replaces an energy source 

that was emitting greenhouse gases in 1990. Bioenergy 

can also increase energy supply without the associated 

increase in emissions from fossil fuels sources, and hence 

reduces emissions relative to a business-as-usual scenario. 

Both will contribute to Kyoto commitments, the first by 

reducing the absolute 1990 emissions, and the second by 

reducing the rate of increase in emissions. The distinction is 

similar to that between afforestation (decreases net 

emissions) and avoided deforestation (avoids increasing 

emissions). 

SUMMARY 

Although the sink resulting from afforestation is a one-off 

increase in carbon stock, fossil fuel substitution is an 

ongoing benefit of forestry. Every unit of biomass that is 

used for energy represents fossil fuel conserved, and 

emissions avoided. Every wood product avoids the release 

of emissions from manufacturing a non-wood substitute. 

The optimal climate benefits of forestry therefore result 

from the application of a sustainable harvest regime that 

confers ongoing benefits of using wood products and 

bioenergy. 

This is a rapidly evolving and expanding topic area and 

there are several issues still to be resolved, some of which 

could play an important role in shaping New Zealand 

forestry. A key international issue is accounting for 

emissions from harvesting and harvested wood products. A 

key domestic issue is the FIFA and its future policies and 

measures to support the forest industry and hence 

maintain and enhance forest sinks and reservoirs. 

If the government uses the value of the sink credits to 

support sustainable forestry and renewable energy (e.g. 

bioenergy) for the expanding forest processing sector, it 

could create long-lasting benefits in local and national 

energy security, generate new regional employment, and 

have added benefits in terms of fossil fuel substitution. If 

however, the credits are used to offset emissions from 

manufacturing non-wood products, it could create 

distortions that would help neither the forest industry nor 

the national or global carbon balance. 

REFERENCES 

BAISDEN, W.T.; BEETS, P.; CARRAN, R.A.; CLARK, H. FORD- 

ROBERTSON, J.B.; FRANCIS, G.S.; MACLAREN, P.; MARSHALL, H.; 

MANNING, M.R.; NEWTON, P.C.D.; SAGGAR, S.; TATE, K.R. 2001: 

An Assessment of the Significance to New Zealand of Article 3.4 

Activities under the Kyoto Protocol. Report Prepared for Ministry for 

Agriculture and Forestry. June 2001. 

http://www.climatechange.govt.nz/resources/reports/index.html 

FORD-ROBERTSON, J.B. 2003: Implications of Harvested Wood 

Products Accounting - Analysis of issues raised by Parties to the 

UNFCCC and development of a Simple Decay approach. MAF 

Technical Paper No 2003/5, 30p. Ministry of Agriculture and 

Forestry, Wellington, New Zealand. 

GREEN, W.; CHAPMAN, R.; FORD-ROBERTSON, J. 2003: Climate 

change response opportunities offering opportunities for nature 

conservation. Unpublished report prepared for the GM 

Conservation Policy Division, Department of Conservation, Head 

Office, Wellington, New Zealand. February 2003. 

HODGSON, P. 2003: Forest Industry and Government on track to 

conclude climate change agreement. Joint statement with NZFIC, 

NZFOA, NZFFA. 5 December 2003. 

http://www.beehive.govt.nz/PrintDocument.cfm?DocumentID=18557 

IPCC. 2003. Good Practice Guidance for Land-Use, Land-Use 

Change and Forestry. Intergovernmental Panel on Climate Change. 

IPCC/OECD/IEA, Hayama, Japan. (To be adopted at COP9, 

December 2003) 

MACLAREN, J.P. 2000: Trees in the greenhouse. Forest Research 

Bulletin 219. Forest Research, Rotorua. 

MfE. 2002. National Communication 2001, New Zealand's Third 

National Communication under the Framework Convention on 

Climate Change. A report prepared by the Ministry for the 

Environment as part of the New Zealand Climate Change 

Programme. 

http://www.climatechange.govt.nz/resources/reports/index.html 

NZIF. 2003. Submission on Government’s Proposed Mechanism to 

Incentivise Permanent (non-Harvest) "Commercial" Forest Sinks, 

October 2003.  http://www.forestry.org.nz/  (News/Events) 

OLIVER, G.R.; BEETS, P.N.; GARRETT, L.G.; PEARCE, S.H.; KIMBERLY, 

M.O.; FORD-ROBERTSON J. B.; ROBERTSON, K. A. 2004. Variation 

in soil carbon in pine plantations and implications for monitoring 

soil carbon storage in relation to land-use change and forest site 

management in New Zealand. Forest Ecology and Management 

(submitted). 

 

 
 

SECTION 4 – FORESTS AND THE ENVIRONMENT  69 

http://www.climatechange.govt.nz/resources/reports/index.html
http://www.beehive.govt.nz/PrintDocument.cfm?DocumentID=18557
http://www.climatechange.govt.nz/resources/reports/index.html
http://www.forestry.org.nz/


 

 
 

FORESTS AS A SINK 
FOR TREATED 
EFFLUENT 
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INTRODUCTION 

In New Zealand, most sewage wastewater is treated to 

remove solids, pathogens and other contaminants. In many 

cases, the resulting effluent is discharged to waterways. 

Despite treatment, the effluents usually contain some 

nutrients, such as nitrogen and phosphorus, which may 

contribute to eutrophication of water bodies. 

Owing to increasing public awareness, cultural needs, and 

regulatory pressures to protect the environment, land 

application is becoming a popular option for managing 

sewage effluent. The Resource Management Act 1991 – 

an approach to environmental management promoting 

sustainable management of natural and physical resources 

– has brought together laws governing land, air, and water 

resources. From the Maori cultural point of view, mixing of 

human wastes with natural water is unacceptable, and 

hence such wastes should not go directly into receiving 

water. 

Although land application is a good option, in order to 

protect its international reputation, the New Zealand dairy 

industry has prohibited the disposal of human sewage 

effluent on dairy farms. This policy enhances the 

significance of applying such wastewater to forested land 

(Magesan & Wang 2003). 

As many local government bodies in New Zealand are 

expected to use forested land application systems to 

recycle sewage effluent, it is important to study and 

understand the sustainability of such application, and its 

influence on the forest ecosystem, especially plant, soil and 

water. This paper provides an overview of sewage effluent 

application in New Zealand forests. 

BENEFITS OF EFFLUENT APPLICATION TO 

FORESTS 

In recent years, public attitude to sewage effluent has 

changed in New Zealand. It is now considered as a 

resource rather than as a waste. Irrigation of plantation 

forests and recreation areas, where water and nutrients are 

recycled by the soil-plant system, is a popular option for 

the beneficial use of wastewater. Plantation forests, in 

particular, have several advantages for wastewater land 

treatment systems. For example, trees can accumulate 

more standing biomass than any other crop, they don't 

require annual harvesting and intensive management, they 

can be grown on a wide variety of sites, and the risk to 

human health is reduced as trees are not a crop in the 

food chain. 

In terms of land treatment in tree plantations, short- 

rotation forest crops are preferred over saw-log regimes 

(Nicholas et al. 2000). This is because they have greater 

nutrient removal capacity, greater moisture tolerance for 

certain species, and a shorter interval before harvest and 

generation of a cash flow (Morton et al. 2000). A range of 

species can be considered for short rotations, including 

eucalypts, willows, and poplars. Yields from short-rotation 

tree crops vary greatly under New Zealand conditions, but 

under sewage effluent irrigation, eucalypt trees have been 

reported to yield over 25 oven-dry tonnes per hectare of 

total biomass per year (Nicholas et al. 2000). 

Despite the foregoing, radiata pine (Pinus radiata) has been 

the main species used in forest land treatment systems in 

New Zealand. In many cases, radiata pine plantations have 

been selected because they were already established near 

the effluent source. 

ENVIRONMENTAL IMPACTS 

It has been reported that a continuous application of 

sewage effluent may result in accumulation of salt and 

sodium on a land application site. However, these risks are 

low in New Zealand because the electrical conductivity and 

sodium adsorption ratio levels of sewage effluent are 

generally low, and New Zealand's humid climate 

encourages leaching of soils to a degree that prevents 

accumulation of soluble salts (Tipler 2000). 

Nutrients, particularly nitrogen and phosphorus, in sewage 

effluent can adversely affect water quality. Soil processes 

and plant uptake can either remove or retain these 

nutrients. Most of the renovation occurs in the soil's 

biologically active rooting zone. By controlling wastewater 

application rates it is possible to minimise soil drainage in 

the active rooting zone and increase renovation. 

When the amount of nitrogen added through sewage 

effluent exceeds the requirements of trees, then nitrate 

may be leached to groundwater. Nitrate losses in soil 

drainage water depend on the nitrate content of the soil 

profile, the volume of leaching water, and the efficiency 

with which the leaching water explores the pore volume. 

Magesan et al. (1998) reported that the amount and 

pattern of nitrate leached from the soils were affected by 

their effluent irrigation history. They also reported that the 

amount of nitrate stored in the profile increased with the 

increase in the rate of effluent irrigation to a forested soil 

over four years (Table 1). 

 

Depth (mm) Wastewater application rate (mm/week) 

 0 (control) 29 (low) 88 (high) 

0-50 1.8 (0.1) 4.6 (0.1) 9.5 (1.4) 

50-100 1.4 (0.0) 3.3 (0.1) 7.4 (1.3) 

100-150 0.9 (0.0) 2.7 (0.2) 4.1 (0.3) 

150-200 0.7 (0.0) 1.8 (0.1) 4.9 (0.3) 

Total available 

(kg/ha) 

4.8 (0.2) 12.4 (0.3) 25.9 (2.7) 

Total leached 

(kg/ha) 

3.1 6.9 11.4 

Table 1: Mean distribution (with standard errors) of nitrate-N 

(kg/ha) in soil before leaching, and the amount of nitrate-N 

leached. After Magesan et al. 1998. 

Vazquezmontiel et al. (1996) reported an accumulation of 

soil nitrate when nitrogen was supplied continuously in 

sewage effluent, and exceeded crop requirements. 

However, Polglase et al. (1995) found that nitrate leaching 

losses were relatively small on a site receiving cumulative 

sewage effluent with a nitrogen loading of up to 650 

kg/ha during a four year period. This was in spite of high 

rates of nitrification. Concentrations of nitrate in soil 

solution averaged only 1.1 g/m3 and never exceeded 10 

g/m3. 

To estimate the impacts of nitrate on groundwater, a 

nitrogen balance for the site needs to be prepared. This 

includes estimates of the quantities of nitrogen applied, 

volatilised, immobilised, taken up by plants and harvested, 
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denitrified, and leached as nitrate. Strategies are needed to 

minimise the amount of nitrate available for leaching from 

effluent-irrigated soils. These include system design, 

selection of crops, irrigation management and vegetation 

management. 

Many New Zealand soils, particularly those of volcanic 

origin, have a large capacity to accumulate phosphorus. 

Nonetheless, the P-retention capacity of the soil at 

potential sites for land application should be measured 

before a site is selected (Tomer et al. 1997). Applications of 

phosphorus in sewage effluent will seldom have any 

significant effect on groundwater quality and, provided 

that soil erosion is prevented, there will be minimal effects 

on surface water quality. 

USING ISOTOPES TO TRACE NITROGEN IN 

FOREST ECOSYSTEMS 

When nitrogen-rich wastewater is applied to land, nitrate is 

often identified as one of the groundwater contaminants. 

Sometimes nitrogen derived from waste-water may also 

cause off-site effects, which may be difficult to trace. 

Stable isotope (e.g. 15N) techniques can be applied to 

resolve this (Wang et al. 2005). 

The common 14N isotope occurs at 99.6337 atom % in the 

atmosphere, and the heavier (15N) isotope occurs at 0.3663 

atom %. The natural abundance of nitrogen in the 

atmosphere is defined as the zero point (0‰), and small 

deviations from this value of 15N are measured and 

expressed in  units (parts per thousand difference from 

the zero point). 

Processes such as nitrification, denitrification and ammonia 

volatilization during biological treatment of wastewater can 

discriminate against the heavier isotope of N, resulting in 

the enrichment of 15N in the treated wastewater. For 

example, considerable 15N enrichment has been found in 

municipal sewage effluent (15N +13‰) (Wilkins et al. 

2002). In contrast, nitrogen-limited coniferous forest soils 

are generally 15N depleted. This provides a good 

opportunity to trace the wastewater-derived nitrogen by 

using its distinctive 15N signature to understand its fate in 

the ecosystem. Significant progress is being made in this 

area in the near future (Magesan & Wang 2003. Wang et 

al. 2005). 

CASE STUDY: ROTORUA LAND 

TREATMENT  SYSTEM 

A number of research programs have been developed in 

recent years to obtain better knowledge of the effects of 

sewage effluent on forest ecosystems. As an example, the 

Rotorua scheme, New Zealand's largest land treatment 

system, is described here. 

The Rotorua land treatment system for sewage effluent 

has served Rotorua (population 60,000) since 1991. The 

system was developed to reduce nutrient loading on Lake 

Rotorua, which has been affected by eutrophication. 

Sewage wastewater is treated by an activated sludge 

(Bardenpho) process which removes 70-80% of nitrogen 

and phosphorus from the influent. The resulting effluent 

contains 11 g/m3 N and 3 g/m3 P (McLay et al. 2000). 

Effluent applications have averaged 71 mm/week to 

nearby Whakarewarewa forest, with annual nutrient 

loadings averaging about 406 kg N/ha and 98 kg P/ha 

(Tomer et al. 2000). The forest is dominated by  

commercial stands of Pinus radiata. The volcanic soils are 

sandy and well drained, with a large capacity for 

phosphorus retention. The area has a mild climate, and 

irrigation occurs on a weekly basis throughout the year. 

Irrigated blocks are located around wetlands that have the 

potential for further nitrogen removal through 

denitrification (Figure 1). 

 

 
 

Figure 1: Schematic cross section of a land application system for 

wastewater treatment that employs upland and wetland 

components of the landscape. Adapted from Tomer et al. 1997. 

A three-year study was conducted to determine responses 

of soil biological properties to irrigation with effluent 

compared with irrigation with water only. It has been 

found that soil pH, invertase activity, mineralisable nitrogen 

and extractable nitrate were increased by wastewater 

irrigation, but no changes in total nitrogen, total carbon, 

basal respiration, microbial biomass, sulphatase activity, or 

extractable ammonium were observed (Schipper et al. 

1996). Studies on soil physical properties were also carried 

out at the same site. Irrigation of the effluent did not 

change bulk density, total porosity, water retention and 

hydraulic conductivity but significantly increased soil 

macro-porosity (Magesan 2001). 

During the first six years of operation, annual stream flow 

discharges of nitrogen and phosphorus were within target 

goals. Stream-flow discharge of phosphorus was less than 

half the permitted level of 2.5 Mg/year (Tomer et al. 2000), 

and essentially all (97%) of the phosphorus applied during 

the first four years was retained in the upper 0.20 m of soil 

(McLay et al. 2000). Analysis of soil solution indicated that 

there was no phosphate leached below the pine root zone. 

However, annual nitrogen export from the catchment 

approached the permitted limit of 24.5 Mg/year, and 

showed marked seasonal variation (Tomer et al. 2000). 

Denitrification was limited by excessive aeration in the free- 

draining soils and upland soil denitrification accounted for 

less than 1% (Barton et al. 1999). But leaching fluxes of 

nitrogen were generally less than half the loading (<150 kg 

N/ha/year). Ammonia volatilisation should have been 

negligible, because the effluent nitrogen was nitrified and 

the soil pH was <6.5. Therefore, soil storage, uptake by 

understorey plants, and organic-nitrogen turnover 

appeared to be important aspects of the nitrogen budget 

in upland soils (Tomer et al. 2000). Wetlands were  

expected to contribute to nitrogen removal by 

denitrification, but significant quantities of nitrogen entered 

wetlands via surface flow pathways that have               

short residence times, limiting opportunity for 

denitrification. As mentioned earlier, nitrogen isotope 

studies are being used to derive a budget for effluent- 

derived nitrogen in the ecosystem (Wang et al. 2005). 

A number of management options, such as enhancement 

of nitrogen removal at the treatment plant, changing 

irrigation schedules and managing irrigation flows to 

promote wetland denitrification, have been suggested to 

reduce nitrogen input to Lake Rotorua. 
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CONCLUSION 

As New Zealand regulatory authorities move to protect the 

environment, land application of treated sewage effluent is 

gradually becoming a more acceptable alternative to 

discharge to surface waters. Treated effluent usually 

contains useful water and nutrients that can be utilised to 

improve crop yield and soil fertility. 

In recent years, a number of sewage effluent irrigation 

schemes have been established in New Zealand. The 

research carried out at Rotorua has provided forest 

managers and local authorities with sound scientific 

information for improving the practice, whilst educating 

interest groups and the general public. To ensure the 

sustainability of forest-land application of sewage effluent, 

more research should be conducted to better understand 

interactions between land-applied effluent and the 

recipient soil-plant system, and the fate of the key 

constituents in the ecosystem. The 15N natural abundance 

technique is being used to trace the path that nitrogen 

from sewage effluent takes in the ecosystem. 
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SELECTION OF 
FOREST LAND 
T G M Vos and P D Clark – P F Olsen and 

Company  Limited,  Rotorua 

In selecting land for production forestry it is necessary to 

consider the resources required to maximise returns on the 

investment and identify the environmental and physical 

constraints, which are likely to impact on the value of the 

land for forestry. Table 1 shows important factors to 

consider and their impacts. 

Whether selecting which land to plant on an existing 

holding, or selecting land for purchase, the best way to 

rank options is to estimate the return on investment over a 

full rotation. This involves quantifying the tree growth, 

growing and log production costs and log revenues 

associated with each block of land. A comparison of the 

internal rate of return (IRR) for each block, or the rate of 

return on investment after tax (depending on the tax 

position of the investor), will allow a ranking based on 

maximizing profit. 

The prudent forest investor will also test the robustness of 

the financial analysis to changes in important assumptions. 

These are: 

LAND PURCHASE PRICE OR 

OPPORTUNITY COST 

Because the cost of the land is incurred at the start of the 

rotation the financial cost of holding it can be substantial, 

especially for higher-priced land. The capability of superior 

tree growth, lower logging costs or shorter cartage 

distances to offset the financial holding costs of higher- 

priced land may be tested. The results of the financial 

analysis will allow the investor to determine the price it can 

afford to pay for a particular property relative 

 
 

 
to the prices that have been paid for other properties or 

relative to other properties that are on the market. On an 

existing holding the price of the land can be assumed as its 

value for the next best alternative use, i.e. its opportunity 

cost. 

LOG PRICES 

When log prices rise the costs of log transport and logging 

become less significant, relative to costs incurred early in 

the rotation. Land previously considered too steep or 

remote from markets may then become viable for forestry. 

Alternatively, when log prices decline the costs of transport 

and logging become relatively more significant and land 

that is remote and steep becomes less attractive. 

TREE GROWTH AND YIELD 

Forestry is expanding into regions where, in some cases, 

growth performance and wood quality are not well proven. 

New genetic breeds and climate change introduce 

uncertainties. Changing assumptions about growth and 

yield could alter rankings for otherwise similarly ranked 

options. This will be particularly important for farmers 

selecting which part of their farm to plant. Better growth 

and yield from genetic improvement in treestocks will be 

more pronounced on high fertility sites. 

ENVIRONMENTAL CONSTRAINTS 

AND COSTS 

The practical impacts of the implementation of the 

Resource Management Act 1991 differ from region to 

region and evolve over time as plans are prepared and 

submissions heard. The Act concentrates on outcomes and 

limits the ability of Regional Councils to impose restrictions 

other then those necessary to maintain land productivity, 

protect soil and water, and protect other values prescribed 

in the Act. However the interpretation of priorities where 

values are conflicting, and the costs of compliance, are 

likely to vary from region to region and will be higher for 

steep or unstable land. 

 

Factor Impacts on 

Soils, altitude and climate Suitability of species 

Growth rates, rotation length and management required 

Risks of windthrow, pests and diseases 

Topography Tending and logging costs 

Cost of harvesting roads 

Production thinning potential 

Environmental constraints and costs 

Vegetation cover Costs to clear 

Reduction of net plantable area 

Grass provides grazing opportunity 

Reduction of growth from weeds 

Increase in tending costs from weeds 

Existing tracks and fences Costs to reconstruct or repair 

Risk of loss from animal browsing 

Distance to market and location relative to other forests Cartage costs 

Competition for purchase of logs 

Forestry infrastructure and labour availability 

Regional and District regulations Restrictions on land clearing, roading or harvesting 

Rates costs 

Table 1: Factors and their Impacts when Selecting Land for Production Forestry. 
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PHYSICAL RISKS: FIRE, WIND, EROSION, 

FLOOD, VOLCANO 

There are regional variations to the risk of losses from 

climatic factors or natural calamities. Historic losses from 

wind damage exceed those from fire. Losses from erosion 

depend on soil stability and extreme weather events and in 

most places these are small. Floods and volcanic eruptions 

can cause damage in specific areas but historically such 

losses are minor and very infrequent. Insurance cover for 

wind and fire losses mitigates the impact of these factors. 

RATE OF RETURN AND DISCOUNT RATE 

The lower the earnings rate expectation (based on 

alternative earnings opportunities) the lower the impact of 

early costs, such as land price, on investment returns. 

However, rational investors will try to maximise their 

earnings rate and select land accordingly. The relevant 

comparison then is a similar project on other available land. 

To test the impact of single variables and get a "feeling" 

for the relative importance of these, net present value 

(NPV) analysis is a useful tool. The example shown in Table 

2 tests the relative importance of distance to sales point 

versus land value (all other things being equal). 

 

Distance to port/mill 50 km 150 km 

Merchantable volume 

at age 30 

 
550 m3/hectare 

 
550 m3/hectare 

Transport costs $4,675/hectare $14,025/hectare 

NPV of transport cost 

in 30 years at 10% 

discount rate 

$268/hectare (a) $804/hectare (b) 

Difference (b-a) $536/hectare  

Table 2. Distance to Market and Land Value. 

This tells us that the investor can pay $536/ha more for 

land 50 km from a port or mill than for land 150 km 

distant. The additional financial holding costs of higher- 

priced land would be balanced by lower transport costs at 

maturity. A land price differential higher than this could be 

justified for other reasons. Similar analysis could be used to 

test how much higher. Note that NPV analysis results are 

sensitive to the discount rate selected. 

A discounted cash flow assessment taking account of all 

estimated costs and revenues pertaining to a forestry 

project on the land is also referred to as the land 

expectation value or LEV. The LEV is the price that can be 

paid for the land to achieve a given rate of return on 

forestry that is best suited to the property. 

Selecting the right land for planting is one of the most 

critical decisions for achieving a satisfactory return on 

forestry investment. 

Availability of regional tree growth models and computer 

spreadsheets has revolutionised forest investment feasibility 

analysis. What is important is that the user of the models 

has sufficient knowledge of the property to assess the 

variables that are inputs to cost and revenue projections. 

Many forestry consultants registered by the NZIF have the 

capability and competence to carry out a feasibility analysis 

and give advice on which land to plant. 

The key considerations when selecting forestry land are: 

> Soils – What are the likely growth rates? Are any 

nutrient deficiencies likely? Are any wood quality 

impacts likely? Species other than radiata pine tend to 

be more sensitive to adverse soil structure and low 

fertility. 

> Altitude and climate – Douglas-fir is more wind-firm 

and tolerant of snow and therefore in general tolerates 

higher altitude better than radiata pine. 

> Location – Is the land well located in terms of harvest 

access, management and markets? 

> Topography – The steeper the land the more risk of 

erosion and environmental constraints on harvesting. 

The cost of harvesting will be higher. 

> Vegetation cover – Grassland is easily planted and 

tends to have few weeds. Other vegetation must be 

removed or controlled before planting, and sometimes 

after planting as well, increasing the risk of 

establishment failure. There is a direct trade-off 

between land price and the cost of land preparation for 

planting. Grassland usually has higher fertility levels 

than scrubland in the same locality, owing to fertiliser 

history. 

> New Zealand Forest Accord – The New Zealand 

Forest Accord prohibits signatories to the Accord from 

clearing certain indigenous vegetation types for 

plantation forestry. Under the draft National Standards 

for Plantation Forest Management in New Zealand a 

breach of the Accord would jeopardise future 

certification of the forest and its wood products. 

TREND ANALYSIS 

With 25 to 30 years between land selection and 

harvesting, the prudent investor will also consider how the 

world might change in that time and what impact these 

changes may have on costs and returns. Some trends 

evident now, and their impacts on land selection are listed 

in Table 3. 

CONCLUSION 

The price paid for land is critical in achieving an adequate 

return for the risks involved. Generally higher-priced land 

will have fewer risks associated with establishment and 

 
Trend Impact 

Rising energy cost (including carbon dioxide 

emission taxes). 

Favours land that can be harvested with ground-based 

machinery, and land that is closer to ports or processing plants. 

Labour - workers less willing to endure long hours of 

physical work exposed to outdoor weather. 

Favours land that is less steep, not covered in gorse or 

blackberry, and suitable for mechanised harvesting. 

Environmental – increasing demands on all landowners 

to manage for biodiversity. 

Favours land that does not have areas of high conservation 

value or rare and endangered species present within its 

boundaries. 

Wood quality – tools are under development that will Expect future harvest revenue to link more closely to intrinsic 
permit measurement of wood quality more accurately log value. Some regions exhibit higher incidences of certain 

(both in trees and logs and at the primary processing wood quality defects than other regions. Selection of improved 

stage). genetics and/or changes to the management regime may 

reduce the impact. 

Table 3: Trends and Their Impact on Land Selection. 
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harvesting. Lower-priced land may generate a higher return 

on investment but higher returns are often associated with 

higher risks. Lower-priced land may also be more sensitive 

to changes in log prices. Depending on the investor’s 

attitude to risk and return, it is important to select land 

that best meets those requirements. 

Financial analysis using the IRR or NPV helps to rank the 

land for forestry. While most investors will also use some 

"wisdom" and "vision of the future" when selecting 

forestry as an investment, financial analysis allows them to 

quantify the differences among several properties. 

Consideration of the differences in available land and 

incorporating a vision for the future will allow the investor 

to select the land for their forestry project land that is most 

likely to maximise the return on its investment. 

Professional advice and an analysis as outlined above is not 

a guarantee for a successful outcome, but by taking the 

advice and undertaking the analysis the investor is better 

informed and the outcome is likely to be better too. 

REFERENCES 

MACLAREN J.P. 1993: Radiata Pine Growers Manual. FRI Bulletin 

No.  184. 

NEW ZEALAND INSTITUTE of FORESTRY Inc. 1999: Forest Valuation 

Standards. NZIF Professional Handbook. 

 

 

 

 
 

FARM SITE EFFECT 
J P Maclaren – Piers Maclaren & Associates, 

Rangiora 

G G West – Forest Research, Rotorua 

BACKGROUND 

Plantation forests historically have been sited on areas with 

a previous cover of indigenous forest or scrub, and in 

steeper or more remote locations. Indeed, under the now- 

repealed Town & Country Planning Act plantations were 

often excluded from land with the potential to grow good 

pasture, unless the trees were ancillary to farming (e.g. 

shelterbelts, small woodlots, or amenity plantings). 

In the late 1960s a change of attitude occurred, and tree 

planting on fertile farm sites became increasingly common. 

From 1993 to 2001 inclusive, some 49% of new plantings 

took place on "improved pasture" with 36% on 

"unimproved pasture". 

Researchers soon observed that radiata pine grew 

differently on sites where there had been a long history of 

intensive agriculture, including encouragement of legumes 

(such as white clover) by fertilising with superphosphate. 

Height growth was unchanged, but stem and branch 

growth were substantially greater. Several experiments and 

many hundreds of permanent sample plots were 

established to identify differences in growth and quality, 

with the aim of developing appropriate silvicultural regimes 

for these sites. 

THE FARM EFFECT 

Radiata pine on fertile ex-farm sites was found to grow 30- 

40% faster in basal area up until canopy closure, with 15- 

25% more volume at harvest. This is primarily due to 

higher levels of plant-available nitrogen. The initial  

response is to stimulate foliage production: needles are 

larger and darker green, they contain more chloroplasts, 

and there are more needles per branch. A greater branch 

diameter is required to support the heavier weight of 

needles. 

Given the high concentration of chloroplasts (which are the 

"engine" that captures sunlight and manufactures 

photosynthate) per tree, it is not surprising that wood 

volume is boosted. This takes the form of an increase in 

basal area, because height is influenced little by nutrient 

supply. The downside is that there is a very close  

correlation between stem basal area and branch size; and 

between branch size and nodal swelling and stem taper. 

There are also some undesirable consequences for internal 

wood quality. 

It is important to note that the "farm effect" arises 

primarily from high soil-nitrogen levels rather than from 

grazing per se. In New Zealand most of the nitrogen in 

pasture originates from legumes (as opposed to from 

artificial application). Livestock merely recycle and distribute 

this nitrogen and understorey grazing is therefore of little 

consequence. Preliminary results from the Tikitere 

agroforestry trials indicate that the farm effect persists into 

the second rotation of trees. 

The "farm effect" is extremely variable and very dependent 

on the intensity and history of the pastoral farming activity. 

Many farm sites planted in forests are "run-out", i.e. 

lacking the regular inputs of phosphate required to 

maintain legumes in the sward. The level of the "farm 

effect" is best determined by measuring existing trees or 

sampling soil to estimate soil carbon and nitrogen 

concentrations. The ratio of carbon to nitrogen has long 

been regarded in agriculture as a key determinant of 

fertility, with a low ratio indicating higher fertility. 

WOOD QUALITY ISSUES 

There has been criticism of the quality of wood that 

originates from farm sites. Most of the concern is related 

to lax or undesirable management practices (foreign 

objects, bark damage, ultra-low stockings, haphazard 

pruning and thinning schedules) but some is an inevitable 

consequence of high nitrogen levels. 
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Wood strength, hardness and stiffness are closely related to 

wood density. It is now established that wood density is 

often reduced when available nitrogen is increased: the 

proportion of earlywood is often enhanced relative to 

latewood. Having said this, wood-density differences 

between non-farm and intensively farmed sites are strongly 

evident only on sands (from trial comparisons in Aupouri 

and Woodhill forests) and are relatively minor compared 

with the greater influences of tree age, latitude, altitude, 

and tree breeding. Moreover, wood density may be of 

lesser importance in pruned logs destined for appearance- 

grade products. 

On farm sites, there may also be a greater prevalence of 

spiral grain, steep microfibril angles and compression  

wood. These characteristics have the potential to cause 

distortion during processing and in use. Depending on how 

the trees are grown, farm sites are capable of producing 

large proportions, and also large volumes, of corewood or 

large-branched logs. High corewood proportions are 

possible when trees are felled when they reach an 

acceptable stem diameter, because they may still be 

relatively young. Large branches are possible if high 

stockings have not been maintained throughout the 

rotation. 

Pruning practices on farm sites need to be intensive to 

avoid large diameters-over-pruned-stubs. Timing of 

operations must be precise and often the number of lifts 

increased. Care needs to be taken with "stock camps" 

where there is extreme fertility build up, particularly on the 

tops of hills or ridges. It is recommended that tree 

stockings increase in such areas and pruning occurs earlier. 

Wind-damage has the potential to be more severe on ex- 

pasture sites. This arises from heavy crowns with large sail 

area which are supported on weaker corewood. If 

branches are especially large on a given whorl, the 

"holding wood" that connects the crown to the base of 

the tree may be a small proportion of the cross-sectional 

area and may constitute a point of weakness. 

INTERACTION WITH SITE INDEX AND 

STOCKING 

Shading limits branch size. Fuelled by high nitrogen levels, 

branches may grow vigorously for a few years, but in the 

absence of full sunlight growth soon reaches a limit. Most 

of the shading occurs from branches within the tree itself, 

so that stocking rate is not as critical as height growth. In 

other words, on a high site index site (i.e. >30 m) branch 

size is often acceptable even if the site is fertile ex-pasture. 

This is particularly the case if adequate side-shade has been 

provided by neighbouring trees. 

On the other hand, there are sites where the problems are 

more intractable, where the fertility level is high but the 

site index is low. Some sites in Southland are a good 

example. On these sites, clearwood regimes are particularly 

problematic: trees must be pruned hard and often to 

obtain a reasonable diameter-over-pruned-stubs. There are 

inevitable problems with poor tree form, sometimes 

aggravated by exposure to wind. 

OVERCOMING THE PROBLEMS 

OF FARM SITES 

Generally, the best way to take advantage of the extra 

volume that is produced on farm sites is to maintain higher 

stockings throughout the rotation. This captures the extra 

growth potential without incurring major quality problems. 

It can be shown that typical trees grown at 400 stems per 

hectare on a farm site (e.g. Tikitere) are very similar in 

terms of branch size and other characteristics to those 

grown at 250 stems per hectare on a forest site (e.g. 

Rotoehu). 

Depending on the degree of ageing, physiologically-aged 

cuttings may produce lower total volumes than juvenile 

cuttings, but tree form is superior. Stems are straighter, 

branch size is smaller, and there is less nodal swelling. A 

new "Farm Breed " is under development, and clonal 

forestry genotypes may be selected with traits that mitigate 

some of the wood property problems that have been 

noted. 

MODELLING THE FARM EFFECT 

Until recently there was no satisfactory method of 

modelling growth on ex-farm sites on a national basis. The 

model EARLY works well up to a height of 18 m, but 

requires calibration of the model to a given level of basal 

area growth. Growth models for later in the rotation are 

highly variable, with the Napier and Southland growth 

models (NAPIRAD and SGM3) being the preferred choices 

for fertile sites. The development of a model based on the 

Productivity300 Index promises to provide a national model 

that works through the full rotation on all sites. 

The average Productivity300 Index for ex-farm sites (1,737 

observations) is 30.7 m3/ha/yr, as opposed to 24.4 for ex- 

forest sites (3,593 observations). There will, however, still 

be the need to calibrate the 300 Index model with actual 

field data based on height and basal area measurements. 

In the future, correlating the 300 Index with soil fertility (as 

measured by carbon and nitrogen) looks like a promising 

method of objectively modelling the farm effect. 

CONCLUSION 

Since 1993 some quarter of a million hectares of radiata 

pine have been established on improved pasture. This 

resource promises to yield exceptionally good volume 

growth but possibly at a cost in terms of wood quality. 

With current log specifications, profitability should be 

substantially higher (NPV approx 20% higher) than on 

forest sites, but penalties for inferior wood quality could 

erode this benefit. In particular, quality is markedly inferior 

if the site has a low site index, a high wind risk, or the 

stand has been grown at low stockings. Physiological 

ageing, tree breeding and higher stockings can overcome 

some of the drawbacks, while retaining the benefits of 

volume growth. 
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TABULAR NOTES 
ON INDIVIDUAL 
SPECIES 
I D Nicholas and C Low – Forest Research, 

Rotorua 

J Miller – Rotorua 

A Wilkinson – Palmerston North 
 

Species, native country 

and distribution in 

New Zealand 

Conditions justifying 

selection 

Unsuitable conditions General remarks, yields, 

and rotation length 

Radiata pine 

Pinus radiata (D. Don) 

Coastal central California 

and Mexican Pacific islands 

of Guadalupe and Cedros. 

Over 1.6 million hectares 

have been established in 

New Zealand, from 

Northland to Invercargill. 

Around 33 percent of the 

planted estate is situated in 

the Central North Island. 

Other major forest growing 

areas include: Northland, 

East Coast, Hawkes Bay, 

Nelson,  Marlborough, 

Otago and Southland. 

In addition, it is estimated 

there are at least 50,000 ha 

in shelterbelts. 

Performs well over a wider 

range of sites than almost 

any other forest tree. In 

New Zealand, outperforms 

all other conifers on most 

sites, and soils from sand to 

clays. Optimum growth on 

deep, freely-drained loams 

of moderate fertility. High 

nitrate levels such as those 

occurring on pastoral sites 

promote vigorous growth, 

but usually cause problems 

in stability, coarse 

branching and crooked 

stems. Can tolerate rainfall 

400mm or fewer, and 

grows successfully 600- 

1,400mm. Moderately 

exposure-tolerant. 

Altitudinal limits 

approximately 500m in 

South Island, 700m in 

North Island. 

It does not tolerate very 

wet soils. Grows poorly on 

soils where there are 

chemical limitations, eg 

phosphorus-deficient soils 

(Northland, Coromandel, 

South Auckland, and some 

Westland soils); nitrogen- 

deficient soils such as raw 

coastal sands and Moutere 

gravels (Nelson). Very high 

nitrate levels, eg, on 

pastoral sites, can promote 

extremely vigorous growth 

leading to toppling and 

malformation.  Planting 

beyond climatic limits 

(altitude, rainfall) can be 

damaging, as can planting 

on sites subject to severe 

frosts or dumping of heavy 

wet snow. 

New Zealand’s principle 

utility softwood. Current 

practice is to plant 600- 

1,000 trees per hectare 

(bare-rooted), depending 

on regime and terrain, 

thinning in one or two 

operations to 250-400 

stems/ha final stocking. 

Extreme regimes are for 

agroforestry with as few 

as 100 stems/ha, up to 

four pruning lifts and 

three waste thinnings, and 

for pulp production 1500- 

1600 stems/ha, and no 

thinning. Sawlog yields  

(20 cm minimum small- 

end diameter) on better 

sites can be 500-800 

m3/ha. Rotation 25-35 

years. 

Douglas-fir 

Pseudotsuga   menziesii 

(Mirb.) Franco 

This North American 

species occurs abundantly 

in coastal areas of British 

Columbia,  Washington, 

Oregon, and northern 

California between the 

coastal mountain ranges 

(Coast Range, Cascade 

Mountains, Sierra Nevada), 

and the Pacific Ocean. The 

best provenances for New 

Zealand originate from the 

coastal fog-belt zones from 

Southern Oregon to 

northern California. Over 

100,000ha have been 

established in New Zealand, 

in North and South Islands. 

Most new planting is in the 

South Island. Douglas-fir 

does not thrive in 

Northland. 

More resistant to wind- 

throw and snow damage 

than radiata pine, and can 

tolerate higher altitudes. 

Soil must be well-drained, 

fairly deep and of 

moderate fertility. Upper 

altitude limits for 

production forestry about 

975m North Island, and 

850m South Island. Can 

tolerate cool (southerly) 

aspects. Presence of 

mycorrhizal fungi necessary 

in nursery and field for 

sustained growth. Good 

weed control needed 

through establishment 

phase. Has amenity value. 

Very dry soils, soils prone to 

waterlogging in winter, 

compacted or gleyed soils. 

Frost hollows and cold air 

ponds. Low (< 1300 

stems/ha), or irregular initial 

stocking, which may permit 

excessive branch diameter. 

Lack of associated 

mycorrhizal fungi in nursery 

or field. Poor weed control 

at establishment. Small 

planting stock can be 

disadvantaged. Affected by 

Phaeocryptopus       gaeumanii, 

Swiss needle cast fungus, 

especially if susceptible 

seedlots planted. High 

country where the control 

of wildling spread is not 

feasible. 

Current aim to maximise 

growth rates consistent 

with restricted branch size 

and to produce structural 

saw-timber and export 

logs on rotations of 40-45 

years. Volume growth 

relatively slow until about 

age 30 years, after which 

it can increase markedly. 

Long (70-80 years) 

rotations and conservative 

silvicultural schedules 

previously applied to 

Douglas-fir now outdated. 

National average 

recoverable volume at 40 

years, 600 m3/ha; at 50 

years, 840 m3/ha. 

Exceptionally, and at 

higher rainfalls, yield can 

be as high as 30- 

35m3/ha/year. 

Rotation length 40-45 

years. 
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Species, native country 

and distribution in 

New Zealand 

Conditions justifying 

selection 

Unsuitable conditions General remarks, yields, 

and rotation length 

Macrocarpa 

Cupressus   macrocarpa 

(Gordon) 

Confined to two small 

groves (c.30ha) at Carmel 

Bay on the Monterey 

Coast, California, USA. 

Altitude 0-20m. Planted 

area in New Zealand about 

8,000ha; mostly in the 

South Island, but also in 

parts of Auckland and 

Wellington provinces. 

Approximately 75% of 

planting is in age classes 

<20 years. 

For optimum growth needs 

moderately fertile, moist, 

but well-drained soils and 

reasonably sheltered sites. 

Given these, it can be 

grown successfully from 

sea level to over 500m. 

Preferred altitude c.400m. 

Tolerates annual rainfall 

from 500-2500mm, ideally 

700-1800mm. Needs good 

weed control throughout 

establishment phase (2-3 

years). Tree form closely 

related to degree of shelter 

afforded. 

Consider hybrids, e.g. 

Leyland or Ovensii in 

canker-prone regions. 

Intolerant of poorly drained 

soils or fluctuating water 

table. Short-lived on very 

dry soils. Becomes 

sculptured and malformed 

under exposure. Unsuited 

to humid warm climates 

because of risk of cypress 

canker. Can be damaged 

by opossums. 

Planted both as a 

plantation species and as 

a shelterbelt species. Very 

coarse tree when open- 

grown. Prototype growth 

model developed. Large 

site variation evident. At 

age 30: height: 15-35 m, 

basal area: poor sites 30- 

50 m3/ha unthinned, good 

sites 70-90m3/ha 

unthinned. Total standing 

volume: poor sites 200- 

350 m3/ha; good sites 

500-800 m3/ha. 

Cypresses show ability to 

carry high volume on 

good sites. 

Rotation 30-40 years. 

Lusitanica 

Cupressus lusitanica (Miller) 

Natural distribution is 

central and southern 

Mexico, Guatemala and 

Honduras. However, almost 

all lusitanica grown in 

plantation forestry is from a 

population which has been 

in continuous cultivation  

for over 300 years, mostly 

in Portugal and its former 

colonies. Extent in New 

Zealand about 3,000ha 

mostly in North Island 

(Northland, Bay of Plenty). 

About 60% of resource in 

age classes 1-15 years. 

Mild areas away from 

immediate coast. Does well 

in inland parts of North 

Auckland, Gisborne, and 

Taranaki. More demanding 

than macrocarpa in respect 

of fertility, shelter and 

sustained moisture supply, 

especially during summer. 

Requires 1000 to 3000mm 

rainfall. Tolerates cool, 

humid conditions. More 

tolerant to cypress canker 

than macrocarpa. 

Cold, dry and/or exposed 

situations. Intolerant of salt 

winds or extreme seaward 

sites. Infertile and 

waterlogged soils. Good 

weed control at 

establishment essential. 

Prone to toppling on 

exposed and fertile sites. 

Can be damaged by 

opossums. 

As above. 

Maiden 

Eucalyptus nitens (Deane et 

Maiden) 

Coastal mountain ranges of 

eastern Victoria and 

southern New South Wales. 

Planted mainly on cooler 

sites (South Island and 

central North Island). 

Siting limits determined by 

tolerance of cold and frost. 

Survives winter 

temperatures of –12˚C to 

–14˚C and out of season 

frosts down to –6˚C. Can 

endure drought, but 

prefers moist, well-drained 

soils with precipitation over 

800mm. Soil depth of at 

least 60cm, eg, over 

sedimentary rocks in 

Southland, pumice or 

volcanic ash in central 

North Island, or basalt in 

Northland. Can grow at 

400-900m in North Island, 

0-700m in South Island. 

Generally, sunny northerly 

aspects and weed-free 

conditions for good 

establishment. 

Prolonged  waterlogging 

and very dry soils. Weed- 

prone sites. Strong winds 

may shred foliage. Air- 

ponding, giving rise on cold 

sites to sustained lethal 

temperature. Warm humid 

sites (eg, some low-lying 

North island sites) prone to 

foliar fungal infection, eg, 

Mycosphaerella.   Native 

wood-boring insects 

(Platypus spp.) can attack 

eucalypts growing close to 

or amongst some native 

tree species. 

Previously seriously 

attacked by tortoise beetle 

(Paropsis  charybdis). Since 

1990, attack has been 

greatly reduced owing to 

biological control with 

parasite  Enoggera  nassaui. 

However, the success of 

this is under review with 

hypoparasitism of 

Enoggera. Over first 20 

years, E. nitens can 

outgrow other eucalypts 

including E. regnans, E. 

fastigata,  and  E. 

delegatensis. 

Volumes 250-300 m3/ha at 

11 years and 1100 spha. 

Predominantly grown for 

pulp on short rotations of 

12-15 years. For sawlogs, 

rotation length 

approximately 35 years for 

target dbh of 75cm. 

Coppicing ability at a 

young age makes it 

attractive for fuelwood 

plantations. 
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Eucalyptus species 

Eastern and south-eastern 

Australia. Some, like E. 

saligna,  E.  pilularis,  and E. 

microcorys occur in south- 

east Queensland and north- 

east NSW. Others, like E. 

regnans, and E.   

delegatensis  occur mainly  

in the highlands of Victoria 

and Tasmania. E. botryoides 

and E. globoidea occur in 

coastal NSW and eastern 

Victoria:  E.  muelleriana 

occurs in coastal south-east 

of NSW and eastern 

Victoria. E. fastigata occurs 

naturally in southern 

highlands, northern 

tablelands and coastal 

escarpments of New South 

Wales. 

All require 750-2000mm 

rainfall. One group of 

species thrives best in 

warm, temperate areas 

with maximum frost 8˚C, 

and mean annual 

temperature 12.5˚C. This 

group includes E. saligna, 

E.  botryoides,  E.  

muelleriana,  E.  pilularis,  E. 

globoidea, and E. 

microcorys. A second group 

is suited to cool, temperate 

areas, with maximum frost 

10˚C, and mean annual 

temperature 10-12.5˚C.  

This group includes E. 

regnans, E. fastigata and E. 

obliqua. E. regnans and E. 

fastigata, along with E. 

delegatensis will thrive in 

even cooler areas where  

the maximum frost is 14˚C 

and mean annual 

temperature is 7.5-10˚C. 

Weed control measures 

best carried out prior to 

planting as commonly used 

herbicides can kill or 

damage young trees. Good 

weed control essential as 

seedlings badly checked in 

their first year or two are 

very slow to recover vigour. 

Sudden cold snaps and 

unseasonal frosts can kill 

seedlings of even the most 

frost-hardy species. Native 

wood-boring insects 

(Platypus spp.) can attack 

eucalypts growing close to 

or amongst some native 

tree species. 

Mean annual increment of 

E.  regnans  and E.  fastigata 

on good sites up to 30 

m3/ha/year. Rotation 

length approximately 35 

years for target dbh of 75 

cm. E. fastigata is the 

preferred ash group 

eucalypt because of better 

health and utilisation 

characteristics. 

As a group of durable 

eucalypt species, E. 

muelleriana,   E.   pilularis,   E. 

globoidea,  and  E. 

microcorys  have better 

sawing and drying 

characteristics than some 

other eucalypt groups. 

Corsican pine 

Pinus nigra (Am. Subs.) 

Laricio (Poir.) Maire 

Mediterranean area. Best 

stock in New Zealand is 

from island of Corsica. 

Once widely represented in 

State forests (in 1970 

ranking third after radiata 

pine and Douglas-fir), but 

now present only in rapidly 

diminishing stands, as a 

result of clearfelling, 

occasioned mainly by 

susceptibility to    

Dothistroma   pini   needle 

blight. Species still has a 

presence in South Island 

high country, beyond the 

range of needle blight, and 

is likely to feature 

prominently there in future. 

About 6,000ha around 

Hanmer Forest occupied by 

wildings, and 1,000ha in 

Naseby forest, plus several 

hundred hectares in wildings 

adjoining the forests. 

Cold and exposed sites 

beyond the limit of radiata 

pine. Will form production 

stands on alkaline soils (pH 

> 7.0). The most site- 

tolerant conifer used in the 

high country with 

commercial possibilities up 

to at least 800m above sea 

level. Withstands snow 

well, and will survive weed 

competition and annual 

grazing more readily than 

most conifers. 

Poor growth and leader 

dieback on boron-deficient 

soils. Unthrifty on podzols. 

Severely affected by 

needle-blight   Dothistroma 

pini. 

Average growth rates are 

only 50-60% those of 

radiata pine. However, 

Corsican pine can attain 

large dimensions in old 

age (at 100 years, 30 m 

tall, dbh 100cm). After 20 

years on a good site, an 

open-grown tree can be 

15 m in height, with dbh 

of 30 cm. In plantations, 

can sustain good growth 

rates and higher stockings 

over longer periods of 

time than radiata pine. A 

number of high-country 

plots aged between 50 

and 70 years have been 

measured with volumes 

about 1,200 m3/ha and 

basal area of 120 m3/ha. 

Best potential productivity 

at high levels of 

precipitation (1,500-1,600 

mm rainfall). MAI on good 

sites 20-30 m3/ha/year. 

Australian Blackwood 

Acacia melanoxylon (R. Br.) 

Occurs mainly in Tasmania 

and southern Victoria, but 

also present in eastern 

tablelands of NSW and 

south-eastern Queensland. 

Planted or seeded in many 

localities in New Zealand: 

Auckland, Waikato, 

Rotorua, Wairarapa, 

Westland, often in 

previously State-owned 

forests. 

Unusually wide tolerance of 

site, on soil types ranging 

from skeletal to swampy, 

and from dry to high rainfall 

areas. Also from sub-tropical 

coastal to relatively cold 

inland regions. This wide 

site tolerance is shared by 

few other high-quality 

timber species. Best growth 

at low to moderate altitudes 

on fertile well-drained soil. 

Main critical requirements 

for good growth are shelter 

and soil moisture. 

Greatest difficulty with this 

species is in maintaining 

good form. Lack of side 

shelter is prime cause of 

malformation.  Planting 

stock should be large (root 

collars > 10mm, especially 

when planting in scrub). 

When in or near areas of 

native bush it is sometimes 

attacked by the puriri or 

ghost moth Aenetus 

virescens (North Island 

only). Prone to opossum 

damage. 

Prototype growth model 

developed. At age 30: 

height: 15-30 m. Requires 

thinning to stockings in 

region of 200 stems/ha to 

achieve target of 60 cm 

dbh on 35 year rotation to 

give total stem yield of 

approx. 500 m3/ha, 

producing approx. 300 

m3/ha sawlog material. 
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Black walnut 

Juglans nigra (L). 

Widely distributed in North 

America from Nebraska to 

Rhode Island, and from 

Wisconsin to Florida. 

Planted in Waikato and Bay 

of Plenty at turn of century. 

Otherwise, scattered 

distribution from 

Whangarei to Ashburton. 

Deep, well-drained fertile 

soils. Moderate rainfall 

1,000-1,500mm. Sites must 

be sheltered from wind. It  

is important that only 

proven seed-sources or 

seed orchard seed be used. 

Infertile soils and clay soils. 

Sites exposed to wind. 

Weed-prone sites (black 

walnut grows slowly in first 

year, and requires weeding 

for at least two years after 

planting). Out of season 

frosts, which can cause 

severe stem malformation. 

Can attain 60cm dbh in 

rotations of 40-50 years. 

Some older New Zealand 

trees have attained 

diameters of over 1 m. 

Initial stocking 1,000- 

1,200 spha, or as low as 

600 spha on very sheltered 

sites. Form-pruning required 

in early years to promote 

merchantable stems. Low 

final crop stockings (100- 

200 stems/ha) required for 

diameter growth. Well- 

grown timber is potentially 

of very high value. 

MAI  5-10m3/ha/year. 

Rimu 

Dacrydium cupressinum 

(Lamb.) 

The most widely occurring 

native conifer in New 

Zealand where it is a 

component in many forest 

types. Dominates forest of 

the central North Island 

and West Coast of the 

South Island. 

Tolerant of a wide range of 

sites, soils and climate, but 

seedlings need to be 

sheltered from wind. 

Persists in shade, but best 

growth and form achieved 

in well-lit forest gaps or 

forest margins. Most 

reliable podocarp species 

for planting on a wide 

range of sites. 

Adversely affected by 

desiccating winds and grass 

competition. Requires a 

rainfall in excess of 

1,000mm and shelter from 

wind for best growth. 

Was most important 

indigenous timber species 

in New Zealand because 

of its wide distribution 

and its use in construction 

as well as for high quality 

decorative purposes. Takes 

200 years or more to 

reach millable size to return 

good quantities of naturally 

durable heartwood. 

Beeches 

Red Beech 

Nothofagus fusca (Hook. f.) 

Derst 

Widely dominant in north- 

west of South Island. 

Silver Beech 

Nothofagus    menziesii 

(Hook.f.) Derst 

Widely sub-dominant in 

north-west of South Island. 

Dominant in western 

Southland. 

Silver beech tolerates more 

shade than the faster 

growing red beech, but 

tends to become bushy on 

open sites. Red beech 

planted on better sites in 

Reefton district averaged 

2m tall after three years – a 

growth rate 60% faster 

than that of silver beech. In 

all trials, performance of 

planting stock 40-80cm tall 

has been better than that 

of smaller seedlings. 

Saplings of both species in 

North Island forest sites are 

attacked by ghost moth. 

Side shade is necessary, 

particularly for silver beech, 

if good form is to be 

achieved. Small seedlings 

subject to weed 

competition, desiccation, 

browsing and frost damage 

on open sites, and tends to 

be smothered by fern 

growth. Red beech very 

intolerant of impeded 

drainage and frost hollows. 

Merchantable volumes in 

red beech stands near 

Reefton are 340- 

400m3/ha. Volumes from 

stands of silver beech in 

coastal Southland average 

450 m3/ha. Both species 

are being managed on a 

modest scale on rotations 

of 80-100 years. 

Kauri 

Agathis australis (D. Don) 

Lindl. 

Found naturally in the 

upper third of the North 

Island only, but planted 

specimens and groves have 

been successfully 

established south of this 

range on fertile sheltered 

sites. The largest and most 

renowned of all New 

Zealand native timber trees. 

Reaches maturity at around 

300-400 years, when about 

30m high. Several old 

giants, some over 1,000 

years old, have reached 

over 50m in height, and 

attained girths of over 16m. 

Grows best on free- 

draining river terraces or 

north-facing lower slopes 

where competing 

vegetation is controlled. 

Protection using a "nurse 

crop" such as manuka or 

kanuka is necessary 

through early stages of 

growth especially on 

exposed sites. An attractive 

specimen tree. Will tolerate 

low levels of soil nutrients 

but grows slowly on such 

sites. Good soil moisture is 

a requirement during 

establishment and early 

years. 

The further south of its 

natural range it is planted, 

the more care it requires 

during establishment. 

Seedlings planted in 

autumn survive and grow 

better than those planted 

in winter and early spring. 

Improved early growth 

where soils are cultivated 

and free draining. 

Critical to its performance 

is the use of high quality 

seedlings with well 

developed root systems. 

Planted trees on good sites 

achieve 1cm diameter 

growth and up to 1m 

height growth annually. 

Heartwood development is 

linked to diameter growth 

and should be found in 

most stems greater than 

30cm dbh. Recent tests on 

68 year old sapwood logs 

show good density and 

stiffness although lacking 

the natural durability of 

heartwood. Productivity of 

12-17 m3/annum has been 

seen in planted stands. At 

age 70, for planted stands 

between 500-800 

stems/ha, volumes of 850 

m3/ha can be achieved. 
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Totara 

Podocarpus totara (D. Don) 

Found naturally throughout 

the country, most abundant 

in the North Island with 

discontinuous  distribution 

in the South Island. 

Adapted to a range of 

climates and sites. Most 

productive stands on well- 

drained lowland alluvial 

soils, tolerant of dry soils 

and seasonal drought. Will 

colonise slopes on lightly 

grazed farmland where 

seed source occurs. Most 

widely planted native 

conifer for amenity, shelter 

and potential wood supply 

due to its tolerance of a 

range of sites. Heartwood 

durable in the ground. 

Intolerant of poorly drained 

soils, most light-demanding 

of podocarp species and 

hence requires overhead 

light in scrub cover for 

optimum growth. 

Analysis of planted stands 

suggests volumes of 

around 800 m3/ha 

expected at age 80 years. 

Rotations could be fewer 

than 100 years on good 

sites but heartwood 

development is slow. Can 

be planted for multiple 

objectives including soil 

erosion, enhancement of 

biodiversity including fruit- 

eating birds, shelter, 

aesthetics and amenity. 

Tawa 

Beilschmiedia  tawa  (A. 

Cunn) Kirk 

One of the more abundant 

native hardwood trees in 

many North Island lowland 

and mid-altitude forests. 

Also found locally in north 

of South Island. 

Not found where winters 

are cold and long or where 

snowfall is usual. Will 

withstand winter frosts of 

9˚C. Requires in excess of 

1,000-1,300mm of well 

distributed rainfall. 

Does not thrive where 

drainage is poor, or at the 

other extreme, on dry rocky 

soils. Requires sheltered 

sites for establishment. 

Difficult to grow large 

numbers of vigorous 

seedlings using standard 

nursery-raising techniques. 

Yields in better stands 

about 70 m3/ha. Growth 

generally very slow, about 

1.5 mm in diameter per 

year, hence rotations will 

be long. 

Redwood 

Sequoia sempervirens 

(D. Don) 

Coastal North America, 

from just south of 

Monterey to Southern 

Oregon. The world’s tallest 

tree and an exceptionally 

healthy species. Best 

specimens are found on 

river terraces and can adapt 

to large silt deposits from 

flooding by putting out 

more roots from a buried 

stem. The heartwood of 

the timber is naturally 

durable and redwood 

timber commands good 

prices in California. Life 

span can be 2-3,000 years, 

but grows rapidly for first 

100 years in the right 

conditions. 

Optimum growth on deep, 

freely-drained loams of 

good fertility. Access to 

flowing groundwater can 

help growth rates. It 

performs best on inland 

valley bottoms on farm 

sites. Intolerant of weed 

competition after planting, 

it will reward releasing by 

extremely rapid growth. 

Avoid frosty sites with 

infertile soils. A close 

relative,    Sequoiadendron 

giganteum  is better suited 

to frosty sites, but grows 

very slowly for the first 6 

years. 

It does not tolerate dry or 

exposed sites. Generally 

well-formed, it is 

susceptible to leader 

damage by opossums, 

resulting in forking, 

malformation and stem 

kinks. New Zealand termites 

can damage heartwood 

after gaining entry through 

dead branches. Early 

plantings by the NZ Forest 

Service on poor and hard 

sites were very 

disappointing. 

Trees can grow large 

enough for harvesting in 

25 years on a good site. 

However, premiums are 

paid for heartwood, so 

strategies of longer 

rotations with production 

thinning make better 

sense. Ability to carry high 

volumes with high 

stockings, but most sites 

average approx. 27 

m3/ha/yr. Clear heartwood 

commands best prices, so 

trees should be pruned. 

Preferred silvicultural 

regimes still to be 

determined, issues of 

clonal planting, coppice 

management and avoiding 

dead branches challenge 

stand management. 

Poplar 

Populus (L) 

70-80 species and 

subspecies in 7 taxonomic 

sections, distributed 

between 20-70˚N with one 

outlier in North Africa. 

Altitude range from 0- 

3000m. In New Zealand, 

poplar is mainly  

represented by introduced 

hybrid black and balsam 

poplars, by the well-known 

Lombardy poplar 

(P.nigra"Italica"), cottonwood 

(a single clone of P. 

deltoides), silver poplar 

The best provenances of 

pure species for New 

Zealand originate from 25- 

45˚N, and from coastal 

areas and lower altitudes. 

Over 6 million trees of 

introduced hybrids have 

been planted since 1960, 

and some of this resource 

is now being milled. Over 

the last 10 years New 

Zealand-bred hybrids have 

mostly replaced introduced 

clones, with the exception 

of Yunnan poplar. 

Most poplars prefer moist, 

free-draining soils, with 

Siting limits determined by 

moisture availability during 

growing season from 

August to April. Most 

species from >35˚N survive 

winter temperatures below 

-20˚C. Out-of-season frost 

tolerance varies greatly 

between species and 

clones. Although poplars 

are more capable of 

growing on wetter soils 

than many other species, 

they vary considerably in 

tolerance of wet, gleyed 

soils. Most require at least 

25cm of aerated topsoil to 

develop normally. This is a 

Over the last 20 years, 

new disease and opossum- 

resistant clones have been 

developed for erosion 

control, agroforestry, and 

shelter. Problems exist with 

trying to prune wide- 

spaced trees (100-200 

spha) because of tendency 

of many to produce 

epicormic shoots after 

pruning. Kawa and 

Yunnan produce fewer 

epicormics than hybrid 

black poplars. Good 

growth rates have been 

obtained from both 

plantation and open- 
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(a single clone of P. alba), 

and Yunnan poplar P. 

yunnanensis). Poplars are 

still most widely used as 

unrooted, 3m poles, 

planted for erosion control 

in the presence of sheep 

and cattle. 

precipitation over 800mm. 

Aspen and white poplar x 

aspen hybrids are more 

tolerant of drier 

environments, balsam 

poplars and aspen are the 

most tolerant of acid soils 

and white poplars are the 

most tolerant of saline and 

alkaline soils. 

Poplars can grow from sea- 

level up to the bushline in 

New Zealand, but occur as 

shrubby, suckering forms at 

these extremes. Best form 

and growth occurs in 

sheltered plantations on 

fertile alluvial soils. Poplars 

need weed-free conditions 

for good establishment. 

critical factor in establishing 

unrooted material. On 

summer-dry hill country 

soils, poplars grow 

adequately only when sited 

in channels, tunnel gullies 

and seepage areas. They 

should not be planted 

adjacent to Larch (Larix), as 

this hosts leaf rust diseases. 

New rust races continue to 

be a problem and up-to- 

date advice should be 

obtained from 

HortResearch when 

selecting clones for 

particular areas. 

grown trees on moderately 

fertile soils with adequate 

summer rainfall, eg: 

Age 16 years: height 28 

m; dbh 44 cm (clonal trial, 

5.4 m spacing, Napier). 

Generally, expect about 

200-250 m3/ha of sawlog 

production at around 15- 

18 years for a crop 

established at 100 sph. At 

200 sph, expect about 400 

m3/ha at age 20 years. 

Hybrid poplar clones 

"Veronese" and "Kawa" 

have been tested 

successfully for sawn 

timber production and can 

be used in woodlots with 

care. 

 
 

 
 

ALTERNATIVE 
SPECIES TO 
RADIATA PINE 
A E Hay, I D Nicholas and C J A Shelbourne – 

Forest Research, Rotorua 

INTRODUCTION 

During the last twenty years there has been a consistent 

demand for a variety of high-quality, decorative timbers 

that are strong, hard, stable, relatively free of drying 

defect, readily workable and for some uses naturally 

durable. Although the use of radiata pine for furniture and 

decorative purposes has increased, there is a strong 

demand for wood with special qualities, partially met by 

imports. In 2000 hardwood and softwood sawn imports 

were valued at NZ$21 and NZ$24 million respectively. 

These supplies are likely to diminish through conservation 

pressure against logging of natural forests in overseas 

countries. Historically, New Zealand's native tree species 

provided most of the domestic supply of high quality 

decorative timber, but the harvestable resource is now very 

small. 

While there has been a plethora of exotic species planted 

in New Zealand in the past, many have performed poorly 

in comparison with radiata pine. Currently, however, there 

is strong interest being shown in growing species other 

than radiata pine. Significant areas of Douglas-fir 

(Pseudotsuga  menziesii),  Californian  redwood  (Sequoia 

sempervirens), various eucalypts (Eucalyptus  spp.), 

cypresses (Cupressus macrocarpa and C. lusitanica) and 

Australian blackwood (Acacia melanoxylon) are being 

established, often by small private growers. In time, wood 

products from these stands will be available for a wide 

range of products, including furniture, cabinet work, 

turnery, sliced veneer production, interior joinery, exterior 

joinery, and cladding, as well as composite products such 

as laminated veneer lumber (LVL). 

A resource of eucalypts has been established over the last 

12 years. It includes approximately 25,000 ha of Eucalyptus 

nitens in Southland and E. nitens and E. fastigata in the 

Bay of Plenty. Harvesting for export chips and domestic 

pulp is just beginning. An earlier resource of E. fastigata 

and E. regnans established in the Waikato during the 

1970s and 1980s has also been utilised for chip  

production. More recently eucalypts have been established 

in Northland for sawn timber. Over 15,000 ha of Cupressus 

macrocarpa and C. lusitanica have been planted, in both 

the North and South Islands. Areas of planted blackwood 

have usually been small, as scattered farm woodlots. 

However approximately 1,500 ha has been established in 

the West Coast region of the South Island, making the 

estimated total area of blackwood in New Zealand around 

3,000 ha. 

The status of various alternative species has changed 

considerably over the years, with more information about 

their growth and utilisation properties and, particularly for 

eucalypts, with the appearance of new pests and diseases. 

The species listed in Table 1 are complementary to radiata 

pine in their utilisation properties, and individually they are 

capable of producing timber with superior appearance, 

strength, stiffness, hardness, stability and natural durability. 

Research on alternative species at Forest Research covers 

the whole value chain, from seed to product. A 

comprehensive network of sample plots and silvicultural 

regime trials has been established throughout New Zealand 

for the main species, investigating the effects of 

establishment and management on growth and yield. 

Breeding programmes involving progeny tests, clonal 

archives and seed orchards have been in place since 

around 1980 for Douglas-fir, the two cypresses, E. 

fastigata, E. nitens and E. regnans. This work is 

complemented by investigations in plant propagation, 

forest health, wood properties, sawn timber and veneer, 

and pulp and paper. 
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Species Whole-tree 

basic density1 

(age 25yrs) 

kg/m3
 

Wood Type Uses 

Blackwood 

Acacia melanoxylon 

 

593 

 

Dark hardwood 

 

Furniture, veneer, turnery 

Stringybark Eucalypts  

540 

 

Pale durable hardwood 

 

Furniture, veneer, turnery, structural (exterior) Eucalyptus muelleriana 

E. globoidea 610 Pale durable hardwood Furniture, veneer, turnery, structural (exterior) 

Ash Eucalypts  

490 

 

Pale hardwood 

 

Furniture, veneer, turnery, pulp E. fastigata 

E. obliqua 540 Pale hardwood Furniture, veneer, turnery 

E. regnans 445 Pale hardwood Furniture, veneer, pulp 

Other Eucalypts  

610 

 

Pale durable hardwood 

 

Furniture, veneer, structural (exterior) E. pilularis 

E. nitens 510 Pale hardwood Pulp, veneer, LVL 

Cypresses  

420 

 

Pale stable softwood 

 

Exterior/interior joinery, panelling Cupressus macrocarpa 

C. lusitanica 420 Pale stable softwood Exterior/interior joinery, panelling 

Douglas-fir 

Pseudotsuga menziesii 

 

400 

 

Brown stable softwood 

 

Structural lumber 

Redwood 

Sequoia sempervirens 

 

340 

 

Red-coloured stable softwood 

 

Exterior/interior joinery, panelling 

1 from McKinley et al. 2000. 

Table 1: Species and Potential End Uses. 

 

Forestry with alternative species yielding the desired 

products requires good site selection along with an 

appropriate establishment and tending regime. Successful 

establishment of these species requires a combination of 

good planting stock of known (preferably genetically- 

improved) provenance or seed origin, cultivation, weed 

control and fertiliser. 

EUCALYPTS 

There are about 600 species of eucalypt growing in 

Australia. Although over 150 species have been grown in 

New Zealand, only about about twenty have shown 

promise as plantation species. Owing to combined effects 

of poor growth performance, repeated insect and fungal 

attack, unsatisfactory wood properties, sawing and 

seasoning behaviour, the following previously-used species 

are now no longer planted for timber production: E. 

saligna,  E.  regnans,  E.  delegatensis  and  E.  botryoides. 

Interest in the stringybark eucalypts (E. muelleriana, E. 

globoidea and others) as well as the related E. pilularis has 

recently been renewed, owing largely to the recognition of 

their good sawing and seasoning properties, as well as 

good growth rates and health. The stringybarks can be 

used for flooring, decking, furniture, veneer production, 

turnery and uses where strength is important. Stringybarks 

and E. pilularis are all frost sensitive, thus the best sites are 

those in the warmer parts of New Zealand, with good 

fertility and air and soil drainage. Present research on 

several other stringybark and other good sawn timber 

species should reveal those that are more frost-hardy. On 

the cooler sites of both islands Eucalyptus nitens has been 

grown successfully for kraft pulp, but struggles with fungal 

leaf diseases on warm sites of the Bay of Plenty. E.   

fastigata has been planted for a similar use only in the 

North Island and is healthy on a variety of sites. Results 

from recent sawing trials confirm that E. fastigata is suited 

to the production of sawn timber and sliced veneer, with 

good recoveries of decorative timber. Sawing studies of E. 

 

nitens show large growth stresses after felling and on 

sawing, reduced conversion percentage, as well as severe 

internal checking on drying. However rotary-peeled veneer 

is successfully made into LVL with high stiffness. 

The successful establishment of a eucalypt resource 

requires the desired species to be matched to site 

conditions. The preferred sites for eucalypts tend to be 

sheltered, gently sloping, moist and fertile valley or gully 

systems rather than ridge tops or flats. Limiting factors of 

disease, insect attack, temperature and out-of-season 

frosts combine to indicate three broad regions within New 

Zealand for eucalypts (Table 2). 

 
Region Species 

Warm, temperate E. pilularis 

Annual rainfall 750-2000mm E. muelleriana 

Max frost – 8˚C E. globoidea 

Mean annual temperature 12.5˚C plus E. fastigata 

Cool, temperate 

Annual rainfall 750-2000mm 

Max frost –10˚C 

Mean annual temperature 10-12.5˚C 

E. fastigata 

E. globoidea 

E. obliqua 

Cold, temperate 

Annual rainfall 750-2000mm 

Max frost –14˚C 

Mean annual temperature 7.5-10˚C 

E. nitens 

Table 2: Eucalypt Climate Regions. 

The Eucalypt Breeding and Management Cooperatives, 

initiated in 1986, were formed as a Forest 

Research/Industry (including Forestry Tasmania) initiative to 

jointly fund and undertake eucalypt research and 

development programmes. The current research objectives 
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for the principal species (E. nitens and E. fastigata) focus 

on genetic improvement of yield and wood quality, and 

developing growth and yield models and silvicultural 

regimes. 

Breeding programmes for the improvement of eucalypts 

for pulp were initiated between 1976 and 1980 and 

continued for some species in the Eucalypt Breeding 

Cooperative. Combined provenance and progeny trials 

were planted, involving from 80-120 progenies per species 

and range-wide coverage of provenances of E. nitens, E. 

fastigata, E. regnans, E. saligna and E. delegatensis. 

Recognition of the limitations arising from disease, insects 

and utilisation with E. regnans, E. saligna and E. 

delegatensis resulted in no further breeding work on these 

species. A second generation of selections was started 

from 1990 onwards for E. nitens and E. fastigata, with the 

establishment of new and expanded breeding populations. 

Clonal breeding archives and clonal orchards were 

established from selections and orchard seed is now 

available for E. nitens. 

The development of yield equations and growth models for 

eucalypt species has assisted the development of 

silvicultural regimes for different species. These are directed 

towards both chipwood and appearance-grade sawn 

timber from butt logs through pruning and thinning. An 

example of a silvicultural schedule with three pruning and 

two thinning operations (Table 3) is based on an initial 

stocking of 1000 stems/ha, allowing for adequate final- 

crop tree selection. 
 

Predominant 

Mean Height (m) 

Pruned 

height (m) 

Stems/ha Thin to 

(stems/ha) 

7 2.5 500 * 

10 4.0 250 500 

14-16 6.0-8.0 200 200 

* At this stage a "thin from below" to remove seriously malformed 

and small trees may be applicable. Depending on form, a form 

prune may also be warranted. 

Table 3: Suggested Silvicultural Regime for Eucalypt Sawlog. 

Pruning of eucalypts should be undertaken during periods 

of dry weather as a precaution against the entry of 

Chondrostereum  purpureum  (silverleaf)  through  the  

pruned branch stub. It is also important at each pruning lift 

not to remove more than 40% of the green crown. 

For timber production, a large, fast-grown tree and 

quarter-sawing can minimise the effect of internal growth 

stresses on conversion and board degrade. To allow for 

quarter-sawing, logs should be large with a minimum small 

end diameter of around 40 cm. 

AUSTRALIAN BLACKWOOD 

The best natural stands of blackwood are found in north- 

west Tasmania on flood plains. This species grows well on 

a wide range of sites throughout New Zealand, but 

performs best on sheltered sites. The main factor 

dominating its silviculture is its tendency to fork. It is a 

species whose form can benefit from side-shade 

competition, either by interplanting it through scrub, or in 

a mixture with another species (which requires removal 

once a butt log is formed). When grown under plantation 

conditions, form pruning is necessary from about age 2 

years until the bole length reaches 6 m. The use of a 

branch pruning gauge (where branches exceeding 30 mm 

are removed at each visit) makes this a simple operation. A 

suggested pruning and thinning schedule baseed on an 

initial stocking of 1111 stems/ha is provided in Table 4. 

CYPRESSES 

Cupressus macrocarpa from Monterey, on the coast of 

California, and C. lusitanica from Mexico, can be grown on 

rotations of 30-35 years and are relatively easy to tend, 

harvest and process. Both species require well-drained soils, 

with moderate to good fertility, and rainfall exceeding 800 

mm per year. Cupressus macrocarpa is better suited to 

colder or more exposed sites than C. lusitanica but is more 

susceptible to fungal disease (cypress canker). It is planted 

in the South Island and the lower half of the North Island. 

Cupressus lusitanica is preferred on the warmer sites in the 

top half of the North Island and is suitable for warmer  

parts of the South Island. 

One of the main concerns with the cypresses is cypress 

canker to which C. macrocarpa is more susceptible than C. 

lusitanica. It can cause severe malformation and in some 

cases death. 

The silvicultural schedule in Table 5, based on an initial 

stocking of 1000 stems/ha, is suggested. 

 

Age (years) Pruned height 

(m) 

Number 

pruned 

(stems/ha) 

Thin to 

(stems/ha) 

6 2.5 600 600 

8 4.0 400  
10 6.0 300 300 

Table 5: Suggested Silvicultural Regime for Cypresses. 

Pruning should not go above a 12 cm stem diameter, with 

at least 5 m of green crown retained. 

Breeding programmes for both species were initiated in 

1983 and improved seed has been available for several 

years. Recently a large-scale clonal testing programme has 

been started with C. lusitanica from which clones, 

maintained in a juvenile state by hedges, will be selected 

and mass-propagated for commercial use. 

OTHER SPECIES 

Over the last twenty years provenance and species testing, 

establishment, and silvicultural research has been carried 

out with many other eucalypt species, redwood, black 

 
Age (years) Prune at height (m) Stocking (stems/ha) Pruning operation Thin to (stems/ha) 

3   Form prune 75% of stems Remove malformed stems 

4 3.8 600 Form prune  
5 5.5 600 Form prune  
6 8.0 600 Prune to 2.5 m 

(or up to half height) 

 
600 

7 9 400 Form prune  
8 10 400 Prune to 4.0m 400 

9 11 200 Form prune  
10 13 200 Prune to 6.0m 200 

Table 4: Suggested Silvicultural Regime for Blackwood. 
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walnut, and paulownia. Pinus attenuata hybrids with  

radiata pine have been made and tested on continental 

climate sites in the South Island. A "gene conservation" 

programme is in place to ensure that all exotic species  

which have been planted in New Zealand to date are 

documented, seed collected, and re-established after felling. 

Californian redwood (Sequoia sempervirens), native to 

coastal north America, has been planted in New Zealand 

since around 1880. Recently there has been a resurgence 

of interest and commercial afforestation by at least one 

company. New plantations are destined for suppling the 

traditional redwood market in California. Trial shipments of 

New Zealand material have been placed in the Californian 

market. Sites for planting in New Zealand will need to be 

carefully selected as it performs best in inland valley 

bottoms, especially in the North Island, but there are many 

fine old stands across a variety of site types. New plantings 

will help determine siting limitations for this species. 

Sequoiadendron  giganteum, the giant sequoia or Big Tree, 

also has promise in some parts of the country. It is well 

suited to higher-altitude, colder, and drier sites. 

In the early 1990s several Paulownia spp. (native to China), 

were trialled on a number of sites throughout New 

Zealand. The wood properties (especially stability) and the 

market information available does suggest promise in a 

niche market for this low-density timber, but 

establishment, survival and early growth in New Zealand 

have generally been disappointing. 

Black walnut (Juglans nigra) was evaluated in the 1980s 

with importations of American seedlots compared with 

New Zealand-grown seed sources. Several of these trials 

have been converted to seed orchards. The experience with 

black walnut has shown that it is extremely site sensitive 

and should be planted on sites with the following 

attributes: 

> well sheltered either by topography or vegetation; 

> warm summers; 

> no clay; and 

> sufficient soil phosphorus and calcium. 
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GENETIC 
IMPROVEMENT 
R D Burdon – Forest Research, Rotorua 

Currently about 30,000 ha of new forest plantations are 

being established per year in New Zealand, in addition to 

around 35,000 ha of replanting felled areas (New Zealand 

Forest Industry 2003). All this planting provides 

opportunities to use genetically improved stock which will 

upgrade the profitability of the crop. 

Choice of species is the crucial first selection step in forest 

tree improvement, particularly in exotic forestry. Differences 

between species are generally much greater than genetic 

differences within species. However, the selection of the 

best geographic races (provenances) for New Zealand can 

be fully as important for some species. From there, the 

selection of individual trees as seed parents, and their 

interbreeding each generation, form the basis of recurrent 

selection. This is the means by which the chosen 

provenance(s) of a species can be progressively improved, 

with increasingly improved seed being produced each 

generation. 

SPECIES AND PROVENANCE 

INTRODUCTION AND TESTING 

With the absence of fast-growing native species the 

introduction and testing of exotic species (which began 

haphazardly soon after European colonisation) was 

particularly important in New Zealand. 

Of the many species tried, Pinus radiata dominates New 

Zealand’s plantation estate occupying just under 90% of 

the estimated 1.85 million ha planted (New Zealand Forest 

Industry 2003). This, along with the scope for genetic 

improvement, has led to a dominant role of P. radiata in 

genetic improvement. 

Beginning in the 1950s, a systematic programme of species 

introduction and, in particular, provenance testing, was 

undertaken by tree breeders at the Forest Research  

Institute (FRI). The provenance testing involves sampling 

different parts of a species’ natural range, with main 

emphasis on areas of similar latitude and climate to New 

Zealand. At each such locality seed should be collected 

from a representative sample of parent trees. Trials 

established with a variety of provenances have sometimes 

been converted to seed sources by removing inferior trees. 

The trials produced several main findings (Miller (Ed.), FRI 

Bulletin No. 124 series). The most widely suitable conifer 

species for New Zealand, and their provenances, come 

from the coast of mid-California through Oregon, where a 

cold ocean current creates a narrow but distinctive ‘fog 

belt’. Nevertheless, many conifers from other parts of the 

world are very well adapted even if they are not top 

performers. Among evergreen hardwoods the best 

performers in New Zealand are some eucalypts and acacias 

from south-eastern Australia. The best deciduous 

hardwoods for New Zealand, however, are much less 

localised in their origins. For most exotic species the 

optimal parts of the natural range, as seed origins for New 

Zealand, are well known. Much less certain is which 

species would be preferred for some sites should P. radiata 

be displaced as first choice (Burdon 2001). 

Seedlots collected from local stands of introduced conifers 

typically give somewhat faster growth than collections 

from the native stands. The superior performance of the 

local New Zealand ‘land races’ can be attributed to the 

effects of a breaking down, under plantation culture, of 

the ‘neighbourhood inbreeding’ of natural stands, plus the 

effects of natural and silvicultural selection in the adoptive 

environments. 

The importance of choosing the right species has always 

been recognised, but choice of provenances within species 

often did not receive due attention. Large areas of inferior 

provenances of P. ponderosa and P. nigra were planted 

during 1925-35 and have now mostly been replanted in P. 

radiata. The low wood production from these species 

provides a dramatic example of the losses occasioned by 

wrong choice of provenance. 

Among forest trees currently being planted in New 

Zealand, choice of provenance has been shown to be 

particularly important in Pseudotsuga menziesii (Douglas- 

fir),  Cupressus  lusitanica,  P.  nigra,  P.  ponderosa,  P.  muricata, 

Eucalyptus  regnans, and Juglans  nigra  (black walnut). 

Choice of provenance for P. radiata has been much less 

crucial (Burdon 1992). The local stock is a fusion of the 

two northernmost Californian populations, Año Nuevo and 

Monterey, which are generally the best adapted to New 

Zealand conditions, with the larger contribution coming 

from Año Nuevo. Nevertheless, incorporation of fresh 

native-population material into the breeding programme 

may bring significant benefits. Among the remaining three 

populations, from Cambria, Guadalupe Island and Cedros 

Island, Guadalupe is producing very promising hybrids with 

local stock which are being trialed on a pilot commercial 

scale. An increased contribution of breeding material from 

the Monterey provenance may offer better adaptation to 

difficult soils in the north of the North Island. 

INTENSIVE BREEDING WORK 

By far the main intensive breeding effort (based on 

individual-tree selection) has been devoted to P. radiata 

(Shelbourne et al. 1986, 1989; Burdon & Moore 1997);  

less ambitious, although still significant, breeding 

programmes have been mounted in several other species, 

notably P. contorta (since placed on hold because the 

species’ weed potential has brought it into disfavour), 

Douglas-fir,  Cupressus   macrocarpa,   C.   lusitanica,   Eucalyptus 

regnans,  E.  nitens,  and E.  fastigata. After 1987 the P.    

radiata breeding programme proceeded within the 

framework of an FRI/Industry Cooperative, and during 

2000-2002 the Cooperative became an industry-based 

limited liability company, the New Zealand Radiata Pine 

Breeding Company (RPBC). After 1987 the breeding 

programmes for eucalypts and Douglas-fir have proceeded 

under two other Cooperatives. 

The breeding strategy is designed, above all, to resolve an 

inherent conflict between obtaining intensive genetic 

improvement and maintaining the genetic diversity needed 

for long-term flexibility and health. This entails maintaining 

a hierarchy of populations which, in a major programme 

like that for P. radiata, contains three levels (Shelbourne et 

al. 1986): 

Production Population 

This is the top level of the hierarchy and comprises the 

most intensively selected group of genotypes which have 

usually been progeny tested. These genotypes have 

traditionally been deployed in seed orchards, which can be 

scaled down in size if they are complemented by systems 

for vegetative propagation (usually cuttings). Despite the 

intensive selection, significant genetic diversity is assured by 

including a number (usually 16 or more) of unrelated 

parent clones, the offspring containing almost infinite 

combinations of their parents’ genes. The alternative form 
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of this population represents clonal stool-beds, for mass 

vegetative propagation (typically cuttings) which may be 

backed up by in-vitro clonal storage. 

Breeding Population 

This underpins the production population. It is larger 

(typically >300 genotypes), less intensively select, and less 

specialised, but as such contains significantly more genetic 

diversity. It is effectively the ‘engine room’ for providing 

cumulative genetic gain over successive generations. From 

each generation, the best individuals are selected within 

progeny trials, mainly on a within-family basis in order to 

maintain genetic diversity. These selections are intermated, 

to produce a new generation of progenies. Such progenies, 

because of genetic recombination, will contain some 

individuals that are better than ever, and form the base for 

a new round of selection. The very best selections are used 

from each generation to supersede much of the existing 

seed production population, which is thereby progressively 

upgraded. 

Gene Resource Population 

This in turn underpins the breeding population, and 

contains very wide genetic diversity but at the cost of even 

less genetic improvement. It represents a stockpile of 

genotypes for tree breeders to draw from in the future. A 

gene resource may provide new material if, for instance, 

resistance to a new disease is sought, and there are 

insufficient resistant genotypes in the breeding population, 

or if the genetic base of the breeding population becomes 

narrowed after several generations of selection. In P. radiata 

the gene resource population comprises material of the five 

native populations. Seed collected from a large number of 

parent trees has been bulked into geographic units and 

provenance trials have been established on many New 

Zealand sites. There have also been large block plantings. 

These stocks will be regenerated in the future, with enough 

selection to improve general silvicultural characteristics but 

not enough to seriously erode the genetic base. 

 
 

Historically, the P. radiata breeding programme was based 

on two concepts which have since been superseded 

(Shelbourne et al. 1986), the open-pollinated (OP) seed 

orchard, and regionally adapted breeds. 

Early seed orchards were planted well away from other P. 

radiata plantings, with grafts from plus trees that had been 

selected in the field. Different orchards represented three 

groups of regional selections which were designed primarily 

to serve different parts of the country: the North Island (plus 

Nelson), Canterbury, and Southland. 

The original OP seed orchards, apart from being slow to 

produce improved seed in large quantities (largely because 

of inappropriate siting), suffered major erosion of genetic 

gain through unexpectedly high rates of contamination by 

outside, unimproved pollen, and offered limited flexibility 

for bringing in new selections. 

Regional adaptation has proved much less critical than 

expected, such that broadly adapted breeds are readily 

produced. Consequently, these regional groupings or breed 

designations have been replaced by a new concept of a 

breed which is based on the breeding goal addressed by 

the main selection criteria. This replaced the past 

designations based on serial numbers of parent clones or 

(where applicable) the Canterbury and Southland 

designations. 

AVAILABLE BREEDS 

A distinctive feature of breeding P. radiata in New Zealand 

is the diversity of breeds being produced (Jayawickrama & 

Carson 2000). It is made possible by the availability of 

control-pollinated (CP) seed orchards and supplementation 

of seed production by vegetative multiplication of nursery 

stock. It is made desirable by the range of end users, forest 

growers, and sites used, such that different features (e.g. 

tree form, wood density or disease resistance) are critical 

on different sites. The existing breeds (within which 

seedlots can vary in secondary features as well as level of 

genetic improvement) are: 

> Growth and form (GF). This is the mainstream breed 

suited to a wide range of end purposes and sites, which 

comprises the majority of recent plantings. The trees 

show good straightness, and regular, wide-angled 

branching with comparatively short internodes, which are 

conducive to generally good tree form and rapid growth. 

> Dothistroma resistant (DR). Primarily an offshoot of the 

GF breed, it is produced for sites of high Dothistroma 

hazard. 

> Structural timber. A recent offshoot of the GF breed, with 

emphasis on stiffness and density of timber in addition to 

the branching habit of GF. 

> Clear cuttings. A recent modification of the long- 

internode (LI) breed. This offers significant clear-cuttings 

between knot clusters from unpruned logs, but is not 

recommended for the warmer parts of the country or 

sites with high index or high soil fertility. 

> Farm sites. A very recent offshoot of GF, with major 

emphasis on good tree form and wood stiffness, 

supplementing the genetic improvement for form with 

some maturation ("physiological age") by judicious 

propagation as cuttings. 

This assortment of breeds reflects two major breeding 

constraints, namely the problems of obtaining large 

simultaneous gains in (i) both growth rate and wood density, 

and (ii) both internode length, on the one hand, and growth 

rate and tree form, on the other. 

SEED ORCHARDS 

Seed orchard establishment with P. radiata began in 1958 

and continued steadily until there were about 700 ha of 

orchard by 1985. Such OP orchards were planted at very 

wide spacings, and were ‘rogued’ on the basis of progeny- 

test results, but the later OP orchards were composed of 

much fewer, more highly select, clones. The wide spacing, 

problems with delayed graft incompatibility, and ill-fated 

efforts to achieve pollen isolation (which led to incorrect 

orchard siting), contributed to a slow build-up of seed 

production with sub-optimal genetic gain. Nevertheless, by 

1986 the orchards could produce enough seed to meet the 

country’s needs (Shelbourne et al. 1986). 

Since 1985 almost all new orchard areas have been 

established with CP orchards, a high proportion of which 

are near Amberley in the South Island which has proved an 

excellent orchard site. The initial emphasis in CP orchards 

was on hedging trees to facilitate management, but the 

emphasis has since shifted towards very close planting, to 

give high seed production per hectare while the grafts are 

still young. Improved management systems are allowing 

large-scale production of CP seed. The CP system offers 

great flexibility in utilising new selections and generally 

fine-tuning the genetic composition of new seedlots. There 

is also the option of using vegetative propagation systems, 

viz nursery cuttings, tissue-culture plantlets and, 

prospectively, embryogenesis, to amplify pilot quantities of 

seed from the latest and best selections. This can give even 

greater flexibility. 

Genetically improved seed is expensive. Widely available 

seed-orchard seed costs nearly $3,000/kg, but the cost is 

small in relation to the cost of nursery stock (assuming 

seedling yield of 15-18,000/kg), and smaller still in relation 

to total establishment costs. The better grades of seed are 

more expensive. 
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MASS VEGETATIVE PROPAGATION 

There is now a rapid shift towards use of vegetatively 

multiplied stock, in the form of nursery cuttings, instead of 

seedlings as such. This extends availability and dilutes costs 

of seed. Recent estimates indicate that around 60% of 

current plantings of P. radiata in the country are cuttings. 

An increasing minority of this material will represent 

individually identified clones. Identified and tested clones 

provide the basis for true clonal forestry (Miller 1991; 

Ahuja & Libby 1993), which allows far more precise 

matching of genotypes to management, processing and 

utilisation. However, clonal forestry entails risks (Burdon 

2001; Aimers-Halliday & Burdon in MS) which must be 

recognised and managed. 

CERTIFICATION OF GENETIC QUALITY 

A tree seed certification scheme was established in New 

Zealand in 1987, and operated from FRI. It was based on 

some totally new concepts (Vincent 1987). An authorised 

seedlot number was precisely descriptive of the seedlot, in 

terms of species, breed and general level of genetic 

improvement. The improvement rating was designed to 

rank seedlots for genetic quality, such that a higher 

improvement rating assured greater genetic improvement, 

although an improvement rating figure did not yet imply 

any actual percentage gain. The certificate represented 

both an authorisation to use the seedlot number and the 

seed (or plant) supplier’s guarantee that the seed 

conformed to the description embodied in the seedlot 

number. 

Seed rated GF16 soon became the basic grade (breed and 

improvement rating) that was widely available from seed 

orchards, displacing the ‘climbing select’ seed collected 

from unimproved stands. 

The original certification scheme has been modified into a 

classification scheme called "GF PlusTM" (Radiata Pine 

Breeding Co. Ltd 2000, 2002, 2003a, 2003b). Under it, 

planting stock is rated for its breeding value, or genetic 

merit, for a number of traits: growth, stem straightness, 

branching, Dothistroma resistance, wood density, and spiral 

grain. The ratings are based on progeny-test results. The 

seedlot numbering now does not attempt to convey all this 

information, which is kept just in the certificate. Purchasers 

of seed or planting stock who do not belong to the RPBC 

pay a royalty, which is related to the genetic quality and is 

embedded in the price. Certification of genetic quality is 

based at Forest Research, while licensing, royalty payments 

and other administration are handled by RPBC. 

THE PAYOFFS 

As with almost any plant or animal breeding, many of the 

benefits of tree breeding interact with management 

practices, which form the other plank of intensive 

domestication. Thus the genetic improvement in tree form 

allows lower initial stockings with a series of cost savings in 

establishment and tending, and it can enhance returns 

from pruning, in addition to the direct genetic gains in 

growth and form that accrue within the final crop. Another 

potential payoff is in shortening rotations through 

enhanced growth rates, especially if this can be achieved 

without unduly compromising wood properties. 

Improvements in tree form have contributed greatly to a 

halving of initial stockings since the 1980s, down to 600- 

1000 spha according to local conditions. This  

improvement, which takes the form of straighter boles, less 

malformation, and a more desirable branching habit, is 

encapsulated in higher proportions of stems that are 

suitable for pruning. Indeed, the malformation percentages 

can be reduced by well over half. Improved tree form, in 

addition to improving log quality, can reduce costs and 

improve recoveries in harvesting operations. Improvements 

in disease resistance will translate into reduced protection 

costs and/or greater wood production, plus better security. 

Genetic gain in stem volume production has been assessed 

at 20% or so for the more advanced seedlots (Burdon & 

Miller 1992). Less certain, however, is to what extent these 

gains carry through into rotation-age stand volumes. 

Indications to date, however, are that percentage volume 

gains decline little towards the end of the rotation, and 

that they reflect gains in age/basal area/stocking functions 

beyond what would just stem from gains in site index 

according to the genetic gains in height growth (Carson et 

al. 1999). Thus, apart from their direct significance, genetic 

gains in production require revision of existing growth 

models in order to predict yields of improved stocks. 

Genetic gains in wood density and other important wood 

properties can be used to offset reductions in wood quality 

that result from the various practices that are designed to 

reduce growing costs by shortening rotations. This area is 

now the focus of intensive efforts with P. radiata. 

Genetic improvement, it must be realised, will seldom be 

evident in the nursery stock (Burdon & Miller 1992). Even 

in the field it may not be clearly evident until about five 

years from planting, but after that it can become spectacular. 

THE FUTURE 

In breeding of P. radiata the goals will continue to evolve. 

Further gains in growth rate, and in disease-resistance on 

high-hazard sites, will continue to be pursued. However, 

the shift towards a short-internode (‘multinodal’) branching 

habit appears to have gone as far as is needed for the  

main growth and form breed. On the other hand, further 

genetic improvements in tree form for very fertile sites 

would be most welcome, even though the use of cuttings 

instead of seedlings can help with tree form. The emphasis 

on improved wood stiffness and dimensional stability,  

along with less internal checking and fewer blemishes, and 

reduced processing costs, will continue. Good progress has 

been made in identifying the basic, easily measured, wood 

properties that are crucial in these respects, but much 

remains to be achieved in this direction. 

Disease resistance may figure more prominently in future 

breeding goals. It is already very important with Cupressus, 

and may become crucial with P. radiata if new pathogens 

become introduced. In both cases interspecific 

hybridisation may play a role. 

Recent developments in biotechnology (Walter & Carson in 

press), including in-vitro culture techniques and molecular 

biology, may significantly enhance future genetic gains. 

True clonal forestry, involving the mass-propagation, over 

extended periods, of well-proven clones, is becoming 

possible through improving control of maturation 

(‘physiological ageing’). Use of DNA markers may help 

provide earlier and more reliable evaluations for selection. 

Use of genetic transformation (‘genetic engineering’) offers 

the prospect of conferring attributes that could be 

obtained very slowly if at all by classical breeding (Burdon 

2003; Walter & Carson in press). Nevertheless, such 

technology would complement population management 

and other classical breeding measures rather than supplant 

them. 
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RADIATA PINE 
CUTTINGS 
D G Holden and M I Menzies – Forest 

Research, Rotorua 

INTRODUCTION 

Radiata pine cuttings were successfully rooted and grown 

in the field in New Zealand as early as 1930 but were not 

evaluated extensively in field trials until some 30-40 years 

later. The cuttings used in most of the earlier trials were 

taken from donor trees aged from 5 to 25 years, with the 

aim of reproducing selected trees for clonal forestry. 

Although the cuttings generally showed improved form 

compared with seedlings, their diameter and volume 

growth were significantly slower, which was unacceptable 

for forest management. More recently, cuttings taken from 

donor trees of a younger age (fewer than 5 years) have 

been compared with conventional seedlings on both farm 

and forest sites. Results from these trials have shown that 

considerable improvement in form can be achieved without 

any loss of growth by planting rooted cuttings instead of 

seedlings. 

PHYSIOLOGICAL AGE 

Cuttings can be divided into two categories which relate to 

their physiological age or maturation: 

>  "stool-bed" cuttings (often referred to as "juvenile" or 

"nursery" cuttings) which generally have a physiological 

age of up to 3 years; and 

>  "field-collected" cuttings (often referred to as "aged" 

cuttings) with a physiological age of 3 or more years. 

A tree's physiological age is the apparent age of the tree, 

whereas the time taken for a tree to grow from seed is it's 

chronological age. Physiological age can be determined 

from morphological traits, including the size of primary 

needles, presence of secondary needles, and the type of 

bud. A number of factors affect the physiological age, 

including genetics and the site where the tree is growing, 

eg trees age more quickly on fertile warm coastal sites, 

where they grow more rapidly. 

Physiological age is critical in the cuttings system as it 

directly determines the subsequent form improvement in 

the stand over and above that of seedlings of similar 

genetic quality. The best form is obtained from aged 

cuttings. 

STOOL BED CUTTINGS 

Stool-bed cuttings are widely used to bulk-up expensive or 

scarce contol-pollinated seed. To establish nursery stool- 

beds, young seedlings or cuttings are typically planted in 

two rows at 50 x 50 cm spacing and topped annually in 

spring at a height of 10- 40 cm to encourage proliferation 

of shoots and to slow the physiological aging process. 

Stool-beds can be maintained for at least 5 years. In 

winter, when the new shoots have elongated, they are 

collected and set directly into nursery beds or containers. 

They are ready for planting in the field one year later. 

Trial results 7 years after planting have shown that trees 

grown from stool-bed cuttings are often taller than but 

have a similar diameter to those grown from seedlings of 

the same genetic quality, on both farm and forest sites. 

Currently, there are no indications that this relationship 

changes over time or with genetic quality of tree stock. 

Trials have also shown that pruning costs for trees grown 

from seedlings and from stool-bed cuttings will be similar, 

with generally no difference between the stock types in 

maximum branch size or in the number of whorls up to 6 

metres, on either farm or forest sites. However, there are 

suggestions that stool-bed cuttings may be faster to prune 

owing to their more uniform habit which allows better 

access for the pruner. 

Stem straightness measurements on pruned butt logs have 

indicated that, on forest sites, seedlings and stool-bed 

cuttings will have a similar number of straight butt logs. 

However, on more fertile farm sites, seedlings may have up 

to 20% fewer straight stems compared with stool-bed 

cuttings. 

FIELD COLLECTED CUTTINGS 

Field-collected cuttings are generally obtained from 3- to 4- 

year-old plantation-grown trees (2-3 years after planting). 

Collection from field plantations also allows some selection 

for early growth and tree form. The cuttings are more 

expensive than stool-bed cuttings because of the increased 

travel involved and the time taken to walk between trees. 

 
 

SECTION 5.6 

mailto:buckkp@xtra.co.nz


90  SECTION 5 – PLANTATION SILVICULTURE 



The cuttings are set in the nursery bed and treated similarly 

to stool-bed cuttings. Bare-root cuttings of this age 

produce a more sturdy root system compared with 

seedlings, and this is less likely to be distorted at planting. 

Distortion of root systems at planting is one of the causes 

of early toppling and subsequent stem malformation 

(Figure 1). 
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timber compared with seedlings. 

Trials also indicate that taper and bark thickness may be 

less in aged cuttings than in seedlings, and this in turn will 

produce a higher recoverable volume in cuttings compared 

with seedlings of the same diameter. Cuttings from older 

material, however, do have higher palatability to sheep and 

opossums during the establishment phase compared with 

seedlings and stool-bed cuttings. 

HOW TO USE CUTTINGS 

Stool-bed cuttings are very similar to seedlings of the same 

genetic stock. However, as stool-beds age, cuttings 

produced should show some form improvement over 

comparable seedlings without any reduction in growth. For 

example, cuttings with a physiological age of 2 years or 

more are less susceptible to tree toppling on fertile sites 

than seedlings. A selection ratio of 4:1 for seedlings and 

3:1 for stool-bed cuttings may be realistic to produce a 

crop of similar quality on more fertile sites. 

Field-collected cuttings with a physiological age of 3 to 4 

years, although more expensive than stool-bed cuttings or 

seedlings, are a better choice for sites of high fertility and 

high basal area growth. Form is often poor on such sites 

and the number of trees available for crop selection may 

be low owing to early toppling. Field-collected cuttings 

(aged 3 to 4 years) may show a slight reduction in 

S C1 C2 C3 C4 

Origin 
diameter growth compared with seedlings or stool-bed 

cuttings. However, the form improvement and crop 

uniformity should more than compensate for any growth 
Figure 1: Comparison of Defects in Cuttings and Seedlings at 
Low-Pruning Stage. (S = seedlings; C1 = Cuttings from 1-year-old 

parents; etc.). 

Growth data from field trials have shown that, 7 years 

after planting, cuttings with a physiological age of 3 to 4 

years have similar height growth compared with seedlings 

of the same genetic quality. As with stool-bed cuttings, 

there are no indications that this relationship changes over 

time or with genetic quality of tree stock. Diameter growth 

of aged material will generally be similar to or slightly less 

than that of seedlings on forest sites, although any 

differences will be minimised on more fertile farm sites. 

Field-collected cuttings generally have a smaller maximum 

branch size as well as a more uniform branch habit on the 

0 to 6 metre butt log, compared with seedlings, making 

them less costly to prune. Stem straightness measurements 

on pruned butt logs have indicated that seedlings may 

have up to 30% fewer straight stems on forest sites, and 

up to 50% fewer straight stems on farm sites compared 

with field-collected cuttings. STANDPAK analyses of these 

data indicate that the superior form of the cuttings could 

result in a 20% higher recoverable volume of clear grade 

loss. A selection ratio of 2:1 (with a minimum initial 

stocking of 600 stems/ha) should be sufficient for field- 

collected cuttings, compared with 4:1 for seedlings to 

produce comparable stands on high-fertility sites. 

The cost of planting stock is an important consideration in 

forest establishment. Costs vary depending on genetic 

quality, type of stock (seedlings or cuttings), and 

availability. Furthermore, initial stocking has a significant 

impact on the profitability of plantations and the quality of 

the final crop at harvest. 

Costs of tree stock currently range from $220/1,000 for 

GF19 seedlings to $500/1,000 for GF26 stool-bed cuttings 

(Forest Research nursery price list, 2003). 

As previously discussed, the superior form of the field- 

collected cuttings enables a lower stocking at planting 

compared with seedlings. The following example (Table 1) 

compares the establishment and tending costs of seedlings 

(GF19) planted at 1000 stems/ha with stool-bed cuttings 

(GF26) planted at 800 stems/ha and field-collected cuttings 

(3-year-old) planted at 600 stems/ha on a farm site, with 

the aim of producing crops of similar quality. 

 
Initial Stocking Seedlings established 

at 1000 stems/ha 

Stool-bed cuttings established 

at 800 stems/ha 

Field cuttings established 

at 600 stems/ha 

Unit cost Cost  Unit cost Cost  Unit cost  Cost 

 Stems/ha $/tree ($/ha) Stems/ha $/tree ($/ha) Stems/ha $/tree ($/ha) 

Plant cost  0.22 220  0.50 400  0.575 345 

Planting  0.22 220  0.23 184  0.24 144 

Weed control  0.15 150  0.15 120  0.15 90 

1st prune 400 1.25 500 360 1.10 396 320 1.05 336 

Thin to 600 0.31 186 450 0.31 140 320 0.31 99 

2nd prune 350 1.30 455 325 1.20 390 310 1.10 341 

3rd prune 300 1.40 420 300 1.35 405 300 1.30 390 

Thin to 300 0.41 123 300 0.41 123 300 0.41 123 

Total Cost   2274   2158  1868 

 

Table 1: Establishment and Tending Costs of GF19 Seedlings Planted at 1000 Stems/ha, GF26 Stool-bed Cuttings Planted at 800 Stems/ha, 

and GF 26 Field Cuttings Planted at 600 Stems/ha. 
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Using this regime, stool-bed cuttings would be 

approximately 5% less expensive to establish and tend 

compared with seedlings, while field cuttings would be 

appoximately 13% less expensive. The regimes used in this 

example have selection ratios of 3.33:1, 2.67:1, and 2:1 

for seedlings, stool-bed cuttings and field cuttings 

respectively, which are considered realistic for a fertile farm 

site. 

Figure 2 illustrates the superior form and apical dominance 

of aged cuttings, giving greater final crop selection 

compared with seedlings. 
 

  
Seedlings Age 6 years Age 20 years 

 

  
Cuttings Age 6 years Age 20 years 

Figure 2: Radiata Pine Seedlings Compared With Cuttings From 3- 

year-old Donor Trees at 6 and 20 Years After Planting on a Rotorua 

Farm Site. 
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CLONAL FORESTRY 
C T Sorensson – Horizon2, Whakatane 

C J A Shelbourne – Forest Research, Rotorua 

INTRODUCTION 

Clonal forestry, that is planting forests with trees of 

selected, tested clones, is now technically feasible for 

radiata pine and is being increasingly adopted in New 

Zealand. Plants of a clone are exact genetic replicas of an 

individual derived from a seedling or immature seed that is 

vegetatively multiplied. 

Commercial clones are selected after field testing large 

numbers of such clones. Clones can also be propagated 

from selected mature trees by grafting their buds onto a 

seedling rootstock and planting them in a clonal seed 

orchard. Such grafted clones are selected for orchards after 

thorough testing of their offspring in replicated progeny 

tests. These clones are used only to produce improved 

seed, since they are usually severely aged and grow more 

slowly than the juvenile propagules used in clonal forests. 

There are two key features of clonal forestry: the use of 

selected and tested clones, and the relative uniformity 

amongst individual trees of a clone. 

All cuttings taken serially from a single mother stool plant, 

perhaps one hundred over a three- to four-year period, are 

genetically identical. However, in "family forestry", when 

deployed as cuttings, the common genetic identity of such 

plants is not tracked. In a recent survey of nurseries, one- 

third of all radiata pine stock planted was derived from 

such cuttings of control-pollinated families. These mixtures 

of vegetatively propagated trees, although they are 

offspring of selected parents, are not selected from a larger 

number by clonal tests, and thus do not constitute 

products of "clonal forestry". 

The best tree in three or four hectares of mature forest (a 

selection ratio of around 0.1%) could be shown to contain 

most of the genetic attributes required in a commercial 

clone, if one could separate the effects of genetics and local 

environment. In reality, it is necessary to plant several 

individual trees ("ramets") of each clone in a replicated 

clonal test and let them grow to a sufficient age to 

characterise a clone’s genetic qualities. The genetic make-up 

of the best clones used commercially is rare because they 

must simultaneously contain good genes for several key 

traits. 

A monoclonal stand, made up of one clone or "genotype", 

is genetically uniform. Such stands are therefore much less 

variable from tree to tree than other types of stands. The 

high variability (external and internal) found among radiata 

pine logs can create serious problems for processors, and 

the increased uniformity of clonal crops versus family-based 

crops can reduce such problems, which creates additional 

value. The apparently high clonal uniformity in stem size in 

Figure 1 is confirmed by trial measurements. Clones sit atop 

the "genetic uniformity ladder". 

The first attempt in New Zealand with clonal forestry of 

radiata pine was made by the NZ Forest Research Institute 

(NZFRI) in 1968, with a test of over 200 clones, propagated 

from cuttings from 5 to 6-year-old trees. Like subsequent 

trials initiated in the 1970s, this trial foundered as a basis 

for clonal forestry because there was no known effective 

means of maintaining or restoring juvenility of clones after 

the testing was complete. 

Clonal forestry with radiata pine was first commercialised in 

1986 by Tasman Forestry (which became Trees & 

Technology – T&T, and is now Horizon2), utilising tissue 

culture techniques developed at NZFRI and enhanced by 

Tasman Forestry researchers. 

Cloning of radiata pine is now not only achievable, but is 

practised on a commercial scale using tissue culture 

(organogenesis) and somatic embryogenesis (SE). 
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Figure 1: The 16-tree blocks of clone 43 (‘Tui Glen’, near Kawerau) 

are more uniform from tree to tree in stem volume, crop-tree 

percentage prior to thinning, and wood density than either GF7 or 

GF21 seedlots at age 14.5 yrs. 

Organogenesis involves culturing shoots or cotyledons 

(seed leaves) whereas SE involves culturing the developing 

embryos in an immature seed to form many embryos. 

The steps involved in modern clonal forestry include 

collecting immature control-pollinated seed of top-rated 

parents, and placing embryos extracted from the seed onto 

sterile media to encourage them to proliferate as somatic 

embryos. Some of these are then stored in liquid nitrogen 

(-196˚C), and the rest germinated and matured to produce 

enough plants ("emblings") to establish clonal field tests 

on several sites. Intense clonal screening is later applied, 

and superior clones are re-propagated from SEs retained in 

cryostorage to plant stoolbeds for producing rooted 

cuttings ("stecklings") for commercial deployment of 

clones. 

Potential advantages of clonal forestry include high genetic 

gain in multiple traits, specific clone selection for a forest 

owner’s requirements, and ability to capture correlation 

breakers and other special clonal features. Useful genes  

can be incorporated from diverse or wild parents, and 

ageing can be optimised. Many of these technical features 

are intuitively understood by those who have gardened 

with clonal "crops", such as hybrid tea roses or grafted 

chestnuts. In fact, a vast number of woody plants are 

commonly propagated vegetatively and deployed as clones. 

Potential disadvantages of clonal forestry include a 

reduction in genetic diversity. Mis-identification of clones, 

inadequate clonal evaluation, and rank changes in clonal 

performance between contrasting sites can also reduce 

value of clonal plantations. Risks of biotic and climatic 

extreme events, and changing future markets can 

contribute similarly. Some clones respond relatively poorly 

to propagation systems and cryogenic storage. Unwanted 

variability from differential propagation effects can occur 

within some clones. These risks are actively managed in 

commercial clonal forestry. 

Clonal forestry is typically practised independently from 

genetic engineering, and none of the companies selling 

clonal planting stock of radiata pine in New Zealand are 

actively genetically engineering radiata pine. However, 

clones are the best material for genetic transformation, 

and any future implementation of this technology would 

logically be applied to commercially-developed clones, 

improved for other selected traits. In Chile, a commercial 

radiata pine clone engineered for insect resistance with the 

Bt gene has been undergoing field tests for resistance to 

the shoot tip moth. For more information on genetic 

modification of radiata pine, refer to Section 5.8. 

A POWERFUL APPROACH 

Clonal forestry is a powerful approach for increasing the 

commercial value of radiata pine crops, as outlined below. 

Clonal forestry can accelerate the domestication of 

radiata pine 

The genetically-improved stands being planted are only a 

few generations removed from the wild stands in 

California, and one or two generations from the New 

Zealand land race. Their parents have been genetically 

improved for growth, form and disease characteristics and, 

only latterly, selected for various wood quality traits. Most 

experts agree that the species remains largely un-mined 

genetically, particularly for traits such as high wood 

stiffness. 

Selection and provenance testing are traditional means of 

domesticating species, and clonal selection is also a 

powerful tool, with a long history in horticulture and 

cultivation of such trees as poplars. In New Zealand, the 

old (around 1930) Hayward kiwifruit clone is a classic 

example, remaining a workhorse, if an imperfect one, of 

the industry it helped spawn. The advent of high- 

performing radiata pine clones could help secure radiata 

pine’s role in quality-conscious markets of the future, and 

in this sense further "domesticate" the species. 

Variation among individual genotypes in all kinds of 

traits is greater than among other population units, 
i.e. provenances or families 

Genetic selection applied at the level of the individual 

genotype (through clonal testing) is needed to achieve the 

full potential of radiata pine. The occasional big tree with 

fine branches that also produces high-value boards sawn 

all the way to the pith is a surprisingly consistent 

recollection of experienced sawmillers. In the relatively few 

published studies on radiata pine clones, most involving 

groups of only 10 different clones, at least one noteworthy 

clone was often recorded. 

Finding and multiplying exceptional "correlation breakers" 

(e.g. trees that grow fast and have dense wood) can be 

done only through clonal forestry. Consider the probability 

of un-athletic parents producing a child that goes on to 

become a successful athlete. Although the chances are  

low, this sometimes happens. Similarly, breeders wishing to 

introduce some rare traits to radiata pine, such as  

resistance to a new disease, can mass propagate "difficult 

to make" inter-species hybrids, and clonally test and deploy 

superior genotypes from these. 

Destructive testing of clones provides direct proof of 

wood product performance 

We regard destructive testing as essential for the selection 

of commercial clones. T&T’s Wood Performance Laboratory 

has, for example, destructively tested over fourteen 

hundred clonal stems for wood performance traits, 

including stiffness and dimensional stability. Destructive 

testing is relatively efficient in clones, since testing five 

trees of a clone can be as precise as testing 25 trees of a 

bulked seedlot because of the genetic uniformity within 

clones. Destructive testing of some trees of a clone does 

not destroy that genotype, as is inevitable in such testing 

of seedling trees in progeny tests. 
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The need to improve core wood is widely accepted. Nearly 

half of a merchantable radiata pine stem at harvest 

comprises core wood that tends to be deficient in stiffness 

and dimensional stability. Also, relatively less of the older 

mature wood ends up in products like sawn lumber 

because of log geometry. Radiata pine crops are often ten 

years old before they begin consistently producing wood in 

the butt log that would achieve structural grade in the final 

product. 

Clonal forestry permits "cleansing" a crop of defects, 

and this alone generates value 

There are non-linear or disproportionate impacts of defects 

on value in some traits. For instance, as the incidence of 

resin pockets in pruned logs increases, product recovery 

and log value decrease exponentially. 

If the recovery of structurally-graded lumber from sawn 

lumber did not reach a sufficient level, it would put some 

processors out of business. Although returns are closely 

related overall to wood stiffness, a price premium exists at 

the threshold between non-structural and structural 

products, at least for lumber graded in the F system (lifting 

the grade from F4 to F5 is alone worth about $200/m3 at 

the mill; Figure 2). Genetic selection can increase stiffness 

and possibly reduce drying degade (both often associated 

with core wood where most industrial grade arises), and is 

therefore a key to improving profitability of the forest 

industry. 
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Sonic tools can help identify structural-quality logs, but 

their use does not eliminate the intrinsic variation between 

logs. Planting selected, tested clonal tree stocks increases 

tree-to-tree uniformity, particularly for traits under high 

genetic control such as stem form, disease resistance, and 

wood properties. The horticultural industry adopted the 

clonal path a century ago because only clones provided the 

product specificity and uniformity demanded by quality- 

conscious  consumers. 

Test selection of young clones increases value in the 

resulting mature crop 

Most quality features of mature logs of different clones are 

quite well predicted by early age performance, e.g. core 

wood density. A recent collaborative study by T&T and 

Tenon with 27-year-old trees found that trees with high 

outturns of F5, F8 and F11 100x50 mm 4.8 m-long lumber 

had unusually high core wood stiffness at breast height. 

Although structural-quality trees generally have narrow 

growth rings, some of the highest structural grade 

recoveries and log values ($/m3) were from large-diameter 

trees. Even some of their pith boards graded out to F5. 

Analysis of this study, and of simulations of lumber grade 

recoveries, indicates that the level of genetic improvement 

in core wood stiffness that selected clones provide (about 3 

to 5 years) is worth at least $20/m3 in log value (Sorensson 

et al. in press). 

Several studies have shown that core wood stiffness is a 

trait that is highly amenable to genetic improvement 

(especially in clones) being both highly variable between 

genotypes and under strong genetic control. C-L Huang et 

al. (2003) challenged breeders to produce radiata pine with 

a stiffness of 4 GPa in the wood next to the pith. T&T 
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reported producing clones that achieve F5-level stiffness 

(about 7 GPa) in clearwood at breast height, within the 

first three or four growth rings from pith. 

CLONAL FORESTRY IS EXPANDING 
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MGP8 Clonal forestry with radiata pine is actively developing in 

New Zealand, Australia and Chile. In particular, Chile’s 

clonal programme is said to be growing very rapidly, 

though New Zealand remains ahead of other countries in 

its recognition of the benefits from clonal forestry and in its 

scale of clonal testing and deployment. 

Clonal planting stocks currently make up about 9% of the 

total of around 30 million genetically-improved tree stocks 

sold annually in New Zealand. A total of 12.4 million clonal 
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Figure 2: Indicative prices ex-mill (NZD) for structural and non- 

structural products set relative to the price of industrial grade 

(summarised by M Denny and K Harding from various mill sources). 

Most radiata pine trees have one or more significant 

deficiencies, even when both of their parents are highly 

rated. Frequency histograms of individual stem value of 

crop trees in mature stands tend to be skewed towards 

low values for this reason. 

Grow trees with improved wood quality, rather than 

rely on processing to solve log and product quality 

problems 

Remanufacturing processes that fundamentally alter the 

nature of wood and fibres do so only at a considerable 

cost. Also many remanufactured products actually require 

high-performance wood inputs, e.g. high stiffness for 

laminated veneer lumber (LVL). Most New Zealand mills 

attempt to source logs with high potential conversion, 

higher wood stiffness and density (through sonic tests), 

and absence of resinous defects. Quality-sensitive log 

specifications also provide incentives for forest growers to 

plant more costly tree stocks with improved wood 

properties. 

plants have been sold commercially in New Zealand to date 
(as at late 2003). Carter Holt Harvey (CHH) Forest Genetics 

contributed 90,000 of these, having made its first 

commercial sales in 2002. The remaining commercial clonal 

sales were made by T&T. Although T&T’s early sales were 

exclusively within its parent company, this has not been the 

case now for several years. 

Both CHH and T&T foresee the 2004 season production 

rising, CHH to 130,000 plants and T&T to 2.5 million 

plants. Although T&T’s clonal sales have remained steady 

for many years (Figure 3), national sales of radiata pine 

clonal stock will undoubtedly rise in the future. T&T and 

CHH Forest Genetics have since combined their 

programmes into a single clonally-focussed company 

(Horizon2). CellFor and Forest Research are believed to be 

moving rapidly towards their first commercial sales of 

clonal stock. 

The price of a single commercial clonal rooted-cutting of 

radiata pine, ex-nursery gate, is presently around $1.08, 

which is below the predicted cost break-even point of 

$1.20. At $1.08, clones cost three and five times 

respectively that of control-pollinated and open-pollinated 

tree stocks. This price reflects both the higher value of 

clones, as well as their higher costs of production 

(including costs of cryogenic storage, organogenesis and/or 

 
 

$
 p

e
r 

m
3
 N

o
n
-s

tu
rc

tu
ra

l 

S
tr

u
c
tu

ra
l 



94  SECTION 5 – PLANTATION SILVICULTURE 



SE propagation techniques, multi-site multi-trait testing, 

and a lengthy time to market). 
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commercial scale, it used organogenesis ("tissue culture"). 

This required frequent replacement of clones to prevent 

excessive ageing building up, and required strict quality 

control at time of lifting stock for planting. T&T achieved 

commercial-scale SE in 2002, joining other companies 

(CellFor, Forest Research, CHH Forest Genetics) already 

using this approach. Organogenesis continues to be used 

successfully alongside SE, partly because a greater 

proportion of genotypes can be propagated than with SE. 

There is evidence that the rate of ageing varies  

substantially among clones, but clonal differences in ageing 

rate cannot yet be predicted. Ageing in clonal crops can be 

affected by factors such as initial propagation methods, 

treatment of cutting stock in the nursery, planting practice, 

site preparation, soil and climate. 

Genetic diversity of clonal crops can be 

increased 

Most clonal forestry developers in New Zealand have  

access to a diverse breeding population through their 

membership of the Radiata Pine Breeding Company. Where 

genetic diversity of plantations is too low (perhaps owing 

‘90-’93 ‘94   ‘95   ‘96 ‘97 ‘98   ‘99 

Year 

‘00 ‘01   ‘02   ‘03 to small forest estate size), clones may be deployed in 

mixtures. When the component clones have similar 

performance properties, such mixtures are sometimes 

Figure 3: T&T’s aggregate commercial clonal sales reached 12 
million tree stocks in 2003. These sales equate to around 17,500 ha 

of forest planting and are dominated by about 50 clones. 

 

OTHER ISSUES 

Site-to-site variation in performance 

Tree growth, form and wood properties are impacted to 

some degree by random environmental influences and site 

effects. However, selected clones should do well on most 

sites, provided that they have been tested on a range of 

sites, including those similar to where they will be 

commercially deployed. Differences between certain sites 

and soils, especially phosphate-deficient soils, and in 

disease incidence, can cause changes in relative 

performance in some clones. This instability of ranking 

results from genotype x environment interaction (GxE). 

Although radiata pine is regarded as being very stable 

across a range of sites where it is commonly grown, there  

is also evidence that some control-pollinated (CP) families 

change in ranking in growth rate on different sites. Genetic 

theory suggests that incidence of GxE effects in clones will 

be greater than for CP families. Even so, stable clones and 

families will also be common, depending on the range of 

site conditions tested. 

Ageing 

Visual assessment of physiological ageing has been made 

through inspection of bud and needle morphology in 

young plants and from diameter growth, branch habit, 

stem morphology, bark thickness, and flowering in young 

trees, and may sometime in the future be assessable using 

biochemical methods. Appreciable ageing, beyond the 

"four-year-old" stage, has been found to seriously reduce 

diameter growth. However, some physiological ageing in 

tree stocks can have desirable effects, such as improved 

wind firmness, better tree form and freedom from forking, 

and for some wood properties such as microfibril angle 

and stiffness. 

SE is a clonal multiplication method that is well suited to 

cryogenic storage of embryos, which "stops the ageing 

clock" near zero. Cryogenic storage is imposed around 

eight weeks after tissue from the immature seed is first 

cultured. SE-derived tree stocks should be free of 

significant ageing as long as clonal stoolbeds are 

periodically replaced with fresh plants produced from SEs 

removed from cryogenic storage. 

When Tasman Forestry first deployed clones on a 

termed "clonal varieties". 

There is little evidence that forests utilising monoclonal 

blocks of several different clones must be avoided on 

grounds of risk of crop failure, provided that a number of 

clones are used for each year’s planting. The estate 

developed by Fletcher Challenge Forests involves (as at 

2003) numerous commercial monoclonal stands aged up 

to 14 years. Possibly the oldest organism in the world is a 

natural monoclonal grove of aspen (Populus tremuloides) 

in Utah, USA that propagated itself clonally through root 

suckers. It contains about 47,000 stems, and developed 

from a seed that germinated about 10,000 years ago. 

Horticultural breeders struggle to encourage growers to 

genetically diversify their crops, with the major crops still 

dominated by a few clones: e.g. 70% of the New Zealand 

apple estate is in two clones, and 90% and 95% 

respectively of the kiwifruit and avocado estates are each  

in one clone. Horticulturalists select cultivars for their 

orchards almost solely on the basis of "market pull", with 

licensing rights of the latest clones like the "Jazz" apple on 

limited offer to growers. 

DISCUSSION AND CONCLUSIONS 

Early clonal forestry with radiata pine was hampered by 

several substantial technical and scientific hurdles, 

including the control of ageing, but most have now been 

overcome, and we believe that New Zealand forestry is 

now well placed to move forward in its uptake of clonal 

forestry with radiata pine. Clonal producers here and 

overseas are developing a range of commercial clones with 

improved log and wood properties. 

The fundamental concepts of clonal selection, testing and 

deployment are simple, and have been applied 

commercially to a limited number of plantation forestry 

species, such as Chinese fir, redwoods, eucalypts, willows 

and poplars - all species that are easily re-propagated 

without serious ageing effects. 

Added genetic gain in the various economically-important 

traits, through the rather precise process of clonal test 

selection, can be easily demonstrated. Indeed, many 

features of exceptional individual stems of radiata pine, 

notably wood properties and some branching 

characteristics, can be effectively captured by deploying 

clones. In the clonal development process, it is also 

important to recognise the value of New Zealand’s unique, 

extensive and relatively old resource of clonal plantations 
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and clonal tests, estimated to cover 20,000 ha and involve 

around 15,000 genotypes (Horizon2 alone tested over 

10,000). 

Possibly as important as their genetic gain is the added 

value of planting and managing monoclonal forest blocks, 

created from the increased uniformity of such stands in all 

characters. This uniformity can be capitalised upon by 

specific silvicultural regimes, and in inventory at all stages 

by measuring relatively few trees of each clone (for 

instance, for assessing their utilisation for different 

products). At time of harvest this can greatly increase value 

of a particular stand to the log buyer. By the time most 

existing clonal stands come to harvest, the means of 

characterising clones for their product value should be 

well-developed and relatively cheap. Planting a portfolio of 

several well-characterised clones will also reduce the 

inherent risks of growing a crop for somewhat 

unpredictable future markets, as well as spread the risks 

from climatic and pest threats. 

A future task is to convincingly demonstrate the 

advantages of selected clones versus control-pollinated 

seedling- or cutting-based families, in terms of genetic 

improvement ("gains") and within-clone versus within- 

family uniformity. The management of stands of known 

characteristics, through to harvest, needs to be translated 

into financial terms like NPV or IRR. Structural lumber 

production provides a useful case study for demonstrating 

how clones can add value from genetic improvement of 

log quality. The example of lumber recovery in Figure 4 is 

backed up by actual recoveries from mature trees. This 

strongly reinforces the simple principle: "choose clones that 

produce  an  abundance  of  good  wood  early  in  life". 

Figure 4: Machine-graded lumber recovery is highly sensitive to the 
 

 
size of the defect core (structural grade boards shaded in green). 

Clonal forestry is a potentially powerful means of 

improving the economics of the forest industry, over and 

above the improvements afforded by "family forestry". The 

capability to deploy clones in uniform monoclonal blocks 

can result in creation of a forest consisting of a portfolio of 

clonal stands with well-defined and predictable log and 

end-product characteristics. These should be well suited to 

intensive management and control, and show higher 

improvement in value than offered by any other system of 

deployment. 
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APPLICATION OF 
MODERN 
BIOTECHNOLOGIES 
C Walter – Forest Research, Rotorua 

M and S Carson – Forest Genetics Ltd, Rotorua 

INTRODUCTION 

Mankind has had a long history of domesticating various 

plants and animals both for provision of food and making 

articles for every-day use. This has occurred to the extent 

that many of these domesticated species no longer 

resemble their original ancestors, for example, if current- 

day maize is compared with its ancestor theosinte (which 

appears to us more like a common grass species, with tiny 

‘cobs’). In agriculture, waves of innovation have led to 

significantly increased production and improvement in the 

quality of agricultural products. 

Recently, the use of modern biotechnology, which many 

have termed the second green revolution, has 

demonstrated a strong capability to produce even more 

food, and with reduced environmental impact. In 2002, 

more than 40 million hectares were planted worldwide 

with genetically modified crop varieties (James 2002) and 

the commercial, environmental and health benefits have 

been widely researched. However, it is noted that few 

areas of scientific enterprise have attracted so much public 

attention over recent years as the prospect of genetic 

engineering. 

Forestry is somewhat different from agriculture because of 

significantly longer rotation times and a very low level of 

domestication. Further, most forest products world-wide 

are actually derived from native, naturally growing and 

regenerating forests rather than plantations. However, 

many will agree that harvesting timber from our native 

forests is no longer sustainable. The Food and Agricultural 

Organisation (FAO) of the United Nations has stated that 

more wood is consumed than is actually produced in the 

world’s forests. Further, the world wood demand is rising 

every year and is predicted to do so for the foreseeable 

future. 

If native forests are to be left undisturbed, then the 

question arises "Where will the wood come from?" 

(Fenning & Gershenzon, 2002). New Zealand and other 

countries are already practicing a potential solution to this 

problem, plantation forestry. In this context, it is important 

to assess whether modern biotechnologies that have 

shown benefit in agricultural environments can 

demonstrate similar potential in forestry. This article 

addresses this question along with a discussion of risks and 

how to mitigate them. 

THE APPLICATION OF MOLECULAR 

TECHNOLOGY TO FORESTRY 

In recent years, many plant research projects have focussed 

on the genome and gene expression. This has resulted in a 

better understanding of tree development and of processes 

involved in defence against pathogens and other 

environmental cues. Detailed sequence data, and the 

understanding of when and where specific genes are 

expressed in response to various environmental triggers, 

provide the basis for a range of new approaches that can 

accelerate breeding and also introduce new traits into the 

breeding population. 

The first applications of molecular technology have been in 

the area of DNA marker technology, where specific 

portions of the genetic code have been used as ‘DNA 

fingerprints’, as markers of specific positions on the 

linearly-arranged genome. DNA fingerprinting in trees has 

the same uses as in forensic science, whereby unique sets 

of DNA markers are used to establish the individual identity 

of a tree, or clone. Fingerprinting is used in quality control 

to help eliminate errors of identification that may occur in 

handling different genetic stocks, for example, individual 

clones in breeding banks, or archives, and clones being 

multiplied for plantation use through tissue culture or 

nursery stoolbed operations. In some cases, DNA markers 

may be used also to establish the parentage of seed or 

seedlings, as with the seed products resulting from control- 

pollination operations in seed orchards. 

Marker-assisted selection (MAS) and its companion tool 

marker-assisted breeding (MAB) make use of the fact that 

DNA markers mark specific positions on chromosomes, and 

that, for a given marker, this position may be consistent 

across both related and unrelated individual genotypes. 

Although the markers don’t themselves represent 

functional genes, they may occur close enough to such 

genes to act as reliable indicators of their presence. MAS 

and MAB use this attribute to map the general location of 

useful genes in breeding parent trees, such that they may 

then be selected for in individual offspring by selecting on 

the basis of presence of the specific DNA marker (since the 

gene cannot itself be ‘seen’). Since DNA can be extracted 

from tissue of very young trees, the MAS process enables 

selection to take place much earlier than would be possible 

with the standard alternative approach, whereby the 

progeny of improved trees must be field-tested for 8-10 

years before their genetic worth can be determined. With 

recent improvements in both DNA marker systems and the 

statistical designs employed to carry out MAS, there is a 

high potential for significant gains in traits like wood 

density and stiffness to be made from applying MAS to 

seedlings, and particularly clones, prior to plantation 

establishment. 

DNA markers can be used in an analogous way to assist 

the much more difficult task of accurately detecting and 

identifying the DNA sequences that are the genes 

themselves. In this case, specific ‘candidate genes’ may be 

identified by searching for analogues found in other 

related organisms (often other species), for example, genes 

identified in the herb Arabidopsis thaliana, which has a 

relatively simple genetic makeup, may have similar DNA 

sequences, and therefore a similar function, to genes 

present also in species of economic interest, like radiata 

pine. Once identified, genes found in this manner can also 

be selected for in a process that has been termed ‘gene- 

assisted breeding’ (GAS). 

Can new traits be introduced from other 

organisms into trees? 

The location of genetic information in all living organisms 

and in particular the chemical structure of the genetic 

information has been known for little more than 50 years, 

as a result particularly of the scientific work by Rosalind 

Franklin, James Watson, Francis Crick and Maurice Wilkins, 

recognised for all but Franklin in the awarding of the Nobel 

Prize. Within the past 20 years, scientists have started to 

learn how this genetic information can actually be isolated, 

characterised and transferred to other organisms, and the 

era of genetic engineering began. Following applications in 

agriculture and medicine, trees were genetically engineered 
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as well, starting with the transfer of a herbicide resistance 

gene into poplar. Since then, many protocols have been 

developed to genetically transform trees of commercial 

interest such as eucalypts, poplars and conifers (Pena & 

Seguin 2001, Walter et al. 1998). 

At Forest Research in Rotorua, a team of scientists has 

introduced genes for herbicide resistance, insect resistance 

and those related to lignin and cellulose biosynthesis into 

radiata pine and other conifer species. Current experiments 

are designed to assess the function of those new traits in 

contained field tests, to assess risk related to the 

environment. These studies will help to adapt gene 

technologies to the New Zealand commercial forestry 

situation and to identify and mitigate any potential risks. 

WHAT BENEFITS CAN BE EXPECTED 

FROM THE USE OF DNA BASED 

TECHNOLOGY IN FORESTRY? 

DNA Marker Applications 

DNA fingerprinting and the use of DNA markers for 

pedigree analysis have already produced efficiency gains for 

organisations involved in the breeding and propagation of 

plantation forest trees. In one programme that used tissue 

culture to multiply improved pine plants for plantations, 

identification errors in the process were reduced from over 

20% to fewer than 5% through the use of DNA markers. 

As the cost of DNA marker reactions is reduced with the 

advent of new technologies, DNA marker applications are 

likely to be extended to other forest and processing 

operations, where they may, for example, be used to track 

wood products from the forest to the final user. 

Although MAS has proven effective in pilot studies, this 

technique has not yet been applied on an operational scale 

in New Zealand plantations. A number of growers have 

established ‘DNA mapping trials’ – large stands 

representing progeny of single crosses between improved 

breeding parents – and these are an essential first step, as 

they provide the opportunity to reliably associate 

anonymous DNA markers with genes of interest. Recent 

research studies have shown that gains of up to 30kg/m3 in 

basic wood density gain be made using MAS, and it 

appears likely that gains of similar magnitude can be made 

with other traits. 

New Genetic Information Entering the Breeding 

Population 

Every organism has a genome which contains all the 

genetic information required for, amongst other functions, 

building the organism and carrying out various biochemical 

reactions. Information is stored in a chemical molecule 

called DNA and the smallest unit of functional information 

is the gene. Interestingly, the "language" used to store 

genetic information, the genetic code, is universal across all 

living organisms. This provides the basis for genetic 

engineering, where a gene is isolated from one organism 

and integrated into the genome of another. Since the two 

organisms, donor and recipient, "speak" the same 

"language", the new gene is understood by the recipient 

and the new trait expressed in the recipient is identical to 

that in the donor. 

Conventional breeding technology makes use of traits 

(genes) available in different members of a given species. 

By crossing two trees with desirable characteristics the 

genetic information is combined and the selection of 

offspring can result in a new organism that combines the 

desired characteristics of mother and father. This 

technology, however, is based on genes that are already 

available in the breeding population. Many modern 

breeding technologies have been developed that allow the 

hybridisation of different species, thereby introducing new 

genes into the population. However, some highly desirable 

genes are not available and can be introduced into a 

species only through genetic engineering. A few examples 

are given in the following. 

Lignin and cellulose biosynthesis 

Lignin is a very complex biopolymer and is one of the most 

abundant compounds in nature. It plays several important 

roles in trees, amongst them the conduction of water, 

providing structural stability and defence against microbial 

attack. However, when trees are used for pulp and paper 

production lignin has to be extracted by an energy 

intensive process and the waste products are 

environmentally problematic. In research studies genetic 

engineering has led to a reduction in lignin content, or 

alternatively in a modification of lignin so that it is easier to 

extract and the waste products are less harmful to the 

environment. This has been calculated to provide 

substantial environmental and economic benefit. At the 

same time research has shown that the amount of  

cellulose can be increased in such genetically modified 

trees. Since cellulose is the primary component for the 

production of pulp and paper, this again provides potential 

for high economic and environmental benefit by producing 

the same amounts of raw materials on reduced areas of 

land (Li et al. 2003). 

Resistance to insects and microbial attack 

Trees, like any other plant, are exposed to environmental 

threats such as insects or microbial pathogens and while 

New Zealand is still free from major threats to its plantation 

forests, other countries have serious problems with, for 

example, Asian gypsy moth and pine pitch canker. 

Resistance genes against such pests have been isolated 

from bacterial and fungal species and used very  

successfully in tree genetic engineering experiments. Trees 

resistant to gypsy moth and other insect pests are already 

at the stage of testing. Genes that have shown potential 

for resistance against microbial attack, such as pitch canker 

or Dothistroma needle blight (as shown in model plant 

species) are available. In the New Zealand plantation 

forestry context, it may be prudent to consider genetic 

engineering approaches as a line of defence against serious 

pests that may arrive in the country some time in the 

future. 

New biomaterials 

The ability to introduce completely new traits into trees 

provides further options to make completely new 

biomaterials with characteristics that can open up new 

markets for wood products. For example, genes for the 

production of bio-plastics, expressed in growing trees, may 

lead to timber with higher flexibility and more durability 

and strength. At the same time, genes for specific 

pharmaceutically active components could be expressed in 

parts of the tree (for example in needles or leaves) and 

extracted on an annual basis. The concept can be taken 

even further, through growing wood cells not in forests, 

but instead in continuous-flow bioreactors where the raw 

materials for pulp and paper and/or high quality special 

materials (such as those for the aviation industry and as a 

replacement for aluminium) could be produced. 

GENE TECHNOLOGIES ATTRACT PUBLIC 

CONCERN 

Many concerns have been raised over the use of genetic 

modification in agricultural plants, and the issues raised in 

forestry are very similar. However, forestry provides other 

aspects to the debate related to both the very low degree 

of domestication of forest trees and the fact that 

genetically modified trees will be in the environment for 

many years, hence increasing the risks of failure or 

negative environmental impact. The main concerns are 

operational failure of the crop, invasiveness, horizontal 

gene transfer, and human health and spiritual issues. Some 
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of these are briefly discussed below. For a wider discussion 

of these issues see, for example, Walter and Fenning 

(2004). 

Crop Failure 

Genetically modified trees usually contain one or two new 

genes expressing desirable traits, for example, herbicide 

resistance or changes in cell wall characteristics. In some 

cases the expression of the new trait will be required for a 

short time only, for example, herbicide resistance will be 

required only in the nursery and perhaps the first few years 

of establishment in the forest. In the case of insect 

resistance, however, the new gene will have to be active 

during insect attack and will preferably be switched off 

when no insects or low levels of insects are present. This 

requires precise control and fidelity of gene expression, 

both of which are vulnerable to a variety of genetic and 

epigenetic effects that may lead to instability or even 

failure of the crop. This issue is the focus for research and  

a better understanding of these mechanisms should 

improve our ability to mitigate this kind of risk. Further, we 

should recognise that crop failure is not an inherent risk of 

gene technology and it must also be considered for any 

commercial tree plantations (Kube and Carson 2004). Risk 

mitigation usually includes the deployment of multiple 

clones or genotypes, providing operational safety when 

one of them fails (Burdon 2001). In using genetically 

modified trees, one would make sure that several distinct 

genetic engineering events are deployed, providing the 

operational safety required. 

Invasiveness 

The dispersal of pollen or seed from genetically modified 

trees is seen as a potential for spread of transgenes and 

ultimately as a risk for transgenic organisms to become a 

weed (ie. either through plants arising from the original 

genetic engineering event, or that result from transgenic 

pollen hybridising with an interfertile species). This is seen 

as potentially more serious in trees than agricultural crops, 

owing to their very low level of domestication. However, 

domestication itself usually leads to significantly reduced 

‘fitness’ (i.e. ability to reproduce) since this characteristic is 

not usually selected and bred for. Although genetically 

modified forest trees or their descendants may have some 

ability to establish self sustaining populations, there is also 

a valid question whether one or a few newly introduced 

genes have the potential to increase the invasiveness of an 

organism, and in which contexts this would be likely to 

have an adverse effect. For example, if herbicide resistance 

is used for pine plantations, there would be an advantage 

to any wildling pines only against the specific herbicide to 

which the trees have resistance, and herbicides with a 

differing chemical action would be expected to remain 

effective. This would allow alternative chemical control 

options in the event of wildling spread onto adjacent land. 

Further, herbicide resistance could be an advantage only if 

the selective pressure (ie herbicide application) was actually 

applied. This is not common outside of managed 

plantations. 

Finally, the spread of pollen or seed from genetically 

engineered trees can be avoided by engineering 

reproductive sterility in these trees (Strauss et al. 1995). 

Horizontal Gene Transfer (HGT) 

Horizontal gene transfer is a natural process which leads to 

the non-sexual transfer of genetic material from one 

organism to another, often between very distantly related 

species. For example, some bacteria living in soil can take 

up DNA from decaying organisms (plants, microorganisms, 

animals) and sometimes integrate this DNA in their own 

genome. While this process is very rare (and difficult to 

demonstrate under experimental conditions), it has still led 

to serious concern within the genetic engineering debate. 

Some authors claim that the horizontal transfer from 

genetically modified plants into soil microbes may have a 

negative impact on them and may even lead to the 

development of serious pathogens, pests or diseases. 

Scientific evidence indicates that there are in fact many 

barriers to HGT and that organisms don’t readily take up 

foreign DNA. Also, when DNA is integrated into a new 

host, the expression of any effect is still unlikely, particularly 

when it is compared with HGT that occurs naturally. 

Considering that most, if not all, genes that are used in 

genetic engineering experiments are actually derived from 

the natural environment, it is hard to imagine why the 

horizontal gene transfer of such a gene from a genetically 

engineered organism should provide any additional risk to 

that of the transfer of exactly the same gene from its 

natural source. Some authors are now coming to the 

conclusion that HGT is irrelevant with regards to the 

genetic engineering discussion (Conner et al. 2003, Walter 

and Fenning 2004). 

Risk in Perspective 

No new technology comes without risk, and genetic 

engineering is no different. What are those risks, how big 

are they, and most importantly, how do they compare with 

the risks associated with carrying on with usual practice? 

How do they compare with the risks of not using a new 

technology? It is important to appreciate that nothing in 

human life is without risk, and that conscious or 

subconscious decisions are always made on whether or not 

to take a risk, in expectation of a benefit in return. Also, it 

is usual to constantly evaluate the risks taken in daily life, 

and to implement measures to reduce these risks. For 

example, road safety programs constantly monitor the risks 

associated with motoring and introduce new safety 

features to minimise risk (seatbelts, airbags, etc). The well 

known risks associated with motoring however, do not 

result in us giving up driving cars, presumably because the 

benefits are perceived to be large and compensatory. 

Genetic engineering can be viewed in a similar way. There 

is great benefit to be gained from this technology, both 

economic and environmental. However, without testing 

and using this technology we will never be able to gain 

these benefits, nor understand and mitigate any risks 

associated with genetic engineering. Another aspect of the 

risk debate is related to the risk of already existing and 

widely used technologies. Are these risk free? Conventional 

breeding can actually be regarded as more risky than 

genetic engineering. Here, thousands of genes may be 

combined and the impact of all these new combinations is 

never tested on the operational and environmental safety 

of the resulting organism. 

Often the precautionary principle is discussed in the 

context of risk in genetically engineered organisms. The 

argument is advanced that since we cannot be absolutely 

sure about potential negative effects of the technology in 

future then, consequently, the precautionary principle 

requires that we do not proceed. One may consider, 

however, that the same argument can be used to do 

exactly the opposite (Van den Belt 2003): Can we be 

absolutely sure that genetic modification will not provide a 

significant advance in forestry practice, and since we 

cannot, should we not proceed with the careful use of 

genetic engineering? 

Taking all aspects of the debate into consideration, we may 

decide to endorse the conclusions that the Royal 

Commission on Genetic Engineering recommended for 

New Zealand: i.e. “Go ahead, with caution”. 

CONCLUSIONS 

While molecular technology is relatively new to forestry, 

great potential for its application is already identified. 

Genetic mapping and fingerprinting will allow the breeder 

to improve and accelerate the process from identification 
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of a superior trait, to deployment of improved trees in the 

forest. Where desirable traits are not readily available in the 

breeding population, gene transfer can introduce them and 

provide significant changes to the quality and quantity of 

timber produced. Also, novel biomaterials and composite 

materials grown from our forests are beginning to look 

feasible. 

New technologies always come with risk and concerns that 

must be addressed. The process should include a 

comprehensive scientific analysis of new organisms, and 

also a public education process to assist society in making 

case-by-case decisions based on fact and a comprehensive 

analysis of benefits and risks. The issues forestry is facing in 

an attempt to provide sufficient timber and timber  

products to a growing world population, in an 

environmentally sustainable way, are too serious for us to 

reject the uses of new and potentially beneficial 

technology. 
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INTRODUCTION 

Forest establishment is a critical phase of the forestry cycle, 

as the success of this phase sets the scene for the whole 

rotation. It is important to have a crop evenly distributed 

over the site, with all trees expressing optimum and 

uniform early growth. Without this, the value of the final 

crop will be reduced and the length of the rotation may be 

extended. Production of high quality planting stock in 

forest nurseries is an essential component of the 

establishment process. 

The New Zealand planting programme in 2003 was about 

58,000 ha, requiring some 58 million plants. Control- 

pollinated seed, produced by crossing amongst the best 

parents in the tree breeding programme, is now widely 

available, and methods of vegetative propagation using 

cuttings and tissue-cultured plantlets have been developed 

to allow greater forest areas to be established from this 

seed. About 57% of radiata pine planting stock was 

produced by vegetative propagation in 2001. 

Planting stock is produced mainly in bare-root nurseries, 

although containers are gaining in popularity, especially for 

the production of cuttings in areas where the climate or 

soil is marginal or unsuitable. 

PRODUCTION OF BARE ROOT SEEDLINGS 

Seed Sowing 

For 1/0 radiata pine, seed is sown in spring (September- 

November), the exact time depending on climate, ground 

conditions, and desired seedling size. After the ground has 

been prepared, sowing should be carried out quickly so 

that germination occurs over a relatively short time. When 

the sowing period is prolonged, birds may follow seedling 

emergence over the nursery, damaging the whole area. As 

most nurseries do not have facilities for irrigating seed 

beds, sowing is usually timed to coincide with expected 

wet spring weather. For 1.5/0 radiata pine, seed is sown in 

January-March. 

The spacing of seeds can have a major effect on 

morphological characteristics of the resultant planting 

stock. Though spacing generally does not affect seedling 

height, wider spacing results in sturdier seedlings with 

greater root-collar diameters and larger root systems. The 

optimum spacing depends on the nursery climate. For 

example, the optimum for seedlings at Edendale Nursery in 

Southland is at least 6 cm, while 5 cm is recommended for 

the Forest Research nursery in Rotorua. 

Weed Control 

A range of chemicals is used, depending on the weed 

problems encountered. An important principle followed is 

to prevent weeds germinating in the crop, so a pre- 

emergence spray of propazine and/or Goal (oxyfluorfen) or 

sometimes Stomp (dinitroaniline) is applied after sowing 

but before emergence. This spray is repeated two times 

during the growing season as post-emergent spray. Other 

 
 

 

SECTION 5.9 

http://www.isaaa.org/


100  SECTION 5 – PLANTATION SILVICULTURE 



herbicides, such as knock-down herbicides with or without 

residual properties may be used if necessary to control 

emerged weeds. Glyphosate is an example of a knock- 

down herbicide which can be applied before seedling 

emergence, while Gallant (haloxyfop) can be applied after 

emergence. Gardoprim (terbuthylazine) is a herbicide 

which can be used for post-emergence knockdown with 

some residual control. 

Fertilising 

A base dressing is applied before sowing, depending on 

soil tests. Once seedlings are growing, maintenance side- 

dressings of a granulated fertiliser (12% N, 5% P, 14% K, 

4% S, 1.2 Mg + micronutrients, or similar) are applied in 

early and late summer (late December and late February). 

Each is applied at 130 kg/ha, using a fertiliser distributor 

which drops the fertiliser between the rows, without 

leaving fertiliser on the foliage. 

Foliar feeding is also used to prevent deficiencies of N, Mg, 

and Fe. N is applied as a 2% (w/v) urea spray, together 

with 2% (w/v) magnesium sulphate regularly during the 

growing season, but particularly before and after 

conditioning commences. Fe is applied as 0.05% (w/v) iron 

chelate as required. 

Conditioning 

Seedlings need to be mechanically conditioned to produce 

a compact fibrous root system, and to slow down height 

growth. A regime of undercutting, lateral root pruning, 

and repeated wrenching is required to achieve this. 

Timing of conditioning is important. If undercutting and 

wrenching are done too early, seedlings will not reach 

plantable size by the time of lifting. On the other hand, if 

undercutting is postponed until the autumn or later, 

seedlings do not become fully conditioned. In Rotorua, 

sowing is timed so that seedlings are large enough (20cm 

tall) for conditioning to start in late summer (end of 

February/early March). 

Seedlings are undercut at a depth of 5 to 8 cm. In  

nurseries with warm summer soils, there is no lateral root 

development in the upper 1 to 1.5 cm, and undercutting 

needs to be deeper, at around 10 cm. Seedlings should be 

undercut as shallowly as possible to impose a sudden 

severe shock. After they have been undercut, seedlings 

must be wrenched and lateral root-pruned. After several 

wrenchings, lateral root growth can be extensive, and 

lateral root pruning is necessary to restrict root growth to a 

zone close to the main taproot. Wrenching at about 3- 

weekly intervals until winter has proved best at Rotorua, 

resulting in good fibrous root development without too 

many long lateral roots running along the rows. Lateral 

root pruning at 6-week intervals is sufficient to control 

lateral root growth between rows. 

If seedlings become too tall, they may be topped at about 

35 cm in autumn (at least six weeks before lifting) so that 

apical fascicle buds develop before lifting. If more than one 

topping is required, subsequent topping should be below 

the earlier topping height to avoid a multi-leadered top. 

Lifting should not commence until the apical fascicle buds 

have developed. 

Lifting and Packaging 

Before lifting, the soil is loosened by passing a wrenching 

bar below the root systems at about twice the normal 

wrenching speed. The seedlings can then be lifted in groups 

of 5-10 plants and their roots trimmed to about 10 cm, 

before being packed horizontally in rigid planting boxes. 

Some practitioners recommend trimming to a shorter 

length (to facilitate good planting practice), in which case 

the depth of undercutting must be adjusted to avoid 

damage to the tap root when roots are trimmed. If the 

roots are dry, they can be lightly misted in the boxes before 

closing the boxes and putting them in planting crates. 

PRODUCTION OF PLANTING STOCK BY 

VEGETATIVE PROPAGATION 

Various vegetative propagation methods can be used to 

bulk up control-pollinated seed of high genetic quality. 

Methods include manipulation of young plants in the 

nursery as seedling stools (for juvenile cuttings), collection 

of cuttings from plantation trees of improved seed origin 

(field-collected cuttings) and micropropagation (tissue- 

cultured plantlets). Only cuttings are discussed here. 

1 Juvenile Cuttings 

Management of stool beds 

Typically, stool beds are established using topped seedlings 

or second-order rooted cuttings in raised beds in two rows 

at 50 x 50 cm spacing. Nutrients and fungicide, insecticide, 

and weedicide sprays are applied according to the regime 

used for radiata pine seedlings. Any dominant leaders may 

be removed in February to encourage development of 

suppressed shoots. Stock plants may be used for at least 4 

years by regularly rotary slashing the plants back to a 

height of 10-30 cm (usually carried out in October- 

November, with further pruning in mid-summer if 

required). When thus "hedged", radiata pine seedlings age 

very slowly. Seedlings that have been hedged for 4 years 

produce cutting material that has the appearance and 

behaviour of 1.5 to 2.5-year-old cutting material. 

Collection of Cuttings 

In most districts, cuttings are best collected and set 

between May and the end of July, 3-5 months after 

topping of the stock plants. The setting period can be 

extended by using irrigation after setting, but there is a 

greater risk of mortality. Cuttings of final setting length are 

taken using secateurs. These juvenile cuttings are loosely 

packed in waxed cardboard cartons and watered. Although 

cuttings have been stored for up to 2 weeks in a cool store 

without any apparent harm, the sooner they are set after 

collection the better. 

Bare-Root Raising of Cuttings 

Setting 

A long-term slow-release N/P/K/Mg fertiliser (MagAmp) is 

mixed into the top 10 cm of soil at a rate of 200-400  

kg/ha before formation of raised beds. In the Forest 

Research nursery at Rotorua, beds are sprayed with a pre- 

emergence weedicide (propazine) at a rate of 1.0 kg a.i. 

per ha. Cuttings 7-10 cm in length and more than 3 mm in 

diameter are set at a depth of 3-4 cm and at a spacing of  

7 x 12.5 cm. The cuttings are pushed into the nursery bed 

so that the basal needles have their tips still exposed (ie 2- 

4 cm deep). No rooting hormones are applied. Small dibble 

holes are made in the ground first for cuttings that are thin 

or have soft stems, or when the cutting bed is hard or 

stony. They are often covered with frost cloth for  

protection against frosts or soil splash. Immediately after 

they have been set, the cuttings visibly wilt and require 

irrigation. By 2-4 weeks after setting, plants have recovered 

and have "hardened off" to environmental stress. 

Controlling weeds after setting 

Broadleaf weeds are kept back by over-the-top application 

of propazine at 1.0 kg a.i. per ha, as often as necessary for 

control. If summer grasses are expected to be a problem, 

propazine and Goal or Stomp are applied as the soil warms 

up. Results from pilot trials suggest that once young 

radiata pine cuttings harden off, they are as resistant to 

herbicide damage as are similar-sized seedlings. Gardoprim 

(terbuthylazine) is a herbicide which can be used for post- 

emergence knockdown with some residual control. 

Growth pattern and conditioning regimes 

Cuttings start to elongate in September. They can actually 

double their height above ground before root growth, with 
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"rooting" starting in late October. Just before rooting 

occurs, the cuttings lose colour rapidly and start to yellow. 

The initial diameter of the stem largely determines the 

number of roots produced; the greater the stem diameter, 

the more roots produced. Rooting is usually complete by 

mid-December, and in early January an N/P/K fertiliser is 

applied to counteract the yellowing. The type of fertiliser 

and rate of application depend on the nutrients available in 

the soil. In late January, cuttings are undercut at a depth of 

10 cm followed by a lateral root pruning in mid-February. 

Wrenching and further lateral root pruning are carried out 

as for a seedling crop. If nitrogen deficiency occurs during 

the conditioning period, a 2% urea solution is applied at 

400-500 l/ha. This may be applied up to three times until 

the deficiency is corrected. The rooted cuttings are ready 

for planting between May and August, one year after 

setting. 

Growing Cuttings in Containers 

Facilities 

Under New Zealand conditions, container-grown stock can 

be raised outdoors in a sheltered environment using 

shelterbelts or shadecloth around the perimeter. While 

crops can be raised on the ground and watered by fixed 

sprinklers, better control is obtained by using raised 

benches and a travelling irrigation boom. Raised benches 

allow good air circulation around the crop and good air- 

pruning of roots emerging from the containers, while the 

boom can be used to accurately deliver water, fertiliser, 

fungicide and insecticide to all plants. 

Containers 

The most popular containers are trays of cells, made from 

high density polyethylene. The cells contain the potting 

medium while the plant roots develop and bind the  

potting mix to form firm plugs. The plugs can be extracted 

from the containers for dispatch to the field. Cells are 

commonly tapered, with drainage holes in the base, 

together with vertical ribs and/or side-slits to prevent root 

spiralling. Cell shapes can be round, square, or star-shaped. 

Cell volumes of 90-150 cc are commonly used, with 400- 

600 cells per m2. For setting cuttings, a minimum cell 

depth of 10 cm is required. Larger plants can be produced 

with larger cell volumes and lower cell densities. 

Potting mix 

The most common potting mixes are a combination of two 

or more of peat, composted bark, pumice or perlite (eg 3:1 

by volume of peat and pumice). Ingredients should be 

sieved to control particle size before mixing. The mix must 

have good water-holding capacity, yet be free-draining. A 

slow-release fertiliser (6-9 month), such as Osmocote or 

Magamp is often added to the mix. 

Setting 

Cuttings 3-5 cm long are set 1-2 cm deep in the potting 

mix, so that the tips of the basal needles are protruding. 

Raising 

Regular misting is essential for the first few weeks after 

setting, with irrigation to field capacity 2-3 times a week. 

Additional nutrients may be supplied once the cuttings are 

rooted to ensure even growth without nutrient 

deficiencies. Once the plants are approaching the desired 

height, nutrient applications cease. Any fungal or insect 

problems are controlled by judicious use of pesticides 

applied through the boom irrigation system. 

Dispatch 

When the crop is required in the field, the containers are 

watered to field capacity, and deplugged. The plants are 

packed in rigid planting boxes, as for bare-root plants, and 

cool-stored until dispatch to the field. 

2 Field-Collected Cuttings 

Cuttings can be propagated readily from young radiata 

pine trees in the forest. Plantations used for cutting 

collection should be of high genetic quality. Collection 

from field trees also allows some selection for vigour and 

form of the parent tree. Tips of lateral branches growing in 

full sunlight are used. Cutting material should have dense, 

fully elongated healthy needles, with a cutting length 

between 100 and 150 mm, and a minimum diameter of 6 

mm. The number of cuttings available for collection from 

each tree varies depending on age of the trees and site. 

While up to 10 cuttings can be collected from a large 3- 

year-old tree with lower branches unsuppressed by weed 

competition, the average from 3-year-old trees is five. 

The cuttings are collected in late April to late June during 

the period of slowest growth. Setting is done as soon as 

possible after collection, to avoid fungal infection, although 

cuttings can be stored for up to a month in a                  

cool store. Cuttings are set outside at a depth of 5 cm in 

raised nursery beds. Overhead irrigation is necessary during 

warm or dry windy weather, particularly during the first 

few weeks after setting. Following setting, management of 

the cutting crop is the same as for juvenile cuttings. 

ASSESSMENT OF PLANT QUALITY 

Plant quality is controlled by many factors, including 

nursery climate, soil type, cultural treatments, plant spacing 

and conditioning, and lifting and handling practices. Plant 

quality has traditionally been measured by morphological 

characteristics, including height and diameter at the root 

collar. While these characteristics give some indication of 

plant quality, by themselves they are not sufficient for 

predicting potential survival and growth rate. Physiological 

characteristics of root growth potential, water potential  

and food reserves are also important. 

Morphological characteristics are fixed and cannot be 

changed once plants are lifted and root-trimmed. On the 

other hand, physiological quality of bare-root plants is 

changing right up to the time of planting. Once plants are 

lifted, delay in planting will progressively lower food and 

water reserves. Water reserves can be replenished by 

watering, although fine roots may die if they dry out. Food 

reserves decline through respiration and cannot be 

replenished. 

The main morphological features affecting plant survival 

and growth rate are: 

> Height: Plant height is determined by the time of seed 

sowing or setting of cuttings, time of the initial 

undercut for mechanical conditioning, and the nursery 

climate during the growing season. Plants need to be a 

certain minimum height for ease of handling and 

planting: about 20 cm for radiata pine. Plants more 

than 30 cm tall seem to have little advantage in height 

growth after planting. 

> Diameter (at the root collar): Diameter is controlled 

mainly by spacing in the nursery bed, but also by the 

conditioning regime. In general, the wider the spacing 

in the nursery bed the greater the diameter of the 

plants. More frequent wrenching will slow growth, but 

diameter growth is less affected than height growth. 

For bare-root plants, a diameter of at least 5 mm is 

recommended for seedlings and 7-8 mm for cuttings. 

Container-grown cuttings should have a minimum 

diameter of 4.5-5 mm. 

> Sturdiness (height/diameter ratio): Plant sturdiness is 

increased by treatments which act to lower the 

height/diameter ratio, ie wider spacing in the nursery 

bed, and both natural and mechanical conditioning. 
When plant spacing is increased to obtain the desired 
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diameter, sturdiness is also improved. A sturdiness ratio 

of about 45 is typical for seedlings from higher 

elevation nurseries, or those with heavier soils. At the 

Forest Research nursery in Rotorua, with a light pumice 

soil, the ratio is normally about 60. 

> Root system quality: Bare-root seedlings should have  

a compact root system from nursery conditioning, with 

lateral roots trimmed to about 10 cm, and with moist 

fine roots and mycorrhizae. Ideally, cuttings should have 

roots emerging evenly from around the base of the 

cutting, with roots in four quadrants, as these have 

shown significantly better growth in field trials. 

However, there is not a significant difference in field 

performance between cuttings with roots in either two 

or three quadrants. Cuttings with roots in only one 

quadrant should not be accepted, as they will be 

susceptible to toppling. The root system of container- 

grown cuttings should bind the potting mix firmly, with 

roots vertically trained down the plug and with no root 

spiralling. 
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NURSERY 
PROCEDURES FOR 
DOUGLAS-FIR 
M I Menzies – Forest Research, Rotorua 

W D Brown – Kaingaroa Timberlands Ltd, 

Rotorua 

INTRODUCTION 

Douglas-fir is the second most common species planted in 

New Zealand, at 6% of the planted forest area or 103,809 

ha as at April 2002 (Ministry of Agriculture and Forestry 

2003). Around 4,000 ha was planted in 2001 (Palmer 

2002), with more than 90% of the young resource (1-5 

years) in the South Island. 

2/0 bare-root seedlings have been the most common 

planting stock used, although "plug-1s" (one year in 

containers, followed by a further year bare-root in the 

nursery) are becoming popular. 1/0 bare-root seedlings and 

1/0 container-grown seedlings are also raised. 

PRODUCTION OF BARE-ROOT SEEDLINGS 

Seed Sowing 

For 2/0 Douglas-fir seedlings, seed is sown in late spring 

(October-November), the exact time depending on climate 

and ground conditions. As most nurseries do not have 

facilities for irrigating seed beds, sowing is usually timed to 

coincide with expected wet spring weather, before the 

summer heat. For 1/0 Douglas-fir, seed is sown in January- 

February. 

Seeds are usually sown about 6 cm apart within the rows 

(130 per m of bed), with the expectation that the final 

crop will be at about 60-80 per m of bed following losses 

from variable germination and root rot during the first year 

of growth. 

Weed control 

Goal (Oxyfluorfen) is commonly used as a pre-emergent 

weedicide at about 3 litres active ingredient per ha. 

Gardoprim (Terbuthylazine) is used post-emergence, as 

required, although Goal can be used in the winter/spring 

period prior to bud flushing. 

Fertilising 

Fertilising is similar to that for radiata pine, except nitrogen 

should not be applied in late summer/autumn of the 

second year, to ensure a late flush is avoided. 

Conditioning 

Seedlings need to be mechanically conditioned to produce 

a compact fibrous root system, and to slow down height 

growth. A regime of undercutting, lateral root pruning, 

and repeated wrenching is required to achieve this. Also, 

because Douglas-fir seedlings are susceptible to root rot, 

undercutting is used to aerate the soil and improve 

drainage, especially in humid North Island nurseries. 

Seedlings are usually given a deep undercut in the spring  

of the second year (November) to aerate the soil. This is 

followed by a shallow undercut in January/February when 

seedlings have reached their target height specification. 

This will often cause the seedlings to set buds. They are 

then lateral pruned and wrenched in autumn. The timing 

of these operations depends on how the seedlings are 

growing. The shallow undercut may be delayed until 

autumn if further growth is required, or the lateral pruning 

may commence earlier in February to slow growth. Topping 

may also be used to control height growth. 

Lifting and Packaging 

This is the same as for radiata pine. 

PRODUCTION OF CONTAINER-GROWN 

SEEDLINGS 

Facilities 

Under New Zealand conditions, container-grown stock is 

usually sown under cover in a greenhouse. 1/0 stock is 

sown late winter (July/August) to get an early start. Plug-1s 

are sown in late spring (November). Once the crop is 

actively growing in spring/early summer, it can be 

transferred outdoors to a sheltered environment using 

shelterbelts or shadecloth around the perimeter. While 

crops can be raised on the ground and watered by fixed 

sprinklers, better control is obtained by using raised 

benches and a travelling irrigation boom. Raised benches 

allow good air circulation around the crop and good air- 
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pruning of roots emerging from the containers, while the 

boom can be used to accurately deliver water, fertiliser, 

fungicide and insecticide to all plants. 

Containers 

The most popular containers come in trays made from high 

density polyethylene. The containers contain the potting 

medium while the plant roots develop and bind the  

potting mix to form firm plugs. The plugs can be extracted 

from the containers for dispatch to the field. Containers  

are commonly tapered, with drainage holes in the base, 

together with vertical ribs and/or side-slits to prevent root 

spiralling. Shapes can be round, square, or star-shaped. 

Individual container volumes of 90-150 cc are commonly 

used for 2/0 stock, especially the 90 cc size. Plug-1 stock is 

usually raised in 50 cc containers. 

Potting mixes 

Potting mixes are the same as for radiata pine cuttings. 

Raising 

Regular watering is essential, with irrigation to field 

capacity 2-3 times a week. Additional nutrients may be 

supplied once the seedlings are actively growing to ensure 

even growth without nutrient deficiencies. Once the plants 

are approaching the desired height, nutrient applications 

cease. Any fungal or insect problems are controlled by 

judicious use of pesticides applied through the boom 

irrigation system. Typical cultural conditions are given in 

Menzies and Arnott (1992). 

Dispatch 

When the crop is required in the field, the containers are 

watered to field capacity, and deplugged. The plants are 

packed in rigid planting boxes, as for bare-root plants, and 

cool-stored until dispatch to the field. 

PRODUCTION OF PLUG-1 SEEDLINGS 

The container-plug seedlings are raised as described for 1/0 

container-grown seedlings. They are lined out in a bare- 

root nursery bed in the autumn after sowing (April) at a 

density of around 100 per m of bed (about 8 cm apart 

within the row). The bare-root raising is the same as for 

2/0 bare-root seedlings. 

PLANT QUALITY 

The importance of good plant quality is the same as for 

radiata pine. 2/0 bare-root or plug-1 seedlings are often 

preferred over smaller stock because plants of larger size 

appears to cope with weed competition and animal 

browsing on harsh sites better than smaller 1/0 stock. 

Typical size specifications for 2/0 stock are 30-45 cm tall, with 

a root collar diameter of 8-10 mm (Baker & Ledgard 1991). 
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CUTOVER SITE 
PREPARATION 
P Hall – Carter Holt Harvey Forests, Tokoroa 

Management of cutover to establish a new crop of trees is 

achieved through a series of operations, all of which are 

affected by a variety of on-site and off-site influences. The 

objective is cost-effective preparation of a good planting 

site. 

The operations employed will vary from site to site and are 

inter-dependent. None of them should be treated in 

isolation. 

On-site factors which determine cutover site preparation 

include: 

> topography 

> area of the cutover 

> soil type and nutrient status 

> susceptibility of site to erosion 

> location of waterways and riparian strips 

> climate and seasonal variation in weather 

> timing and duration of harvest 

> previous crop 

> harvesting system 

> time since harvest was completed 

> weed species present and anticipated 

> residue volume and distribution 

> species planned for the next crop 

> noxious animals and pests (e.g. Hylastes). 

There are a number of off-site factors which may also 

influence the operations employed: 

> availability of resources (manpower, machines and 

chemicals) 

> surrounding crop 

> neighbouring land ownership 

> statutory requirements (Resource Management Act, 

Health and Safety in Employment Act) 

> financial constraints 

> availability of planting stock of desired type and quality 

> certification issues. 

After consideration of all these factors and their 

interactions, the establishment manager is in a position to 

decide which operations will be used to prepare the 

cutover for re-establishment. 

CHEMICAL SITE PREPARATION 

The use of chemical weed control is a complex subject and 

the details on chemical selection and application are 
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covered in Section 5.13. It is a crucial part of virtually all 

forest establishment operations in New Zealand. It has 

been described as the single most important factor 

affecting tree survival and initial growth. 

There are a relatively small number of chemicals available 

for forest weed control, from a range of suppliers under a 

variety of brand names and in a range of formulations. 

Chemicals can be used as either a broadcast treatment  

over the whole site or as a spot treatment. They can be 

applied from the air or from the ground (machine or hand). 

Most area is treated through aerial spraying from 

helicopters. 

The timing and intensity of chemical site preparation is 

determined by the weed species, weed size and density, 

chemicals used, season and weather. Some have a residual 

effect in the soil, which means planting must be timed 

appropriately. 

There is interaction between chemical and mechanical site 

preparation (such as crushing of scrub) methods. Timing of 

each must have consideration for the other. Mechanical 

site preparation can also determine the type of chemical 

weed control required. For example, a site with heavy slash 

may require aerial application of chemicals, but if it was 

windrowed it may be possible to treat it using ground- 

based methods. These interactions may have cost 

implications, which should be considered as a whole. 

MECHANICAL SITE PREPARATION 

Factors which determine mechanical site preparation are: 

> slash, including weeds and woody vegetation 

> soil physical properties 

> climate. 

Slash 

On many sites there are substantial volumes of logging 

slash, which can impede re-establishment operations. This 

is particularly so in areas where there is no pulp market or 

where the harvested crop has poor tree form. High levels 

of slash can also arise in harvesting minor species, crops 

grown at high stockings and wind-throw. In addition to 

slash, there may be weeds and woody vegetation present. 

There are a number of options available for dealing with 

such material: 

> push it into piles or rows (windrowing or line raking) 

> break it into smaller pieces (crushing or mulching) 

> burning. 

Windrowing and line raking can be achieved by a variety of 

means, using bulldozers or excavators fitted with root 

rakes. Bulldozers are suitable for terrain with gentle slopes 

and low to moderate stump density. Excavators can be  

used to windrow on rolling terrain with slopes up to  

twenty degrees. Excavators have a greater ability to work 

over, and around, stumps than bulldozers, and create less 

soil disturbance. 

The use of bulldozers fitted with bull or straight blades for 

windrowing operations is not recommended as this can 

lead to the deposition of top soil in windrows and gully 

bottoms unless the operator is highly skilled. Even when 

using root rakes and excavators, care must be taken to 

ensure that the topsoil and duff is disturbed as little as 

possible. 

Machines with root rakes can also be used to clear areas of 

standing scrub within a cutover. 

Another method of breaking down slash and areas of 

standing scrub is roller crushing. Roller operations can 

utilise either towed (flat to rolling terrain) or gravity (rolling 

to steep) rollers. On old cutovers roller crushing can be 

used to break down heavy weeds either before or after 

spraying. The slash and scrub is flattened to the ground 

and broken into short sections, improving site access, and 

leaving the organic matter on site to break down and 

provide nutrients to the crop in subsequent years. 

Gravity rolling is effective on steep slopes where machine 

access is otherwise impossible, as the technique has 

virtually unlimited slope ability. If operated correctly it 

creates very little soil disturbance beyond the access track 

required for the bulldozer. 

Towed rollers tend to create more soil disturbance. They 

have been used to prepare older cutovers prior to over- 

sowing with the soil disturbance improving seed 

germination. 

On many sites the slash and soil conditions are such that 

no mechanical treatment is required. This is obviously a 

desirable option as it is the least expensive. Leaving slash 

on site can improve soil moisture and nutrient retention. 

Soil 

On some sites the soil may require treatment to alleviate 

compaction caused through logging or natural means. In 

certain soils, especially clays, tree survival and early growth 

can be improved by cultivation. 

The most common forms of cultivation are ripping and 

mounding, and v-blading. Ripping and mounding can be 

achieved by either bulldozer-based operations, or by 

excavator (spot cultivation). V-blading utilises a v-shaped 

blade on a bulldozer to create mounds of topsoil to either 

side of the machine. Slash volume and stump density will 

usually dictate which operation is used. Bulldozer-based 

operations are faster and cheaper on clean sites with easy 

contour, but excavator-based spot cultivation is frequently 

required on rolling terrain or on sites with heavy slash loads 

or high stump density. In some cases a two-pass bulldozer 

operation is used on cutovers with heavy slash. The first 

pass uses a small tractor with a v-blade or rake to clear 

slash and the second pass is with a larger machine carrying 

a ripper/mounder unit. Ripping is most beneficial when 

combined with mounding 

On many sites cultivation does not have a long-term effect 

on tree growth but does improve survival and crop 

uniformity. 

Climate 

The interaction between climate, site conditions and 

species to be established can also create a need for 

mechanical site preparation. Areas which are low lying,  

flat, and have poor drainage (eg pakahi swamps) are 

frequently prepared for planting using v-blading. Sites 

which are frost prone (eg "hard" sites on the pumice 

plateau) require mounding to enable the tree to be planted 

above the most severe part of the frost layer. 

BURNING 

In some cases where a clean site is required the site 

conditions (slope, slash load, and access) dictate that the 

only practical means is burning. Burning was widely used 

throughout New Zealand into the 1980s. Although it is 

used much less now it is still an effective tool. 

Burning is generally a less preferred option owing to: 

> nutrient loss during and immediately after burning 

> adverse public reaction to smoke clouds 

> risk to adjacent stands. 

Burning is also an expensive option, especially when 

applied to small areas (fewer than 20 hectares) as the 

planning and resources required for a small burn are similar 
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to those required for a large burn. This has a significant 

effect on the unit cost of burning. Burn costs on small 

areas (20 hectares) can be as high as $900 to $1000 per 

hectare; a fifty hectare burn may cost $600 to $700 per 

hectare. 

Burning can clear a site whilst causing minimal soil 

disturbance and with little effect on water quality from 

sediment. Low intensity burns are preferred to prevent 

excessive nutrient loss and to allow control to be 

maintained over the burn. Preferred burn conditions are: 

> dry fuels 

> low wind speed (away from risk boundaries), or calm 

> moderate to high humidity 

> low air temperature. 

Burns are typically undertaken in late summer or early 

autumn, and are lit in the early afternoon, when weather 

conditions both at the time and forecasted are suitable. 

Burn planning should consider: 

> fuel, topography and weather effects on fire behaviour 

> required outcomes (intensity of burn, protection of 

sensitive  boundaries) 

> erosion control on firebreaks 

> possible inversion layers (which influence the dispersal 

of smoke) 

> proximity of residential areas 

> visual impacts 

> post-burn site management (re-vegetation/over- 

sowing/vegetation management). 

SITE REHABILITATION 

In most harvesting operations there are impacts on the soil 

and its productivity. Logging landings and the most 

intensively used tracks are frequently stripped of topsoil 

and heavily compacted. Landings and tracks can occupy 

5% to 15% of the potentially plantable land in a stand. 

Returning these sites to production is an option that  

should be considered, but they require ripping as a 

minimum treatment and often fertilising is required too. In 

some cases returning topsoil stripped during construction is 

the best way to restore productivity. 

Over-sowing 

The concept of over-sowing forest sites arose from parallel 

lines of thinking: 

> the observation that trees established on ex-pasture 

sites grew well and that the use of legumes (lupins) on 

sand sites increased soil nitrogen; and 

> the concept of occupying the site with easily-controlled 

ground cover, thereby slowing down the invasion of 

more serious weeds. 

It was thought that the use of nitrogen-fixing plants on 

cutovers would improve early tree growth. A further reason 

was the early establishment of ground cover to reduce the 

vigour of problem weed species such as gorse, blackberry 

and buddleia. Over-sowing utilises grasses and legumes, 

either in combination or individually. 

The use of over-sowing is a form of biological control of 

weeds, which may reduce the amount of herbicide 

required in releasing operations. Over-sown sites often 

have improved aesthetics and are suited to areas with high 

public visibility. Over-sowing may also allow for grazing on 

some sites, especially with low stocking regimes where 

canopy closure may not occur until some time after 

planting. 

The effects of over-sowing on tree growth are variable, 

with early trials indicating significantly increased basal area 

but no increase in height. Other operational trials suggest 

no significant growth gains on over-sown sites. 

If utilised, over-sowing should be undertaken on fresh 

cutovers, being either freshly harvested sites or older 

harvested sites that have been scarified. Over-sowing can 

also be utilised after a pre-plant spraying operation, 

although care must be taken if residual chemicals are 

present. Slash removal may not necessarily improve 

germination of the over-sown species, as soil moisture 

needs to be maintained to achieve good results. For this 

reason better germination and faster establishment of over- 

sown species are achieved on flats and gullies than on 

slopes and ridge tops. On steep slopes down-slope seed 

movement can occur. 

Selection of species should be made with regard to site 

conditions and pest problems. Species that have shown 

promise are: 

> Maku lotus 

> Koha serradella 

> Annual and biennial ryegrass 

> Massey Baysn Yorkshire fog 

> Wana Cocksfoot 

> Brown Top 

Maku lotus has grown well on sites with rainfall in excess 

of 1000 mm per annum, however it is susceptible to attack 

from tomato fruit worm, which will attack tree seedlings 

when the lotus has been eaten out. No suitable 

replacement species has been found. Koha serradella has 

been used as a replacement for lupin on sand forests 

where nitrogen fixing plants are necessary, and is  

successful on warm dry sites. However it does not have the 

same biomass and nitrogen fixing abilities as lupin. Annual 

ryegrasses are suitable for autumn sowing. 

Seed quality is critical to achieving the right outcome and 

seed should be purchased on a "pure live seed" basis. That 

is, the combination of germination percentage and seed 

purity. Seed certificates should be sought and independent 

seed testing undertaken to confirm quality and vigour. It 

should be remembered that it is the seed germination and 

vigour at sowing, not at the time of purchase, that is 

important. Seed quality can deteriorate quickly in storage if 

moisture levels and temperature are not controlled. Those 

purchasing and applying large quantities of seed should 

seek appropriate training and independent expert advice. 

PLANNING 

There are many options (Table 1) available to the forest 

manager at the time of re-establishment. Choosing the 

optimum combination of chemical preparation, mechanical 

preparation and over-sowing, along with considerations of 

timing, requires good planning. The aim is to get the 

cutover re-established in a viable tree crop at acceptable 

cost. The treatments not only have to be selected they also 

have to be budgeted, scheduled and contracted. 

Inspections of the site prior to and during logging will 

enable advance decisions to be made regarding what site 

preparation operations are likely to be required. 

Problems can occur with logging crews leaving sites 

partially harvested, with impractical boundaries, with spars 

still standing or with excessive unmerchantable material. All 

these things can impinge on re-establishment operations. 

Therefore good communication between harvesting and 

establishment staff is essential. 
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SUMMARY 

It is important that site preparation is successful for it 

impinges on the success of all subsequent silvicultural 

operations. 

The options available at tending, and the quantity and 

quality of the final crop, will be affected by the quality of 

establishment operations. 

The re-establishment forester has the difficult task of 

assessing many factors, including: the state of the previous 

crop and how it was harvested; the present state of the 

cutover; the weeds expected to be present; how they will 

develop in the time between harvesting and spraying; and 

the properties of the next crop. 

These decisions will have a major impact on profitability. 

An holistic approach should be taken where re- 

establishment is seen not as a series of separate operations 

but as a regime aimed at a specific outcome. Whilst there 

will be financial constraints every effort should be made 

not to compromise long-term profitability for the sake of 

short-term savings. 
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Method Where / why used Advantages Disadvantages 

Burning In excessive slash where 

planting would be 

impossible without 

clearing, and manual or 

mechanical clearing is not 

feasible. 

Used effectively it can 

create an excellent site. 

Good for fire training. 

Removes weeds. 

High risk. Potential for 

high nutrient loss. 

High unit costs, which can 

be difficult to predict. Poor 

public perception. Requires 

ancillary operations (fire 

breaks etc). 

Windrowing In excessive slash where 

planting would be 

impossible without 

clearing. 

Greatly reduces hindrance 

and cost of planting. 

Can lead to topsoil 

removal. 

Windrows are inhabited 

by weeds and pests. 

Nutrients in slash unevenly 

distributed. 

Line Raking For treating areas of heavy 

slash, similar to 

windrowing, leaving site 

partially undisturbed. 

Reduces access hindrance, 

cheaper than windrowing. 

Topsoil can be removed. 

Uneven nutrient 

distribution. 

Crushing In areas of standing scrub, 

weeds or branchy slash, to 

improve site access, reduce 

shading and lower the 

slash level. 

Can be done quickly on 

rolling terrain, breaks slash 

into small pieces improving 

break down. Minimal soil 

disturbance. 

Can be expensive on 

steeper slopes. 

Can create a dense layer 

of woody material at 

ground level. 

Cultivation To improve drainage, soil 

structure or alleviate frost 

problems. Improve survival 

and early growth. 

Can increase site 

productivity, rehabilitate 

compacted soils and reduce 

weed problems in some 

cases. 

Can affect subsequent 

harvesting operations. 

May cause weed problems 

on some sites. 

Pre-plant weed control To create a weed free site 

for planting. 

Can be used to cure weeds 

for burning. 

Results in greatly improved 

tree survival and growth. 

Improves planter access. 

Spraying ahead of planting 

gives greater flexibility in 

chemical options. 

Timing constraints may 

mean that either spraying 

or planting is not done at 

optimal time. 

Can cause problems with 

neighbours when spraying 

on boundaries. 

Over-sowing Can be used on any 

cutover to replace a 

difficult to manage weed 

(eg gorse) with one that is 

easier to control (eg grass). 

Can significantly reduce 

serious weed problems, 

reducing releasing 

requirements. Accelerated 

ground cover, potential for 

grazing. 

Increase in fine fuels load. 

Possible defoliation of 

trees as a result of insect 

build-up in over-sown 

species. 

Table 1: Cutover Site Preparation Options. 
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Equipment Slope ability Production rates 

and or costs 

Discussion 

Firelighters 

Fire engines 

Heavy machinery 

Helicopters 

Unlimited $100 to $1000 per 

hectare 

Often an operation of last 

resort, or part of a fire 

training plan. 

Results can vary from 

excellent to disastrous. 

Bulldozer – 120 kW 

Excavator – 20 tonne 

<20 degrees 

<30 degrees 

$200 to $800 per ha 

$300 to $400 per ha 

Excavators are the 

preferred option as they 

can do a better job of 

leaving topsoil 

undisturbed. 

Bulldozer – 120 kW 

Excavator – 20 tonne 

<20 degrees 

<30 degrees 

$150 to 250 per ha 

$200 to 300 per ha 

 

Towed roller – 120kW 

bulldozer with winch and 3 

to 8 tonne roller with raised 

chopper blades. 

Gravity roller. 

Towed, < 20 degrees 
 
 
 

Gravity - unlimited 

0.5 to 2 ha per hour 
 
 
 

0.2 to 1 ha per hour 

Can be used to clear up 

areas of scrub, failed crop 

or old cutovers with heavy 

weeds. 

Slash is left well shattered. 

Spot ripping/mounding – 

20 tonne excavator and 

ripper/mounder  attachment. 

Line ripping/ mounding – 

150kW bulldozer and ripper 

mounder + 120kW 

bulldozer for lane clearing. 

V-blading – 120 kW 

Bulldozer and v-blade. 

< 25 degrees 
 
 
 

< 15 degrees 
 
 
 

< 15 degrees 

0.2 to 0.3 ha per hour 
 
 
 

0.5 to 1.0 ha per hour 
 
 
 

0.4 to 0.6 ha per hour 

For marginal sites there is 

often a limited 

understanding of where 

cultivation is required. 

Best result when soils are 

dry when cultivated. 

Aerial – helicopter and 

spray boom. 

Ground based – ute or 

tractor and spray unit (hose 

or boom), or knapsack 

sprayers. 

Unlimited 
 
 

<15 degrees for vehicles 

<70 degrees for hand spray 

20 to 40 ha per hour 
 
 

0.5 to 2 ha per hour 

0.1 ha per hour 

Generally aerial  

application is used, 

although spot application 

can be considered in some 

cases. 

Aerial application by 

helicopter. 

Unlimited 30 to 40 ha per hour Application is normally 

carried out in the autumn 

prior to planting or spring 

immediately after planting. 

Care needs to be       

taken to get the right 

species for the season and 

site. 

Table 1: Cutover Site Preparation Options. 
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FERTILISING 
D J Mead – Silviculture Advisor, Golden Bay 

INTRODUCTION 

Fertiliser has been used as a silvicultural tool in forest 

plantations in New Zealand from the mid 1950s. Its use 

began with the application of superphosphate to correct 

severe phosphorous (P) deficiency in Northland. Later the 

correction of boron (B) deficiency became common, 

particularly in the South Island. Nitrogen (N), potassium (K), 

magnesium (Mg) and copper (Cu) are also applied (Will 

1985). Fertilisers also often supply calcium (Ca) and sulphur 

(S) and, although these nutrients may sometimes be 

helpful, they are not deliberately applied to correct 

deficiencies. 

The main plantation species receiving fertiliser are radiata 

pine, various eucalypts, poplars and black walnut (Juglans 

nigra). Stands of New Zealand indigenous species are not 

fertilised, although slow-release fertiliser tablets are 

sometimes recommended when planting kauri or other 

species (MAF and NZFFA 1998). 

USING FERTILISER 

Fertilisers are used in four situations where: 

> Fertiliser is essential to obtain a reasonable tree crop. 

This occurs on impoverished soils for less nutrient- 

demanding species such as pines and eucalypts, and on 

more fertile soils for nutrient-demanding species such 

as black walnut. 

> Growth rates are improved to the extent of providing 

an economic benefit. For example, applying N fertiliser 

to established stands will often increase growth rates in 

the short term and may be a desirable management 

strategy. 

> The maintenance of long term productivity is good 

forestry practice. It is likely to be needed on moderate 

and low fertility sites. 

> Special situations exist such as in nurseries, when 

establishing ground cover, or to improve grazing within 

the forest. 

DIAGNOSIS OF DEFICIENCIES 

Visual symptoms occur when nutrient deficiencies are 

severe (Mead 1984, Will 1985). Table 1 describes the 

symptoms seen in radiata pine. Symptoms can sometimes 

be confused with other causes such as fungal diseases, 

insect or spray damage, or water-logging. 

Symptoms also differ with tree species. FAO (1981) and 

Will (1985) have described the deficiency symptoms for 

eucalypt trees. In eucalypts, depending on the species and 

severity of the deficiency, N deficiency shows as lemon- 

yellow, yellow-orange, or red leaves or spotting. It is most 

pronounced on older leaves and also apparent on twigs. 

Sulphur deficiency, compared with N, appears as a more 

uniform yellowing of younger leaves; with time the leaves 

may turn bronze. Phosphate deficiency in eucalypts is 

associated with spotting and purple colours of older leaves. 

In contrast, with K deficiency, the leaves are not  

abnormally coloured but margins and veins may be 

necrotic. Magnesium, Fe, Mn, B, Zn and Cu all show 

differing types of chlorosis between the lateral veins; 

copper is also associated with abnormally shaped leaves. 

Boron deficiency in eucalypts can lead to tip dieback and 

zinc deficiency to a cluster of abnormally small leaves with 

a rosette appearance. 

Foliage and soil analyses may be used to confirm visual 

symptoms. More importantly they can indicate if the trees 

are under moderate nutrient stress (hidden hunger) (Mead 

1984). Soil analyses, particularly for P, are used prior to 

planting while foliage analyses are preferred in established 

stands. Marginal foliage levels for radiata pine are given in 

Table 1. Marginal levels will be different for other tree 

species. Foliage analyses may be used to monitor nutrient 

stress throughout the life of the crop so nutrients can be 

applied before growth is severely affected. This practice is 

frequently used in forests where nutrient deficiencies are 

common. It is important to collect foliage and soil samples 

following the standardised method or results can be 

difficult to interpret (Mead 1984; Will 1985). 

While the use of critical or marginal foliage levels is the 

most common procedure, the Diagnosis and 

Recommendation Integrated System (DRISS) and vector 

analysis have also been used, although more commonly 

outside New Zealand. DRISS takes into account nutrient 

ratios and other relationships as well as critical levels (Mead 

 

Deficiency Symptoms Marginal foliar levels* 

N Uniform yellow-green short needles; loss of older foliage. Fine branching. 1.2-1.4% 

P Dull green, short needles; loss of foliage; spire-like crowns. 0.11-0.12% 

K Yellow-green tips (sometimes necrosis); loss of older foliage. Winter. 0.4-0.5% 

Mg Golden yellow needle tips usually in older foliage of upper to mid-crown 

(upper mid-crown yellowing). Spring. 

 
0.07-0.10% 

Ca Resin exudation, bud death and die back. Hooked needles. 0.10% 

S Similar to N. 80 ppm SO4 

B Tip death and/or shoot dieback. Shoots may bend over; pith necrosis. 

Mid summer to late winter. Drought. 

 
8-12 ppm 

Cu Twisting of branches and leaders. Seedlings have drooping needles 

and necrosis. 

 
2-4 ppm 

Zn Rosetting of buds. Chlorosis. 10 ppm 

Mn Pale yellow-green foliage. Limestone soils. 10 ppm 

Fe Similar to Mn; yellow-white needles. 25-40 ppm 

* Deficient trees requiring fertiliser have levels below those stated. Satisfactory levels are above those stated. A growth response to fertiliser 

is less certain at the marginal level. 

Table 1: Diagnostic symptoms and marginal foliar levels for radiata pine. 
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1984). Vector analysis is based on short-term screening 

trials where shifts in leaf dry weight, nutrient concentration 

and nutrient content are measured and interpreted. Vector 

analysis may also be used to study the competition for 

nutrients and moisture (Mead and Mansur 1993). 

In New Zealand the most common deficiencies are N, P 

and B (Will 1985; Hunter et al. 1991). Widespread upper 

mid-crown yellowing in radiata pine has been attributed to 

Mg stress (Beets et al.1993) and there are numerous 

experiments looking at the benefits of treating this 

symptom. Localised areas of K and Cu deficiencies are 

occasionally treated; other nutrient deficiencies are rare. 

Applying N (or N plus P) to boost growth of marginally 

deficient older stands is sometimes practised. 

APPLICATION OF FERTILISER 

At the establishment phase fertiliser is given on a per tree 

basis, the fertiliser being applied in a spade slit 10-15 cm 

from the seedling. These small dressings may need to be 

followed up by heavier broadcast fertiliser applications. On 

sites suited to the use of tractors, another alternative, 

during the establishment phase, is to apply a high rate of 

fertiliser in a band application. This will produce a longer- 

lasting response than spot applications. 

In established stands aerial broadcast applications are used, 

although ground application has sometimes been 

employed. Aircraft fitted with electronic guidance systems 

and using granulated, dust-free fertilisers markedly improve 

fertiliser distribution, which ensures even crop growth. 

Care should be taken to avoid contamination of 

waterways. 

Sources of fertiliser and rates of application are given in 

Table 2. Slower-acting sources are sometimes 

recommended for plantations, although they are not 

always advantageous. Ulexite, a slow-release source of B, is 

now accepted as being preferred to more soluble sources. 

Slow-release fertilisers have a major role in nurseries and 

potting mixes. 

Further details on fertilisers and their properties are given 

by McLenaghen et al. (2003) and a code of practice for 

fertiliser use (including for use in plantations) has been 

produced by the Fertiliser Manufacturers’ Research 

Association (www.fertresearch.org.nz). 

OTHER OPERATIONAL FACTORS 

Fertilisers are usually applied to forest stands in the spring 

when growth is rapid. However, they can also be applied at 

other times, provided that the risks of drought or losses 

from high rainfall are low. 

Weeds also need to be considered when using fertiliser as 

they may respond to the added nutrients to the detriment 

of the trees. During the establishment phase weed control 

and fertiliser applications should be coordinated to ensure 

the best possible tree growth. In rare cases fertilisers can 

induce additional toppling because of excessive above- 

ground growth. 

Applying N to marginally deficient sites should occur only 

after thinning as it is important for the trees to have space 

to increase their foliage biomass (Mead and Gadgil 1978). 

In choosing types of fertiliser it can be helpful to compare 

the price of applied nutrient per hectare, taking into 

account the rate of nutrient needed per hectare, the 

concentration of the nutrient in the fertiliser and the cost 

of both the fertiliser and its application. Unless there are 

special factors to consider, use the source that is most 

economical. 

 

Fertiliser Nutrient % Rate of application 

 N P K Other nutrients At planting(g/tree) Established stands (kg/ha) 

Urea 46 0 0  25-60 250-450 

Ammonium sulphate 21 0 0 24S 60-100-180 500-950 

Superphosphate 0 9 0 20Ca;11S 60-100-180 300-750-1200 

Triple super 0 20 0 14 Ca; 2S 40-90 150-350-600 

Rock phosphate (RPR)* 0 11-16 0 32-38Ca * 250-600-900 

PARR phosphate** 0 17 0 20Ca 50-100 200-500 

Diammonium phosphate 18 20 0  40-85 250-500 

Magamp 18 8 0 14Mg 50 - 

Potassium chloride 0 0 50  25-50 100-200 

Potassium sulphate 0 0 40 17S 50 125-250 

Epsom salts 0 0 0 10Mg; 13S - 500-1500 

Kieserite 0 0 0 18Mg: 23S - 250-800 

Dolomite 0 0 0 11Mg; 24Ca - 500-1500 

Calcined magnesite 0 0 0 50-55Mg - 100-200-300 

Copper sulphate 0 0 0 25Cu; 13S - 20-40 

Copper oxychloride 0 0 0 57Cu - 9 

Zinc sulphate 0 0 0 36ZN; 18S - 10-30 

Borax*** 0 0 0 11B 4 20-40-80 

Ulexite 0 0 0 12-13B 4 20-50-70 

Na borates 0 0 0 13-22B - variable 

Colmanite 0 0 0 16B 4 25-50-70 

* Rock phosphate, perhaps in mixture with superphosphate, can be band or broadcast applied at establishment at 500-1000 kg/ha. Reactive 

phosphate rock (RPR) is a non-granulated slower-acting fertiliser, suitable for acid soils (pH<6.0) and annual rainfalls >800 mm. 

** Partially acidulated reactive rock phosphate. 

*** Sometimes added as boronated superphosphate. 

Table 2: Sources and rates of fertilisers recommended for radiata pine. The most commonly used fertilisers are shown in italics. 
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Mead and Pimentel (submitted) have recently 

recommended that forest managers also use energy 

analysis when comparing silvicultural alternatives for 

increasing plantation production. The objective of energy 

analysis is to compare the input of energy with the energy 

returned in useable biomass. The calculation of an energy 

balance ratio, where the energy output is compared with 

energy inputs, indicates the efficiency with which fossil 

energy is utilised to make biomass and energy. Solar 

energy, which is regarded as renewable, is not included as 

an energy input. Human labor is usually negligible and is 

frequently ignored. Energy balance ratios vary widely 

depending on fertiliser type, tree species, site conditions, 

application methods and expected responses. Energy 

analysis is particularly important for bioenergy plantations, 

but is also a sustainability issue for other plantations. 

ALTERNATIVES TO USING FERTILISERS 

An alternative to using N fertiliser is to incorporate a 

legume in the ecosystem to supply the nitrogen. Higher 

availability of nitrogen also occurs when planting on 

improved pasture and when legumes are sown as part of 

the establishment practice. Some legumes, such as those 

used in pasture, require phosphate application. Some N- 

fixing timber trees, such as blackwood, are unlikely to 

benefit greatly from additional nitrogen fertiliser. 

Municipal, industrial and farm waste-water or sludge 

(biosolids) residues are often rich in nutrients and can be 

applied to stands of trees. However, while they may be 

locally important, their use is limited by availability and 

other factors. 

In Nordic countries it is common to apply wood ash to 

forest sites following harvesting of logging slash for energy 

(Richardson et al. 2002). This is to ensure long-term site 

productivity. 

CONCLUSIONS 

Fertilisers have several roles in forestry including 

overcoming major nutrient deficiencies, improving growth 

rates and tree health and ensuring long-term sustainability. 

Because of the large costs involved, managers should make 

use of expert diagnostic services and plan and execute 

operations with care. 
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HERBICIDES 
S Gous – Forest Research, Rotorua 

BRIEF HISTORY 

There are many weed species in New Zealand plantations 

that can cause decreased tree growth and survival through 

competition for water, light and nutrients. Important weed 

species include: Buddleja davidii (buddleia), Cortaderia 

selloana and C. jubata (pampas), Cytisus scoparius (broom), 

Leycesteria formosa (Himalayan honeysuckle), Pinus radiata 

regeneration, a number of grass species, Pteridium 

aquilinum   var.   esculentum   (bracken),  Rubus   fructicosus 

(blackberry) and Ulex europaeus (gorse). 

Forest vegetation management to reduce competition is 

often the single most important factor influencing survival 

and initial growth of crop trees. Controlling competing 

vegetation also improves stand access and reduces fire risk. 

Vegetation management should be well planned and 

integrated with establishment and silvicultural practices. 

Effective chemical weeding is superior to manual weeding 

and cover cropping (over-sowing with a benign cover 

species) when the costs and benefits of control are 

considered. Compared with alternative weed control 

methods, such as crushing, slashing and burning, the 

environmental impact from using herbicides is arguably 

minimal. 

Weed control methods should be compared in terms of 

efficacy, cost, and environmental impact. Potential long- 

term impacts must be assessed because under the 

Resource Management Act 1991 it is important that the 

forest resource is managed in a sustainable fashion. 

Prior to the 1970s, many herbicide products were available 

in New Zealand. Site preparation often involved a pre-plant 

spray followed by a prescribed burn. Slashing, burning and 

crushing techniques in the 1960s – 1970s were replaced 

during the 1970s or used in combination with agri- 

chemicals such as the hormone weed killers. During the 

next 10 years, 1980 – 1990, many changes occurred in 

techniques to manage competing vegetation. The most 

significant development was that some of the more toxic 

products were replaced by new herbicides. The phenoxy 

herbicides (2,4,5-T; 2,4-D) were phased out and replaced 

by glyphosate and metsulfuron. New triazine products 

were also introduced, especially hexazinone and 

terbuthylazine. More emphasis was placed on reducing 

rates and improving efficacy by the addition of adjuvants. 

During the 1980s, several pesticide minimisation 

technologies were employed. These techniques were 

primarily variations in spot spray application (which 

reduced rates by up to 90% of the broadcast equivalent) 

and improved new herbicide formulations. Aerial 

 
 

SECTION 5.13 



112  SECTION 5 – PLANTATION SILVICULTURE 



Oral
 

application became more refined, rotary-wing aircraft 

became more affordable and more frequently used. 

Application techniques and spray drift prediction also 

improved. Total application volumes have decreased from 

above 350 litres per hectare to fewer than 80 litres per 

hectare. 

In New Zealand there are presently 26 registered herbicides 

for use in forestry. They are classified largely in the least 

hazardous "non-scheduled" category based on oral and 

dermal toxicity (LD50). The most commonly used herbicides 

are glyphosate, hexazinone, metsulfuron methyl and 

terbuthylazine. 

COMMONLY USED HERBICIDES 

Glyphosate is a non-selective, non-residual, systemic 

herbicide, absorbed by the foliage and rapidly translocated 

throughout the plant, where it primarily interferes with 

amino acid production. It is possibly the most successful 

herbicide ever produced with a very wide range of target 

weed species. Glyphosate has a low oral LD50 of 5600 

mg/kg (rabbits) and a dermal LD50 >5000 mg/kg (rabbits). 

Glyphosate is strongly adsorbed to the soil, becomes 

virtually immobile, and has a half life in aerobic soils of 14 

days. 

strongly adsorbed to the soil and has a half-life (in the soil) 

of 1 to 2 months depending on dose, soil type and 

climate. It provides soil residual weed control. 

In mixture with hexazinone, terbuthylazine is one of the 

most widely used and successful agri-chemicals in forestry 

releasing operations to control a broad spectrum of woody 

and herbaceous weeds. Terbuthylazine is compatible with 

many commonly used herbicides. It should not be applied 

if rain is expected within 3 hours, but requires 

approximately 10 mm of rain within a week to be washed 

into the soil. Haloxyfop and fluazifop-P-butyl are also 

commonly added to increase activity on grass species. 

Mixtures with clopyralid and hexazinone increase activity 

on broadleaf species. Terbuthylazine is a popular 

replacement for the more toxic simazine and amitrole used 

in earlier years. 

TOXICITY 

Figure 1 shows the LD 50s of the most commonly used 

herbicides, past and present, in New Zealand forestry. From 

this graph it is very clear that the forest industry today is 

using herbicides with far lower toxicity levels (higher LD50) 

than 30 years ago. Vegetation management practices have 

also changed considerably. 

 

Its use over the last 30 years has increased to possibly the 

most widely used herbicide in forestry for site preparation. 

 
 

10000 
A large number of formulations are available with various  
surfactants added to increase efficacy. The applied rates of 9000 

glyphosate have decreased slightly, possibly owing to  
improved formulations and the addition of surfactants. 8000 

Hexazinone is a semi-selective, residual, systemic 

herbicide, absorbed primarily by the roots, but also  

through foliage. It is translocated throughout the plant, 

where it inhibits photosynthesis. It is used to control a very 

wide range of weeds including woody and herbaceous 

weed species. It is classified as a harmful substance with an 

intermediate oral LD50 of 1690 mg/kg (rats) and dermal  

LD50 >5278 mg/kg (rabbits). The half-life in soil depends on 

dose, soil type and climate. Hexazinone can provide soil 

residual action to increase efficacy and extend the weed- 

free period. 

At low rates hexazinone can be used over radiata pine 

trees in releasing operations. The use of hexazinone for 

broadcast site preparation is not widely practised any 

longer, as there are less expensive and less toxic options 

available. However, in combination with terbuthylazine, 

hexazinone is one of the most widely used and successful 

agri-chemicals in forestry releasing operations to control a 

broad spectrum of both woody and herbaceous weeds. 
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Herbicides 

Metsulfuron methyl is a selective, systemic herbicide, 

absorbed through the roots and foliage. It inhibits cell 

division, thus stopping growth. It is used for the control of 

a wide range of broadleaf weed species. Metsulfuron 

methyl has a low oral LD50 of >5000 mg/kg (rats) and a 

dermal LD50 >2000 mg/kg (rats). The half-life in soil varies 

from 1 week to 1 month, breakdown being more rapid at 

lower pH, high soil moisture content and higher 

temperatures. 

In radiata pine plantations it should be used only as a pre- 

plant site preparation spray. Planting is not recommended 

within 2 months after application. Metsulfuron is often 

used in combination with glyphosate for site preparation. 

Terbuthylazine is a semi-selective, residual, systemic 

herbicide, absorbed primarily by the roots, but also 

through the foliage. Terbuthylazine is translocated 

throughout the plant, primarily interrupting photosynthesis 

and enzymic processes. It is used for pre- and post- 

emergent control of annual and perennial grass and 

broadleaf weeds. It is classified as a hazardous substance 

with an acute oral LD50 of 2160 mg/kg (rats) and acute 

dermal LD50 >3000 mg/kg (rabbits). Terbuthylazine is 

Figure 1: Herbicide LD 50s Ranked From Low to High (low LD 50 = 

high toxicity). 
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ESTABLISHMENT 
A R D Trewin – Forest Establishment Quality 

Assurance, Rotorua 

INTRODUCTION 

Profitable plantation forestry depends on successful 

establishment of stands. Such stands are the product of 

years of research and practice in nursery production, field 

establishment and tending of genetically improved tree 

stocks. An accumulation of less than optimum practice 

leads to sick trees (e.g. attacks by Hylastes), dead trees,  

low stocking, toppling, butt-sweep, lower wood quality, 

and higher tending and harvesting costs. Mistakes made at 

establishment affect the whole crop cycle, including the 

selection of crop trees for pruning, and rotation length, 

and at worst can tie up land for 25–30 years for little 

financial return. 

ESTABLISHMENT  RESEARCH 

Despite well-documented procedures, many radiata pine 

stands are established with tree stocks that are poorly 

handled and planted. A recent assessment of cultivation 

and handling trials established in 1978 and 1981 shows 

that poor handling not only affects initial growth but, more 

importantly, has long-term adverse effects on crop trees. 

81% of the trees suffered from juvenile instability 

(toppling) compared with 37% in the well-handled 

treatment (Mason 2003, in prep.). 

Since these trials were established, stock quality and 

handling techniques have been much improved, but "slit 

and stuff" planting is still common (Trewin 2003) as shown 

in Figure 1. This twists roots upward so that young trees 

are poorly anchored and develop a lean in high winds. 

Toppling causes butt-sweep and other wood defects, 

including compression wood, that significantly reduce final 

crop value. Trials to determine the difference between 

toppled and stable trees, with similar above-ground 

crowns, were reported by Mason (1985). Root systems of 

49 pairs of toppled and stable 2- and 3-year-old trees were 

compared. In all comparisons the stable trees had 

straighter-grained, more vertical tap roots, and a greater 

number of sinker roots. Trees that had toppled developed 

butt-sweep and/or sinuous stems and were of lower value. 

A computer simulation showed that when a high 

percentage of trees develop a lean of greater than 15% 

from the vertical (a not uncommon problem on some sites) 

clearwood value could drop by as much as $6,000/ha. This 

loss could be reduced by improved root placement at 

planting (Mason & Trewin 1987). 
 

 
Figure 1: “Slit & Stuff” type planting distorts roots so that trees are 

poorly anchored and topple in high winds. 

Some toppling is unavoidable, especially when high winds 

are accompanied by heavy rain that loosens soil anchorage. 

Trees planted in poorly drained or hard-pan soils are prone 

to topple because soil conditions inhibit the development 

of anchoring roots (Mason 1985). However, most toppling 

and subsequent butt-sweep comes from roots being bent 

up at planting or distorted in small containers. Roots 

continue to grow in this position and, in extreme cases,  

can strangle stems so that they break off at the root collar 

junction. Toppling is rare when the "positive-pull-up" (PPU) 

technique is used at planting to straighten and promote 

development of good anchoring roots, as shown in Figures 

2 and 3. 
 

 
Figure 2: “Positive-Pull-Up” root placement promotes development 

of good straight anchoring roots. 

 

 
Figure 3: Despite digging deep, two men fail to uproot a one year 

old “Positive-Pull-Up” positioned root system. 
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APPLICATION OF RESEARCH 

Bareroot tree stocks 

Tree breeding and improved establishment procedures for 

bareroot tree stocks have allowed significant reduction in 

the initial stocking of radiata pine from over 2,500 stems 

per hectare in the 1960s to fewer than 1,000. However, 

unless planting quality is good, uneven growth and poor 

stability reduce the number of trees suitable for a final 

crop. 

Container-grown tree stocks 

The main advantage of container-grown stocks is that they 

can be planted in the summer months immediately after 

clear-felling, so reducing fallow time and weeding costs. It 

was thought that the use of container tree stocks would 

overcome many of the stability and survival problems 

associated with bareroot radiata pine stocks. However, 

there can be problems with poor root systems, such as 

spiralling, that lead to toppling (Menzies & Arnott 1992). 

While researchers and some commercial growers have  

been successful in producing radiata pine seedlings in 

containers, problems can arise when propagating radiata 

pine cuttings. Cuttings have to be set deep in the 

container; this leaves only the bottom half for root 

development. Roots of some container-grown cuttings first 

grow upwards forming a bird’s nest configuration that can 

later strangle the stem as shown in Figure 4. Defective root 

systems cannot be detected without pulling the plug apart 

(Figure 5). Also, poor handling during planting can break 

the plugs, roots are then broken and exposed, and the 

benefits of containerisation lost. A further problem is that 

their relatively small and soft succulent stems attract 

browsing animals (Menzies & Arnott 1992). 
 

 
Figure 4: Roots of some container grown cuttings first grow up and 

around to form a bird’s nest. 
 

 
Figure 5: Roots that are confused in small containers grow in this 

position and do not anchor trees firmly. 

Recent anchorage checks in two-year old radiata pine 

planted with container stock revealed that three out of 

four trees tested could be pulled out with one hand. The 

original container plug root form had persisted and no 

sinker roots had developed. To avoid distorting root plugs 

during planting and to hold stems firm, they must be 

planted in cultivated soil and firmed-in 5 cm below the 

surface. Stability of two-year container-grown trees does 

not compare favourably with one-year-old bareroot tree 

stocks. 

Avoiding toppling 

Toppling is rare when roots are planted deep and straight 

(Trewin 2003). Menzies & Klomp (1988) recommend using 

aged cuttings to reduce sail area and stress on roots. 

Cuttings have stiffer, sturdier roots than seedlings, and will 

develop a more open crown, thereby enhancing stability 

(Aimers-Halliday et al. 1999). Forest managers report that 

there is less toppling when they use barerooted cuttings 

instead of seedlings, as their sturdier roots are easier to 

plant straight. Turner & Tombleson (1999) recommend 

crown-lightening, a reduction of a tree’s sail area by 

shortening the lateral branches by pruning, as a means of 

reducing wind stress on roots. 

INTEGRATION OF PLANTING OPERATIONS 

For successful establishment, all planting operations must 

be carefully integrated and controlled with quality checks 

throughout nursery production and planting. 

Ordering tree stocks 

The forest personnel responsible for the organisation of 

planting operations must plan at least one year ahead 

before nurserymen set or sow tree stocks. They must, 

therefore, liaise closely with the chosen supply nursery, 

both before and after ordering, to ensure that the chosen 

breed and quality of tree is available for planting. The 

following procedures are recommended: 

> Contact supplying nurseries to discuss stock 

requirements. To avoid any confusion later, specify 

quality and price including progress payments. Include a 

penalty clause for failing to keep to specification (no 

payment for trees below specification). Any change to 

tree specifications owing to a poor growing season can 

be considered when carrying out crop inspection. 

For radiata pine stock, a minimum stem diameter of 

5.5mm is recommended for seedlings and 7mm for 

cuttings. The ratio of diameter to height is most 

important (ie a sturdiness rating >1/50) because fat 

seedlings perform best (Menzies 1988). 

> Visit supply nurseries early in the year of planting to 

assess crop uniformity and quality. Sample root systems 

to ensure that development is good. Root initiation 

spread in cuttings should be >50%, and root 

development in containers must go down vertically and 

not be confused. Discuss topping as an initial 

conditioning treatment – it significantly increases stem 

diameter and is used to control growth for late-season 

plantings. 

>  Visit supply nurseries a month before planting to 

finalise supply details. Agree on root-trimming 

techniques and packaging method. Make sure that dry 

nursery beds will be irrigated so that, at lifting, a light 

covering of damp soil remains to protect the fine roots 

and mycorrhizae essential for uptake of moisture and 

nutrients for survival after planting (Trewin 1978). 

> Sample 100 trees (10 trees from 10 randomly selected 

rows) to check the quality of stock available, graded to 

original specifications. Divide crop samples into three 

diameter classes: small, medium and large. Ideally, collar 
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diameters for seedlings and cuttings should be as earlier 

specified. Root spread of cuttings must be >50%, as 

one-sided (duck-foot) roots do not anchor trees firmly. 

When there are stock shortages a small percentage, say 

5%, of diameters smaller than specification can be 

accepted. A typical and acceptable sample percentage 

for cuttings would be: 

>  4% Small cuttings: >6mm but <7mm 

> 70% Medium cuttings: >7mm but <9mm 

> 26% Large cuttings: >9mm 

NURSERY STOCK LIFTING AND DISPATCH 

Hydrate tree stocks before lifting 

Unless nursery soils are saturated by recent rain they must 

be irrigated the evening before lifting to allow trees to 

become fully hydrated. Tree stocks are stressed during 

outplanting. If over stressed, apparently healthy stock may 

die or fail to establish quickly. 

At lifting 

Shake excess soil off. Do not allow lifters to bash it off 

against their boots. To reduce root confusion and to 

facilitate straight root placement at planting, trim roots 

short (6-8 cm from collar is generally recommended, but 

longer lengths up to 10-12 cm may be required in 

drought-prone soils. Additional care is required with longer 

roots to ensure they are correctly placed at planting). 

Trimming shears must be kept razor sharp as blunt blades 

bruise root ends, slowing callus and new root initiation 

after planting. 

> For bareroot stocks, lift, root-trim, and pack trees 

horizontally direct from the nursery bed into planting 

boxes. Boxes hold approximately 100 trees and must 

immediately be placed into crates (1.2m x 1.2m x 1.2m) 

or covered trailers (with shelves to separate box layers 

for good ventilation) for cool storage or transport 

straight to planting gangs. By packaging on-bed into 

the box, handling damage and exposure are reduced. 

All major forest companies and informed private 

growers now handle radiata pine tree stocks through 

this system (Trewin and Cullen 1985). 

> When removing containerised stock from containers 

take care that the root-plug medium stays intact during 

transfer. If there is root congestion in plug bottoms,  

slice this off carefully with a sharp knife. If root systems 

are not confused, plugs can be left in containers to be 

removed by planters. However, it is sometimes more 

efficient to remove plugs in the nursery, and to pack the 

trees lying down in boxes for transport to planters. 

Roots of all stocks must be kept moist. During dry 

weather, place a handful of wet root trimmings or a 

moisture-pad in each box to keep roots from drying out. 

Tree stock storage and transport 

Warn the nurseries not to stack planting boxes on top of 

one another. This closes box openings and restricts air-flow 

causing stock to heat. If transport crates with shelving are 

unavailable, or ambient air temperatures are high, then use 

refrigerated trucks. Where cool stores are not available, 

cover boxes with sacking or other absorbent material and 

keep the material wet: evaporation will keep plants cool. 

PLANTING 

The aim is to return stock to the ground with roots 

orientated slightly down and deep enough for good 

anchorage and moisture. Lifting and handling techniques 

have been refined to keep stress to a minimum, but good 

positioning of many fibrous roots at planting is difficult. For 

uniform results all planters should be schooled to use a 

proven technique that is ergonomically sound and easy to 

supervise. In hard or poorly drained soil, machines are used 

to cultivate deeply and to raise beds for improved drainage 

and ease of planting. 

Toppling in spot-mounded and ripped and bedded 

cultivated areas is more prevalent as loose soils do not 

anchor trees firmly. Further, opening a good planting hole 

in loose soil is difficult as the soil tends to collapse. At 

planting, stability and the quality of root placement of  

trees can be much improved by first re-compacting 

(trampling by foot) machine- and spade-cultivated planting 

spots. For good wind-firmness throughout the cropping 

cycle, stems must be planted deep (>15 cm of stem buried) 

with roots down to grow into firm uncultivated ground for 

anchorage. 

Tools and techniques 

Some planting is mechanised, but most cultivation and 

planting is by spade. The Atlas (flat blade) spade is best for 

light soils – its wide blade holds the hole open. In heavy 

soil a modified Spears and Jackson trenching spade is 

commonly used. Its slightly concave blade facilitates freeing 

of wet soils from the face during digging. In hard and 

stony soils where mechanical cultivation is not possible it is 

often more efficient to use one gang of workers with 

pick/grubber tools to cultivate deep, followed by a second 

gang to plant. 

When planting machines are used, mechanical settings can 

change. It is essential that regular checks are made to see 

that tree roots are planted straight and deep and are 

properly firmed. 

For ease of planting, a "lever and lock" hole opening 

technique is recommended. After replacing loose soil 

around barerooted stock, give a PPU to straighten and 

orientate roots down and, holding the stem up, firm soil 

down with the sole of the boot. In hard soil or grassy areas 

it may be necessary to firm with the heel, taking care not 

to damage the stem. 

Planting container-grown stock 

At planting, radiata pine plugs must be carefully positioned 

5 cm deep for stability and moisture. Take care not to 

crush or bend plugs as this can adversely affect survival  

and stability (Figure 6). Container-grown radiata pine 

stocks are smaller than bareroot, and their foliage is more 

lush and palatable because they are not physically 

conditioned (under-cut, lateral pruned or wrenched). 

Therefore, it is essential to eliminate grazing animals prior 

to planting (e.g. rabbits, hares and opossums) as they can 

cause much damage. 

 

 

Figure 6: Root plugs of container grown trees can be squashed and 

damaged when carelessly planted. 
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CONTROL OF PLANTING OPERATIONS 

Owing to the seasonal nature of planting, many nursery 

and field workers are inexperienced. Establishment 

personnel should therefore make it a priority to be in the 

field to assist in this critical operation. Assessment should 

follow close behind planters, with penalties for poor work 

and rewards for good planting. At least five trees per day 

per planter should be randomly selected and excavated to 

check: tree firmness (tight in ground), depth of cultivation 

(30 cm), depth of planting (>10 cm from root collar) and 

root-placement downward. 

Check lists – essential for control of stock 

quality and planting 

Without the use of check lists it is impossible to accurately 

assess and control the quality of manual operations. Before 

tree stocks leave the nursery they are to be inspected with 

dispatch notes signed by nurserymen to confirm that they 

are to specification. In the field, tree boxes are randomly 

checked before distribution to ensure that foliage is cool to 

the touch and roots are accurately trimmed and have a 

covering of moist soil. Drying of roots during transport 

should be reported to the nursery at once as it reduces 

chances of survival after planting. If roots are very dry the 

consignment is rejected. 

EMPLOYING CONTRACTORS 

When employing planting contractors firstly visit the 

planting site so that they can assess the difficulty of 

planting and agree on the most suitable planting tool. Only 

then can a contractor have sufficient information to tender 

accurately for the work. Specify that all planters use a 

standard tool and planting technique. 

Contract agreements must allow wages for the first two 

days of production lifting and planting. Workers will then 

have time to perfect techniques without pressure to meet 

targets. 

Planting target assessment 

One can quickly make a fair assessment of the planting 

target for an 8 hour day. At the planting site ask an 

experienced worker to plant at a steady rate for 15 minutes. 

Multiplying the number of trees planted by 24 gives the 

equivalent of 6 hours continuous hard work, and allows for 

meal breaks, collection of stock etc. during a standard 8 

hour day (for increased earnings planters often work longer 

hours). In friable, machine-cultivated soil an expert New 

Zealand worker can plant a bareroot tree every 15 seconds, 

240 trees/hr, or 1440 in six hours (Trewin & Kirk 1992). The 

numbers of trees that can be planted varies considerably 

depending on soils, slope, ground preparation, motivation 

and fitness. In heavy clay soils, where workers have first to 

cultivate with a spade, planting rates of one tree every 40 

seconds reduce the target significantly to 540 trees/day. As 

payment to contract workers is generally based on numbers 

planted, payment incentives must be offered for good work. 

For small-scale plantings, it is often best to agree on a daily 

wage for a set number of carefully planted trees. 

TRAINING OF WORKERS 

There is a lack of appreciation of the importance of 

planting. Because of this, nursery and field workers rarely 

receive sufficient training in fast, efficient tree handling and 

planting techniques. While forestry schools and 

polytechnics do a good job, it is not possible for them to 

educate temporary, seasonal employees stationed 

throughout the country. This has to be left to experienced 

practitioners and consultants who can explain and 

demonstrate appropriate techniques on-site. 

Training workshops 

Before planting starts, schedule a day for training. Where 

nurseries are close to planting sites, joint workshops can be 

arranged for nursery and field workers. In the nursery 

explain on-bed lifting procedures. Show how careful lifting 

leaves a protective covering of soil on roots and how roots 

are trimmed to make it easier to plant roots straight. Have 

all workers lift and plant trees with short and overlong 

roots. Excavate roots (in-situ) so that they can see how 

long roots become twisted and well-trimmed roots are 

straight. Use examples of a toppled tree’s twisted roots and 

the straight roots of a wind-firm straight stem to drive this 

message home. 

In field planting demonstrations, excavate trees from 

Quality Assurance Indicator Plots and surrounding 

production plantings to check and discuss planting quality 

(Trewin 2001). Give each worker an illustrated pamphlet 

showing all stages of correct stock handling (Trewin and 

Cullen 1985). 

QUALITY ASSURANCE INDICATOR PLOTS 

Quality Assurance Indicator Plots, representing exact 

nursery and field prescriptions, provide a benchmark for 

production plantings (Trewin 2001). Staff responsible for 

planting should visit nurseries and personally supervise the 

lifting/packaging of one or two hundred tree stocks. They 

transport the stock to the planting site and supervise the 

establishment of two, three or more 50-tree plots, 

depending on the size and variability of the land, and with 

reference to exposed and sheltered positions. Establish the 

plots as soon after production planting as possible. 

Replace 10 production-planted trees from five alternate 

rows with 50 Quality Assurance (QA) trees. Plant an 

additional 10 QA trees, five at either end of the QA plot at 

half spacing, for destructive root form sampling (the close- 

spaced trees help identify plots should marker stakes be 

lost). Assess the success of out-planting by comparing QA 

Indicator Plot performance side-by-side with operational 

plantings. Visual health checks, carried out at 3, 6 and 12 

months reveal any establishment problems. Random 

sampling of a small percentage of root systems (5%), with 

a photographic record, helps build up knowledge on root 

growth in relation to container type or bareroot growing 

methods. 

One forester using QA Indicator Plots has reported: 

"When actual operational establishment of radiata pine is 

compared side-by-side with ideal implementation of our prescribed 

techniques for lifting, dispatch, and planting, it is found that first 

year growth of seedlings established on an operational basis falls 

short of potential. Loss of potential growth amounts to 2.8 mm 

diameter (21% of potential) and 15 cm of height (16% of 

potential). Survival is also down to 92% of potential." 

Even if survivals in indicator plots and the surrounding 

operational plantings are 100%, it is important to monitor 

initial health and growth at regular three monthly intervals 

after planting, or more frequently in spring when fast 

weed growth can smother young plants. Ideally, animals 

that damage young trees should be eliminated before 

planting. This is rarely possible, so control methods have to 

be good. The aim is to achieve fast and uniform initial 

growth in plantations as this reduces the cost of weed 

control and simplifies all subsequent silvicultural operations 
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There are many reasons for growing trees. They can be 

used as a way of enhancing wildlife habitat and landscape 

aesthetics; for erosion control, weed control, shelter, and 

shade; as a medium for effluent disposal; for firewood or 

posts; to produce timber for one’s use; and for the 

production of wood as a cash crop. If profit from the sale 

of wood is the principal goal of growing trees, then the 

best regime will be attained by a combination of: 

> Maximising net harvest revenue. This is a product of 

both quantity and quality, i.e. both merchantable 

volume per hectare and mean stumpage per cubic 

metre. Quality includes externally visible features such  

as branch size, and internal features such as wood 

density or resin pockets. 

> Minimising costs, including the costs of land 

preparation, planting, tending, harvesting and 

supervision. 

> Optimising the timing of cost and revenue streams, 

so as to minimise the opportunity cost of investment 

expenditure. Wherever possible, costs should be 

delayed and revenue brought forward. 

> Minimising risks, including lower than expected 

revenues for certain log assortments, failure to 

undertake timely and effective silviculture, and physical 

risks partly under the influence of management, such as 

disease, windthrow, fire or livestock damage. 

The factors listed are often conflicting, and individual 

managers will give different weightings to each. Debate on 

silvicultural regimes is often trivialised by concentration on 

a single component (eg rotation length or final crop 

stocking) and a failure to consider profitability in its 

entirety. Furthermore, regime choice may be driven by 

factors other than profitability, including feasibility. Cash- 

flow bottlenecks, contractual commitments, and so forth, 

can result in regime decisions being determined at the 

estate rather than at the stand level. 

Regime choice will depend on site factors (such as soil, 

climate, topography, and presence of weeds), on location 

(eg distance to markets, nature of local processing plants), 

and on the manager’s financial and psychological profile. 

For example, regime parameters are highly sensitive to 

choice of discount rate, a figure that reflects an owner’s 

"time preference" and can vary greatly between individuals 

or organisations. Similarly, there is considerable variability  

in the attitude of owners to risk (ie to their level of risk 

aversion), their perception of the future value of different 

types of log assortments, and – for small-scale growers – 

the value they place on their own labour. It is therefore not 

helpful to publish a list of standard regimes (such as a 

"clearwood regime", "framing regime" and so forth), 

although this practice is often encountered. 

In recent years, silviculturalists at Forest Research have 

concentrated on providing tools, in the form of computer 

software, that can help to determine the physical and 

financial outcome of any combination of inputs, rather 

than recommending a particular regime. As always, the 

ultimate decision must rest with the investor or manager. 

Given the high value of a forestry investment, and the ease 

with which a regime can be customised to suit individual 

requirements, the demand for "off the shelf" regimes 

should be resisted by forestry advisors. 

Forest Research’s STANDPAK is the most comprehensive 

and widely-used tool for regime evaluation. It is a suite of 

computer models, incorporating data from many years of 

measurements in thousands of sample plots and hundreds 

of replicated trials. It is employed throughout the New 

Zealand forest industry as well as by some overseas groups, 

and is in the process of being upgraded to make it more 

comprehensive and user-friendly. As with any tool, it can  

be misused, and expertise is required to obtain the best 

results. 

A CLASSIFICATION OF EXISTING REGIMES 

Table 1 provides an approximate analysis of current 

regimes. Caution is recommended in interpreting the data, 

as for young stands the regime classification is merely an 

intention, which may not eventuate. More detailed 

statistics are not available. 

 
Pruned without production thinning 50% 

Unpruned without production thinning 29% 

Pruned with production thinning 17% 

Unpruned with production thinning 4% 

Source: National Exotic Forest Description (NEFD) April 2002 

Table 1: Silvicultural Regimes Currently Used for Radiata Pine. 

The future composition of the estate can be anticipated by 

comparing the existing forests in their entirety with the 

regimes anticipated for younger age-classes. There is clearly 

an historic trend towards intensively-tended regimes, but 

pruning has declined in popularity for the very youngest 

age class (1-5 years) indicating a reversal in this trend in 

recent years. 

INITIAL STOCKING 

Initial stocking has traditionally been computed by working 

backwards from a determined final crop stocking and an 

appropriate selection ratio. This is not entirely helpful as 

tree selection in the most common regime (intensively 

tended, no production thinning) occurs at the time of 

pruning (age 3-8). Evidence indicates that early (< age 7) 

selection is of limited benefit: there is a very weak 

relationship between the vigour and form of trees at the 

time of selection and the size and form of stems at 

maturity. Furthermore, improved genetics, good nursery 

stock, superior outplanting and weed control techniques 

have drastically reduced the need for high initial stockings. 

It now appears that initial stocking should be determined 

by other factors, including: 

> The need for mutual protection of young trees against 

exposure from wind and, on some sites, snow. Low 

stockings incur a marked reduction in height growth 

and a higher incidence of wind-damage. Evidence to 

date suggests that 600 stems/ha is the minimum initial 

stocking required for mutual protection. Trees may also 

be able to sense the presence of neighbours by infrared 

radiation, and this may trigger a different early growth 

pattern, depending on stocking. 

> The need to ensure that final crop trees are distributed 

evenly. If a site is not fully occupied by acceptable crop 

trees, the costly investment in land purchase and land 

preparation will be ineffective. Because "blanking" 
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following poor establishment is not recommended 

(replacement trees cannot usually compete and are 

culled during thinning), the best solution may be to 

plant the whole area more densely. The cost of planting 

(and thinning out) superfluous trees can be justified by 

the reduction of the risk of patchy establishment. 

The best trade-off of "cost versus risk" will depend on site 

factors, but it would be unusual for more than 1,000 

stems/ha to be required for satisfactory crop establishment. 

To summarise, initial stocking levels have declined markedly 

over the last two decades and it is now normal to plant 

between 600 and 1,000 stems, unless a specialist crop 

(pulp, poles or Christmas trees) is required, in which case 

stockings will be much higher. The lower end of the range 

is appropriate for sheltered situations on a high site index 

site, with the use of high GF (growth and form)-rated tree 

stocks and/or physiologically aged cuttings. In any 

circumstances, it is rare to encounter initial stockings of 

fewer than 400 stems/ha. 

THINNING 

Given that more trees are planted than are required for the 

final crop, there will be a need for at least one thinning. If 

the trees are to be extracted for commercial use, they must 

be large enough and in sufficient quantity (75 to 125 

m3/ha) to ensure the cost of extraction is justified. If, 

however, production thinning is significantly delayed 

beyond a stand height of 14-18 m there will often be an 

unacceptable risk of windthrow to the residual trees. Many 

forest-growing countries that routinely employ production 

thinning do not have the same frequency or intensity of 

wind events as is experienced in New Zealand. 

The predominance of direct regimes (i.e. those without a 

commercial thinning) throughout New Zealand can also be 

explained by the often-difficult topography on new forest 

sites, and the poor or non-existent markets for stems of 

small piece-size outside the vicinity of the Central North 

Island. In 1992, some 78% of the area production thinned 

occurred in that region. Other disadvantages of production 

thinning include the observations that, during extraction of 

thinnings, damage to crop trees can occur, and land can be 

removed from production by the construction of roads and 

landings. Regimes that include production thinning are 

practised over only a fifth of the national estate (Table 1), 

and interest in them seems to be declining. 

Productivity of the final crop is reduced by a production- 

thinning regime. Suppression of branches in second logs 

may appear desirable, but cannot be achieved without also 

suppressing stem diameters. Recent calculations show that, 

in a typical example, crop trees in such a regime take 

almost a year longer to achieve the same volume as in a 

direct regime. The delay is the result of between-tree 

competition caused by high stocking rates that must be 

maintained for a considerable period, and also of the 

competitive advantage given to "followers" (unpruned 

trees alongside the intensively-pruned crop element). 

Despite these disadvantages, there are some situations 

where production thinning may be an attractive option. 

When the manager feels confident that a reasonable 

market for small logs will exist at the time of thinning, and 

where there is sufficient revenue after the costs of 

extraction to compensate for the risks and loss of growth 

in the crop element (or at least to cover the costs of 

thinning), then thinning may be seen as a desirable option. 

There is a general awareness of the need to co-ordinate 

the timing of thinning with pruning. Hindrance, and 

therefore walk-time and pruning costs, will be increased if 

thinning precedes pruning. Furthermore, there will be no 

tree selection by the pruning crew. To control branch size, 

it is necessary to have at least 6 m of foliage (on the same 

tree or on the neighbouring trees) above the branch to be 

controlled, and therefore thinning must be delayed for 

several years after completion of pruning. If thinning-to- 

waste occurs too long after pruning, there are the same 

penalties as described for production thinning, together 

with the extra (uncompensated) cost of felling larger trees. 

Combining all these factors, thinning-to-waste occurs 

increasingly as a single operation, performed just after the 

second or third pruning lift. 

PRUNING 

Some two-thirds of the national estate is pruned to 4 m or 

more (Table 1). The main objective of pruning is to 

enhance the value of the butt log, by increasing the 

proportion of clearwood. This is best done by restricting 

the defect core to a narrow cylinder of uniform diameter, 

and by encouraging diameter growth through judicious 

thinning. 

The timing of pruning for each lift should be determined 

by tree size – and in particular the size of the ‘diameter- 

over-stubs’ (DOS). The most favourable timing can be 

ascertained by the programme EARLY (a component of 

STANDPAK). This model can be calibrated nearer the 

prescribed time from a measured sample of trees. A DOS 

of 13-19 cm is a good compromise between the need to 

restrict the defect core, the need to avoid penalising tree 

growth and the cost of incurring too many pruning lifts. 

The lower end of the scale is more appropriate for trees 

growing on less fertile sites (eg clays, sands) and in areas 

with higher site indices, whereas larger DOS sizes are more 

likely to arise on fertile ex-farm sites and areas of low site 

index. 

The intensity of pruning is determined by a trade-off 

between removing too much green crown (thereby unduly 

slowing tree growth) and removing too little (thereby 

ensuring that the tree will have to be revisited soon, 

resulting in additional pruning lifts, or else pruned at a 

later date with the penalty of a larger DOS). Model 

simulations show that 3-4 m of green crown is an 

acceptable compromise for a typical situation, with the 

lower figure being more suitable for ex-farm sites. Note 

that trees should be treated as individuals, and pruned 

according to their height. This is called "variable lift 

pruning" and has largely superseded "fixed lift pruning" 

where all trees were treated the same, to the detriment of 

stand homogeneity. 

Other less common types of pruning include branch- 

removal for appearance, access, fire prevention, early 

stability, to pre-empt large branches or to remove multiple 

leaders. Stability pruning is commonly practised and aims 

to reduce toppling at a young age by lightening the green 

crown and reducing the "sail area". This has been shown 

to be effective at minimal cost to tree growth. 

There is little consensus on optimum final pruned height. 

Most managers aim for a final pruned height of 5.5-6.5 m, 

but pruning often ceases before this is achieved. A range 

of final pruned heights is still fairly common in mature 

stands. Pruning to a height of between 4.3 and 8.5 m 

appears to be most profitable, but at least one large forest 

company has a policy of pruning to 9 m. Trials have been 

established with a wide range of final pruned heights in 

order to refine knowledge of clearwood gains and growth 

losses, but market demand and hence pruned log prices  

for fixed lengths of clears is likely to be a more important 

determinant than biological behaviour. 

FINAL CROP STOCKING 

There is a trade-off between low final stockings, with large 

tree diameters at an early age, and higher stockings, with 

greater volume per hectare, better form, smaller branches, 

and possibly superior internal wood quality. There is also 

considerable evidence that lower stockings incur a height 
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loss and that – in exposed areas on farm sites – there may 

be a serious risk of severe wind damage. Two 

characteristics of internal wood quality that have been 

related to stocking are the incidence of resinous features, 

and wood density. Trees at low stockings tend to have 

more resin but a slightly higher whole-tree wood density 

(similar corewood volume, greater outerwood volume). 

Final crop stocking, like the other regime parameters 

considered here, cannot be considered in isolation. Choice 

will depend on site characteristics, the silvicultural history 

of the stand, the intended rotation age, and management 

priorities. For direct regimes, most managers aim for a final 

stocking of 200 to 350 stems/ha. Higher stockings can be 

justified with longer rotation lengths, higher site indices, 

lower discount rates, and lower prices for clearwood. 

Recent evidence indicates that, all other factors being 

constant, optimum final stockings are higher on fertile 

farm sites than on less fertile sites, even if understorey 

grazing is included in the analysis. 

ROTATION LENGTH 

Rotation lengths of 25-30 years are commonly 

encountered. The lower age is indicated when high 

discount rates, lower final-crop stockings, lower pruned 

heights, higher site indices or higher fertility levels are factors. 

Forest estates may consist of many thousands of stands, 

and optimisation of overall profitability often results in sub- 

optimisation of individual stands. Wood flows are 

determined by market factors, which may not be known 

until near the scheduled harvest date. Manipulation of 

rotation lengths is often the most practical way of 

controlling wood flows. 

TREE SIZE AND QUALITY 

Table 2 lists some of the factors that affect tree size and 

quality, although it should be borne in mind that these are 

not the only determinants of regime profitability, as 

discussed above. 

SUMMARY 

An infinite number of combinations is possible between: 

initial stocking, timing of pruning and thinning, intensity of 

pruning and thinning, final crop stocking and rotation 

length. There is no need to "rationalise" the existing 

multiplicity of regimes that exist because siting, 

management and market circumstances have differed in 

their creation and there is probably a unique solution to fit 

every case. Powerful computer tools (eg STANDPAK) have 

been constructed to enable managers to evaluate regimes 

for their situations. These tools are often based on a large 

data-set of both monitoring plots and replicated trials, and 

are in common use throughout the New Zealand forest 

industry. They are continually being updated as new data 

become available. 
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Tree Property Major Influences 

Diameter Site fertility; final stocking; rotation age; timing of thinning; initial stocking; pruning 

intensity; genotype 

Height Exposure/aspect/climate; rotation age; genotype; initial and final stocking; site fertility 

(if very unfertile) 

Tree form Site fertility; exposure; site index; initial and final stocking; physiological age of planting 

stock; genotype 

Branch index (2nd log) Final crop stocking; site fertility; site index; timing of thinning; dbh at age 20; physiological 

age of planting stock; genotype 

Branch index (top logs) Site fertility; final dbh; rotation age; site index 

Internode index Genotype; latitude/altitude; mean annual rainfall; site index 

Defect core/corewood Timing and intensity of pruning/thinning; site fertility; early stocking; exposure; physiological 

age of planting stock 

Wood density Latitude/altitude; rotation age; site fertility (esp. avail. N); genotype; timing and intensity 

of pruning/thinning; final stocking 

Resin pockets Drought/exposure/heat; final stocking; genotype 

Internal checking Drought/waterlogging/frost; rotation age; stocking(?); genotype 

Microfibril angle Percentage corewood; rotation age; site fertility; genotype 

Spiral grain Percentage corewood; rotation age; latitude; exposure(?); site fertility(?); genotype 

Compression wood Exposure; site fertility 

Table 2: Influence of Regime on Tree Property. 
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PRUNING 
RADIATA PINE 
M Dean – Forest Research, Rotorua 

INTRODUCTION 

New Zealand currently (2003) has over 1.6 million hectares 

of radiata pine plantation. Approximately 1.1 million 

hectares (67%) of this has over 50% of the final crop trees 

pruned to at a minimum height of 4.0 metres. This large 

pruned estate has been achieved by pruning up to 

120,000 hectares annually. 

Intensive pruning of radiata pine plantations is not new. In 

Australia, as early as 1938, Jacobs conducted experiments 

in removing live branches to a height of 20 feet. Jacobs 

advocated the use of ladders and handsaws for pruning in 

several lifts (Jacobs 1938). In New Zealand, pruning has 

been an integral part of forest management practice since 

the early 1950s (Evison 1994). The objective of pruning 

radiata pine is to produce long lengths of knot-free 

clearwood from the butt log. Although there is 

considerable variation in final pruned height between 

growers, most aim for a final pruned height ranging from 

5.5 to 6.5 m. However one large forest company prunes to 

9.0 m on some of its estate. 

Prior to 1963 pruning was carried out using a pole saw 

operated from the ground. Because of the need to move 

right around the tree to sever all branches from the stem, 

the ground slope and amount of undergrowth commonly 

limited productivity. Achieving consistent quality of pruning 

was also a problem as the operator was some distance 

away from the saw, making exact positioning of the blade 

difficult. 

The introduction of ladders and Jack saws, in about 1965, 

brought about a 30-40% improvement in pruning 

productivity (Terlesk 1969). This method was used until the 

late 1970s. During the early 1980s a method involving the 

use of modified secateurs such as the No. 2 Porter Pruner 

and Hit pruning shears, hitherto used only for first-lift 

pruning, was introduced and became common practice for 

all lifts. This resulted in further significant improvements in 

productivity. 

During the 1980s and 90s a number of New Zealand 

designed loppers were introduced to the market and still 

remain popular today. During the late 1990s chainsaw 

manufacturers began producing lightweight chainsaws 

designed for the aboricultural market. A Swiss company 

has utilised the latest electronic technology to develop a 

battery-powered electronic secateur, the Felcotronic 82, for 

hardwood orchard pruning. Although the batteries will last 

half a day before recharging is necessary, the branch size  

of radiata pine is often beyond the cutting head opening 

capacity of 30 mm and the high capital cost (over $3,500) 

mean such electronic tools cannot currently compete with 

much cheaper manually operated equipment. 

Despite considerable effort by manufacturers, particularly 

those servicing the horticulture and viticulture industries, 

new mechanical pruning tools have failed to materially 

improve on the efficiency and cost effectiveness of existing 

manual tools (Mason & Cullen 1986). 

BEST-PRACTICE PRUNING 

Timing 

The objective of pruning is to maximise clearwood 

production in the butt log without unduly compromising 

total volume production. To achieve this goal, several 

pruning lifts are carried out with the aim of creating a  

small uniform knotty core. In order to maintain uniformity 

across the whole stand, each tree is pruned to leave the 

same amount of green crown following pruning. This is 

called variable-lift pruning and has largely superseded fixed 

lift pruning where all trees were pruned to the same height 

(to the detriment of stand homogeneity). 

Ideally, the scheduling of each pruning lift is determined by 

the diameter-over-stubs (DOS). DOS size is related to stem 

diameter, which is controlled by a combination of 

genotype, tree stocking and site fertility. A target DOS of 

between 13 and 19 cm is a good compromise between the 

need to restrict the defect core, the need to avoid 

penalising tree growth, and the cost of selecting and 

accessing the crop trees. Small DOSs are achievable on less 

fertile sites (e.g. clays, sands) and in areas with higher site 

indices, whereas larger DOSs are more likely to occur on 

fertile ex-farm sites and areas with low site index. 

The target DOS chosen will be constrained by the need to 

prune a reasonable length of stem at each pruning lift. 

More intensive pruning, to achieve a small DOS, will result 
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in less green crown remaining following pruning. This can 

in turn result in a severe reduction in both tree diameter 

and height growth. Less intensive pruning will result in a 

need to frequently prune the tree in order to contain a 

uniform defect core. Each pruning lift incurs further costs. 

Pruning to leave 3-4 m of green crown is an acceptable 

compromise for a typical situation, with more fertile sites 

having less crown remaining (following a pruning lift) than 

less fertile sites. 

Assuming a target DOS in the range of 13-19 cm and 3 to 

4 metres of green crown remaining following each pruning 

lift, three lifts will be required to reach a final pruned 

height of 5.5-6.5 metres on typical sites. Sites with slower 

height growth may require four or more lifts whilst high 

site index sites may meet the objective with just two 

pruning lifts. 

Most pruned stands have a final pruned height in the 

range of 5.5-6. 5 metres. If pruning is to continue above 

seven metres, it does become more difficult to satisfy the 

economic constraints of controlling a small uniform DOS 

whilst maintaining tree growth and minimising the number 

of visits to the tree. Costs increase further as the operator 

is required to climb higher to commence pruning at such 

heights. 

A survey conducted in 2003 showed that pruning is 

typically carried out by crews of 5-10 young men working 

on piece-rate contracts. Pruning is generally carried out 

with one ground-based lift to a height of 2.5 metres and a 

further one to three lifts using ladders. 

Tools 

The preferred tools used by most contractors are double- 

action parrot-beak type shears (Figure 1). These tools (for 

example Prun-Off or Razorback Haumi loppers) are 

designed to cut branches up to 65-70 mm in diameter. 

Loppers are most suited to well-spaced branches of 

medium size (30-40 mm). 

 

 
 

Figure 1: Examples of pruning tools. 

Where branch size is close to or exceeds the maximum 

capacity of loppers a hand saw may be used as well as or 

instead of shears. Traditionally a robust Jack saw (for 

example the Bushmate or Lotus) will be used. Jack saws 

are designed to cut most efficiently on the push stroke. In 

recent years the Silky range of lightweight saws designed 

for use on the pull stroke has been available. 

Unlike the use of shears, which require two hands to 

operate, handsaws require only one hand, therefore  

leaving the other hand free to maintain balance and hold 

onto the tree when standing on a ladder. In all cases where 

a hand saw is used to cut either branches growing at a 

steep angle to the stem or branches larger than 45 mm 

diameter, a scarf is cut in the lower side of the branch 

followed by a cut from above. 

Where size of the majority of branches exceeds the point 

where productivity using shears and handsaws drops 

significantly (approximately 50 mm) lightweight chainsaws 

may be used. However the inherent dangers of using a 

chainsaw mean that extra safety precautions must be 

taken and only competent operators should attempt 

pruning from a ladder. The increased capital cost and 

running expenses mean that, although productivity can 

improve dramatically, the cost of pruning does not 

generally reduce when chainsaws are used. 

Epicormic knives are used to remove stem needles and 

epicormic shoots. Although sharp knives and machetes are 

sometimes used they can damage the tree and the 

generally accepted tool is made from a 300 mm length of 

power hacksaw blade with a plastic pipe handle. 

For the second and successive pruning lifts a ladder is used. 

There are several brands of purpose-built, lightweight, 

aluminium ladders available in a range of lengths. They are 

generally types which lean against the tree. An alternative 

design, the Maac ladder, has also been used. This ladder 

was seen to have a number of advantages over 

conventional leaning ladders in that it hangs from the tree 

and the bottom of the ladder is fastened with a chain 

around the stem. Because the ladder is attached to the  

tree at a height to suit the operator it was claimed they 

were also better suited to the change to variable (versus 

fixed) height pruning and that greater operator safety  

could be achieved. However in some instances the jaws on 

which the ladder hangs can damage the bark and  

cambium resulting in scars and possibly resin pockets  

which may devalue the pruned log. 

Steps have been developed for use in conjunction with 

ladders. These platforms either hang on the tree in much 

the same way as the Maac ladder or are held by a chain 

that is passed around the tree and hooked back onto the 

step. The platform enables the operator to leave the top of 

the ladder and reach branches above the normal height 

limit. As with the Maac ladder these can damage the 

cambium if not used with care. 

Technique 

In order to meet the objective of creating a small uniform 

knotty core, all branches must be severed close to the stem 

without damaging the branch collar. All stem needles, 

epicormic shoots and cones are also removed to prevent 

the possibility of them causing defects in the clearwood 

sheath. 

Because of their robust design, it is tempting to rely solely 

on brute strength to sever branches when using pruning 

shears. However by employing the correct technique 

branches can be cut cleanly and with surprisingly little 

effort. 

The accepted technique is to manoeuvre the shear handles 

so as to position the straight blade on top of the branch. 

Firm pressure is applied as the handles are rotated 

clockwise for 15º before pulling back in an anticlockwise 

direction, rolling the straight blade over the top of the 

branch until it is severed cleanly. Cutting down from the 

top in this way prevents the branch falling and pinching 

the cutting blade. As the branch begins to fall it opens the 

cut, making it easier to close the shears. 

All branches are removed by working methodically, one 

whorl at a time, up one side of the tree (180º of the 

circumference) to the prescribed height before working 

back down the other side. 

When pruning above 2.5-3 metres, the correct choice of 

ladder length is important. The ladder should be long 

enough to fit under the lowest whorl of branches when 

positioned on the uphill side of the tree and tall enough to 

enable the operator to reach the required pruned height 

without needing to over-reach. Over-reaching can result in 

the operator losing its balance and falling. Where the 

operator is competent, and its feet are lower than 4.5 
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metres above the ground, the use of a safety harness 

whilst pruning is not mandatory. However 10% of all 

reported lost-time injuries in silvicultural operations result 

from falls (Ashby and Parker 2003) so a conservative 

approach is a wise precaution. 

 

 
 

Figure 2: Ladder Pruning. 

Common Pruning Faults 

> Pruning fewer, or more, trees than are prescribed; 

> pruning the wrong trees, i.e. poor selection; 

>  pruning to the wrong height: too high or too low; 

> failure to remove some branches, especially the lowest 

whorl which is often hidden in ground vegetation; 

> failure to remove all epicormic shoots, particularly at the 

last pruning lift; 

> leaving "coat-hangers", i.e. severing the branch too far 

out from the stem; or 

> damaging the branch collar or the stem. 

COSTS 

Pruning productivity varies considerably from stand to 

stand. For a given stand the primary factors determining 

the daily pruning target are branch size, pruned height, 

length of stem pruned and walk hindrance. 

Contract rates are generally struck on a per-hectare basis 

where accurate mapping is available or on a per-metre-of- 

lift basis. Quality assurance is provided by means of a 3- 

4% sample using plots where pruned stocking, pruning lift 

achieved, and compliance with tree selection and pruning 

quality requirements are recorded. Table 2 shows results of 

a 2003 survey showing the range in cost per metre of 

pruning lift. 

 
Pruning operation Cost $ per metre of stem pruned 

 Min Max 

Low (ground) 0.47 1.00 

Medium ladder 0.42 1.00 

High ladder 0.60 1.00 

Table 2: Range of pruning costs. 

Further information on pruning can be found in the 

Radiata Pine Growers Manual (Maclaren 1993) or Best 

Practice Guidelines for Silvicultural  Pruning (Anon. 2000). 
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 Conditions 

Operation Pruned stocking (stems/ha) Easy Fairly easy Moderate Difficult Very difficult 

Ground 176 - 225 7.5 8.8 11.3 13.8 15.0 

(low pruning) 226 - 275 9.4 10.6 13.8 15.0 16.3 

or short 276 – 325 10.0 11.3 15.0 16.3 17.5 

ladder 326 – 375 11.9 13.1 16.3 17.5 20.0 

376 – 425 13.8 15.0 17.5 20.0 22.5 

Long ladder 126 – 175 5.0 5.6 6.3 7.5 8.8 

176 - 225 7.5 8.8 10.0 12.5 13.8 

226 - 275 10.0 11.3 12.5 13.8 15.0 

276 – 325 11.3 12.5 13.8 15.0 17.5 

Table 1: Labour productivity (man-hours/ha). 
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SILVICULTURE OF 
DOUGLAS-FIR 
M Belton – Mark Belton and Associates Ltd, 

Christchurch 

INTRODUCTION 

Douglas-fir (Pseudotsuga menziesii) makes up almost 6% 

of New Zealand’s plantation forest and, with over 110,000 

ha planted, is the second most common species after 

radiata pine. Approximately one quarter of the resource is 

located in the central North Island, with the remainder 

being found mainly in Nelson, Canterbury, Otago and 

Southland. 

HISTORY 

Douglas-fir was first imported into New Zealand in 1859 as 

containerised seedlings from a nursery in Devon, England 

to Mt Peel Station in South Canterbury. The original trees 

still thrive at the Mt Peel Station churchyard. From the mid 

1860s Douglas-fir was grown from seed in New Zealand, 

mainly for homestead amenity plantings in the South 

Island. It was one of the main species tried in early 

government forestry plantings between 1890 and 1910. 

Extensive plantings were undertaken in the Rotorua and 

Nelson districts during the early 1930s. The species was 

planted at a relatively steady rate averaging 1500 ha per 

year for the next 40 years. 

In the late 1960s the health of Douglas-fir was affected by 

a newly introduced disease (Swiss needle cast disease, 

Phaeocryptopus gauemanii). In 1974 a New Zealand Forest 

Service review of commercial forestry options concluded 

that Douglas-fir’s future was as an amenity species. 

Investment in research and new planting effectively 

stopped for the next 15 years. 

Since 1990 interest in Douglas-fir as a commercial 

investment prospect has recovered strongly. Reasons 

include publication of data that show exceptional 

productivity on certain sites and identification of suitable 

areas for future planting (Ledgard and Belton 1985). 

Further, the effects of Swiss needle cast were less severe 

than expected. There was also awareness that Douglas-fir 

was more highly priced in world markets than pine and 

that harvest from natural forests in North America is 

increasingly constrained by conservation developments. In 

a global context it has become apparent that New Zealand 

is a favourable location for new Douglas-fir investment. 

Since 1994 about 50,000 hectares of new Douglas-fir 

forest have been established, funded mainly by overseas 

investors. About 80% of the new investment has been 

located in the southern half of the South Island, in South 

Canterbury, Otago, and Southland. 

WHY PLANT DOUGLAS FIR? 

Utilisation 

Douglas-fir has enjoyed a reputation as a premium timber 

species in world markets for 150 years. It is a utility timber 

valued for its superior performance in structural and 

engineering applications owing to its strength and stability. 

It can also be used in most structural applications without 

kiln drying or preservative treatment. 

Attractiveness of New Zealand 

For prospective Douglas-fir investors, New Zealand offers 

good opportunities. By comparison with other growing 

regions of the world, New Zealand has high growth rates, 

lower land and development costs, and provides a more 

secure environment. 

Douglas-fir has been the preferred species for new planting 

in western Europe since World War 2, with almost 500,000 

ha established. However, scarcity of suitable land and high 

costs are constraining further planting. Douglas-fir also 

grows well in cool and moist regions in Chile and 

Argentina but investment in new planting has been sparse, 

perhaps because of perceived economic and political risks. 

Diversification 

Forestry investors may want to diversify species to reduce 

risk. Douglas-fir has distinctly different market risk and 

biophysical risk profiles from pine. 

The species has strength and stability properties that make 

it highly suited to world structural lumber markets. Its 

wood properties are not suited to surface-finishing 

applications, nor are they particularly good for pulping. In 

these regards it is the mirror image of radiata pine. Radiata 

pine is a superior finishing timber, and excellent for pulping 

and other reconstituted wood fibre applications, but often 

yields a relatively low outturn of high-grade structural 

lumber. 

Another feature of Douglas-fir that reduces its market risk 

is the wide window of opportunity for harvesting. Clear- 

felling for example might be scheduled at any age 

between 35 and 55 or more years. On easier terrain 

production-thinning may be an option from 20 to 25 years 

of age, and thereafter at about 8-10 year intervals until 

clear-felling. This flexibility of harvest age means log sales 

can be scheduled to coincide with better markets. 

On suitable growing sites within New Zealand Douglas-fir  

is an exceptionally healthy and robust species. Only a small 

number of the numerous pathogens that affect it in the 

northern hemisphere have established in New Zealand. The 

key pathogens that are a threat to radiata pine do not 

affect Douglas-fir, and vice versa. Douglas-fir is more snow- 

tolerant than radiata pine, as branches bend to shed snow, 

rather than breaking. It is also much less affected by 

extreme windstorms. Mature Douglas-fir stands up to 75 

years in age survived the August 1976 windstorm in 

Canterbury in areas where virtually all radiata pine older 

than 20 years was toppled. 

SITE REQUIREMENTS 

Douglas-fir is more sensitive to site than radiata pine. On 

marginal sites, if it survives, its growth will be very poor. To 

grow well, it requires moist summer growing conditions. 

For top growth annual rainfall should exceed 1200 mm 

and summer rainfall should average 100 mm per month. 

Good growth can still be achieved at 900 mm rainfall 

provided that sites are sheltered. While adequate summer 

rainfall is important it should be noted that high humidity 

areas are at greater risk from Swiss needle cast. 

Douglas-fir requires cool winters. During mid-winter 

months topsoil temperatures should be below 7 degrees C. 

Upper altitudinal limits are approximately 900 m in both 

islands. The need for cool winters is why Douglas-fir 

performs poorly in frost-free northern and coastal areas of 

New Zealand. 

Douglas-fir is severely affected by exposure to frequent 

strong winds owing to the softness of new shoots and 

foliage and their susceptibility to physical damage. In areas 

where there are frequent strong winds it is best planted on 

sheltered lee slopes, otherwise shelter should be built into 

the forest design. 

New growth is highly susceptible to out-of-season frosts. In 
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higher altitude areas it is important to avoid planting sites 

such as valley flats or basins that are prone to cold air 

accumulation and frosts during summer months. 

Soil quality is particularly important for Douglas-fir. It 

thrives on well-drained and well-aerated soils. If grown in 

drier areas, soils should have sufficient depth and water 

retention capacity to provide water during dry periods. It is 

intolerant of heavy clays and gleyed (anaerobic) or 

waterlogged soils. Avoid planting areas carrying rushes or 

affected by flooding. 

Soil fertility should be moderate. With assistance from 

symbiotic mycorrhizae on its fine feeding roots, Douglas-fir 

can meet its nutritional requirements. Fertilised soils with 

high nitrogen levels can be problematic and should be 

avoided. 

Douglas-fir has low tolerance to grass competition. For this 

reason it often grows better on unimproved country. 

Release spraying should aim to keep seedlings relatively 

free of competing vegetation for two years following 

planting. 

FACTORS THAT AFFECT 

GROWTH AND QUALITY 

Forest Establishment 

Until the mid 1990s high levels of mortality and "sulking" 

were common features of new Douglas-fir plantings. These 

problems were common even on favourable sites. Provided 

that key protocols are maintained, survivals should be 95% 

plus and vigorous growth should begin in the second 

season following planting. Successful establishment 

requires robust seedlings inoculated with mycorrhizae, 

delivery of seedlings to planters in cool-moist condition, 

deep-cultivation planting, and effective grass and animal 

control. 

Initial Stocking 

Initial stockings are normally 1350 to 1500 stems/ha, but 

can range from 1000 to 1650 stems/ha. Lower stockings 

can be employed on lower productivity and less windy 

sites. On more productive sites higher stockings with 

seedlings planted at equidistant spacing are needed to 

ensure branch size control. To achieve high-grade logs, 

knots need to be below 40mm to 60mm in diameter. 

Higher stockings also provide more inter-tree shelter effect, 

reducing sweep and stem malformation. 

Thinning 

Thinning is essential to remove inferior trees and to provide 

sufficient room for selected crop trees to continue growing 

well. Current practice involves a waste thinning before age 

20 when diameter at breast height averages around 15  

cm. The stocking will be 500-800 stems/ha where 

subsequent production-thinning is planned, or 400-600 

stems/ha where there will be no further thinning. In either 

case, a final stocking of 400-600 stems/ha is the target. 

Production thinning is an option on gentle terrain where 

harvest costs are lower and damage to crop trees can be 

minimised. Care needs to be taken to minimise soil 

compaction. The first production thinning might be 

undertaken about 10 years after the waste thinning. 

Further production thinnings can then be undertaken, 

again at about 10 year intervals, until clear-felling. 

Production thinning should not remove more than about 

20 percent of the basal area at any one time. Over- 

thinning Douglas-fir will drastically reduce stand 

productivity. 

Pruning 

Pruning of Douglas-fir is not recommended. The timber is 

valued for its structural qualities and pruning does not 

enhance these. Pruned Douglas-fir does not make a good 

finishing timber because of the contrast in density between 

early wood and late wood. 

Rotation Length 

Rotation lengths have decreased towards 35–45 years as 

the premium for larger dimension logs (>30 cm small-end 

diameter) has diminished. Whilst economic returns are 

maximised with shorter rotations, maximum growth rates 

with Douglas-fir are not approached until 50 years or 

more. One of the main advantages of Douglas-fir is the 

window of time for harvesting, for example from 35 years 

to 55 or more years. 

Swiss Needle Cast 

Swiss needle cast disease is the most significant pathogen 

affecting the growth of Douglas-fir in New Zealand. It was 

first found at Taupo in 1959 and has since spread to 

almost all areas in New Zealand where Douglas-fir has 

been planted. The fungus affects stomatal control of water 

loss and heavily infected needles are prematurely cast. 

Heavy infection may reduce needle retention from 5-7 

years down to 3 years or fewer. With reduced leaf area 

photosynthetic capacity and productivity are reduced. 

Permanent sample plot data pre-date the arrival of Swiss 

needle cast and have allowed pre- and post-infection 

growth rates to be compared. On average there has been a 

reduction in productivity of about 20 percent. Infection 

levels build up in humid growing conditions, however the 

most severe effects of the disease (defoliation and collapse 

in stand basal area growth) will occur when high infection 

levels correspond with summer drought. Over-stocked 

stands are more vulnerable. There are no commercially 

viable treatments for the disease at this time. Precautions 

include selection of good growing sites, planting with US 

coastal-origin stock, avoidance of over-stocking, and 

correcting nutrient deficiencies. 

WOOD QUALITY 

Douglas-fir’s reputation for superior wood quality is based 

on its stability and strength relative to its weight. Douglas- 

fir lumber, if machine-stress-graded, will yield high 

recoveries of No1 structural and engineering grade wood. 

Unlike radiata pine, the density and strength of Douglas-fir 

lumber is relatively unaffected by latitude or altitude. 

Further, the corewood (the first 10 years of wood around 

the pith) of Douglas-fir has sufficient strength to enable it 

to be utilised for structural applications. This means higher 

recovery of structural grade lumber when logs are sawn, 

and enables smaller logs to be sawn, e.g. down to 12cm 

small-end diameter. 

Notwithstanding these comments, the density and strength 

of Douglas-fir timber increase with age. Density and 

strength also appear to be enhanced when Douglas-fir is 

grown on more sheltered sites. There is a correlation 

between microfibral angle and wood strength. Microfibral 

angle increases and wood strength declines on highly 

exposed sites. 

The great majority of Douglas-fir grown in New Zealand 

will be destined for overseas markets. These markets do 

not require chemical preservative treatment of Douglas-fir 

used in internal structural applications. This should 

enhance its standing in these markets in the future. 

In New Zealand, the Building Industry Authority regulations 

promulgated in 2003 restrict the use of non-treated timber, 

including Douglas-fir, to internal wall framing. The 

regulations make provision for "Alternative Solutions" 

whereby local authorities may approve use of untreated 

timber subject to specified criteria. By mid 2004 seven local 

authorities had adopted criteria that provide for use of 

untreated Douglas-fir in external walls and in structural 

ceiling applications. 
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GROWTH AND YIELD 

New Zealand grown Douglas-fir can be one of the most 

productive plantation species in the world and can match 

top radiata pine growth rates. However annual volume 

growth in Douglas-fir does not reach its maximum until 

approximately 50-80 years of age. The average productivity 

(mean annual increment – MAI) of New Zealand Douglas- 

fir is around 17 m3/ha/yr, about twice the average growth 

rate of Douglas-fir in its natural home in the Pacific North 

West. 

Douglas-fir in New Zealand usually reaches 30-32 m in 

height by age 40 years with heights of up to 50m achieved 

on favourable sites at 60 years. Although height growth 

can be constrained by windy growing conditions in New 

Zealand, basal area growth can be quite exceptional, and 

this is the basis of the high productive potential. The 

highest basal areas achieved in New Zealand are around 

160 m2/ha, which is almost twice the highest recorded 

basal area for planted Douglas-fir forest in the Pacific North 

West. 

On some sites, particularly on cooler higher altitude sites, 

Douglas-fir exhibits a significant growth advantage over 

other species. One 51-year-old stand at the head of Lake 

Ohau achieved a basal area of 160 m2/ha and a total stem 

volume (TSV) of 2,000 m3/ha on 880 stems/ha. This stand 

had grown on a windy site and had a mean top height of 

only 34 metres. At Karioi, one stand at an altitude of 880m 

had a TSV of 1,950 m3/ha at age 52 years. Forest Research 

permanent sample plots record TSV MAIs of 30m3/ha/year 

or greater in six regions of New Zealand. These exceptional 

productivities are based on fully stocked stands and mostly 

represent pre-Swiss needle cast growth. However some 

younger stands that have grown in the presence of Swiss 

needle cast are exhibiting similar very high productivities. 

These stands are of better provenance (Californian seed 

origin) that combines higher tolerance of Swiss needle cast 

with higher growth potential. 

The majority of Douglas-fir planted over the last 10 years is 

located on better sites and should achieve better than 20 

m3/ha/year growth on 50-year rotations. 

Table 1 presents example yield projections. The projections 

are derived from the D-fir National Growth model (site 

index set at 32 m, and site basal area potential set at 2.0) 

and assumes a production thinning at age 26 years. It is 

notable that the outturn of higher-value log grades that 

combine large log dimension (>30 cm small-end diameter, 

8-12 m length) with small branches (<60 mm diameter) 

increases steeply during the period modelled. The 

economic return for each rotation length is relatively 

constant. 

RESEARCH 

Douglas-fir research in New Zealand is headed by the NZ 

Douglas-fir Research Cooperative, a partnership between 

Forest Research and forest industry members. The 

cooperative was formed in 1992 and is undertaking 

applied research projects in the following areas: tree 

improvement and propagation (12 project areas), growth 

and yield (7), timber grading and wood quality (4), 

environmental (2), and regime evaluation (1). The regime 

evaluation project has been undertaken in conjunction 

with the New Zealand Farm Forestry Association and the 

MAF Sustainable Farming Fund. It has produced a 

"Douglas-fir calculator" for evaluation of different regime 

options that is available to members of the Douglas-fir 

Cooperative and the New Zealand Farm Forestry 

Association. 

Key areas of research include tree improvement programs 

aimed at improving growth, form, wood quality, and 

resistance to Swiss needle cast disease. The cooperative 

also maintains permanent sample plots and silvicultural 

trials to enable ongoing improvements in silvicultural 

management and stand growth modelling. An improved 

New Zealand Douglas-fir growth model (DF NAT) has 

recently been developed by the cooperative. 
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Age (years) Thinning yield Clearfall yield Clearfall log-grade outturn (m3/ha) MAI 

 (m3/ha) (m3/ha) Export S (1) Domestic L (2) Pulp (m3/ha/yr) 

35 98 524 118 314 92 17.8 

40 98 669 233 350 86 19.2 

45 98 831 395 354 82 20.6 

50 98 994 600 328 66 21.8 

55 98 1167 830 277 60 23.0 

(1) Knots <60 mm; sed>300 mm; length 8-12 m 

(2) Knots <150 mm; sed>200 mm; length >4 m 

Table 1: Example yield projection. 
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MANAGEMENT  OF 
SHELTERBELTS 
J D Tombleson – Forest Research, Rotorua 

Managing shelterbelts for timber production is not new. 

Shelterbelts planted on the Canterbury Plains during the 

1840s provided timber for the construction of the earliest 

houses built of radiata pine in New Zealand. Many 

developments aimed at increasing log quality and 

profitability have occurred since those early plantings. 

In 1961 a single-row radiata pine shelterbelt was established 

near Rotorua which was designed and managed to provide 

both shelter and timber production. The low shelter was 

provided by slow-growing mixed conifer species including 

Leyland cypress and Japanese cedar, planted adjacent to an 

existing barberry hedge. At age 22 years the shelterbelt 

contained 400 trees per kilometre, and yielded a 

merchantable log volume of 1200 m3 per kilometre which 

was made up of 468 m3  of pruned butt logs, 648 m3  of 

unpruned sawlogs and 84 m3 of pulp logs. Based on current 

(2004) log prices the shelterbelt was estimated to have a net 

value of approximately $100,000 per kilometre. From a 

practitioner’s viewpoint the Waikite shelterbelt demonstrated 

that a single row of radiata pine, conventionally pruned, and 

incorporating a slower growing species can yield high quality 

logs without apparently compromising shelter value. 

An extensive series of studies evaluating mature radiata pine 

shelterbelts located in the Central North Island and 

Canterbury regions showed that shelterbelt tree and log 

characteristics (with the exception of branch size) can be 

simulated using the integrated stand modelling system 

STANDPAK. Modification to enable STANDPAK inputs and 

outputs to be made on a per kilometre of shelterbelt basis, 

along with the incorporation of a growth model developed 

for shelterbelts is available for users to evaluate. 

The many shelterbelts studied to date have provided some 

points for the future. These include the following: 

SPECIES CHOICE 

Careful consideration needs to be given to choosing both a 

primary commercial timber species and a supplementary 

species to block the low draught created by pruning. Radiata 

pine is well proven as a fast-growing species providing both 

tall shelter and, if well managed, valuable timber. Other 

primary species may include Cupressus lusitanica and C. 

macrocarpa or select eucalyptus species. Supplementary 

species must be tolerant of exposed conditions, be shade- 

tolerant, grow fast to keep up with the pruned height, be 

easily obtainable and not too expensive. Species commonly 

used for this purpose include: Cryptomeria japonica, 

Cupressus  macrocarpa.  C.  arizonica,  Leyland cypress, Thuja 

plicata,  and  Cedrus  deodara. 

Planting Improved Genetic Stock 

Considerable advancements have been made in improving 

the growth and quality performance of radiata pine. 

Thinning is not usually an operation carried out in 

shelterbelts and hence the grower is reliant on every tree 

being an acceptable crop tree. The use of 3 and 4-year-old 

physiologically-aged cuttings on fertile farm sites is shown to 

have considerable advantages of greater wind firmness than 

seedlings, and improved form. This results in less toppling, 

less malformation, straighter butt logs with a predicted 

higher grade outturn of timber and higher value at harvest. 

The use of "aged" radiata pine cuttings is considered to be 

highly advantageous for the successful 

establishment and management of shelterbelts for timber 

production and shelter. 

DESIGN 

Before a shelterbelt planting programme is commenced, 

consideration needs to be given to a suitable design which 

meets the above objectives. Figure 1 shows one option that, 

when utilising the best supplementary species for the area 

and incorporating genetically improved radiata pine tree 

stocks, and when variable-lift pruned annually, can ultimately 

yield both shelter and valuable timber products. Where land 

is available, multiple row designs could be favoured,  

whereby the inner rows receive similar tending – thinning – 

to that of a woodlot. 

PRUNING ON TIME 

Because shelterbelts are generally planted on fertile farm 

land, their stem and branch growth is rapid. To contain the 

diameter over pruned branch stubs to a minimum, it is 

necessary to prune annually and apply a variable-lift pruning 

technique. That is, each tree is pruned on its height merits to 

leave a constant length of crown. The large branch size of 

upruned logs at harvest, particularly in single rows and edge- 

rows of multiple-row shelterbelts, has been shown to exceed 

export specifications. There may be advantages, particularly 

on very fertile sites, in pruning above 6 m to reduce the 

occurrence of large branches. 

CONCLUSION 

Timber species grown in single and multiple-row shelterbelts 

on agricultural land can provide shelter and timber and 

diversifaction of activity. Sound planning and management is 

essential in order to maximise benefits. 
 

 
Figure 1: A Shelterbelt Design to Provide Shelter and Timber. 
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MANAGEMENT 
INFORMATION 
SYSTEMS 
G Kuru – Forestech Research and Development 

Ltd, Christchurch 

PLANTATION RESOURCE INFORMATION 

SYSTEMS 

Managing forest plantation resources requires access to 

large quantities of basic data of various kinds. Plantation 

Resource Information Systems (PRISs) are tools for reliably 

capturing and storing these data and allowing rapid 

processing, analysis, and reporting of information at 

various levels of aggregation to support forest 

management and decision-making. Specific forest 

management data requirements might include those 

shown in Table 1 (Whyte 1990). 

SYSTEM COMPONENTS 

Traditionally, PRISs have comprised stand record systems 

being databases that capture data on forest administration 

and individual forest stand attributes. The availability of 

sophisticated databases and powerful data processing and 

communications technologies has allowed the expansion of 

the scope of PRISs to incorporate functions such as forest 

asset registers, remote sensing and resource mapping, 

operations management and control, modelling at the 

stand and estate level, tactical harvest planning, harvest 

management, wood supply logistics, financial control, 

health and safety, and environmental monitoring. Some of 

the more important components in the New Zealand 

plantation management context are described below. 

FOREST ASSET REGISTERS 

Stand Record Systems 

The term "stand record system" (SRS) usually refers to 

databases that record the extent and nature of forest 

assets within a plantation resource. Various definitions of 

 
 

 
"stand" exist but generally a stand can be defined as an 

area of trees in the same location, of the same age, and 

managed as a single operational unit. 

Geographic Information Systems 

Geographic Information Systems (GIS) are applications for 

storage, retrieval, mapping, and analysis of geographic 

data. Spatial features are stored in a coordinate system 

(latitude/longitude, state plane, etc.), which references a 

particular place on the earth. Descriptive attributes in 

tabular form are associated with spatial features. Spatial 

data and associated attributes in the same coordinate 

system can then be layered together for mapping and 

analysis. GIS differs from computer-aided design and other 

graphical computer applications in that all spatial data are 

geographically referenced to a map projection in an earth 

coordinate system. Another property of a GIS database is 

that it has "topology," which defines the spatial 

relationships between features. 

GIS has been widely adopted for forest management. 

Conceptually, forestry GISs are an extension of earlier SRSs 

that were based on textual databases. A primary 

advantage of GIS is that it allows the tight alignment and 

integration of remote sensing and resource mapping 

functions with other forest management databases and 

activities. 

Forest Inventory Systems 

Forest inventory systems capture tree measurements and 

attributes and process these to determine individual tree 

yields and average stand yields. In the context of forest 

management, forest inventory data are used to measure 

stand characteristics for the purposes of measuring the 

quantity and quality of stand attributes. Usually inventory 

data are summarized at a stand or stand stratum level and 

should be compatible with SRS and GIS applications to be 

of use for forest management. The outputs of inventory 

systems are routinely used for quality assessment and 

control, for estimating current growing stock, and as 

starting points for modelling future growth and yield. 

Operations Planning and Management Systems 

Plantation resource information systems provide the basic 

data to support operational planning and management 

activities such as establishment, silviculture and harvesting. 

Today the resource planning, information and support 

 
Types of data Examples 

Land resources Location, geology, topography, soils, drainage, climate, present use, vegetative cover, 

ownership. 

Vegetation types Location, ownership, areas, species, age, distribution, health. 

Yield capacity Volumes, weights, assortments, value. 

Market information Market product requirements locally, regionally, and internationally. Timing and price. 

Silvicultural operations Establishment, tending, costs, plant availability and capacity. 

Harvesting operations Harvesting and transport costs, plant availability and capacity, distance from markets, 

transport and logistics. 

Human resources Human resources availability and skills, training, productivity. 

Health and safety Accident registers, operational/equipment/site-based hazard registers. 

Finances Administration, planning, budgeting, payroll, cost and revenue control, invoicing, debtor- 

creditor management, corporate reporting. 

Environmental conditions Bio-diversity, landscape values, water yield and quality, minor forest products, land stability 

and soil protection, site quality, productivity and sustainability. 

Social factors Public relations, labour management, community consultation, consumers, suppliers, 

creditors, shareholders, global responsibilities and commitments. 

Table 1: Examples of data held in PRISs. 
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systems are often closely integrated allowing almost 

seamless flow between the functions of planning, 

operational control and reporting. The most sophisticated 

systems integrate resource information, operational 

systems and financial systems to support all levels of 

management activity from daily operations control to 

annual reporting. 

COMMERCIAL FOREST MANAGEMENT 

INFORMATION SYSTEMS 

Forest Research has a long history of producing software 

products for forest industry. The Forest Master (Tennent 

1992) has been the stand record system component of a 

suite of products (including STANDPAK, MARVL, IFS and 

FOLPI) that have been widely used in New Zealand forestry. 

More recently, Forest Research has been developing a new 

set of products under the name of Atlas. The Atlas suite is 

an integrated set of applications that ultimately is intended 

to cover all aspects from forest management through to 

process planning. Two applications have been released at 

the current time – Cruiser, which is an inventory system, 

and GeoMaster, a spatially based stand record system. 

Other modules currently in the development phase are: 

> Atlas Market: the optimisation of harvest operations 

and market supply. 

> Atlas Optiplan: for long-term estate modelling. 

> Atlas Forecaster: for operations planning. 

The Forest Information and Planning System (FIPS) is a 

system that integrates financial accounting, cost 

accounting, job budgeting, forest information and spatial 

data analysis. It was developed and is supported by P F 

Olsen and Company Ltd (Alexander et al. 2000). FIPS is a 

system that integrates the physical resource information in 

spatial and textual format with a comprehensive financial 

management system. FIPS is a server based system and is 

available to internal staff and clients "on-line". 

Forest Management System (FMS) is an integrated 

management system that includes a wide range of 

management functions including forest asset register, 

forest inventory, operations planning and management, 

vehicle and equipment running and maintenance, 

workshop management, capex and purchasing, full 

financial accounting and payroll, spatial information and 

mapping management, and modelling (Kuru 2000). FMS 

comprises a set of integrated modules that are themselves 

sub-components of the GlobalBase suite. GlobalBase is a 

generic enterprise resource planning suite used in a wide 

variety of industries for land and building and asset 

management, financial accounting, manufacturing, stock 

inventory management, sales and distribution. 

ForestVision is another integrated forest resource 

information system and is developed and supported by 

MTS Ltd (see http://www.mtsl.co.nz). ForestVision supports 

forest mapping, stand record register, operations 

management and control and forest inventory. It has a 

strong focus on spatial capabilities including two- and 

three-dimensional  mapping. 

The School of Forestry at the University of Canterbury has 

also developed an integrated stand record system (Mason 

et al. 2003). The system was created with the assistance of 

the Sustainable Farming Fund from the Ministry of 

Agriculture and Forestry and the New Zealand Farm 

Forestry Association. The system is targeted at owners of 

small forests and includes stand register, operations 

management and forest inventory functionality. A unique 

feature of the system is that it is free and open source, 

meaning that source code is freely available to all users for 

both in-house and shared development. 
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MAPPING BY 
REMOTE SENSING 
J Firth – Forest Research, Rotorua 

Remote Sensing (RS) is the detection and analysis of 

objects without any direct physical contact. Traditionally RS 

was synonymous with aerial photography. Nowadays, 

however, the term has broadened to include a range of 

airborne and space-borne sensors that can detect not only 

visible light but also other wavelengths such as those that 

cover the infrared, thermal, microwave and gamma 

radiation bands of the electromagnetic spectrum. Today’s 

multiplicity of RS technologies, along with advances in 

computing, are changing the way land and forests are 

assessed and mapped. 

While RS is used for a wide range of resource assessments, 

e.g. identification of diseases, vegetation stress monitoring 

and soil mapping, some of its most important applications 

are for producing conventional forest maps. This 

application will continue, but it can be expected that the 

maps will be more diverse in the future as new RS 

technologies become available. 

FOREST MAPPING 

Base-map Production 

Most base-maps of forests are derived from aerial 

photographs. This is because photogrammetry, the science 

of taking measurements on photographs, is a mature 

technology that can be used to generate a very accurate 

product in a cost-effective manner. However, the 

instrumentation used for producing base-maps has 

changed significantly in recent years (American Society of 

Photogrammetry 1980). 

Mechanical/optical (i.e. analogue) stereoplotters, the 

mainstay of mapping agencies for several decades, have 

now been almost completely superseded by analytical 

instruments. These second-generation plotters employ 

computers to carry out the space resection, but the 

tracking device remains mechanical. Although offering 

unsurpassed image quality, the analytical machines are, in 

turn, gradually being replaced by third generation 
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stereoplotters known as Digital Photogrammetric 

Workstations (DPW). With a DPW, the whole mapping 

operation (including the imagery itself) is carried out in a 

digital computer environment. This enables many of the 

photogrammetric processes to be automated. Considerable 

international research is now taking place with the object 

of also automating the interpretation of the images. 

Map Updating Methods 

Over the last decade or so, major changes have taken place 

in the field of updating forest maps. This is due to the advent 

and maturing of several significant technologies such as: 

> Low-cost computers which are powerful enough to 

efficiently process and store very large data sets such as 

digital image files. 

> Digital Terrain Models (DTM) that cover the whole 

country and provide a computerised model of the 

topography of the land’s surface. While most of these 

DTMs are based upon 20 m contours, many forest 

owners have commissioned more accurate ones based 

upon 10 m or even 5 m contours. When an aerial 

photograph is geo-referenced to a DTM using 

appropriate software, angles, lengths and areas 

measured on the photographs are corrected in real time 

for image displacement owing to topographic relief and 

camera tip/tilt. This process simplifies the task of map 

updating because it allows an object’s coordinates to be 

stored in a Geographic Information System (GIS) and an 

updated map to be produced without the need for 

further data correction. Where accuracy requirements 

are high and the DTM was created over forested land, 

users should be aware that the elevations are likely to 

reflect the tree canopy surface more accurately than the 

actual ground. DTMs can be purchased from mapping 

agencies or created from contour data using GIS 

software. 

> Hard-copy and digital orthophotographs (i.e. 

differentially rectified aerial photographs) can now be 

produced by a DPW semi-automatically and at relatively 

low cost. Because displacements in the original image 

arising from topographic relief and camera tip/tilt have 

been corrected in the orthophotographs, linework can 

be digitised on them and entered into a GIS without 

the need for further photogrammetric processing. 

> Relatively low cost, hand-held Global Positioning System 

(GPS) receivers that can provide coordinates to an 

accuracy of about 10 m. If the errors in the GPS 

satellite’s signals are corrected with the aid of a base- 

station whose coordinates are accurately known (a 

process known as differential correction), the positional 

accuracy should increase to around 1 m, particularly in 

areas with an uninterrupted view of the sky. 

Applications of this technology include traversing cut- 

overs and forest roads in order to obtain coordinates of 

their position and dimensions. Real-time differential 

correction is now available thereby reducing the time 

taken to obtain the more accurate data. 

> Satellite imagery is now available that has sufficiently 

high resolution (say ~1 m) for identifying the main 

features on forest maps. The large area covered per 

frame, the periodic nature of the satellite’s over-pass  

and the digital nature of the imagery, are ideal for 

identifying major changes to the physical and vegetative 

characteristics of the landscape. One way of identifying 

the changes is by overlaying geo-referenced, multi- 

temporal images and analysing the differences. 

Cameras for Mapping 

In recent years, significant technological changes have 

taken place in the cameras that are used to take aerial 

images for producing and updating maps. 

Large format cameras 

Modern, large-format cameras come equipped with 

forward and angular motion compensation capability that 

enables blur-free images to be obtained at very large  

scales. These cameras can also be coupled with a GPS that 

records the XYZ coordinates of the perspective centre of 

the lens at the time of exposure thereby simplifying the 

orientation of the image in the stereoplotter. If this 

capability is coupled with an inertial orientation system that 

records the angular rotation elements of the camera frame, 

the need for ground control to orientate the image is 

obviated completely. 

Digital cameras 

Digital cameras have the potential to revolutionise the 

image-capture aspect of forest mapping. As their price 

drops and their format increases, it can be expected that 

they will replace film cameras. 

Airborne Video 

Digital and analogue airborne video has been used for 

obtaining aerial images of clearly defined features such as 

cut-overs and roads. The system has the advantage of 

being rather inexpensive to purchase and operate, and 

images are available for viewing in real time. It should be 

noted, however, that the resolution of video is 

comparatively low and the area covered per frame is small. 

Map Production and Querying 

For most forestry companies, a GIS is the core of their map 

production system. Besides being used for designing maps, 

a GIS has the advantage that a feature’s spatial information 

and attribute data are linked together. This enables 

sophisticated queries to be carried out, e.g. given a 

harvesting map and a DTM, the GIS could be queried to 

display the location and measure the area of all the  

logging coupes that are larger than 50 ha and that would 

be visible from a specified recreation site. 

SPECIALIST MAPPING TECHNOLOGIES 

Microwave (Radar) 

Radar scanners utilise microwave electromagnetic energy 

to generate images. Because the instruments themselves 

generate this energy, images can be taken 24 hours a day 

regardless of the light conditions. Furthermore the energy 

can penetrate clouds, which increases the technology’s 

usefulness in humid parts of the world. Unlike optical 

sensors which rely on differential scattering and absorption 

by leaves and their supporting structures, microwave 

sensors respond to the larger scale structure of the canopy, 

plant water content and distribution of the plants’ 

components and, in the case of the longer wavelengths, 

surface soil conditions. As such, microwave sensors can 

record information invisible to optical sensors. 

From a New Zealand forestry perspective, the type of radar 

with the most potential for forest mapping would appear 

to be SAR or Synthetic Aperture Radar. SAR has been used 

in New Zealand for mapping forest cutovers. In other 

countries strong relationships have been found between 

tree height, basal area and biomass, and SAR backscatter 

(Stellingwerf & Hussin 1997) enabling the technology to be 

used for mapping these variables. The usefulness of SAR 

appears to be greatest when the texture of the surface to 

be imaged is uneven resulting in a strong backscatter 

signal. For a forest, this occurs when crown closure is low. 

Light Detection And Ranging 

Light detection and ranging (LIDAR) is an active RS 

technology that uses a laser to generate coherent pulses or 

beams of electromagnetic energy. Depending on the type 

of laser used, the wavelength of the emitted light can 

range from the ultraviolet to the far infrared. 
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Two main types of LIDAR have potential for forest 

mapping. Laser profilers emit pulses of energy that, 

depending on their wavelength, can produce a 2D profile 

of the tree canopy or of the ground beneath the canopy. 

The two results can be combined to produce a 2D profile 

of the stand that has tree mensuration value. Mapping 

LIDAR emits a beam of energy that sweeps across the 

terrain below and perpendicular to the aircraft’s flight line. 

Overseas research (Stellingwerf & Hussin 1997) shows that 

mapping LIDAR has potential for producing high accuracy 

elevation profiles of narrow strips of land e.g. potential 

road corridors, and the 3D structure of forest canopies. 

Multispectral Scanners 

Multispectral scanners image narrow bands of the 

electromagnetic spectrum and are thereby capable of 

detecting spectral signatures not visible to broad band 

sensors such as film cameras. This capability has been used 

to map damage to vegetation caused by a variety of pests 

and diseases (American Society of Photogrammetry 1997). 

In New Zealand, laboratory and field trials are being carried 

out to investigate whether forest health problems and 

nutrient deficiencies have a unique spectral signature. If so, 

multispectral scanning could be used to identify and map 

the extent of such afflictions. 

The large area covered by satellite-mounted scanners, and 

the digital nature of the imagery that lends itself to 

computer processing, have resulted in space-borne 

scanners being used to map New Zealand’s exotic forest 

estate (Ministry of Agriculture and Forestry 2000). 
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FOREST SAMPLING 
AND INVENTORY 
A D Gordon – Forest Research, Rotorua 

A planted stand in New Zealand is inventoried several 

times during its life. The initial inventories are aimed at 

monitoring the state of the crop before and after 

silvicultural events. Later in the crop’s life, one or more pre- 

harvest inventories are undertaken to gather the 

information needed to predict the yield by log product 

under different log cutting strategies. Finally, after harvest, 

a logging waste assessment may be carried out. 

Valuations of forests and woodlots are needed in many 

situations, from taxation to sales. To arrive at a figure that 

can stand scrutiny requires a thorough inventory of the 

resource. Assessment of the likely yield of log product at 

the projected time of harvest provides a sound basis for 

estimating forest value. 

There is a trade-off between the cost of gathering 

information and the value to the forest manager of 

exploiting that information. In the extreme case, forest 

inventory is a discretionary cost and can be avoided 

altogether, but the value of the information typically 

exceeds the cost of gathering and processing it, making it 

difficult to justify abandoning an inventory programme. 

PLANNING 

Careful planning is needed to ensure the inventory 

produces the required estimates at a specified level of 

precision within the time and budget allocated. Many 

inventory procedures are well-defined and the large body 

of experience available means that generic plans are now 

widely used in New Zealand for routine inventory. In 

addition, the industry has specialised to the extent that 

most pre-harvest inventories are carried out by third-party 

contractors for whom forest measurement is their sole 

focus. This has produced a number of efficiencies but does 

not absolve the forest manager from understanding the 

anatomy of a cost-effective inventory plan and how to fully 

analyse the results so that all the derived information can 

be used to support decisions. For any particular inventory a 

balance must be struck between the precision of the 

estimates and the cost of measurement. This balance is 

determined by the level of risk that is considered 

acceptable. 

SAMPLING 

For most purposes, a sample of the population attribute of 

interest is sufficient to give adequate information; full 

enumeration (a census) is rarely required. To sample 

correctly, the sample units (for example, 0.06 ha plots), and 

the boundaries of the population (the sampling frame) 

must be known. The sample can then be used to estimate 

the population variables (for example the volume per 

hectare of A-grade logs) and put confidence intervals 

around those estimates with a known probability of error. 

A statement can then be made such as "The volume per 

hectare  of  A-grade  logs  in  this  stand  is  80  cubic  metres  per 

hectare,  plus  or  minus  12%  at  the  95%  confidence  level". 

The confidence interval expressed as a percentage of the 

mean is known as the probable limit of error (PLE %), and 

allows the precision of different variables to be compared 

as it is a relative measure. 

PLE = ± 100tsx 

x 

where: t  = student's t value at the required 

probability level and degrees of freedom 

x = the sample mean 

Sx = the standard error of the mean 

Efficient sampling exploits all the prior information about a 

stand to select a combination of sampling system and 

forest measurement technique that will produce precise, 

un-biased estimates at minimum cost. The following 

sampling systems are typically considered when designing a 

forest inventory: 

Simple Random Sampling (SRS) 

If sample units are selected on a purely random basis then 

any one sample of n units has the same probability of 

being selected as any other sample. However this method 
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can produce an impractical disposition of plots which adds 

to the cost of the inventory. 

Systematic Sampling 

In a systematic sample, plots are selected using a pattern 

such as intersections of a grid. If the starting point and 

orientation of the grid are chosen at random it is generally 

accepted that the selection can be considered a random 

sample and the SRS estimate of variance is a valid 

approximation. However if there is a periodic trend in the 

population which coincides with the grid spacing and 

orientation, then the estimates may be significantly biased. 

For example, a grid line running along a ridge 

characterised by relatively poor soil will result in under- 

estimation of volume. When using GIS-assisted tools for 

sample generation this problem of periodic trends should 

be considered at all times. 

Stratified Random Sampling 

By dividing the population into pieces (strata) that are 

internally homogeneous, and sampling within the pieces, 

more precise estimates of population parameters can be 

obtained. When designing a stratified inventory, additional 

information is effectively used to determine the boundaries 

of each stratum. This additional information results in 

better precision. Knowledge of stand histories and 

topography, together with recent aerial photographs, can 

greatly assist stratification. Stratum areas must be known 

and stratum boundaries must be discernible in the field. 

Post-stratification 

If supplementary variables are measured on the sample 

units these variables can be used to partition the sample 

into strata (and determine stratum size) after the inventory 

is complete. Plots can be grouped geographically and plots 

from different inventories can be combined (if they are the 

same size and type of plot and established at the same 

intensity) to provide estimates for a new inventory 

comprising some or all of the area of the original inventory. 

Double Sampling 

This technique exploits a relationship between a variable 

that is easily measured and the variable of interest. For 

example, plot basal area is strongly related to log product 

volume and can be quickly measured using an angle gauge 

count. By supplementing a small sample (primary plots on 

which both variables are measured) with a number of plots 

where only basal area is measured, an estimate of log 

product volume can be obtained with higher precision and 

lower cost than SRS. Double sampling can be used within a 

stratified sample. 

Multi-stage / Cluster Sampling 

With the multi-staged approach, the population is divided 

into a hierarchy of primary, secondary, tertiary, … units. In 

2-stage sampling, a sample of primary units is drawn, then 

within each primary unit a sample of secondary units is 

drawn. Cluster sampling is a special case of 2-stage 

sampling where, once the primary sample is selected, all 

units within each primary sample are measured. An 

example occurs in most pruning quality assessments where 

the population is tree pruned height. Plots function as the 

first stage and all trees (the second stage units) in the plot 

are measured for pruned height. Generally, for the same 

number of secondary sample units, cluster sampling will 

give estimates with poorer precision than SRS, as the 

variance is equivalent to the variance from a SRS of primary 

units where the total of the secondary units is observed on 

each. However, the overall efficiency of cluster sampling 

may be higher and it allows other populations, for example, 

stand basal area, to be sampled at the same time. 

Regression Sampling 

Remote sensing methods often allow characteristics to be 

measured on all sample units in the population. If these 

characteristics can be related to the variable of interest, a 

precise and cost-efficient estimate can be made. Devices 

such as airborne laser scanners show promise for this type 

of application where regression relationships can be 

derived from a small set of field-measured plots. Most 

experimental work has shown that reasonable estimates of 

stem counts and heights are possible. Remote methods are 

seldom used in well-roaded plantations but are often 

applied to the inventory of extensive and variable, large- 

scale resource, where ground access is difficult. 

Variable-Probability Sampling 

Sampling with probability proportional to size (PPS) occurs 

when the probability of selecting a unit for inclusion in a 

sample varies according to the size of the unit. Angle- 

gauge (horizontal point) sampling is an example of this 

method, which, unlike list sampling, does not need a prior 

list of unit sizes. Another practical use of PPS is line- 

intersect sampling for waste assessment. Probability 

proportional to prediction (3P) sampling also falls in this 

category as a method of variable-probability list sampling 

from an unknown list. 

PLOT TYPES 

Within each inventory, stratum and sampling level, plot 

type and size should be kept constant, so some fore- 

thought is necessary at the planning stage to choose the 

most efficient arrangement. If sample units are likely to be 

used in combination with units from different inventories, 

then care should be taken to ensure an overall consistency 

in type, size and density of coverage. Stand-edge effects 

must be allowed for, particularly in small stands or 

woodlots that are assessed using area-based sample units. 

The mirror (spiegel) method is the recommended 

procedure to correctly allow for the stand edge. 

Bounded plots enclose a fixed area of the stand being 

sampled and vary in shape from circles, which have the 

least edge-length to area covered, to strip plots which have 

comparatively long edges. Plots should be of a size to 

enclose between 15 and 40 trees on average although 

smaller plots can be more efficient if the number of plots is 

increased accordingly. For example, a 0.04 ha plot will 

contain 11 trees on average if the stand is stocked at 275 

stems per hectare. Plot dimensions are corrected for slope 

to give the required horizontal area. 

Strip plots are laid out along a transect which forms the 

plot centre line. Trees are included which are within a fixed 

distance of this centre line. Little time is spent in plot 

demarcation or travelling between plots which makes for 

efficient measurement in rough or variable conditions, but 

biased results are possible if consistent errors are made 

when deciding whether or not trees are in the plot, or if 

the transects run parallel with some trend in the stand. 

Square plots are less subject to edge bias at the cost of 

greater layout time. They are best used when stand 

conditions are uniform, in higher density stands, or when 

several plots are located in the same vicinity (cluster 

sampling). 

Circular plots can be laid out quickly using rangefinders like 

the Vertex and are generally recommended for use in pre- 

harvest inventory. 

Point sample plots are established by making a 360º sweep 

from the plot centre including every tree whose breast- 

height diameter is larger than the width projected by the 

angle-gauge instrument. Various methods are employed to 

adjust for slope and some instruments such as the 

relascope adjust automatically but need skill and training to 

use accurately. Point plots are ideal for double-sampling 

schemes as the count of the number of trees included is 

the only measurement required to estimate basal area. 

Angle gauge instruments are characterized by their basal 

area factor (BAF), which is multiplied by the count of 
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included trees to give an estimate of basal area. BAFs 

should be selected so that six to eight trees are included at 

each point on average. Use a higher BAF if undergrowth or 

branching at breast height makes visibility poor. 

Horizontal line plots are laid out by selecting trees in the 

same way as point sampling but from a base line rather 

than a point. To obtain an estimate of either basal area or 

stocking the diameter of all selected trees must be 

measured, although the count alone can be used to 

estimate the average tree diameter. The orientation of the 

transects must be considered in relation to periodic trends 

in the population when laying out horizontal line plots. 

Single stem sample units can be used effectively in small 

stands as no measurement of stocked area is needed. 

Recent results have shown that 3P sampling is a viable 

option in this case (Lee and Goulding 2002), although this 

method does require the operator to consistently estimate 

diameter at breast height by eye. 

SILVICULTURAL  ASSESSMENT 

The initial assessments of stands are usually linked to 

silvicultural events. For example, survival assessments are 

used as a quality check on planting, then, prior to pruning, 

rate-setting measurement determines the timing and work 

content of the pruning. Post-pruning or post-thinning 

assessment records the state of the stand and is used to 

check the quality of the operation. The planned regime can 

be fine-tuned using the feedback from a post-event 

assessment. 

MID-ROTATION INVENTORY 

Silvicultural assessments may be augmented by a 

measurement at mid-rotation designed to record basic 

stand variables so that the growth rate and potential yield 

can be determined. If carbon credits become a tradeable 

entity, this type of inventory may take on more importance 

as a way to track the amount of carbon sequestered. 

WOODLOT INVENTORY 

Woodlot inventory is often driven by the need for a 

valuation to support sales, insurance, tax determination, 

etc (Maclaren 2000). A sizeable proportion of New 

Zealand's plantation estate is now in private holdings and, 

as stands are small, often with intricate boundaries, there 

are efficiencies to be made by tailoring inventories to these 

characteristics. One key advantage of stem-based 

(individual-tree) sampling is that the woodlot area is not 

needed because the total number of trees is recorded. This 

can provide quite a cost saving if the stand has not been 

mapped. 

PRE-HARVEST INVENTORY 

Prior to harvest, an inventory is undertaken to gather the 

information needed to predict the yield by log product 

under different log cutting strategies. A key part of the 

field process is describing those external stem qualities 

which are used to specify logs (see Section 6.6). The pre- 

harvest inventory is used for harvest planning, wood flow 

scheduling, valuation, sales and marketing, and as the 

basis for deriving yield tables to support tactical and 

strategic planning. 

The MARVL (Method for the Assessment of Recoverable 

Volume by Log-types, Deadman & Goulding 1979; Gordon 

et al.1995) system has been the foundation of current pre- 

harvest inventory used in New Zealand. It recognises the 

potential of stands to yield different products if they are 

cross-cut using different "bucking" patterns, and if 

harvested at different ages. A sample of standing trees is 

assessed and the qualities of the stems are recorded. The 

effect of cross-cutting these stems to a set of log product 

specifications is then simulated by the software in such a 

way that the optimal value is recovered from each 

merchantable piece. Merchantable reduction factors are 

not required, but equations to predict tree volume, taper 

and average break height at felling are necessary. Current 

inventory systems in use include MicroMarvl, Marvl 3, 

YTGen and ATLAS Cruiser. 

Recent developments have seen the introduction of new 

methods of stem description which involve no 

interpretation in the field and are more robust to changes 

in log specifications at analysis time. The ATLAS Cruiser 

system can manage and process this type of pre-harvest 

inventory information as well as traditional MARVL data. 

Complementing this is a new, image-based dendrometry 

system (PhotoMarvl, Firth et al.2000) which provides 

accurate measurements of stem diameter, height, sweep 

and branch size from images of the lower 20 metres of the 

stem. 

Aspects of these forest inventory systems are now well- 

proven, but there is increasing demand for more accurate 

information for wood-flow scheduling. As harvesting 

becomes more responsive to management direction there  

is less slack in the supply-chain, resulting in large savings as 

log stock levels are reduced but putting pressure on the 

inventory systems to provide accurate, local estimates for 

small parts of the forest stand. Little work has been done  

in applying "small-area" estimation methods (Schreuder et 

al.1993) to this problem, although there are potential gains 

to be made. Another difficulty in assessing local yield arises 

from the increasing specialisation of log products, resulting 

in what are effectively rare populations. There are methods 

for assessing such populations (for example, 

disproportionate sampling) but they have not been tested 

for pre-harvest inventory. 

A gap still remains between log yield as estimated and log 

yield as actually produced that can vary widely in some 

operations. This problem will be managed only with 

systematic yield reconciliation as a standard part of the 

resource management process. 
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SAMPLE PLOT 
TECHNIQUES 
AND TABLES 
J D Hayes – Forest Research, Rotorua 

Standard mensuration tables are required for both plot 

establishment and the measurement of tree heights. 

PLOT ESTABLISHMENT 

Permanent sample plots and inventory plots are generally 

circular or diamond in shape. Circular plots are often 

preferred because they have the shortest perimeter for a 

given plot area and are easier to install in good conditions. 

A four-sided plot is preferred for areas of heavy 

undergrowth or on steep slopes. 

Circular Plot Layout 

If the average slope of the area is greater than 10 degrees, 

a slope correction table (Table 1) should be used to obtain 

the radius of the plot. The slope-corrected plot radius is 

used to measure distance in all directions to the plot 

boundary. 

 
 

radius = 
 

where a = plot area in ha  
s = slope in degrees 

 

Diamond Plot Layout 

A diamond plot is a square plot consisting of an area 

defined by four half-diagonals. To establish a diamond plot, 

the first set of diagonals is established along the line of 

maximum slope. The second set of diagonals is established 

at right-angles to the first set (and is usually along the 

contour). An average slope is calculated for the line of 

maximum slope, which passes through the centre peg 

(Figure 1). If the average slope is greater than 10 degrees,  

a slope correction table (Table 1) should be used to obtain 

the half-diagonal length. The slope-corrected half-diagonal 

length is then used to establish the half-diagonals on the 

line of maximum slope. The half-diagonals at right-angles, 

if along the contour, have no slope correction. 
 

 
Figure 1: Layout of a diamond plot. 

The half-diagonal length up and down the slope is given 

by this formula: 
 

1/2 diagonal length = 

where a = plot area in ha 
s = slope in degrees 

TREE HEIGHT MEASUREMENT 

There are several recognised methods of measuring total 

tree height or the height of any position on the stem. A 

tree must be measured at right angles to the lean, and 

preferably on the uphill side of the tree. Figure 2 shows the 

variables required to calculate total tree height. The datum 

is a fixed starting point, usually at 2 metres up the tree. 
 

 
Figure 2: Measuring tree height with a hypsometer. 

Height methods 1, 2, 4, 5 use a hypsometer calibrated in 

either degrees or percentages. Method 3 is a direct 

method. 

Method 1 – Degree scale with length tape 

The distance between the observer's eye and the datum, 

which is vertically beneath the tree tip, is measured with a 

tape. The lower angle (B) to the datum and the upper 

angle (A) to the tree tip are read (in degrees) from the 

hypsometer. The upper angle should be between +30° and 

+50°. 

Using the observed upper and lower angles, find the 

corresponding value in Table 2. Multiply the tape distance 

by the value and add the datum to obtain the total height. 

Method 2 – Percentage scale with length tape 

The technique used is the same as Method 1. The upper 

angle should be between 70% and 120%. 

Using the observed upper and lower angles, find the 

corresponding value in Table 3. Multiply the tape distance 

by the value and add the datum to obtain the total height. 

Method 3 – Direct method 

The upper angle (A) to the top of the tree must be at 

exactly 45° and the lower angle (B) intersecting the datum 

point must be 0°. Measure the horizontal distance to the 

tree and add the datum height. No tables are required. 

Method 4 – Degree scale with adjustable 

rangefinder 

The target staff is viewed through the rangefinder of the 

hypsometer. The adjustable lower plate is moved until the 

reversed double images of the plates coincide. The 

hypsometer must be held at right angles to the line of 

sight. The distance shown on the staff is recorded. The 
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lower angle (between –20° and +10°) to the upper plate 

of the staff and the upper angle to the tree tip are read 

from the hypsometer in degrees (the upper angle should 

be between +30° and +50°). 

Using the observed upper and lower angles, find the 

corresponding value in Table 4. Multiply the rangefinder 

distance by the value and add the datum to obtain the 

total height. 

Method 5 – Percentage scale with adjustable 

rangefinder 

The technique used is the same as Method 4. The lower 

angle (between –35% and +20%) to the upper plate of 

the staff and the upper angle to the tree tip are read from 

the hypsometer in percentages (the upper angle should be 

between 70% and 120%). 

Using the observed upper and lower angles, find the 

corresponding value in Table 5. Multiply the rangefinder 

distance by the value and add the datum to obtain the 

total height. 

Formulae 

The formulae for calculating height are as follows: 

Method 1. Degree scale – Length tape 

H = d*CosB(TanA-TanB) + c 
 
 

Method 2. Percentage scale – Length tape 

H = d*(P-Q) / 10000 + Q2  + c 

 

Method 4. Degree scale – Adjustable rangefinder 

H = d*Cos2B(TanA-TanB) *(1+0.03*TanB) + c 
 
 

Method 5. Percentage scale – Adjustable rangefinder 

H = d*(P-Q)*(100 + 0.03Q)/(10000 + Q2) + c 

where H = total height (m) 

d = range finder or tape distance (m) 

A; P = angle in degrees; angle in percentage to 

top of tree 

B; Q = angle in degrees; angle in percentage to 

top of tree 

c = datum (m) (height above ground level) 

Cos, Tan = Cosine and tangent of angle in 

degrees 

Electronic hypsometers 

Technology has now advanced considerably. There are a 

variety of electronic devices commonly used in forestry 

today which automatically calculate the distance to any 

point up the tree. 

The Forestor VERTEX is one such electronic hypsometer  

that displays height from observed angles and the 

ultrasonically-measured distance between the instrument 

and a transponder set up as the datum on or near the tree. 

The height of the datum or TRP (transponder reference 

point) must be the same as that entered as a constant in 

the VERTEX. Three height levels can be measured on the 

same tree. The calculated heights are immediately viewed 

on the screen (no tables are required) and are then 

recorded. 

REFERENCES: 

ELLIS J.C.; HAYES J.D. 1997: Field Guide for sample plots in New 

Zealand forests. FRI Bulletin No.186. 

GOULDING C.J.; LAWRENCE M.E. 1992: Inventory practice for 

managed forests. FRI Bulletin No.171. 
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Slope in degrees Radius for circular plots (m) 

Plot size in ha 
 Half diagonals for diamond plots (m) 

Plot size in ha 

 
 

0 

0.04 0.08 0.1 0.2 0.04 0.08 0.1 0.2 

11.28 15.96 17.84 25.23 14.14 20 22.36 31.62 

1 11.28 15.96 17.84 25.23 14.14 20 22.36 31.63 

2 11.29 15.96 17.85 25.24 14.15 20.01 22.37 31.64 

3 11.29 15.97 17.85 25.25 14.16 20.03 22.39 31.67 

4 11.3 15.98 17.86 25.26 14.18 20.05 22.42 31.7 

5 11.31 15.99 17.88 25.28 14.2 20.08 22.45 31.74 

6 11.31 16 17.89 25.3 14.22 20.11 22.48 31.8 

7 11.33 16.02 17.91 25.33 14.25 20.15 22.53 31.86 

8 11.34 16.04 17.93 25.36 14.28 20.2 22.58 31.93 

9 11.35 16.06 17.95 25.39 14.32 20.25 22.64 32.02 

10 11.37 16.08 17.98 25.43 14.36 20.31 22.71 32.11 

11 11.39 16.11 18.01 25.47 14.41 20.37 22.78 32.21 

12 11.41 16.13 18.04 25.51 14.46 20.45 22.86 32.33 

13 11.43 16.17 18.07 25.56 14.51 20.53 22.95 32.45 

14 11.46 16.2 18.11 25.61 14.58 20.61 23.05 32.59 

15 11.48 16.24 18.15 25.67 14.64 20.71 23.15 32.74 

16 11.51 16.28 18.2 25.73 14.71 20.81 23.26 32.9 

17 11.54 16.32 18.24 25.8 14.79 20.91 23.38 33.07 

18 11.57 16.36 18.29 25.87 14.87 21.03 23.51 33.25 

19 11.6 16.41 18.35 25.95 14.96 21.15 23.65 33.44 

20 11.64 16.46 18.4 26.03 15.05 21.28 23.8 33.65 

21 11.68 16.52 18.46 26.11 15.15 21.42 23.95 33.87 

22 11.72 16.57 18.53 26.2 15.25 21.57 24.12 34.11 

23 11.76 16.63 18.6 26.3 15.36 21.73 24.29 34.35 

24 11.81 16.7 18.67 26.4 15.48 21.89 24.48 34.62 

25 11.85 16.76 18.74 26.5 15.6 22.07 24.67 34.89 

26 11.9 16.83 18.82 26.61 15.73 22.25 24.88 35.18 

27 11.95 16.91 18.9 26.73 15.87 22.45 25.1 35.49 

28 12.01 16.98 18.99 26.85 16.02 22.65 25.33 35.82 

29 12.07 17.06 19.08 26.98 16.17 22.87 25.57 36.16 

30 12.13 17.15 19.17 27.11 16.33 23.09 25.82 36.51 

31 12.19 17.24 19.27 27.25 16.5 23.33 26.09 36.89 

32 12.25 17.33 19.37 27.4 16.68 23.58 26.37 37.29 

33 12.32 17.43 19.48 27.55 16.86 23.85 26.66 37.71 

34 12.39 17.53 19.59 27.71 17.06 24.12 26.97 38.14 

35 12.47 17.63 19.71 27.88 17.26 24.42 27.3 38.6 

36 12.55 17.74 19.84 28.05 17.48 24.72 27.64 39.09 

37 12.63 17.86 19.96 28.23 17.71 25.04 28 39.6 

38 12.71 17.98 20.1 28.42 17.95 25.38 28.38 40.13 

39 12.8 18.1 20.24 28.62 18.2 25.74 28.77 40.69 

40 12.89 18.23 20.38 28.83 18.46 26.11 29.19 41.28 

41 12.99 18.37 20.54 29.04 18.74 26.5 29.63 41.9 

42 13.09 18.51 20.7 29.27 19.03 26.91 30.09 42.55 

43 13.19 18.66 20.86 29.5 19.34 27.35 30.57 43.24 

44 13.3 18.81 21.04 29.75 19.66 27.8 31.09 43.96 

45 13.42 18.98 21.22 30.01 20 28.28 31.62 44.72 

Table 1: Slope corrections for plot radii and diagonals. 
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 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

-30 1 1.02 1.04 1.06 1.08 1.11 1.13 1.15 1.18 1.2 1.23 1.25 1.28 1.31 1.34 1.37 1.4 1.43 1.46 1.5 1.53 1.57 1.61 1.65 

-29 0.99 1.01 1.03 1.05 1.07 1.1 1.12 1.14 1.17 1.19 1.22 1.25 1.27 1.3 1.33 1.36 1.39 1.42 1.46 1.49 1.53 1.56 1.6 1.65 

-28 0.98 1 1.02 1.04 1.07 1.09 1.11 1.13 1.16 1.18 1.21 1.24 1.26 1.29 1.32 1.35 1.38 1.42 1.45 1.49 1.52 1.56 1.6 1.64 

-27 0.97 0.99 1.01 1.03 1.05 1.08 1.1 1.13 1.15 1.18 1.2 1.23 1.26 1.28 1.31 1.34 1.38 1.41 1.44 1.48 1.52 1.55 1.59 1.64 

-26 0.96 0.98 1 1.02 1.04 1.07 1.09 1.12 1.14 1.17 1.19 1.22 1.25 1.28 1.31 1.34 1.37 1.4 1.44 1.47 1.51 1.55 1.59 1.63 

-25 0.95 0.97 0.99 1.01 1.03 1.06 1.08 1.11 1.13 1.16 1.18 1.21 1.24 1.27 1.3 1.33 1.36 1.39 1.43 1.47 1.5 1.54 1.58 1.63 

-24 0.93 0.96 0.98 1 1.02 1.05 1.07 1.1 1.12 1.15 1.17 1.2 1.23 1.26 1.29 1.32 1.35 1.39 1.42 1.46 1.5 1.53 1.58 1.62 

-23 0.92 0.94 0.97 0.99 1.01 1.04 1.06 1.08 1.11 1.14 1.16 1.19 1.22 1.25 1.28 1.31 1.34 1.38 1.41 1.45 1.49 1.53 1.57 1.61 

-22 0.91 0.93 0.95 0.98 1 1.02 1.05 1.07 1.1 1.13 1.15 1.18 1.21 1.24 1.27 1.3 1.33 1.37 1.4 1.44 1.48 1.52 1.56 1.61 

-21 0.9 0.92 0.94 0.96 0.99 1.01 1.04 1.06 1.09 1.11 1.14 1.17 1.2 1.23 1.26 1.29 1.33 1.36 1.4 1.43 1.47 1.51 1.55 1.6 

-20 0.88 0.91 0.93 0.95 0.98 1 1.02 1.05 1.08 1.1 1.13 1.16 1.19 1.22 1.25 1.28 1.32 1.35 1.39 1.42 1.46 1.5 1.54 1.59 

-19 0.87 0.89 0.92 0.94 0.96 0.99 1.01 1.04 1.06 1.09 1.12 1.15 1.18 1.21 1.24 1.27 1.3 1.34 1.38 1.41 1.45 1.49 1.54 1.58 

-18 0.86 0.88 0.9 0.93 0.95 0.97 1 1.03 1.05 1.08 1.11 1.14 1.17 1.2 1.23 1.26 1.29 1.33 1.37 1.4 1.44 1.48 1.53 1.57 

-17 0.84 0.87 0.89 0.91 0.94 0.96 0.99 1.01 1.04 1.07 1.09 1.12 1.15 1.18 1.22 1.25 1.28 1.32 1.35 1.39 1.43 1.47 1.52 1.56 

-16 0.83 0.85 0.88 0.9 0.92 0.95 0.97 1 1.03 1.05 1.08 1.11 1.14 1.17 1.2 1.24 1.27 1.31 1.34 1.38 1.42 1.46 1.51 1.55 

-15 0.82 0.84 0.86 0.89 0.91 0.94 0.96 0.99 1.01 1.04 1.07 1.1 1.13 1.16 1.19 1.22 1.26 1.29 1.33 1.37 1.41 1.45 1.5 1.54 

-14 0.8 0.82 0.85 0.87 0.9 0.92 0.95 0.97 1 1.03 1.06 1.09 1.12 1.15 1.18 1.21 1.25 1.28 1.32 1.36 1.4 1.44 1.48 1.53 

-13 0.79 0.81 0.83 0.86 0.88 0.91 0.93 0.96 0.99 1.01 1.04 1.07 1.1 1.13 1.17 1.2 1.23 1.27 1.31 1.35 1.39 1.43 1.47 1.52 

-12 0.77 0.8 0.82 0.84 0.87 0.89 0.92 0.94 0.97 1 1.03 1.06 1.09 1.12 1.15 1.19 1.22 1.26 1.29 1.33 1.37 1.42 1.46 1.51 

-11 0.76 0.78 0.8 0.83 0.85 0.88 0.9 0.93 0.96 0.99 1.01 1.04 1.07 1.11 1.14 1.17 1.21 1.24 1.28 1.32 1.36 1.4 1.45 1.49 

-10 0.74 0.77 0.79 0.81 0.84 0.86 0.89 0.92 0.94 0.97 1 1.03 1.06 1.09 1.12 1.16 1.19 1.23 1.27 1.31 1.35 1.39 1.43 1.48 

-9 0.73 0.75 0.77 0.8 0.82 0.85 0.87 0.9 0.93 0.96 0.99 1.02 1.05 1.08 1.11 1.14 1.18 1.22 1.25 1.29 1.33 1.38 1.42 1.47 

-8 0.71 0.73 0.76 0.78 0.81 0.83 0.86 0.89 0.91 0.94 0.97 1 1.03 1.06 1.1 1.13 1.16 1.2 1.24 1.28 1.32 1.36 1.41 1.45 

-7 0.69 0.72 0.74 0.77 0.79 0.82 0.84 0.87 0.9 0.93 0.95 0.98 1.02 1.05 1.08 1.11 1.15 1.19 1.22 1.26 1.3 1.35 1.39 1.44 

-6 0.68 0.7 0.73 0.75 0.78 0.8 0.83 0.85 0.88 0.91 0.94 0.97 1 1.03 1.06 1.1 1.13 1.17 1.21 1.25 1.29 1.33 1.38 1.42 

-5 0.66 0.69 0.71 0.73 0.76 0.78 0.81 0.84 0.87 0.89 0.92 0.95 0.98 1.02 1.05 1.08 1.12 1.16 1.19 1.23 1.27 1.32 1.36 1.41 

-4 0.65 0.67 0.69 0.72 0.74 0.77 0.79 0.82 0.85 0.88 0.91 0.94 0.97 1 1.03 1.07 1.1 1.14 1.18 1.22 1.26 1.3 1.35 1.39 

-3 0.63 0.65 0.68 0.7 0.73 0.75 0.78 0.8 0.83 0.86 0.89 0.92 0.95 0.98 1.02 1.05 1.09 1.12 1.16 1.2 1.24 1.29 1.33 1.38 

-2 0.61 0.64 0.66 0.68 0.71 0.73 0.76 0.79 0.82 0.84 0.87 0.9 0.93 0.97 1 1.03 1.07 1.11 1.14 1.18 1.23 1.27 1.31 1.36 

-1 0.59 0.62 0.64 0.67 0.69 0.72 0.74 0.77 0.8 0.83 0.86 0.89 0.92 0.95 0.98 1.02 1.05 1.09 1.13 1.17 1.21 1.25 1.3 1.34 

0 0.58 0.6 0.62 0.65 0.67 0.7 0.73 0.75 0.78 0.81 0.84 0.87 0.9 0.93 0.97 1 1.04 1.07 1.11 1.15 1.19 1.23 1.28 1.33 

1 0.56 0.58 0.61 0.63 0.66 0.68 0.71 0.74 0.76 0.79 0.82 0.85 0.88 0.91 0.95 0.98 1.02 1.05 1.09 1.13 1.17 1.22 1.26 1.31 

2 0.54 0.57 0.59 0.61 0.64 0.66 0.69 0.72 0.75 0.77 0.8 0.83 0.86 0.9 0.93 0.96 1 1.04 1.08 1.11 1.16 1.2 1.24 1.29 

3 0.52 0.55 0.57 0.6 0.62 0.65 0.67 0.7 0.73 0.76 0.79 0.82 0.85 0.88 0.91 0.95 0.98 1.02 1.06 1.1 1.14 1.18 1.23 1.27 

4 0.51 0.53 0.55 0.58 0.6 0.63 0.66 0.68 0.71 0.74 0.77 0.8 0.83 0.86 0.89 0.93 0.96 1 1.04 1.08 1.12 1.16 1.21 1.25 

5 0.49 0.51 0.54 0.56 0.58 0.61 0.64 0.66 0.69 0.72 0.75 0.78 0.81 0.84 0.87 0.91 0.94 0.98 1.02 1.06 1.1 1.14 1.19 1.23 

6 0.47 0.49 0.52 0.54 0.57 0.59 0.62 0.64 0.67 0.7 0.73 0.76 0.79 0.82 0.86 0.89 0.93 0.96 1 1.04 1.08 1.12 1.17 1.22 

7 0.45 0.47 0.5 0.52 0.55 0.57 0.6 0.63 0.65 0.68 0.71 0.74 0.77 0.8 0.84 0.87 0.91 0.94 0.98 1.02 1.06 1.1 1.15 1.2 

8 0.43 0.46 0.48 0.5 0.53 0.55 0.58 0.61 0.63 0.66 0.69 0.72 0.75 0.78 0.82 0.85 0.89 0.92 0.96 1 1.04 1.08 1.13 1.17 

9 0.41 0.44 0.46 0.48 0.51 0.54 0.56 0.59 0.62 0.64 0.67 0.7 0.73 0.76 0.8 0.83 0.87 0.9 0.94 0.98 1.02 1.06 1.11 1.15 

10 0.39 0.42 0.44 0.47 0.49 0.52 0.54 0.57 0.6 0.62 0.65 0.68 0.71 0.74 0.78 0.81 0.85 0.88 0.92 0.96 1 1.04 1.09 1.13 

11 0.38 0.4 0.42 0.45 0.47 0.5 0.52 0.55 0.58 0.6 0.63 0.66 0.69 0.72 0.76 0.79 0.83 0.86 0.9 0.94 0.98 1.02 1.07 1.11 

12 0.36 0.38 0.4 0.43 0.45 0.48 0.5 0.53 0.56 0.58 0.61 0.64 0.67 0.7 0.74 0.77 0.8 0.84 0.88 0.92 0.96 1 1.04 1.09 

13 0.34 0.36 0.38 0.41 0.43 0.46 0.48 0.51 0.54 0.56 0.59 0.62 0.65 0.68 0.72 0.75 0.78 0.82 0.86 0.9 0.94 0.98 1.02 1.07 

14 0.32 0.34 0.36 0.39 0.41 0.44 0.46 0.49 0.52 0.54 0.57 0.6 0.63 0.66 0.7 0.73 0.76 0.8 0.84 0.87 0.91 0.96 1 1.05 

15 0.3 0.32 0.34 0.37 0.39 0.42 0.44 0.47 0.5 0.52 0.55 0.58 0.61 0.64 0.67 0.71 0.74 0.78 0.81 0.85 0.89 0.93 0.98 1.02 

Table 2: Method 1: Degree scale with length tape. 
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 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 

-50 0.89 0.91 0.93 0.95 0.97 0.98 1 1.02 1.04 1.06 1.07 1.09 1.11 1.13 1.14 1.16 1.18 1.2 1.22 1.23 1.25 1.27 1.29 

-48 0.88 0.9 0.92 0.94 0.96 0.97 0.99 1.01 1.03 1.05 1.06 1.08 1.1 1.12 1.14 1.15 1.17 1.19 1.21 1.23 1.24 1.26 1.28 

-46 0.87 0.89 0.91 0.93 0.94 0.96 0.98 1 1.02 1.04 1.05 1.07 1.09 1.11 1.13 1.14 1.16 1.18 1.2 1.22 1.24 1.25 1.27 

-44 0.86 0.88 0.9 0.92 0.93 0.95 0.97 0.99 1.01 1.03 1.04 1.06 1.08 1.1 1.12 1.13 1.15 1.17 1.19 1.21 1.23 1.24 1.26 

-42 0.85 0.87 0.89 0.9 0.92 0.94 0.96 0.98 1 1.01 1.03 1.05 1.07 1.09 1.11 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.25 

-40 0.84 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.98 1 1.02 1.04 1.06 1.08 1.1 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.24 

-38 0.82 0.84 0.86 0.88 0.9 0.92 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.23 

-36 0.81 0.83 0.85 0.87 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.2 1.22 

-34 0.8 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.17 1.19 1.21 

-32 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.1 1.12 1.14 1.16 1.18 1.2 

-30 0.77 0.79 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 

-28 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.17 

-26 0.74 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.06 1.08 1.1 1.12 1.14 1.16 

-24 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 

-22 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.05 1.07 1.09 1.11 1.13 

-20 0.69 0.71 0.73 0.75 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 

-18 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 

-16 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.09 

-14 0.63 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 

-12 0.62 0.64 0.66 0.68 0.7 0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 

-10 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.01 1.03 

-8 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 

-6 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 

-4 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 

-2 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 

0 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 

2 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 

4 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 

6 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 

8 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 

10 0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 

12 0.38 0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.71 0.73 0.75 0.77 0.79 0.81 

14 0.36 0.38 0.4 0.42 0.44 0.46 0.48 0.5 0.51 0.53 0.55 0.57 0.59 0.61 0.63 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 

16 0.34 0.36 0.38 0.39 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.55 0.57 0.59 0.61 0.63 0.65 0.67 0.69 0.71 0.73 0.75 0.77 

18 0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.55 0.57 0.59 0.61 0.63 0.65 0.67 0.69 0.71 0.73 0.75 

20 0.29 0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.55 0.57 0.59 0.61 0.63 0.65 0.67 0.69 0.71 0.73 

22 0.27 0.29 0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.55 0.57 0.59 0.61 0.63 0.64 0.66 0.68 0.7 

24 0.25 0.27 0.29 0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 

26 0.23 0.25 0.27 0.29 0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 

28 0.21 0.23 0.25 0.27 0.29 0.31 0.33 0.35 0.37 0.39 0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 

30 0.19 0.21 0.23 0.25 0.27 0.29 0.31 0.33 0.34 0.36 0.38 0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.57 0.59 0.61 

32 0.17 0.19 0.21 0.23 0.25 0.27 0.29 0.3 0.32 0.34 0.36 0.38 0.4 0.42 0.44 0.46 0.48 0.5 0.51 0.53 0.55 0.57 0.59 

34 0.15 0.17 0.19 0.21 0.23 0.25 0.27 0.28 0.3 0.32 0.34 0.36 0.38 0.4 0.42 0.44 0.45 0.47 0.49 0.51 0.53 0.55 0.57 

36 0.13 0.15 0.17 0.19 0.21 0.23 0.24 0.26 0.28 0.3 0.32 0.34 0.36 0.38 0.4 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.55 

38 0.11 0.13 0.15 0.17 0.19 0.21 0.22 0.24 0.26 0.28 0.3 0.32 0.34 0.36 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.5 0.52 

40 0.09 0.11 0.13 0.15 0.17 0.19 0.2 0.22 0.24 0.26 0.28 0.3 0.32 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.46 0.48 0.5 

Table 3: Method 2: Percentage scale with length tape. 

 
 
 
 
 
 
 

 
 

140  SECTION 6 – DATA COLLECTION AND PROJECTION 

Lower Upper Angle 

Angle 



 

 
 

96   98 
 

100 
 

102 
 

104 
 

106 
 

108 
 

110 
 

112 
 

114 
 

116 
 

118 
 

120 
 

122 
 

124 
 

126 
 

128 
 

130 
 

132 
 

134 
 

136 
 

138 
 

140 
 

142 
 

144 

1.31 1.32 1.34 1.36 1.38 1.4 1.41 1.43 1.45 1.47 1.48 1.5 1.52 1.54 1.56 1.57 1.59 1.61 1.63 1.65 1.66 1.68 1.7 1.72 1.74 

1.3  1.32 1.33 1.35 1.37 1.39 1.41 1.42 1.44 1.46 1.48 1.5 1.51 1.53 1.55 1.57 1.59 1.6 1.62 1.64 1.66 1.68 1.69 1.71 1.73 

1.29 1.31 1.33 1.34 1.36 1.38 1.4 1.42 1.44 1.45 1.47 1.49 1.51 1.53 1.54 1.56 1.58 1.6 1.62 1.64 1.65 1.67 1.69 1.71 1.73 

1.28 1.3 1.32 1.34 1.35 1.37 1.39 1.41 1.43 1.45 1.46 1.48 1.5 1.52 1.54 1.56 1.57 1.59 1.61 1.63 1.65 1.67 1.68 1.7 1.72 

1.27 1.29 1.31 1.33 1.35 1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.49 1.51 1.53 1.55 1.57 1.59 1.6 1.62 1.64 1.66 1.68 1.7 1.71 

1.26 1.28 1.3 1.32 1.34 1.36 1.37 1.39 1.41 1.43 1.45 1.47 1.49 1.5 1.52 1.54 1.56 1.58 1.6 1.62 1.63 1.65 1.67 1.69 1.71 

1.25 1.27 1.29 1.31 1.33 1.35 1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.5 1.51 1.53 1.55 1.57 1.59 1.61 1.63 1.65 1.66 1.68 1.7 

1.24 1.26 1.28 1.3 1.32 1.34 1.35 1.37 1.39 1.41 1.43 1.45 1.47 1.49 1.51 1.52 1.54 1.56 1.58 1.6 1.62 1.64 1.66 1.67 1.69 

1.23 1.25 1.27 1.29 1.31 1.33 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.5 1.51 1.53 1.55 1.57 1.59 1.61 1.63 1.65 1.67 1.69 

1.22 1.24 1.26 1.28 1.3 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.47 1.49 1.5 1.52 1.54 1.56 1.58 1.6 1.62 1.64 1.66 1.68 

1.21 1.23 1.25 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.49 1.51 1.53 1.55 1.57 1.59 1.61 1.63 1.65 1.67 

1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.44 1.46 1.48 1.5 1.52 1.54 1.56 1.58 1.6 1.62 1.64 1.66 

1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.35 1.37 1.39 1.41 1.43 1.45 1.47 1.49 1.51 1.53 1.55 1.57 1.59 1.61 1.63 1.65 

1.17 1.19 1.21 1.23 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.5 1.52 1.54 1.56 1.58 1.59 1.61 1.63 

1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.46 1.48 1.5 1.52 1.54 1.56 1.58 1.6 1.62 

1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.47 1.49 1.51 1.53 1.55 1.57 1.59 1.61 

1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.5 1.52 1.54 1.56 1.57 1.59 

1.11 1.13 1.15 1.17 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.5 1.52 1.54 1.56 1.58 

1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.47 1.49 1.51 1.53 1.54 1.56 

1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.47 1.49 1.51 1.53 1.55 

1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.47 1.49 1.51 1.53 

1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.5 1.52 

1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.5 

1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.48 

0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 

0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 

0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 

0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 

0.9  0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 

0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 

0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 

0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 

0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 

0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.18 1.2 1.22 1.24 1.26 

0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 

0.75 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 

0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 

0.7  0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 

0.68 0.7 0.72 0.74 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.06 1.08 1.1 1.12 1.14 

0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 

0.63 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.03 1.05 1.07 1.09 

0.61 0.63 0.65 0.67 0.69 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 

0.59 0.61 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.98 1 1.02 1.04 

0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.73 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 

0.54 0.56 0.58 0.6 0.62 0.64 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.93 0.95 0.97 0.99 

0.52 0.54 0.56 0.58 0.59 0.61 0.63 0.65 0.67 0.69 0.71 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.85 0.87 0.89 0.91 0.93 0.95 0.97 
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 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 

-50 0.79 0.8 0.82 0.84 0.85 0.87 0.88 0.9 0.91 0.93 0.95 0.96 0.98 0.99 1.01 1.02 1.04 1.06 1.07 1.09 1.1 1.12 1.13 

-48 0.79 0.8 0.82 0.83 0.85 0.87 0.88 0.9 0.91 0.93 0.95 0.96 0.98 0.99 1.01 1.03 1.04 1.06 1.07 1.09 1.11 1.12 1.14 

-46 0.78 0.8 0.81 0.83 0.85 0.86 0.88 0.9 0.91 0.93 0.94 0.96 0.98 0.99 1.01 1.03 1.04 1.06 1.07 1.09 1.11 1.12 1.14 

-44 0.78 0.79 0.81 0.83 0.84 0.86 0.88 0.89 0.91 0.93 0.94 0.96 0.98 0.99 1.01 1.03 1.04 1.06 1.07 1.09 1.11 1.12 1.14 

-42 0.77 0.79 0.81 0.82 0.84 0.86 0.87 0.89 0.91 0.92 0.94 0.96 0.97 0.99 1.01 1.02 1.04 1.06 1.07 1.09 1.11 1.12 1.14 

-40 0.77 0.78 0.8 0.82 0.83 0.85 0.87 0.89 0.9 0.92 0.94 0.95 0.97 0.99 1.01 1.02 1.04 1.06 1.07 1.09 1.11 1.12 1.14 

-38 0.76 0.78 0.79 0.81 0.83 0.85 0.86 0.88 0.9 0.92 0.93 0.95 0.97 0.98 1 1.02 1.04 1.05 1.07 1.09 1.11 1.12 1.14 

-36 0.75 0.77 0.79 0.81 0.82 0.84 0.86 0.88 0.89 0.91 0.93 0.95 0.96 0.98 1 1.02 1.03 1.05 1.07 1.09 1.1 1.12 1.14 

-34 0.75 0.76 0.78 0.8 0.82 0.83 0.85 0.87 0.89 0.9 0.92 0.94 0.96 0.98 0.99 1.01 1.03 1.05 1.06 1.08 1.1 1.12 1.14 

-32 0.74 0.75 0.77 0.79 0.81 0.83 0.84 0.86 0.88 0.9 0.92 0.93 0.95 0.97 0.99 1.01 1.02 1.04 1.06 1.08 1.1 1.11 1.13 

-30 0.73 0.75 0.76 0.78 0.8 0.82 0.84 0.85 0.87 0.89 0.91 0.93 0.95 0.96 0.98 1 1.02 1.04 1.05 1.07 1.09 1.11 1.13 

-28 0.72 0.74 0.75 0.77 0.79 0.81 0.83 0.85 0.86 0.88 0.9 0.92 0.94 0.96 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.1 1.12 

-26 0.71 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1 1.02 1.04 1.06 1.08 1.1 1.12 

-24 0.69 0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.01 1.03 1.05 1.07 1.09 1.11 

-22 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1 1.02 1.04 1.06 1.08 1.1 

-20 0.67 0.69 0.71 0.73 0.75 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.97 0.99 1.01 1.03 1.05 1.07 1.09 

-18 0.66 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 

-16 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 

-14 0.63 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.05 

-12 0.61 0.63 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 

-10 0.59 0.61 0.63 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 

-8 0.57 0.59 0.61 0.63 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 

-6 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.93 0.95 0.97 0.99 

-4 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 

-2 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 

0 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 

2 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 

4 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 

6 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 

8 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 

10 0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.73 0.75 0.77 0.79 0.81 0.83 

12 0.38 0.4 0.42 0.44 0.46 0.47 0.49 0.51 0.53 0.55 0.57 0.59 0.61 0.63 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.81 

14 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.55 0.57 0.59 0.61 0.63 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 

16 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.55 0.57 0.59 0.61 0.63 0.65 0.67 0.69 0.71 0.72 0.74 0.76 

18 0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.51 0.53 0.55 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 

20 0.29 0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 0.7 0.72 

22 0.27 0.29 0.31 0.33 0.35 0.36 0.38 0.4 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.58 0.6 0.61 0.63 0.65 0.67 0.69 

24 0.25 0.27 0.29 0.3 0.32 0.34 0.36 0.38 0.4 0.42 0.44 0.46 0.48 0.5 0.51 0.53 0.55 0.57 0.59 0.61 0.63 0.65 0.67 

26 0.23 0.25 0.26 0.28 0.3 0.32 0.34 0.36 0.38 0.4 0.42 0.43 0.45 0.47 0.49 0.51 0.53 0.55 0.57 0.59 0.6 0.62 0.64 

28 0.21 0.22 0.24 0.26 0.28 0.3 0.32 0.34 0.36 0.37 0.39 0.41 0.43 0.45 0.47 0.49 0.5 0.52 0.54 0.56 0.58 0.6 0.62 

30 0.19 0.2 0.22 0.24 0.26 0.28 0.3 0.31 0.33 0.35 0.37 0.39 0.41 0.43 0.44 0.46 0.48 0.5 0.52 0.54 0.56 0.57 0.59 

32 0.16 0.18 0.2 0.22 0.24 0.26 0.27 0.29 0.31 0.33 0.35 0.37 0.38 0.4 0.42 0.44 0.46 0.48 0.49 0.51 0.53 0.55 0.57 

34 0.14 0.16 0.18 0.2 0.22 0.24 0.25 0.27 0.29 0.31 0.33 0.34 0.36 0.38 0.4 0.42 0.43 0.45 0.47 0.49 0.51 0.53 0.54 

36 0.13 0.14 0.16 0.18 0.2 0.21 0.23 0.25 0.27 0.29 0.3 0.32 0.34 0.36 0.38 0.39 0.41 0.43 0.45 0.47 0.48 0.5 0.52 

38 0.11 0.12 0.14 0.16 0.18 0.19 0.21 0.23 0.25 0.27 0.28 0.3 0.32 0.34 0.35 0.37 0.39 0.41 0.42 0.44 0.46 0.48 0.49 

40 0.09 0.1 0.12 0.14 0.16 0.17 0.19 0.21 0.23 0.24 0.26 0.28 0.3 0.31 0.33 0.35 0.37 0.38 0.4 0.42 0.44 0.45 0.47 

Table 5: Method 5: Percentage scale with adjustable rangefinder. 

Note: Table 4 is on the following page. 

 
 
 
 
 
 
 

 

142  SECTION 6 – DATA COLLECTION AND PROJECTION 

Lower Upper Angle 

Angle 



 

 
 

96   98 
 

100 
 

102 
 

104 
 

106 
 

108 
 

110 
 

112 
 

114 
 

116 
 

118 
 

120 
 

122 
 

124 
 

126 
 

128 
 

130 
 

132 
 

134 
 

136 
 

138 
 

140 
 

142 
 

144 

1.15 1.17 1.18 1.2 1.21 1.23 1.25 1.26 1.28 1.29 1.31 1.32 1.34 1.36 1.37 1.39 1.4 1.42 1.43 1.45 1.47 1.48 1.5 1.51 1.53 

1.15 1.17 1.19 1.2 1.22 1.23 1.25 1.27 1.28 1.3 1.31 1.33 1.35 1.36 1.38 1.39 1.41 1.43 1.44 1.46 1.47 1.49 1.51 1.52 1.54 

1.16 1.17 1.19 1.2 1.22 1.24 1.25 1.27 1.29 1.3 1.32 1.33 1.35 1.37 1.38 1.4 1.42 1.43 1.45 1.47 1.48 1.5 1.51 1.53 1.55 

1.16 1.17 1.19 1.21 1.22 1.24 1.26 1.27 1.29 1.31 1.32 1.34 1.36 1.37 1.39 1.41 1.42 1.44 1.46 1.47 1.49 1.5 1.52 1.54 1.55 

1.16 1.18 1.19 1.21 1.23 1.24 1.26 1.28 1.29 1.31 1.33 1.34 1.36 1.38 1.39 1.41 1.43 1.44 1.46 1.48 1.49 1.51 1.53 1.54 1.56 

1.16 1.18 1.19 1.21 1.23 1.24 1.26 1.28 1.29 1.31 1.33 1.35 1.36 1.38 1.4 1.41 1.43 1.45 1.46 1.48 1.5 1.52 1.53 1.55 1.57 

1.16 1.17 1.19 1.21 1.23 1.24 1.26 1.28 1.3 1.31 1.33 1.35 1.36 1.38 1.4 1.42 1.43 1.45 1.47 1.49 1.5 1.52 1.54 1.55 1.57 

1.16 1.17 1.19 1.21 1.23 1.24 1.26 1.28 1.3 1.31 1.33 1.35 1.37 1.38 1.4 1.42 1.44 1.45 1.47 1.49 1.51 1.52 1.54 1.56 1.58 

1.15 1.17 1.19 1.21 1.22 1.24 1.26 1.28 1.3 1.31 1.33 1.35 1.37 1.38 1.4 1.42 1.44 1.46 1.47 1.49 1.51 1.53 1.54 1.56 1.58 

1.15 1.17 1.19 1.2 1.22 1.24 1.26 1.28 1.29 1.31 1.33 1.35 1.37 1.38 1.4 1.42 1.44 1.46 1.47 1.49 1.51 1.53 1.55 1.56 1.58 

1.15 1.16 1.18 1.2 1.22 1.24 1.25 1.27 1.29 1.31 1.33 1.35 1.36 1.38 1.4 1.42 1.44 1.45 1.47 1.49 1.51 1.53 1.55 1.56 1.58 

1.14 1.16 1.18 1.2 1.21 1.23 1.25 1.27 1.29 1.31 1.32 1.34 1.36 1.38 1.4 1.42 1.43 1.45 1.47 1.49 1.51 1.53 1.54 1.56 1.58 

1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.39 1.41 1.43 1.45 1.47 1.49 1.51 1.52 1.54 1.56 1.58 

1.13 1.15 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.46 1.48 1.5 1.52 1.54 1.56 1.58 

1.12 1.14 1.16 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 1.35 1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.5 1.52 1.54 1.55 1.57 

1.11 1.13 1.15 1.17 1.19 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.41 1.43 1.45 1.47 1.49 1.51 1.53 1.55 1.57 

1.1  1.12 1.14 1.16 1.18 1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.46 1.48 1.5 1.52 1.54 1.56 

1.09 1.11 1.13 1.15 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.47 1.49 1.51 1.53 1.55 

1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.46 1.48 1.5 1.52 1.54 

1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.39 1.41 1.43 1.45 1.47 1.49 1.51 1.53 

1.05 1.07 1.09 1.11 1.13 1.15 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.48 1.5 1.52 

1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.47 1.49 1.51 

1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 1.35 1.37 1.39 1.41 1.43 1.45 1.47 1.49 

1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 1.48 

0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 1.46 

0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 1.44 

0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 1.42 

0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 1.4 

0.9  0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 1.3 1.32 1.34 1.36 1.38 

0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.25 1.27 1.29 1.31 1.33 1.35 

0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 1.33 

0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 1.25 1.27 1.29 1.31 

0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.22 1.24 1.26 1.28 

0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 1.21 1.23 1.25 

0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.11 1.13 1.15 1.17 1.19 1.21 1.23 

0.74 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 

0.71 0.73 0.75 0.77 0.79 0.81 0.83 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.09 1.11 1.13 1.15 1.17 

0.69 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.1 1.12 1.14 

0.66 0.68 0.7 0.72 0.74 0.76 0.77 0.79 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.94 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1 1.11 

0.64 0.65 0.67 0.69 0.71 0.73 0.75 0.77 0.79 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.08 

0.61 0.63 0.65 0.67 0.69 0.7 0.72 0.74 0.76 0.78 0.8 0.81 0.83 0.85 0.87 0.89 0.91 0.93 0.94 0.96 0.98 1 1.02 1.04 1.06 

0.59 0.6 0.62 0.64 0.66 0.68 0.7 0.71 0.73 0.75 0.77 0.79 0.81 0.82 0.84 0.86 0.88 0.9 0.92 0.93 0.95 0.97 0.99 1.01 1.03 

0.56 0.58 0.6 0.62 0.63 0.65 0.67 0.69 0.71 0.72 0.74 0.76 0.78 0.8 0.81 0.83 0.85 0.87 0.89 0.91 0.92 0.94 0.96 0.98 1 

0.54 0.55 0.57 0.59 0.61 0.63 0.64 0.66 0.68 0.7 0.72 0.73 0.75 0.77 0.79 0.81 0.82 0.84 0.86 0.88 0.89 0.91 0.93 0.95 0.97 

0.51 0.53 0.55 0.57 0.58 0.6 0.62 0.64 0.65 0.67 0.69 0.71 0.72 0.74 0.76 0.78 0.8 0.81 0.83 0.85 0.87 0.88 0.9 0.92 0.94 

0.49 0.51 0.52 0.54 0.56 0.58 0.59 0.61 0.63 0.65 0.66 0.68 0.7 0.72 0.73 0.75 0.77 0.79 0.8 0.82 0.84 0.85 0.87 0.89 0.91 
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 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

-30 0.85 0.87 0.89 0.9 0.92 0.94 0.96 0.98 1 1.02 1.04 1.07 1.09 1.11 1.14 1.16 1.19 1.22 1.24 1.27 1.3 1.34 1.37 1.4 

-29 0.85 0.87 0.89 0.91 0.92 0.94 0.96 0.98 1 1.03 1.05 1.07 1.09 1.12 1.14 1.17 1.2 1.22 1.25 1.28 1.31 1.35 1.38 1.42 

-28 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.07 1.1 1.12 1.15 1.18 1.2 1.23 1.26 1.29 1.32 1.36 1.39 1.43 

-27 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.08 1.1 1.13 1.15 1.18 1.21 1.24 1.27 1.3 1.33 1.36 1.4 1.44 

-26 0.85 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.06 1.08 1.1 1.13 1.16 1.18 1.21 1.24 1.27 1.3 1.34 1.37 1.41 1.44 

-25 0.85 0.86 0.88 0.9 0.92 0.94 0.97 0.99 1.01 1.03 1.06 1.08 1.11 1.13 1.16 1.19 1.22 1.25 1.28 1.31 1.34 1.38 1.41 1.45 

-24 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.99 1.01 1.03 1.06 1.08 1.11 1.13 1.16 1.19 1.22 1.25 1.28 1.31 1.35 1.38 1.42 1.46 

-23 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.99 1.01 1.03 1.06 1.08 1.11 1.14 1.16 1.19 1.22 1.25 1.28 1.32 1.35 1.39 1.43 1.47 

-22 0.83 0.85 0.87 0.89 0.92 0.94 0.96 0.98 1.01 1.03 1.06 1.08 1.11 1.14 1.16 1.19 1.22 1.25 1.29 1.32 1.36 1.39 1.43 1.47 

-21 0.83 0.85 0.87 0.89 0.91 0.93 0.96 0.98 1 1.03 1.05 1.08 1.11 1.13 1.16 1.19 1.22 1.25 1.29 1.32 1.36 1.39 1.43 1.47 

-20 0.82 0.84 0.86 0.89 0.91 0.93 0.95 0.98 1 1.03 1.05 1.08 1.1 1.13 1.16 1.19 1.22 1.25 1.29 1.32 1.36 1.4 1.44 1.48 

-19 0.82 0.84 0.86 0.88 0.9 0.92 0.95 0.97 1 1.02 1.05 1.07 1.1 1.13 1.16 1.19 1.22 1.25 1.29 1.32 1.36 1.4 1.44 1.48 

-18 0.81 0.83 0.85 0.87 0.9 0.92 0.94 0.97 0.99 1.02 1.04 1.07 1.1 1.13 1.16 1.19 1.22 1.25 1.29 1.32 1.36 1.4 1.44 1.48 

-17 0.8 0.82 0.84 0.87 0.89 0.91 0.94 0.96 0.98 1.01 1.04 1.06 1.09 1.12 1.15 1.18 1.22 1.25 1.28 1.32 1.36 1.4 1.44 1.48 

-16 0.79 0.81 0.84 0.86 0.88 0.9 0.93 0.95 0.98 1 1.03 1.06 1.09 1.12 1.15 1.18 1.21 1.25 1.28 1.32 1.35 1.39 1.44 1.48 

-15 0.78 0.8 0.83 0.85 0.87 0.9 0.92 0.95 0.97 1 1.02 1.05 1.08 1.11 1.14 1.17 1.21 1.24 1.28 1.31 1.35 1.39 1.43 1.48 

-14 0.77 0.79 0.82 0.84 0.86 0.89 0.91 0.94 0.96 0.99 1.02 1.05 1.07 1.1 1.14 1.17 1.2 1.24 1.27 1.31 1.35 1.39 1.43 1.47 

-13 0.76 0.78 0.81 0.83 0.85 0.88 0.9 0.93 0.95 0.98 1.01 1.04 1.07 1.1 1.13 1.16 1.19 1.23 1.26 1.3 1.34 1.38 1.42 1.47 

-12 0.75 0.77 0.8 0.82 0.84 0.87 0.89 0.92 0.94 0.97 1 1.03 1.06 1.09 1.12 1.15 1.19 1.22 1.26 1.3 1.34 1.38 1.42 1.46 

-11 0.74 0.76 0.78 0.81 0.83 0.86 0.88 0.91 0.93 0.96 0.99 1.02 1.05 1.08 1.11 1.14 1.18 1.21 1.25 1.29 1.33 1.37 1.41 1.46 

-10 0.73 0.75 0.77 0.8 0.82 0.85 0.87 0.9 0.92 0.95 0.98 1.01 1.04 1.07 1.1 1.13 1.17 1.2 1.24 1.28 1.32 1.36 1.4 1.45 

-9 0.71 0.74 0.76 0.78 0.81 0.83 0.86 0.89 0.91 0.94 0.97 1 1.03 1.06 1.09 1.12 1.16 1.19 1.23 1.27 1.31 1.35 1.4 1.44 

-8 0.7 0.72 0.75 0.77 0.8 0.82 0.85 0.87 0.9 0.93 0.96 0.99 1.02 1.05 1.08 1.11 1.15 1.18 1.22 1.26 1.3 1.34 1.39 1.43 

-7 0.69 0.71 0.73 0.76 0.78 0.81 0.83 0.86 0.89 0.92 0.94 0.97 1 1.04 1.07 1.1 1.14 1.17 1.21 1.25 1.29 1.33 1.38 1.42 

-6 0.67 0.7 0.72 0.74 0.77 0.79 0.82 0.85 0.87 0.9 0.93 0.96 0.99 1.02 1.06 1.09 1.12 1.16 1.2 1.24 1.28 1.32 1.37 1.41 

-5 0.66 0.68 0.71 0.73 0.75 0.78 0.81 0.83 0.86 0.89 0.92 0.95 0.98 1.01 1.04 1.08 1.11 1.15 1.19 1.23 1.27 1.31 1.35 1.4 

-4 0.64 0.67 0.69 0.71 0.74 0.76 0.79 0.82 0.85 0.87 0.9 0.93 0.96 1 1.03 1.06 1.1 1.13 1.17 1.21 1.25 1.3 1.34 1.39 

-3 0.63 0.65 0.67 0.7 0.72 0.75 0.78 0.8 0.83 0.86 0.89 0.92 0.95 0.98 1.01 1.05 1.08 1.12 1.16 1.2 1.24 1.28 1.33 1.37 

-2 0.61 0.63 0.66 0.68 0.71 0.73 0.76 0.79 0.81 0.84 0.87 0.9 0.93 0.97 1 1.03 1.07 1.1 1.14 1.18 1.22 1.27 1.31 1.36 

-1 0.59 0.62 0.64 0.67 0.69 0.72 0.74 0.77 0.8 0.83 0.86 0.89 0.92 0.95 0.98 1.02 1.05 1.09 1.13 1.17 1.21 1.25 1.3 1.34 

0 0.58 0.6 0.62 0.65 0.67 0.7 0.73 0.75 0.78 0.81 0.84 0.87 0.9 0.93 0.97 1 1.04 1.07 1.11 1.15 1.19 1.23 1.28 1.33 

1 0.56 0.58 0.61 0.63 0.66 0.68 0.71 0.74 0.76 0.79 0.82 0.85 0.88 0.92 0.95 0.98 1.02 1.06 1.09 1.13 1.17 1.22 1.26 1.31 

2 0.54 0.57 0.59 0.61 0.64 0.67 0.69 0.72 0.75 0.77 0.8 0.83 0.87 0.9 0.93 0.96 1 1.04 1.08 1.12 1.16 1.2 1.24 1.29 

3 0.52 0.55 0.57 0.6 0.62 0.65 0.67 0.7 0.73 0.76 0.79 0.82 0.85 0.88 0.91 0.95 0.98 1.02 1.06 1.1 1.14 1.18 1.23 1.27 

4 0.51 0.53 0.55 0.58 0.6 0.63 0.65 0.68 0.71 0.74 0.77 0.8 0.83 0.86 0.89 0.93 0.96 1 1.04 1.08 1.12 1.16 1.21 1.25 

5 0.49 0.51 0.53 0.56 0.58 0.61 0.64 0.66 0.69 0.72 0.75 0.78 0.81 0.84 0.87 0.91 0.94 0.98 1.02 1.06 1.1 1.14 1.19 1.23 

6 0.47 0.49 0.52 0.54 0.56 0.59 0.62 0.64 0.67 0.7 0.73 0.76 0.79 0.82 0.85 0.89 0.92 0.96 1 1.04 1.08 1.12 1.17 1.21 

7 0.45 0.47 0.5 0.52 0.55 0.57 0.6 0.62 0.65 0.68 0.71 0.74 0.77 0.8 0.83 0.87 0.9 0.94 0.98 1.02 1.06 1.1 1.14 1.19 

8 0.43 0.45 0.48 0.5 0.53 0.55 0.58 0.6 0.63 0.66 0.69 0.72 0.75 0.78 0.81 0.85 0.88 0.92 0.96 0.99 1.04 1.08 1.12 1.17 

9 0.41 0.43 0.46 0.48 0.51 0.53 0.56 0.58 0.61 0.64 0.67 0.7 0.73 0.76 0.79 0.82 0.86 0.9 0.93 0.97 1.01 1.06 1.1 1.15 

10 0.39 0.41 0.44 0.46 0.49 0.51 0.54 0.56 0.59 0.62 0.65 0.68 0.71 0.74 0.77 0.8 0.84 0.87 0.91 0.95 0.99 1.03 1.08 1.12 

11 0.37 0.39 0.42 0.44 0.47 0.49 0.52 0.54 0.57 0.6 0.62 0.65 0.68 0.72 0.75 0.78 0.82 0.85 0.89 0.93 0.97 1.01 1.05 1.1 

12 0.35 0.37 0.4 0.42 0.44 0.47 0.49 0.52 0.55 0.58 0.6 0.63 0.66 0.69 0.73 0.76 0.79 0.83 0.86 0.9 0.94 0.98 1.03 1.07 

13 0.33 0.35 0.38 0.4 0.42 0.45 0.47 0.5 0.53 0.55 0.58 0.61 0.64 0.67 0.7 0.74 0.77 0.8 0.84 0.88 0.92 0.96 1 1.05 

14 0.31 0.33 0.36 0.38 0.4 0.43 0.45 0.48 0.5 0.53 0.56 0.59 0.62 0.65 0.68 0.71 0.75 0.78 0.82 0.85 0.89 0.93 0.98 1.02 

15 0.29 0.31 0.34 0.36 0.38 0.41 0.43 0.46 0.48 0.51 0.54 0.57 0.59 0.63 0.66 0.69 0.72 0.76 0.79 0.83 0.87 0.91 0.95 1 

Table 4: Method 4: Degree scale with adjustable rangefinder. 
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MEASUREMENT 
OF TREES 
C J Goulding – Forest Research, Rotorua 

Two mensuration text books containing a comprehensive 

description of the measurement of trees, albeit from the 

view point of practices in the USA, are Avery and Burkhart 

(1994) and Husch et al. ( 2003). Ellis and Hayes (1997) 

have written a field guide for New Zealand conditions on 

plot measurement. 

Breast Height 

Breast height in New Zealand is defined as 1.4m above 

firm ground after vegetation has been removed, measured 

on the uphill side of a tree. (Note that in other countries 

on the metric system breast height is more commonly at 

1.3m). 

Diameter 

The term diameter at breast height (dbh) refers to the 

diameter over bark measured at breast height. Where the 

point of measurement falls on a branch whorl, two 

measurements may be made above and below the point 

and the results averaged. Alternatively, a ‘representative’ 

point is chosen close to the whorl and a single diameter 

measured. On trees that are to be re-measured at a later 

date, the points of measurement are permanently marked. 

A diameter tape is graduated to show the diameter of a 

circle when wrapped around the stem. Errors occur when 

the tape is twisted, stretched, not at right angles to the 

stem, or includes material other than the stem. These  

errors usually result in values which are larger than the true 

readings, as does a stem cross-section which is non- 

circular. The bias tends to be consistent, and the tape is 

recommended for trees that are to be re-measured to 

estimate growth. 

Callipers may also be used. Two measurements made at 

right angles are necessary for an accurate answer. They will 

also indicate the degree of out-of-roundness when logs are 

assessed for peeler quality. The most common errors occur 

when the callipers are old and the arms are not at right 

angles to the scale. Well-maintained, good quality callipers 

with a vernier attached are accurate to within 2mm. 

Several manufacturers offer computerised callipers which 

record data automatically and are subsequently transmitted 

to a computer. 

Upper-stem diameters of standing trees may be measured 

from the ground using the Spiegel Telerelaskop (accurate 

but expensive), the Spiegel Relaskop (moderately 

expensive, but light, accurate to within 2 to 3cm when 

hand-held), or the Wheeler Pentaprism (less expensive, 

relatively cumbersome, accurate to within 1 to 2cm). 

However, even very light winds introduce errors owing to 

tree sway. This can be avoided using the more accurate but 

more expensive and slower photogrammetric method 

PhotoMARVL (Firth et al. 2000). 

Diameters of trees are recorded in centimetres, often to the 

nearest tenth. The usual convention adopted for the 

average diameter at breast height for a number of trees is 

the quadratic mean: 

( d2/n) 

Basal Area 

The basal area of a stem is the cross-sectional area under 

bark at breast height, in units of square metres. It is usually 

calculated by assuming the stem has a circular cross- 

section: 

Basal area = d2/40,000 

where d is diameter, measured in cm. 

Bark Thickness 

Bark thickness is conveniently measured using the Swedish 

bark gauge. It causes negligible damage to the tree but 

can be quite inaccurate. Measurements are made by 

striking the gauge with the hand. Errors are variable and 

relatively high; they will vary during the day if the 

instrument is used continually by one person. The 

instrument tends to over-predict bark thickness on thin, 

smooth bark and under-predict on thicker, rougher bark. 

Two measurements made on either side of the stem are 

recommended; four measurements equally spaced around 

the stem are desirable but may not be practical. For 

accurate work, measure diameter before and after peeling 

the bark off the stem, and calculate bark thickness. 

Tree Height 

The height of a tree is the distance from the tip of the tree 

to a point level with its base, vertically below the tip. The 

measurement of leaning trees can incur large errors. Trees 

should always be measured at right angles to any lean, so 

that errors can be confined to within 3%, provided that 

the angle of lean is within 25%. 

For trees shorter than 10m tall, height poles can be used. 

Modern ones are telescopic and light to handle though not 

especially rugged. The recommended instruments for taller 

trees are the Haglof Vertex or the Suunto hypsometer. 

The Vertex consists of two small electronic units, a 

transponder that is attached to the tree and a handheld 

hypsometer used by an observer positioned where both 

the top of the tree and the transponder can be readily 

seen. It is easily carried, very efficient to use but more 

expensive than the Suunto. It is important to check the 

instrument daily and calibrate if necessary (a 

straightforward operation), as the speed of sound through 

air varies with temperature, humidity and atmospheric 

pressure. Note that the instrument must be allowed time 

(up to 20 minutes) to stabilise to the ambient temperature 

before use or calibration. If this is not carried out, errors 

may be introduced. 

The Suunto hypsometer can be obtained calibrated in 

either degrees or percentages. Forest Research currently 

recognises five methods: 

1. Distance measured by tape, angles recorded in degrees; 

2. Distance measured by tape, angles recorded in 

percentages; 

3. Direct method; 

4. Distance measured by range-finder, angles recorded in 

degrees; 

5. Distance measured by range-finder, angles recorded in 

percentages. 

Method 3, the direct method, can be used on flat land 

(slopes less than 10˚) in good conditions where the top and 

datum point of the tree are clearly visible. Where the trees 

are between 7 and 25m tall the Suunto can be used to 

obtain a direct reading of height. 

All other methods involve measuring (a) upper and lower 

angles, (b) a datum height and (c) a distance for which 

either a tape or a range-finder is used. Recommended 

ranges of measurement are +25 to +50 degrees (+47 to 

+118%) for upper angles, -30 to +10 degrees (-58 to 
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+17%) for lower angles, and 15 to 70m for distances. The 

formulae are: 

Method 

1. H = d Cos B (Tan A – Tan B) + c 

2. H = d (P – Q) /  (10 000 + Q2) + c 

4. H = d Cos2B (Tan A – Tan B)(1 + 0.03 Tan B) + c 

5. H = d (P – Q)(100 + 0.03 Q)/(10 000 + Q2) + c 

where: 

Upper angle = A degrees or P percent 

Lower angle = B degrees or Q percent 

Slope distance  = d metres 

Datum height = c metres 

Tree height = H metres 

Pruned Height 

This is the vertical distance on the uphill side of the tree 
from ground level to base of the lowest remaining branch 

in the first unpruned or partially pruned whorl. 

Green-Crown Height 

Green-crown height is defined as the vertical height from 

the ground to the base of the green crown. This definition 

is imprecise. Where a tree has no dead branches and has 

been pruned, green-crown height is taken to be 

synonymous with pruned height. Otherwise, the base of 

the green crown is the position on the stem that is midway 

between the insertion point on the stem of the lowest 

green branch and the lowest whorl that has a majority of 

green branches. Branches less than 3 mm in diameter are 

usually ignored. Its height is measured as for tree height. 

Problems with the interpretation of the green crown can 

occur when the crown is asymmetrical with branches on 

one side much lower than on the other. In extreme cases, 

multiple-row shelterbelts for example, the measure may be 

meaningless. 

Maximum Diameter Over Stubs 

Within the pruned length of a given pruning lift, the 

maximum diameter over stubs is the largest diameter 

measured at right angles to the stem over the stubs of the 

cut branches. 

Volume 

Volume (v), of stems of trees is generally quoted inside 

bark. Volume of trees may be derived from volume 

functions, errors for individual trees being as large as ± 

45%, or from measurements of diameter at various 

positions along the length of a stem (sectional 

measurement). In the latter case, Forest Research advocates 

measurement of diameter (both inside and outside bark) in 

sections at 0.15m, 0.70m, 1.40m, 3.00m, 6.00m and so  

on at 3.00m intervals with the last occurring between 

0.40m and 4.50m from the tip of the tree. Total length of 

stem is also observed. The volume of the stem is then 

obtained by summing the volumes of each section using 

Smalian’s formula: 

n 

reproductive parts (cones), but Madgwick et al. (1977) 

outline the basis of a suitable procedure for radiata pine. 

The proportions of the various components in above- 

ground, total biomass annual production vary with age but 

only slightly with stocking. Green pruning affects the 

proportion of needles and branches in the total. Beets et 

al. (1999) suggest that the proportion of the annual 

production of above-ground biomass ranges from 12 to 

40% for needles, 30 to 70% for stem wood plus bark and 

approximately 20% for branches and cones. Coarse and 

fine root production is assumed to be a constant 30% of 

the total above- and below-ground production. 

The carbon content of tree biomass is assumed to be 50% 

of oven-dry weight, but will vary slightly depending on 

species. 

Number of Stems per Hectare 

The most reliable way of measuring the number of stems 

per hectare, other than counting all trees, is to use 

bounded plots. Circular plots are recommended. Strip plots 

(or transects) are used when ground conditions are difficult 

for walking, but because of the edge effects, can involve 

substantial errors. Where trees have been planted in 

regular rows at regular spacing and no mortality or 

thinning has occurred, the number per hectare may be 

estimated from the product of the number of rows in 

100m and the number of trees in 100m of row. 

It is possible to use nearest-neighbour techniques where 

the distance between trees, or the distance to the nearest 

nth tree from a point is measured. These methods are 

based on assumptions about the spatial distribution of the 

trees, and the estimates may be biased if the actual 

distribution differs from that assumed by the underlying 

theory of the formula. 

Basal Area per Hectare 

This may be measured using bounded plots by summing 

the basal areas of the individual trees. A convenient, 

accurate, and very quick method is to use angle counts 

(see Section 6.3). 

Total Volume per Hectare 

This may be measured by summing the total volumes of 

individual trees. More usually, one of three indirect 

methods of calculating volume from a sample of trees is 

employed. 

1 The Volume/Basal Area Line 

All trees in a sample of plots are measured for dbh. A sub- 

sample of these trees is then measured for total height. 

These samples are selected across the dbh range, with 

additional samples from the bigger trees (because they 

contribute more volume than smaller trees and the 

variability for a given dbh is greater). The volume of each 

stem is calculated using an appropriate individual tree- 

volume equation. The a and b coefficients of the linear 

regression 

Volume = a + b Basal area 

are calculated using least squares. This equation is then 

applied to each tree in the larger sample. This method is 

2 2 v = (D i  + d i) * L 
8 i used in the Forest Research permanent sample plot (PSP) 

i=I 
 
 

where Di  is the diameter at the large end, di the diameter 

at the small end and Li the length of the ith section (all 

units are in m). Errors can be confined to within 1%, 

provided that the measurements are made carefully. 

Weight, Biomass and Carbon content 

The weight of trees cannot be obtained without some 

form of destructive sampling. There is no method that is 

universally accepted in New Zealand for determining the 

weights of stem, bark, roots, branches, foliage, and 

system 

2 Individual-Tree Volume Functions and a Height/Dbh 

Curve 

The dbh of each tree in a sample of plots is measured, and 

the total height of a sub-sample measured as above. A 

height/dbh curve is calculated (see below) and the height 

of each tree predicted from its dbh. An individual tree 

volume equation is selected and used to calculate volume 

for each tree in turn, using the measured dbh and the 

predicted height. This method is used in STANDPAK and 

the MARVL inventory method. 

 
 

 

146  SECTION 6 – DATA COLLECTION AND PROJECTION 



3 The Stand Volume/Basal Area Ratio 

Forest Research maintains a library of stand volume 

functions of the form: 

V/B = a + bH 

where 

V = stand volume per hectare 

B = basal area per hectare 

H = top height 

a, b  = coefficients 

A general equation suitable for radiata pine for all of New 

Zealand has values of 0.9 and 0.3 for the a and b 

coefficients respectively. Some versions of the function 

have additional terms which include stems per hectare. 

Basal area per hectare, top height, and if necessary stems 

per hectare, are measured, and substituted in the equation 

to predict total volume. 

Merchantable volume 

Merchantable volume depends not only on the quantity 

and characteristics of the trees in a stand, but also on the 

desired products required from that stand, and on the 

cross-cutting strategy employed in log-making. 

Changing the last two factors can not only affect the types 

of logs cut, but also the amount of waste and hence the 

volume recovered from the stand. 

Predictions of the merchantable volume for a stand given 

only the easily measured variables of basal area, height, 

number of stems and pruning history are made using 

STANDPAK (see Section 6.12). Closer to the time of 

harvesting, a stand may be assessed directly using a pre- 

harvest inventory package such as MARVL, correcting for 

growth between the time of measurement and harvest if 

necessary. 

Merchantable volume as a percentage of the total standing 

volume, based on past experience of harvesting radiata 

pine (see also Anon. 1996) is: 
 

Good condition, well tended stands 90% 

Average stands 85% 

Untended stands, on moderately steep land, 

with malformation 

 
80% 

Stands with merchantable percentages as low as 70%, or 

as high as 95% are not uncommon. 

Calculation of a Height/Dbh Curve 

Because heights are difficult to measure, indirect estimation 

for some of the trees may be necessary. A sub-sample of 

trees is measured for both dbh and total height. A 

regression is fitted to the data and used to predict the 

heights of those trees measured only for dbh. A single 

equation can be used for trees within one plot (for 

example, a permanent sample plot), for one stand with 

many plots, or for many stands within an inventory. The 

important requirement is that the dbh/height relationship 

must be valid for all trees for which it is used, or the height 

estimate will not be reliable. Usually this requirement will 

be satisfied when the trees have a similar age, site index, 

stocking, and past history. 

In radiata pine, unlike some other species, trees of a similar 

dbh have a wide range of heights, even in uniform, even- 

aged stands. It is therefore necessary to ensure that height 

and dbh of an adequate number of trees are measured. 

Twelve trees, preferably more, would represent a minimum 

for a permanent sample plot; up to 30 trees, depending on 

stand variability, are necessary for an inventory. Height 

sample trees are selected uniformly across the dbh range, 

with additional trees in the larger dbh classes, as these 

tend to be more variable in their heights. 

In New Zealand, the Petterson function is used: 

H = 1.4 + (b + a/D)-2.5
 

This is calculated from the linear regression: 

Y = a + b D 

where 

Y = D/(H – 1.4)0.4
 

H = total height 

D = diameter breast height over bark 

a, b  = coefficients 

When the data are adequate, the function passes through 

the origin and rises to an asymptote. However, with poor 

data, the coefficients may be estimated such that the value 

of "b" is negative. The curve will then appear inverted, 

with trees of smaller dbh having the greater heights, and 

heights being undefined for trees with the smallest dbh 

values. Should the value of "a" prove to be negative, the 

larger trees will have predicted heights that are very tall 

indeed. 

Mean Top Height 

This is defined as the height predicted by the Petterson 

height/dbh curve for a dbh corresponding to the quadratic 

mean dbh of the 100 largest trees per hectare (based on 

dbh) in a stand. 

Predominant Mean Height 

This is defined as the average height of the tallest tree, free 

of malformation, in each 0.01 ha plot within the stand. 

Predominant mean height is different from mean top 

height. However, there is little practical difference once 

height measurement error is taken into account. An 

equation relating the two functions is given by Burkhart 

and Tennent (1977) as: 

Mean top height = -0.3533 + 1.0179 predominant mean 

height. 

Site Index 

The site index of a stand is defined as the mean top height 

at a given reference age, e.g.20 years for radiata pine, 40 

years for Douglas-fir. It is an easily measured estimate of 

productivity. However, the relationship between site index 

and productivity varies between species and from region to 

region, thus care should be taken when making 

comparisons. Site indices for radiata pine may be broadly 

classified as ranging from poor (22m), through to good 

(37m), with an average of about 29m. There is evidence 

which suggests that low stocking in the very early years of 

a regime (i.e.low planting numbers, or heavy early 

thinnings) reduces height growth, and hence site index. 

Extremes of low and high stocking affect the site index 

value, but otherwise in general, site index is believed to be 

independent of silvicultural regime. 

The productivity of the stand can be increased by 

cultivation, fertilising, and improved genetic stock and may 

be decreased by the passage of heavy machinery. Hunter 

and Gibson (1984) indicate how site index for radiata pine 

can be predicted from environmental variables. 

Site index curves are families of curves of mean top and/or 

predominant mean height against age, specific to species 

and region. Over the years, several versions of the 

functions have been produced. A library of curves is 

maintained by Forest Research. Most employ a common 

equation (Garcia 1999, Burkhart & Tennent, 1977) for top 

height development within a stand, of the form: 

H = a (l – eb(A-t))c 

where 

H = top height (m) 
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A = age (years) 

t = intercept age (usually 0) 

a, b, c = coefficients which are functions of site index and 

which vary with species and region 

e = 2.7l 

Basal Area Level 

Ex-farm sites with a history of fertilising will have faster 

basal area growth for a given site index and silvicultural 

regime than stands established on unimproved soils. Basal 

area level or "fertility level" is a measure of this effect. 

Although the level of basal area growth is a continuous 

range, in practice three categories are recognised: high, 

medium and low. "High" refers to ex-pasture land with a 

history of fertilising from animals and topdressing, 

"medium" applies to the majority of forests established 

prior to 1990 on unimproved land, and "low" is found on 

nutrient or moisture deficient sites. 

Mean Annual Increment 

The mean annual increment (MAI) of a stand usually refers 

to net volume production and is calculated by dividing the 

standing total volume by the age. Gross volume production 

includes thinnings and loss arising from mortality. Net MAI 

attains a maximum when it is equal to the periodic annual 

increment (the current annual increment, CAI, averaged 

over a small number of years). CAI can fluctuate from year 

to year owing to climate, and is subject to measurement 

error. 

In many stands, the maximum MAI is attained for a 

number of years during the stand’s life. This maximum MAI 

is an estimate of productivity, but on any given site its 

value is affected by the silvicultural regime. Some 

unthinned stands of the improved breeds of radiata pine 

planted recently on the highest-growth sites (former 

pasture with a history of fertilising) have values of MAI in 

excess of 50 m3/ha/annum. A similar high productivity site 

under the direct sawlog regime with a low final crop 

stocking of around 200-250 sph may have an MAI at age 

28 of between 25 and 30 m3/ha/annum. 

The average MAIs of total recoverable volume for radiata 

pine and Douglas-fir over the New Zealand forest estate 

predicted by the National Exotic Forest Description yield 

tables (Anon. 1996) are: 

These figures compare with an average MAI of just under 

18 m3/ha/year at age 28 for the harvested radiata pine 

stands reported in the National Exotic Forest Description 

over the three years 1999 to 2001. 

300 Index 

The 300 Index is a measure of site productivity for radiata 

pine. Because stem volume is strongly influenced by age 

and silviculture, this index is based on the stem volume 

growth for a standard regime at a fixed age. It is defined 

as the total stem volume MAI (mean annual increment) for 

a 30 year-old stand growing at 300 stems/ha, pruned to 6 

m and grown using a direct regime (i.e. thinned to its final 

stocking at or soon after completion of pruning). Because 

data from such stands are not readily available for many 

sites, an algorithm has been developed by Forest Research 

for estimating the 300 Index using a volume measurement 

from any stand. The algorithm adjusts for the effects of 

age, stocking, thinning and pruning history on volume 

growth, and has been derived from a large database of 

growth data. The algorithm can be used to estimate the 

300 Index using inventory data from any stand although 

the estimate will be more reliable for a stand closer to the 

standard age and regime. 
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PREDICTING LOG 
YIELD 
A D Gordon – Forest Research, Rotorua 

The potential yield of logs from a stand is vital information 

to the forest manager. To provide this information, pre- 

harvest assessments must not only estimate the total stand 

volume, but also the mix of log products the stand could 

yield. The key requirement of a pre-harvest assessment 

system is to be able to provide this information for any set 

of log product specifications. To do this it is necessary to 

work back from the log product specifications to ensure 

that those log quality characteristics (on which the 

specifications are based), are recorded for the standing 

stems. 

Logs are specified in terms of both external features, such 

as their dimensions, straightness, and branching, and 

internal features, such as the effectiveness of pruning, 

wood density and pith symmetry. This article describes 

external features. 

FEATURE DESCRIPTION 

The external features of stems must be described in 

sufficient detail in a pre-harvest assessment to estimate the 

log product mix that could be produced given any possible 

set of log specifications. This description can be effectively 

augmented using predictive models to fill in the detail. For 
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Mean annual increment of total recoverable 

volume, m3/ha/year 

Age 25 30 35 40 

Radiata pine 17.6 19.2 20.0 20.2 

Douglas-fir 11.8 13.1 13.9 14.8 

 



example, trees taper in a predictable fashion from butt to 

top and the measurement of over-bark breast height 

diameter and height is usually sufficient to estimate the 

full, under-bark stem profile. The branching of radiata pine 

can also be predicted in a general way using a set of 

models for branch placement, size and growth (Grace et al 

1999). 

The key stem qualities used to segregate logs are pruning, 

branch size and sweep, but branch cluster spacing 

(internodal length) is increasingly important (log diameter is 

also important, but is estimated from the stem profile 

rather than being explicitly recorded). Other features that 

may be important to record include fluting/buttressing, 

branch vitality, stem roundness, nodal swelling and wood 

damage caused by poor production-thinning practice, 

insects, pathogens etc. 

Traditional practice in New Zealand has been to divide the 

log specification characteristics into a set of discrete  

classes; for example, sweep < D/4, sweep < D/2, and 

sweep  D/2, (where D = small-end diameter). A unique 

code is then used for each combination of classes across all 

the quality characteristics. For example: 

R = Branches 4-8cm, Sweep D/4-D/2, no nodal swelling 

This method is successful while there are a limited number 

of quality characteristics and the classes are quite coarse. 

Systems that implement this practice include MARVL, 

MicroMarvl and MARVL3 (Gordon et al 1995). Extensions 

to this method are provided by the YTGen system, which 

allows for overlapping codes. 

With increasing segmentation of log specifications it has 

become very difficult to strike a balance between a 

practical and efficient set of codes for field assessment, 

and flexible cruise information that can provide the full 

range of information required by the forest manager. As 

log price becomes more tightly linked to log quality 

(Maclaren 2003) there is increasing pressure to extract 

more information from assessment data without being 

limited by a stem description method. 

A NEW APPROACH 

In response to this limitation, new methods of describing 

stem quality have been developed that avoid the use of 

discrete classes to represent combinations of quality 

characteristics. The benefits of this are seen initially in the 

field assessment, where stem qualities can be simply 

described without having to be translated into unique 

codes. This results in more objective descriptions that can 

be repeated, for a given stem, by different operators, on 

different occasions and under different stand conditions. 

But the major benefits apply when estimating log yields, as 

the assessment data are not limited to only a few types of 

log specifications, but can be used to make estimates even 

for unforeseen harvesting scenarios. For example, if stems 

were assessed using discrete sweep classes of D/4 and D/2, 

it is not possible to accurately estimate the yield of logs 

with a maximum allowed sweep of D/3. However using the 

new stem description, any log sweep specification can be 

analysed against all stem descriptions. Similarly, using  

codes to label discrete branch-size classes fixes the stem 

description at one point in time, whereas the new stem 

description can be augmented with a branch growth  

model to allow the diameters of live branches to increase 

during growth projection. In this way the measurement of 

the quality characteristics is kept as independent as  

possible from any particular log product specifications, so 

all assessments can be analysed to any set of log product 

specifications. 

The ATLAS Cruiser system (Forest Research 2003) can 

analyse forest assessments where stem quality is recorded 

either in discrete codes or fully described with these new 

methods of stem description. 

Internodal logs, which require a certain proportion and 

length of wood between visible branch clusters, are 

becoming increasingly sought after as a result of better 

markets for products made of short, clear cuttings. 

Assessing the potential yield of internodal logs is a difficult 

task using discrete codes, especially if the log specifications 

may change with respect to the number, length or mix of 

internodal sections required. However by simply describing 

the position and length of long internodes with the new 

description, the yield of any type of internodal log can be 

estimated. 

OTHER CONSIDERATIONS SWEEP 

Sweep 

Sweep is a difficult quality to assess. Rather than use 

sweep classes, which relate the maximum deviation from a 

straight line (over a specified length) to a proportion of the 

small-end diameter (Whiteside and Manley 1987), a two- 

dimensional trace of the stem centre-line can be 

constructed by recording the pattern of sweep (Figure 1). 
 

 
Figure 1: Sweep patterns used to record stem shape. 

Once the sweep pattern is identified then its vertical extent 

and severity can be measured. Measurements are taken 

from a vantage point at right angles to the plane of worst 

sweep. With the assistance of a visual straight-edge, the 

severity can be measured as a proportion of the over-bark 

diameter at the end-point in a repeatable manner. 

Other Features 

Often an additional set of quality features must be defined 

to cater for special market requirements or characteristics 

of the resource. For example, after catastrophic wind- 

throw, an assessment may be made prior to a salvage 

operation in which particular qualities relating to the 

residual stand and the soundness of fallen timber and 

standing spars may be recorded. Sections described using 

user-defined quality features must be able to overlap and 

may need an associated severity measure, for example, 

depth of fluting or percentage out-of-round. 

Efficiency 

It is not usually efficient to spend time attempting detailed 

quality descriptions of the upper half of the stem. In an 

average radiata pine stem prior to harvesting, 30% of the 

total stem volume is below 6 metres, 50% below 12 

metres and 80% below 20 metres. Typically over 95% of 

the value is found in the lower 60% of the stem (NZ Forest 

Owners Association 2003), so the description effort should 

be concentrated on the lower stem to make best use of 

the investment in pre-harvest assessment. One quick way 

of avoiding detailed description of an upper stem, which is 

clearly of low quality, is to simply record a Low Quality 

feature above a certain height to the top of the stem. If 

only certain logs types can contain Low Quality sections 

then this provides an effective solution, although it does 

preclude the assessment of the quality of this section 

altering as a result of growth projection. A clear definition 

of Low Quality is needed to ensure repeatable assessments 

and to allow auditing and quality control. 

Practical Factors 

The accuracy of the prediction of log yield from a stand is 
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only partly determined by the accuracy of the stem 

description. Assessment usually covers only a sample of the 

stand, which may have large confidence intervals around 

the estimates if the sample is small or poorly designed. The 

harvesting operation may differ substantially from the 

assessment analysis, even with identical log specifications 

and priorities, as the capability and supervision of the log- 

maker is critical to producing an optimal mix of logs. The 

state of the market also influences the mix, as 

specifications are interpreted more liberally when logs are 

in demand. Degrade can occur throughout the harvesting 

process. For example, excessive breakage and/or slabbing 

on felling, log damage during extraction and stacking, and 

sapstain from ageing can result in downgrade, waste or 

loss of value. All these factors must be considered during 

reconciliation and specifically controlled when attempting 

to evaluate the accuracy of stem description. 

CONCLUSION 

By assessing the quality of stems during pre-harvest 

assessment, valuable information will be derived on the 

types and volumes of logs that can be produced. These 

predicted yields are important information for the forest 

manager, especially when planning harvesting operations, 

scheduling wood flow and negotiating log sales. In 

response to the demands for more detail and flexibility in 

specifying logs, new methods of stem description have 

been introduced which improve assessment repeatability as 

well as allowing a full analysis of the likely yield under any 

set of log specifications. 

REFERENCES 

DEADMAN, M.W.; GOULDING, C.J. 1979:  A Method for the 

Assessment of Recoverable Volume by Log-types. New Zealand 

Journal of Forestry Science 9(1): 225-39. 

DEADMAN, M.W. 1990: MicroMARVL User Guide. Version 2.1. 

Ministry of Forestry, Forest Research Institute, New Zealand. FRI 

Software series No. 7. ISSN 0113-4906. 

FOREST RESEARCH, 2003.:  ATLAS Cruiser 

http://www.forestresearch.co.nz/default.asp. 

GORDON, A.D.; LAWRENCE, M.E.; PONT, D. 1995: Assessing the 

Potential Log Yield of Stands Prior to Harvesting. In Proceedings of 

the Institute of Foresters of Australia 16th Biennial conference 

"Applications of New Technologies in Forestry." Ballarat, Victoria. 

18-21 April 1995. 

GRACE, J.C.; PONT, D.; GOULDING, C.J.; RAWLEY, B. 1999: 

Modelling Branch Development for Forest Management.  New 

Zealand Journal of Forestry Science 29(3):391-408. 

MACLAREN, J. P. 2000: How much wood has your woodlot got? 

Forest Research Bulletin No.217. New Zealand Forest Research 

Institute Limited. ISSN: 1174-5096. 

MACLAREN, J. P. 2003: What age should you harvest? New Zealand 

Tree  Grower,  August  2003. 

MANLEY, B.R.; GOULDING, C.J.; LAWRENCE, M.E. 1987: Stand 

Assessment by Log Grades Using MARVL. Ministry of Forestry, 

Forest Research Institute, New Zealand. FRI Bulletin No. 132. 

NZ FOREST OWNERS ASSOCIATION. 2003: New Zealand Forest 

Industry Facts & Figures 2003/2004, GPO Box 1208, Wellington, 

New Zealand. 

WHITESIDE, I.D.; & MANLEY, B.R. 1987: Radiata Pine Resource 

Description by Log-grade Specifications. In Kinninmonth, J.A. 

(Compiler): Proceedings of the Conversion Planning Conference. 

Ministry of Forestry, Forest Research Institute, New Zealand. FRI 

Bulletin No. 128, 27-38. 

 

 
 

MEASUREMENT OF 
LOGS 
J C Ellis – Toll Owens Ltd, Tauranga 

COMMON SCALING METHODS 

All formulae in this section assume diameters in 

centimetres, log lengths in metres, and calculated volumes 

in cubic decimetres (dm3). 

The quantity of wood in logs is expressed as a volume, 

which usually excludes bark. The unit of measurement of 

log content is the cubic metre, which may be expressed in 

cubic decimetres (1m3  = 1,000 dm3). Volume is usually 

derived from diameter and length measurements of logs. 

The cross section of a log is assumed in most formulae to 

be circular at right angles to the length axis. 

The act of scaling (measuring logs) defines the log content 

for the purposes of commercial transaction and may not 

necessarily represent the true cubic content, such as 

obtained by water displacement. 

Preferred scaling tools are rules and retractable tapes for 

the measurement of diameter on sawn log ends, spring- 

loaded loggers’ tapes for length measurement, and girth 

tapes (in diameter units) and calipers for the measurement 

of diameter. Bark removal is preferred to the use of the 

Swedish bark gauge. 

Some scanners (in sawmills) are capable of giving accurate 

volumes from recording successive diameters at close 

intervals along each log. However, scanners are not in 

general use for commercial transactions because the 

volume algorithms are often unsuitable. They do not 

represent the scaled volume as derived from one of the 

established methods such as described below. For example, 

without a smoothing algorithm the scanned small-end 

diameter may not be the minimum diameter of the log. 

Some scanners are set up in an area where the log or 

scanner is not stable enough to record an accurate small- 

end diameter that can be used for sale purposes. 

Harvesting processors have on-board measurement systems 

that measure diameters along the stem. The stem diameter 

is the distance between the rollers, and may not represent 

the minimum diameter axis of the stem. In areas of branch 

swelling, the processor may not record small-end diameters 

(or volumes) suitable for sale purposes. 

There are a variety of measurement methods used to 

estimate log volume. The choice of method is made on the 

basis of value and size of the log, the scale of the logging 

operation, the required accuracy, or a negotiated sale 

agreement. 

Where close to exact volumes are required, sectional 

measurement is used (Goulding 1979). Smalian’s formula is 

applied to each section of log from under-bark 

measurement at the butt, 1.5m, 3m, 6m, and so on from 

the butt until the small end is reached. For a log section 

with length ls, and small- and large-end diameters d and D 

respectively, Smalian’s volume vs is as follows: 

vs   = 0.03927 * (d2   + D2) * ls 

(0.03927= /80) 

Thus total log volume is the sum of the log section 

volumes. 

Under-bark diameter measurements are obtained by first 

removing the bark or measuring bark thickness and 

subtracting twice the average bark thickness from the over- 

bark diameter. 
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Newton’s formula is used where sectional volumes are 

required for shorter logs. Under-bark diameter 

measurements are taken at small-end (d), at mid-length 

(d0.5), and at large-end (D), and the total length (L) is 

measured. Newton’s volume (V) in cubic decimetres is as 

follows: 

V = 0.01309 *(d2 + 4 * d0.5
2 +D2) * L 

(0.01309 =/240) 

The 3-dimensional formula (Ellis 1982) is the most common 

method for deriving volume from hand measurement of 

coniferous logs in New Zealand. Volume (V) in dm3 is 

estimated from measurements of log length (L) in metres 

rounded to the nearest tenth or hundreth metre, and the 

diameters at each end of the log (D, d) in centimetres 

rounded to the nearest centimetre. 

V  =  exp(1.944157*Ln (L) + 0.029931*d + 0.884711 * 

Ln((D-d)/L)-0.038675) + 0.078540 *d2 * L 

where Ln and exp are the natural logarithm and its antilog. 

Alternatively, the 2-dimensional formula may be used 

where small-end diameter (d) rounded to the nearest 2 cm 

and length (in metres and tenths) are measured and an 

average taper (cm/m), based on measurements from the 

same population, are applied instead of a measured large- 

end diameter. Volumes may be calculated or read from a 

look-up table. 

Volumes of indigenous logs and large exotic logs (>98 cm 

small-end diameter) are estimated from measurements of 

mid-length diameter (d0.5), length (L), and bark thickness. 

The cylinder or Huber’s formula is: 

V = 0.07854 * d0.5
2   * L 

(0.07854 =/40) 

The mid-length diameter (measured with girth tape or 

calipers) is recorded in centimetres and tenths and the bark 

allowance (e.g. twice the average bark thickness) 

subtracted. The resulting under-bark diameter is then 

rounded to the nearest even centimetre class. 

Huber’s formula is robust over a large range of diameters 

and lengths (Goulding 1979), but tends to under-state 

volume slightly. 

Sometimes log volumes are based on piece counts. Each 

log (in a single length category) is given an average volume 

based on samples measured by one of the scaling 

methods. The volume of a population of logs in a length 

class is estimated from the number of pieces times the 

average piece volume. 

Weigh-scaling is the most used method of volume 

estimation in New Zealand. Each loaded logging truck is 

weighed on a weighbridge and the actual (or stored 

average) tare weight is subtracted to provide the total 

weight of logs and bark. Where weighbridges are not 

appropriate, a weighing system based on a front-end 

loader is used. 

Weight-to-volume conversion factors are applied to load or 

log weights to provide under-bark volume estimates. The 

factors are based on sample loads in which every log is 

measured for volume (3-dimensional formula or sectional 

measure) and the actual nett weight of logs measured by 

weighbridge or loader scales. Conversion factors vary with 

species, age, season, locality, etc, so they have to be 

continually monitored. 

Sale by weight is now a common practice, and its 

successful implementation relies on a relevant weight-to- 

volume conversion factor. The factor should be based on 

sample data for the species and forest area being 

harvested. The factor is monitored so that accurate stand 

reconciliation can be made, and to ensure that log prices 

remain realistic. 

Export logs are measured using the buyer’s scaling method. 

In New Zealand most export sales require logs to be 

measured using the Japanese Agricultural Standard (JAS). 

Volumes (Ellis et al. 1996) are based on a nominal length in 

metres and a small-end diameter rounded down to the 

nearest even cm, unless the diameter is less than 14 cm 

where rounding down is to the nearest whole centimetre. 

The diameter used for volume calculation on non-circular 

logs is the minimum diameter that intersects the centre of 

the small end. Logs less than 6 m are assumed to have no 

taper, but logs longer than this have their small-end 

diameter increased by a taper factor based on half the length 

(rounded down to the nearest whole metre) minus four. 

Small export pulp logs are often sample scaled (10% of 

pieces measured using the JAS) and the volume derived by 

the average piece volume method. 

Overseas buyers are often familiar with other scaling 

methods such as Scribner (USA), Huber (Asia), and 

Brereton (Pacific). As part of the sale process, knowledge is 

required of the relationships between other units, JAS and 

true cubic metres. Relationships can be derived from 

published conversions, but it is recommended that they be 

derived from sample logs measured using the scaling 

methods of interest. 

ACCURACY OF SCALING 

Accuracy of measurement equipment, accuracy of scaler’s 

measurements, and use of the appropriate scaling method, 

are the three principal determinants of scaling accuracy. 

Logging trucks are weighed on a large number of 

weighbridges of varying age and condition. In New  

Zealand an annual certificate is required for legal weighing. 

In high use, or high maintenance situations, monthly 

calibration checks are often carried out. Where a 

weighbridge is situated near an offloading point at a 

processing plant, an actual tare weight can be subtracted 

from each loaded truck. If this is not possible, stored tares 

are used but they represent a major source of weighing 

inaccuracy. The tare may be inappropriate for the 

truck/trailer combination, weighbridge, or unchanged after 

maintenance to running gear on truck and trailer. Loader- 

based weighing units must zero before truck loading, and 

show an unchanged reading of the resident calibration 

weight. Loggers’ tapes, rules, and rulers are not always 

accurate. Inaccuracy is usually caused by wrong placement 

of the zero or an incremental error, which increases along 

the scale. Rules and tapes should be kept in a readable 

condition and be checked against a "Toledo" 1 metre rule 

which conforms to the JIS B 7516 Grade 1 standard. 

In most scaling operations, qualified scalers hold New 

Zealand Qualification Authority unit standards for export 

and domestic scaling. For each unit standard, the 

candidate must know the principle scaling methods, be 

able to grade logs, and undergo a practical test in which 

their scale of a sample of logs is within 1% of the 

assessor’s volume. Scalers are also subjected to regular 

audits in-house or from external independent assessors. 

Dissatisfaction with purchase quantity usually arises from 

using an inappropriate scaling method, or not taking the 

trouble of measuring enough detail for a valid claim. For 

example, it is inadvisable to purchase on weight unless 

there is some earlier proof of the relationship between 

over-bark weight and under-bark volume for a given 

customer. Weight alone will not indicate undersize logs of 

inferior grade. Another example occurs in sampling pulp 

for export consignments (Ellis and Kimberley 1995). This is 

an application of the piece count method referred to 

earlier. The precision of the method relies on uniformity 

between pieces and works well in estimating the volume 

of small pulp (10-24 cm). Application to larger logs results 

in imprecision, which may be interpreted as an over-scale 

by the buyer. 
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PRUNED LOG 
QUALITY 
J Park – Interface Forest & Mill Ltd, Rotorua 

Owing to increased understanding and improvements in 

silviculture by practitioners in the late 1970s, the best 

pruned logs now being harvested are far superior to the 

best of a few years ago. However, the poorest pruned logs 

remain as bad as ever so the gulf between best and worst 

has widened. The pruned log market has also matured 

significantly over the last decade as evidenced by large 

quality-dependent price differentials being realised for 

pruned log consignments within the same trading period. 

As a consequence of these developments, demands for 

quality assurance on pruned log parcels are increasing. 

While stand records and predictive methods have both 

improved, sampling at the stand level remains the most 

reliable and satisfactory option for defining pruned log 

quality and setting prices. 

Sampled pruned log quality is defined in two distinct 

phases. First, basic clearwood potential is indexed for each 

of the sawing and peeling processes. These results define 

how well logs have been pruned. The second phase, and 

essential complement allowing true  clearwood  potential  to 

be gauged, is definition of the level of random defects 

such as resin pockets, which cause degrade in the 

clearwood. 

QUALITY MEASURES 

Pruned Log Index – Sawlogs 

The basic clearwood potential of a pruned sawlog depends 

on log size, log shape, and the size of the defect core. 

These variables are combined in Pruned log Index (PLI). 

Log size is expressed by diameter underbark 1.3 m from 

the butt end, which relates well to log volume for a given 

length. In butt logs it is virtually the same point as DBH. 

 
 

Figure 1: Illustration of Common Wood. 

Defect core is a description of the pruned knotty core 

applicable to sawlogs only. It is the cylinder inside the log 

which contains the pith, pruned branch stubs and 

occlusion scars. The size of this core is expressed by the 

mean of two diameters measured at right angles. 

Conversion of pruned sawlogs has two important aspects. 

The first is total conversion to all grades of sawn timber, 

and the second is conversion to clear grades alone. While 

the second is part of the first, the ratio of one to the other 

(and hence clear grades percentage of sawn outturn) can 

vary markedly depending on the mill, the sizes produced 

and the overall sawing strategy. Therefore PLI is calculated 

in two stages, the first of which produces a sub-index 

known as Conversion Potential factor (CP). 

All the variables influencing log shape are collectively 
Conversion Potential factor (CP) = (D1.3) x (Cvol/Lvol)0.5

 

expressed by reducing the log to two basic components – 

wood which is common to the whole length of the log, 

and wood which is not. Measurements of log profiles in 

two planes at right angles, either manually or by twin-axis 

scanner, provide for the calculation of a column from four 

quarter ellipses. The semi-axes for these ellipses are the 

minimum radii measured from the central or Z-axis of a log 

in both the X- and Y-planes. The volume of this column of 

where D1.3    = diameter (mm) under bark 1.3 m from the 

butt end of a log 

Cvol = volume of common wood (m3) 

Lvol = under-bark log volume (m3) 

The log size and shape variables, used to calculate CP, are 

then combined with defect core size to derive PLI. 

Pruned Log Index (PLI) = ((D1.3 - DC)/10) x (D1.3/DC) x 

Common Wood is divided by the log volume to derive a 

reduction factor to be applied to the diameter. A stylised 

illustration of Common Wood is shown in Figure 1. 

(Cvol/Lvol)1.6
 

where DC  = defect core diameter (mm). 

SECTION 6.8 
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Clear Veneer Potential – Peeler Logs 

While the majority of pruned logs are sawn, manufacture 

of veneer is an important end-use, which makes the 

highest demands on log quality and has also traditionally 

set the highest prices. Production of veneer by slicing is a 

similar process to sawing and so PLI is directly applicable. 

However, rotary peeling is a distinctly different process so 

pruned peeler log quality must be defined by a separate 

index. 

Basic quality of pruned peelers is defined by two indices, 

which are the equivalents of CP and PLI for pruned 

sawlogs. Both peeling indices express the potential of 

pruned logs or bolts to convert to full sheets of veneer. 

Veneer Potential (VP) is the percentage of peeler bolt 

volume that can be converted into continuous ribbon for 

the manufacture of all grades of full sheets of veneer. It is 

a straightforward measure of how well size and shape of 

the bolt is suited to the peeling process. 

Veneer Potential (VP) = ((Rounded vol – Peeled Core 

vol)/ Bolt vol) x 100 

Where Rounded Volume = the perfect cylinder based 

on the minimum radius from 

the central axis of the bolt. 

Peeled Core Volume = the volume of the core 

discharged from the lathe at 

completion of the peel. 

VP for the log is the volume-weighted mean of VPs from 

the bolts it contains. 

Clear Veneer Potential (CVP) is derived from measurements 

of log size, log shape and the size and position of its 

knotty core. CVP is the percentage of pruned peeler 

volume that can be converted into continuous ribbon for 

the manufacture of full sheets of clear veneer. This is 

determined by calculating the volume of the perfect cored 

cylinder of ‘clear’ wood between rounded volume and the 

peeler knotty core in each peeler bolt contained in a log. 

The peeler knotty core is the defect core, as in sawlogs, 

plus twice the displacement of the central axis of that 

defect core from the central axis of the bolt. CVP is shown 

in diagram form in Figure 2. 
 

 
Figure 2: Illustration of Clear Veneer Potential. 

Clear Veneer Potential (CVP) =  ((Rounded vol – PKC 

vol)/ Bolt vol) x 100 

Where PKC =   Peeler Knotty Core 

CVP for the log is the volume-weighted mean of the CVPs 

of the bolts it contains. 

Random Defect Levels – All Logs 

Randomly occurring defects, which may cause degrade to 

clear timber or veneer, are present at some level in all 

stands of radiata pine and in all consignments of pruned 

logs. The most common and often least desirable are resin 

pockets but a further 13 types of random defects are now 

also recognised and have been identified as causing 

degrade in at least some situations. This increase of 

features in clearwood that may now be classed as defects 

is a direct result of the sawmilling industry’s expansion into 

new export markets. Some of those markets are more 

demanding than others, but all have their own preferences 

and tolerance levels for random defects. Consequently, it is 

now virtually impossible to provide interpretations of 

expected degrade that will cover all situations. Attempts at 

deriving generalised grade reduction factors are ill-advised. 

It has become increasingly clear that sampling objectives 

concerning random defects should be limited to  

description of the types and levels found. Interpretations of 

what are acceptable background levels or what amount of 

degrade can be expected at higher levels will vary markedly 

and are best made by the end-user. 

Information on random defects is routinely acquired by 

sampling timber from the clear and intermediate (cuttings) 

zones of pruned logs. The defects fall into two categories. 

The first category is random defects which occur 

individually and are recorded by number. They include resin 

pockets, resin streaks, bark pockets, epicormics, random 

fleck, occlusion trace and pin knots. The incidence of these 

defects is expressed as the number observed per square 

metre of sawn surface area. 

The second category is random defects which occur in 

groups or patches. They include birds-eye, needle-fleck, 

decay, resin sheeting, stem damage and stain. These 

defects are recorded as the percentage of pieces affected 

with results expressed as the percentage of total sampled 

surface area affected. 

The above measures of random defect incidence can be 

distorted when one or two logs are heavily affected but 

the remainder are clean. To counteract this problem, 

additional figures on frequency may accompany results on 

incidence. 

The frequency of a defect is defined as the proportion of 

sampled faces carrying one or more examples of that 

defect. It is expressed as a percentage derived by dividing 

the surface area of board faces with the defect by the total 

surface area sampled. 

STAND SAMPLING 

The essential starting point is a sound stand inventory 

which is initially used to assist the design of the pruned log 

sampling. The inventory is critical to correct interpretation 

of sampling results and is also eventually used to assist in 

making stand projections. 

A stand is defined as a block of trees of the same age with 

a uniform silvicultural history. The pruned log sample 

design is based on stand history, topography, and inventory 

results. For stands up to 50 ha the requirement is usually 

18 logs. These are selected in sets of six, most often as 

standing trees, from three pre-determined sample sites. 

Each set of six spans the available pruned log diameter 

range. Stands larger than 50 ha require additional sample 

sites. 
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Data Collection 

Data on the quality of pruned crops are acquired at the 

individual log level. Two complete and complementary 

systems have been developed, each of which 

simultaneously provides for analyses as sawlogs and as 

peelers. 

The first system involves measuring log profiles in detail 

and then sawing samples in a mill. Using the mill setworks 

as a measuring instrument, and a combination of other 

techniques, records are made of each fresh-sawn face as 

logs are broken down at the headrig. These records  

provide for eventual positioning, both radially and 

longitudinally, of the most critical defects in the knotty 

core. As the timber exits the mill and concurrent to sawing, 

the upper faces of all fully dimensioned pieces originating 

from the ‘clear’ and ‘clearcutting’ zones of logs are 

sampled for random defects. 

The second system involves cross-sectional analysis (CSA) 

on the forest floor. Logs are marked down the full length 

to provide reference points and then cross-cut at the 

whorls and a number of other intermediate points. 

Measurements are made on each exposed disc or cross- 

section to provide for reconstruction of log profiles in two 

planes and the placement of the full length of the knotty 

core profiles inside these. Random defects observed on 

cross-sections are also recorded. 

Both methods accurately define PLI and CVP but only the 

sawing method provides complete data on random 

defects. The CSA system gives a fuller description of the 

knotty core and so provides for secondary analyses by 

‘shortening’ logs. Apart from these differences, both 

methods are completely compatible and sampling 

objectives may be satisfied by either method or a 

combination of both. Frequently, when access is limited, 

logs from accessible areas are sawn and those data are 

complemented with CSA data from the parts of the stand 

where immediate log extraction is difficult. 

On request, or as needs arise, other features may be 

included in pruned log data acquisition. For example, discs 

may be taken from sample logs for determination of any or 

all of the following: intra-ring checking, density, 

compression wood, and spiral grain. Measurement of 

corewood, as contained in the first 10 growth rings, is also 

common practice and other measurements to define ring 

widths or examine growth patterns have also been made 

when required. 

Stand Results 

Data processing produces tables of individual log results, 

both as sawlogs and as peelers, which are then used to 

derive relationships, by non-linear regression analyses, 

between size and quality within the stand. These 

relationships may first be used to determine the minimum 

acceptable pruned small-end diameter or cut-off point for 

the stand. The size and quality relationships are then 

integrated with distributions from the stand inventory to 

derive stand PLI and stand CVP. These are the best single 

estimates of the basic quality a miller can expect from 

processing all or a representative cross-section of pruned 

logs from the stand. The integration of the PLI/small-end 

diameter relationship with stand inventory output is also 

used to derive matrices of PLI and volumes by size classes 

which provide options for subdividing the pruned 

component of the crop into two or more quality classes at 

harvest. These matrices can also be used to identify the 

volumes by PLI of substandard logs which will be included 

if minimum pruned log small-end diameter for the stand is 

set below the recommended cut-off point. 

Results on stand PLI and stand CVP are complemented by 

tables listing the 14 types of random defects recognised, 

showing which may be present and, when so, providing 

details of incidence and frequency. 

The final stage of data processing involves projections for 

the whole crop, both pruned and unpruned components, 

to provide results for each of the next five years. Increases 

in log size and volume are estimated using growth models, 

and improvement in pruned quality is expressed by increase 

in stand PLI. These projections give sample results  

durability, and will provide reliable information for 

marketing over that whole period. They may assist growers 

with decisions on when to fell and will show the 

improvement to be expected should harvesting be delayed. 

PRUNED LOG VALUE MODELS 

The level of detail from pruned log sampling, when 

combined with equivalent detail from utilisation studies, 

has provided a sound base for pruned log value modelling. 

During the past decade over 700 stands have been 

sampled for PLI, CVP and the incidence of random defects. 

Over that period those same measures were also used to 

define pruned quality in 15 baseline pruned log conversion 

studies involving 11 sawmills and one plywood plant. 

Sawing simulations were used to augment a number of 

these studies. 

Combined data have been used to construct a range of 

models integrating pruned stand sample data with 

conversions, grade recoveries, timber and veneer prices, 

and processing costs. These models and supporting data 

have provided the components necessary to construct and 

support sound price and quality gradients for pruned logs. 

 
 

 
 

GROWTH AND 
YIELD MODELLING 
E G Mason – University of Canterbury, 

Christchurch 

USES 

Growth and yield models are highly abstracted models of 

the process of stand development through time. They are 

used mainly for: 

> Making silvicultural decisions. Traditionally, making 

decisions about plantation management involved 

assessing the effects of treatments from local 

experience. Today, the effects of alternative strategies 

on crop performance are estimated using growth 

models. 

> Harvest planning. Harvest planning requires estimates of 

yield from stands at different ages when harvest might 

be considered. 

> Forest estate modelling and valuation. Growth and yield 

models are used to generate yield tables. 

> Representing new knowledge about how trees and 

stands respond to changes in management activities or 

site. 
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THE NATURE OF GROWTH 

AND YIELD MODELS 

Approaches to Modelling Growth and Yield 

The best level of resolution for growth and yield models 

has been much debated. There are several options: 

> Stand-level models of basal area per ha, mean top 

height and stocking. 

> Distribution models of diameter at breast height, and 

total height. 

> Individual-tree models (with no measure of distance to 

adjacent trees) for tree- and stand-level attributes. 

>  Individual-tree models (with measure of distance to 

adjacent trees) for tree- and stand-level attributes. 

> Matrix approaches for tree size class distributions. 

> "Hybrid" models with representations of physiological 

detail to complement stem measurements made on 

trees. 

Growth and yield models are usually developed for 

particular regions or sites. The following regions and sites 

are generally identified in New Zealand: 

> Auckland clays 

> North Island sands 

> Central North Island 

> Kinleith 

> East coast of the North Island 

> Nelson 

> Westland 

> Canterbury 

> Southland/Otago 

Stand-level Models 

Typical stand-level models have sub-models of basal area 

per ha, mean top height (or site index), and stocking using 

equations of the form: 

Y2 = f(Y1,T1,T2) 

where Yx = the yield estimate at time x, and Tx = time x. 

This general form, called a difference equation, leads to 

families of curves. Desirable properties of functions used 

for stand-level growth and yield models include: 

(i) representations of growth and yield should be 

compatible (i.e. the sum of individual growth estimates 

should equal the total yield projection); 

approach, usually adopted for the growth models in 

Standpak, e.g. NAPIRAD). 

The latter approach requires the use of short (usually 

annual) measurement intervals for fitting model 

coefficients. 

Distribution Models 

Distribution models represent frequency distributions of 

diameter at breast height and occasionally height, and 

provide managers with stand or stock tables. The most 

frequently used distribution is the Weibull probability 

density function. Again, there are two approaches to using 

this function in New Zealand: 

> Project only basal area per ha, mean top height and 

stocking, and then predict diameter distribution 

parameters from these stand variables. This strategy is 

used in Standpak. 

> Project basal area per ha, mean top height, stocking, 

maximum diameter at breast height, and variation in 

diameter at breast height, and then recover parameters 

from the Weibull distribution. The distribution at time 2 

is therefore partly influenced by the nature of the 

distribution at time 1. This strategy is used for all 

distribution models built at the School of Forestry or by 

Carter Holt Harvey. 

Individual-tree Models 

Individual-tree models are usually parameterised using 

short increment data from permanent sample plots. Many 

equation forms have been used for modelling individual 

tree diameter and height, but a common approach is to 

use: 

D = eßX 

where D is change in diameter at breast height, beta is a 

vector of coefficients and X is a vector of independent 

variables. Independent variables generally include estimates 

of both site and crop state. It is helpful to include indices 

of competition and relative position in the canopy for the 

subject tree. Variables such as basal area per ha, stems per 

ha, relative spacing, basal area of trees greater than the 

subject tree and relative basal area are thus usually tested. 

Most individual tree models in New Zealand do not 

explicitly represent distances to neighbouring trees. Forest 

Research has built a range of individual tree models for 

New Zealand conditions and species. The School of 

Forestry has built several compatible stand-level and tree- 

level models. 

An individual-tree probability of survival function (i.e. 

stocking function) completes the suite of models (dbhi, 

heighti, survivali) that is required to aggregate tree-level 

attributes to stand-level attributes. A common approach is 

to use a logistic function, e.g.: 

 

T1, Y2 should approach Y1; 

(iii) they should be path-invariant, i.e. predicting Y3 from Y1 

 
 
 

where: 

a  + a x b1  +... + a x bn 

)] 

should yield the same answer as predicting Y2 from Y1 

followed by Y3 from Y2; and 

(iv) as T2 approaches infinity, Y2 should approach an upper 

y = probability of survival over a period of "i" years, 

i = variable time interval between measurements 

(years), 

asymptote. 

The two main approaches to this kind of modelling are: 

> to fit sub-models independently (used for models built 

xn 

a0, an 

b , b 

= tree- and stand-level explanatory variables, 

= coefficients to be determined, and 

= coefficients (optional) to be determined. 

1        n 

at the School of Forestry or by Carter Holt Harvey, and 

for some Forest Research models in its Standpak 

software system); or 

> to first fit the height model and then use it to adjust 

time and fit the basal area per ha and stocking models 

jointly as functions of height (the "state-space" 

Matrix Models 

Matrix models come in a variety of forms, and apply 

statistical probabilities of trees growing from one size class 

to another (and of dying) to project stand tables in time. In 

New Zealand they are rarely used for plantations but have 

been employed for natural forests. 

i 
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Hybrid Models 

Some researchers would like to see managers use highly 

complex models that describe physiological processes such 

as light interception, radiation use efficiency, carbon 

allocation, water use and nutrient uptake in detail. This 

approach may reduce the need to develop models for 

specific regions. It has potential to allow models to be 

more site-specific as well as more responsive to 

environmental variation. However, the more complicated a 

model is, the more likely it is to produce inaccurate 

projections as errors in sub-models and from multiple 

iterations  compound. 

Choosing a Model 

Research has yielded some general principles that can help 

managers to select an appropriate model: 

> Simpler models are more likely to be reliable than 

complex ones, because the scope for error escalation in 

sub-models is reduced. 

> A model can be too simple if it fails to represent 

processes that managers wish to consider. For instance, 

deciding on fertilising options with a model that does 

not represent nutrition is obviously a bad idea. 

> Models parameterised using short increments (<4 years) 

from permanent sample plots tend to be more biased 

over long projection periods (up to 25 years) than those 

parameterised with a mixture of short and long 

increments. 

> Stand-level models generally provide better stand-level 

estimates than summing the projections of individual- 

tree models when the two models are built from the 

same data set. 

> Individual-tree models are good at representing 

distribution shapes over short projection periods (<6 

years for radiata pine), and they are usually best when 

they are adjusted so that the sum of individual tree 

basal area conforms to a stand-level model. 

> Over longer projection periods (>10 years), Weibull 

distribution projection models usually provide better 

stand table estimates than individual tree models. 

> Extrapolation (using models outside the range of data 

that were used to parameterise them) increases the risk 

of obtaining biased estimates. 

> Using models tested with an independent data set 

(different from the data set used for parameterisation, 

but covering the same range of site and stand 

conditions) is less risky than using untested models. 

CURRENTLY AVAILABLE MODELS AND 

SOFTWARE 

Stand-level models are available for radiata pine in all the 

regions and sites listed earlier, with several often available 

for each region. Models are available for Douglas-fir for 

most regions. For selected regions, models have been built 

for other species, including those from the genera Pinus, 

Eucalyptus,  and  Cupressus. 

Distribution projection models have been built for radiata 

pine and Douglas-fir. 

Individual-tree models are available for radiata pine and 

Douglas-fir in most regions, as well as for several 

indigenous species in selected regions. 

A full listing of models and their characteristics would 

rapidly become obsolete, because new models are being 

built all the time. 

Modelling software is publicly available from a variety of 

sources as shown in Table 1. 

USING GROWTH AND YIELD MODELS 

Managers who wish to rely on models are advised to test 

models before use by comparing model estimates of 

growth and survival with those observed in permanent 

sample plots located in their stands. Some managers 

routinely adjust sub-models of height, basal area and/or 

stocking in order to make them conform with local 

measurements. A cycle of development and testing of 

models is required in order for managers to obtain reliable 

estimates from the use of the models. 

It is often desirable to use a model for the local region, but 

there are exceptions. For instance, NAPIRAD (the Hawkes 

Bay stand-level model in Standpak) has been used on farm 

sites in a variety of regions after local managers tested a 

selection of models. 

Good modelling software should prevent users from 

exceeding the limits of datasets used for model 

parameterisation, but not all software does this. Managers 

are advised to avoid using growth and yield models beyond 

their source data sets. 

RESEARCH PROGRAMS 

Research programs are underway on a range of growth 

and yield modelling topics, including: 

> creation of models for a wider range of species and/or 

sites (Forest Research, School of Forestry); 

> creation of hybrid models, and comparisons with 

traditional modelling approaches (School of Forestry, 

Forest Research); 

 
Name Platform Description Source Status 

Atlas Cruiser 

(formerly Gro Marvl) 

Windows Links individual-tree models with inventory 

analysis for product evaluation. 

 
Forest Research 

 
Sold 

Stand and distribution 

projection software 

Any platform 

with a graphical 

user interface 

Can represent any stand or distribution model. 

Modules exist for models built at the School  

of Forestry. 

School of Forestry Free 

Standpak 

(under revision) 

DOS 

(Windows) 

Contains many stand-level models and allows 

silvicultural planning and stand evaluation. 

Forest Research Sold 

Stand-level model 

software 

Web browser Many stand-level models are accessible at 

http://www.forestry.ac.nz 

School of Forestry Free 

Spreadsheet and 

Visual Basic packages 

Windows Represent stands, distributions, and/or linked 

individual-tree models for specific regions. 

School of Forestry Free 

YTGEN Windows or 

Linux 

Yield table generator linked with pre-harvest 

inventory. 

Silmetra Limited Sold 

Table1: Modelling software. 
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>  creation of national-level models, either through an 

index of volume growth called the "300 index" (Forest 

Research), or through hybrid modelling (School of 

Forestry); 

> creation of individual tree models (Forest Research, 

School of Forestry); and 

> evaluation of data collection, summarisation and 

modelling methods (School of Forestry). 
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INITIAL GROWTH 
equation has been found to fit many tree species prior to 

the onset of between-tree competition: 
YT  = Y0+T 

MODELLING 
E G Mason – University of Canterbury, 

Christchurch 

M S Watt – Forest Research, Christchurch 

USES 

Initial growth models (IGMs) represent the growth and 

yield of trees in response to establishment practices, from 

time of planting until canopy closure or first thinning. They 

have two main uses: 

> managers can use them to explore the likely impacts 

(on survival and initial growth) of stock management 

and/or site preparation practices at time of 

establishment; and 

> they can provide estimates of starting values for growth 

and yield models of older crops, that generally begin 

several years after the time of planting. 

THE NATURE OF IGMs 

Currently Available IGMs 

IGMs differ from the usual growth and yield models in that 

they begin at age zero, and therefore cannot use initial 

plant size as an estimate of the quality of a site. Currently 

available models use combinations of climate, site, site 

preparation and seedling quality variables. These models 

are used to predict the survival and growth of tree crops, 

and parameters are generally fitted for these independent 

variables. 

Equations used to represent height or basal area per ha are 

commonly of the exponential family, and the following 

ß 
 
 

Where YT = estimate of variable Y at time T, T=time in 

years, and  and ß are estimated parameters. Estimated 

parameters are linearly related to site, site preparation and 

seedling quality effects. It is also feasible to link models of 

basal area per ha and height so that basal area per ha=0 

when height=breast height. 

Most IGMs are regional, but there may be less need to 

regionally stratify models currently being developed. Two 

examples of IGMs are described below. 

 

 
 

Figure 1: Example of output from an IGM. 

An IGM for radiata pine in the Central North Island region 

(Figure 1) represents stocking, mean height, height 

distribution, basal area per ha, and diameter at breast 

height distribution for the first five years after planting. 
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Independent variables for this model include 

quality of tree stock handling, tree stock 

ground-line diameter after planting, initial 

stocking, altitude, weed control, ripping, 

mounding, and fertilising with diammonium 

phosphate. The latter four variables are 

dummy variables, that is the treatments are 

either applied or not. This model can be 

downloaded and installed free from 

http://www.forestry.ac.nz. 

A significant new tool has been produced for 

evaluating the cost-benefit of herbicide 

application within the first five years of a 

rotation. As the first known model of its  

kind, VMAN (Vegetation Manager) has been 

developed by Forest Research in collaboration 

with industry over a 12-year period. 

Components of VMAN include a spray deposition model to 

account for the natural variation in application rate, dose- 

response models to describe the effect of herbicides on 

weeds, and growth models to account for competitive 

interactions between weeds and trees over time. VMAN is 

currently applicable to wet sites where weeds are 

controlled through broadcast application of herbicide. 

Current research aims to extend VMAN to dryland sites, 

through inclusion of a water balance sub-model. Another 

key component currently being developed is a radiation 

transfer model which can partition light interception 

between trees and weeds with a complex spatial 

arrangement of foliage elements. Incorporation of such a 

model into the formulation will enable VMAN to account 

for the influence of non-broadcast forms of weed control 

(e.g. spot or strip weed control) on tree growth. 

Research Programmes 

Researchers at the School of Forestry and at Forest 

Research are working to increase the sensitivity of IGMs to 

variation in site quality and particularly to weed control 

strategies. At one level, mechanistic components are being 

added to existing IGMs, but the parameters are estimated 

from sample plot data and the models do not explicitly 

represent a carbon balance. A carbon balance model is one 

that represents light interception, photosynthesis, and 

distribution of photosynthate to different plant parts. A soil 

water balance, light competition index, temperature 

modifier, and the substitution of accumulated solar 

radiation for time are likely additions. 

A second level of model is under development at the 

School of Forestry in collaboration with researchers 

overseas. This model involves explicit light interception, 

quantum efficiency, and modifiers for temperature, soil 

water balance, relative humidity, and site fertility. This 

model maintains estimates of the components of a carbon 

balance. Resource use is partitioned between trees and 

competing  vegetation. 

The two levels of modelling are complementary. 

EXTRAPOLATION FROM IGMs 

In many cases, managers will wish to extrapolate from IGM 

estimates. Estimating effects of, for example, weed control 

up to age five does not allow a full evaluation of the 

financial worth of the weed control method. Research on 

extrapolation of IGM estimates and on rotation-length 

effects of site preparation treatments has produced the 

following general guidelines for using IGMs: 

> Estimates of time gain owing to a treatment are more 

useful than those of yield gain unless yield gains are 

measured over entire rotations. 

> Trajectories of treated and untreated stands commonly 

either diverge (with an increase in time gain) or take 

parallel paths (with no further increase in time gain 

after an initial period of gain). In New Zealand, all 

recorded instances of gain from weed control have 

been of the latter type, while studies of cultivation or 

fertilising have exhibited both types. 

> Growth and yield models that represent older crops 

most often fail to predict outcomes of establishment 

practices if estimates from IGMs are used as inputs. 

(Accurate rotation-length estimates of yields from 

linking IGM estimates with growth models have been 

obtained only when the growth models were built 

using measurements from permanent sample plots 

(PSPs) where the trees in the plots were established 

using site preparation and stock qualities simulated by 

the IGM. For instance, simulating initial growth without 

weed control in Kaingaroa forest and then linking IGM 

estimates with a growth model built from the 

Kaingaroa PSP dataset results in biased rotation-length 

yield estimates. The reason for this is that almost all 

PSPs were established in stands where weeds were 

controlled). 

> Use of a mechanistic carbon balance model for 

simulation of rotation-length effects has shown 

promising results in one study. 

> Well constructed and independently validated IGMs 

may be used to provide starting values for growth and 

yield models under specific circumstances. Data from 

PSPs located in a variety of stands are used to estimate 

parameters of growth and yield models. If 

establishment treatments (such as cultivation, fertilising 

or weed control) are relatively consistent in the stands 

where the PSPs are located, and if these treatments are 

selected for the IGM simulation, then research suggests 

that the yields estimated at harvest are likely to be 

relatively unbiased. If simulated treatments in the IGM 

differ from those practised in the stands where PSPs are 

located then biased estimates are very likely. 
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INDIVIDUAL TREE 
EQUATIONS 
A D Gordon and M van der Colff – Forest 

Research, Rotorua 

Stem volume and taper are both expressions of the change 

in the diameter of the stem from the base to the tip of the 

Further sets of coefficients are listed in Maclaren (2000). 

New Zealand Forest Research derives and maintains these 

sets of coefficients. 

A compatible polynomial taper equation can predict the 

diameter under-bark at any point on the stem and can be 

integrated to determine the volume of any section of the 

stem. The sum of any complete sequence of section 

volumes will equal V as a result of the compatibility 

constraint. The equation form is: 

tree. The volume of an individual tree depends on its taper: 

the more rapid the taper, the less the volume. Traditional 

mensuration focussed on the prediction of total stem 

volume, but as systems for yield prediction improved, new 

methods of predicting taper (hence log volume and end 

d2  =  
V

 
kH 

 
and 

(ax + bx2 + cx3 + dx4 + ex5 + fxg) 

diameters) were developed. To reconcile the inconsistent 
predictions from independent volume and taper systems, 

 
V  = V 

m 

ax2
 

+ 
bx3

 

+ 
cx4

 

+ 
dx5

 

+ 
ex6

 

+ fx
g+1 

"compatible" taper equations were developed in which 

part of the system is conditioned to ensure the inherent 

relationship between volume and taper is not violated. 

 
 

where 

2 3 4 5 6   g+1 

The fact that, with a little care, volume can be derived 

analytically from a taper equation, has been used more 

recently to simplify and improve the solution, leading to 

the development of "composite" equations which 

simultaneously predict diameter over- and under-bark, 

volume over- and under-bark and bark thickness. 

Methods for collecting sectional measurements in order to 

validate existing tree volume, taper and bark equations, or 

to derive new sets, are described by Gordon and Penman 

(1987). 

TREE VOLUME AND TAPER EQUATIONS 

The standard form of the stand-alone volume equation 

used for most commercial species in New Zealand is: 

 
b 

a H c 

d = under-bark stem diameter (cm) 

V = predicted total stem volume under-bark (m3) 

k = 7.85398E-05 

x = (H –height to the diameter d)/H 

Vm  = stem volume under-bark from the tip to the height at 

diameter d (m3) 

a,b,c,d,e,f  = coefficients 

g = integer coefficient  

Examples of coefficient sets are: 

F182 for P.radiata throughout New Zealand under a direct 

sawlog regime: 

a=0.554762, b=0.0, c=12.38248, d=-19.0289, e=8.43354, 

f=0.870051, g=31 

V = D1.4 

 
where 

e 
H – 1.4 F237 for P.radiata in the central North Island: 

a=0.41541, b=5.559, c=-5.728, d=0.0, e=2.1696, 

f=0.882245, g=90 

V = total stem volume under-bark (m3) 

D1.4 = breast-height diameter over-bark (cm) 

H = total tree height (m) 

e = 2.718281828 

a,b,c = coefficients estimated from a sectionally measured 

sample of trees. 

Examples of coefficient sets are: 

T182 for P.radiata throughout New Zealand under a direct 

sawlog regime (that is, pruned and thinned to between 

200 and 400 stems per hectare by top height 15m): 

a=1.79068, b=1.07473, c=-10.03201 

T237 for P.radiata in the central North Island: 

a=1.760385, b=1.048023, c=-9.805884 

SECTION 6.11 



BARK EQUATIONS 

The ratio of bark thickness to 

stem diameter varies with 

species, genotype within 

species, and also tree to tree. 

In most conifers, this ratio is 

relatively high at the base of 

the stem, decreases up the 

stem then increases again 

towards the top within the 

crown. Several equations are available for radiata pine. 

For example, when only over-bark diameter (D) is known: 

d = a+bD+cD2+dD3
 

where 

d = under-bark stem diameter (cm) 

D = over-bark stem diameter (cm) 

with coefficients: a=-0.644, b=1.0465, c=-4.428E-3, 

d=3.558E-5 
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COMPOSITE TAPER EQUATIONS 

Composite equations have been derived for some of the 

eucalyptus species planted in New Zealand. These 

equations are made up of one equation to predict the 

over-bark diameter and a second to predict under-bark 

diameter. The second equation can be expanded using the 

first to make a composite solution. That is (where the 

variables are as defined above): 

breakage equations have been developed to predict the 

probability of a stem breaking and the mean and standard 

deviation of the distribution of the ratio of first break 

height to height. This distribution is approximately normally 

distributed. For example, equation B1 for radiata pine 

throughout New Zealand assumes all trees break with an 

average break height of 66.84% of height and a standard 

deviation of 13.38% of height. Equation B4 for douglas fir 

predicts 68.9% of trees break on felling with an average 

D2=f(D 
 

1.4 ,H,x) break height of 74.5% of height and a standard deviation 

of 13.83% of height. 

d2=g(x,D2) 

so 

d2=g(x,f(D 

 
 
 

 
 
 

1.4 

 
 

,H,x)) 

Recent yield prediction systems, such as ATLAS Cruiser, 

allow for the extraction of stem pieces above the first 

break and are able to use breakage equations which 

predict if none, one or several breakages occur along the 

Conditioning forces D to equal D1.4 when x is at breast- 
height and an equation to predict the under-bark volume 

of any stem section is obtained by integrating the 

composite, without the need to retro-fit any compatibility 

constraints. Bark thickness is predicted as D – d. Examples 

of these equations are described by Gordon et al. (1999). 

Methol (2001) applied these composite equations on Pinus 

radiata  and Pseudotsuga  menziesii  data and found them to 

give reliable estimates of under-bark taper. 

The practice of using local equations applicable to a single 

species, site, age-class and silvicultural regime eliminates 

much of the variation in tree form that is related to these 

factors. For example, trees exposed to coastal wind on 

dune forests have distinctly higher form factors than those 

on more sheltered inland sites. With efficient sampling, 

local equations can be constructed quite rapidly, but 

managing the currency and applicability of a large suite of 

local equations is difficult. 

To allow for the situation where local equations are not 

available or where comparisons between sites and/or 

silviculture must be made, a composite 3-point equation 

has been developed based on stem height and over-bark 

diameters at breast height and at six metres above ground 

(D6). Where D6 has not been measured it can be predicted 

as a function of common stand and stem variables 

including prune height. The equation for radiata pine was 

developed for the Forest and Farm Plantation Management 

cooperative. 

Many different mathematical approaches have been 

explored to estimate taper and volume of individual trees, 

for example: the segmented polynomials (Max and 

Burkhart 1976), volume ratio (Tasissa et al. 1997), and 

variable-form (Newnham 1992) models. Both compatible 

polynomial and composite equations ensure that the 

volume and taper components are numerically consistent 

and that there is no discrepancy between the two. 

TREE BREAKAGE EQUATIONS 

Individual tree breakage during felling is very variable. 

Height is the most significant tree measurement related to 

the probability of a tree breaking and to the height of the 

first break. On average, radiata pine aged 25 to 30 years 

breaks at 67% of tree height (Fraser et al. 1997). 

To simulate the harvesting process and estimate log yield in 

tree modelling systems such as Marvl and StandPak, 

stem as well as the length of shatter associated with each 

break. 
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MODELLING AT 
THE STAND LEVEL 
G West – Forest Research, Rotorua 

INTRODUCTION 

The general business imperatives when investing in 
intensive plantation forestry, i.e. good decision making, 
timely management, and profitability, require the use of a 
technical modelling system that forecasts the outcome of 
numerous decisions and physical actions. Usually many 
decisions need to be made early in the tree crop’s life, and 
they can have major influences on yield, costs, and 
revenue. Typically these early decisions are: 

> Where should the forest be located? 

> What can I afford to pay for land? 

> What genotype should be planted? 

>  What management regime should be applied? 

To help answer these questions a modelling system needs 
to simulate the physical forestry process and provide 
information useful for economic analysis of alternative 
decisions, typically as discounted cash flows. Modelling 
systems used for this purpose in New Zealand are typically 
stand-based empirical (based on regressions fitted to data), 
deterministic (same answers for same inputs), and focus on 
economic outcomes (rather than biological or ecological 
outcomes). 

 

SCOPE 

Stand modelling systems address issues as they may occur 
on a typical hectare or individual stand basis. They do not 
consider the issues of the whole enterprise or forest estate, 
e.g. wood flow or cash flow constraints. Typically a forest is 
not "normal" i.e. having the same area in every age class 
up to rotation age. Therefore large forests require estate 
modelling systems to simulate when a stand is harvested 
relative to other stands, how it contributes to the log 
product mix in long-term sales, and the timing of costs and 
revenue. The optimum management regime in an estate 
analysis may differ from that in a stand-level analysis. 

At the other end of the scale are single-tree models. 
Information from single trees can be amalgamated into 
information at the single hectare or stand level, but to do 
so requires detailed knowledge of the characteristics of 
each tree (e.g. diameter, height, crown) and its relationship 
with neighbouring trees. Stand modelling systems fill a 
niche where individual tree information is not available or 
not required, and where decisions are being made at the 
stand rather the individual tree or estate level. 

 

FUNCTIONALITY 

Stand modelling systems can be developed to varying 
degrees of sophistication. The basic components of a 
system are: 

> growth models to project major stand variables (height, 

diameter, stocking) through time; 

> functions to convert these to stem volume; functions to 

estimate stem quality (branches, internodes, sweep, 

wood properties); and 

> processes to estimate log product outturn at harvest. 

Generally economic analysis follows, as a discounted cash 
flow, to allow for the impact of the timing of operations 
and the cost of capital. 

An example of a stand modelling system is Forest 
Research’s STANDPAK. This system is probably the most 
widely used in Australasia and has been in operation for 
more than 20 years. It has been through one major 
redesign (from mainframe to PC) and is due to be 
redesigned in the near future. Its major application has 
been in: 

> scheduling silvicultural operations; 

> yield table generation; and 

> regime evaluation. 

Functionality added to STANDPAK in recent years has been 
in modelling: carbon sequestration for carbon accounting, 
crown closure and root biomass for soil stability purposes, 
risk of wind damage, and wood age for wood property 
implications. 

Other examples of stand modelling systems are the Radiata 
Pine Calculator and the Douglas-fir Calculator produced for 
small growers. 

 

FUTURE SYSTEMS 

The next generation of stand modelling systems will need 
to deal with current and new issues that arise in the 
industry; namely, interactions between site, silviculture and 
genetics; clonal forestry; wood properties; within-stand 
variation; environmental impacts; and sustainability. 

This is likely to require a more diverse range of modelling 
approaches and methodologies. The pragmatic empirical 
approach is likely to be augmented by process or 
physiological modelling, potentially forming hybrid systems. 
Modelling within a spatial context is likely to be  
demanded, e.g. landscape modelling. A key feature will be 
the need for excellent integration between models and 
systems. The old adage that "all things in forestry are inter- 
connected" remains as true today as it was 20 years ago. 
There is a need to model the implications of stand 
management decisions right along the value chain to 
product performance. For example, a forester applying 
fertiliser may alter wood density that in turn influences 
beam stiffness. 

The huge increase in computing power and information 
storage will allow greater complexity to be modelled and a 
greater range of information to be provided for decision 
support. The challenge will be to maintain the momentum 
in model development and to provide a system that is 
comprehensive and robust but easy to use. 
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MODELLING AT 
THE ESTATE LEVEL 
B Manley – School of Forestry, Christchurch 

‘Forest estate model’ is the term used in New Zealand to 

describe models for planning the management of 

aggregates of forest stands; i.e. forest estates. The forest 

estate might consist of an individual forest or groups of 

forests. 

Stand-level models deal with an individual stand (or 

sometimes a notional single hectare) independent from all 

other stands. Where the forest estate comprises just one or 

a few stands, stand-level analysis is all that is required. 

Stands can be managed as independent units. 

However, in most forest estates, stands must be managed 

collectively to best meet the overall objectives of the forest 

owner. Typically there will be resource limitations; e.g. 

restrictions on the amount of cash, labour and machinery 

available. There will also be constraints on the outputs 

from the estate; e.g. the need to regulate the yield of the 

forest, the need to meet wood supply contracts, or the 

need to meet cashflow requirements. A forest estate 

modelling system is a framework for developing models of 

the whole estate. They are used to generate and evaluate 

management and investment strategies that best achieve 

the owner’s objectives while meeting constraints to 

management. 

MANAGEMENT OBJECTIVES 

All forest management is concerned with multiple 

objectives. However, the primary objective of plantation 

management is generally financial; e.g. to maximise NPV 

(net present value). Secondary objectives may include soil 

and water conservation, the sequestration of carbon, 

creation of employment, the provision of recreational 

opportunities, and the maintenance of biodiversity. These 

secondary objectives can be incorporated in the forest 

estate modelling process by limiting the practical 

alternatives to be evaluated or as constraints, or in the 

comparison of alternatives. 

STRUCTURE OF FOREST ESTATE MODELS 

Crop-type Concept 

The crop-type convention was developed in New Zealand 

to link stands with forest estates. It was developed at a 

time when the focus of forest estate modelling was on 

long-term yield regulation. The challenge was how to 

model forest estates without getting bogged down in 

detail. 

A crop-type is an aggregation of forest stands which may 

differ in age and time of harvest but are regarded as 

uniform with respect to silviculture, yield, costs and 

revenue. Compared with all the other stands in the same 

crop-type, an individual stand is assumed to: 

> be physically identical (in all material respects); 

> grow identically; 

> require (on a per hectare basis) the same investment of 

resources; and 

> give the same outputs if harvested at the same age. 

A crop-type is a group of stands that are similar in all 

material respects except for age. What is material will 

depend on the purpose of the analysis. For example, a very 

broad-scale national-level model might use a single crop- 

type to represent all plantations in New Zealand. 

Conversely, a detailed forest model might have a unique 

crop-type for each stand. 

The crop-type concept is therefore very flexible and allows 

the model builder to determine the appropriate level of 

aggregation for the particular application. Over the last 10 

years there has been a trend towards less aggregation 

coupled with an increasing emphasis on short-term 

planning. This has been enabled by the rapid increase in 

computer power. Typically a variable resolution approach is 

applied in which older stands are retained as unique crop- 

types but younger stands are combined into successively 

more aggregated crop-types. 

Modelling the Flow of Area Over Time 

Forest estate modelling systems all have the same basic 

structure – they model the flow of area over time. The 

initial forest estate is represented as the area in each age- 

class of each crop-type. During the next year some of the 

area in each age-class may be harvested. At the end of the 

year, the remaining unharvested area will be moved into 

the next older age-class. The harvested area may be 

replanted immediately (or with a regeneration lag) into the 

same crop-type or a different crop-type, or it may be left 

unplanted. These options are represented by the area 

being moved into the first age-class of the appropriate 

crop-type or being moved into "bare land". 

New-land planting is modelled by moving area from "bare 

land" into the first age-class of a crop-type. It is also 

possible to model alternative silvicultural regimes being 

applied to existing stands by transferring area from one 

crop-type into the same age-class of an alternative crop- 

type as shown in Figure 1. 

 

 
 

Figure 1: Flow of Area. 

Associated with the flow of area are resource flows for 

each year of the planning horizon. The area harvested each 

year is multiplied by the yield data for the appropriate 

crop-type and age-class to calculate the volume harvested 

along with associated costs and revenue. The area left 

unharvested each year is multiplied by any costs (plus 

revenues and yields associated with production thinning) 

incurred for the crop-type and age-class. The area 

replanted each year is multiplied by the reestablishment 

cost for the crop-type. The annual costs and revenues 

allow the net cashflow each year to be calculated. These 

can be discounted to give an NPV. 
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The decisions modelled include: 

> How much area to harvest each year from each crop- 

type and age-class? 

> How much area to replant and into which crop-type? 

> How much area of new land to plant and into which 

crop-type? 

> How much area to transfer into an alternative crop- 

type? 

In all estate modelling systems the user specifies the scope 

of a model including: 

> the number of years the model is to be run for (i.e. the 

planning horizon); 

> the minimum clearfell age for each crop-type; and 

> the replanting and transfer options to be evaluated. 

In the case of a simulator the user specifies the decisions 

explicitly (e.g. "in 2007 harvest 30 ha from age-class 29 of 

crop-type HiPrune") or chooses a rule to be applied (e.g. 

"harvest the oldest age-class first", "harvest the least 

productive area first"). The modelling system applies these 

decisions and rules and reports the consequences in terms 

of future resource flows including woodflow and cashflow. 

In the case of an optimiser the user specifies the objective 

and constraints and the modelling system finds the 

sequence of decisions that maximises (or minimises) the 

objective while meeting the specified constraints. The 

modelling system then applies this optimal set of decisions 

and calculates the future resource flows associated with it. 

Data Inputs 

Estate models provide a framework for forest description. 

The model is initialised with a description of the current 

resource (area by age-class for each crop-type). A yield 

table giving volumes (m3/ha) by log grade and total 

recoverable volume by age is provided for each crop-type. 

Information about production thinning yields must also be 

provided. For financial evaluations, cost and revenue data 

(log prices, harvesting costs, silvicultural costs, 

administration costs) are also required. 

APPLICATIONS OF FOREST ESTATE 

MODELLING  SYSTEMS 

Yield Regulation 

Determining the volume to harvest each year is a routine 

application. Classical yield regulation focused on achieving 

the forest structure that would provide a constant harvest 

volume over time – i.e. a "normal" forest which had equal 

areas in each age class and a constant area (and volume) 

harvested each year. 

Yield regulation in New Zealand (and many other  

countries) has been less concerned with achieving a normal 

forest structure than with smoothing the annual harvest 

volume over time. As pointed out by Clutter et al. (1983) 

"we do not believe a static balance forest constitutes a  

very reasonable goal for today’s forest manager and, 

instead, contend that the real role of the manager is the 

intelligent  management  of  imbalanced  forest  structures". 

Although the normal forest is rarely used in New Zealand 

as a target for yield regulation, it has been used as a 

comparative measure by NZ Forest Products and Carter 

Holt Harvey Forests using the measures developed by 

Allison (1985). Allison suggested that "Instead of 

comparing a  forest with the normal forest it ought to be 

like in the future, we can find the one it is actually like 

now". For any forest age-class distribution there is one 

normal forest that can be achieved by cutting a constant 

harvest volume in perpetuity. This is the equivalent normal 

forest (ENF). This normal forest is not a target forest. 

Rather it provides a benchmark for the maturity and mass 

of the actual forest. ENF rotation and ENF volume provide 

measures of forest maturity and mass that are alternatives 

to the traditional measures used – average stand age and 

total growing-stock volume. 

A common goal of yield regulation has been non-declining 

yield; i.e. the volume harvested each year can be no less 

than (but can be more than) the volume harvested in the 

previous year. With an expanding estate, the question has 

been how to increase from the current harvest level to the 

long-run sustainable yield of the estate for a target rotation 

age. Often non-declining yield constraints are also applied 

to the volume of different log grades or aggregations of 

grades. 

Strictly adhering to a non-declining yield can impose an 

opportunity cost if the forest has an imbalanced or narrow 

age-class distribution. There has been a recent trend for 

some companies to apply less rigid constraints than non- 

declining yield; e.g. to allow the harvest to fluctuate up or 

down from year to year within specified limits. These 

companies are attempting to harvest stands as close as 

possible to the optimum economic rotation without 

creating impractical fluctuations. Some companies have 

also changed their view on what the optimum rotation age 

is and are reducing harvest volumes in order to increase 

forest maturity. 

Log Allocation 

A trend in estate modelling has been towards greater 

consideration of the current and future demand of log 

products by the wood-using industry. Whereas the 

simulators essentially stop at the forest gate, optimisers 

allow the explicit modelling of the allocation of logs from 

forests to market. Demand by log grade, together with a 

unique price, can be specified for individual processing 

plants. The relative transportation costs between different 

forests and markets are included in such applications. 

Evaluation of Management and Investment 

Alternatives 

There are many alternative ways to manage a forest estate. 

Common questions that forest estate models help to 

address are: 

> Should new land be bought for afforestation? 

> Which species should be planted? 

> Which silvicultural regimes should be implemented? 

> What volume of wood should be harvested? 

> Should land be replanted after harvest? 

These applications are an extension of yield regulation in 

which management and investment alternatives are 

developed and evaluated. Invariably there are trade-offs 

between different alternatives; e.g. increasing net cashflow 

in the short-term by reducing the intensity of silviculture 

will generally lead to a reduction in net cashflow in the 

long-term. Forest estate modelling systems allow these 

trade-offs to be highlighted. 

Forest Valuation 

The expectation value approach to forest valuation involves 

the discounting of future cashflows. Commonly, forest 

estate models provide the framework to generate future 

cashflow. The NZIF Forest Valuation Standards state that in 

applying this approach "There needs to be an underlying 

management and harvesting strategy which is realistic for 

the forest being valued. This strategy should reflect what 

an  "economically  rational"  owner  would  do,  taking  into 

account  wood  supply  commitments  and  logistical, 

marketing,  social,  political  and  environmental  factors". 
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FOREST ESTATE MODELLING SYSTEMS IN 

CURRENT USE IN NEW ZEALAND 

RMS2020 

This system is the culmination of a long line of Resource 

Maturity and General Management Simulators developed 

by NZ Forest Products and subsequently Carter Holt Harvey. 

IFS 

The Interactive Forest Simulator was developed by Oscar 

Garcia at the Forest Research Institute (Garcia 1981). 

FOLPI 

The FOLPI ("Forestry-Orientated Linear Programming 

Interpreter") optimiser was developed by Oscar Garcia at 

the Forest Research Institute to complement IFS (Garcia 

1984). 

AEM 

The Agroforestry Estate Model was developed by Leith 

Knowles at FRI. It is a specialist system for evaluating 

forestry on farms (Knowles 1994). 

Woodstock/Spatial Woodstock 

Woodstock was developed by Remsoft of Canada and 

includes both a simulator and an optimiser. The compatible 

Spatial Woodstock allows viewing of maps of plans as well 

as the incorporation of spatial detail into Woodstock 

models. In the Woodstock estate modelling system a crop- 

type is represented as a development type. 

Many companies and consulting groups have also 

developed in-house models for tactical planning and short- 

term sales and operational planning; e.g.Rayonier has 

developed the MEM (Medium-term Estate Model) 

optimiser. The focus of the short-term models is 

determining which stands (or harvesting units) should be 

harvested each month/quarter/year. As the planning 

horizon shortens, the models become more detailed. Some 

models consider harvest crew assignment and cross-cutting 

strategy selection. 

CONCLUSIONS 

Forest estate modelling systems are used routinely to 

develop and evaluate alternative ways of managing a 

forest estate. They provide a framework in which to 

analyse management alternatives for a total estate. 

Consequently they ensure that stands are not managed as 

independent units – rather that they are managed 

collectively in order to best achieve the forest owner’s 

objectives while meeting forest-wide resource limitations 

and supply commitments. 
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HARVEST 
PLANNING 
R Leaming – Harvestpro New Zealand Ltd, 

Silverdale 

Harvest planning is the process of planning the harvest of a 

tree crop from the stump to the product destination. It 

involves looking at all the components of harvesting, 

engineering and transport to ensure the optimum result. 

The function of the harvest planning process is to ensure 

that returns to forest owners are maximised within the 

constraints of environmental sustainability and health and 

safety objectives. 

PLANNING HORIZON 

Harvest planning broadly includes two main functions – 

strategic planning and tactical planning. 

Strategic planning has a longer-term horizon, which 

involves making changes to future harvesting schedules 

(usually generated from a forest estate model) that are 

required for practical considerations. These are made at a 

greater level of detail than is utilised in the estate- 

modelling process. They involve consideration of the 

location of main infrastructural routes accessing a forest, 

logging system and manpower capacity requirements, cost 

of access, and that the overall pattern of operations makes 

economic and environmental sense. 

Tactical planning is the preparation of the detailed 

harvesting and engineering plan which involves the 

selection of the logging system and infrastructure 

specification and location. It involves a combination of 

office planning, field checking and further analysis. 

INFORMATION 

The planner must have access to good information in order 

to derive the optimum plan. It will include: 

> Aerial photography used to identify physical features. 

> Contour information at an appropriate scale and 

interval. This is typically at a scale of 1:5,000 with 5- 

metre contour intervals (on very steep topography 10- 

metre intervals). 

> Mapping of features such as native bush, streams, slips, 

historic sites, existing infrastructure, hazards, trigs, legal 

ownership boundaries and utilities (power, telephone, 

underground pipes and cables). 

> Soil types and their characteristics. 

> Stand or crop type boundaries. 

> Inventory data including total recoverable volume, 

stocking, piece-size and volume outturn by log grade. 

> Any particular considerations for flora and fauna. 

> A thorough understanding of the engineering, 

harvesting, transport and forestry costs, and log-grade 

revenue. 

Much of this information, if not available, must be sourced, 

researched or obtained in the field. 

 
 

ENVIRONMENTAL AND SAFETY 

CONSIDERATIONS 

The planner looks at the environmental values associated 

with the site and chooses a harvest system which will 

ensure an environmentally acceptable outcome. The 

Resource Management Act in New Zealand requires 

Regional Councils to produce regional plans setting out the 

activities that require a resource consent. These activities 

generally relate to scale of earthworks, stream-bed 

disturbance (culverts) or vegetation removal within stream- 

side areas. Where a resource consent is required an 

application must be made. This includes an assessment of 

the environmental effects of the proposal and a record of 

consultation with affected parties. Depending on the scale 

and impact of the activity the application may be publicly 

advertised. This process can take some time, which must 

be allowed for. The Historic Places Act specifies the actions 

associated with any historic sites within the harvest area. 

The tactical harvest plan can influence the safety aspects of 

the operation and the planner must ensure these are 

considered and addressed as required by the Health and 

Safety in Employment Act 1992. This requires hazards to 

be identified, assessed, and managed by eliminating, 

isolating or minimising them. The planner needs to 

consider items such as tree lean, landing size (sufficient for 

log run-out and truck loading), loose debris and rocks, and 

roads built to an adequate standard. 

SYSTEM SELECTION 

The siting of roads and landings and selection of harvest 

system are some of the more important decisions facing 

the harvest planner. This selection involves analysis of the 

optimum (minimal) total cost of the combination of 

harvesting system costs and the engineering costs (roads 

and landings including maintenance). There is a trade-off 

between the cost of roads and landings and the haul 

distance and consequent cost of log extraction. Add 

considerations of a wide mix of machinery, different 

harvest system productivities and value recovery variables, 

and the selection of the best harvest system can be 

difficult. In most cases a number of different harvest 

system and infrastructure options will be analysed in 

determining the final selection. Harvest system production 

estimates are vital in determining costs and are sourced 

from experience (analysing historic data) and work study 

data. 

PLANNING TOOLS AND PROCESSES 

A range of tools is available to assist in choosing the best 

system, especially for cable-hauling systems. Logger PC and 

Softree software has historically been used to run profiles 

of topography and extraction cables and check payloads. 

Planex is software designed to assist in the optimising of 

road and landing location used in Chile. A recent 

development made possible by advances in technology has 

been Cyanz ("cable-yarding analysis"), which has been 

accepted internationally. This software uses contour data 

straight from shape files (GIS data) avoiding the need for 

manual entry. Cyanz as a fully interactive tool will optimise 

multiple profiles in a setting, producing a colour-coded 

map of payload distribution throughout the setting. This 

allows the comparison of setting payloads to be easily 

made, enabling a greater level of analysis to be 

undertaken. It also includes three-dimensional viewing of 

the project. Roadeng software will identify the exact road 

location and enables the designer to understand the trade- 

off between grade, curve radius and earthworks volume. 

However, even with new technology, the value of an 
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experienced forest engineer and harvesting contractor 

walking the block in detail must not be under-estimated. 

Physical features not represented in contour or other 

information are often identified during field verification of 

the plan. The best harvest plan is the result of a team 

effort involving harvest planners, engineers, environmental 

experts, archaeologists and harvesting and engineering 

contractors. 

IMPLEMENTATION 

When a final harvest plan is determined it must be well 

documented to ensure all the required detail of methods, 

outcomes and constraints is clearly communicated to all 

involved in implementing the plan. Forest harvesting is 

carried out in a dynamic environment. Market changes, 

changes in weather, environmental events, and changing 

objectives influence the operating environment. Often a 

certain level of flexibility has to be built into a plan to allow 

for this. It is important for the planner to take account of 

possible changes in the operating environment and to have 

in place a formal procedure to handle changes to a harvest 

plan. Monitoring of the implementation and outcome of 

the plan are important to achieving continued 

improvement of planning skills and methods. The harvest 

plan is a key determinant of the value recovered during 

harvesting. 
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HARVEST ROADING 
S Dyne – Carter Holt Harvey Forests Ltd, Albany 

HARVEST ROAD PLANNING 

Harvest road planning involves looking at all components  

of the harvesting and transport system to ensure the 

lowest total cost of getting logs to the forest gate and 

beyond, while still meeting all health and safety and 

environmental requirements. There is always a trade-off on 

the cost of building roads and landings against the haul 

distance and ease of harvesting. Consider factors like 

felling method, soils, timing of harvest and one starts to 

have a relatively large equation to solve. Future forestry 

operations must also be considered during harvest road 

planning as the productivity of soils in subsequent rotations 

can be affected by soil displacement, erosion and 

compaction. 

An effective harvest roading plan depends on good 

information. The need for information will depend 

somewhat on the size and difficulty of the block involved. 

It may include, but is not restricted to: 

> Inventory data including total recoverable volume, 

stocking, piece-size and volume by log grade. These 

data will provide input into harvesting cost models and 

a distribution plan. 

> Aerial photography to identify physical features, 

streams, native riparian areas, slips and other points of 

interest. Orthophotography (digital aerial photography 

that is accurate for scale) is the best, and most district 

councils now have this product. 

> Contour information at a scale of 10 metres or better 

to enable hauler payload analysis. Most large 

companies have this within their Geographic 

Information Systems (GIS) while smaller landowners can 

purchase the data if required. Contour information is of 

most use in broken country or where marginal ground- 

based vs hauler decisions are being made. 

> Flora and fauna, soils, historic or archaeological sites 

and other important environmental information. These 

may have an impact on the roading or harvesting 

method. 

Technology is now available that will assist in the ease of 

data capture during field work. This includes global 

positioning systems, laser, and sonic devices for measuring 

distances and grades, and handheld computers that will 

directly capture all the data inputs. Traditional aids such as 

a hip chain, compass, waterproof pad and clinometer are 

still useful and will always work no matter what the 

weather, battery life or how many satellites are in the sky. 

The range of tools around to assist in the basic logging 

layout has improved over the years. LOGGERPC is still 

commonly used to run profiles and check payloads for 

haulers but a new tool called CYANZ Cable Yarder 

(www.cyanz.com) uses contour data from a GIS system 

and avoids the need for manually entering data. CYANZ 

uses the contour data to create a profile of the terrain 

which allows logging systems and hauler type to be 

modelled and easily changed. The concept of using digital 

terrain models and optimising software to calculate the 

location of new roads is becoming more common in the 

civil roading industry and will no doubt soon be used in 

forestry. 

After the basic infrastructure locations are confirmed the 

roads need to be laid out ready for roadline salvage 

harvesting and construction. Computer software is now 

used to assist in the design of the exact road location. 

RoadEng is the most commonly used tool available in New 

Zealand. RoadEng helps the planner to understand the 

trade-off between grade, curve radius and earth works 

volume and has the power to do much more. 

The need to use software packages really depends on the 

scale and difficulty of the project involved. RoadEng will 

not add much value when roading along a flat ridge or 

rocky plain, but if faced with a difficult alignment it 

becomes very useful. A responsible engineer will know 

what is available, what is appropriate to use in a given 

case, and then act accordingly. 

Even with new technology the value of an experienced 

engineer, planner and harvesting contractor walking over 

the block must not be ignored. Based on their experience, 

they can avoid making mistakes and can identify physical 

features not represented in contour or other information. 

SUPERSKID AND CPY DESIGN 

The use of superskids or central processing yards (CPYs) 

has become more common since the early 1990s. These 

are sites where full stems are brought from multiple 

harvesting crews to a central location for processing into 

logs. 

The design of superskids and CPYs is a complex topic. The 

heavy and concentrated loadings presented by off-highway 

trucks and wheeled loaders are more comparable to the 
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situation seen at ports and airports than on normal forest 

roads. Most structures require large capital input and 

consideration needs to be given to waste disposal and the 

working conditions during hot summer days. Layout of the 

skid can significantly affect productivity. When considering 

a project of this nature a suitably qualified engineer is 

recommended. 

STREAM CROSSINGS 

Stream crossings are often required in the course of forest 

roading. Some crossings are needed for only a few weeks 

to access small volumes of wood, while others on arterial 

roads remain for many years. 

The most common small stream crossing is still the culvert. 

Culverts are cheap and easy to install and normally perform 

reliably for many years. Design guidelines taking into 

account factors like catchment size, fish passage, 

topography, climate and soils are normally used to 

determine the size of the culvert. For larger crossings the 

historic use of concrete or open fords is gradually changing 

to the use of battery crossings and bridges as local and 

regional authorities require them. 

Bridges are expensive capital items usually costing $5,000 – 

$10,000 per lineal metre for permanent installations. The 

design is in the domain of a registered structural engineer. 

There is however potential to spread the cost of temporary 

bridges over many uses. Where fewer then 50 hectares of 

wood is planned for harvest in a short time frame and a 

stream crossing is required, a temporary bridge may be the 

best solution (Figure 1). 

 

 
 

Figure 1: Temporary Bridge in Waihou Forest. 

Most temporary bridges can be installed with a standard 

excavator, taking care to avoid damaging the stream. 

Modular steel, pre-stressed concrete, stress laminated 

timber deck, glulam beam, shipping container bases and 

log stringers are all options for bridge construction. It is 

important to know the load capacity of the bridge 

especially when transporting haulers into the forest 

because an over-stressed bridge is very dangerous. 

Where streams are too wide to cross with a temporary 

bridge, or a more permanent structure is required, a  

battery crossing is often the cheapest option. This involves 

using multiple pipes or box culverts locked into place with 

rock and concrete (Figure 2). They are normally designed to 

be over-topped during floods with debris and boulders 

washing over without damming the stream or destroying 

the structure. 

 

 
Figure 2: Battery Crossing in Pipiwai Forest. 

 

EARTHWORKS 

Earthworks involve the moving and shaping of soil to 

provide a stable base for construction of roads and 

landings. In a forestry situation all tree stumps, vegetation 

and organic soil must be removed. Organic soils and 

vegetation will not compact and can degrade over time 

causing road failure. Stumps in particular must be placed in 

a safe and stable position to avoid endangering harvesting 

and forestry personnel in subsequent operations. 

Machinery used in road construction depends largely on 

the topography and environmental conditions. Bulldozers 

of the D7 and D8 size have been the standard equipment 

used over time but more use is now made of excavators. 

Excavators are versatile machines and excel in steep or 

sensitive conditions where end-haul construction is 

required. Excavators also have the advantage of being 

useful in road maintenance, quarrying, and culvert 

installation. They can be re-deployed in off-site civil 

engineering work in those regions with restricted 

earthwork seasons. 

During earthworks the under-road culvert and drainage 

structures are normally installed. These are important in 

avoiding erosion of the road and guidelines for spacing 

based on soils and grades should be followed. Experienced 

engineers will place the culverts where they will not be 

damaged by trucks tracking on corners. 

Some important things to watch for when completing 

earthworks are good compaction of fills, reduced grades 

on tight corners and adequate width to allow a pavement. 

Crossfall, which is the side slope of the road, is also very 

important to ensure good drainage and reduced 

maintenance cost. This is often a compromise as truckers 

prefer flat roads while the engineer wants a minimum fall 

of 4% to either side of the centre line. 

In many areas the stabilisation of earthworks and sediment 

control after construction is required under environmental 

guidelines. Publications like the Auckland Regional Council 

TP90 among others require the use of sediment retention 

structures, grass seeding of batters and rock lining of water 

tables. Good construction practice will help maintain the 

land and waterways for future generations. 

ROAD  CLASSIFICATION 

Forestry roads are often categorised by their service 

function. There is good logic behind this. For the same 

reason one’s driveway is built to a different standard from 

one’s local street and the highway nearby, different types  

of forestry roads have different requirements and 

construction standards. Terminology is documented in the 

Best  Practice  Guidelines  for  Road  and  Landing  Construction 

(Forest Industries Training 2000) and is shown in Figure 3. 

While there is considerable variation in roading standards 

across New Zealand, in general terms, as one moves from  

a spur road to an arterial road, the traffic volumes and 

construction standards increase. 
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Figure 3: Road Classification. 

 

PAVEMENT AND DESIGN 

The pavement of a road is important in providing a safe 

and durable travelling surface while distributing wheel 

loads on the subgrade below (see Figure 4). There is often 

a trade-off in design between the costs of road 

construction and the future costs of road maintenance. 

The components of a road pavement are detailed in the 

LIRO Forest Roading Manual (LIROFRM). 
 

 
Figure 4: Spreading of Wheel Load by a Pavement. 

In designing a pavement one needs to consider a number 

of factors such as subgrade strength, climate, traffic 

loading, pavement material properties and risk of failure. 

Most of these factors are relatively easy to measure. 

Subgrade strength can be determined using laboratory 

tests, previous experience or simple tools like the Scala 

penetrometer. This will assist in calculating the California 

Bearing Ratio (CBR) which is often a key input into 

pavement thickness calculations. Remember that sub-grade 

strength will change during the year, so if the CBR is 

measured in summer but logging is undertaken in winter, 

then the pavement thickness design will be inadequate. 

Some good judgment based on experience and the timing 

of logging will be required to ensure that an appropriate 

value for CBR is achieved when determining pavement 

thickness. 

Traffic loading can be calculated from harvest area and 

inventory information. These will determine the number of 

trucks per road over time. The damaging effect of trucks is 

often measured in equivalent single axles (ESAs) and can 

be calculated based on different truck configurations. 

Pavement metal properties can be calculated from a 

laboratory test or by asking a local quarry with similar 

material. 

The risk one is willing to take depends on the consequence 

of failure, time of year, and availability of machinery for 

repair. 

Once some basic information is known pavement design 

tables can then be used to calculate an appropriate 

pavement depth. There are also a number of computer 

programmes available that can assist. The most common is 

CIRCLY, but a simple program from the US Forest Service 

called Surface Thickness Program (STP) is being used more. 

The pavement of a road is often the most expensive 

component and proper design can save a lot of money. 

Reclaiming of pavement materials is a cost-effective 

practice in many forest areas. Most harvesting spur roads 

 

are used for only a short period and after harvesting they 

will require only a thin pavement for future silviculture and 

fire protection activity. An excavator and truck or motor 

scraper can be used to recover the metal for use 

elsewhere. 

STABILISATION 

The use of stabilisation, geotextiles and corduroy are all 

techniques that can be used to improve road strength, but 

each is based on quite different technologies. Extensive 

literature is available on all these methods and only a brief 

summary is given. 

Stabilisation usually involves the mixing of chemical 

concentrates that react or bind with the soil or aggregate 

to increase strength. This allows a reduction in pavement 

depth. The most common agents are lime, cement and 

bitumen. Microbe-based binders are also being trialed 

along with waste products from various processing plants. 

The use of stabilisation is normally restricted to where high 

aggregate costs exist or low maintenance is required. 

Stabilisation can also be cheaper and faster than digging 

out a problem area where localised failure occurs. Soil 

testing should be done before considering any stabilisation 

treatment so that the proper mix proportions can be 

determined. 

Geotextiles are normally categorised into geomembranes, 

geotextiles and geogrids. Geomembranes are restricted to 

lining fire ponds used in forestry. Geotextiles are useful for 

providing a separation layer between roading materials or 

strengthening banks through reinforcement. Geogrids will 

lock pavement material and spread the load into the 

subgrade allowing a reduction in pavement depth (see 

Figure 5). 
 

 
Figure 5: Pavement Design Curves Based on Sub-grade Strength. 

Geogrids are easy to lay by hand and do not require any 

specialised equipment. Some products are available which 

combine the benefits of geotextiles and geogrids. As with 

stabilisation, the economics compared to using local 

products should be considered before use. 

Corduroy is a valuable alternative to geotextiles or 

stabilisation. Corduroy involves laying a mat of brush or 

logs on top of the subgrade before spreading aggregate to 

form the road or landing. This technique has been used for 

hundreds of years and still remains an effective solution 

where soft soils exist. Pulp logs in some areas are worthless 

and provide an excellent source of corduroy material. In 

wet areas corduroy is often used on the landing to reduce 

mud and help support the excavators. Localised repairs 

made using corduroy are fast and very reliable when a 

source of logs exists. In some areas woodchip, post 

peelings, mill slabs or other products can be used for short 

term road access. 

MAINTENANCE 

Road maintenance is a significant expense in forestry 

operations. The cost should not be ignored because 

building cheap roads can hide the overall cost of roading if 

high maintenance costs follow. 
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All road pavements deteriorate over time, but the rate at 

which deterioration occurs can be reduced by good 

maintenance and use of the correct aggregate. The two 

main types of maintenance are pre-emptive and on- 

demand. Pre-emptive maintenance involves scheduled 

maintenance to prevent any major defects from appearing. 

On-demand maintenance involves addressing the defects 

as they occur. There are pros and cons for each but as a 

general rule major roads should receive pre-emptive 

maintenance while lower-grade roads can be maintained 

on demand. Rather than just grading every few weeks on 

main haul roads there are tools such as OPTIGRADE that 

will help determine when intervention is required. This 

"educated" pre-emptive maintenance combined with 

identifying and grading only areas that actually require 

treatment can save a lot of money over time. Methods of 

dealing with common maintenance issues are covered in 

the LIROFRM. 

Work in Australia and New Zealand has shown the benefit 

of properly specified wearing-course material. A wearing 

course is the aggregate used for the top layer on the 

higher volume roads. In a forestry situation local materials 

are usually used but some blending of products or 

importation of higher quality aggregate has the ability to 

significantly reduce overall maintenance costs. By 

maintaining a well bound wearing course you can protect 

the underlying basecourse of the road and keep the 

structural integrity. All roads lose metal over time with the 

action of traffic and some re-metalling will always be 

required. The Unsealed Roads Manual (ARRB 2000) is an 

excellent reference for material specifications and other 

general information. 

Sealed road maintenance is an issue with some of the 

larger forest owners. It is unlikely (given the fragmented 

nature of the developing forest resource) that many new 

sealed roads will be constructed owing to the high capital 

costs. Monitoring and maintenance of sealed roads is 

important because once a problem develops it can be very 

expensive to fix. 

Vegetation control is an easy way to reduce maintenance 

costs while improving safety through improved sight 

distance. The more a road is exposed to sun and wind the 

faster it will dry out. Road strength generally increases as 

moisture content decreases so it helps to keep things dry 

on the main haul roads. Daylighting roads is the process of 

removing trees parallel to the road and is an easy way to 

improve high-maintenance roads that are always wet and 

shaded. 

ASSET MANAGEMENT 

Roading infrastructure can be a large capital asset. For 

some larger forest companies and also local bodies an 

asset management database can be a useful tool. This will 

help keep track of the costs and location of work and also 

facilitate periodic inspection of major structures and any 

repairs required. Structure inspections are very important 

because human life will be at risk if failure occurs. 

Many of the larger engineering roading and consulting 

companies offer road management systems and they can 

also be bought off the shelf from overseas forestry 

companies. The use of asset management systems is now 

common for local bodies and Transit. 

CONCLUSION 

Harvest road planning and engineering are essential parts 

of the forestry cycle. As the national harvest moves into 

more difficult country the engineering infrastructure will 

become more important. Well planned infrastructure can 

reduce the total costs of forest harvesting and transport. 

The use of computer tools combined with experience can 

ensure that cost effective solutions are found to forest 

access problems without compromising safety or the 

environment. Technology is helping improve engineering 

performance but the basics of forest roading still remain 

the same. 

A large proportion of the increased national harvest 

volume is in places like the East Coast and Northland 

where steep country and clay soils make roading difficult. 

Faced with an increased awareness of total access cost and 

the pressures of environmental performance, forest 

engineers have to be more innovative than before. New 

technology and practices from the military and civil 

industry overseas are now being more readily accepted in 

the forest industry. 

Forest engineering doesn’t finish when the road is 

constructed. There is still maintenance of the roads before, 

during, and after harvesting. These costs can be large if the 

roads are not constructed well in the first instance. Good 

pavement design and water control combined with 

adequate crossfall can significantly reduce maintenance 

costs. 
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HARVESTING 
SYSTEMS AND 
METHODS 
A C Riddle – Logging Industry Research 

Organisation, Rotorua (1995) 

R N O’Reilly – School of Forestry, University of 

Canterbury (2004) 

HARVESTING  OPERATIONS 

Harvesting operations consist of a series of work elements 

that are carried out in the production of primary products 

to supply the raw material for downstream operations. The 

components of the harvesting operation are a combination 

of people and machines that achieve some or all of the 

following tasks: planning, felling, delimbing, extraction, 

log-making, fleeting, loading and transportation. These 

tasks may not necessarily be in that order, and successive 

tasks may or may not be in phase with each other. Control 

and coordination of these tasks is an inherent part of the 

efficient harvesting operation. 

> Planning encompasses operation design with 

consideration given to the crop and terrain, 

environmental, safety and market demands. 

> Felling is undertaken by workers with chainsaws (motor- 

manual) or by a variety of mechanical harvesters. Some 

of these may bunch stems to make the accumulation of 

loads by extraction machines an easier task. 

> Delimbing may be achieved at stump or landing by 

motor-manual means or by mechanical means ranging 

from tree processors, to static delimbers through which 

machines pull trees, to the simple expedient of skidders 

running up and down on top of logs to reduce the 

effort required for manual delimbing. Delimbing may 

also be carried out at centralised processing yards 

(superskids), and even, in some parts of the world, at 

the final utilisation plant. 

> Extraction (moving logs from stump to landing for 

further processing) may be achieved by tracked or 

wheeled skidders (which use winches or grapples), 

cable hauling systems, forwarders, horses, gravity, or 

helicopters. Overseas, balloons have been used 

operationally to extract logs on mountainous terrain. 

> Log-making involves measuring, marking and cutting 

tree lengths to produce a range of log types to 

customer specifications. This is achieved through motor- 

manual and mechanised methods, and may be done at 

the stump, landing, central processing yards or 

utilisation plant. 

> Fleeting is sorting the cut logs into stacks ready for 

loading and is usually achieved using wheeled or 

excavator-based loaders. With limited sorts or small 

jobs, forwarders or self-loading trucks can achieve this 

task. 

> Loading is usually achieved with the same machine that 

fleets although in some operations self-loading trucks 

are used. 

> Transportation in New Zealand is usually by truck 

although railways, barging and cableways are also used. 

Control of the rate of wood production and supply is 

critical in New Zealand. The volume of logs stored as 

inventory is low compared with northern hemisphere 

operations, resulting in a very dynamic wood supply 

situation. Meeting a fluctuating demand with a variable 

output rate requires sound long- and short-term planning, 

accurate recording systems and well-developed 

communication systems. 

HARVESTING SYSTEMS 

A system comprises a group of elements that are 

interrelated and jointly contribute to some common 

objective. Further, each system may be regarded as part of 

a larger system. In forestry, harvesting systems are normally 

classified into one of three types. A ground-based system 

may use skidders, crawler tractors, forwarders (which carry 

the wood), animal power or gravity to extract the wood to 

the roadside. A cable harvesting system uses a combination 

of wire rope and winches to pull logs to a stationary  

hauler, also called a yarder. An aerial system employs 

helicopters or balloons to provide lift to extract wood from 

steep terrain. 

HARVESTING METHODS 

Within the system concept we should also look at logging 

method, which is the form in which the wood is extracted. 

Some common examples are as follows: 

> Full Tree – Fell and take full tree to landing. This leaves 

a clean site for replanting but causes nutrient depletion 

of the site, and the landing becomes choked with slash. 

The method is unavoidable in some hauler operations 

where motor-manual delimbing on steep slopes is too 

dangerous. 

> Tree Length – Fell, limb and top at stump, tree-length 

to landing. This is common practice in New Zealand but 

may lead to a need for site preparation before planting 

to reduce, remove or crush slash. 

> Shortwood – Fell, limb and log-make at stump. This 

produces a large number of pieces to extract so is more 

likely to be used with forwarder operations. Stems may 

be random lengths or cut to standard lengths before 

extraction. 

> Another two methods sometimes used overseas are 

total tree (the stump and some roots are removed with 

the tree where disease may be a problem), and in- 

woods chipping (where the product that leaves the 

forest is chips for mill processing, produced by mobile 

chippers). 

> A recent trend on steep terrain in New Zealand is the 

use of stem trucks to transport either full trees or tree- 

length logs from the primary landing to a centrally- 

located processing site (superskid). The advantages of 

this approach are that it reduces the size of the primary 

landings, increases the volume recovered, provides a 

safer environment for further processing, and allows for 

more accurate value recovery. 

The result of having such alternatives for the different 

components is an endless number of possible systems 

performing under a variety of cost, production and 

environmental conditions. The multiple objectives of each 

harvesting operation will form the basis for the design of 

the harvesting system. 

Descriptions of a few New Zealand contract logging 

operations follow to illustrate some of the many combinations 

of people and machines that make a logging system. 
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Example 1 A standard ground-based crew was engaged in 

clear felling 27-year-old radiata pine of average piece size 

of 2.8 m3 at 210 stems per hectare. The terrain was rolling 

with good access for a wheeled skidder. Average haul 

distance to landings was 285 m. The system comprised  

one rubber-tyred skidder with winch and operator, one 

wheeled loader and operator. Two men were felling trees 

and trimming at stump and the skidder alternated  

between them. At the landing another three men 

completed trimming and log-making. The loader then 

fleeted logs into stacks, loaded trucks and kept the skid 

surface free of slash to assist workers. This crew produced 

270 m3 per day. 

Example 2 In a similar situation a second crew used a  

large grapple skidder and a loader. Three to four fallers 

felled and trimmed 500 m3 per day. For safety and 

productivity reasons this operation was dephased by using 

several landings around the block being cut. The grapple 

skidder filled an empty landing by laying out the full tree 

lengths right across it, then moved to the next landing. The 

log-making team of 3 to 4 skiddies then moved in and 

after completing their work made way for a loader to fleet 

the logs. In this situation a separate contract existed for 

truck loading. 

Example 3 A mechanised production-thinning operation 

used a Waratah harvester mounted on a 24 tonne 

excavator and an 8 tonne forwarder to thin 17-year-old 

trees from 580 to 240 trees per hectare. The Waratah 

harvester felled, delimbed and cut to 5 to 6 metre lengths 

removing, travelling along and working from every 5th row 

of trees. Slash and heads were dropped where possible in 

this row in front of the excavator and logs were placed to 

one side. This formed a track for the forwarder, thus 

reducing compaction damage to the soil and bark damage 

to the remaining crop. Average piece size was 0.48 m3 and 

the harvester selected, felled and processed 60 trees per 

productive machine hour (29 m3/PMH). With an average 

haul distance of 200 m the forwarder handled 22.6 

m3/PMH in 11 tonne loads hauling to landings and forming 

stacks. 

Example 4 Before harvesting, forest tracks must be 

upgraded by widening and metalling. The part of this 

process where a strip of trees is harvested from each side 

of a road to facilitate road widening and drying is called 

roadlining. The roadlining operation studied used a 40 

tonne excavator and crew. Two men felled, delimbed and 

cut trees into log lengths at stump which the excavator 

then moved to the roadside in one or more swings (shovel 

logging) and fleeted into stacks. To save unnecessary delays 

all truck loading was restricted to two days per fortnight. 

At the stacks a third faller was necessary to remove any 

remaining branches or stubs from logs, check log quality 

and mark the large end of all logs. One of the reasons for 

this trial was to see if the one machine could log, remove 

stumps and reform the wider road. Mean production over  

6 months was 133 tonnes per day. 

Example 5 A Madill 171 hauler was operating in steep 

country in Mohaka forest. The 269 trees per hectare were 

38 m high at 29 years old and averaged 2.25 m3 in size. 

Two fallers laid trees across the contour to make skidding 

easier. The Madill, running a North Bend skyline rigging 

system and using a mobile back anchor, hauled 31 m3 per 

scheduled machine hour. Two 8 m wire strops were used 

and the average haul distance was 111 m. An excavator 

was used to clear trees from the chute and lay logs onto 

the landing (0.12 ha) for four skid workers to process and 

it also removed the resulting slash. Another excavator then 

fleeted and loaded. The skid in this operation was noisy 

and congested, a common situation in hauler operations 

working on small landings. 

Example 6 This system involved harvesting a forest on an 

isolated and environmentally sensitive site in the 

Marlborough Sounds. Careful planning ensured that the 

system put in place was productive and successful in terms 

of minimising visual and environmental impacts. After 

felling on 30 degree slopes, tree lengths were extracted to 

mid-slope tracks by a Washington 88 swing yarder. A 

grapple skidder hauled trees to the processing deck (0.1 

ha) where 3 skid workers processed. As the distance to 

highway was 5 km it was decided to barge trees to Picton. 

To further minimise roading on site, a cable transport 

system was used to move logs down to the barging point. 

During the study, trees were moved 400 m by the skidder, 

and 650 m by the cableways. Two standing skylines of 28 

mm diameter were rigged 20 m apart on either side of the 

processing deck. Both were single spans rigged through 

radiata pine spar trees. Upon these skylines two Gantner 

HSW80 winch units ran hydraulic clamping Koller 2.5 

tonne manual slack-pulling carriages. The wood was 

transported fully suspended in 3 m3 loads to the lower 

deck; the descent being controlled by a fan brake on the 

Gantner. Normally only one Gantner was used, the other 

being saved for surges in production. Production measured 

was 14.5 m3 per scheduled machine hour. At the lower 

deck two workers unhooked the loads and completed any 

processing. A wheeled loader fleeted the logs firstly to a 

processing area, then 120 m to a storage area and on to 

the barge for transport to Picton in 240 tonne loads. A 

special feature designed to minimise impacts to the beach 

was a "cattle stop" type grid of railway line iron and a 

wheeled section of ramp to link to the barge ramp. 

Example 7 A farmer undertakes three production 

thinnings of his radiata pine stands between ages 14 and 

20 to reduce stocking from 400 to 100 trees per hectare. 

Fitting into the farm’s annual work requirements, this 

thinning is usually done in May and June over several half 

days per week as farming tasks permit. He and an assistant 

use 2 or 3 horses to extract 10 to 15 m3 over each 3 hour 

period they work. With the annual upkeep of the horses 

taken into account, the cost of the wood extracted is 

similar to contract prices, but the operation has a low 

impact on soils and does minimal damage to residual crop 

trees. Clearfelling and thinning from difficult sites is done 

by a mechanised contract. 

Example 8 A contractor for a large wood-utilisation plant 

operates two haulers and a stem truck in a "superskid" 

operation. Over a period of approximately one year, 50 

small hauler landings were used to extract a total of 

200,000 m3 of wood, which was delivered by stem truck to 

the one superskid for mechanised processing. Production 

was around 800 tonnes per day. 

SUMMARY 

The important consideration in each of the above examples 

is matching the system to the operational and 

environmental objectives while maintaining cost-effective 

production. Innovation and flexibility are valuable in 

attempting to design the optimal system for a given site. 
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HARVESTING WITH 
HELICOPTERS 
T Tombleson – Timber Management Company, 

Rotorua 

INTRODUCTION 

Helicopter logging is a viable harvesting system capable of 

high productivity. It is suited to situations where 

conventional ground-based or cable harvesting systems are 

not possible, or where environmental requirements cannot 

be met with conventional logging systems. 

Helicopter logging requires intensive planning and 

management through every operational stage. 

Successful helicopter logging of radiata pine has been 

carried out in the Central North Island where the operation 

proved to be commercially viable for clear-felling on steep 

terrain. The compelling factors for helicopter extraction 

were the presence of cultural sites (where ground 

disturbance was unacceptable) and difficult terrain (where 

cable logging was not physically possible). Depending on a 

number of operational considerations, helicopter logging 

can be carried out for approximately $65 per tonne on 

truck. 

OPERATIONAL ADVANTAGES AND 

DISADVANTAGES 

The particular advantages of helicopters include: 

> high production in difficult terrain that is inaccessible to 

conventional harvesting systems; 

> reduced roading and landing requirements; 

> lead time from tree felling to customer in comparison 

with conventional harvesting systems can be minimised, 

providing greater market options and returns; 

> use of grapple systems eliminates significant safety 

hazards associated with manual breaking-out; 

> reduced impact on residual stand and minimal soil 

disturbance and compaction; 

> rapid salvage of high-value windblown stems following 

a storm; 

> ability to operate in environmentally sensitive areas with 

minimal impact particularly during wet weather; and 

> ability to carefully harvest timber located around areas 

with high visual values. 

The major perceived disadvantages include: 

> high cost; 

> the requirement for intensive planning and 

management; 

> limited aircraft availability in New Zealand; 

> scarcity of personnel experienced in helicopter logging; 

> limited application where uphill extraction is required; 

and 

> a high profile with respect to aircraft accidents. 

OPERATIONAL  OVERVIEW 

Critical success factors in helicopter logging involve 

maximising the efficiency of the aircraft which is the most 

costly component of the operation. This involves 

minimising turn-time (the time taken to fly a load of logs 

from the stump to the landing and returning to the 

stump), maximising payload, and minimising waste (log 

grading and scaling need to be carefully combined to 

ensure log waste is not needlessly carried from the stump 

to the landing). 

 

 
 

Helicopter logging involves working through a number of 

phases, described as follows. 

Tree Felling and Log Preparation 

> Ensure felling capacity is sufficient to provide a 

continuous log supply for the aircraft while minimising 

the time between tree felling and delivery to the 

customer. This is particularly important where sapstain 

presents a risk. 

> Trees are laid out through felling in order to facilitate 

quick break-out by the pilot. 

> Felling of undergrowth and effective layout of trees 

assists manual breaking-out and grapple-setting, 

effectively reducing break-out time and minimising 

turn-time. 

> Skilled log grading and scaling at the felling face will 

enable maximum payload whilst minimising waste 

when the log is cut into different grades on the 

landing. 

> Accurate log volume scaling tables with built-in weight 

conversion factors for the appropriate tree species are 

critical to maximising payload weight. Log weight can 

vary depending on season, aspect, altitude and the part 

of the tree the log was produced from. 

> Marking logs to identify the weight assists the pilot in 

selecting the right payload relative to fuel load and 

maximum payload capacity. 
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Breakout 

The Occupational Safety and Health code of practice for 

helicopter logging requires grapple extraction wherever 

possible in order to eliminate the significant safety hazard 

associated with manual breaking-out beneath a helicopter. 

> Where aircraft lift capacity is matched to tree size, 

grapples offer safe, fast and effective break-out, 

extraction, and release of payload onto the landing. 

> Smaller logs can be prestropped together and a grapple 

used to lift out a "daisy chain" of logs. 

> Multiple log payloads need to be accurately scaled to 

ensure optimum payload. 

> Manual breaking-out can be carried out using 

personnel on the ground utilising strops and an 

electronic hook. The hook is a mechanical device 

attached to the long-line underneath the helicopter. It 

allows for quick-release of the load at the landing. 

Extraction 

Efficient extraction involves infrastructure layout minimising 

the lead distance from stump to landing. Helicopters are 

most effective where the loaded flight path is downhill. 

The payload is essentially carried to the landing in a 

controlled descent. Conversely, payloads are significantly 

impacted and fuel usage is increased with uphill extraction. 

Landings and Processing Sites 

> Separating the log landing area from the processing 

area enables safe continuous operation. 

> Log surge space will allow logs to be extracted at a 

greater rate than they can be processed, enabling the 

aircraft to operate unconstrained. 

> Optimum landing location, construction, and 

management of surrounding vegetation will allow 

maximum aircraft speed in approaching the landing, 

releasing the load and vacating the landing, minimising 

turn-time. 

> Refuelling areas are ideally situated as close as is safe 

and practical to the landing, minimising unloaded travel 

time. 

Financial Considerations and Costing 

Helicopter logging is considerably more expensive than 

ground-based or cable extraction and should be considered 

only where these systems are not physically or 

environmentally possible or acceptable. Factors that 

determine the cost and viability of helicopter extraction 

compared with conventional extraction methods include: 

> harvest area, volume, and expected grade outturn; 

> the cost of roads and landings for conventional 

extraction compared with helicopter extraction; 

> machinery transport costs; 

> aircraft hire rates; and 

> incidental costs such as crew accommodation and 

transport. 

Safety Considerations 

Specific helicopter logging hazards originate from the 

aircraft. They include: 

> rotor downwash dislodging branches, blowing over 

trees and creating dust and flying debris; 

> falling objects particularly branches, logs, long line or 

grapple; and 

> moving rotors whilst the aircraft is on the ground. 

Standing trees and terrain also pose the usual risks to the 

aircraft whilst operational. 

Environmental  Implications 

> Clear advantage of minimal ground disturbance and soil 

compaction. 

> Loads fully suspended minimising damage to ground 

features. 

> Reduced requirement for roads and landings. 

> Maximum protection of historic and cultural sites and 

scenic values. 

> Findings from research identify that the under-storey 

and riparian vegetation on a site logged by helicopter is 

damaged less and recovers faster compared with 

conventional harvesting methods. 
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TRANSPORT 
M Bendall – Kaingaroa Timberlands 

Limited,Rotorua 

INTRODUCTION 

Transport and handling account for a significant portion of 

the cost of selling logs, especially when exported. The 

transport and handling options available to forest owners 

fall within the limitations of infrastructure, the constraints 

of meeting Government and local body legislation 

(primarily the Resource Management Act 1991) and social 

responsibility for road users and parties whose activities are 

affected by such operations. 

Road transport will remain the predominant method of 

moving forest products in New Zealand in the foreseeable 

future. An understanding of the basic cost components is a 

critical factor in planning transport and handling 

operations. 

OVERVIEW: TRANSPORT AND HANDLING 

OPERATIONS 

Table 1 presents an example of relative costs from logging 

to delivery. 

For export log sales, from the point of harvesting (available 

at roadside for loading) to delivery to a foreign port, 

transport and handling amount to over 80% of the total 

cost involved in completing the sale. In contrast, in 

domestic log sales, transport and handling amount to only 

around 40% of the total cost. 

Although the contribution of each activity to total cost 

varies depending on the characteristics of the specific 

operation, the shipping cost is currently (2004) at an 

historic high. The contribution of this activity has been 

nearer to 40% of the total cost in previous years. 

Transport and handling involve a wide range of activities, 

as shown in Table 2. 

Forest owners generally contract the activities shown to 

professional service providers. 

The transport operation must be thoroughly planned and 

understood by the forest owner prior to harvest 

commencing. Costs and processes involved must be 

understood as part of the planning process. 

There are basic principles that apply when planning 

transport operations or evaluating different transport 

modes: 

> the further the product is moved the more it costs; 

> the more times a product is handled the more it costs; 

and 

> transport and handling options become more 

complicated as the domestic sales base expands. 

INFRASTRUCTURE CONSIDERATIONS 

The study by the Forestry Road Funding Task Force  

(Ministry of Forestry 1993) highlighted poor infrastructure 

development in a number of regions where forest harvests 

were due to increase. This study is the most recent major 

cross-industry study for the transport of projected log flows 

in New Zealand. Many of the findings are still relevant 

today. Table 3 shows the mix of deliveries by class of road 

identified in this study. 

 

Road type/mode % of tonne-km 1993 

State Highways 60% 

Private roads/rail 33% 

District roads 7% 

 
Table 3: Percentage of logs moved by road ownership class. 

District roads provide the feeder routes to the State 

Highway network. Much of the private road and rail 

activity is in the Central North Island region. 

The study forecast a 127% increase in the use of district 

roads, driven primarily by the increasing harvest in regions 

where forests had been planted on more remote land 

(longer haul to connect to State Highways or in regions 

with a lower ratio of State Highway to district road). 

The regions with the greatest increases in the use of district 

roads were identified as: 

> Northland 

> Gisborne/East Cape 

> Wairarapa 

> Nelson/Marlborough 

Recent changes in Central Government policy have seen 

the introduction of Regional Development Funding, 

 
 

Activity Logging Loading Cartage Port Shipping Total 

Export sales 14% 2% 15% 12% 57% 100% 

Domestic sales 60% 5% 35%   100% 

Table 1: Division of costs between logging and delivery to customer. 

 
Activity Broad Description 

Inventory Bush stocks, yard stocks and port stocks 

Physical distribution Road, rail, barge operations, transport dispatch and control 

Weighbridges Management, accuracy, tare weights 

Log storage and warehousing Log yards and associated plant and systems 

Port operations Marshalling, stevedoring 

International shipping Vessel charter and management 

Documentation Bush dockets, letters of credit 

 

Table 2: Activities associated with transport and handling. 
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specifically to improve employment opportunities in poorly 

performing regions. Forestry and the associated 

infrastructure requirements is seen as a major development 

driver and funds for improvements are being made 

available under a Transfund programme. Currently two 

programmes are running in Northland and Gisborne/East 

Cape, identifying the critical routes and requirements. 

These projects involve working groups of all the key players 

from forest owners to local government agencies. 

For other regions there is still no comprehensive plan. The 

issues still revolve around the ability of local authorities to 

get their roading networks up to a suitable standard for 

log haulage operations. Generally the benefit:cost ratio 

required by Transit can be met but local government does 

not have sufficient funds to match the available Transit 

funding (there is a 50:50 split of funding contributions). 

Forest owners need to be actively involved with local 

authorities in planning future wood flows. The main issues 

are: 

> Volume of heavy traffic, its conflict with other road 

users, and the fact that many of the district roads are 

not designed for high-intensity heavy traffic. The added 

complication for forest owners is the sudden surge in 

truck movements over a relatively short space of time, 

which draws undue local attention to logging traffic. 

> Noise. Many transport operations now run round the 

clock. This is also an increasing issue in urban areas, 

especially with urban creep around processing plants 

and ports. 

> Road safety related to traffic movement and basic road 

design, and the multiple use of roads e.g.tourist traffic 

and logging trucks. 

Private Infrastructure 

By volume, a substantial proportion of logs is transported 

on private forest roads. In most regions the ratio of private 

road to public road is small, with internal forest roads 

providing linkage with the public roading network. By 

contrast, in the Central North Island region, private roads 

are linked to either customers’ processing plants or rail 

transfer yards providing opportunities to use dedicated off- 

highway haulage operations. Private roads allow the use of 

oversize and overwidth trucks which provide substantially 

cheaper haulage (even after accounting for the higher 

construction and maintenance costs). Table 4 compares the 

two truck types. 

Opportunities to locate new processing facilities closer to 

forests, or linking neighbouring forest estates can improve 

transport economics through the use of dedicated off- 

highway trucks. 
 

 On-highway Off-highway 

Trailer configuration Single Single – double 

Gross weight 44 tonnes 55-150 tonnes 

Net payload 27-30 tonnes 40-120 tonnes 

Annual tonnes/truck 33-45,000 70-80,000 

Cost/tonne (50 km lead) $8.00-$9.00 $5.00-$7.00 

Table 4: Comparison between on-highway and off-highway trucks. 

Source: Ministry of Forestry 1993. 

TRANSPORT  MODES 

There are three major transport modes. Depending on 

forest location, planners may need to use a combination of 

these to deliver logs to markets. 

> Road 

> Rail 

> Barging 

Road 

Road transport by truck will remain the predominant mode 

of transport. Alternatives are usually limited and, even with 

inter-modal transport options, trucks will usually continue 

to play a part. 

There is a wide range of truck configurations and types 

available within the transport service sector. A summary of 

common truck types is presented in Table 5. 

There has been considerable innovation by haulage service 

providers who continue to develop alternative truck 

designs to meet changing demands and to further develop 

opportunities to improve truck performance. 

In developing transport and handling operations, the 

objective is to minimise cost throughout the process. 

Productivity of the equipment used is the crucial 

consideration. Trucking costs are driven by the need to 

utilise capital and maximising the opportunities for loaded 

running (keeping the truck loaded for as much of the time 

as possible). The daily cost of the truck and its productivity 

(trips or loads per day) provides the basis of the rate. Once 

rates and productivity are determined then the number of 

trucks required can be determined and the other elements 

of the delivery process can be designed. 

Table 6 outlines the break-down of the costs associated 

with a truck. 

 

Truck Type Capability Comments 

Shorts Short logs The standard length is 19 m. With permits, these units can be 

extended to 22 m with benefits to load stability 

Longs Long logs Can be set up as interchangeable, handling both short or long logs 

Semi’s – Bailey bridge Shorts or longs Flexible but at a payload disadvantage. Most specialist off-highway 

trucks take this configuration 

B trains Shorts or longs High-stability unit more suited to on-highway haulage 

Self-loaders  Crane mounted on the truck allows it to be loaded by the driver 

Bin wood Off-cuts, slovens 

and short wood 
 

Log chippers Short logs and residue 

products 

 
Can deliver logs and uplift residues 

Timber decks Short logs, timber or 

general freight 

 
Timber, general freight as well as logs 

Stem (pole) Used in-forest to haul whole 

trees to processing sites 
 

Table 5: Common truck types. 

Source: Forest Industries Training 2003. 
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Item: Fixed costs Variable costs Road-user charges Wages Total 

Percent: 30% 26% 15% 29% 100% 
 

 
 

Fuel R&M Tyres Other Total 

45% 29% 22% 4% 100% 

Table 6: Fixed and variable truck costs. 

Source: Goldsack 1988. 
 

These data are designed to indicate the key cost 

components in truck operations; they do not necessarily 

include overheads, training, dispatch and other associated 

management costs. 

Rail 

Rail is a transport option only where a rail line exists and a 

forest owner has a large quantity of logs that can move 

down the line to either a port or processing facility. 

All rail operations generally involve the movement of logs 

into a yard to accumulate cargo. Where road haulage 

alternatives are available then the calculations need to be 

done carefully to determine the most cost-effective mode 

of delivery. 

Rail does provide the forest owner with the ability to move 

wood long distances between forest and processing plants 

or to move a substantial volume a shorter distance to a 

single point, e.g. the off-highway/rail corridors in the 

Central North Island forests to the Port of Tauranga. When 

planning rail operations the planner should consider total 

line traffic (not just logs) as the key drivers for rail are total 

tonnes via the rail line, and wagon utilisation. 

When using inter-modal options the re-handling between 

modes adds cost as shown in Figure 1. Generally, unless 

there is a strategic competitive advantage (e.g. off-highway 

connections or a long haul greater than 300 km) the use  

of inter-modal operations is unlikely to be successful. 

There is however the possibility of port companies 

exploring inter-modal options to reduce log storage at 

port. Logs are a relatively low-cost product that requires 

significant storage space. Port companies could look to 

move log storage offsite from the port, where land is 

cheaper, and then rail logs to the port just prior to vessel 

arrival. While not applicable at every port, this could 

provide a cost-effective alternative to port storage, with 

benefits to all parties involved. 

Barging 

Barging has a similar level of product handling to rail. 

However in certain areas, particularly the Marlbourgh 

Sounds, barging is a viable alternative owing to either the 

absence of roads or to the poor roading base. Regional 

authorities have been successful in securing funding to 

support barging operations as an alternative to road 

haulage. Barging is faced with further restrictions under 

the Resource Management Act 1991 and also issues 

 

related to sea bed and foreshore legislation and potential 

Treaty of Waitangi claims. In most cases specific loading 

facilities will be required (e.g. ramps on beaches) which can 

slow down the consent process. 

LOG STORAGE 

Forest owners may also need to store products prior to 

moving them further along the delivery chain. Log yards 

for storage, processing and for log transfer are common in 

the Central North Island region, There are several types of 

log yards: central processing yards (CPYs) also known as 

super skids, storage or surge yards, and port storage 

facilities. 

Log yards are generally used for storage or the 

accumulation of pulp or export stocks prior to bulk delivery 

to the customer (usually rail). Log storage will also occur 

around CPY sites to manage surges in production. Good 

inventory control is essential to avoid wastage from log 

ageing and to ensure the correct allocation of loads to 

customer order. 

The benefits of log yards must be offset against the costs 

of additional handling. They require large volumes and 

often the additional advantage of off-highway networks 

with cheaper haulage costs than a public road equivalent. 

Log storage yards remote from port facilities have been 

used to alleviate shortages of wharf space for export 

operations, where suitable rail links exist. This may also 

become a strategy for port companies to extend their 

hinterland. 

PORT OPERATIONS 

With the general increase in export logs, port facilities risk 

becoming stretched, with ports either needing expansion 

or having the problem of managing different exporting 

group’s demands for space to accumulate export 

shipments. Port land is now becoming too valuable to 

store low-value bulk products and some ports must use 

off-site storage with delivery to wharf during the vessel’s 

loading. 

Port and shipping operations are specialist areas with most 

log exporters choosing to use existing service providers or, 

if their operations are large enough, specialists to manage 

these operations. The operations cover log scaling, 

documentation, inventory management, log handling, 

vessel load planning and loading the vessel. 

 

 
Figure 1: Handling steps rail vs road deliveries. 
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The most important factors to recognise are: 

> The time required to build the required export volume. 

> The likely log storage requirements. 

> The balance between log age and the time taken to 

accumulate the cargo (risk of logs being downgraded). 

> The high costs associated with delayed vessel departure. 

SUMMARY 

A feature of many natural resource businesses is their 

tendency to create parallel streams of material flows. 

Owing to the commodity nature of the business the focus 

is on operational effectiveness and efficiency. Transport and 

handling are part of an overall supply chain management 

process (Sjostrom 2001). Increasingly the decisions related 

to transport and handling operations are being taken 

within a supply chain management process. Forest owners 

need to ensure that they understand the steps and 

processes involved in their part of the supply chain when 

evaluating their transport and handling options. 
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COSTING LOG 
EXTRACTION 
G J Bell – Professional Harvesting Systems Ltd, 

Rotorua 

INTRODUCTION 

Agreement between a harvesting contractor and the forest 

owner on a harvesting (logging and loading) rate is 

generally reached through one of four methods: 

> Negotiation: the two parties trade information to agree 

upon a rate for the work. 

> Tender: usually a sealed bid process for work; some 

negotiation may follow. 

> Rate schedules: often obtained through a mixture of 

negotiation and tender then applied over a number of 

blocks. 

> Unilateral approach: "take it or leave it"; the rate is set 

for a block with no negotiation with the contractor. 

The end result of any one of these processes is a rate per 

tonne to be paid to the harvesting contractor for the work 

undertaken. 

No matter what approach is taken both parties should 

make an assessment of their proposed harvesting rate, 

which is derived from two main components: 

> Gang-day rate: the daily cost to run a particular 

harvesting operation. 

> Productivity target: the daily tonnage that the particular 

system can produce for a given set of variables. 

The harvest rate is derived through the following simple 

equation: 

Gang-day rate ($) / Productivity target (tonnes) = $/tonne 

GANG-DAY RATE 

The total daily cost for a logging operation, or gang-day 

rate, is derived through combining the total daily cost of 

the key components set out below: 

> machinery; 

> labour; 

> crew transport; 

> chainsaws; 

> operating supplies; 

> overheads; and 

> profit. 

Machinery 

The costing of each machine should include the purchase 

price, depreciation, interest on capital, weighted average 

cost of capital, insurances, fuel, oil, repairs and 

maintenance, tyres or tracks, and rigging. 

When costing logging equipment critical elements are the 

annual hours the machine will work and the productive life 

of the machine in years. Figure 1 shows an example of 

machine costing. 

Labour 

Labour costing should include hourly rate, the number of 

ordinary hours worked per day, the number of overtime 

hours worked per day, ACC, non-taxable allowances, 

allowances for holiday pay, statutory holidays, first-week 

sick costs, and travel time allowance. 

It should be calculated on an annual basis and divided by 

the number of actual workdays to bring it back to a daily 

cost per labour unit. 

The labour unit cost is multiplied by the number of workers 

in the crew to give the total labour cost. 

Higher paid or specialty jobs (e.g. foreman or machine 

operator) will be costed separately. 

Crew Transport 

Crew transport vehicles should be costed using the same 

methodology as for machinery, but registration and road 

user charges will be additional items. 

The day costing should be based on an annual distance of 

travel divided by the number of workdays. 

Chainsaws 

These can be costed in two ways: 

> costed on a similar basis to machines as a separate line 

item or; 
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MACHINE DAILY RATE CALCULATION 

Contractor: Joe Bloggs Ltd 

Machine: Grapple Skidder 

Average capital cost $379,167 Diesel consumption (l/hr)  28 
Resale value (%) 25% $94,792 Diesel cost  $0.60 

Depreciation $284,375 Oils & filters (% diesel)  15% 

Service life  Annual R & M – majors $6.00 $11,520 

– Machine hours/day 8.0 Annual R & M – services $3.00 $5,760 

– Days worked per year 240 Annual R & M – unscheduled $6.00 $11,520 

– Effective machine life (hours) 10,000 Tyres   
– Machine hours/year 1,920 – Cost per set  $20,000 

– Service life (years) 5.2 – Life per set  3000 

Average capital invested 236,979 Rigging (annual cost)  $0 

Insurance rate (average) 1.2%    
Weighted-average cost of capital 12.00%    

   $ per Day $ per Year 

OWNING COSTS     
– Depreciation   227.50 54,600 

– Return on investment   118.49 28,438 

– Insurance   11.85 2,844 

TOTAL OWNING COSTS   357.84 85,881 

OPERATING COSTS     
– Fuel   134.40 32,256 

– Oils & lubes   20.16 4,838 

– R & M   120.00 28,800 

– Tyres   53.33 12,800 

– Ropes & rigging   0.00 0 

TOTAL OPERATING COSTS   327.89 78,694 

TOTAL MACHINE COSTS 
  

685.73 164,576 

Courtesy of Beker Findlay Allen Accountants, Taupo     
Figure 1: Machine daily rate calculation. 

 

> if the workers supply chainsaws then they should 

receive the non-taxable allowance in their labour 

costing to cover owning the saw, with consumables 

(fuel, oil etc) covered in operating supplies below. 

Operating  Supplies 

These include but are not limited to: 

> personal protective equipment; 

> fire equipment; 

> paint and crayons; 

> first-aid gear; 

> gang shelter; 

> radio equipment; 

> tools; and 

> signs. 

The cost should be calculated on an annual basis and 

divided by the number of workdays. 

Overheads 

These include but are not limited to: 

> accountancy fees; 

> administration work; 

> office; 

> legal; and 

> insurances e.g. public liability. 

They should be calculated on an annual cost basis and 

divided by the number of workdays. 

Profit 

This should not be confused with return on capital. Profit is 

the reward for management and risk carried by the crew 

owner. It could equally be called risk or contingency. 

Typically it is calculated as a percentage of the combined 

gang-day rate, and is then added back into the rate as a 

final line item. 

Profit should run at around 10-15% owing to the high risk 

nature of harvesting, but unfortunately 5-8% is more 

typical owing to the competitive nature of the business. 

Workdays 

The calculation of gang-day costings is very sensitive to the 

actual number of workdays per year. This can range from 

typically 180 days in wet areas up to 300 days for the 

larger stem operations. The typical work year sits between 

235 and 260 workdays. 

Figure 2 shows an example costing sheet for a typical 

ground-based operation. 

Most forestry accountancy firms and harvesting companies 

have developed good gang-day rate costing models. The 

old LIRO costing model (Riddle 1994) is still an acceptable 

approach to costing. 

An accurate assessment of the daily cost to run a 

harvesting crew is important for two other reasons: 

> It provides a quick guide for the contractor to its 

monthly performance. This is achieved through dividing 

the monthly invoice payment by the number of days 

worked and comparing this against the calculated 

gang-day rate. 
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Gang-Day Rate Summary  
 
MACHINERY 

 Hrs/day $/Day $/Year 

Waratah/40T base 1 8 1,260.89 302,614 

Grapple skidders 1 8 685.73 164,576 

22 tonne excavator-loader 2 10 1,300.52 312,125 

PERSONNEL 

Operation foreman/owner 

 

1 

  

291.67 

 

70,000 

Machine operators 2  435.42 104,501 

Loader operators 2  486.46 116,750 

Skid/QC, etc 4  870.84 209,002 

 9    

TRANSPORTATION 4  288.61 69,267 

BUSINESS   OVERHEADS 

OPERATING  SUPPLIES 

Tools, equipment, etc ($/man-day) 

 

 
$14.33 

 166.67 

 
128.97 

40,000 

 
30,949 

Basic Unit Total   5,915.78 1,419,784 

Add: Allowance for Profit 7.00%  414.10 99,385 

TOTAL DAILY RATE   6,329.88 1,519,169 

Courtesy of Beker Findlay Allen Accountants, Taupo     

Figure 2: Gang-day rate summary.     

For example: 

The contractor receives a monthly payment of $146,500 

for 21 days work 

The contractor’s gang-day rate is $6,400 per day 

Cashflow performance = 146,500/21/ 6400 * 100 = 109% 

>  It provides a daily-rate costing. Owing to the difficult 

nature of a particular harvesting job, it may be agreed 

between the forest owner and the contractor that the 

work will be paid for as a daily rate rather than as a 

per-tonne rate. 

TARGET CALCULATION 

While most forest owners and contractors will agree on the 

gang-day rate for a particular crew configuration,  

facilitated by its prescriptive methodology, derivation of the 

productivity target is often an area of great debate 

between parties. 

While a number of target-setting models have been 

developed to assist this process, the variables pertaining to 

any one harvest block can be significantly different from 

one block to another. 

The base variables for calculating a target are: 

>  the number of stems extracted per day; and 

> the piece-size of the extracted stems. 

Whilst the latter can be accurately determined through 

pre-harvest inventory, the rate of extracting stems is 

influenced by a number of variables. 

The variables that need to be assessed are: 

> extraction or haul distance; 

> terrain factors: flat versus steep, wander factors; 

> soil types: clay verses pumice; 

> landing size; 

> stand characteristics: degree of malformation, branch 

size, stocking per ha, dead-pull areas; 

> back-pulling requirements: stream edges, historic and 

sacred sites, road-sides; 

>  road control issues; and 

> windthrow (if present). 

The above list is not exhaustive but covers the most 

common factors that need to be assessed. 

Parties with the appropriate level of experience to make 

these assessments should carry out target calculations for 

harvesting operations. A number of forest industry groups 

provide this service. 

Models are available to give the lesser-experienced person 

a guide to crew productivity, however the fine-tuning of a 

target needs to take into account the variables above. 

Similarly, maintaining a database of performance by 

contractors in previous similar blocks will provide an 

indication of the productivity expected from a crew. 

Finally, contractor ability is a big factor. Like any industry 

there is a big range of ability between different 

contractors. Targets should be set to reflect the average 

contractor ability. In this environment, good contractors 

will prosper, while poorer performers will need to improve 

to succeed, or drop out of the industry. With some studies 

showing productivity differences of 30-70% between 

contractors, make sure that good contractors with good 

references are employed. 
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QUALITY AND 
VALUE RECOVERY 
G Murphy – Oregon State University, Corvallis, 

Oregon 

As foresters we spend decades establishing the potential 

value in each tree through our choice of silvicultural and 

management practices. The challenge at harvest time is to 

recover the optimal value in each tree, along with 

delivering the product to the right customer, on time and 

within specification. 

Customers usually have choice of supplier. Grading and 

sorting during harvesting determine the quality of the raw 

materials entering their mills, their grade out-turn, their 

productivity and their profitability. The capability of a 

supplier to provide logs that meet the customer’s needs will 

affect the ability to make a sale, the maintenance or 

improvement of market share, and the price a buyer is 

prepared to pay. Logs that do not meet specification are 

likely to be rejected, incurring additional handling and 

transportation costs for their removal or the cost of re- 

merchandising to meet specification. 

Between standing tree and delivery of logs to the customer 

there are many ways that value may be lost along the 

supply chain. Considerable financial losses can occur when 

volume is sacrificed or the wrong log grade selection is 

made from each tree. Harvesting managers should not 

accept losing value as a part of doing business. 

An examination of the forest-to-mill supply chain indicates 

that there are a multitude of approaches that can be taken 

to improve value recovery. They include: 

> Use of inventory systems which provide a good 

understanding of the resource in terms of quantity, 

quality and location. 

> Use of tactical and operational market supply models 

that allow delivery of the right quantities of products, 

to the right customers at the right price and the right 

time. 

> Selecting equipment which is sized appropriately, with 

accurate measuring systems and computerised log- 

making tools that ensure the parts of each tree are 

delivered to the most profitable markets. 

> Maintaining equipment to ensure that measuring 

systems continue to provide accurate information. 

> Selecting operators who are good at recovering value: 

some people are naturally better than others. 

> Training operators and management staff in value 

recovery concepts and ensuring that everybody 

throughout the supply chain has a quality and value 

focus. 

> Minimising the impact of complexity: too many log- 

types can lead to value loss. 

> Conversely, ensuring that a sufficient number of log 

types is cut to optimise value recovery. 

> Putting effective value recovery management and 

quality control systems in place. 

A trend to mechanisation in harvesting has provided both 

pitfalls and possibilities for improving value recovery. The 

power of new computer and sensor systems (e.g. acoustics 

for sorting for stiffness) will help overcome some of the 

pitfalls and open the door to many new opportunities for 

improved felling, log-making and sorting for niche markets. 

Mechanisation also provides a platform for harvesting 

information from each tree. Improved information about 

the resource should lead to better matching of wood 

properties in each stand with the customer’s needs. 

Enhanced customer satisfaction should eventually lead to 

superior value recovery for the forest owner. 

Practical suggestions for achieving maximum value, and 

minimising costs of poor quality and wastage, are provided 

in Table 1 (with acknowledgment to G P Cossens). 

Monitoring quality and value recovery is vital for the 

success of a forest enterprise: as the old adage goes "if 

you don’t measure it, you can’t manage it". To maximise 

the value of the resource for the forest owner a 

commitment to managing quality and achieving high levels 

of value recovery needs to pervade all levels of a forest 

enterprise. 
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Activity Item Desired Result Consequences if Ignored 

Manual Felling Felling direction Parallel stems aligned for extraction Excessive breakage, volume & value loss 

Wing cuts Used frequently & correctly Slabbing & butt log damage 

Stump height Low stumps Loss of pruned log volume & value 

Wedges Directional control Excessive breakage 

Pruned zone identification Mark just below first branch Pruned log quality errors 

Mechanical Felling Shears Blades well maintained Compression splits 

Saws Complete cut or multiple 
cuts if diameter too large 

Incomplete cut leads to end splitting & 
slabbing of butt log 

Delimbing Manual delimbing Branches trimmed flush with stem Logs rejected because long stubs 

Machine feed rollers No impact on tree stem Spikes & feed mechanisms damage logs 
& increase risk of fungal infection 

Mechanical delimbing 
knives 

Well maintained Log downgraded through branches 
being pulled out rather than cut cleanly 

Tree Extraction Stem handling Minimal damage Downgrading of logs due to grapples or 
extraction breakage 

Fleeting and alignment 
of stems 

No damage Blading damage to logs 

Stem positioning on 
landing 

Open with butts apart Difficult to inspect log quality 

Manual Processing Log specifications Carried on site by logmaker Logs do not meet specifications 
Misunderstanding of specifications 

Understood fully and consistently Different interpretations of grading rules 

Log product cutting 
priority 

Formal control of cutting instructions 
with guidelines for priority cuts 

Value loss due to log making not 
matching production priority 

Tools (tapes, calipers, etc) Calibrated and used correctly Logs do not meet specifications 

Cutting Straight Angled or end splits due to tension breaks 

Slovens Minimum cut Loss of pruned log volume 

Location Free of mud, with adequate room 
to safely accommodate machines 
& people 

Quality errors and value loss due to 
inability to inspect logs safely 

Production Log-maker paced production 
system with sufficient time for 
inspection & decision 

Machine paced operation resulting in 
quality errors and high value loss making 

Mechanical 
Processing 

Cuts Minimal end splits End splits can be caused by stems that are cut 
under tension, poorly maintained or sharpened 
saws, cutting large diameter logs too slowly 

Diameter and length 
measurement 

Well designed sensors that 
are checked 

Logs outside diameter and length and calibrated 
regularly tolerances can be caused by faults in 
measurement devices due to design or main- 
tenance or slippage of logs in feed mechanisms 

Assessment of log 
quality attributes 

Adequate ergonomic design that 
assists 

Logs incorrectly graded or rejected due to 
inspection of stem quality features poor 
stem visibility to operator 

Sorting Branding of logs Clear identification of grade, crew 
and date  of production 

Incorrect sorting and poor traceability of 
products 

Storage Stocks Daily monitoring Downgrading due to decay 

Logpiles Logs stored out of ground contact 
with adequate circulation of air 

Downgrading due to decay 

Harvest Planning Stand inventory Correct product predictions Over or under supply of products to customers, 
due to incorrect use of sampling procedures 

Stand allocation Log products that match the 
forest resource with markets 

Suboptimal value obtained from forest due 
to inappropriate product mix selection 

Management Documentation Correct Incorrect invoicing and payment, mistakes 
in deliveries 

Despatch Delivery to customer on time Late or early delivery can lead to mill 
stockpiles that are too high or too low 

Company quality policy 
& procedures 

Documented and well publicised Disparate goals procedures and product 
standards 

Reporting & auditing Periodic reports to manager on 
quality and value achievement 

Lack of data for management control or 
decision making 

Personnel  selection Select people with attributes 
and skills suited to their job 

Unskilled and unmotivated workforce with 
high turnover and accidents, low 
productivity and poor quality. 

Training programmes In place with regular refresher, 
recognition and rewards for 
qualifications 

Liaison with customers Regular feedback mechanism Poor understanding of customer needs 

Table 1: Practical suggestions for achieving maximum value from harvested stands. 

 
 

182  SECTION 7 – HARVESTING 



 

 

ENVIRONMENTAL 
CONSIDERATIONS 
FOR HARVESTING 
RD Black – Carter Holt Harvey Forests Ltd, 

Tokoroa 

INTRODUCTION 

Plantation forests in New Zealand have generally been 

established because the land was not suitable for farming, 

owing either to erosion or lack of fertility. In such cases, 

forestry has proved to be a sustainable land use, with 

improvement of the environment over the growing cycle. 

In terms of the Resource Management Act 1991 (RMA), 

the harvesting phase should not cause any long-term 

negative change in the water and soil resource within the 

forest or off the site. 

How does one plan and manage for the sustainability of 

the environment? 

SITE ASSESSMENT 

Although the harvesting phase is the topic, knowledge of 

the site at establishment and changes over time are 

important. Land Resource Data and Land Use Capability 

should be recorded (see Figure 1). 

An understanding of the response of the site to natural 

events, such as storms, and mechanical operations, such as 

culvert installation, will provide an indication of the 

potential response of the environment to clearfelling. Post- 

harvest assessment should include all relevant aspects from 

the inventory of site characteristics undertaken prior to 

harvest. This will have identified potential failure zones, 

which require particular management or monitoring. Site 

clean-up requirements are based on the post-harvest 

assessment. 

Water quality, quantity and in-stream ecology should also 

be assessed. Can the organisms that live in the stream be 

identified? What changes have occurred in the sediment 

yield or water clarity? Answers to these and other 

questions are important because Regional Councils, 

interest groups and the general public are likely to ask 

them. This information relating to the land and water 

resources in the catchment will guide the forest owner in 

the definition of a riparian zone and the management 

required to protect it. 

MONITORING 

Simple flow measurements using a 40 to 100 litre 

container under a culvert outfall may be sufficient for 

summer flow measurement. Otherwise pace off 10 m 

along a stream bank and record the time taken for a film 

canister to float through the section. The calculated 

average velocity and simple width and depth measurement 

will provide an estimate of flow volume in litres per 

second. 

A thermometer will record the summer-winter changes in 

temperature, and quantify the changes resulting from 

closed canopy to open site. 

Water clarity can be determined using the Black Disc 

method or simple turbidity meters. Measurements should 

take place over the complete flow range of the stream. 

This will allow the determination of natural background 

variation and comparison with activity-induced changes. 

These water-based monitoring methods provide the 

information to define the natural ranges in water clarity, 

flow and temperature. In turn, changes that may affect 

downstream water users can be quantified. 

STREAMSIDE MANAGEMENT ZONES 

These are areas of forest adjacent to permanent 

watercourses where particular site conditions require 

different management practices to ensure water quality. 

They are not "no go" zones but areas where all the site 

limitations should be identified and recorded. The width of 

the zone will vary depending on slope, soil, erosion and in- 

stream ecological values, and varies between waterways. 

Determination of these is best done in conjunction with 

local Department of Conservation, Fish and Game and 

Regional Council staff. The consultation will ensure that 

the forest owner is aware of the appropriate legislation 

covering the situation and will identify the monitoring 

required. 

 

 

Figure 1: Land Resorce Data & Land Use Capability. 

 
 

SECTION 7 – HARVESTING  183 

SECTION 7.8 



Harvesting of stream margins can be the greatest source of 

public concern in any forest operation. If operators follow 

the New Zealand Forest Code of Practice (Vaughan et al. 

1993), identify the site limitations, and consult 

appropriately, production from the streamside   

management zone will be optimised whilst maintaining the 

in-stream and downstream water values. 

RESOURCE CONSENTS 

The RMA gave Regional Councils the responsibility for 

control of the use of land for the purpose of soil 

conservation. Regional Councils develop Regional Plans, 

with the formulation of each plan depending on the 

respective Policy Statements. The public has had the 

opportunity to provide input into all aspects of Council 

policy. Regional Plans assist the community in achieving 

environmental outcomes, and outline whether activities are 

permitted or prohibited, or if they require resource  

consent. 

The consent categories are: permitted, controlled, restricted 

discretionary, discretionary, non-complying, and prohibited. 

Councils vary in their methods of defining them, but with 

regard to forestry operations the permitted category 

generally applies to activities on slopes less than 20° or 

with riparian setback distances exceeding 5-20 metres from 

perennial streams. The other categories may be based on 

Land Use Capability, or erosion sensitivity. In a written 

Regional Plan there are no simple criteria that are  

practically or technically correct. Consultation and 

interpretation between Council staff and forest harvest 

planner and roading supervisor is essential. 

PUBLIC INVOLVEMENT IN HARVESTING 

The RMA allows for public participation in resource 

consent applications. Consultation must also be 

undertaken with iwi. These requirements highlight one of 

the aspects of Regional Plans which worry the forest 

industry: the potential for time delays associated with 

undertaking consultation and obtaining consent. To be 

effective in public consultation, good visual presentation of 

methodology, with the willingness to accept sound input, 

is essential. 

The perception of land use abuse as seen by the public and 

the perception by the companies of time delay come back 

to two basic points: 

> lack of data; and 

> lack of effective communication. 

A lack of data (e.g. absence of maps of significant pockets 

of indigenous vegetation) prevents the forest planner from 

carrying out a full review of the potential effects of 

harvesting. The lack of technical data held by the Regional 

Council may mean that plans and rules are based on 

surmise and perceptions rather than actual data. There is a 

need for effective communication between the forestry 

company and Regional Council, in order to resolve 

differences in perception and to achieve a pragmatic 

approach to resource management that achieves 

satisfactory outcomes. 

All forest companies have their own environmental 

guidelines, which include aspects of monitoring, and 

Regional Councils are producing land and water plans, 

which should detail the purpose and desired outcomes of 

monitoring programmes. These plans and data form the 

basis of the regulatory consent system. 

SUMMARY 

Having assessed all site limitations, considered likely on-site 

damage and methods to reduce any loss in productivity,  

the forest owner is ready to proceed with a resource 

consent application. Discussion with the Regional Council, 

Department of Conservation, Iwi, and the Fish and Game 

Council may seem to be a hindrance at times, but effective 

communication will ensure that theoretical requirements 

are tempered with practical solutions. This maintains 

forestry as a sustainable industry and does not detract from 

the environmental advantages forests provide. 
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INTERNATIONAL 
SUPPLY, DEMAND 
AND MARKET 
TRENDS 
D Neilson – DANA, Rotorua 

The previous edition of the Handbook presented articles on 

international supply and demand and market prospects 

written by Dr Sutton and Mr Gorman. The author for this 

edition, therefore, has the advantage of hindsight in 

reviewing the then conventional wisdom on these topics in 

the early 1990s. This article reviews the views of a decade 

ago, reviews the changes that have occurred at the macro 

level, and then suggests some possible future trends. 

No attempt is made to provide a prediction of future global 

wood supply and demand. One thing that has been learnt 

over the last 10 years is that, other than for short periods  

of inventory adjustments, it is unlikely that there will be  

any shortages of wood in the foreseeable future (25 years 

plus). There will be only surpluses or balances. It is likely 

that wood and non-wood substitution will always be there 

to fill in any regional gaps. 

What were the major long-term elements of supply and 

demand and other factors which were presented in the 

Handbook almost 10 years ago in 1995, and what does 

the benefit of hindsight bring? Statement summaries taken 

from the 1995 edition are in bold italicised text below. 

SUPPLY AND DEMAND 

At the macro level, the level of wood consumption has 

been linked to population growth, and this may continue. 

But over the last decade, the lesson that has been offered 

is that it is important to differentiate between total and 

industrial wood use (the latter is the only material owners 

can realistically hope to get a return on) and between 

demand trends for different wood products. A decade ago 

analysts were confident, for example, that sawn wood 

demand would mirror population, or even global gross 

domestic product growth, but this has not been the case. 

There will continue to be world economic order and 

world trade. 

Sometimes world economic order is questioned, with 

exchange rates fluctuating widely, and predictions of the 

Japanese and Chinese economies collapsing under large 

debt loads. But trade there has been, and will continue to 

be. On balance, this prediction made 10 years ago is 

equally valid today. 

Global population is estimated at 8-10 billion by 

2020-25, compared with 5.5 billion in 1994 and, by 

implication, this will increase wood demand. 

Recent population projections have been more modest, but 

the world’s population is currently growing at 1.2% per 

annum, or 77 million people (almost 20 times the 

population of New Zealand). In early 2004 the global 

population was 6.35 billion. 

The latest United Nations projection indicates a population 

in 2020 of about 7.5 billion. The major point is that, even 

though the population has increased by almost 1.0 billion 

people over the last decade or so, regional changes and 

wood demand need to be reassessed. For the ultra-patient 

 
 

 
investor this population trend will probably be good for 

wood demand, but Figure 1 presents sobering statistics 

related to sawn wood. Demand growth has been 26% 

from 1982, behind the 35% growth in population. This 

was not expected. The more startling panel product 

growth (93%) has occurred almost exclusively using cheap 

pulpwood, which is cold comfort for forest owners. 
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Figure 1: Global GDP, Population, Sawn Wood and Panel Product 
Growth Indices 1982-2002. 

Most wood substitutes are large energy consumers 

and this is good for future wood demand. 

Technically this of course remains true in 2004. But the last 

10 years has actually been the decade of wood 

substitution in almost every field, from recovered paper vs 

pulpwood, to medium-density fibreboard (MDF) vs wood 

mouldings, to orientated strand board (OSB) vs plywood, 

to concrete floors vs wooden floors, to composite floors 

(with cheap MDF) vs wooden floors, and to steel, plastic 

and wood-plastic composites vs wood for many other 

traditional wood uses. 

Relative energy costs, which are high early in the first 

decade of the 21st century, do not appear to have affected 

the rate of substitution, so the trend has been from wood 

to non-wood, and from expensive wood to cheap wood. 

On balance the earlier optimism was premature. 

There will be increased environmental concerns, and 

so the demand for renewable, environmentally 

friendly wood will increase. 

Ten years ago it would have been difficult to envisage how 

much environmental concerns have affected every-day life. 

With a large increase in awareness, logic would indicate 

that the world should be using only raw wood now for 

most of its shelter, energy and communication materials, 

but it is not. So the positive environmental story about 

wood is still negated by anti-wood messages, and indeed 

there remains a backlash about using wood, as to do so 

destroys "precious" trees. The global industry, including in 

New Zealand, has not sold itself well enough yet. 

The ability to recycle has become as least as important to 

consumers over the last decade as "sustainability". Hence 

the huge success of the recovered paper industry (10 

million tonnes imported by China alone in 2003/4), and 

acceptance of recycled plastic, steel, aluminum and other 

materials. Governments are now even passing laws about 

recycling wood, which is not good for tree owners. 
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The much heralded Kyoto opportunity is probably negative 

for forest owners (at least in New Zealand) from a supply- 

demand viewpoint. If carbon trading actually takes hold, it 

will probably encourage more tress to be planted around 

the world, hence providing more competition. 

Wood has also taken further knock-backs recently in New 

Zealand (the leaky building syndrome) and in USA-Europe- 

Australia (restrictions on timber treated with copper- 

chrome-arsenic). 

Reviewing the situation ten years on, the environmental 

story is probably at best neutral, and may even be a little 

negative. Insufficient people around the world have yet 

taken on board the "wood is good" story to affect global 

supply and demand balances. But clearly the exotic 

plantation aspect of New Zealand’s industrial forests is 

positive, as is attested by the high level of certified forests 

here. In the long term, the sustainability and carbon 

dioxide sequestration argument may come more into play. 

New Zealand’s area of trees is only 1.3 million 

hectares (in 1994) and the total global radiata pine 

area is only 3.7 million hectares. Therefore radiata 

pine can only ever supply a small percentage of 

industrial wood demand. 

While the area of radiata pine has grown in the last decade 

(including to 1.8 million hectares in New Zealand), this 

statement remains valid today. But the implications – that 

this may ensure the success of New Zealand radiata pine 

forest and processing owners – may not be. All radiata  

pine products have suitable wood and non-wood 

substitutes. New Zealand’s minor radiata pine resource 

should therefore simply be included directly in the much 

larger supply source of pines, firs and spruces in the 

Americas, Europe, Russia and Oceania, as well as indirectly 

with the global hardwood resource. And it needs also to  

be included in the universe of an increasing array of non- 

wood and composite products. The "smallness" of the 

radiata pine wood production has proven not to provide 

any comparative advantage yet. 

OTHER FACTORS 

The People’s Republic of China could be the world’s 

largest economy within a decade – hence wood 

imports are set to grow. 

Ten years on, China still does not quite have the world’s 

largest economy, but the trend appears to be valid. A 

recent prediction is that China’s gross domestic product will 

surpass that of the USA around 2040. 

Chinese demand accounts for half of the world's 

consumption of cement, 30% of its coal, and 36% of its 

steel, but only a small fraction of its industrial wood. 

In spite of increased demand, China is still not a 

particularly price-attractive place to do business. Exporters 

just have to be there. Will this change? Not if Chinese 

traders, who have been operating since the days of the 

Pharaohs, have anything to do with it. 

Native log harvests from South East Asia will reduce, 

so increasing the price of logs. 

This consensus prediction has probably been the most 

disappointing of those made 10 years ago. Where log 

harvests have fallen, log prices have generally not increased 

commensurately (e.g. Malaysia), and in Indonesia the 

alleged native harvest is still four times its sustained yield. 

There is less control over this harvest than there was a 

decade ago. The price of high quality Malaysian SQ  

meranti logs has actually reduced by 25% in nominal terms 

from 1996 to 2004, and high quality hardwood lumber by 

even more. 

Sooner or later this tropical hardwood harvest (and in other 

Asian countries, Brazil and Africa) will diminish, but it might 

be at about the same time as demand actually diminishes 

for technical or environmental reasons. The demand for 

high quality New Zealand kauri marine decking is not 

buoyant on the international market; that is because there 

is none to sell. The assumption that declining log supplies 

can be automatically linked to increased prices has been 

proven to be optimistic. 

New Zealand’s sales of high quality lumber to the 

USA will grow. 

This has been one of the success stories of the decade in 

terms of volume growth. Shipments of lumber to the USA 

have more than doubled from 1994 to 2003, from 

203,000 m3  to 413,000 m3. 

But the expected price bonanza did not occur. Figure 2, for 

instance, should caution forest owners that assuming the 

consensus view of a decade ago – that shortages = price 

increases – is risky. The figure shows the standard high- 

quality USA P. ponderosa moulding and better lumber 

prices over a 10-year period to 2003. During this period, 

the supply of this key material went from being plentiful to 

almost non-existent. 
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After a number of false starts in the 1990s, China has 

become the powerhouse of wood demand growth in most 

forms. It now controls the global trade in recovered paper 

and in market pulp. New Zealand has already benefited 

from Chinese wood demand in some products (logs, 

lumber and pulp) but not yet in panel products and paper 

(Table 1). 
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Table 1: New Zealand Exports To China 1994-2003. 
Source: Ministry of Agriculture and Forestry. 

Figure 2: Ten Year USA Ponderosa Pine Moulding & Better Lumber 
Price 1994-2003. 

The substitution potential of New Zealand radiata pine for 

ponderosa pine lumber grades has spurred much of the 

interest in intensive management of New Zealand radiata 
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NEW ZEALAND EXPORTS TO CHINA 1994-2003 

Product Unit ('000) 1994 2003 % Change 

Logs JAS m3
 279 1,716 515 

Lumber m3 7 158 2157 

Panel 

products 

m3 28 33 18 

Pulp tonnes 28 123 339 

Paper tonnes 57 86 51 
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pine forests over the last decade, as well as most of the 

investment in New Zealand sawmills since 1994. 

However, the price of this benchmark product has fallen by 

an average of almost 5% real per year, while the supply 

has almost disappeared. The problem has been substitution 

from fingerjoint and/or clear solid-wood lumber and 

mouldings from Chile, Brazil and now Argentina and 

China, MDF and non-wood substitution in the important 

USA door and window market. 

The real $NZ price has fared even worse, falling by an 

average of 6% per annum, or almost 60% over a decade. 

Apart from short-term inventory shocks, the price range for 

New Zealand clear lumber is perhaps going to be stuck in a 

relatively narrow price band, bounded by suppliers’ refusal 

to export at the lower end; and MDF, plastic and cheaper 

Latin American/Chinese product substitutes at the upper 

end. 

Similar trends are observed for other lumber products 

around the world, MDF and newsprint (which in Europe, 

for instance, has fallen in price by 1.7% per year for the 

last 20 years). Foresters are in one of the ultimate 

commodity businesses. 

Korea’s interest in New Zealand wood is being 

reconsidered as it becomes nervous about world 

wood supplies. 

Korea had been taking large quantities of New Zealand 

logs before 1994, but some 10 years on, it is apparent that 

much of the Korean solid-wood industry has embraced 

New Zealand radiata pine like no other country. Log 

exports have increased from 2.3 million m3 in 1994 to 3.8 

million m3 in 2003 (and have been higher). Lumber exports 

have also increased, but are still modest – moving from 

38,000 m3 to 66,000 m3. The shift of emphasis from 

Japanese to Korean log exports during the last decade is 

one of the major features of the industry, and has 

contributed to being able to market an increased harvest, 

which has risen from 16 million m3 to over 22 million m3 

per year. But still almost all the wood sent to Korea is in 

log form. 

As market forces impact on the Russian supply, 

environmental costs and supply factors will work in 

New Zealand’s favour. 

Russian log exports have soared, especially to China. 

Official data suggest exports to North Asia have increased 

from 5.0 million m3 to 21 million m3 over the last decade 

(Figure 3). In addition 30-60% more has probably been 

shipped unofficially. Russia is the major competitor of New 

Zealand radiata pine logs in Japan, China and Korea. There 

is a lesson here: it can be dangerous to assume that 

competitors will go away, even when logic suggests they 

should. 

THE FUTURE 

The contribution the two authors made a decade ago is 

very much appreciated. This author is not so sure about 

the future, but below raises some of the major issues 

which will face the industry over next 10 to 20 years and 

beyond. They will be of interest to forest owners and 

managers alike. 

Wood Substitution 

This impinges on the presentation of logs and products to 

the marketplace. The trend is likely to be more 

replacement of visual grading systems with machine stress 

grading and the replacement of large-section lumber with 

laminated veneer lumber and wood composites. The last 

decade has been dominated by financial managers trying 

to extract the maximum short-term dollars from plantation 

assets through accelerated harvest. Perhaps the next 10 to 

20 years should have a much higher profile input from 

wood product technologists to ensure that New Zealand 

radiata pine meets required standards. New Zealand 

foresters have the quality of wood over the next decades in 

their own hands. During the last decade, they have cut the 

industry out of some important markets by their harvest 

strategies. May these lessons be learned by the next 

generation. 
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Figure 3: Recorded Russian Log Exports to North Asia 1994-2003. 

Non-wood and Wood-plastic Composite 

Substitution 

Wood-plastic composites (WPCs) are topical at the 

moment, aided by anti-chemical treatment movements 

around the world. It is not good enough just to assume 

that consumers will find wood clean and green. In future, 

the ability for wood to be treated to stand up to weather, 

using both medically safe and also consumer-accepted 

chemicals will be a major factor in its continued use in 

many construction uses. 

Processing Reality 

The last decade has witnessed the migration of processing 

from high-cost to low-cost countries. There have been 

some impressive successes in new processing plants in New 

Zealand recently, but not nearly enough. Perhaps large 

partial-processing plants may allow some conversion in 

New Zealand before final finishing in a low-cost country. 

Expecting that investors will continue to build plants in 

New Zealand for the sake of it may be over-optimistic. 

Indeed in 2003/04 more than one billion dollars of offshore 

money was invested in re-arranging ownership of the tree 

business, which is a zero-sum game, whereas almost 

nothing has been invested in the processing sector. Log 

exports account for about 35% of the total harvest and  

will probably continue to do so. 

Predictions of Wood Supply Shortages Leading 

to Price Increases 

A decade of over-optimism on this topic has just ended. 

Forest owners should heed history which tells them that 

there are sustained periods when wood product prices 

reduce in real terms, as well as some times during which 

prices increase. But the former tends to prevail over time 

with wood products, and recently with logs. Figure 4 spans 

a decade when tropical wood supplies were expected to 

diminish, to be replaced by radiata pine. But during this 

period, the price of Japan A grade logs reduced by an 

average of almost 6% per annum in real terms, and 

Korean K grade logs by 5% per annum. A switch back to 

even flat, or certainly positive real price changes, should be 

treated as a bonus rather than an expectation when 

considering investment decisions. 
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and steel. Perhaps China is indeed the ray of hope so 
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Figure 4: New Zealand Japan A and Korean K Grade Real Log Price 
Trend 1994-2003. 

Exchange Rate Trends Will Continue to be 

Critical to the Success or Otherwise of the 

Industry 

This is probably true, but trying to predict long term 

exchange rate trends is very risky. Present economist 

predictions of the NZD:USD exchange rate range from a  

fall of the high dollar back to trend over time, through to a 

"continuing increase to 80 cents on its way to 30 cents". 

The forestry sector is very exposed to exchange rate 

fluctuations but the reality is that no-one can predict these 

trends even in the medium-term, let alone the long-term. 

The best advice that the author can provide here is to 

make decisions based on the same criteria that banks do 

when offering a fixed exchange rate for a transaction. This 

is that "The offer is open for one minute, as we do not 

know what the exchange rate will be after that". 

New Zealand Forest Owners are in a Rural 

Agricultural Product Industry and that will not 

Change 

Various attempts have been made over the last decade to 

convert the forest industry into something akin to the beer, 

computer, aircraft or pharmaceutical industries. Most have 

ended in failure. Ultimately earnings will reflect the 

fundamental returns that the land can provide. With the 

numerous inherent physical, biological, operating and 

market risks involved over a 30-year cycle, actual returns 

have clearly not been enough for some previous owners, 

and may not be for some existing ones. 

Macro Economic Trends 

There may need to be New Zealand processing investment 

in China and later India to ensure that increased wood 

supplies are utilised. Figure 5 suggests that the gross 

domestic product of China will surpass that of USA by 

2040, and that the gross domestic product of India could 

surpass Japan’s by about 2035. Already Australian furniture 

manufacturers are investing in plants in China to secure 

low-cost wooden furniture for the Australian market. 

For readers who enjoy statistics, Chinese forests really are 

not going to help out in future. The Chinese per capita 

forest inventory is 9.048 m3, only 12.5% of the world 

average of 72 m3, and 10% of the per capita inventory of 

the US which is 88 m3. The per capita forest area is 0.13 

hectare, 21% of the world average of 0.6 hectare. Official 

annual harvests have fallen by 6% a year since their 

conservation programme commenced in 1998. The 

Chinese are now so short of pulp and paper that they 

spend US$6 billion a year on imports, the second largest 
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Figure 5: GDP Growth Trends 2000-2050. 

Future Supply and Pricing Behaviour will Prove 

to be more Important than the Fundamentals 

of Supply and Demand Balances 

The forestry and forest products industry globally has a 

poor record of supply and pricing discipline. Consolidation 

of companies has still not created enough discipline. This is 

also true in New Zealand. Several attempts have been 

made to consolidate suppliers through mergers and joint 

ventures, but to date there has been only isolated success 

in supply and pricing discipline. In New Zealand this occurs 

mostly when the industry is so desperate with poor prices 

that it has no choice but to co-operate. The co-operation 

needed to move price up to gain superior margins has 

been very rare, and will probably remain so unless there is 

a paradigm shift in the way New Zealand forest owners 

and processors do business. 

TO CONCLUDE 

Finally, in the long-term, many New Zealand forest owners 

will continue to own trees because they are born optimists 

about future growth rates, costs, demand, prices and 

exchange rates. Long may it remain that way. 
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PRODUCTION AND 
MARKETS 
J Dennis, I Kaplan, A Chu – Ministry of 
Agriculture and Forestry, Wellington 

All information in this section is sourced from the Forestry 

Statistics Section, Policy Information Group of the Ministry 

of Agriculture and Forestry (MAF), which can be contacted 

in Wellington for further details. The latest forestry 

statistics are available on MAF’s website: 

http://www.maf.govt.nz/statistics/primaryindustries/forestry 

PRODUCTION AND MARKETS 

The majority of logs produced in New Zealand is from 

planted forests, with only a small volume (0.2%) being 

produced from natural forests. In the year to March 2003, 

a total of 22.5 million cubic metres of roundwood was 

produced from all forests. Figure 1 details estimated 

roundwood removals by product type from 1999 to 2003. 
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Export Logs 

A significant proportion of New Zealand forest production 

is exported in log form. Table 1 lists the markets for the 

36% of total forest removals exported as logs in the year 

to June 2003. Korea continues to be the largest market in 

terms of volume and value. 

 

Country m3 % NZ$'000 % 

Korea 4,054,343 48 333,521 46 

China 1,772,238 21 134,210 19 

Japan 1,577,887 19 161,424 22 

India 312,287 4 27,025 4 

Philippines 186,296 2 18,817 3 

Hong Kong 165,133 2 11,128 2 

Others 354,724 4 35,462 5 

Total 8,422,908 100 721,587 100 

 
Table 1: Export Destinations for Logs by Volume and Value. 

Sawn Timber 

The New Zealand sawmilling industry utilised 9.3 million 

m3 of logs from plantation forests, producing 4.4 million 

m3 of sawn timber in the year to March 2003. There were 

365 active sawmills in operation as of March 2003, of 

which 204 (56%) were located in the North Island, 

producing nearly three-quarters of the total production. 

The total capacity of these mills is estimated to be 5.0 

million m3 of sawn timber per annum, as shown in 

Table 2. 

Sawn timber exports to the year ended June 2003 totalled 

1.8 million m3, representing 41% of the timber produced 

in New Zealand. Some 92% of sawn timber exports were 

radiata pine, with 1% Douglas-fir. 

Table 3 illustrates major export markets for sawn timber by 

volume and value. 

 

Figure 1: Estimated Roundwood Removals by Product Type 
1999 – 2003. 

The destination of these products is illustrated in Figure 2. 
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Table 3: Export Destinations for Sawn Timber by Volume and Value. 

Pulp Industry 

New Zealand has eight pulp and paper mills. Almost half of 

the pulp produced is used in domestic integrated pulp and 

paper mills, with the rest being dried and exported as 

"market pulp". Some 34% (2003) of New Zealand’s 

Pulp industry 
(log input) 

 

Figure 2: Log Flow in the New Zealand Forest Industry (volumes in 
million cubic metres roundwood-equivalent March 2003). 

market pulp is exported to Japan. Table 4 indicates the 

level of production of mechanical, chemical and market 

pulp. 

 

Sawmill size (m3/annum) 0-999 1000-4999 5000-9999 10000-19999 20000+ Total 

No. of Mills 168 86 25 26 60 365 

Mill Sawn Timber Capacity (m3) 40,000 195,000 185,000 365,000 4,250,000 5,035,000 
 

Table 2: Sawmill Size. 
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Destination  m3
 % NZ$'000 % $/m3

 

USA 532,133 29 356,069 42 669 

Australia 402,327 22 247,991 29 616 

Japan 237,804 13 77,124 9 324 

Taiwan 145,295 8 30,817 4 212 

China 134,301 7 43,171 5 321 

Others 357,133 20 99,738 12 279 

Total 1,808,993 100 854,910 100  
 

http://www.maf.govt.nz/statistics/primaryindustries/forestry
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Table 4: Production of Pulp. 

New Zealand radiata pine pulp is regarded as having 

excellent strength properties, and is often added to other 

pulps, particularly hardwood pulps, to improve quality. 

Table 5 lists destinations for New Zealand pulp exports. 

 
Country Air-dried tonnes % Value (NZ$'000) % 

Japan 243,383 34 94,192 22 

Australia 128,876 18 105,117 24 

China 126,951 18 75,566 17 

Korea 66,465 9 54,509 13 

Indonesia 46,725 7 33,655 8 

Taiwan 28,915 4 19,975 5 

USA 17,862 3 12,361 3 

Malaysia 17,341 2 14,722 3 

Others 31,780 4 23,363 5 

Total 708,298 100 433,460 100 

Table 5: Export Destinations for Pulp by Volume and Value. 

Paper and Paperboard Industry 

The major paper product produced in New Zealand is 

"other paper and paperboard" which accounts for 58% of 

the paper and paperboard production. The remainder is 

primarily newsprint, as illustrated in Table 6. 

 
Product Tonnes % 

Newsprint 355,569 42 

Other paper & paperboard 496,094 58 

Total 851,663 100 

 
Table 6: Paper and Paperboard Production. 

Fifty-five percent of domestic paper and paperboard 

production is exported, with significant quantities leaving 

New Zealand as packaging for other commodities. Table 7 

lists export destinations for paper and paperboard. 

 

Country Tonnes % Value (NZ$'000) % 

Australia 240,283 51 279,485 60 

China 61,094 13 46,835 10 

Philippines 41,294 9 31,746 7 

Malaysia 17,047 4 14,317 3 

Hong Kong 14,933 3 10,870 2 

Others 97,625 21 83,744 18 

Total 472,276 100 466,997 100 

 
Table 7: Export Destinations for Paper and Paperboard by Volume 
and Value. 

Panel Products 

New Zealand has seven plywood and laminated veneer 

lumber mills, 11 veneer mills, and eight reconstituted fibre 

mills. Table 8 illustrates production of panel products in 

New Zealand. 

*Includes veneer used for making plywood 
# Plywood includes laminated veneer lumber 

Table 8: Panel Production Year Ended March 2003. 

Table 9 lists export destinations for panel products. 
 

Country Veneer Plywood  Fibreboard  Particleboard 

 m3 m3 m3 m3 

Japan 34,316 55,247 240,686 56,019 

Australia 4,549 43,457 67,416 36,952 

USA 7,957 685 88,490 2 

Philippines 64,990 5,078 15,205 - 

Korea 1,064 - 60,267 5,059 

Indonesia 8 - 30,519 21 

Taiwan - - 17,273 - 

Hong 

Kong 

36 - 13,252 - 

Others 1,762 3,095 141,189 1,584 

Total 114,682 107,562 674,297 99,637 

 

Table 9: Export Destinations for Panel Products by Volume. 
 

IMPORTS 

While exports of forest products are a major contributor to 

the New Zealand economy, imports of forest products also 

occur as illustrated in Table 10. Most imports are speciality 

products for which substitutes are not available in New 

Zealand. 

 

Product Quantity Unit Value (NZ$'0000) 

Logs & poles 5,000 m3 2,270 

Sawn timber 

– softwood 

– hardwood 

 
17,000 

17,000 

 
m3 

m3 

 
24,064 

21,605 

Chemical pulp 6,646 tonnes 7,327 

Paper & 

paperboard 

425,759 tonnes 662,028 

Plywood 10,543 m3 18,301 

Particleboard 2,257 m3 1,111 

Fibreboard 3,822 m3 4,227 

Wooden furniture 

and parts 
  143,735 

Other forest 

products 
  355,178 

Total imports of 

forest products 
  1,239,846 

 

Table 10: Imports of Forest Products. 
 

PER CAPITA CONSUMPTION 

New Zealand has a high per capita consumption of forest 

products. Table 11 illustrates consumption of a range of 

forest products. 
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Product Air-dried tonnes % 

Mechanical pulp 828,415 55 

Chemical pulp 684,187 45 

Total 1,512,602 100 

Market pulp 

(produced for export) 

 
862,553 

 
57 

 

Product m3 % 

Veneer * 601,600 30 

Plywood # 321,655 16 

Particleboard 209,977 10 

Fibreboard 883,117 44 

Total 2,016,349 100 

 



 

Product Consumption / Total Domestic 

 1000 Capita Consumption 

Sawn timber 674 m3
 2,665,000 m3

 

Wood pulp 205 ADT 810,982 ADT # 

Paper & paperboard 203 tonnes 805,146 tonnes 

Plywood 57 m3
 224,636 m3

 

Particleboard 28 m3
 112,589 m3

 

Fibreboard 54 m3
 212,642 m3

 

# ADT = air-dry tonnes. 

Table 11: Per Capita Consumption – Forest Products. 

 
 

 
 

MARKETING OF 
WOOD PRODUCTS 
H Bigsby – Lincoln University, Christchurch 

L Ozanne – Lincoln University, Christchurch 

INTRODUCTION 

Marketing as an area of expertise within the forest  

products industry is a relatively recent phenomenon. Its 

development was facilitated by a change to the character 

and practices of the forest industry, including increasing 

costs, decreasing availability of timber and a shift to global 

competition. In order to continue to compete, producers 

had to focus on the needs and wants of consumers. This 

meant a shift from looking at their business as one of 

primary processing of commodities to the manufacture of 

secondary or value-added wood products. The focus on 

secondary products required a change to the way that 

customer relationships are managed, as secondary products 

are different from commodities. In particular, secondary 

products need to have a strong link to consumers, which is 

where the marketing function becomes important. 

The adoption of marketing in the forest products industry 

followed the wide use of the marketing approach to 

management and corporate strategy in the 1960s (Sinclair 

1992). The key change was that decisions were made 

based on perceived needs of the customer. There were 

many changes in the market place during this period that 

drove this change. These include competition from 

concrete, steel, aluminium, and plastic, new consumer 

groups, (particularly the do-it-yourself (DIY) market) and 

new distribution channels. Businesses also began to look at 

product differentiation and specialty products, for which 

marketing was more important than when the focus was 

largely on commodities. 

MARKETING 

Marketing is different from "selling". Whereas a selling 

orientation focuses on getting rid of what is produced, 

marketing is instead a focus on the customer rather than 

the seller, and producing what the customer requires. 

Marketing takes in attitudes towards customers, product 

offering, the role of market research, and the role of 

innovation. Marketing is important because it is a revenue 

generating function of an organisation, and it is the 

function that facilitates contact between a firm and its 

customers. 

What is a Product? 

An important concept in marketing is that a "product" is a 

package of benefits. This is a broader concept of a product 

than simply the physical item. The fundamental idea is that 

the closer the product approximates the shape, form, 

properties or availability required by the user, the higher 

the value to the user. In other words, the more benefits a 

consumer perceives that the product provides, the greater 

the value to the consumer. Marketers recognise that 

consumers do not seek products but solutions to their 

problems. As an example, ease of installation is a key focus 

in DIY products. 

A related idea is that of the total product (Sinclair 1992). 

As can be seen in Figure 1, "total product" captures the 

idea that the product is more than the physical item, in 

particular it includes a number of elements related to 

service. 

 
 

Product 

+ 

Price 

+ 

Quality 

+ 

Delivery 

+ 

Credit 

+ 

Supplier Reputation 

+ 

Technical Information 

+ 

Service 

+ 

Helpful Sales People 

+ 
 

 

Total Product 

Figure 1: Total Product Concept. 

Products can be categorised according to the type of 

market in which they are sold. 

> A commodity is a product that is manufactured to a 

standard set of specifications. Producers typically use a 

mass market approach to customers, and competition is 

on the basis of price, service and cost of production. 
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> Specialty products are developed and sold to a small 

niche market. Producers are typically small, with flexible 

production, and competition is on total product (high 

profit margins). 

> Differentiated products are those where the producer 

targets market segments rather than niches (focus on 

the market segment rather than the product segment). 

Differentiation is accomplished via quality, credit or 

service rather than product modification. 

Product Branding 

Product branding is a name, term, symbol or design used 

to identify a product (Kotler et al. 2003). Product branding 

is used as an aid to customers in identification and a focal 

point for advertising. A good brand name should suggest 

something about the product’s characteristics, benefits, use 

or action. It must also be able to be registered and legally 

protected. Brands with high brand equity (that is, with a 

high contribution to the value of a business or the 

shareholders’ equity) are a valuable asset and may provide 

many competitive advantages. Advantages include high 

brand awareness and loyalty, lower marketing costs, 

reduced tendency for customers to make price comparisons 

with competing products, and increased                    

leverage with resellers. 

An example of a brand that suggests a product’s 

characteristics is Bridiata Pine TM, a brand developed by 

Bright Wood to profile its focus on bright, white radiata 

pine from Southland. A product brand should also be 

versatile for new products. An example of this is the 

OriginTM brand, originally developed by Fletcher Challenge 

Forests (now Tenon), that applies to a range of wood 

products, including lumber, plywood and I-beams (Figure 2). 

 

 

Figure 2: Fletcher Challenge Forests’ Origin Brand. 

An issue in New Zealand in recent years is whether 

producers should jointly brand and market radiata pine 

from New Zealand rather than individual companies doing 

their own thing (Clement 2003). 

Product Positioning 

Product positioning is the process by which the 

manufacturer or retailer creates an image of a product 

relative to competing products. For example, a product 

might be positioned as: 

> cheaper alternative; 

> environmentally friendly alternative (e.g. elemental 

chlorine-free, recycled content); or 

> sustainable resource. 

An example of this is Carter Holt Harvey’s (CHH’s) EcoPly™ 

brand. 

"The Ecoply brand represents plywood derived from a 

plantation pine-based renewable resource with inherent 

qualities of durability, strength and diversity in use" (CHH 

2003). 

CHH is attempting to position this product as being both 

cost-effective to use (eco-nomical) and environmentally 

friendly (eco-logical). Another example of positioning is 

Whittier Wood Products, an Oregon-based manufacturer of 

ready-to-assemble furniture, which has positioned itself in 

the solid-wood market to differentiate itself from furniture 

made with veneers (Figure 3). 

 

 
Figure 3: Whittier Wood Products Positioning. 

A product’s position must be supported by the rest of the 

marketing mix to be effective. For instance, rimu furniture 

sold by retailers offering minimal pre- and post-purchase 

service would do little to help the furniture manufacturer 

achieve a high-end position for their furniture. In addition, 

it should be recognised that repositioning is a much more 

expensive and time consuming process than initial 

positioning of a product. 

DEFINING TARGET MARKETS 

A market is the set of all current and potential buyers of a 

particular product or service (Sinclair 1992). A target 

market is that segment of a market toward which a firm or 

organisation targets its goods or services. The importance 

of a well-defined market is that marketing activities are 

built around a target market. There are three main 

methods of defining target markets: mass marketing, 

market segmentation, and multiple segmentation. 

Mass marketing is a single marketing program aimed at as 

broad a range of customers as possible. A mass marketing 

approach assumes that customers are homogeneous in 

perceptions and needs. With this approach, a business will 

maximise sales by having the same product for everyone. 

There is an emphasis on product uniformity and a wide 

range of outlets. Examples of this type of approach include 

tissues, some framing grades and plywoods. Most 

marketers, however, recommend against a mass marketing 

approach as customers differ too much in their needs and 

behaviour to be served by a single marketing program. 

Market segmentation, also known as niche marketing, is a 

focus on a single, well-identified customer group. Market 

segmentation means dividing heterogeneous total markets 

into homogeneous segments based on similar needs, 

behaviour, or other characteristics (Juslin and Hansen 

2002). For example, in the Japanese housing market there 

are three broad housing systems: traditional post and 

beam, western 2x4 platform and prefabricated, facilitating 

segmentation based on building system (Robertson and 

Waggener 1995). The market segmentation approach has 

advantages for smaller businesses, including brand name 

recognition, and an enhanced ability to meet customer 

needs (fewer, focused customers). Market segmentation 

also gives smaller businesses the ability to compete with 

larger firms by allowing them to be a large player in their 

market segment. 

Multiple segmentation occurs when marketing is directed 

at two or more well-defined customer groups. The 

advantage of this approach is that it provides more market 

diversification, however, it also requires more products than 

the niche market approach since different products are 

required for each market. An example of this approach 

would be a sawmill that produced different grades of 

timber (products) for different market segments, such as 

visible furniture components, domestic framing grades, 

export grades, and the pallet market. 
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Effective segmentation requires sufficient differences 

between groups of customers while at the same time 

sufficient similarity of customers within each group to 

develop a targeted approach. It must also be possible to 

clearly define product needs. Segments are of no use if the 

target group is not defined in terms of a product need. A 

segment must be large enough to be economically viable 

and it must be defendable (you must be competitive). 

Segmenting may be done by customer class, geography, 

end-use or benefit (Sinclair 1992). 

Segmenting by customer class involves identifying 

particular groups of consumers. For a building products 

manufacturer, customer classes could include: 

> do-it-yourself; 

> small-scale home builders; 

> remodelling contractors; 

> subdivision developers; 

> manufactured housing; or 

> wood-using manufacturers. 

Each of these groups has different needs and desires in 

terms of sizes required, quantity purchased, frequency of 

purchase and method of purchase. This provides 

opportunities to tailor products that are specific to a 

particular group. 

Segmenting by geography involves segmenting customers 

based on their location relative to the mill. Segmentation 

on this basis might be based on international, national, 

regional or local location. The underlying premise in this 

form of segmentation is that there are often differences in 

the type of demand reflected by location. These include 

building styles and standards, type of wood bias or quality 

demands. 

In a study of New Zealand lumber manufacturers, Bigsby 

and Ozanne (1998) found that geographic location was 

important in determining the type of branding or product 

identification used with products (part of the total 

product). Export markets were more likely to have plastic 

wraps with product information, while domestic markets 

were more likely to have a stamp or paint with technical 

information on a timber pack. Products headed for the US 

or Australia were also more likely to have a plastic wrap 

with product information, while products headed to Japan 

were just as likely to simply have information painted on 

the pack. 

Segmenting by end use means identifying groups of 

consumers based on how they use products. A common 

segmentation is into industrial and consumer markets. 

Industrial markets are those where products become 

manufacturing inputs in another product. In addition, 

industrial markets typically involve frequent and large 

quantities of product, and involve sales between 

businesses, meaning that they will have particular transport 

and credit needs that help to identify this market segment. 

Consumer markets on the other hand are what are called 

end-use sales, where the purchaser is the final user of the 

product. There will be smaller volumes, and there will  

again be particular transport and credit needs. 

In segmenting by benefit, a business targets customers 

seeking specific benefits. A New Zealand example of this 

type of segmentation is found in Bigsby and Ozanne 

(2001). Their study identified four customer segments for 

wooden outdoor furniture in New Zealand based on 

relative importance of warranty, price, forest type, region 

of wood source and environmental certification. The 

customer classes identified were the quality 

environmentalist, the buy-local consumer, the value-for- 

money consumer and the implicit-certification consumer. 

Marketing Strategic Decisions 

Basic marketing strategic decisions involve deciding where 

a company is headed, and its objectives and strategies to 

accomplish them. Marketing strategies and options follow 

from basic decisions (Ansoff 1965). There include decisions 

to: 

> continue existing products for existing markets; 

> continue existing products and add new markets; 

> introduce new products to sell to existing markets; and 

> introduce new products to sell to new markets. 

These choices can be captured in the product-market 

matrix shown in Figure 4 (Sinclair 1992). The matrix is 

defined by combinations of current and new products, and 

current and new markets. 
 

Market 

Current New 

 
 

Product 

Current Market 

Penetration 

Market 

Development 

 

New 
 

Product 

Development 

 

Diversification 

 

Figure 4: Product-Market Matrix. 

A business involved in current products and markets must 

increase penetration of markets in order to grow. This is 

done either by attracting new customers or increasing 

orders from existing customers. It can do this by improving 

existing products, intensifying promotion, improving brand 

recognition, improving quality control or adjusting prices. 

A strategic method for existing products could be a 

differentiation strategy to offer unique advantages to 

purchasers. They could include features like cut to size, 

pre-drilled, kiln-dried or planed. It could also involve 

different services like guarantees, instructions, assembly 

tools or packaging. Another strategy could be cost 

leadership by becoming the low-cost producer. In this case, 

competitive pricing becomes the driver and efficient 

manufacturing, inventory control and distribution become 

critical factors. 

For existing products and new markets the objective is to 

find untapped markets and extend the mature stage of 

product life cycle. Options in this situation include 

segmenting existing markets or developing new customer 

services. In some cases it may involve new geographical 

markets (exports). Extending the life cycle of a product is a 

common strategy. An example is dressing up lumber to 

create a new market for the DIY person who has limited 

woodworking skills or tools (Sinclair 1992). This can be 

done by shrink-wrapping a surfaced, pre-stained, cut-to- 

size board, with brackets, screws and instructions for 

shelving (Figure 5). 
 

 
Figure 5: DIY Shelving. 
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Introducing new products into existing markets involves 

product development. It can be a favourable strategy when 

one links with one’s position in an existing market, makes 

use of existing distribution channels and builds on brand 

name familiarity. An example is plywood producers 

manufacturing composite boards, as they have the 

advantage of selling into markets which are familiar to 

them. 

Looking at new products and new markets represents a 

strategy of total diversification where a business seeks new 

markets. Reasons include the provision of room for growth 

or a potential for adding value. It also provides the greatest 

risk as a business will be heading into unfamiliar territory 

and it may be at a disadvantage while it learns a new 

business. Examples of successful strategies are MDF 

manufacturers (such CHH) producing mouldings or 

furniture components directly. 
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Log Specifications 
A Katz – Silva, Auckland 

INTRODUCTION 

In the process of converting trees into products, log-makers 

adhere to a set of rules referred to as log specifications. 

Log specifications are important as they determine how 

closely logs will match the requirements of processes and 

end uses. In doing so they significantly affect the values 

generated for both forest owners and their customers. 

Log specifications are a key part of sales contracts. They 

give customers assurance that the logs will fulfil their 

intended purpose. The specifications need to be sufficiently 

detailed to ensure vendors and buyers arrive at a common 

understanding as to what is to be produced and delivered. 

Contracts need, at a minimum, to show the range and 

tolerance for each specification; otherwise sales run the  

risk of falling short of customer expectations. 

CUSTOMER  CONSIDERATIONS 

Whether logs are to be sawn, peeled or pulped, customers 

will place value on any or all of the following 

considerations: 

> The ability to minimise risk. Customers want 

specifications that are sufficiently specific to ensure 

product consistency between deliveries and shipments. 

> The ability to have a wide range of product options. 

Customers want logs that provide enough flexibility to 

respond to changing market conditions. Larger and 

longer logs generally provide greater flexibility in 

processing than smaller and shorter logs. 

> The ability to minimise downfall and waste. For 

example, logs should be cut accurately to their length 

requirements or their multiples. Sweep allowances 

should be minimised as they unfavourably affect 

conversion rates. 

> Maximise outturn of higher-value products. A high level 

of knot incidence as well as larger knot sizes will tend 

to reduce the value of processed products. 

> Maximise processing efficiency. In certain situations, 

logs with a wide range of diameters will require 

frequent changes to the machine settings. Similarly, a 

small range of diameters can cause bottlenecks and 

imbalances at machine centres. 

> Consistency with other suppliers. Specifications 

consistent across suppliers facilitate price comparisons 

and ensure competitive purchasing. 

SUPPLIER CONSIDERATIONS 

Suppliers should also consider their priorities before arriving 

at an appropriate set of log specifications. Consideration is 

given to: 

> Minimising management complexity. The number of 

different log specifications handled affects the number 

of stock-keeping units (SKUs) to be managed. A high 

level of SKU’s can increase the risk of: 

– Mix-ups and cutting errors as log-makers attempt to 

deal mentally with an increasing number of 

specifications. 

– Having to deal with residual logs that need to be 

reprocessed to other specifications to ensure they 

are sold. Related to this is the need to have 

sufficient volume of logs of a particular specification 

to make selection worthwhile. 

– Slowing the sales process as buyers test the value 

differences between specifications. 

– Increasing the risk of mix-ups at landings and log 

yards where differences between specifications can 

be difficult to pick. 

> Minimising handling costs. Handling and transportation 

costs are influenced by factors such as log length. Short 

logs are more expensive to handle and transport. 

> Minimising storage requirements. Both the number of 

SKUs and average log length influence the size of 

landings, port areas and storage yards. 

> Avoiding conflict between joint products. This is where 

modification of one specification will have an impact on 

availability and average quality of other log grades. 
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> Maximising forest value. The forest owner needs to 

ensure that the chosen set of log specifications allows it 

to maximise the value of the forest. 

DIMENSIONAL AND QUALITY 

CHARACTERISTICS 

Log specifications describe logs in terms of their 

dimensional and quality characteristics. 

Log Size 

Log size is specified in terms of diameter and length 

together with the applicable manufacturing tolerances. 

> Diameter 

– Small-end diameter (sed) is specified in terms of 

minimum, maximum, average and method of 

measurement. 

– Large-end diameter is specified as a maximum. 

> Length is specified in terms of cut length and trim 

allowance. The trim allowance ensures customers 

recover the required length after logs are squared up, 

however some processors expect a certain length of 

recoverable material in the trim. 

> Tolerances take account of manufacturing variability. 

Both length (including trim) and diameter are specified 

with an allowed tolerance. 

Log Quality 

A large number of characteristics are used to describe log 

quality. The more frequently used include: 

> Species description. Customers will have an inherent 

expectation of the specific fibre, form and appearance 

characteristics of each species. 

> Straightness. This is specified both in terms of sweep 

and wobble. Stem deflection is generally measured as a 

proportion of sed. Sometimes the terms veneer, saw or 

pulp log quality are used to represent particular 

straightness specifications. 

> Branch/knot size characteristics. These are specified in 

terms of maximum branch size, which can vary from 0 

for pruned logs to unlimited in the case of industrial 

grades and pulpwood. Occasionally the maximum 

number of branches per unit length of log is specified. 

> Internode length. This specifies the existence of at least 

one internode of a minimum length and ensures the 

recovery of a minimum length of clear lumber. 

> Clearwood recovery. This is expressed in terms of knotty 

core size or minimum percentage of clearwood 

recovery. 

> Defect allowances (these include specifications for spike 

knots, draw wood, splits, machine damage, scarf faces, 

slovens, and slabs). 

> Ovality. This is where the maximum difference between 

the longest and shortest diameter is prescribed. 

> Pith location. Where pith is restricted to the central 

portion of the log. 

> Fibre stiffness. This is specified in terms of the minimum 

or average speed of sound waves travelling through the 

log and is an indicator of fibre strength. 

> Treatment. Logs are specified as to whether they are 

delivered with bark on or off and whether they have 

been treated for sapstain. 

> Condition. Logs are specified with a maximum log age 

and sapstain incidence. 

> Certification. This describes whether logs meet 

requirements for environmental certification. 

COMMON APPROACHES TO LOG 

SPECIFICATIONS 

Several attempts to standardise log grades across the 

industry have been made over the years but have not been 

successful. To a large extent the difficulties in achieving 

agreement reflect differences in customer base and 

resource characteristics. There are also differing views on 

whether this is something that the industry necessarily 

needs to pursue. Common specifications however do 

facilitate joint shipping to customers and in such cases 

there have been attempts by suppliers to align their 

specifications. Table 1 shows commonly used log grades 

and their specifications in domestic and export markets. 

There are two common approaches to developing log 

specifications. In a market-based approach log 

specifications are developed to meet market and customer 

requirements. In a resource-based approach specifications 

are developed with planning and operational requirements 

in mind. 

The main benefits of a market-based approach are: 

> Specifications that closely meet the requirements of 

target markets. 

> High level of customer satisfaction. 

However, market-based specifications can lead to higher 

operational complexity, increasing the potential for less 

than optimal value recovery. For example, overlapping 

specifications can lead to ambiguities in log-making 

decisions, lack of meaningful differentiation between 

specifications can lead to mix-ups in grading and sorting 

operations, and an excessive number of log characteristics 

and management variables can lead to higher operational 

costs. 

Resource-based log specifications are developed to meet 

suppliers’ operational needs. Logs are produced according 

to a standard set of sed and quality specifications, 

irrespective of differences in market requirements. The 

main benefits are: 

> Improved ability to reconcile planning and pre-harvest 

inventory with sales information. 

> Simpler log-making decisions. 

> Transparency in market allocation decisions. 

However resource-based specifications are less likely to 

conform with established practices and processing 

requirements and hence are likely to achieve lower market 

acceptance. 

This can be dealt with by: 

i) ensuring that market grades can be re-created by a 

combination of resource-based grades; and 

ii) aligning some of the specifications with the 

corresponding market grades. 

Log specifications should not be developed without 

consideration of buyer preferences and market conditions. 

The advantage of adjusting log specifications is quickly lost 

if it leads to unfavourable purchasing patterns (such as 

changes to log mix, pricing, and buying consistency). 

Therefore it is important that forestry managers consult 

with their customers before implementing changes to log 

specifications. 
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Market Major log type Country Grade Min Sed (cm) Max branch (cm) Common end uses 

Domestic Pruned  P1/P2 

Z1Z/Z2Z 

40/35 n/a Furniture, veneer 

 Sawlog  S1/S2/S3 

SXS/SLS/SMS 

40/30/20 7 Structural timber, 

plywood 

 Industrial sawlog  L1/L2/L3 

SLL/SLM/SKX/SSM 

40/30/20 14 Packaging, pallets, 

shuttering 

 Pulp  R 

UBR/UHR 

8 Unlimited Pulp, MDF 

Export Pruned Korea 

China 

P1/ P2 

Z1Z/Z2Z 

40/34 n/a Furniture, veneer 

 Large sawlog Japan 

Korea 

China 

SE Asia 

India 

A 

SOM 

30 12 Packaging, shuttering, 

furniture, plywood 

 Medium sawlog Korea 

Japan 

K/J 

SOM/SMM 

20 10/12 Packaging, shuttering, 

plywood 

 Small sawlog Korea KS 

SSM/SMM 

18 10 Packaging, shuttering, 

MDF 

 Industrial sawlog Korea 

China 

SE Asia 

India 

KI 

SKX 

26 20 

Unlimited 

Packaging, shuttering, 

plywood 

 Pulp Japan 

Korea 

China 

SE Asia 

India 

Pulp 

UBR/UHR 

10 Unlimited Panels, pulp 

Note: Small-end diameters quoted for export grades are Japanese Agriculture Standard (JAS) centimetres. 

Table 1: Common log specifications used in domestic and export markets. 
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CERTIFICATION 
H Bigsby – Lincoln University, Christchurch 

L Ozanne – Lincoln University, Christchurch 

THE ORIGINS OF FOREST CERTIFICATION 

Several trends emerged in the 1990s, an important one 

being the development of the global business economy, 

with more companies operating globally, both for sourcing 

products and for markets. This trend was paralleled by 

globalisation of social and business communications, 

creating in turn a greater awareness of global 

environmental problems. At the same time more people in 

developed nations were searching for a better quality of 

life, an important component of which was the 

environment. All of these factors led to a growing 

influence of Non-Governmental Organisations (NGOs) and 

consumer associations in lobbying businesses and 

governments to make changes to environmental 

management (Fletcher et al. 2002). In effect, NGOs and 

consumers had created ‘environmental market standards’ 

to overcome the perceived failure of government 

environmental regulatory standards. The environmental 

market standards included product specifications, eco- 

labels, and performance and management standards. 

NGOs are currently providing the initial ‘face’ of final 

consumer demand for environmentally friendly products 

(Nilsson 2001). These groups are working with both 

retailers and producers, and retailers responding directly to 

consumers pass pressures onto producers (Raunetsalo 

2002). 

FOREST CERTIFICATION 

The move to environmental marketing created a new set of 

problems for consumers. Chief among these problems are 

how to judge the environmental friendliness of a product. 

Which criteria should be used to judge environmental 

friendliness, and who makes the decision? The forest 

industry has been at the forefront of pressures for 

environmentally friendly products. Over time,  

environmental criteria for the forest industry have been 

developed within a broad process termed forest 

certification. The development of certification systems has 

involved a number of key common elements (Upton & Bass 

1996; Nilsson 2001; Bennett 2001; Cauley et al. 2001; 

Castaneda et al. 2001). These include, 

> Tenure and land-use rights 

> Respect for community rights 

> Economic and social development 

> Long term economic viability 

> Sustainable yield of products 

> Protection of biodiversity, water and soil 

> Assessment, monitoring and prevention of adverse 

impacts 

These elements reflect the initial focus of certification on 

tropical forestry issues in developing countries. However, 

the depth to which each of the elements in the list is 

addressed differs between countries and generally forms 

the basis for differences between certification systems. 

There are two basic approaches to forestry certification 

systems (Fletcher et al. 2002). One approach is that of 

management system standards. These standards specify  

the systems required to maintain and improve 

environmental performance rather than the environmental 

performance standard per se. Examples of this approach 

include ISO 14001 and the Canadian Standards Association 

(CSA) Sustainable Forest Management system. The other 

approach is to create performance standards that specify 

minimum levels of operational performance. In this 

approach specific operational requirements, such as  

riparian strips, wildlife protection or regeneration, are 

specified. Examples of this approach include the Forest 

Stewardship Council (FSC), the Finish Forest Certification 

System and the United States Sustainable Forestry Initiative. 

FSC certification is the dominant form of forest certification 

in New Zealand. In 2002, FSC covered 42% of plantation 

forest area and 33% of the volume harvested, with 

additional areas expected to come under the scheme. 

There is also a process underway to develop national 

standards for New Zealand. The current structure of the 

national standards is aligned with FSC processes that 

should make future mutual recognition easier (NZFIC 

2000). A similar process of developing national standards 

in Australia has resulted in the Australian Forest Standard. 

In addition, a number of organisations have undertaken 

ISO 14001 certification as a step towards other types of 

forest certification. Given the extent of FSC and ISO 14001 

in New Zealand, the following sections outline these 

systems in more detail. 

Forest Stewardship Council 

FSC is the most developed global certification system. It 

was created in 1993 and is based in Oaxaca, Mexico. It is a 

coalition that includes environmental and social NGOs, 

retailers and forestry companies. A key feature of FSC is 

that it does not include governments. The primary  

objective of FSC is to provide the market place with an 

incentive for good forest stewardship. The central platform 

of FSC is a set of ten principles, each with its own criteria. 

The principles and criteria define the performance  

standards that must be met. The standards are however, 

somewhat flexible, and can be adapted to different local 

circumstances. In some cases, national standards have been 

developed that apply to all forests in a country. This type of 

application includes Sweden, United Kingdom and Bolivia 

and is being extended to about 30 countries. Where there 

are no national standards, the certifiers’ standards are  

used. This is currently the case in New Zealand. 

Accreditation of certifiers, or bodies that are permitted to 

undertake certification, is also a key feature of FSC (SCS 

2002). FSC accredits and monitors the performance of 

certification bodies to provide certification services rather 

than doing the certification directly. All accredited 

certification bodies may operate internationally and may 

carry out evaluations in any forest type. For example, 

FORME is an accredited certifier for FSC in New Zealand 

and has been involved in many of the FSC-certified forests 

in the country. But a United States-based FSC-accredited 

certifier, SMARTWOOD, has also done certification in New 

Zealand. In addition to gaining initial certification, certified 

forests are visited on a regular basis to ensure that 

certification requirements are being met. 

An important component of the market power of FSC is 

the ‘brand’ that goes with it (Figures 1 and 2). Products 

originating from forests certified by FSC accredited 

certification bodies are eligible to carry the FSC logo, if the 

chain-of-custody has been checked. There can also be 

affiliated certification brands for particular markets, such as 

SMARTWOOD in the United States. 
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Figure 2: FSC Certified Mouldings from New Zealand at Lowes in 
the US. 

 

ISO 14001 Environmental Management 

ISO 14001 is carried out under the auspices of the 

International Standards Organisation (ISO). It is a 

management standard that assures treatment of 

environmental issues in a structured format. It does not 

prescribe performance standards and is not specific to 

forest operations. ISO has produced a ‘Bridging Document’ 

(Technical Report ISO/TR 14061), a special guidance 

document for the forest industry. It has been found to be 

useful for forest companies seeking certification under 

performance standards as it provides a necessary basis for 

internal management that is required to meet performance 

objectives. It has limited effect as a market standard as it is 

not prescriptive, and it cannot be used as a basis for 

labeling products as environmentally sound. 

CHAIN OF CUSTODY 

Chain of custody is a critical feature of any certification 

system. Chain of custody is the process by which the 

source of a timber product is verified. It involves a process 

by which product tracking occurs through all the steps of 

the production process between the forest and final 

consumer (Bass et.al. 2001). This ensures that any product 

that is marketed as coming from a certified forest can be 

tracked back to the source forest. Typically this will mean 

that not only the forest owner undergoes certification, but 

in addition, processors along the supply chain. For  

example, furniture being marketed as certified will need to 

come from both a furniture plant and a sawmill that have 

been certified to preserve the chain of custody. This will 

mean that certified and non-certified logs will need to be 

segregated in log yards and processed at different times so 

that the two sources are not mixed. Similarly, at the 

furniture factory, certified and non-certified wood will need 

to be segregated and tracked to avoid mixing of material 

and the potential for mislabelling. In the case of  

continuous processes like pulp mills or MDF plants, where 

it is difficult to interrupt the production process to separate 

certified and non-certified materials, the rules can be 

altered. Rather than strict segregation of inputs and 

outputs, products from continuous processes will instead 

be marketed as certified in proportion to the certified raw 

material. For example, in Figures 1 and 2, the certification 

states that at least 70 percent of the wood used in the 

product comes from certified sources. Chain of custody 

must be independently audited. 

CURRENT RESEARCH ON CERTIFICATION 

Considerable research has examined the issue of 

environmental certification of wood products, with 

particular focus on consumer demand for certified wood 

products. 

Segments of the US marketplace appear to be favourably 

predisposed to purchasing certified wood products. 

Ozanne & Vlosky (1997) and Ozanne & Smith (1998) each 

identified large segments of consumers who would likely 

seek out certified wood products. More recently, Ozanne & 

Vlosky (2003), in a replication of the 1997 study, found 

that although overall consumer understanding of the 

concept of certification has increased, self-reported 

purchases have declined and consumer willingness to pay a 

premium for certified wood products has decreased. The 

price premium is an important issue that is considered 

critical to the certification process as the costs of 

certification impose additional financial burdens on 

producers (Sedjo & Swallow 1999). In addition, Ozanne & 

Vlosky (2003) found that the perceived efficacy of 

certification was more likely to be questioned by United 

States consumers than it was when the first study was 

carried out. Hansen & Punches (1999) found that the 

United States consumer demand for certified wood 

products is limited, and some consumers have 

unfavourable perceptions of the quality of certified wood 

products. 

Evidence for the demand for certified wood products in 

Europe is mixed. Rametsteiner (2000) reports that in the 

main European markets of Germany, France, Italy and the 

United Kingdom, 60% of respondents indicated that wood 

from sustainably managed forests was a very or quite 

important factor in their purchases. In addition, about 60% 

of respondents expressed a willingness to pay for the 

information supplied on a label or certificate. However, 

Raunetsalo et al. (2002) reported that a lack of premiums 

and perceived limited demand are seen as important 

factors limiting market development for certified wood 

products in Europe. 

Although numerous studies have been conducted around 

the world, very little research has been conducted in New 

Zealand’s Australasian markets. There is abundant evidence 

of environmental marketing in New Zealand but with little 

availability of certified products. This is not surprising as 

research in New Zealand has shown that consumers, are 

predisposed to environmentally friendly products, trust 

environmental groups most as certifiers, and would pay a 

premium for environmentally certified wood products 
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(Bigsby & Ozanne 2002; Ozanne et al. 1999). Bigsby & 

Ozanne (2002) determined that the most important 

furniture attribute for New Zealand consumers is the 

source of the wood, with New Zealand sources preferred 

to imported sources. The next most important attributes 

were forest type, with plantation preferred to native 

forests, and whether the wood was environmentally 

certified. However, two of the market segments identified 

in the study are possible target markets for certified wood 

products as they rate environmental considerations as a 

key product attribute. In a similar study conducted in 

Australia, Ozanne & Bigsby (2003) found that certification 

is an important issue to Australian consumers, but 

certification was not rated the most important wood 

product attribute. Forest type, with wood sourced from a 

plantation forest rather than a native forest, was the 

furniture attribute most valued by Australian consumers. 

However, similar to the New Zealand market, two 

Australian market segments placed a high value on 

certification and represent possible target markets for 

certified wood products. 

Asia, as a major market for New Zealand wood products, 

might also provide potential target markets for certified 

wood products. However, no research has specifically 

examined whether environmental certification is an 

important product attribute to Asian consumers. Research 

that has examined Asian consumer environmental concerns 

and environmentally related consumption behaviours has 

been mixed. Chan (1999) found that Chinese consumers’ 

ecological concerns are still rather low. Rice et al. (1996) 

found that a green segment exists in Thailand, however 

this segment will need more development as the research 

indicates that Thais do not believe that environmentally 

motivated consumption can have an impact on the 

environment. Li (1997) reports that consumers in Hong 

Kong are concerned about environmental problems and 

show a propensity to switch products for environmental 

reasons at the same level as consumers in more 

industrialised countries. 

These research findings offer several insights for marketers 

of New Zealand wood products. First, in several of the 

major New Zealand export markets one or more segments 

for certified wood products appear to exist. These 

segments are concerned about the natural environment, 

tend to buy environmentally marketed products more 

frequently, and represent potentially profitable segments 

responsive to marketers’ green appeals. The research in this 

area also suggests that marketers will have to invest in 

promotion and branding to educate these segments on the 

meaning, efficacy and nature of environmental certification 

programmes. 
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CHAIN-OF- 
CUSTODY 
J A Schrider – Forme Consulting Group Limited, 
Wellington 

AIMS OF CHAIN-OF-CUSTODY 

Chain-of-custody is the unbroken chain of wood products 

from the forest to the consumer, including all stages of 

manufacturing, transformation and distribution. It is the 

process by which the path of a timber product is tracked 

and verified. Only when this tracking has been 

independently verified, is the product eligible to carry the 

certifying body’s trademark. Chain-of-custody certification 

provides evidence that the product originates from certified 

well-managed forests, and verifies that these products are 

not mixed with products from non-certified forests at any 

point in the supply chain (except under strict controls when 

percentage labelling is being used). 

Chain-of-custody certification is required whenever a 

company carries out any physical alteration to the timber 

or product, takes physical or legal ownership of the timber 

or product, or whenever it wishes to make independent 

use of the certifying body’s trademark. 

The certifying body’s trademark is the public face of its 

scheme and use of it, both on- and off-product, is the final 

link between the forest and the consumer. It therefore links 

responsible producers with responsible consumers of forest 

products. 

Figure 1 gives an example of chain-of-custody certificates 

being required by a sawmill and door manufacturer, prior 

to labelling for sale to final consumers. 
 

 
Figure 1: The Chain of Custody. 

 

ACHIEVING A SECURE CHAIN OF 

CUSTODY 

To acquire a chain-of-custody certificate an organisation 

needs to review both documented procedures and 

production activities regarding the purchasing, processing 

and sale of wood products. 

During the procurement, manufacturing and sales process, 

the first step for an organisation is to identify all critical 

control points (CCPs). CCPs are the points in the process 

where there is the possibility for mixing of certified and 

non-certified material. Each of the points identified will 

require controls to ensure that mixing does not occur. 

Mixing can be prevented at CCPs through a combination 

of identification, segregation and appropriate 

documentation, together with adequate training. 

Product Identification 

The most effective way to ensure that certified and non- 

certified products are not mixed is through physical 

marking of certified products. 

> Products from certified forests are clearly marked as 

such, and procedures exist to control this marking. 

Most forest owners in New Zealand have their unique 

log branding protocols, which can be supplemented by 

additional certified paint marks if required. 

> Where appropriate, materials, work in progress and 

finished goods carry a unique identification number, 

from which it is possible to trace the material to a 

certified source. Most processors label and document 

timber packs, which in turn become the sale unit, or 

use different coloured job or work-in-progress cards. 

Product Segregation 

Another way of preventing mixing is by ensuring that all 

raw materials and products originating from certified 

forests are segregated from non-certified products. 

> Certified raw material and product should be stored 

separately from non-certified material. 

> Production runs of certified and/or non-certified product 

should be separated physically or in time. 

Practical examples include separate areas in the log yard, 

separate bays in the warehouse, different batch runs, and 

different coloured hoppers for certified and non-certified 

products. 

Documentation 

Good documentation is an essential part of good chain-of- 

custody. In particular: 

> Records should be maintained relating to purchase, 

delivery, shipment, receipt, forwarding and invoicing of 

certified products. 

> Documented procedures should be in place for 

implementing and maintaining control at all identified 

CCPs throughout the process. 

> Accurate production records should be kept, from 

which it is possible to identify source and quantity of 

materials input, and volume or number of goods 

manufactured. 

Training 

All personnel must be adequately trained if the system is to 

work effectively. This is important even in very small 

organisations. 

> A management representative should be identified, 

with responsibility to implement and maintain the 

chain-of-custody. 

> All staff should understand their specific responsibilities 

in the control of chain-of-custody, and have adequate 

training in order to fulfil their assigned tasks. 

> Records of training and experience should be 

maintained, appropriate to the scale of operation, 

identifying previous training and likely additional 

training needs. 

 
 
 

 

SECTION 8 – FOREST PRODUCTS MARKETS  201 

SECTION 8.6 



Life of a Chain-of-Custody Certificate 

A chain-of-custody certificate is valid for a set period (e.g. 

five years). At expiry of the certificate, the holder must 

undergo a full reassessment to receive a new certificate, 

once again for a set period. 

AUDITING 

Chain-of-custody must be independently audited. This is 

undertaken by one of a number of accredited certification 

bodies. These bodies are required to adhere to strict 

guidelines and are themselves subjected to accreditation 

audits on a regular basis. Once companies are awarded a 

chain-of-custody certificate, surveillance audits are 

undertaken by the certification body at usually between 6- 

month and one-year intervals. 

Should non-conformance be identified during an audit, it is 

communicated to the certificate holder in the form of 

corrective actions. Certificate holders have specified periods 

of time to rectify or close out corrective actions. Failure to 

do so can result in a certificate being suspended for a 

period of time or withdrawn completely. The purpose of 

this is to ensure that the integrity of the certificate and 

subsequent use of the certifying body’s trademark is 

upheld. 

The process also has a formal complaints procedure which 

means that a certification body is obliged to investigate 

reports of alleged breaches of the certificate requirements. 

Where breaches are proven this can also result in a chain- 

of-custody certificate being withdrawn. 

CHAIN-OF-CUSTODY: THE NEW ZEALAND 

EXPERIENCE 

The success of certification in New Zealand can be 

measured by the number of certificates issued and the 

period of time over which they have been issued. 

The first forest management/chain-of-custody and 

individual chain-of-custody certificates were issued in early 

1998. In the six years since, approximately 720,000 

hectares of plantation and associated protection and 

reserve forest has been admitted under FSC forest 

management/chain-of-custody certificates. In addition, 55 

organisations have taken the opportunity to become chain- 

of-custody certified, some covering multiple sites, and 

including solid lumber processors, pulp and paper 

manufacturers, panel producers, mouldings manufacturers 

and furniture makers. 

In the majority of cases, the decision to become chain-of- 

custody certified has been driven by the downstream 

customers of these companies, who demand certified 

products. This is a market response from consumers and 

confirms expectations that consumers do indeed have 

some influence over the management decisions that forest 

owners make when dealing with economic, social and 

environmental issues associated with the management of 

their forests. 
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   SECTION 9.1   

WOOD PROPERTIES 
OF  COMMERCIAL 
TREE SPECIES 
T G Jones – Forest Research, Rotorua 

The average wood properties are given for ten indigenous 

species and forty-two exotic plantation-grown species in 

New Zealand (Table 1). Within any tree species, wood 

properties can vary widely with age, site, provenance, 

genotype and silviculture, so where possible the 

information refers to the preferred provenance at or near 

merchantable age, and at about the centre of its 

geographical range in New Zealand. Where data are 

unavailable, or the implied use is inappropriate, the symbol 

‘U’ is used. The definitions for the data in Table 1 are 

explained in the following sections. 

WOOD DENSITY 

> Basic density: oven-dry weight of wood divided by 

under-bark volume when green. 

> Air-dry density: weight of wood divided by under-bark 

volume at 12% moisture content. 

> Green density: weight of wood divided by under-bark 

volume, both being measured on freshly felled timber. 

Green density varies widely because it is dependent on 

moisture content and is therefore determined by tree 

age, heartwood content, time since felling and storage 

conditions. 

Derived values may be calculated as follows: 

> m3/tonne of air-dry timber: 1,000 
 

air-dry density kg/m3
 

> m3/tonne of green timber: 1,000 
 

green density kg/m3
 

> m3/bone dry unit (BDU): 1,089   

basic density kg/m3
 

> Moisture content % (green): green density 
x100 -100

 
basic density 

STRENGTH PROPERTIES 

There is a wide variety of strength properties, applicable to 

specific uses. Included in Table 1 is the bending strength 

(modulus of rupture, MOR), bending stiffness (modulus of 

elasticity, MOE), compression strength parallel to the grain, 

and surface hardness. These are average values for defect- 

free timber in the air-dry (12% moisture content) 

condition. 

TIMBER DRYING 

Drying characteristics are classified in four broad categories 

relating to drying rates and the procedures required to 

minimise degrade. The drying categories are: 

(1) Dries rapidly by all methods, from air-drying to kiln- 

drying. Requires careful stacking to minimise warping. 

(2) Air-dries readily, can be kiln-dried from green with mild 

or moderate schedules. 

(3) Air-dries slowly, can be kiln-dried from green, but 

preliminary air-drying is preferable. 

 
(4) Requires slow air-drying with extra precautions to 

restrict the rate of drying, i.e. thin fillets. Should be kiln- 

dried only after air-drying to 30% moisture content or 

less. 

A suffixed letter indicates the problems that may arise from 

specific features of the timber: 

C Prone to collapse, particularly in kiln-drying. 

P  Pathological heartwood, e.g. black heart in poplar, 

requires milder drying conditions. 

S Mixed sapwood and heartwood, requires extra care to 

ensure uniform kiln-drying. 

T Tension wood of frequent occurrence, leading to severe 

collapse and warping where present. 

NATURAL DURABILITY 

Sapwood of all species can be classified as perishable. The 

in-ground life expectancy classes for New Zealand-grown 

species tested in New Zealand are: 

(1) >25 years 

(2) 15–25 years 

(3) 5–15 years 

(4) 0–5 years 

Class 3A is at the upper end of the range, and 3B at the 

lower end of the range of years, for class 3. 

SUSCEPTIBILITY OF SAPWOOD TO INSECT 

BORER ATTACK 

(1) Not susceptible. 

(2) Attack recorded but rare. 

(3) Susceptible. 

(A) Anobium punctatum 

(L) Lyctus brunneus 

TREATABILITY WITH PRESERVATIVES 

Sapwood of all species can be treated by diffusion to 

protect it from insect attack. The following classes relate to 

preservative treatment by pressure processes. 

(1) Easily treated for all uses including marine. 

(2) Treatable for ground contact and similar uses. 

(3) Variable: 

(a) sometimes treatable to ground contact standards; 

(b) generally satisfactory for exposed use treatment; 

(c) treatable for insect protection. 

(4) Refractory, not amenable to pressure treatment. 

(O) Treatable to this class only with oil and creosote 

preservatives. 

(S) Exhibits copper screening with CCA preservatives. 

PULPING AND PAPER-MAKING 

The listed values refer to the suitability for mechanical or 

chemical pulping, and the yield of unbleached kraft pulp. 

(1) Suitable for mechanical pulping. 

(2) Suitable for chemical pulping, unbleached kraft yield 

 45%. 

(3) Suitable for chemical pulping, unbleached kraft yield 

> 45%. 
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NOTES ON TIMBER USE 

Kauri 

Easily worked wood that is strong and moderately durable. 

Dries easily and is stable in use. Second-growth kauri is not 

as durable or dimensionally stable as old-growth kauri and 

has a high proportion of sapwood. 

Rimu 

Three distinct zones in trees – heartwood, intermediate  

and sapwood – with different moisture contents, can cause 

difficulties in drying. Heartwood is even-textured, hard, 

even-wearing, very stable, paints well and has excellent 

machining properties. 

Beech 

Red beech – Fine, even-textured wood with excellent 

machining properties and durable heartwood. Difficult to 
dry when over 30 mm thick, but very stable when dried. 

Corrodes metal fastenings in damp conditions. 

Silver beech – Fine, even-textured wood that steam bends 

well and has excellent machining properties. Comparatively 
easy to dry. Variation in colour can cause problems in 

colour matching for furniture. 

Tawa 

Moderately fine-textured wood with excellent machining 

properties, especially turning across the grain. Sapwood 

very susceptible to insect borer attack, so is treated for 

uses such as furniture and flooring. Used for squash court 

floors because of hardness and pale colour. 

Cypress 

Fine, even-textured wood, which confers excellent working 

characteristics. Although somewhat soft, the timber wears 

and holds a finish well, has high stability, and has 

heartwood of moderate natural durability. 

Douglas-fir 

Excellent timber for above-ground framing protected from 

the weather. Prominent latewood bands lead to early paint 

failure, but it is used successfully as a stained exterior 

cladding. 

Pine – Corsican 

Sawn timber considered to be of better quality than radiata 

pine mainly owing to its smaller knots and absence of 

stem-cone holes. More susceptible to sapstain during air 

drying. 

Pine – radiata 

Even-textured wood that is easy to dry and treat with 

preservatives. Excellent machining properties, nail holding, 

splitting resistance, and dimensional stability that compare 

well with other commercial softwood species. 

Poplar 

Fine-textured wood with indistinct growth rings. Slight to 

moderate growth stresses can result in splitting and warp 

of sawn timber. Tension wood common. Easily kiln-dried 

from green. 

Acacia 

Acacia dealbata and A. melanoxylon have fine-textured 

wood with excellent machining properties. A. dealbata 
wood has a lighter yellow-brown colour, slightly lower 
density and higher shrinkage, but similar performance 
properties to A. melanoxylon. A. dealbata dries slightly 

faster than A. melanoxylon, so the two species should not 

be kiln-dried from green together. 

Eucalypts 

Growth stresses in eucalypts can cause major problems on 

sawing unless diameters are greater than 50 cm. Drying of 

ash eucalypts – E. delegatensis, E. fastigata, E. fraxinoides, 

E. obliqua, E. regnans, E. sieberi – and E. nitens requires 

steam reconditioning to remove collapse which occurs in 

the early stages of drying. The eastern stringy barks (E. 
muelleriana, E. pilularis, and E. globoidea) and eastern 

bluegums (E. botryoides and E. saligna) are much less 

susceptible to drying collapse and internal checking than 
the ash eucalypts. It is important to dry these species to 
the required end-use equilibrium moisture content before 
installation, particularly in uses such as furniture and 
flooring where stability is critical. 

Walnut – black 

Straight-grained timber that is easily worked and stable in 

use. It has good resistance to shock. 

Willow 

Easily kiln-dried from green using low or conventional 

temperatures. High dimensional shrinkage so important 

that the timber is dried to the correct moisture content 

prior to installation. 
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Species Density (kg/m3) 

Basic Air-dry 

 
Green 

Shrinkage to Air-dry (%) 

Tang Radial 

MOR (MPa) MOE (GPa) 

Indigenous softwd 

Kauri 480 560 820 4.1 2.3 82 8.7 

Kahikatea 390 450 820 4.1 2.3 75 10.7 

Matai 540 610 1090 3.5 1.9 76 8.1 

Rimu 490 600 960 4.2 3.0 88 9.6 

Totara 410 480 940 4.0 2.0 62 6.4 

Indigenous hardwd 

Beech, hard 580 750 1000 7.8 2.7 126 14.6 

Beech, mountain 520 650 960 7.0 2.4 115 12.5 

Beech, red 500 630 910 7.6 2.4 113 11.6 

Beech, silver 480 610 880 5.7 2.6 100 12.0 

Tawa 580 720 1080 6.7 3.4 114 13.2 

Exotic softwd 

Cedar, Japanese 310 360 U 3.5 1.3 50 5.3 

Cedar, western red 320 370 1020 4.3 2.3 54 4.9 

Cypress, Lawson 400 480 850 3.6 2.2 97 11.8 

Cypress, Leyland 410 490 820 3.2 1.4 80 6.7 

Cypress, lusitanica 380 460 910 2.6 1.4 70 6.5 

Cypress,  macrocarpa 400 480 820 3.3 1.6 76 7.4 

Douglas fir 400 480 760 4.9 2.8 81 9.2 

Larch, European 450 560 760 4.9 2.0 103 10.2 

Pine, Corsican 430 510 1000 4.3 2.3 77 8.0 

Pine, contorta 440 500 860 4.4 2.4 91 9.7 

Pine, elliottii 360 450 930 4.0 2.3 76 7.7 

Pine, muricata 410 490 790 3.9 2.0 91 10.2 

Pine, palustris 410 U U U U 81 8.3 

Pine, patula 380 U U U U 72 7.8 

Pine, pinaster 440 540 990 4.1 2.4 95 10.1 

Pine, ponderosa 400 480 980 5.1 2.8 71 6.9 

Pine, radiata 420 500 960 4.2 2.0 86 8.2 

Pine, strobus 330 360 U 3.7 1.5 68 7.0 

Pine, taeda 400 450 990 3.7 2.1 75 7.5 

Redwood 340 380 910 3.2 1.5 63 6.6 

Spruce, Sitka 360 440 730 4.3 2.3 85 10.3 

Exotic hardwd 

Acacia dealbata 510 600 U 4.5 1.9 90 11.3 

Acacia melanoxylon 590 680 1040 3.6 1.8 129 14.4 

Chestnut 430 520 U 5.2 1.9 U U 

Euc. botryoides 620 760 1100 6.0 2.6 99 11.4 

Euc. delegatensis 470 580 1100 6.5 3.2 113 12.4 

Euc. fastigata 500 610 1000 5.0 2.7 110 11.7 

Euc. fraxinoides 520 650 U 5.8 2.8 119 13.4 

Euc. globoidea 630 800 U 4.5 2.6 132 14.6 

Euc. muelleriana 550 660 1140 5.2 2.1 111 11.2 

Euc. nitens 520 580 1050 5.5 2.7 110 10.6 

Euc. obliqua 540 610 960 4.7 2.4 114 14.1 

Euc. pilularis 580 720 U 5.2 2.9 114 13.4 

Euc. regnans 460 580 1060 5.5 3.4 119 13.3 

Euc. saligna 610 730 1100 7.0 3.8 91 11.1 

Euc. sieberi 510 630 U 6.3 2.8 121 14.2 

Oak, English 580 750 U 7.5 3.9 153 16.7 

Paulownia 290 340 840 2.0 0.9 38 3.9 

Poplar 380 470 910 6.5 2.5 62 6.5 

Robinia 670 710 U 4.1 2.8 167 14.0 

Walnut, black 520 640 1000 3.2 2.1 102 8.1 

Willow, crack 350 U 780 5.7 1.8 U U 

Willow, matsudana 450 530 740 7.7 2.9 64 6.5 

Willow, white 380 420 720 U U 45 5.4 

Table 1: Classification of Wood Properties. 
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Comp Parallel (MPa)Hardness (kN) Drying Natural Durability Insect attack 

A L 

Treatment 

Heart Sap 

Pulping 

 
39 3.2 2 3b 2 1 4 3S U 

40 3.4 2S 4 3 1 4 3a(S) (2) 

47 3.4 2S 3b 3 1 4 3a(S) U 

39 3.5 2S 3a 3 1 4 3a(S) 2 

42 2.6 3 1 3 1 4 3a U 

 
60 6.7 4CT 2 2 U 4 2(O) 2 

59 6.1 4CPT 2 2 U 4 2(O) 2 

54 4.4 4 2 2 2 4 2(O) 2 

47 4.5 3 3b 2 2 4 2 2 

39 4.8 2P 4 2 3 4 3c 2 

 
29 1.6 2 3a U 1 4 3a U 

31 1.7 4C 3a 2 1 4 2(O) U 

38 2.5 2 3a 2 U 4 2(O) U 

36 1.9 3C U 1 U 4 2(O) U 

38 2.6 3C 3a 2 1 4 2(O) U 

40 3.2 3C 3a 2 1 4 2(O) 3 

43 3.6 1 3b 2 1 4 2(O) 1,2 

52 3.1 2 3b 2 1 4 2(O) (1),2 

41 3.2 1 4 3 1 4 1 1,3 

36 2.8 1 3b 2 1 4 (2) 1,2 

38 2.0 1 4 U 1 3a 1 2 

48 U 1 3b U 1 U 2 1, 2 

37 2.9 1 4 U 1 3a 1 U 

39 2.6 1 4 U 1 4 2 2 

48 3.7 1 4 U 1 3a 1 U 

33 2.1 1 3b 2 1 4 2 1,2 

34 3.6 1 3b 3 1 3a 1 1,2 

U U 2 3b U U 4 2 3 

39 2.3 1 4 U 1 3a 1 2 

35 1.9 4C 3a U 1 4 3b U 

41 1.7 U 4 U 1 4 4 1, 2 

 
47 4.4 3 4 U U 4 U 1,2 

63 6.8 2 3b 3 3 4 U U 

U U 4 3a U U 4 U U 

58 5.9 3 2 1 2 4 3a 2 

58 4.8 4C 3b 1 2 4 4 1,2 

48 4.5 4C 3b 1 3 4 3a 1,2 

59 U U 3b U 3 U U U 

67 6.9 3 2 1 1 4 3a 2 

57 5.5 3 2 1 1 4 3a U 

53 5.7 4C 3b U 3 4 3a 1,2 

56 5.2 4C 3b 1 3 4 3a 1,2 

67 5.9 3 2 1 1 4 3a 2 

57 4.2 4C 3b 1 3 4 3a 1,2 

56 5.2 3 2 1 3 4 3a 2 

69 6.3 4C 3a U 1 4 U U 

61 7.7 4CT 2 3 3 4 U U 

22 1.3 2 4 U 3 4 4 U 

29 2.2 3CPT 4 3 (3) 3-4 3a 1,2 

77 9.2 3 1 U U U U U 

42 5.0 3CS 2-3a 2-3 U 4 U U 

U U 2 4 3 3 4 4 U 

U 3.7 2 4 3 3 4 4 2 

U 2.2 2 4 3 3 4 4 2 
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   SECTION 9.2   
 

TIMBER INDUSTRY 
STANDARDS AND 
SPECIFICATIONS 
J C P Turner – Forest Research, Rotorua 

It is important for the forest-related industry to be aware of 

the numerous timber standards and specifications to gain 

an overall appreciation of timber utilisation. Standards are 

continually evolving and Standards New Zealand itself has 

undergone change. 

NZ BUILDING CODE 

The passing of the NZ Building Code (1992) and the 

establishment of the Building Industry Authority (BIA) has 

reformed building controls. The power of government 

bodies (e.g. Labour Dept) and territorial authorities (e.g. 

District Councils) to generate building controls in their area 

has been revoked. The host of existing laws, regulations, 

standards and other documents have been amalgamated 

into one system called the NZ Building Code. 

The Building Code is performance-based in that it defines 

the required performance of the various materials, systems 

and services that go together to create a building. 

Although this means that there has been a fundamental 

change from prescriptive to performance-based 

regulations, prescriptive standards are still necessary. They 

are endorsed by the BIA as "acceptable solutions" which 

specify how to make a product or what to do to achieve a 

required performance. Both are necessary and several 

prescriptions can satisfy the one performance. 

There was some concern that the establishment of the BIA 

would make Standards New Zealand (SNZ) obsolete. Not 

so. There is still an essential role to provide acceptable 

solutions to meet the minimum performance requirements 

for consumer protection through consistent quality of 

goods and services. 

There has also been growing concern in recent years of the 

building industry’s ability to police itself, with calls for 

reform. The recent leaky-homes issue may have been the 

precipitating factor for such reform of the Building Act 

1991. Under proposed legislation, set out in the Building 

Bill 2003 (still to go to Parliament for debate and 

ratification in early 2004), the BIA will become part of an 

as-yet unspecified government department with strong 

regulatory powers. Builders will need to be licensed and 

products and their use certified. The moves by Government 

in 1991 to deregulate and reduce prescriptive detail in the 

Building Act appear to have not succeeded, leading to the 

proposed return to greater regulation. 

The proposed Building Bill has drawn heavily on the model 

of the Australian state of Victoria (The Victorian Building 

Act 1993). The main aims are to increase accountability (by 

establishing thresholds of competence) and to increase the 

capacity to deal with liability. 

JOINT STANDARDS 

In 1983, New Zealand and Australia signed the Closer 

Economic Relations agreement (CER). This led to the 

signing of a joint memorandum of understanding by SNZ 

and Standards Australia (SA) to work towards aligning the 

two bodies. To this end, an active co-operation agreement 

between SNZ and SA was signed in 1992 which set up 

structures enabling all future standards to be prepared by 

Joint Technical Committees, made up of Australian and 

New Zealand representatives from industry, government 

bodies and consumer groups. Recently the withdrawal of 

New Zealand government funding for SNZ and the 

reluctance of New Zealand industry to meet the costs 

almost scuttled that agreement but it has survived 

although greatly modified. 

There are nine areas covered by Joint Technical Committees 

as follow: 

> TM001 Timber structures 

> TM002 Timber framing 

> TM003 Timber grading 

> TM004 Glued timber products 

> TM005 Reconstituted board products 

> TM006 Timber preservation 

> TM007 Sawn, milled & specialty products 

> TM008 Plywood 

> TM009 Timber standards coordination 

TIMBER PRESERVATION COUNCIL (TPC) 

The TPC was formed in 1987 with the encouragement of 

government to take over the role of government agencies 

then controlling the timber preservation industry. Its major 

objectives are "to secure and maintain a high standard of 

timber preservation and to ensure that the public interest is 

protected in matters relating to timber preservation; to 

promote the reputation and use of New Zealand treated 

timber both in New Zealand and overseas; and to 

encourage efficiency and technical innovation to achieve 

the required treatment levels in treated timber in the most 

efficient and economic manner." The council’s 

specifications are published as NZS 3640: 2003. 

A number of current timber-related standards are listed in 

Table 1. Additional wood-related standards can be found 

on the NZ Standards web site www.standards.co.nz 
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Standard number Title Abstract 

NZS/ASTM D390:1986 Standard specification for 
coal-tar creosote for the 
preservative treatment of piles, 
poles, and timbers for marine, 
land and fresh water use 

Covers new coal-tar creosote, and creosote in use, for the 

preservative treatment of piles, poles and timber for marine, 

land and fresh water use. 

AS/NZS 1080.1:1997 Timber – Methods of Test – 
Method 1: Moisture content 

Specifies methods for sampling and testing timber for 

moisture content by oven drying and by use of an electrical 

resistance moisture meter. Correction figures for a large 

number of Australian, New Zealand and imported species, 

seasoned, unseasoned and treated, are provided. 

AS/NZS 1080.2.1:1998 Timber – Methods of Test – 
Method 2.1: Slope of grain 
by scribe 

Determines the slope of grain in timber articles using a 

scribe. 

AS/NZS 1080.2.2:1998 Timber – Methods of Test – 
Method 2.2: Slope of grain by 
reference to surface checks 

Determines the slope of grain in timber articles by referring 

to checks appearing on the surface. 

AS/NZS 1080.2.3:1998 Timber – Methods of Test – 
Method 2.3: Slope of grain by 
splintering 

Determines the slope of grain in timber articles by the 

removal of splinters from the surface. 

AS/NZS 1148:2001 Timber – Nomenclature – 
Australian, New Zealand and 
imported species 

Sets out a list of botanical names and preferred common 

names for tree species for use in orders and specifications. 

Preferred common names have been provided for use in 

specifying. An alphabetical index is provided, including both 

botanical names and preferred common names. Other 

information includes identification of hardwoods and 

softwoods, normal sources of supply, and, for reference only, 

other names. 

AS/NZS 1328.1:1998 Performance  requirements 
and minimum production 
requirements for glued 
structural timber 

Specifies product requirements for the timber used, the type 

of adhesive and the strength of the load in both end and 

lamination joints. It also gives methods for establishing 

properties of completed structural pieces so that product 

may be assigned to a stress grade. Methods of testing are 

given to measure the strength of a glued joint. 

AS/NZS 1328.2:1998 Guidelines for AS/NZS 1328: 
Part 1 for the selection, 
production and installation 
of glued laminated structural 
timber 

Intended for use in conjunction with AS/NZS 1328.1, this 

Standard provides detailed guidance for production of 

gluelam. A set of stress grades is given for design purposes 

to simplify the use and installation of graded material. 

Guidelines are also provided for quality control, third-party 

certification and for establishing structural properties. 

AS/NZS 1491:1996 Finger jointed structural timber Specifies requirements for bonded finger joints and minimum 

requirements for the manufacture of cut, interlocking, 

bonded, finger-joints in structural timber members. 

Requirements are given for timber, adhesive, moisture 

content, cutting, bonding, preservative treatment and flame 

retardant treatment. This standard is applicable only to 

finger-joints between timber members of the same species 

type. Based on and technically equivalent to BS EN 385:1995. 

AS/NZS 1580.106.1:1995 Preparation of timber test 
panels for outdoor weathering 
test 

Provides a procedure for preparing timber test panels for the 

outdoor weathering test of AS/NZS 1580.457.1. 

AS/NZS 1604.2:2002 Reconstituted wood-based 
products 

Provides a specification for preservative treatment of 

reconstituted wood-based products for protection against 

decay or insect attack. It covers preservative treatment of 

particleboard, oriented strand board (OSB), and 

combinations of these materials. It specifies preservative 

penetration patterns and the preservative retention 

requirements suitable for each of hazard classes H1 to H3. 

AS/NZS 1604.3:2002 Plywood Provides a specification for preservative treatment of 

plywood product for protection against decay or insect 

attack. It specifies the bond type, preservative penetration 

patterns, and the preservative retention requirements 

suitable for each of hazard classes H1 to H6. 

AS/NZS 1604.5:2002 Glued laminated timber 
products 

Provides a specification for preservative treatment for 

protection against decay or insect attack upon glue- 

laminated timber product. Specifies preservative penetration 

patterns, and the preservative retention requirements 

suitable for each of hazard classes H1 to H4. 
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Standard number Title Abstract 

AS/NZS 1748:1997 Timber – Stress-graded – 
Product  requirements  for 
mechanically  stress-graded 
timber 

Specifies structural property, marking and physical 

requirements for mechanically stress-graded timber. Physical 

requirements are given for strength as well as for utility 

considerations. 

NZS 1900.11.2:1985 Model building bylaw – Special 
structures. Division 11.2 Farm 
buildings 

Sets out requirements for the design and construction of 

farm buildings other than residential or residential accessory 

buildings. Applies to concrete, timber, masonry and steel 

construction. Set out in the form of a model bylaw. 

NZS 2010:1970 Specification for flat pallets 
for materials handling 

Specifies dimensions, safe working loads, construction and 

testing of two-way and four-way entry flat pallets 

constructed of timber or other materials and used for the 

unit load method of materials handling. Includes definitions 

relating to pallets and to component parts of pallets. 

AS/NZS 2843.1:2000 Timber preservation plant 
design 

Sets out specifications for the siting, design and layout of 

timber preservation plants, and improved practice options for 

existing plants, in order to promote safe operation and 

reduce environmental and occupational hazards. It 

incorporates information on the contents of the Australian 

environmental guidelines for copper chrome arsenate timber 

preservation plants, which was prepared by the Australian 

and New Zealand Environment and Conservation Council 

(ANZECC) and the Timber Preservers Association of Australia 

(TPAA). Appendices provide lists of some regulatory 

authorities currently involved in some aspects of timber 

preservation and an example of a compliance timetable for 

the assessment and management of contaminated sites. 

AS/NZS 2843.2:2000 Plant  operation Sets out requirements for the operation of timber 

preservation plants, in order to reduce environmental and 

occupational hazards. It incorporates information on the 

contents of the Australian environmental guidelines for 

copper chrome arsenate timber preservation plants, which 

was prepared by ANZECC and the TPAA. Appendices provide 

lists of some regulatory authorities currently involved in some 

aspects of timber preservation and an example of an 

operational checklist. 

AS/NZS 2857:1996 Timber drums for insulated 
electric cables and bare 
conductors 

Specifies requirements for timber drums up to 5 tonnes 

capacity for the transport and storage of insulated electric 

cable, bare conductor and other products for which the 

drums are suitable. The Standard includes nomenclature and 

dimensions of a preferred range of drums, together with 

details of materials, construction and marking and special 

requirements for the protection of cables. 

AS/NZS 2878:2000 Timber – Classification into 
strength groups 

Specifies a procedure for the classification of timber species 

into positive or provisional strength groups based on testing 

of small, clear specimens or on the species mean dry density. 

When used in conjunction with visual grading rules the 

strength groups provide a means of determining a stress 

grade for graded timber. A list of species and their strength 

groups is given. 

NZS 3601:1973 Metric dimensions for timber Specifies a preferred range of lengths and cross-sectional 

dimensions for dry dressed and green gauged timber in 

metric measure. 

NZS 3602:1995 

(Under revision 2003) 

Timber and wood-based 
products for use in building 

States how timber and wood-based products are to be 

specified for particular end uses in building to ensure that 

they give acceptable performance during the life of the 

building. Covers the materials themselves and certain aspects 

of design and construction relevant to their performance and 

use for compliance with NZS 3604 and NZS 3631. 

NZS 3603:1993 Timber Structures Standard Sets out in limit state design format the requirements for 

methods of design of timber elements of buildings and 

applies specifically to sawn timber, glue laminated timber, 

natural round timber and construction plywood. Includes a 

section on design for fire resistance. 

NZS 3604:1999 Timber Framed Buildings Provides suitable methods and details for the design and 

construction of timber framed buildings up to three storeys 

high. This standard is intended to apply to domestic 

dwellings, most residential and some commercial and other 

buildings, without the need for specific engineering design. 
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Standard number Title Abstract 

  (Note this standard is also available as a CD-ROM version 

NZS 3604:1999 CD-ROM INCL A1 and includes 

downloadable CAD tables and hyper-links to enable quick 

navigation through the document). 

NZS 3605:2001 Timber piles and poles for 
use in building 

Sets performance criteria and provides a means of 

compliance for timber house piles references in NZS 3604 

and for naturally round timber piles and poles to meet 

design data assigned in NZS 3603. 

NZS 3606:1987 Specification for the 
manufacture of glue 
laminated timber 

Applies to the assembly of solid timber, laminated timber, 

plywood or reconstituted wood with an adhesive to form 

integral structural members. 1987 edition of NZS 

3606:1979, incorporating Amend: 1, 2. 

NZS 3607:1989 Specification for round and 
part-round timber fence posts 

Specifies a range of debarked, preservative treated, 

softwood, round, half-round and quarter-round line and 

strainer posts and strainer stays and is intended to provide a 

reference acceptable to both users and producers, 

particularly in the preparation and submission of tenders. 

NZS 3609:1978 Specification for timber ladders Prescribes rules and establishes minimum requirements for 

portable timber ladders. Types of ladders comprise single 

and extension, step and cleat. Provision is made for rungs, 

treads or cleats of either timber or metal and stiles of either 

one piece or laminated timber. The care, use and 

maintenance of ladders are explained. 

NZS 3610:1979 Specification for profiles of 
mouldings and joinery 

Establishes uniform profiles of mouldings and joinery. 

NZS 3617:1979 Specification for profiles of 
weatherboards, fascia boards, 
and flooring 

Establishes the dressed dimensions and the moisture content 

at the time of machining for weatherboards, fascia boards, 

and strip flooring. 

NZS 3618:1984 Mechanical stress grading 
of timber 

Sets out the requirements to be met by timber mechanically 

stress graded for bending strength and stiffness. Lists a 

range of standard stress grades and requires the grading 

machine to be capable of producing at least one of these. 

Deals with the approval and verification of stress grading 

machines, and lays down quality assurance and control 

procedures which shall be met before compliance with the 

Standard is claimed. 

NZS 3619:1979 Specification for timber 
windows 

Specifies materials, construction, finishes, hardware, 

fastenings, installation and performance standards for 

timber windows and doors. Also gives a range of preferred 

co-ordinating dimensions for windows based on a 200 mm 

multimodule. 

NZS 3631:1988 New Zealand timber grading 
rules 

Establishes visual grading rules for the selection of timber 

into quality classes. Four types of grades are specified: 

appearance grades-for finishing and other uses, cutting 

grades-for short lengths, structural grades-primarily for 

strength and stiffness, and box grades. 

NZMP 3640:1992 

(Under revision 2003) 

Specification of the minimum 
requirements of the NZ Timber 
Preservation Council Inc. 

New Zealand Timber Preservation Council performance 

specifications for the protection of timber from attack by 

insects, decay and marine borers. Provides guidance in the 

form and composition of preservative, the care of treated 

timber and recommendations as to use. Proof of compliance 

with the requirements of NZMP 3640 is deemed to satisfy 

the performance requirements of the New Zealand Building 

Code. 

AS/NZS 4014.1:1999 Hardwood Specifies a test method for assessing hardwood test fuels 

used when determining the power output, efficiency and 

particulate emission of domestic solid fuel appliances. 

AS/NZS 4014.2:1999 Softwood Specifies a test method for assessing softwood test fuels 

used when determining the power output, efficiency and 

particulate emissions of domestic solid fuel burning 

appliances. 

AS/NZS 4063:1992 Timber – Stress-graded – 
Procedures for monitoring 
structural  properties 

Provides procedures for determination and periodic 

monitoring of structural properties by in-grade testing. The 

procedures can be used to establish stress-grades for an 

identified population of production material. 

AS/NZS 4491:1997 Timber – Glossary of terms in Includes definitions of terms used in timber-related 
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Standard number Title Abstract 

 timber-related Standards Australian and New Zealand Standards. Includes new 

products and reflects changes in a number of Standards 

being published at present. 

AS/NZS 4787:2001 Timber – Assessment of 
drying quality 

Sets out procedures for specifying and verifying the moisture 

content of seasoned solid timber. Provides a range of drying 

quality classes for timber dried in kilns or by other means 

where the result is a population of timber with a predictable 

scatter of moisture contents. Other drying quality criteria 

such as checking, collapse and distortion are detailed in an 

appendix. 

 

Table 1: Timber-related standards published as at December 2003. 
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EXPORT LOGS 
A Katz – Silva, Auckland 

GLOBAL TRADE 

Logs are a widely used and traded commodity. Total global 

wood consumption for 2002 is estimated at 3.5 billion m3, 

of which 1.6 billion m3  was for industrial use with the 

balance for fuelwood and charcoal. The world’s forest 

resources however are unevenly distributed, allowing 

timber-rich countries to trade with regions that experience 

shortfalls in domestic supply. In 2002 118 million m3 of 

logs were traded between countries. Most of this 

international log trade was overland but a third was 

shipped. The volumes of internationally traded logs are 

shown in Table 1. 
 

 Imports  

Total Russia Europe N America Asia 

E
x
p
o
rt

s
 

Russia  17  20 37 

Europe 1 37   38 

N America   9 5 14 

Asia    16 16 

Africa  2  3 5 

Oceania    8 8 

Total 1 56 9 52 118 

Source: FAOSTAT data 2004 

Table 1: International Log Trade in 2002 (million m3). 

Total log imports by European countries in 2002 totalled  

56 million m3 which is the largest volume for any region. 

Most of this wood however was sourced from other 

European countries, while 19 million m3 came from outside 

the region. Russia supplied 17 million m3 and benefited 

from its proximity to Europe and Scandinavia in particular 

with their large processing industry. The Asian region had 

the largest deficit, with imports from outside Asia totalling 

36 million m3. Most of Asia’s imports were accounted for 

by demand in Japan, Korea, and China. The demand from 

these countries is driven by large populations, strongly 

developing economies and lack of forest resources. This 

huge market has been actively pursued by New Zealand 

log exporters for over 40 years. 

THE NEW ZEALAND LOG TRADE 

The New Zealand industry in 2003 harvested 22 million m3 

of logs, of which 15 million m3 was consumed by the 

sawmilling, plywood, reconstituted panel and pulp 

industries leaving 7 million m3 available for export (Table 2). 

This approaches the record 8 million m3 exported in 2002. 

 
 million m3 % 

Korea 3.7 50% 

China 1.7 23% 

Japan 1.4 19% 

Southeast Asia 0.3 4% 

India/Middle East 0.3 4% 

Total 7.4 100% 

Source: MAF 2004 
Table 2: Main Export Destinations in 2003 for New Zealand Logs. 

In 2003 Korea continued to be the single largest market 

for New Zealand logs, importing 3.7 million m3. Korea, 

Japan and China account for over 90% of New Zealand’s 

log exports. 

The volume of log exports grew as the availability of supply 

from New Zealand’s forests increased. Since 1999, log 

exports grew by 1.6 million m3, almost all of which was 

consumed by the growing markets in China. 

THE CHINA EFFECT 

Chinese log imports grew from 7 million m3  in 1998 to 26 

million m3  in 2003 and this country now accounts for 50% 

of Asia’s log trade. This rate of growth is unprecedented 

and has significantly altered the pattern of Asian log flows. 

Three factors contribute to this situation. 

Reduction in Harvest Levels 

In the late 1990s the Chinese government enacted 

measures to manage its forest resources on a sustainable 

basis and to protect valuable downstream land from soil 

erosion and flooding. Harvest levels were reduced in a 

number of important supply areas such as the north-east 

and in the Yangtze catchments, the latter being upstream 

from some of China’s fastest growing regions. 

Strong Economic Growth 

The reduction in domestic supply coincided with a period 

of strong economic growth. This was accompanied by 

large scale infrastructural developments and strong 

construction activity. A large number of dwellings was built 

to house workers moving into the rapidly developing 

coastal regions. In addition the growing middle class has 

aspired to larger and better quality living conditions. The 

demand for wood is mainly from temporary construction 

and formwork, interior fittings and furniture. Demand is 

expected to remain strong as the economy continues to 

grow, underpinned by growth in manufacturing and large 

construction projects such as those for the 2008 Olympics 

in Beijing and the World Expo in Shanghai in 2010. 
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Growth in Exports of Wood Product 

The Chinese wood processing industry has used its low- 

cost position and access to international markets to 

significantly grow its export base. The plywood industry 

moved from a net importing position to net exports of 1.4 

million m3 in 2003. The Chinese wooden furniture, novelty 

items and fittings industries grew to become the largest 

exporter of wooden products to the United States outside 

North America. It also significantly grew its exports to 

Japan and European markets. Much of its raw material 

requirement is met by sawing imported logs. 

KOREA IS THE MAINSTAY OF THE NEW 

ZEALAND EXPORT LOG TRADE 

Korea is the largest export market for New Zealand logs, 

taking 50% of New Zealand’s exports. Korea is highly 

dependant on imports to meet its wood requirements, as 

its domestic resource base is very limited. The Korean 

market readily responds to changes in international market 

conditions, adapting to changes in import volumes, 

exchange rates and shipping costs. Its processing industry 

is capable of consuming a full range of log grades, 

converting these into lumber for concrete formwork and 

packaging, veneer for plywood, and particles for medium 

density fibreboards. These factors have made the market 

particularly attractive to New Zealand log exporters, and 

the competitiveness of New Zealand logs has allowed New 

Zealand to capture 65% to 70% of the imported log 

market. At this level, New Zealand exporters collectively 

command an influencing market position. 

The Korean market will continue to be important; however 

it is unlikely to grow. 

JAPAN MARKET CONTINUES TO DECLINE 

Japan has been an important market for New Zealand logs 

for over 40 years. At its peak, Japan imported more than 2 

million m3 from New Zealand. However this has since 

declined to 1.4 million m3 and now accounts for only 19% 

of New Zealand’s exports. Demand has largely been from 

Japan’s large exporting industries, which require timber for 

high quality packaging, a use that large diameter radiata 

pine logs are particularly well suited to. However 

substitution by paperboard and plastics, weak economic 

growth, and a shift of manufacturing to other parts of Asia 

has adversely impacted demand. 

The growth of softwood plywood in Japan has provided 

New Zealand exporters with an alternative market 

segment. Currently the Japanese plywood segment 

consumes 20% of logs imported from New Zealand. 

However while radiata pine is eminently suited to core 

veneer, it faces strong competition from Russian larch. 

Japan will continue to be an important market for New 

Zealand logs, however its relative importance for New 

Zealand exporters is expected to diminish. 

EMERGING MARKETS IN INDIA, 

SOUTHEAST ASIA AND MIDDLE EAST 

An increasing volume of surplus logs, limited demand in 

North Asian markets, and the need for market 

diversification has led New Zealand exporters to develop 

markets in Southeast Asia, India and the Middle East. As a 

result, radiata pine has become widely known across the 

Asian region as far as the Middle East for its suitability for 

plywood manufacturing, concrete formwork, packaging, 

furniture and interior fittings. Of these markets, India has 

the best promise for long-term demand, both in terms of 

its economic potential and the competitiveness of New 

Zealand supply. Other countries of interest include the 

Philippines, Thailand and the United Arab Emirates (UAE). 

The Philippines depends on imports to make up for 

shortfalls from its own forests, and Thailand has a large 

and growing export-oriented industrial base that requires 

wood for boxing and crating. Finally the UAE, with no 

forest resources of its own, is carrying out ambitious 

construction programs and functions as an important 

regional trading centre. 

CHANGES IN THE COMPETITIVE 

ENVIRONMENT 

New Zealand exporters not only have to deal with changes 

in end user demand but also in the competitive 

environment. Over the last few years, Russia has emerged 

as the largest exporter of softwood logs to North Asia, 

with an annual volume of 20 million m3. Russia increased 

its volumes to China and Korea and has grown its share of 

the Japanese market. The Russian resource has vast 

potential for development, which is being encouraged by 

changes in government policy and increasing interest from 

foreign investors. 

Globally, the decline in supply from naturally grown forests 

has increased interest in regenerated and plantation 

forests. Southeast Asian plantation timbers are now used  

in South East Asian pulp and plywood industries. China’s 

fast-grown poplar and eucalypt plantations are supplying 

logs to the reconstituted panel, plywood and pulp and 

paper industries. Japan plans to increase production from 

managed forests by offering economic incentives. Supply 

and plantation development in Chile, Uruguay, Brazil and 

Argentina are growing rapidly, supported by low land costs 

and ready access to international capital. 

Low-cost reconstituted products and non-wood materials 

are increasingly substituting solid wood in all areas, 

particularly interior fittings, mouldings, doors, windows, 

furniture and flooring. High-valued European wood 

products on the other hand have increased their share in 

the higher-valued segments by focussing on quality, service 

and distribution. 

These factors point to the need for exporters to work more 

closely with customers to ensure that radiata pine remains 

relevant and competitive in a world where choices for 

alternatives are steadily increasing. 

SHIPPING 

Shipping accounts for 25 percent to 40 percent of the 

delivered log price; hence maintaining access to 

competitive shipping services is fundamental to export 

performance. The most efficient ships for exporting logs 

are the "Handysize" class of vessels; bulk carriers that carry 

between 20,000 and 35,000 tonnes of logs. Shipping rates 

are determined according to international supply and 

demand conditions, similar to other commodities. Changes 

in charter rates therefore have a direct impact on the log 

price. This was most evident in 2003 and 2004 when a 

shortage of ships and unprecedented demand for 

commodities resulted in a doubling of shipping rates. With 

such volatile conditions it became increasingly hard to 

predict costs and returns on a month by month basis. 

Some exporters were able to mitigate against this by 

maintaining a proportion of their vessel requirements on 

long-term fixed contracts. 

In a few cases, importers arrange and manage their own 

shipping, however it is more common for the exporter to 

do this for strategic and operational reasons. Exporters 

choose from a variety of shipping arrangements. They can 

book space on scheduled vessels for a fixed unit rate. The 

responsibility for filling and managing the vessels stays with 

the ship owner or other third-party charterer. The 

advantage for the exporter is certainty of shipping costs 

and ability to sell small volumes. However, they have little 

control on the ship’s rotation, timing and ports serviced. 
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Large exporters who can easily fill a vessel will tend to 

charter and manage their own ships. Ships can be 

contracted on a voyage basis where a fixed fee is paid for  

a specified voyage. The unit cost will depend on the 

volume that can be stowed on the vessel, which will 

depend on log weights, length mix and log form. Ships can 

also be contracted on a time charter basis, where the ship 

owner is paid a daily rate with the exporter taking on the 

risk of voyage, loading and discharge times. As port 

conditions have improved and voyage times become better 

known, exporters increasingly favour time charters. 

Shipping cost is minimised by paying attention to the 

number of load and discharge ports, the total distance 

covered and stowage factors. Ports with the least waiting 

time and fastest discharge rates are also favoured. 

Where buyers arrange shipping, logs are sold on a free-on- 

board (fob) basis with loading being the responsibility of 

the seller. Where the seller arranges shipping, logs are sold 

on a cost-and-freight basis, or CFR (Incoterms 2000), also 

sometimes referred to in the trade as C & F. The price point 

is logs delivered across ship’s rail at the discharge port. 

With this arrangement exporters pay for loading and 

shipping, whilst buyers take responsibility for discharge and 

wharf costs. Logs can also be sold on a CFR "under hook" 

basis (sometimes incorrectly referred to as "liner out") 

where the price point is logs on wharf at the discharge 

port, with the seller taking the added responsibility of 

discharge. 

Where the buyer takes responsibility for discharge, sales 

agreements may include incentives and penalties to 

minimise ship waiting time. If discharge is slower than the 

agreed rate, the buyer is liable for demurrage and, if the 

rate is exceeded, the seller pays despatch. 

PHYTOSANITARY REQUIREMENTS 

Phytosanitary requirements are likely to become an 

increasingly important issue for log exporters. Some 

markets require phytosanitary certificates from an 

appropriate authority (Ministry of Agriculture and Forestry) 

specifying only that logs are substantially free of pests and 

diseases. Increasingly however, the requirement is for logs 

to have some form of treatment. In Japan and Korea logs 

are fumigated at the discharge port to the receiver’s 

account. In China and India treatment is required before 

arrival and is the exporter’s responsibility. In both cases, the 

final burden of treatment lies with the forest owner 

because costs cannot fully be passed down the distribution 

chain, especially where competition comes from processed 

products and domestic supply. 

Fumigation is the main form of treatment, with methyl 

bromide as the most widely accepted agent. Unfortunately 

methyl bromide is an ozone-depleting substance and 

subject to the reductions set out in the New Zealand 

Ozone Layer Protection Amendment Regulations 1997. An 

alternative chemical, Phosphine, has been allowed by  

China to be used for under-deck cargo. The advantage of 

Phosphine is that it is more environmentally acceptable and 

less costly to apply. Where fumigation is not possible, 

debarking remains an option but this is not available at all 

load ports and costs are still unacceptably high in most 

situations. 

EXPORTING CHANNELS 

The recent fragmentation of forest ownership and 

increasing importance of supply from small forest owners 

has led to the emergence of entities that export on behalf 

of one or more forest owners. These include joint venture 

companies, independent exporting agents and exporting 

alliances. By way of these structures forest owners gain 

access to markets, improve shipping efficiencies and reduce 

selling costs. These entities offer overseas buyers a wider 

range of products and a more consistent supply. In a 

business where cost, quality and loyalty is important, 

strength comes from scale, consistency and a wide range  

of market options. This is more evident now that the 

trading environment has become more competitive and 

volatile. 

CONCLUSIONS 

Log exports provide an outlet for wood that cannot be 

competitively processed in New Zealand, does not have the 

right quality characteristics, or is in excess of domestic 

requirements. Log exports help to smooth the effects of 

short term imbalances between forest harvest and mill 

demand. For many forest owners log exports provide 

market diversification and higher returns. 

While China has offered new marketing opportunities, 

almost 50 percent of New Zealand log exports still depend 

on the Korean construction market. This heavy dependence 

on one segment is paid for by large fluctuations in 

demand. Exporters therefore need to grow and develop 

new markets as supply from New Zealand increases. They 

must also find more ways to collaborate to further improve 

shipping efficiencies and achieve more balanced supply in 

an environment of volatile demand and fragmented forest 

ownership. 
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SAWMILLING 
J Stulen – Innovatek Ltd, Rotorua 

SUMMARY 

The major drivers of sawmilling change in the last decade 

have been: 

> a growing wood supply allowing for expansion in sawn 

lumber export markets; 

> lower wood quality as radiata pine harvest age reduced; 

> big advances in real-time sawmilling production control 

software; 

> significant changes in currency values affecting key 

markets; and 

> globalisation resulting in intense competition and 

structural change in key export lumber markets. 

During this time major world crises (financial collapse in 

Asia and international terrorism) have caused fluctuations 

in supply and demand. Unfortunately the outcome from 

many of the factors coming to bear on world markets since 

1995 is that sawmilling has never been tougher for the 

New Zealand industry. With almost all export receipts being 

denominated in US dollars, the fortunes of the sawmilling 

industry have risen and fallen in inverse proportion to the 

strength of the NZ dollar against the benchmark export 

trading currency – the US dollar. As Figure 1 shows, the 

processing investors installed refurbished second-hand 

production lines to expressly process small logs. At the 

same time CHH, Tenon, Pan Pac Forest Products and 

Tachikawa Forest Products continued to invest in upgrading 

their large solid-wood processing sites. Most sawmills 

continued to lift their daily production output by a process 

of incremental upgrades embracing new techniques and 

technologies. During the period many sawmills also added 

extra shifts to meet market demand. Many smaller sawmills 

are now specialising as well. Technology available from 

vastly improved computer processing speeds and the 

maturing of useful sawmilling applications has been a 

major factor in holding or reducing wood processing costs. 

WOOD SUPPLY 

Overall the New Zealand wood harvest grew from 15 to 

over 22 million cubic metres with a similar growth in 

lumber production taking place over the last decade. With 

log costs still commanding up to 70 percent of lumber 

production cost over the period since 1995, there was a 

growing supply which allowed for lumber production to 

rise from 2.8 million m3  in 1995 to 3.7 million m3  in 2004. 

One of the main challenges faced by solid-wood processors 

during the last decade has been to apply improved 

technologies to the changing younger wood resource to 

maintain profitability. Since 1995 many forest-owning 

companies increased their harvest volumes to the detriment 

of final crop age. Production of radiata pine              

clearfall from Kaingaroa forest (which produces a 

significant proportion of the national log harvest) is shown 

in Figure 2. 

trend has been a U-shaped curve over the past eight years. 
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Figure 2: Harvest Age Profile. 
Source: Kaingaroa Timberlands. 

 

 
Year 

Year 

 
Figure 1: USD/NZD Exchange Rate Trend. 

Periodically over the last several years two of the largest 

companies, Carter Holt Harvey (CHH) and Fletcher 

Challenge Forests (recently renamed Tenon) have moved to 

rationalise their sawmilling capacity onto fewer and larger 

sites through either closure or sales to smaller operators. 

CHH introduced new technology for lumber production, 

investing in excess of $130 million in a laminated-veneer 

lumber plant to consolidate its sawmilling capacity on 

fewer sites. This rationalisation of sawmills saw a change 

to more privately owned small and medium enterprise 

producers taking a larger share of the industry lumber 

production. A significant number of private wood 

While the decline in harvest age was anticipated by many 

producers, with extra capacity installed to handle the 

smaller log sizes, the younger wood has added other 

challenges, especially in producing acceptable out-turns in 

structural lumber grades. 

The period since 1995 also saw the implementation of 

changes in some forest management practices which will 

come into play for solid-wood markets in the future 

decades. CHH, for example, made a company-wide 

decision to stop pruning its forest estate, although this 

decision was to hold for less than a decade. 

By 2003 new techniques for predicting pruned log quality 

at point-of-sale had started to become more readily 

accepted in the marketplace. The ‘pruned log index’ 

method first introduced by Jim Park of Interface Forest & 
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Mill and adopted by Rayonier for quantifying wood quality 

for stumpage sales is finding more favour among forest 

owners as they seek to maximise value in log sales to 

sawmillers. 

Log manufacture which had been highlighted by Forest 

US were New Zealand's main export markets for lumber in 

2001, each with a 32% share of New Zealand's total 

lumber exports by value. 

 
2000 

Research in the early 1990s as a key area of "lost" value 

became a much more intense focus with Tenon taking the 

approach of centralising log production onto one site for 

much of its central North Island forest production at a 

large-scale log yard at Kaingaroa. The facility was able to 

utilise leading-edge scanner technology at the time 

because of the large volumes being handled, compromised 

only by a requirement for higher inventories in the supply 

chain. CHH took the opportunity to use log value 

realisation technology through a different mechanism, 

favouring the use of local optimisers for use by individual 

log-makers. This system was built to capitalise on "just-in- 

time" inventory management techniques fed by overnight 

inventory updates supplied by individual contractors. 

However, the system was never deemed to be a huge 

success and was eventually discontinued. 

LUMBER PRODUCTION 

Investment in solid-wood processing has always been the 

foundation for increasing returns from New Zealand’s solid- 
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wood sector. However, Figure 3 highlights the sporadic 

nature of private sector investment in this industry. Much 

of the ability to expand export production when conditions 

permit comes from the increased use of the installed asset 

base, with extended production shifts at processing sites 

which otherwise operate at low utilisation levels 

(traditionally one shift plus overtime). 
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Figure 4: Volume and Value of New Zealand Lumber 1996 – 2003. 

Source: MAF. 

Australia and the US remain the largest lumber markets. 

They are quite different markets, with Australia being 

mainly a destination for structural lumber for construction, 

while the US takes mainly dried and dressed appearance 

lumber. Japan will remain the third largest lumber market, 

and continues to have great potential. Over the last 12 

years this market has averaged 10% annual growth, and 

efforts to migrate New Zealand radiata pine into the 

construction sector continue to hold the promise of 

increased unit returns. However, the cyclical nature of unit 

returns on New Zealand lumber as seen in Figure 5 below 

suggests a stronger link to the peaks and troughs in our 

currency, as most lumber exports are sold in US dollars. 
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Figure 3: Private-sector Investment in New Zealand Solid-wood 
Processing. 
Source: Ministry of Agriculture and Forestry (MAF). 

The expanding volume of wood in New Zealand has seen a 

constant growth in lumber production, encouraged by 

increasing market share through better realisation of 

market opportunities and exporting to markets with 

experience in using softwood species such as radiata pine 
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(Figure 4). 

Lumber exports from planted production forests were 

approximately 1.5 million cubic metres for the March 2000 

and 2001 years, an increase of 14% on the 1999 year. This 

was influenced by a significant increase in exports to  

Japan, which grew by 24%. Lumber export values also rose 

in each of these years to over $700 million, a 14-20% 

increase on the 1999 year. This reflected moderate 

increases in unit prices across several major markets 

including Australia, Japan, and the US. Australia and the 

Figure 5: Changes in Unit Value Realisation of New Zealand Lumber. 
Source: MAF Statistics. 

The last half of the decade has seen a new entrant based 

on a new production technology to compete with 

sawmilling for structural solid-wood markets: laminated- 

veneer lumber. While production has grown slowly, this 

proven technology still struggles in New Zealand owing to 

the relatively low yield of high-stiffness and high-modulus 

wood from the radiata pine resource. 
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TECHNOLOGY CHANGES 

Pruned wood provided the opportunity for New Zealand 

exporters to achieve improved value-realisation for radiata 

pine as this product entered world softwood markets. The 

technology which facilitated rapid expansion in the 

production of clearwood volumes to the important US 

market was machine vision in sawmilling applications, 

underpinned by unprecedented increases in computer 

processing speed. A growing range of providers in the US 

and New Zealand supports this technology. 

Many workers now need a very good grasp of basic 

computer operation in order to complete their daily tasks 

in a large sawmill. Technology changes have been a 

mixture of imported and New Zealand-developed ones to 

New Zealand lumber exports, however, when all the 

factors are positive, make a significant mark on the US 

lumber import scene alongside a few other major players, 

particularly Chile and Brazil. Against previous performance, 

the growth in New Zealand lumber to US markets has 

been spectacular. Prior to 1991 volumes had never 

exceeded 100,000 cubic metres but by 1996 had grown to 

over 200,000. In 2002 the volume peaked, exceeding 

500,000 cubic metres per annum. As an export market the 

growth has been excellent but compared with our market 

rivals we have only just kept in the play with Brazil and 

Chile continuing to hold their places above us in market 

share (Figure 6). 

900 

Brazil 

find new ways of extracting the highest value from radiata 

pine lumber while at the same time increasing feed speeds 

in all parts of the sawmilling and drying operation. 

Machine vision through high-speed camera technologies 

and lasers to "view" the open face of pruned logs being 

sawn at high production rates has become reality. 

However, it is limited in application (by its high cost) to 

high-throughput sawmills. 

Other technical developments have been realised simply 

through faster and cheaper computing power. They have 

been instrumental in automating decision-making in mill 

control tools such as on-line moisture measurement, size 

control and production management. 

EXPORT MARKET FACTORS 

The biggest market success story for New Zealand lumber 

has also has been its biggest challenge: export sales to US 

lumber and mouldings markets. As the US market has 

waxed and waned, largely driven by the health of the 

economy, so have the fortunes of lumber exporters in New 
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Zealand. The US/NZ dollar exchange rate has regularly 

contributed to both significant profits (when the NZ dollar 

dips to its lows) and to mill closures when the US dollar 

drops for reasons unrelated to wood markets. 

Figure 6: Key Sources of US Softwood Appearance-grade Lumber 
1991-2003. 
Source: Robert Flynn & Associates. 
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PANEL PRODUCTS 
J Warnes – Forest Research, Rotorua 

INTRODUCTION 

The many uses of sheet or panel products include 

furniture, joinery and fitments, cladding (sheathing), 

flooring, sheet bracing in walls or ceilings, components 

such as Web I or C beams and materials handling such as 

in bins for produce transport. 

This article briefly describes some of the available wood- 

based sheet materials. It is limited in detail because there is 

such a variety of panel products. Many manufacturers have 

excellent brochures that contain product data, design 

details and information on handling and finishing. 

TYPES OF PANEL PRODUCT 

Panel products consist of processed wood material bound 

together to form sheets. Their properties and performance 

are closely related to the type of particles, the type of glue 

used and how they are manufactured. 

Panel materials are classified in Table 1 according to their 

constituent particle (wood unit) size and type of binder. 

Binder type generally determines the durability of the 

boards in various exposures. Those products bound with 

phenolic (phenol, tannin formaldehyde resins, and 

isocyanate adhesives) are more durable than those made 

with cheaper urea-based binders. Melamine fortified urea 

adhesive is used in some particle boards to improve 

durability for wet areas. Cement is also a durable binder. 

PLYWOOD 

Plywood is an assembled product comprising thin layers of 

wood bonded together with the grain usually at right 

angles. A layer may consist of one or more plies or veneers. 

Construction plywood is made in thickness from 7.5mm (3- 

ply) to 21mm (7-ply). Sheet size is 1.2m x 2.4m. 

Selected logs are rotary peeled in a lathe to form a ribbon 

of veneer which is dried, clipped to sheet widths, and 

graded. High quality clear veneer (A grade) is used for the 

outer veneers of the best plywood. Lower quality D veneer 

can be used for inner veneers, or the lowest construction 

grade panels. B and C grade veneers of intermediate 

quality have fewer defects than D grade. C grade veneer 

can contain knot holes filled with resin. 

Panels are made by applying phenol or urea formaldehyde 

resin to veneers of predetermined grade in a specified 

arrangement (lay-up). These are hot pressed to cure the 

adhesive and form the plywood panels. For some grades, 

small defects are then filled prior to sanding and final 

panel grading. 

Panels can also be preservative treated, or overlaid with 
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Composite Material Size of Wood Unit Binder Type Density (kg/m3) 

Plywood Wood veneer 3mm x 2.4m x 0.3-1.2m Adhesive 550 

• Particle types  
Wood flakes 

 
0.5-2mm x 50mm x 80mm 

 
Adhesive 

 
500-700 Flakeboard 

Strandboard Wood strands 0.5-2mm x 15mm x 80mm Adhesive 500-700 

Particleboard Particles/chips 0.5 x 2mm x 20mm Adhesive 500-700 

Gypsum/cement 800-1200 

• Fibre types 

Hardboard 

Softboard 

MDF 

Fibreboard 

Wood fibres <0.1mm x 3-5mm Lignin, adhesive 
 

 
Adhesive 

Cement/gypsum 

 
700-1100 

300 

600-740 

1500-1700 

Triboard Strands/fibres  Adhesive 650 

Table 1: A Selection of Panel Products by Particle Size. 
 

resin impregnated papers of high or medium density. While 

grading rules exist for some plywoods (e.g. a joint 

Australian-New Zealand standard for construction plywood) 

grades for many purposes depend on specifications  

defined by the customer. 

PARTICLE-TYPE AND FIBRE-TYPE BOARDS 

Particleboards, waferboards, strandboards, and fibreboards 

are composed of particles of various sizes or fibres 

obtained from refinement of wood chips and sawdust. The 

most important panel product type in New Zealand, based 

on the volume of production, is medium density fibreboard 

(MDF). 

There are basically two ways of making these materials. 

Particleboards and MDF are made with external bonding 

agents (adhesives) in a dry process, whereas hardboard and 

softboard type fibreboards use water as a processing 

medium, to form hydrogen bonding (softboard) or lignin 

bonding (hot process hardboard). Adhesives are sometimes 

used to enhance the quality of wet-process boards. 

Final board properties are influenced by particle size and 

orientation, binder type, additives such as wax or 

emulsifiers, distribution of particles in the board, layering, 

final density, and a range of pressing variables. All these 

may vary between product and manufacturer, and are 

usually optimised for a given raw material, be it sawmill 

waste or purpose-made chips or flakes from logs. Most 

New Zealand boards are made from pine wood but may 

contain small proportions of other species. 

These boards have a tendency to swell in the thickness 

direction more than solid wood on exposure to moist 

environments. This behaviour can be improved by use of 

more durable but expensive adhesives and additives such 

as wax. 

Although not produced in New Zealand, orientated strand 

board (OSB) is a panel product that uses particle alignment 

to improve mechanical properties and has seen huge 

growth in North America, generally at the expense of 

plywood. 

Fire-retardants and stabilisers are added, and a greater 

range of panel densities is produced, to satisfy customer 

requirements. 

Particle-Type Boards 

There are international differences in the naming of these 

products. They include particleboard, bisonboard, 

strandboard, waferboard and chipboard. Essentially all 

these boards contain particles of wood that may be chips, 

sawdust, shavings, flakes, wafers or strands (rectangular) of 

various size, geometry or species. Thicknesses vary from 

3mm to 25mm. Sheet sizes are usually up to 1.2 x 2.4m or 

1.8 x 3.6m for flooring. OSB has oriented particles (strands) 

to improve properties in one direction. 

Logs or sawmill residues are chipped or processed into 

wood particles of the desired size and geometry. These are 

then dried, may be screened for size and quality, are mixed 

with adhesive and wax water repellent, formed into a mat, 

and pressed at the required temperature and pressure to 

cure the adhesive. Most particle boards use urea 

formaldehyde resin, limiting use to dry, reasonably constant 

environments. Flooring boards must have short-term 

moisture resistance during construction, and are higher in 

density than standard particle board. For wet areas such as 

bathrooms or kitchens, boards with melamine urea glue 

should be used, identifiable by (usually) green dyed core 

flakes. Overseas particleboards bonded with isocyanate 

resins are available for use as exterior sheathing and carry a 

10-year guarantee. 

Medium Density Fibreboard (MDF) 

MDF is made principally from green chips of radiata pine 

wood which are steamed, refined, reduced to fibres, dried 

and blended with (usually) urea formaldehyde resins and 

waxes. With increased international competition and 

pressure on panel prices, most manufacturers replace part 

of the wood chip with a cheaper raw material including 

sawdust. These prepared fibres are then air felted to form 

a thick mat of fibre, which is compressed under controlled 

temperature and pressure to form boards between 2.5mm 

and 25mm thick with a fine homogeneous structure 

through their thickness. They have a very smooth hard 

surface which accepts paint, clear finishes, stains, lacquers, 

veneers, and overlays. 

MDF is used mostly for non-structural applications, but 

flooring grades are available, and MDF interior wall and 

ceiling linings provide excellent bracing. MDF is replacing 

solid wood in joinery items such as mouldings and door 

jambs. 

More recently a wider range of panel densities has been 

produced with a superlite product down to 500kg/m3  and 

a tough, high-density fibreboard (HDF) at 1200kg/m3 

(Armour HDF). 

Triboard 

Triboard is a three-layer composite panel product with MDF 

face and back and a strandboard core. It is made in one 

pressing from mats of fibre and strand. The layers are not 

separated by a distinct glueline. It is available in thicknesses 

from 15 to 55mm in sheet sizes up to 4m x 2.5m and can 

be used in panel housing systems, solid doors and 

furniture. 

Hardboard and Softboard 

Chips, sawdust and shavings are refined to form a fibre 

slurry (pulp). Additives are added, and the slurry is formed 

into a mat, pressed in a rolling felt and passed through a 

drier for 1.5 hours for softboard or four hours for 

hardboard. 
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After trimming to sheet sizes the softboard is ready for 

dispatch whereas, for the hardboard, sheets are preheated 

and pressed at high temperature and pressure to form 

medium density or standard hardboard. Tempered 

hardboard is standard board that undergoes additional 

heat exposure to cure drying oils that were added to the 

pulp. Hardboard has a hard smooth paintable surface. 

Tempered hardboard is more expensive and is used as a 

substrate for wet-area panel sheathings. 

Various forms of coated or overlayed hardboard products 

can be purchased which have a hard, durable decorative 

finish, applied at the factory, ready for installation. 

Flameguard is a low-density softboard insulating product 

with fire retardant. Triple S is softboard with bitumen 

emulsion for sub-sheathing, replacing less rigid roofing 

papers or building papers under plaster or brick veneer. 

Softboard has negligible structural capacity. 

Cement Boards 

Excelsior board comprises large strands of wood-wool 

bound with cement and may be used as a cladding. In 

New Zealand cement fibreboard such as Hardiflex contains 

wood and cement in reverse proportions compared with 

the boards described above. It is effectively a cement sheet 

reinforced with wood fibre, rather than a bound wood 

fibre sheet. This makes it very dense and heavy but it is 

one of the few board products with acceptable exterior 

performance. 

UTILISATION PROPERTIES 

Plywood is the only panel material with characteristic 

working stresses published in Standards Association of 

New Zealand design codes and with New Zealand 

production standards describing its manufacture and 

performance. Plywood can also be treated for exterior use. 

Other panel products have tended to be commodity items 

aimed at specific applications (e.g. flooring) and though 

suitable for the purpose, their manufacture and properties 

can vary according to each plant, raw material resource or 

other production variables. However, test data derived for 

board quality control using endorsed Standards for particle 

boards or fibre boards (as appropriate) are given in 

manufacturers’ literature (Table 2). 

These data can be used as a guide for design with panel 

materials (particularly the modulus of elasticity) even 

though their main purpose is only to ensure that board 

quality is comparable with boards of acceptable 

performance in service. 

Particle and fibre composites tend to have low stiffness for 

their strength so deflection often governs designs in 

bending. Particle and fibre boards have much lower 

strength and stiffness than solid wood or plywood, so need 

to be much thicker for the same span and loading. 

However, they can be cheaper. Capacities of various 

products are compared in Chapter 3 of the Timber Design 

Guide (1999). 

FORMALDEHYDE 

Emissions of small quantities of formaldehyde from boards 

have not been a problem in most normal, adequately 

ventilated environments in New Zealand buildings. Where 

there is a concentration of particle-type boards and 

fibreboards, designers should consider the benefits of 

coatings, sealers and adequate ventilation. 
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 Thickness 

mm 

Density 

kg/m3
 

Modulus of 

Elasticity MPa 

Modulus of 

Rupture MPa 

Internal 

Bond MPa 

1 hour 

swell % 

24 hour 

swell % 

Plywood 15 540 8900* 63*    
Strandboard 12-25 670 3300 23 0.6 2  
Triboard 32-70 650 3200 34 0.55 4  
Liteboard (MDF) 12-25 600 2600 36 0.7 2.6  
MDF 9-25 720 3000 36 0.85 2.6  
MDF 3-6 780 2400 45 1.2 4.5  
Flooring 

particleboard 

20 690 2800 26 0.78  8-9 

Medium density 

particleboard 

9-18 650 3000 25 0.7   

Thin particleboard 

(calendar process) 

3-8 710 2600 24 0.8   

Softboard 12 300 510 l 
290 s 

2.6 l 
2.1 s 

0.06   

Hardboard 

(standard) 

4.75 910 5300 l 
3800 s 

44 l 
32 s 

1.7   

Hardboard 

(tempered) 

4.75 1100 6700 l 
4700 s 

57 l 
41 s 

2.3   

Fibre cement board 8 1350 9200 m 
6900 c 

23 m 
12 c 

0.5   

* Based on full cross section depth, 5-ply small clear test pieces. 
l = long direction 
s = short direction 
m = machine direction 
c = cross machine direction 

Table 2: Properties of Some Panel Products. 
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PULP AND PAPER 
S R Corson – Forest Research, Rotorua 

INTRODUCTION 

The national pulp and paper industry contributes 

substantially to the country’s paper requirements and to 

export receipts. The industry initially grew to achieve 

national self-sufficiency in newsprint, packaging papers  

and boards, printing and writing papers and tissues and 

absorbent products. Concurrently, international markets 

were developed for both chemical (kraft) and mechanical 

pulps. The key feature of the industry was its strong 

growth in the three decades following the start-up of the 

Kawerau and Kinleith mills in the mid-1950s. More 

recently, with the opening of the economy in the 1980s, 

paper manufacture has been rationalised and consolidated. 

The industry now operates as an integral part of the global 

economy. Production of fine printing and writing papers 

has ceased along with many other specialty grades. 

The industry is almost wholly based on the utilisation of 

radiata pine fibre. The predominant source of this fibre is 

residue from the solid-wood sector. 

Note. The statistical information in the following sections is 

provided by the Policy and Information Group of the 

Ministry of Agriculture and Forestry at www.maf.govt.nz. 

All tonnages quoted are air-dry tonnes. 

PRODUCTION – WOOD PULP 

Total pulp production for the year ended 31 March 2003 

was 1,513,000 tonnes. This comprised 830,000 tonnes of 

mechanical wood pulp (stone and refiner ground wood 

pulp, thermomechanical wood pulp and chemi- 

thermomechanical wood pulp) and 680,000 tonnes of 

chemical wood pulp (unbleached kraft, bleached kraft and 

semi-chemical pulp). This quantity of pulp was produced by 

seven mills, four of which also produce paper and 

paperboard. These seven mills currently have an installed 

annual pulping capacity of approximately 1,700,000 

tonnes. Principal pulp markets are detailed by tonnage and 

value in Table 1. 

 

Destination Tonnes $NZ ‘000 

Australia 129,000 105,000 

Japan 243,000 94,000 

China 127,000 76,000 

Korea 66,000 55,000 

 
Table 1: Principal Pulp Markets. 

Wood pulp export volumes totalled 708,000 tonnes for the 

June 2003 year. This volume was down 10 percent on the 

784,000 tonnes exported in the previous June year. The 

value of wood pulp exports fell by 16 percent over the 

same period to NZ$433 million. Chemical pulp exports 

decreased by 22 percent to NZ$290 million, while volumes 

exported decreased by 17 percent. The value of mechanical 

pulp exports fell slightly in the June 2002 year to NZ$143 

million. 

PRODUCTION – PAPER AND PAPERBOARD 

805,000 tonnes of pulp were used in the manufacture of 

850,000 tonnes of paper and paperboard, produced in five 

mills. 360,000 tonnes of newsprint was produced in the 

past year and 218,000 tonnes exported. Export of other 

paper and paperboard products yielded receipts of $244 

million. Australia is the principal market for paper and 

paperboard, purchasing products to the value of $279 

million in 2003. 

The long-run production levels of paper and paperboard, in 

total and by major groups, are shown in Figure 1. 
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Figure 1: Production Statistics for the National Paper Industry. 

 

HISTORY 

Industrial paper making commenced in New Zealand in 

1876 with the establishment of small paper mills at 

Mataura, Southland and Woodhaugh, Dunedin. A third 

mill began operation in 1900 at Riverhead near Auckland. 

All three mills merged into New Zealand Paper Mills in 

1905. While the Mataura operation has only recently 

closed, the other two did not survive into the period of the 

current industry. 

Today’s modern industry began with the start-up of the 

board making operations of Whakatane Board Mills in 

1939. This mill was the first integrated pulping and 

papermaking operation in the country. It was also most 

probably the first mill in the world to manufacture 

cardboard from the groundwood pulp of juvenile radiata 

pine. 

Kraft pulp and paper was first produced by NZ Forest 

Products at its Kinleith mill in 1953. In the following 

decades it expanded to enable the manufacture of a broad 

range of printing, packaging and specialty paper grades. 

In 1956, Tasman Pulp and Paper Co began its annual 

production of 77,000 tonnes of newsprint and 38,000 

tonnes of market kraft pulp. It, too, expanded strongly 

over the ensuing decades. By 1999, it was operating three 

newsprint machines, three mechanical pulp mills and two 

kraft pulp mills. Employing 1100 personnel directly, it was 

manufacturing 410,000 tonnes of newsprint annually and 

220,000 tonnes of market kraft pulp. Tasman’s kraft mill 

was sold to Carter Holt Harvey Ltd (CHH) in 2001. 

The valuable contribution to the New Zealand economy of 

these two world-scale pulping and papermaking operations 

at Kawerau and Kinleith was highlighted by a University of 

Waikato study in 1995. This study of regional and national 

economic impact showed that the Tasman mill had an 

annual payroll of $82 million. Further, the mill’s operations 

generated an employment multiplier of 5.9. Tasman’s 

operation ranked sixth in New Zealand’s most valuable 

 
 

220  SECTION 9 – UTILISATION OF FOREST PRODUCTS 

A
ir

-d
ry

 p
ro

d
u
c
ti

o
n
 (
’
0
0
0
 

to
n
n
e
s)

 

http://www.maf.govt.nz/


employment sectors and third in a listing of non- 

agricultural sectors. 

A third, smaller and more specialised tissue and specialty 

products mill was also started up in Kawerau, by Caxton 

Paper Ltd in 1956. It initially produced disc-refined 

mechanical pulp (RMP) and later a proprietary bleached 

sulphonated chemi-thermomechanical pulp (33,000 tonnes 

per annum). Along with purchased kraft pulp, it grew to 

supply 90 percent of the national market for household 

and industrial tissues. By 1990 and together with its 

converting operations in Auckland, Christchurch and 

Hamilton, it was manufacturing toilet, facial and napkin 

tissues, kitchen and hand towels, paper bags, gift wrap, 

one-time carbon tissue, foil laminates, waxed lunch rolls, 

bread wrap, confectionery, ice cream and biscuit wrappers, 

treated fruit wraps, and specialty wraps. This mill became 

part of the CHH group in 1989. 

From the time of their commissioning, through to the 

1990s, the two major complexes at Kawerau and Kinleith 

were the dominant industrial hearts of their owner 

companies. Each provided the platform for the two 

companies to build substantial international businesses. 

Fletcher Paper expanded from its Kawerau base to own 

mills in Australia, Brazil, Canada, Chile, the United 

Kingdom and the USA. Some of these were subsequently 

sold individually, while the majority were sold to Norske 

Skog in 2000. CHH established strong interests in Chile 

while expanding its broader forest products business into 

Australia. Now, the Kawerau and Kinleith mills are only 

part of the regional and global production platforms of 

their respective owners. 

The two market mechanical pulp mills operating at Napier 

and Ohakune are discussed in the following section. 

Advanced planning in the early 1980s for a third market 

mechanical pulp mill at Nelson did not progress to 

realisation of the plant. 

Today, the industry has the following form: 

Carter Holt Harvey Ltd 

CHH is Australasia’s largest forest products company. Last 

year it had sales of $NZ4.5 billion that were produced from 

assets valued at $NZ8 billion. It is New Zealand’s third 

largest exporter. It is Australasia’s dominant, or secondary 

supplier for all of its key products. 

CHH Pulp and Paper 

Kinleith – Two kraft mills containing both batch and 

continuous digesters, plus an elemental chlorine-free  

bleach plant, annually produce 275,000 tonnes of  

bleached and unbleached market kraft pulp. Crude tall oil 

and sulphate turpentine are sold as by-products of the 

main pulping process. Paper machine no.6 remains as the 

sole machine of the six originally in operation. Extensively 

rebuilt to run as a world-scale paper machine, with a rated 

capacity of 320,000 tonnes per annum (tpa), this machine 

produces kraft, white-top and kraft-top linerboards, neutral 

sulphite semi-chemical and recycled corrugating mediums. 

Penrose Mill – 72,000 tpa of corrugating medium is 

produced from recycled fibre. A second machine allows it 

to alternately produce testliners for use in corrugated 

packaging and corestock. Local sales take up 71% of 
production. 

Tasman – 350,000 tpa of unbleached kraft pulp is 

produced 

Whakatane Mill – 85,000 tpa of coated and uncoated 

cartonboards, folding boxboards and general purpose box 
are produced on one 3750 mm wide machine. Stone 

groundwood is produced on-site for these grades. 

Supplementary purchased pulps are also used. 

CHH Tissue 

The tissue division now makes toilet paper, paper towels, 

facial tissues and disposable napkins. Production is 

integrated with the Kawerau and Box Hill, Australia sites. 

This division is currently being offered for sale. 

Norske Skog Tasman 

The Tasman mill is now being operated within the 

Australasian Division of Norske Skog, the Oslo-based global 

Norwegian manufacturer of publication papers. The mill 

continues to produce 400,000 tpa of newsprint, improved 

newsprint and telephone directory papers. This production 

fully supplies all New Zealand’s requirements for these 

grades. It also provides around 30% of Australia’s 

newsprint. The balance of production is exported 

throughout Asia and the South Pacific. 

The pulp furnish for this paper manufacture is 

predominantly 230,000 tpa of thermomechanical pulp. 

Lesser quantities of refiner mechanical pulp (RMP), stone 

groundwood, and purchased kraft are also employed. 

Pan Pac Forest Products 

The Pan Pac Forest Products mill at Whirinaki (near Napier) 

began producing RMP in 1973. Initial capacity was 

120,000 tpa. In 1981 production capacity was doubled to 

250,000 tpa. At the same time the process was converted 

to enable the manufacture of thermomechanical pulp. 

Today, the mill produces 200,000 to 220,000 tpa annually 

of medium freeness pulp for shipment to the Tomokomai 

(Japan) mill of Oji Paper for final processing and newsprint 

manufacture. An additional 30,000 tpa of semi-bleached, 

low freeness thermomechanical pulp is produced annually 

for newsprint manufacture in China. 

Winstone Pulp International 

Established as a joint venture between the New Zealand 

Winstone Group and the Korean Samsung Group, as 

Winstone Samsung, this mill began production in 1978 of 

market thermomechanical pulp for sale in Asia. Situated at 

Karioi, on the southern slopes of Mount Ruapehu, the mill 

was planned to utilise the maturing fibre resource of the 

Karioi State Forest. 

In 1982, the process was converted to sodium sulphite- 

based, chemithermomechanical pulping. Peroxide 

bleaching capability was later added. Production capacity is 

now 145,000 tpa. Major Asian markets include China, 

Indonesia, Japan, and Korea. A range of pulp grades is 

produced. Unbleached pulp is sold for newsprint 

manufacture and for the middle layer of coated 

paperboards. Bleached pulp is sold for use in writing, 

printing, computer and copying papers; liquid packaging 

board, nappies, sanitary products, tissue and towelling. A 

feature of the mill’s flexibility has been its ability to blend 

the fibres of different wood types to satisfy demanding 

end-product performance requirements. 
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REMANUFACTURING 
J C P Turner – Forest Research, Rotorua 

Solid-wood remanufacturing in New Zealand is 

characterized by a number of small to medium sized 

companies producing a wide range of semi-processed 

product. These products can be categorised as follows: 

> interior building products – mouldings, flooring, 

window/door/stair components; 

> exterior building products – weatherboards, fascia, 

handrails, balustrades, door jambs; 

> engineered wood products – Glulam, I beams; 

> ‘do-it-yourself’ products – dressed boards, edge-glued 

panels; and 

> furniture and furniture components. 

In 1991 the New Zealand Pine Manufacturers Association 

(Pine Manufacturers) was incorporated to represent New 

Zealand value-added solid-wood manufacturers. Its  

purpose was primarily to provide an effective body to grow 

New Zealand’s foreign exchange earnings in 

manufacturing. Pine Manufacturers also works with 

industry to upgrade manufacturing capability, introduce 

new and improved technology and processing techniques, 

and co-ordinate joint research and development activity. 

Pine Manufacturers currently involves 51 manufacturing 

companies accounting for an estimated 80% of New 

Zealand’s production and exports in solid-wood value- 

added products. 

Strongly supporting these manufacturers are 30 Associate 

members, who provide supplies and/or services to the 

wood processors. 

STRATEGY 

Some of the key steps on the pathway to growth from the 

Pine Manufacturers’ strategic plan are: 

> Expansion of international marketing intelligence on 

trends, opportunities, and competitive activities in key 

overseas markets. 

> Development of higher value-added market niches for 

New Zealand pine in target markets. 

> Sourcing and sharing of "world-best" wood processing 

techniques and technologies with member companies 

along with assistance and encouragement to adopt 

them. 

> Continual education and training to ensure member 

companies become internationally competitive. 

> Implementation of quality systems in wood processing 

to guarantee standards and reduce waste. 

> Attracting investment (both domestic and foreign) to 

the manufacturing sector to facilitate increased 

volumes, economies of scale, new product 

development, plant upgrades, solid-wood processing, 

and innovation in design, packaging and branding. 

> Establishment of closer relationships between forest 

owners, sawmillers and manufacturers, offering more 

stability and less risk to all three parties. 

STRENGTHS OF THE PINE 

MANUFACTURERS 

> A values set among members that, while strongly 

commercially orientated, espouses trust, networking 

and a desire to succeed and grow. 

> Companies are generally small to medium in size with 

the ability and production flexibility to seize niche 

market opportunities quickly. 

> Through networking, manufacturers willingly share 

skills, market information and knowledge on methods 

of production and technology. Their competitors are not 

each other, but foreign-based operators. 

> Members know that collectively they can achieve results 

well beyond their individual capabilities. 

> A proven track record as innovators, forward thinkers 

and a "go ahead and make it happen" attitude. 

EXPORT MARKETS 

In 2003 around one quarter of New Zealand’s sawn timber 

production (one million cubic metres) went to further 

downstream processing. 

The value of exports of solid-wood value-added products 

(beyond kiln-dried sawn timber) totalled around NZ$500 

million (fob) in 2003. 

By market the USA accounted for 50% of sales, Australia 

25%, Asia 20% and other markets 5% in 2003. 

In recent times the market focus has also shifted to Europe 

as a mid-term prospect. 

CONCLUSION 

By supporting and fostering our developing manufacturing 

sector, it will be able to continue to compete 

internationally. The flow-on effects of this will be positive 

for New Zealand and the industry as a whole. 

Increased manufacturing in the forestry and wood products 

sector will: 

> Lessen the dependence on commodity trade. 

> Lessen vulnerability to price fluctuations in commodity 

markets as diversification into value-added products will 

cushion the effects of price swings. 

> Build on the investments in silviculture and harvesting 

made over the last 100 years and the gains which can 

be made by using manufactured products to showcase 

New Zealand pine as a valuable and high quality timber. 

> Increase regional job opportunities and positively 

contribute to the national economy. 

Further information may be obtained from the NZ Pine 

Manufacturers Association at www.pine.net.nz 
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   SECTION 9.8   
 

POSTS AND POLES 
P M Carpenter – Wood Wise, Rotorua 1994 

Revised by G B Walford – Forest Research, 
Rotorua 2004 

Corsican pine, Douglas-fir, and European larch have been 

important species in the production of softwood poles in 

New Zealand for the past 40 years. Corsican pine has been 

the dominant species, also utilised for posts, with the bulk 

of production originating from stands planted between 

1926 and 1936. The low level of management of Corsican 

pine left largely untended stands producing suitably 

straight, small-branched trees, ideal for an expanding pole 

market in later years. In addition, the wide acceptance of 

copper chrome arsenate (CCA) preservative treatment, 

ahead of creosote or pentachlorophenate-in-oil (PCP in oil), 

also favoured the use of relatively permeable Corsican pine 

ahead of Douglas-fir and larch. 

The main resource of Corsican pine has now all but 

disappeared, with the rate of depletion hastened by its use 

for sawn timber, pulp, and the export log trade. However, 

the main contributing factor to its virtual disappearance 

was its elimination from the planting programme in New 

Zealand by the early 1970s, as a result of its susceptibility 

to the needle blight Dothistroma pini. 

The 1982 Roundwood Workshop recognised the imminent 

shortage of suitable pole material, and examined the 

suitability of various other species, including radiata pine. 

Despite the advent of early heavy thinning for radiata pine, 

forest management practice was far from homogeneous. 

Some supplies of poles would therefore be available in the 

future from stands that had been kept at relatively high 

stockings, again, more by accident than design. 

Increased interest after the Roundwood Workshop also 
focused on alternative species which demonstrated a 
measure of natural durability. These include a number of 

eucalypt species (such as E. pilularis, E. globoidea, and E. 
muelleriana) and other species such as Robinia 
pseudoacacia (black locust). The scattered and small 

resource of such species, however, is unlikely to produce 
sustainable volumes for the post and pole industry. 

Reductions in radiata pine stockings implemented by many 

forest organisations during the 1980s and early 1990s 

indicate additional pressure on the planted stands that 

slipped through the various thinning regimes. Today, the 

author knows of no organisation deliberately managing 

commercial stands for the main purpose of producing 

roundwood material suitable for poles. Posts, on the other 

hand, are less demanding in their specifications, particularly 

in terms of length, and are therefore more accommodating 

of early production thinnings, and even top logs from 

clearfelled stands. 

In addition to softwood poles, there is a continuing 

demand for poles in alternative materials, such as concrete 

for power transmission and telephone cables, and imported 

hardwood from Australia for wharf and mooring piles. 

POST AND POLE SPECIFICATIONS 

Poles are the more critical product of the two, generally 

ranging in length up to 12 metres or more, while posts are 

generally shorter than 3.6 metres. 

Straightness therefore becomes critical with the longer- 

length poles, and most specifications include other 

requirements in terms of limitations on: 

> nodal swelling; 

> individual and aggregated knot sizes; 

> spiral grain on the surface; 

 
 Round House 

Piles 

Construction 

Piles 

Construction 

Poles 
 
1/4 round 

Fence Posts 

1/2 round 
 
round 

Species P.radiata; 
P.nigra 

P.radiata; 
P.nigra 

P.radiata; 
P.nigra 

Pinus spp. Pinus spp. Pinus spp. 

Lengths (m) Up to 3.6 1.2-12.0 1.2-12.0 

(multiples 

of 300mm) 

1.5-3.0 1.5-3.0 1.5-3.6 

Diameter Range (mm) 140mm 125-300mm sed 125-300mm sed 75-150 60-120 75-200 

Treatment Hazard 

Class 

H5 H5 H5 H4 H4 H4 

Max Single 

Knot Diameter 

20mm in central 

600mm of length 

otherwise as 

note 6 

10% circumf 10% circumf 20% circumf 20% circumf 20% circumf 

Sum of 

Knots/Whorls 

As per note 6 20% of 

circumf 

20% 

circumf 

33% 

circumf 

33% 

circumf 

33% 

circumf 

Nodal swelling - 20 mm 20 mm - - - 

Spiral grain - 1 in 10 1 in 10 - - - 

Short crook As per note 6 65mm in 

any 1.5m 

25mm in 

any 1.5m 

- - - 

Sweep (mm/m) As per note 6 12 6 20 20 20 

Taper (mm/m) - 6 8 - - - 

No of growth rings - - - - 10 in 100mm 

and larger, at 

the sed 

10 in 150mm 

and larger, at 

the sed 

Table 1: Summary of Requirements for Various Roundwood Products. 
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> taper; and 

> maturity. 

The maturity requirement is expressed as the number of 

rings at either the butt or small end of the log. At one 

time, for example, building poles with a small end greater 

than 175 mm had to have a minimum of 15 growth rings 

at this end. 

Poles with 10 or fewer rings at the small end are very likely 

to twist. All poles contain spiral grain in the inner rings. As 

the pole dries this causes a tendency to twist that is 

resisted by the straighter grain in outer rings. Seasonal 

weather affects moisture content and this in turn affects 

the tendency to twist. Poles with 20 or more rings at the 

small end are very unlikely to twist. This is because 

seasonal changes in moisture content cannot penetrate to 

the pole centre where the spiral grain exists. 

The mechanical properties of radiata pine poles (e.g. 

strength and stiffness) are closely related to the density of 

the wood in the outer 20% of the radius of the log. In 

addition, wood density increases with increasing ring count 

from the pith. Maturity specifications take these factors 

into account. In recognition of the strong influence of 

wood density on pole strength, the New Zealand Standard 

NZS3603: 1993 Timber Structures Standard, provides 

design stresses for both "normal" and "high" density 

categories of pole. Producers of poles in the "high" density 

category are required to prove that the outerwood has a 

minimum basic density of 450 kg/m3 or they must proof 

test the poles. 

The New Zealand Standard NZS3605: 1992 Specification 

for Timber Piles and Poles for Use in Building now provides 

several options by which piles and poles may be shown to 

comply with the strength requirements. Table 1 (with notes 

below) summarises the requirements for posts and poles. 

The main requirements are: 

> Visual grading to limit the size and frequency of 

strength-reducing characteristics, either along the entire 

length, or in critical parts (noticeably the "number of 

rings" requirement is now not included for poles). 

> Proof testing of all poles or piles to loads related to 

their length and intended application. 

> Testing of batches of house piles on an annual basis. 

> Diameter depending on stress and applied load, so a 

wide range of sizes is typically required. 

Notes 

1. NZS3605: 1992 Specification for Timber Piles and Poles 

for Use in Building also covers sawn square house piles. 

These have replaced the use of round house piles in 

many areas, through the advantage of having four 

sawn, flat surfaces to which other building components 

can be attached more easily. 

2. NZS3605: 1992 does not cover transmission line poles, 

although with the addition of graining and boring 

patterns, it could serve this purpose. At least one New 

Zealand company is routinely mechanically testing every 

transmission line pole they produce. In comparison, 

most other producers of these poles are using visual 

grading requirements with the addition of graining and 

boring specifications. 

3. Fence post specifications are detailed in NZS3607: 1989 

Specifications for Round and Part-Round Timber Fence 

Posts. 

4. Corsican and radiata pine can be treated using CCA 

formulations, in accordance with the requirements of 

the Timber Preservation Council specifications. Poles are 

typically treated to Hazard Class 5 (H5) for ground or 

freshwater use, and H6 for sea water use. 

Fence posts are typically treated to the lower H4 class. 

5. Mechanical shaving to remove nodal swelling can 

produce up to 25% loss of strength, while steam 

conditioning, prior to CCA pressure treatment, may 

cause an additional 15% strength loss. Peeling, which 

scrapes the bark off, produces a stronger but more 

rugged, less aesthetically-pleasing pole. 

6. Number-One Framing rules apply, as defined in NZS3631. 

DEMAND 

Demand for posts and poles has fluctuated significantly in 

recent decades. The rapid expansion of kiwifruit in the 

early 1980s followed by deer farming saw huge increases 

in demand for posts. The primary sector downturn in the 

late 1980s saw demand slump. This was compounded in 

some areas by second-hand posts becoming available as 

kiwifruit orchards were pulled out. 

Some doubts existed about the export opportunities for 

poles, but the late 1980s and early 1990s saw a number of 

New Zealand organisations sending radiata pine poles and 

piles to Bangladesh for telephone reticulation and poles to 

the Philippines. The Bangladesh order precluded the use of 

Corsican pine, and some of the problems associated with 

fitting fast-grown, large-branched radiata pine into a 

Corsican-type pole specification were quickly encountered. 

Rejection rates during preparation of these poles in New 

Zealand sometimes exceeded 50%, proving a rather costly, 

but valuable, learning exercise for those involved. Further 

export opportunities are thought to be possible. 

Domestic demand for farming fence posts is expected to 

continue to cycle with the economic peaks and troughs of 

this sector. However, farming and horticulture continue to 

dominate the treated roundwood market. In the past ten 

years, the wine industry has been a significant user of 

posts. 

In the 1986-87 year, 312,000m3 of treated posts and poles 

were processed in New Zealand, and it is thought that this 

figure remained static through to the early 1990s, although 

statistics are no longer collected. 

Poles continue to be used in a variety of situations, as 

shown in Table 2. 

 
Activity End Use 

Residential Pole frame houses 

Pole platforms 

Piled foundations 

Pergolas 

Carports & garages 

General Construction Pole buildings 

Platform floors 

Signs & hoardings 

Horticultural shelter 

Retaining walls 

Embankment 

Engineering Bridge piles & stringers 

Culverts 

Marine Piles & wharf construction 

Boatsheds 

Seal walls 

Moorings & marina berths 

Recreational Playgrounds 

Park & landscaping 

Shelters 

Shelter fencing 

Table 2: Use of Poles. 
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TIMBER 
PRESERVATION 
M E Hedley – Forest Research, Rotorua 

BACKGROUND 

Historically, New Zealand has been recognised as a world 

leader in the field of wood preservation. This stems largely 

from the fact that for over 30 years, from 1955 to 1987, 

timber preservation in New Zealand was undertaken 

through regulations established in 1955 by an Act of 

Parliament. This established the Timber Preservation 

Authority (TPA), which had the sole right to publish 

treatment specifications, register timber treatment plants, 

and to revoke registration for serious transgression of the 

regulations. 

The TPA was disestablished in 1987 and was replaced with 

an industry-based body, the New Zealand Timber 

Preservation Council Inc (TPC). While not having the 

statutory powers of the TPA, it continued regulation of 

treatment plants which it licensed (approximately 90% of 

all plants) through its Timber Preservation Quality Manual, 

to which all licencees had to adhere. It reproduced the 

TPA's treatment specifications – with some amendments – 

which were published as a Miscellaneous Publication (MPO 

3640) by Standards New Zealand. 

HAZARD CLASSIFICATION 

For a variety of reasons, including decay in untreated 

framing timber ("Leaky Building Syndrome"), which first 
came to light in 1999, a major revision of the TPC's 

specifications was undertaken in 2003. The revised 

specifications were issued as a full New Zealand Standard 

in 2003 (NZS 3640 "Chemical Preservation of Round and 

Sawn  Timber"). 

A radical departure from previous timber treatment 

specifications was the division of Hazard Classes H1 (inside, 

protected from the weather) and H3 (outside, above 

ground, exposed to the weather) into two sub-classes 

each. Whereas the original H1 classification applied only to 

preservative treatment to protect against insect attack, the 

new standard recognises that some framing timber may be 

exposed to a decay hazard owing to temporary lack of 

weathertightness of the building envelope. Thus, H1 

became H1.1 (always dry, insect hazard only) and H1.2 

(subject to intermittent wetting, insect and decay hazard). 

Hazard Class H3 covers a very broad range of outside 

exposures from large structural members (exposed beams 

and joists) to less critical building components such as 

weatherboard, fascia and exterior window joinery. While 

the New Zealand Building Code (1992) requires a minimum 

of a 50 year durability for critical, difficult to replace 

components such as exposed beams, only a 15 year 

durability is required for non-structural elements. It is 

logical that preservation requirements for the latter need 

not be as stringent as preservation requirements for the 

former. Water-borne preservatives copper chrome arsenate 

(CCA), alkaline copper quaternary (ACQ) and copper azole 

(CuAz) and the organic solvent-based copper naphthenate 

are approved for both 15-year durability (H3.1) and 50- 

year durability (H3.2) components. However, light organic 

solvent preservatives (LOSP), tributyltin oxide (TBTO) and 

tributyltin naphthenate (TBTN) are restricted to 15-year 

durability components. The rationale behind this restriction 

is that these LOSPs were originally developed for treatment 

of the types of products which require only 15 years' 

durability and research has shown that performance is 

limited in more demanding H3 exposure situations. The 

new arrangement of Hazard Classes is shown in Table 1. 

DEVELOPMENTS IN PRESERVATIVE 

TREATMENT 

CCA Preservatives Decline 

For some years now, continued use of CCA preservatives in 

parts of the world, notably the USA and Europe, has been 

under threat owing to the perceived health risk associated 

with frequent contact with CCA-treated timber. This threat 

culminated in February 2002 when the USA Environmental 

Protection Agency announced that preservative 

manufacturers had reached an agreement to phase out 

manufacture of CCA preservatives by December 2003 

except for a very limited number of uses. In Europe, the 

European Commission in January 2003 issued a directive 

limiting CCA to industrial uses only with an 

implementation date of June 2004. The result is a virtual 

cessation of CCA manufacture in both the USA and 

Europe. 

New Zealand and Australia have so far seen no reason to 

restrict use of CCA in a similar manner, although the 

Australian Agricultural Pesticides and Veterinary Medicines 

Agency is currently reviewing aspects of its use with a view 

to similar restrictions. 

Alternatives to CCA 

ACQ and CuAz have both been registered and approved 

for use in New Zealand and Australia as alternatives to 

CCA. Although both are likely to equal performance of 

CCA in above-ground (Hazard Class H3) situations, 

medium-term tests have shown that, in some extreme 

ground contact situations, they do not match the 

robustness of CCA. Since the alternatives are significantly 

more costly than CCA, their use in high decay hazard 

situations could well be limited on economic grounds. 

However, because of health concerns felt in some quarters 

over the use of CCA-treated timber, there is likely to be an 

increase in use of both ACQ and CuAz for treatment of 

timber used in the domestic environment. 

There has been increasing use of LOSP both for the 

treatment of framing timber (Hazard Class H1.2) and as an 

alternative to CCA for H3 treatments. The advantage of 

LOSP is that no re-drying is required after treatment and 

the timber undergoes no dimensional change during 

treatment. A key export market for LOSP-treated timber is 

Australia where there has been acceptance of LOSP 

treatment for structural timber grades. New Zealand 

manufacturers are also now targeting the USA joinery 
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market and a new LOSP treatment system (BodyguardTM) 

has been registered with USA regulatory authorities for this 

market. 

Alternatives to Chemical Treatment 

Attempts to impart durability (and also dimensional 

stability) by means other than impregnating the timber 

with chemicals has long been a goal. Heat treatment, 

where timber is heated in a controlled environment at 

temperatures up to 200ºC, has become a commercial 

reality in Europe. Radiata pine is very amenable to this type 

of treatment and trials are currently underway in New 

Zealand on developing heating schedules specifically for 

radiata pine. 

Acetylation, where wood is treated under pressure with 

acetic anhydride, also leads to modification of wood 

structure and chemistry, which in turn imparts durability 

and dimensional stability. To date, current process options 

have not been economically viable, but new research at 

Forest Research, Rotorua, has led to significant 

improvements in processing schedules with consequent 

likely reductions in processing costs. 

With increasing concern over the negative impact of wood 

preservation chemicals on the environment, it is likely that 

non-chemical treatment will become an increasingly 

important alternative to traditional wood preservation. 

While such treatments are unlikely to impart the same 

durability as CCA if the modified wood is used in high- 

decay hazard situations, they are likely to be acceptable in 

less demanding non-structural uses above ground, while 

also imparting additional properties to enhance 

performance. 

 
 

Hazard Class Exposure Service Conditions Biological Hazard Typical Uses 

H1.1 Protected from the weather, 

above ground 

Protected from weather, 

always dry 

Borers Interior finishing 

timber – see NZS 3602 

H1.2 (1) Protected from the weather, 

above ground, but with a 

possibility of exposure to 

moisture 

Protected from weather, 

but with a risk of moisture 

content conducive to 

decay 

Borers, decay Wall framing – see 

NZS 3602 

H2 Protected from the weather, 

above ground 

Protected from weather, 

dry, exposed to ground 

atmosphere where well 

ventilated but not in 

contact with ground 

Borers and termites Framing timber in 

Australia 

H3.1 Exposed to the weather, above 

ground 

Periodic wetting, not in 

contact with the ground 

Decay fungi and 

borers 

Cladding, fascia, 

joinery – see NZS 3602 

H3.2 Exposed to the weather, above 

ground, or protected from the 

weather but with a risk of 

moisture entrapment 

Periodic wetting, not in 

contact with the ground, 

more critical end uses 

Decay fungi and 

borers 

Structural, decking – 

see NZS 3602 

H4 Exposed to the weather, in 

ground or in fresh water 

continuous wetting 

Ground contact, or 

conditions of severe or 

Decay fungi and borers 

Fence posts, 

landscaping timbers 
 

H5 Exposed to the weather, in 

ground or in fresh water 

Ground contact, or 

conditions of severe or 

continuous wetting, where 

uses are critical and where 

a higher level of protection 

than H4 is required 

Decay fungi and 

borers 

House piles and 

poles, crib walling 

H6 Sea water or estuarine ground Immersion in seawater or 

estuarine ground 

Marine wood borers 

and decay 

Marine timber and 

piles 

Note (1):  Sub-class H1.2 is often referred to as H1 Plus. 

Table 1: Hazard Classification. 
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WOOD FOR 
ENERGY 
B Cox – Bioenergy Association of New Zealand, 
Wellington 

There are a number of technologies available for extracting 

energy from wood. This paper covers combustion which is 

currently the most common technology used in New 

Zealand. Fermentation/hydrolysis, pyrolysis, and gasification 

are emerging technologies but are not covered here. 

THE BIOENERGY MARKET 

The market for energy from wood is well established with 

an estimated 340 GWh of electricity and 8,700 GWh of 

heat being produced from woody biomass each year. Most 

of this arises from within the forest processing industry. In 

recent years there has been substantially more wood-fired 

heat plant installed than new plant for electricity 

generation. This has received little recognition as the 

energy industry has until now been dominated by a focus 

on electricity. A paradigm shift in thinking to encompass 

energy rather than electricity is allowing bioenergy to 

consolidate as a premier process for the wood processing 

industry. 
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In the forest industry the bioenergy market is focused 

around: 

> obtaining heat for kiln–drying timber, and 

> converting wood waste to heat for on-site wood 

processing uses. 

The market also includes heat and electricity for pulp and 

paper, veneer drying, and manufacture of medium-density 

fibreboard (MDF) and particleboard. 

THE DRIVERS FOR BIOENERGY 

When wood waste (woody biomass) is burnt, energy 

(bioenergy) is released. Woody biomass can be derived as 

waste from forest harvesting operations and wood 

processing, or from purpose-grown plantations. Wood 

processors paying high landfill charges to dispose of wood 

waste could use the waste product to produce heat in the 

form of bioenergy, thereby saving both waste disposal and 

energy costs. 

The principal driver of the economics for new bioenergy 

plant within the current economic context is the avoidance 

of the high costs of disposal of waste to landfills. As 

disposal costs increase the value of the waste as a fuel 

source will increase. 

Wood processors also use significant amounts of electricity, 

which is generally imported to the site. On-site electricity 

generation provides an opportunity to reduce the amount 

of electricity imported, however because of the relative 

cheapness of purchasing electricity rather than making it, 

currently this is generally done only on large processing 

sites. 

Many small to medium sites have significant biomass waste 

streams which are dumped, traded or sold for purposes 

other than as a potential energy source. Because of the 

cost of the necessary plant, little attention is paid to 

maximising the use of waste for bioenergy production. In 

recent years however some wood processors have begun 

to coordinate their waste streams for bioenergy production. 

Wood processing sites have generally been developed over 

the years with little reference to non-traditional energy 

sources. This has resulted in plant generally being installed 

without reference to optimising on-site energy use. The 

focus has been on the wood processing and energy has 

been seen simply as a commodity input. Investment in 

bioenergy facilities can provide an incentive to address 

wider energy issues. 

As the cost of gas, coal and geothermal power rises (and a 

tax on carbon emission could be introduced in 2008) 

bioenergy becomes a relatively more practical, affordable 

and logical alternative as a source of heat production for 

the wood processing industry. 

PLANT AND EQUIPMENT 

Many wood processors have bioenergy facilities. These  

have been installed over the years and are based on 

conventional combustion technologies. Small sawmills tend 

to have old, second-hand, or simple pile-burner  

combustors producing heat for timber drying. Larger 

sawmills have more sophisticated combustors for kiln- 

drying, and large wood processors such as laminated 

veneer lumber, MDF, and pulp and paper mills have a  

range of plant to produce heat which is used in their 

production processes. Except at large integrated sites, there 

is very little sharing of heat plant to gain economies of 

scale, as most plants are geographically scattered. 

Half of the capital cost of bioenergy heat plant is in the 

boiler with the remainder in fuel storage and handling. 

Suppliers of boilers and other heat plant generally have 

sound products that work well and are proven and 

engineered for long life. In New Zealand there are several 

suppliers of larger plant and small cost-effective plants. The 

units being installed tend to be up to around 20 MW 

thermal heat although some sites are now reaching 100 

MW with the installation of a number of heat plant units 

generally being put in over a period of time. 

Because bioenergy plants have a high up-front capital cost 

the ability to raise finance, and meet the required financial 

payback period, can disadvantage investment in bioenergy 

plant compared with lower capital cost gas plant. To 

address this high expenditure some energy companies are 

entering the market to supply heat plant facilities under 

contract to energy users. These companies will contract to 

install and operate heat plant and provide heat to 

contractual specifications. 

BIOMASS AS A FUEL 

Fuel supply and cost risk are the most significant aspects 

that investors in bioenergy heat plant have to consider. 

Strategies for managing these risks include access to dual 

fuelling capability (e.g. coal/biomass blends), access to 

other wood waste streams such as forest residue, treating 

waste to make it a homogenous fuel, and developing a 

biomass fuel market (e.g. pellets). 

Most fuel for bioenergy plants is obtained from on-site 

sources. Only a few companies actively manage the waste 

streams from and between multiple sites. For other 

companies biowaste is rarely brought in from other sources 

as generally plant has been sized to handle on-site waste 

only. 

Supplies of biomass as a source of fuel are already 

becoming restricted for some bioenergy plant operators. 

Biomass is often in demand for uses other than bioenergy 

(e.g. bark for garden mulch), and the competition for 

biomass will increase as new uses are identified. This 

creates a substantial risk for investors in bioenergy plant. 

Although forest residue is generally left in the forest or on 

the landing, there are players now entering the market 

who are collecting and chipping it. As the value of forest 

residue-derived chip increases, more companies 

undertaking chipping will enter the market and process 

forest residue as a fuel for bioenergy plant. As more 

companies have mobile plant available for chipping and 

hogging residue, the cost of preparing and processing 

forest residue for fuel should reduce. 

Fuel handling and storage are areas of activity where 

problems are often encountered owing to the difficulty of 

the material being handled. Work to improve fuel handling 

and storage performance, and thus to reduce costs, is an 

area of focus for the Bioenergy Association. 

THE ECONOMICS OF BIOENERGY 

The bioenergy market is focused on heat, as electricity 

production from bioenergy is currently not economic unless 

undertaken as part of a cogeneration application. 

The relative economics of bioenergy are expected to 

improve as wholesale electricity, gas, coal, and oil prices 

increase over the next few years and swing the energy 

market in favour of bioenergy for heat and cogeneration 

of electricity. The degree to which the use of bioenergy 

increases will depend on the cost of collecting, processing 

and delivering it as a fuel. The fuel cost will be determined 

by what types of biomass are used, where the energy is 

required, and what competition there is for the biomass. 

The wholesale price of gas is anticipated to increase 

significantly between 2004 and 2008 and prudent wood 

processors should have contingency plans to cope with this 

anticipated increase. Bioenergy can be a substantial part of 

risk management strategy. 

Government has indicated that as part of its Climate 

Change Policy an emissions charge on carbon dioxide from 
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fossil fuels will be imposed. The emission charge is 

predicted to be based on the international price of carbon 

and capped at NZ$25 per tonne of CO2 equivalent. The 

first period for implementation of the tax is expected to be 

2008-2012. Both coal and gas qualify for a carbon dioxide 

charge, and to a lesser extent geothermal heat, which has 

lower carbon dioxide emissions. In contrast, biomass-based 

fuels, such as wood waste products, will not incur the 

emission charge. The proposed tax on fossil fuels will have 

significant effects on the economic viability of coal and gas 

used for heat production in the wood processing industry. 

In Figure 1 base heating costs for biomass-based 

technologies are compared with those for coal, gas and 

geothermal plant (assuming the effects of extra fuel price 

increases, and that Government sets a $15/tonne carbon 

charge). Figure 2 shows the cost of electricity generation 

under similar assumptions. 

In Figures 1 and 2 the costs are based on a new plant with 

an 85% load factor, $15/tonne carbon dioxide charge, gas 

price increase of at least $3/GJ, 10% WACC, with a 25 

year life. North Island coal price has been assumed to rise 

by $1.5/GJ and South Island coal by $1/GJ. The forest 

waste residue has been assumed to have an average cost 

of $45-75/tonne dry weight equivalent to $2-4/GJ. A unit 

of heat at $25/GJ is equivalent to a unit cost of 9c/kWh. 

The calculations include all capital and operating costs. 

Forest industry process residue as a fuel for energy 

production has the potential to meet all the wood 

processing industry’s energy needs for heat and electricity. 

As shown in Figure 1, the cost of process residue for heat 

will become very cost competitive with coal and gas if the 

underlying assumptions materialise. Because of its 

significant potential and its strategic importance as a future 

fuel source this is an area where more reliable information 

is required. 

The cost curves in Figure 1 and 2 make a compelling case 

for the wood processing industry to embrace bioenergy. 

Businesses in the wood processing industry have within 

their control the use of on-site energy management, 

particularly bioenergy, to avoid or alleviate the effects of 

increases in energy costs expected in the next few years. 

INFORMATION AND EXPERIENCE 

The wood processing industry is characterised by having a 

few large players, a few medium players and a large 

number of small players. In most cases the players do not 

have the financial resources to undertake by themselves 

significant research and development of opportunities that 

would improve their international competitiveness. The 

Bioenergy Association of New Zealand has been 

established to undertake such activities collectively. 

The Bioenergy Association focuses on making information 

available that will assist decision-making based on well 

founded information and sound data. Collective 

researching and the development of reference applications 

on behalf of the large number of industry participants will 

provide economies of effort and allow cross-fertilisation of 

knowledge and experience. Making this information 

available on an open basis to industry participants will 

improve decision-making and allow better management of 

business risk. 

There are four areas where further research effort is being 

focused; 

Fuel Quality 

> Improving the homogenous characteristics of fuel: 

– pelletising, 

– reducing boiler design costs, and 

– reducing operating and maintenance costs. 

> Improving equipment for processing wastes: 

– improving ability to take all waste. 

> Improving fuel storage: 

– reducing storage costs, and 

– automating fuel handling 

Fuel Supply 

> Improving long-term supply: 

– trade in surplus waste, 

– backup sources of biomass, and 

– co-firing with coal and gas. 

> Forest residue as a contingency supply. 

> Improving delivered biofuel cost: 

– developing supply infrastructure, 

– economies of scale, and 

– sourcing, processing and delivery technologies. 
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Figure 1: Base Heating Costs Assuming Carbon Charge and Gas and Coal Cost Increases. 
Source: East Harbour Management Services. 
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Figure 2: Electricity Generation Costs Assuming Carbon Charge and Gas and Coal Cost Increases. 
Source: East Harbour Management Services. 

 

Knowledge 

> Preparation of: 

– case studies, 

– handbooks, and 

– good practice guides. 

> Research into economic drivers and risk management 

strategies. 

> Dissemination of international advances in technologies 

and equipment. 

> Dissemination of international conference papers. 

Experience 

> Reference projects. 

> Case studies. 

FURTHER READING 

In 2003 the Energy Working Group of the Wood 

Processing Strategy commissioned reports into current and 

future energy costs within the New Zealand wood 

processing industry, with bioenergy as a long-term 

solution. The reports and other information are available 

from the Bioenergy Association website 

www.bioenergy.org.nz 

The reports are: 

> ‘Drivers of woody bioenergy in New Zealand’ November 

2002. 

> ‘Wood processing strategy: gas price increase and 

carbon charge effects on heat and electricity costs’ 

November 2002. 

> ‘Wood processing strategy: energy issues for the wood 

processing sector in New Zealand’ December 2002. 
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LOG AND 
PRODUCT 
CONVERSION 
FACTORS 
J C Ellis – Toll Owens Ltd, Tauranga 

M Lloyd – Mark Lloyd Ltd, Rotorua 

Editor’s note: Weight-to-volume conversion factors are 
covered in Section 6.7 

EXPORT CONVERSION FACTORS 

Scaling systems in New Zealand provide estimates of the 

"true" under-bark cubic content of logs. Overseas, the 

systems used do not always provide estimates of "true" 

volume. In New Zealand, exported logs are measured using 

the Japanese Agricultural Standard (JAS). This standard 

calculates the volume from small-end diameter and a 

nominal length. Because JAS has its own small-end 

diameter convention and the formulae ignore taper (or 

estimate it from length), there is a difference between true 

cubic metres (m3) and JAS cubic metres. 

The following tables show values of JAS units per m3. To 

convert m3 to JAS units, multiply m3 by the table values. To 

convert JAS to m3, divide JAS by the table values. 

Note: The table values are generalised values derived from 

a large number of logs. Conversion factors for specific sets 

of logs may differ and should be derived for each set of 

logs as required. 

Conversion from JAS to cubic metres for radiata pine 

logs 3.0–5.9 metres. 
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Taper (cm/m) JAS per m3
 

Small-end diameter class (cm) 

10 – 20 20 – 30 30 – 40 

0.4 – 0.79 0.887 0.925 0.970 

0.8 – 1.19 0.809 0.880 0.937 

1.2 – 1.59 0.753 0.837 0.901 

1.6 – 1.99 0.690 0.815 0.879 

2.0 – 2.39 0.651 0.782 0.854 

 

http://www.bioenergy.org.nz/
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Conversion from JAS to cubic metres for radiata pine 

logs 6.0–8.9 metres. 
 
 
 
 
 
 
 
 
 
 
 

 
Conversion from JAS to cubic metres for radiata pine 

logs 9.0–11.9 metres. 
 
 
 
 
 
 
 
 
 
 
 

 
Conversion from JAS to cubic metres for Douglas-fir 

logs 3.0–5.9 metres. 
 
 
 
 
 
 
 
 
 
 
 

 
Conversion from JAS to cubic metres for Douglas-fir 

logs 6.0–8.9 metres. 

 
 
 
 
 
 
 
 
 
 
 

 
Conversion from JAS to cubic metres for Douglas-fir 

logs 9.0–11.9 metres. 

 
 
 
 
 
 
 
 
 
 
 
 

Source: Ellis J C; Sanders D H; Pont D. 1996: JAS log volume 
estimates of New Zealand radiata pine and Douglas-fir logs. N.Z. 
Forestry May 1996. 

ROUNDWOOD EQUIVALENT 

Roundwood equivalent is a theoretical measurement unit 

giving the total amount of roundwood necessary for the 

production of one unit of a stated product with existing 

techniques. 

 
Product Unit of 

product 

Roundwood 

equivalent (m3) 

Sawn timber – indigenous m3 2.0 

Sawn timber – exotic m3 2.2 

Wood pulp  

tonne 

 

2.42 Mechanical – groundwood 

& TMP   
Mechanical – defibrated tonne 2.29 

Chemical sulphate bleached tonne 4.99 – 5.24 

& semi-bleached   
Chemical sulphate tonne 4.62 – 4.74 

unbleached   
Semi-chemical tonne 2.93 

Newsprint tonne 3.12 – 3.15 

Print & writing paper tonne 5.04 

Other paper & paperboard tonne 4.04 

Fibreboard tonne 2.31 

Particle board m3 1.75 

Veneer m3 1.70 

Plywood m3 2.40 

Wood chips (includes nominal losses log-to-chip) 

Radiata pine sawmill chip1
 BDU 2.7 

Radiata pine sawmill chip BDMT 2.5 

Radiata pine mature whole BDU 2.9 

log chip   
Radiata pine mature whole BDMT 2.7 

log chip 

1  A bone-dry unit (BDU) is 2400 pounds (1089 kg) of oven-dry 
matter, and is the unit commonly used for export chips. The bone- 
dry metric tonne (BDMT) is 1000 kg of oven-dry chips. Both BDU 
and BDMT are derived from the (sampled) ratio of oven-dry chip to 
green chip. 
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Taper (cm/m) JAS per m3
 

Small-end diameter class (cm) 

10 – 20 20 – 30 30 – 40 

0.4 – 0.79 1.016 1.045 1.070 

0.8 – 1.19 0.899 0.969 1.007 

1.2 – 1.59 0.786 0.906 0.974 

1.6 – 1.99 0.698 0.847 0.930 

2.0 – 2.39 0.601 0.776 0.911 

 

Taper (cm/m) JAS per m3
 

Small-end diameter class (cm) 

10 – 20 20 -– 30 30 – 40 

0.4 – 0.79 1.115 1.119 1.127 

0.8 – 1.19 0.942 1.033 1.068 

1.2 – 1.59 0.795 0.942 1.022 

1.6 – 1.99 0.662 0.867 0.959 

2.0 – 2.39 0.566 0.799 0.901 

 

Taper (cm/m) JAS per m3
 

Small-end diameter class (cm) 

10 – 20 20 – 30 30 – 40 

0.4 – 0.79 1.038 1.058 1.117 

0.8 – 1.19 0.918 0.967 1.032 

1.2 – 1.59 0.805 0.915 1.026 

1.6 – 1.99 0.707 0.854 0.948 

2.0 – 2.39 0.639 0.800 0.928 

 

Taper (cm/m) JAS per m3
 

Small-end diameter class (cm) 

10 – 20 20 – 30 30 – 40 

0.4 – 0.79 1.136 1.184 1.208 

0.8 – 1.19 0.994 1.089 1.136 

1.2 – 1.59 0.873 1.010 1.041 

1.6 – 1.99 0.770 0.917 0.988 

2.0 – 2.39 0.655 0.813 0.912 

 

Taper (cm/m) JAS per m3
 

Small-end diameter class (cm) 

10 – 20 20 – 30 30 – 40 

0.4 – 0.79 0.883 0.919 0.977 

0.8 – 1.19 0.816 0.882 0.950 

1.2 – 1.59 0.772 0.848 0.896 

1.6 – 1.99 0.724 0.800 0.873 

2.0 – 2.39 0.617 0.782 0.872 
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PESTS, DISEASES 
AND DISORDERS 
G S Ridley; M A Dick & J Bain – Forest 
Research, Rotorua 

Forest pests, diseases and disorders cause either sub- 

optimal growth or premature death. At any time, trees are 

subject to stresses, which can come from a variety of 

sources and in varying combinations, and these will have 

an effect on their state of health. Often a stress factor may 

enhance the effect of others. For example, a minor frost 

injury, which is harmless by itself, can be aggravated by a 

pathogen entering the damaged tissue and consequently a 

limb may die. Trees debilitated by frequent defoliation 

caused by a leaf pathogen or insect can have their 

resistance lowered to the stage where the tree is killed by a 

root fungus that normally would have little, or no, effect. 

INSECT PESTS 

This section describes insects that harm trees, forests or 

forest products, whilst noting that many other insects play 

a beneficial role in the forest. 

Insect behaviour and characteristics, along with the 

relationship with their hosts, are key areas that require 

careful study in order that insect activities and numbers can 

be manipulated or regulated. Insect control can be 

achieved using tactics such as silviculture, species selection, 

biological methods or chemicals. 

Relatively few insects are capable of killing healthy trees. 

Most pest species either reduce tree growth, cause 

malformation or degrade timber. Notable exceptions are 

the aggressive bark beetles of the northern hemisphere 

coniferous forests, none of which are found in New 

Zealand, and the introduced wood wasp Sirex, which is 

found here (and is capable of killing apparently healthy 

pine trees). Repeated defoliation by insects can cause tree 

death, but this is the exception rather than the rule. 

Defoliators, root feeders and sapsuckers are important 

because they reduce tree growth. 

Forest insects can be divided into categories depending on 

the type of damage they do. The most generally 

recognised categories are listed below: 

> Seed Feeders. These include the larvae (grubs) of 

various species of moths, beetles, wasps and flies. 

> Root Feeders. The most common are the larvae of 

various species of beetles such as grass grubs and 

weevils. 

> Sapsuckers. These can be found on virtually all parts of 

the tree from the leaves or needles, to trunks and even 

the roots. Examples are aphids and scale insects. 

> Defoliators. These generally chew the leaves or needles 

and are commonly species of caterpillars, although 

some are the larvae of wasps and beetles. This group 

includes insects that mine buds and leaves. 

> Bark Borers. These are most commonly beetles that  

feed in the cambium and phloem region between the 

bark and the wood. Some species can attack and kill 

apparently healthy trees, while others are more 

innocuous in that they are confined to logs and stumps. 

> Wood Borers. The majority of these do not attack living 

trees, although some can, particularly those which mine 

twigs and small branches. Most of them are pests of 

 
 

 
logs and other forest produce. Some species can infest 

seasoned wood and manufactured articles. Most 

common are the larvae of beetles, and termites. 

These categories are not definitive or all-embracing. For 

example, insects that cause galls on the leaves of some 

trees could be included as defoliators, or be placed in a 

category of their own; and some insects fit into more than 

one category when, for example, an adult chews leaves 

and is classed as a defoliator, but its larva is a wood borer. 

Most adult insects fly so they can spread easily, although 

there are some notable exceptions. Small, soft bodied 

insects such as aphids and mealy bugs can be blown 

considerable distances, as can some caterpillars. Numerous 

species of Australian moths are regularly blown across the 

Tasman Sea, and some of them have become established. 

Man also assists the spread of some insects, either 

intentionally or by chance, by transporting them on freight 

and vehicles. The high number of insect interceptions at 

sea ports and airports shows how easy it is for them to 

cross international borders. 

Indigenous Forest 

The insect pest fauna of native forests is generally more 

complex than that of exotic forests, but is not as  

extensively studied. Under normal circumstances, a natural 

balance exists between native trees and their associated 

insects, and no introduced insects have yet caused serious 

problems. However, after major events such as earthquake, 

windthrow, and road works, tree mortality caused by insect 

pests can become important locally. 

Insect-caused damage is more apparent in mono-specific 

canopies of beech forest than mixed forest. For example, 
periodic defoliation of mountain beech in some areas by 

the caterpillars of the mountain beech moth (Proteodes 
carnifex), and the beech leaf roller (Epichorista emphanes) 
has been recorded. 

Mass attack on beech by native pinhole borers (Platypus 
spp.) can kill trees, but in normal circumstances not a great 
deal of mortality is seen. Mortality is more common in red 

beech and hard beech stands after a catastrophic event 
that weakens trees and provides extra material in which 

Platypus can breed in large numbers. Non-lethal Platypus 
attack is common in living trees and the pinhole defect 

causes considerable degrading of the timber. 

The reaction tissue, or pathological wood produced by 

trees in response to Platypus attack, appears to be more 

susceptible to fungal breakdown than healthy tissue. The 

presence of pathological wood enables wood-rotting fungi 

to enter through the stubs of suppressed or broken 

branches or wounds so that concealed rot pockets are 

formed. 

If beech forests were to be managed for timber 

production, it may be that all silvicultural operations 

(thinning and pruning) need to be carried out in pole 

stands before the trees become attractive or susceptible to 

Platypus attack. 

The puriri moth (Aenetus virescens) exists only in the North 

Island, and is found in a wide range of indigenous beech 

and exotic hardwoods. Damage caused in beeches by the 

caterpillars of the puriri moth restrict their potential for 

production forestry in the North Island. 

Nurseries 

Nurseries must be kept practically insect-free because of 

the large investment of money and effort that is at risk 

from small populations of insects causing seedling damage 

or mortality. Many problem insects can be eliminated by 

removing weeds, and new nursery beds should be 

cultivated for a year before sowing to avoid soil insect 

 
 

232  SECTION 10 – FOREST HEALTH AND PROTECTION 

SECTION 10.1 



problems. Some soil insects such as the Australian soldier 
fly (Inopus rubriceps) have failed to respond to insecticides, 

and cultivation appears to be the only satisfactory means 

of control. 

Exotic Conifers 

There are few serious insect pests in New Zealand's 

introduced conifers. Soil insects or insects originating from 

competing weeds can slow the growth of young planted 

stock. Young trees usually suffer little more than a 

temporary set-back, and often produce compensatory 

growth in the autumn after the insects' feeding stages are 

complete. The black pine beetle (Hylastes ater), which is 

often associated with dying pine seedlings, does not 

normally affect nursery stock that has been well handled, 

well planted, and has actively growing roots. 

The most important pests of mature radiata pine are Sirex 
and the common forest looper (Pseudocoremia suavis), and 

of Douglas-fir, P. suavis and the brown headed leaf rollers, 

Ctenopseustis species. They appear to be serious only  

when the trees are growing under stress. The problems can 
be largely avoided by planting on suitable sites, and by 
maintaining vigour by timely silviculture. Rare outbreaks by 
a few other insects have occurred on various conifers, but 
have been short-lived and of little consequence. Examples 
are the bag moth (Liothula omnivora), the forest semi- 

looper (Declana floccosa), and the lucerne looper 

(Zermizinga indocilisaria). 

When the Monterey pine aphid (Essigella californica) was 

first found in New Zealand in 1998 there was concern that 

it might prove to be a pest of note but monitoring has 

shown that that it is an insignificant pest here. 

Some insects will attack and bore directly into logs in 
stockpiles. They include a native pinhole borer (Platypus 
apicalis), particularly in Douglas-fir; a native scolytid beetle 

(Pachycotes peregrinus), often encountered in seasoning 

posts, and an introduced keyhole ambrosia beetle, 

(Xyleborinus saxeseni). This problem can be avoided by 

rapid removal of produce from the forest during the 
insects' summer flight periods. If temporary stockpiles must 
be formed during the summer, attacks can be dramatically 
reduced by piling logs off the ground on skids. This 

prevents soil contact and high moisture levels, which 
favour the insects. 

Exotic Hardwoods 

Poplars are little troubled by insect pests in New Zealand. 
The most important problems are the girdling of stools in 

nurseries by the lemon tree borer (Oemona hirta), and in 

the North Island only, puriri moth attack on the main stems 

where poplars have been planted adjacent to native forest. 

The willow sawfly (Nematus oligospilus) which was first 

found in New Zealand in 1997 can, in some years, cause 
significant defoliation of willows (Salix spp.). Although it 

has been present here for only eight years it has spread 
throughout nearly the entire country. 

Eucalypts and acacias are affected by a wide range of 
insects originating from Australia which commonly cause 
defoliation. It is still possible to select Eucalyptus species 

that have desirable growth rates and wood properties and 

which are unaffected by the insects so far established, 
although the choice is becoming more and more restricted. 
Sometimes the choice widens as a result of successful 

biological control of a major pest such as the eucalyptus 
tortoise beetle (Paropsis charybdis). A serious pest is the 

leaf gall eulophid (Ophelimus spp.), which can kill young 

Eucalyptus saligna and E. botryoides. 

The eucalyptus leaf mining sawfly (Phylacteophaga 
froggatti), which it was thought could cause severe 

damage to some commercial species of eucalypts in 
nurseries and during plantation establishment, is now well 
controlled biologically. 

In recent years several Australian eucalypt feeding insects 
have become established in New Zealand. The brown 
basket lerp (Cardiaspina fiscella) has caused noticeable 

foliage discolouration and defoliation of Eucalyptus saligna 
and E. botryoides although it is generally well controlled by 

a self-introduced parasitoid (Psyllaephagus gemitus). 
Another lerp-forming psyllid, Creiis liturata, is a serious pest 

of plantation eucalypts in Australia but its effect in New 
Zealand has not been evaluated yet. It was first found here 

in 2002. The blackbutt leaf-miner (Acrocercops laciniella) 

has been found on quite a range of eucalypts including 

Eucalyptus pilularis, E. nitens and E. globulus and has the 

potential to be a serious pest. The gum leaf skeletoniser 
(Uraba lugens) is another relatively recent import and is  

very widespread in Auckland were it is present in high 
numbers. Its potential to be a serious pest in eucalypt 
plantations has prompted research into biological control. 

The blackwood tortoise beetle (Dicranosterna 
semipunctata) can cause defoliation of Acacia melanoxylon 
which could have a significant influence on tree form. The 
painted apple moth (Teia anartoides) is a significant 

defoliator of acacias and other trees. 

Dutch elm disease was discovered in elms in Auckland in 

December 1989. The small elm bark beetle (Scolytus 
multistriatus) infects trees with the fungus Ophiostoma 
novo-ulmi, which blocks water conducting tissues to 

branches and causes rapid tree death. Another pest of 

urban trees is the sap sucker, Calophya rubra, which can 

cause die back on the pepper tree (Schinus molle). The 

banksia leafminer (Stegommata sulfuratella) can cause 

severe damage to Banksia spp.; tips on the lower half of 

infested trees are completely browned off. 

Control of Insect Pests 

Although insecticidal sprays were used to prevent 

defoliation of radiata pine in Canterbury in the early  

1950s, and Douglas-fir in Kaingaroa Forest in the 1970s, 

this method of control is only a stop-gap emergency 

measure to prevent widespread tree mortality. The best, 

and in the long-term, cheapest approach to deal with pests 

is biological control. This includes the use of resistant crop 

species (or provenances), improving stand health through 

silviculture and better forest hygiene, and introducing 

biological agents such as parasitoidal and predatory insects, 

pathogenic fungi, bacteria and viruses. 

A number of notable successes have been achieved in the 

biological control of forest pests in New Zealand: 

> Sirex populations are regulated by the parasitoidal 

insects Megarhyssa nortoni, Rhyssa persuasoria, R. 
lineolata, and Ibalia leucospoides, and the sterilising 

nematode Beddingia siricidicola. 

> The establishment of the ladybird Rhizobius ventralis 
and the predatory caterpillar Stathmopoda melanochra 
to control the gum-tree scale (Eriococcus coriaceus). 

> The mymarid egg-parasite (Patasson nitens) controls the 

gum-tree weevil (Gonipterus scutellatus). 

> The pteromalid egg parasitoid (Enoggera nassaui) 

controls Paropsis charybdis. 

> Using the braconid parasitoid Bracon phylacteophaga 

against Phylacteophaga froggatti has reduced the effect 

of this insect on eucalypts. 

> The pine woolly aphid (Pineus sp.) is well controlled by 

the predatory larvae of the fly Leucopis tapiae. 

> The leaf miner of oak, Phyllonorycter messaniella is well 

controlled by the introduced parasites Apanteles 
circumscriptus,  Achrysocharoides  splendens  and 

Pnigalio  pectinicornis. 
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Eradication of a newly discovered pest is extremely difficult. 

Usually it is well established before it is detected. There are 

still continuing attempts to eradicate Dutch elm disease 

from Auckland following its discovery there in 1989. A very 

notable success however was the eradication of the white- 

spotted tussock moth (Orgyia thyellina) in Auckland. This 

species was found there in 1996 and after a major effort 

involving aerial and ground spraying was declared 

eradicated in 1998. It has not been seen since that time. 

Some major problems with insects have been avoided 
rather than solved. For instance, spruces (which can be 
severely defoliated by the spruce aphid (Elatobium 
abietinum) and the spruce mite (Oligonychus ununguis)) 
are not considered suitable for large-scale planting. The 
same technique was used to prevent defoliation of 
Eucalyptus nitens by the eucalyptus tortoise beetle. Now 

that this pest has been controlled biologically, E. nitens is 

considered suitable for large-scale planting. 

FOREST DISEASES AND DISORDERS 

Trees diseases are caused by biotic agents, such as, fungi, 

bacteria, viruses, phytoplasmas, and nematodes, while 

disorders are caused by abiotic agents, including frost, 

drought, flood, lightning, salt scorch, nutrient deficiency, 

herbicides, machinery and animal damage, and poor 

planting practice. It may not always be possible to avoid 

diseases and disorders although their effect can often be 

minimised through good forest management. Damage 

attributable to abiotic agents is generally limited to very 

localised areas whereas damage caused by biotic agents is 

usually much more extensive. In New Zealand fungi are by 

far the most significant cause of disease in plantation 

forestry. 

Abiotic Agents 

Water is fundamental to tree health. Permanent wilting can 

result from both drought, through lack of water, and 

flooding, through a lack of oxygen. Out-of-season frost  

can cause significant damage when ice crystals form in 

unhardened plant tissue. In coastal areas salt burn is very 

common and can occur, especially after storms, many 

kilometres from the sea. 

Storms and cyclones can cause severe local damage. Trees 

can be uprooted, and stems and branches broken by high 

winds. Lightning strike can range from a simple scar on a 

single tree to the death of trees in patches covering several 

hectares. 

Adequate mineral nutrients are needed for normal healthy 

growth. Areas with low organic soil content, e.g. coastal 

sand dune country, are often low in nitrogen, and many 

New Zealand soils are low in phosphorus. In the short term 

mineral deficiency can be compensated for only through 

the application of fertilisers. However, long term tree 

breeding programmes can select for lines that can cope 

with some mineral deficiencies, e.g. magnesium. 

Biotic Agents 

Trees live in a complex relationship with micro-organisms, 

many of which live within tree tissue without causing 

disease. In fact many are beneficial if not essential (as in 

the case of mycorrhizal fungi) for healthy and normal tree 

growth. In the example it is the tree root tips that are 

colonised by fungi thereby increasing the ability to take up 

mineral nutrients in exchange for complex carbohydrates 

that the fungus cannot produce itself. 

Viruses cause diseases in many hardwood trees, e.g. birch, 

elm, maple, oak, poplar and walnut, but to date there are 

no known viral diseases of conifers. Bacteria also cause 

some significant diseases overseas but there is none of 

importance in New Zealand which affects plantation or 

amenity trees. In recent times a new class of organism, 

phytoplasmas, has been recognised as causing a number of 

hardwood tree diseases overseas, and they have also been 

implicated in the sudden decline of the New Zealand 

cabbage tree (Cordyline australis). 

Fungi are the main cause of tree disease and disease 

symptoms can be confusingly similar to the inexpert eye. 

Pathogenic fungi attacking feeder roots can cause the 

development of chlorosis, followed by the fading of the 

canopy over a period of time, whereas attack of the major 

conductive roots can result in sudden death of the tree. If 

the fungus penetrates the woody tissue of the stem or 

branches, often through wounds, the result can be the 

death of the crown immediately above the infection site, or 

the roots immediately below. Some pathogens attack 

healthy bark tissue and the cambium, creating dead, 

sunken patches or cankers, where no new bark or wood 

will be formed. If such infections spread to girdle the 

infected stem all stem and leaf tissue above the infection 

site will die. 

Some pathogens produce substances that mimic plant 

hormones and can induce abnormal growth such as galls 

or witches brooms. When leaves and needles are infected 

rapid death can result in the foliage being retained and is 

referred to as a "blight", whereas the slow death of 

foliage usually results in the leaves or needles falling 

prematurely and this is called a "cast". 

Fungi reproduce by spores, which can be dispersed by 

either wind, rain, or insects. Wind dispersed spores can be 

blown long distances, for example the spores of poplar  

rust were blown across the Tasman Sea from Australia in 

the 1970s. Spores that are rain-splashed are generally 

dispersed short distances although it is possible for water 

droplets to be picked up by the wind and carried for long 

distances. A number of important tree diseases are 

dispersed by insects. Typically there is a close relationship 

between the fungus and its insect vector to the point that 

the insect has evolved specific structures to carry fungal 

propagules. Increasingly people have become dispersal 

agents by intentionally transporting infected plants, seeds 

and timber around the world, but also unintentionally in 

and on their clothing. A national biosecurity strategy has 

become a high government goal in an attempt to stem the 

tide of new incursions. 

Indigenous Forests 

New Zealand indigenous trees have evolved alongside their 
pathogens and have reached a natural balance. Fungi such 
as the leaf parasite Corynelia tropica on totara, the rust 

Caeomoa peltatum on tanekaha, and the gall-forming 

fungi, Cyttaria spp. on silver beech are common, but cause 

little damage. 

For New Zealand the source of potentially devastating tree 

pathogens will be from the remnants of Gondwanaland: 

Australia, South America, Africa, and possibly India. The 

Earth's flora is distinctly different between the Northern 

and Southern hemispheres and because pathogens 

generally show a preference for specific hosts they must 

move east or west in either hemisphere before they 

encounter similar but non-resistant hosts. Any movement 

north-south across the equator is very likely to be 

unsuccessful owing to the lack of closely related 

susceptible hosts. 

Exotic Conifers 

Radiata pine, Douglas-fir and macrocarpa are natives of 
North America and their transportation to New Zealand 
has been relatively disease free. Only six diseases are 
considered of any significant impact nationally. These are 
needle infections caused by Dothistroma pini and 

Cyclaneusma species, and a variety of diseases caused by 

Sphaeropsis sapinea affecting radiata pine, Swiss needle 

cast affecting Douglas-fir, two species of Armillaria which 

cause root and collar rots in both species, and cypress 
canker caused by Seiridium species. 
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The needle blight caused by Dothistroma pini was first 

recognised in the USA in 1941 where it caused only minor 

damage. No one at that time would have predicted that by 

the 1960s this insignificant disease would be the major 

disease of radiata pine in many parts of the world. This 

needle blight was first found in New Zealand in 1962 in 

the central North Island. It is a typical rain splash disease 

and as a result spreads very slowly. Its spread was further 

retarded by internal quarantine and the use of chemical 

control measures. As a result it was not until the late  

1990s that the fungus was considered to have spread 

completely throughout the country. 

Losses in growth attributable to needle blight caused by 
Dothistroma pini are directly proportional to the amount of 

the crown that is infected. Optimal conditions for the 
growth of Dothistroma pini are a mild, humid climate, and 

high rainfall during the warmer months of October to 
March. The fungus is therefore a serious problem in areas 
where the rainfall exceeds 800 mm over that period. 

Radiata pine develops disease resistance at about 15 years 
of age, and can be effectively managed in most locations 

with the application of a copper fungicide. Dothistroma 
pini is currently considered to cost New Zealand $24 

million a year in lost growth, and $1 million a year in the 
cost of aerial spraying. 

Another important needle blight of radiata pine is caused 

by Cyclaneusma spp. It is likely that these fungi have been 

present in New Zealand for a long time. Mild, wet autumn 

and winter periods favour infection with needle cast 

occurring in spring. This needle cast affects only needles 

that are one or more years old and susceptibility varies 

greatly from tree to tree. The disease is most commonly 

found in 11-20 year old trees, although four years or older 

can be affected. Currently Cyclaneusma spp. cost New 

Zealand $51 million a year in lost growth. 

Sphaeropsis sapinea can cause several diseases. In warm, 

humid microsites S. sapinea causes shoot dieback of 

radiata pine. The pathogen can gain entry into stem tissue 

through wounds created by storm, hail and animal 

damage. The fungus also causes whorl cankers when trees 

are pruned too severely, for example, with the removal of 

more than 50% of the crown in one lift. The fungus may 

be contained within the stem causing degrade in log 

quality or may colonise the entire cross section of the stem 

causing death of the crown above that point. Prolonged 

periods of dry weather which place the trees under 

moisture stress are strongly conducive to fungal 

development within the stem. 

Swiss needle-cast of Douglas-fir, caused by Phaeocryptopus 
gaeumannii, was first recorded in 1959 in the central North 

Island and is now found throughout New Zealand. It is a 
chronic disease, but infected trees rarely die. However, 
needle retention is reduced, causing a loss in growth. 

The Seiridium spp which cause cankers on branches and 

stems of macrocarpa threaten its viability as a plantation 

species. Branch infections lead to branch death and 

dieback, and this can continue to occur throughout the life 

of a plantation. Stem cankers are common on trees under 

10 years-old and considerable mortality can occur from 

such infections especially on one to three year-old trees. 

Other cypressus are also affected but generally to a less 

significant degree. 

Radiata pine, as well as many other species of conifers and 

hardwoods, is affected by root and collar rot caused by  

two native fungi, Armillaria novae-zelandiae and A. 
limonea. This problem became apparent when first-rotation 

radiata pine plantations were established on cut-over  
native forest sites where up to 50% of trees under five 

years old could be killed. With canopy closure mortality 
decreases although the fungus persists as a chronic 

infection. In this latter state death usually occurs only as 

the result of other stress events such as drought or 
flooding. However, chronic infection reduces growth and 

makes trees prone to wind-throw. Armillaria species also 

persist from rotation to rotation and are capable of 

colonising plantations established on sites where there was 
no previous forest cover. Currently root and butt rot caused 

by Armillaria spp. costs New Zealand $37 million a year in 

lost growth. 

Exotic Hardwoods 

Eucalypts are the only hardwood species grown in any 

significant quantity in New Zealand. Leaf spot diseases of 
eucalypts can cause significant defoliation with a 

consequent profound loss of increment. These diseases 
have been a major factor in the decline of interest in many 

eucalypt species by the forest industry. The fungi 
responsible for the most debilitating diseases include two 

species of Mycosphaerella (M. cryptica and M. nubilosa) 

which between them affect a wide range of hosts, 

Phaeophleospora eucalypti which can totally defoliate 

young E. nitens (juvenile foliage) and Aulographina 

eucalypti which also has a very wide host range. 

Aulographina eucalypti is a major contributor to the 

“Barron Rd syndrome” of E. regnans in which a complex 

of fungi is responsible for leaf loss that eventually leads to 
mortality on disease-conducive sites. 

Nurseries 

Forest nurseries annually grow in excess of 45 million 

radiata pine plants. Diseases such as needle blight, caused 

by Dothistroma pini, and terminal crook, caused by 

Colletotrichum acutatum f. sp. pineum, are capable of 

causing substantial losses but can be controlled by regular 
application of fungicides. A range of fungi causes 

damping-off and root rots, and is often more difficult to 

control with a chemical regime. Poor soil drainage is a 

major factor in the root diseases caused by pythiaceous 

fungi and control measures are aimed at improving soil 

structure and drainage. 

Over 90% of forest nursery production is radiata pine; the 

remainder is made up of a number of coniferous and 

hardwood species. Cypress canker can be both a serious 

nursery disease, and act as a source of further infection 

when established in plantations. Removal and destruction 

of infected plants is recommended plus application of a 

protective fungicide. Eucalypt leaf infections can be 

controlled chemically. 
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CLIMATIC RISK 
J R Moore – Forest Research, Christchurch 

INTRODUCTION 

While the physical factors of climate and soils generally 

provide a good growing environment for many tree species 

in New Zealand, certain climatic conditions can also result 

in damage to forests. The most notable of these conditions 

are wind, snow, and frost. Fire is also considered to be a 

climatic risk as its behaviour is highly dependent on 

weather and climate. In this section an overview of the 

former is presented, whilst fire is covered in Sections 10.3 

and 10.4. 

WIND 

Wind is an important factor affecting both individual trees 

and entire forests. In natural forests it is an important 

disturbance factor responsible for shaping composition and 

structure. However, the effects of wind damage on 

managed forests are generally viewed in a negative light. 

Wind damage affects wood flow by increasing short-term 

wood supplies (from salvage), but ultimately decreasing 

sustainable yield owing to a reduction in growing stock. 

The costs of salvaging wind-damaged trees are higher than 

for conventional harvesting owing mainly to reduced 

production rates. There can also be considerable danger to 

workers associated with salvaging wind damage. Revenue 

from salvage operations is generally reduced, particularly 

where there are high levels of stem breakage, but also 

because of fungal decay. Manley & Wakelin (1989) showed 

that this increase in cost and reduction in revenue reduces 

the net present worth of a forest by up to 11% for an 

annual level of damage of 1%. 

In addition to its direct effects, wind also has an influence 

on stem form and wood properties (Telewski 1995). 

Reported morphological effects of wind are increased stem 

radial growth, particularly in the direction of the force, and 

reduced height extension. Wind-induced alterations to 

stem biomechanical properties include increases in 

microfibril angle, quantity of reaction wood and reductions 

in the modulus of elasticity. These responses are thought to 

be developmental adaptations which enable the tree to 

better withstand bending stresses through increasing 

flexural stiffness and reducing the drag force acting on the 

crown. There has also been a suggestion that wind- 

induced tree swaying is to some degree responsible for the 

formation of resin pockets although other researchers have 

argued that water stress may be the primary factor 

influencing their formation. Compression failures in the 

stems of trees subjected to strong winds have also been 

recorded. These compression failures can reduce the 

strength of structural timber and therefore limit the 

utilisation of wind-damaged trees. 

Extent of Wind Damage in New Zealand 

Wind damage in New Zealand is usually the result of winds 
associated with sub-tropical cyclones or those enhanced by 

topography. Sub-tropical cyclones have caused damage in 

the northern and central areas of the North Island, while 

orographically-enhanced winds have caused damage to 

forests on the Canterbury Plains (Somerville et al. 1989; 

Somerville 1995). 

Since records began in the 1940s, there has been at least 

50,000 hectares of wind damage recorded in plantation 

forests (Table 1), with available records documenting at 

least 8 million m3 of timber salvaged following wind 

storms. These figures do not include damage from 

numerous smaller storms, much of which is 

undocumented. Based on data from 17 previously State- 

owned forests covering an area of 259,950 ha, Somerville 

(1995) calculated that the average overall level of damage 

corresponded to 12% of the net stocked area for a 28 year 

rotation. While the least affected forests would lose only 5- 

6%, the worst affected would lose nearly all of their 

stocked area. 

Thompson (1976) suggested that wind-damaged wood 

makes up less than 1% of the annual harvest in New 

Zealand. However, this calculation was made prior to 

Cyclones Bernie and Bola which occurred in the 1980s. The 

calculation has been revised by assuming that on average 

approximately 1,000 ha are damaged in New Zealand each 

year with the average volume per hectare in these stands 

being 400 m3. This indicates that wind-damaged wood 

makes up, on average, approximately 2.0% of the annual 

harvest (based on an annual harvest of 20 million m3). 
 

Date Region Area 

 damaged (ha) 

July 1945 Canterbury 1,500 

July 1956 Central North Island 166 

July 1958 Central North Island 150 

March 1964 Canterbury 5,200 

April 1968 Canterbury 1,000 

April 1968 Nelson 963 

August 1975 Canterbury 11,000 

1979 Central North Island 600 

April 1982 Central North Island 6,300 

March 1988 Central North Island 19,000 

March 1988 Northland 1,484 

November 1994 Hawke’s Bay 500 

April 1996 Central North Island 900 

Total  48,763 

Table 1: A chronology of wind damage in New Zealand forests 

(adapted from New 1989). 

These records do not include damage from many smaller 

storms which have resulted in considerable volumes of 

timber being salvaged. 

Reducing the Risk of Damage 

The siting, growth and management of a stand contribute 

to its vulnerability. A significant proportion of the past 

catastrophic damage in New Zealand has been directly 

associated with management activities, particularly 

exposing trees by felling of upwind stands or from late or 

heavy thinning. Therefore, through prudent management it 

is possible to reduce the risk of damage. A number of 

measures can be taken to reduce the risk or the 

consequences of damage including: 

Choice of site: When choosing a new site for afforestation, 

consideration of the level of wind exposure should be 

given. Areas where the wind speed is likely to be increased 

owing to funnelling or where mountain lee-waves can 

occur (e.g. Canterbury Plains) should be identified. 

Species choice: Evidence from damaging events appears 

to indicate that some species are less susceptible to wind 

damage than others. For example, in New Zealand 

Douglas-fir is considered by forest managers to be more 

windfirm than radiata pine owing to the lower drag 

coefficient of its foliage and stronger stem. 
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Planting: There is evidence to suggest that natural 

regeneration is more windfirm than planted stock owing to 

a more extensive root system. The preparation of the root 

system in the nursery, and planting practice, can influence 

the stability of the tree during its life. 

Thinning: Timing and intensity of thinning can have a 

major impact on the vulnerability of stands to wind 

damage. There is considerable evidence to indicate that the 

heavier and more recent the thinning of a stand, the 

greater the risk of wind damage (Somerville 1980). 

Removal of trees by thinning allows wind to penetrate 

deeper into the canopy with increased turbulence. In 

addition, damping of tree oscillation by canopy clashing 

(which provides approximately 50% of total damping) will 

be reduced. The exposure to increased risk of damage 

depends on the time taken for crown closure to occur and 

typically lasts from 2 to 5 years. 

Harvesting: A number of recommendations have been 

made on how to construct clear-cuts to minimise the 
amount of wind damage. Large clear-cuts with a simple 

shape are considered preferable by some authors (Quine et 
al. 1995) to many small clear-cuts of the same total area as 

the amount of perimeter for a given area will be less. 

However, other studies have shown that no consistent 

relationship exists between the amount of damage and the 
length of exposed perimeter. A more practical method of 

minimising damage may be to create more windfirm 

edges. A number of suggestions have been made for 

achieving this (Quine et al. 1995). The choice of these will 

depend on the perceived risk and may include: 

> accepting existing edges such as those formed by 

roads, watercourses and major age class boundaries; 

> avoiding clear-cuts that will funnel the prevailing wind 

into a corner; 

> using shrub planting and gradual change in planting 

density to create diffuse edges; 

> locating boundaries where they will not be exposed to 

accelerated winds funnelling through saddles in ridges; 

> locating boundaries away from poorly drained or 

shallow soils; 

> laying out each unit so that the maximum amount of 

boundary is parallel to the contour; 

> avoiding indentations in the boundaries which can 

funnel the wind; and 

> commencing felling at the downwind edge of the 

harvest area. 

Toppling 

Toppling (or the windthrow) of young (2-3 years of age) 

trees can be a problem in some regions of New Zealand, 

particularly on fertile ex-farm sites (Mason & Trewin 1987). 

Impacts of toppling include a higher incidence of stems 

with basal sweep, and reduced selection ratio at the time 

of thinning, which in turn reduces the possibility of 

achieving the desired final-crop stocking level. Mason & 

Trewin (1987) calculated the economic impact of toppling 

in stands where 80% of the trees toppled more than 15º 

(i.e. the minimum lean that defines a toppled tree) at age 

two years old. Under these conditions they found that 

clearwood yields could be reduced by 31%. On sites prone 

to toppling, good planting practices should be observed 

and the use of physiologically aged cuttings considered. 

SNOW 

Many sites in the South Island and sites at higher elevation 

in the North Island experience snow. The density of snow  

in New Zealand, particularly in areas at lower elevation, can 

be as high as 500 kg/m3, which is much greater than that 

typically observed in North America and Europe (Guild 

1986; Nykänen et al. 1997). Therefore, when conditions 

are favourable for snow accumulation, damage can occur. 

The most favourable conditions for snow accumulation are 

light winds, falling air temperatures and no sunshine. Large 

snow loads tend to accumulate rapidly and evenly on tree 

crowns at temperatures in the range +0.6 to –3ºC 

(Nykänen et al. 1997). The risk of snow damage can be 

reduced by the appropriate choice of species and 

silvicultural regime. 

Trees in unthinned stands are generally considered to be at 

risk from snow damage (Cremer et al. 1983; Nykänen et  
al. 1997). At the Green Hills thinning trial in NSW, Australia 

(elevation 750 m), Cremer et al. (1983) found that the 

greatest amount of damage occurred in the densest stands 
(1910, 1262 and 937 trees/ha at age 20), while stands  
with densities below 500 trees/ha suffered little or no 

damage. The authors found a strong relationship between 
the level of damage and taper of trees within the stand. 

For European forests, Nykänen et al. (1997) suggests that 

to increase taper development, the first thinning should be 

carried out when mean height is less than 10 m, but could 

be delayed until 15 m provided that stands have been 

planted at a sufficiently wide spacing. In addition to 

increasing taper, thinning also opens up the canopy, 

allowing more snow to fall directly on the ground rather 

than being intercepted by the crowns of trees (Guild 

1986). The increased wind flow within the stand helps to 

prevent snow from accumulating on the crowns of trees. 

Caution still needs to be exercised when thinning stands in 

snow prone areas as recently thinned stands are also 

vulnerable to damage, with this period of vulnerability 

lasting for up to four to five years. 

There are considerable differences between tree species in 

their vulnerability to snow damage. On sites where 

frequent snowfalls are expected to occur it is preferable to 

plant a more resistant species such as Douglas-fir. 

FROST 

Most New Zealand sites experience frost from late autumn 

through to early spring, while some inland sites can have 

frosts at any time of the year. A winter frost of –13ºC, or 

an out-of-season frost of -7ºC, can kill newly established 

radiata pine (Menzies 1976). 

The severity of a frost is increased by ground cover, 

because dark soil absorbs more heat from the sun during 

the day and takes longer to cool at night. Tree species also 

differ in their tolerances of frost. Radiata pine does not 

form a true dormant bud and is therefore not as tolerant 

to winter frost as other species, e.g. Douglas-fir, lodgepole 

pine (Pinus contorta) and bishop pine (Pinus muricata), 

which become fully dormant in winter. However, it is more 

tolerant than Douglas-fir to out-of-season frosts. 

The risk of frost damage can be reduced by the following 

actions (Menzies 1976): 

> Cultivate the ground and remove all vegetation prior to 

planting. 

> Avoid creating concave surfaces or settings where air 

drainage is blocked or impeded. Any obstruction which 

traps cold air, such as high road verges or windrows 

across the slope, should be avoided. 

> Use large robust planting stock and good planting 

practices. 

> Plant at the end of winter or early spring when 

seedlings are hardier and frosts are less severe. 
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FIRE PROTECTION 
D J Geddes – Private Advisor, Whakatane 

INTRODUCTION 

New Zealand has a maritime climate with fewer periods of 

high fire risk than most parts of the world, however such 

dry periods do occur around once a decade for most of the 

country, more often in eastern regions. 

Plantation forests often carry heavy loads of highly 

flammable fuels, usually for at least the first 15 years of 

each rotation. Much of this is light fuel which is the most 

easily ignited, and which burns with the fastest spread rate 

and the highest intensities. This fuel type includes logging 

and silvicultural debris, dry grass, and brush weeds. 

In conifer forests, after fuel from earlier in the rotation has 

decayed, fire risk is largely abated. Eucalypts are part of a 

phytogenic biota that is adapted to fire regimes and the 

canopies seldom close sufficiently to limit the growth of 

highly flammable brush weeds. Most eucalypt plantations 

are always fire prone. Most of New Zealand’s indigenous 

forests have a canopy density that limits the growth of 

flammable species and debris on the forest floor, and are 

not prone to fire. 

New Zealand has a wild-fire protection system organised at 

national and local levels. These systems do not provide 

resources sufficient for full protection of areas of plantation 

forests carrying heavy loads of highly flammable fuels. 

There is legislative provision for forest owners to set up fire 

protection structures that meet their special needs. 

DEFINING THE RISK 

One definition of risk is: 

R = E x H where: 

R = risk, 

E = exposure, the value of a possible loss, and 

H = hazard, the chance of an event happening. 

In New Zealand forests "H" is relatively low, but "E" is very 

high. "R," the product of "H" and "E" is too high for 

responsible forest owners to ignore. 

Exposure 

Fire losses experienced by forest owners consist of: 

> Loss of forest value. The loss will be equal to the crop 

value less any salvage value. Cost of forest re- 

establishment will need to be met. 

> Site clearance. The cost of clearing burnt debris from 

the site prior to planting. 

>  Cost of suppression within the forest. Serious 

vegetation fires that require aerial attack and labour- 

intensive mop-up are extremely expensive and costs are 

in the order of hundreds of thousands of dollars. 

>  Suppression costs outside of the forest. A forest 

owner is responsible for the fire suppression costs on 

neighbouring land for fires that start within its forest, 

even if the fire arises through arson or unknown 

causes. 

Recoveries 

Recovery from burned forests is possible only from forests 

mature enough to provide saleable logs. Fire-damaged 

trees are subject to rapid deterioration through fungal and 

insect attack creating a short time frame for recovery 

logging. Large quantities of logs suddenly supplied to the 

market can distort log values downwards. 

Recovery from other people who may have been 

responsible for a fire is usually limited, and there is no 

guarantee of any recovery. Public liability policies held by 

most people have a limitation of risk for wild fire of 

$250,000, and many people who may have started a fire 

will have neither covering insurance nor assets of value. 

Forest owners can insist that contractors within their 

forests show proof of Public Liability cover of, for example, 

$1,000,000. 

Hazard 

The fire historian Stephen Pyne says that availability of fuel 

rather than ignition is the prime cause of wild fire. Given 

sufficient time, high fuel loads will be ignited. 

New Zealand’s maritime climate with well distributed rain 

means fewer periods of high fire risk weather, but favours 

high rates of growth for fire-prone grass and brush species. 

Forests carry heavy loads of light and flammable fuels for 

around 15 years in conifer forests, and throughout the 

rotation in many eucalypt forests. During the high fire risk 
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weather that does occur, many of these fuels are in a 

condition that would make fire suppression all but 

impossible. 

The most effective protection is to have a good 

understanding of the risk of ignition, and to take steps to 

limit that risk. 

Specific Fire Risk Measurement 

Several common perceptions about vegetation fire risk 

need to be debunked: 

>  "Heavy fuel, such as a heap of dry left-over logs on an 
old skid site, will burn with greater intensity than dry 
grass, bracken, or logging slash". Wrong!  Fire intensity 

is a result of the speed with which fuel burns, and fine 
fuels burn faster. 

>  "The average of extreme fire risk days per year is a  

good indication of average fire risk". Wrong!  Say there 

is an average of 5 days per year. They do not occur like 

that in individual years. There may be 0-1 days for 

several years, then a month of extreme weather. 

> "Rainfall is a good indicator of fire risk". Wrong! 

Although the Bay of Plenty has a higher rainfall than the 

Central Plateau, it also has a higher risk because the 

rainfall is less evenly distributed. 

FIRE RISK ASSESSMENT 

New Zealand measures wild-fire risk using a Fire Weather 

Index (FWI) system which is an adaptation of the Canadian 

Fire Weather Index system. Fire intensity is calculated across 

a one-metre width of the fire front on the basis of: 

I = HWR, where 

I = intensity in kilowatts per metre (kw/m), 

H = energy in vegetative fuel e.g. 18,000 joules per 

kilogram, 

W = weight of fuel in kilograms per metre, and 

R = rate of spread in metres per second. 

From this base it has been possible to calculate a very large 

body of detailed fire measurement and prediction, taking 

into account fuel types, weather both short and long term, 

and topography. 

It has been determined that a fire of 4,000 kw/m 

producing a flame length of 3.6m is the limit of 

suppression using intensive fire fighting effort. Under 

extreme fire weather conditions, a 4,000 kw/m fire has 

been observed in New Zealand in dry grazed grass fewer 

than 100 millimetres high, and experimental gorse fires 

have produced intensities in the order of 90,000 kw/m. 

The FWI system analyses the weather to produce six indices 

of fire risk. The sum of these indices, the FWI index, 

indicates expected fire intensity, and is the index used to 

define fire risk status (high, very high, extreme etc.) for 

publicity purposes. However this index usually greatly 

understates the risk in the heavy loads of fine fuel that 

many forests carry. In both Canadian and New Zealand 

experience, the index "Fine Fuel Moisture Code" (FFMC) is 

a clearer guide to the danger of fire in fine fuels. It has 

been found that most major wild fires have occurred when 

the FFMC is 82 or above. Forest owners and managers 

need to be aware that this occurs on many days when the 

FWI and the national fire weather publicity indicates only 

medium risk. 

Fire research has shown that natural standing grass, 60% 

cured, and logging slash, have very similar fire rates of 

spread (ROS) and fire intensity characteristics. 60% cured is 

a fair description of grass in planted forests that has not 

been grazed for a year or more. 

Table 1 provides an example for radiata pine logging slash 

for which the ROS and fire intensity have been derived for 

various initial spread indices (ISIs) and build-up indices 

(BUIs) on flat terrain. The data also apply to grass 60% 

cured. 

Fire intensities of 2000-4000 kw/m fall into the "very high" 

category with limited possibilities of suppression at the  

fire’s head. Fire intensities of 4000-9000 kw/m fall into the 

"extreme" category where control measures are not likely 

to succeed. Fire intensities above 9000 kw/m fall into fire 

explosive conditions with the certainty of large losses and 

risk of life to any person endeavouring to establish control. 

The ROS figures are an approximate guide to fire perimeter 

growth. ROS x 2.5 = perimeter growth in metres per hour. 

Where fire perimeter growth exceeds the rate at which a 

fire line can be created, a fire is out of control. 

 
 
 

 FBT System Fuel Type S-1 (P.rad logging slash) 

ISI BUI 

 10 20 30 40 50 60 70 80 90 100 110 120 

1 16 32 41 47 50 52 54 56 57 58 58 59 

163 747 957 1292 1530 1820 1871 2016 2106 2187 2218 2280 

2 38 78 100 112 121 127 131 135 137 139 141 143 

388 1384 2335 3080 3703 4185 4539 4860 5062 5240 5393 5527 

3 64 130 166 187 201 211 218 224 228 232 235 237 

653 2946 3876 5142 6151 6952 7554 8064 8425 8746 8989 9160 

5 119 244 310 349 375 394 408 418 427 433 439 444 

1214 4331 7238 9597 11475 12980 14137 15084 15778 16234 16792 17161 

7 177 346 462 521 560 588 608 624 636 647 655 662 

1805 6141 10788 14327 17134 19375 21067 22464 23500 24392 25054 25312 

9 237 486 618 696 748 785 812 833 850 864 875 885 

2417 8626 14430 19030 22889 25866 28136 29989 31407 32573 33469 34205 

10 267 547 695 784 842 884 914 938 957 973 985 996 

2723 9709 16228 21560 25765 29128 31670 33768 35361 36682 37676 38495 

Table 1: Head Fire Rate of Spread (ROS) (metres/hour) & Fire Intensity (kw/m) (second row of each ISI category). 
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Approximate fire line production rates in logging slash are: 

400 m/hr for a five-man fire engine or D8 bulldozer; 5 

m/man-hr line cutting over a full shift; 20 m/man-hr line 

cutting by hand over a short period. Thus, for example, a 

ROS of 160 m/hr x 2.5 = fire perimeter growth of 400 

m/hr, the limit at which a D8 bulldozer can create a fire 

line. 

Fire risk information in detail, both nationally and locally, is 

available on the web site http://nrfa.fire.org.nz where 
detailed analysis of levels and periods of fire risk for each 
New Zealand locality is available. The handbook Fire 
Management Guidelines for Small Forests and plenty of 

other technical information is available from the National 
Rural Fire Authority, Box 2133, Wellington. 

FIRE PROTECTION PLANNING 

Prevention standards need to be high enough to protect 

forests through the worst fire seasons. Typically in New 

Zealand, forests are exposed to major loss 2-3 times per 

rotation. 

Assess the risk (R = E x H). Provision of adequate protection 

and budgets are dependent on knowing the risk. 

Determination of H requires weather and FWI information, 

matched with fuel types. Use appropriate tables to 

calculate possible ROS and fire intensities. Determination of 

E requires calculation of likely losses by summing forest 

values, suppression costs, and loss of production, then 

deducting salvage. 

A farmer who plants a woodlot entirely surrounded by 

non-flammable fuels, and not accessible to the public 

would be justified in doing very little about fire protection. 

A forest owner who may have a production plant entirely 

dependent on the forest, or for other reasons is exposed to 

major impact from fire losses, needs to do more. 

At the least, some effort is required to determine the 

reality of the risk, and in the light of that risk, determine 

what protection is appropriate. 

INSURANCE 

Forest insurance is available for most forests and is covered 

in Section 11.7. 

FIRE PREVENTION 

For most of the time, fire risk is so low that no prevention 

steps are required. For short periods of time, fire risk can 

be extreme. Fire prevention requires that those involved 

with a forest understand the fire risk in terms of fire 

hazardous weather and fuel situations so that protection 

measures are appropriate and effective. Responses to fire 

risk need to be planned and permanently set in place so 

that they can be implemented when needed. This involves 

recognition and control of ignition sources from forest 

operations and from the general public. 

Forest Operations 

Most forest fires are caused by forest operations, common 

causes being: escapes from land clearing burns, sparks 

from internal combustion engines (chainsaws, skidders, 

tractors, loaders, trucks), overheated machinery (brakes, 

dirty engines, electrical short circuits, poorly placed high- 

lead blocks), welding or abrasive wheel cutting, roadside 

mowing and cigarettes. 

General Public 

> Ignorance and/or carelessness, associated with rubbish 

burning, camp fires, barbecues, fires lit to warm water 

skiers and skin divers, smoking, children. 

> Industry, associated with heavy vehicle exhausts and 

brakes, motor accidents, railways, power lines, roadside 

and any vegetation mowing, welding, abrasive wheel or 

gas metal cutting, tar truck furnaces, rubbish dumps. 

> Arson, often associated with cannabis growing, burning 

stolen cars, vandalism and theft. 

The management of wild fire protection requires the 

application of knowledge and experience, recognition of 

fire danger conditions, understanding potential ignition 

sources, and making management responses that deal with 

the risk in all the situations within a forest. 

LEGISLATIVE PROTECTION 

New Zealand has rural fire legislation with provisions for 

wild fire protection. Overall responsibility for wild fire 

protection is provided by the National Rural Fire Authority. 

Locally, there are two levels of protection for public lands.  

A level for rural areas in general, administered as Rural Fire 

Districts through territorial authorities. A higher level of fire 

protection is provided for forests administered as Rural Fire 

Districts through committees elected by local forest  

owners. Under this latter provision forest owners can apply 

more stringent fire protection measures within their forests, 

and also accept higher levels of responsibility for fire risk 

control and fire suppression. 

FIRE FIGHTING 

Most vegetation fires start small and are started by people 

working in a forest. Provision should be made for 

immediate suppression. This requires fire fighting 

equipment and the skills to use it. 

Crews should have shovels, and should have training to 

the level of the NZQA unit standard 3286, Control 

Vegetation Fire Using Dry Fire Fighting Techniques to 

ensure that they know how to use them. Provision should 

be made to ensure that the fire fighting equipment is 
always suitable for the purpose, fire extinguishers 

confirmed as in working order, and shovels sharp with 

sound handles. The provision of equipment without 
training and checking is of very limited use. 

Whenever work is taking place in forests in the summer, 
there should be someone involved with the job who knows 
something of fire behaviour and where the risks are. NZQA 
unit standard 3285, Protect Personal Safety at Vegetation 
Fires, is a minimum standard. 

For forest owners who need to take a bigger role in fire 
preparedness and fire fighting, the National Rural Fire 
Authority Rural Management Code of Practice indicates the 

range of equipment, and the recommended NZQA 
vegetation fire unit standards that should be held. 

AFTER THE EVENT 

There are forest owners who do not involve themselves in 

fire protection of their forests. When their forest has 

burned, they can be deeply out of pocket, and have little 

come back on anybody for the costs. Some minimum steps 

should be taken. 

In the event of fire, proof of fire ignition point location and 

means of ignition should be gathered quickly. A forest 

owner is responsible for all the suppression costs of a fire 

that starts in the owner’s forest and spreads across 

surrounding land. In some cases, especially at roadsides, 

proof as to which side of the boundary (to the degree of a 

few metres) as to where a fire started can make the 

difference between liability or otherwise for very large 

costs. For fires starting within a forest, if proof of ignition 

can be established for liability to another party (power 

authorities, railways etc), then liability can be transferred 

accordingly. 

If a fire starts in a forest which is under the fire jurisdiction 

of the local territorial authority, it will do the fire fighting. 
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For a serious fire it will in effect be spending the forest 

owner’s money at prodigious rates. Helicopter hire rates 

come at up to $2,300 per hour, and helicopter fire fighting 

is usually carried out by teams of helicopters. Affected 

forest owners should at least log helicopter use during a fire. 

Successful challenges have been made against fire bills 

running into millions of dollars by alert forest owners. Such 

challenges are most likely to succeed for forest owners 

who at least make provision for their own on-site 

supervision for when a fire occurs. 

 
 

 
 

FOREST AND 
RURAL FIRE 
DANGER RATING 
S Anderson – Forest Research, Christchurch 

INTRODUCTION 

To protect life, property and other important values from 

wildfire, fire managers need a thorough understanding of 

the fire environment, and a reliable means of assessing and 

forecasting fire danger. A means of reliably evaluating all 

the factors that influence fire danger is required to aid 

decision-making. This can be achieved through a fire 

danger rating system. 

In New Zealand, fire danger across a range of vegetative 

fuel types is assessed using the New Zealand Fire Danger 

Rating System (NZFDRS). The NZFDRS consists of a number 

of core modules (Figure 1) and is based upon the Canadian 

Forest Fire Danger Rating System (CFFDRS). It has been in 

use in New Zealand since 1980, when the New Zealand 

Forest Service adopted the Fire Weather Index (FWI) System 

module of the CFFDRS. However, the FWI System was 

never adapted to the New Zealand fire environment, nor 

were the other modules of the NZFDRS developed for 

application in New Zealand (Fogarty et al. 1998). It was 

only with the re-establishment of a rural fire research 

programme with Forest Research in 1992 (then the Forest 

Research Institute) that this process of adapting the 

CFFDRS for use in New Zealand commenced. This 

continues to be the major focus of the Forest and Rural  

Fire Research programme, based at Forest Research in 

Christchurch. 

 
 

 

Figure 1: Structure of the New Zealand Fire Danger Rating System. 

THE NEW ZEALAND FIRE DANGER 

RATING SYSTEM 

The NZFDRS comprises four sub-systems (Figure 1): the FWI 

System; the Fire Behaviour Prediction (FBP) System; the 

Accessory Fuel Moisture (AFM) System; and the Fire 

Occurrence Prediction (FOP) System. Currently, only the FWI 

and FBP Systems are in use in New Zealand, with the AFM 

and FOP Systems yet to be developed. The FWI and FBP 

Systems also require further development and validation. 

The Fire Weather Index System 

The FWI System is the major sub-system of the NZFDRS, 

and has been in use since 1980. It was originally 

implemented for use in rating fire danger in exotic conifer 

plantations. It was selected because it was simple to use, 

was based on sound scientific principles, had outstanding 

interpretative backup, was developed for coniferous 

forests, and was being applied in a maritime climate 

(British Columbia) similar to that of New Zealand 

(Valentine, J.M., 1978. Fire danger rating in New Zealand: 

review and evaluation. New Zealand Forest Service, Forest 

Research Institute. Forest Establishment Report No. 123. 

(unpublished)). 

The System’s six components (Figure 2) individually and 

collectively account for the effects of fuel moisture and 

wind on ignition potential and probable fire behaviour 

based solely on selected weather inputs for a reference fuel 

type on level terrain. The reference fuel type is mature Jack 

pine (Pinus banksiana) and Lodgepole pine (Pinus contorta) 

stands (Van Wagner 1987). The six components comprise 

three fuel moisture codes and three fire behaviour indices. 

The three fuel moisture codes, and the moisture contents 

of the fuel layers they represent, are: 

> Fine Fuel Moisture Code (FFMC) – fine surface litter; 

> Duff Moisture Code (DMC) – loosely compacted duff of 

moderate depth; and 

> Drought Code (DC) – deep compact organic matter. 

These fuel moisture codes act as bookkeeping systems, 

adding moisture after rain and subtracting some for each 

day’s drying. The codes have built-in time lags and rainfall 

thresholds (below which the rainfall will not lower the 

value of the code). Higher values of the fuel moisture 

codes correspond to lower moisture content (and greater 

flammability) (Stocks et al. 1989). 

The fuel moisture codes (and wind speed) are linked in 

pairs to form the following two intermediate indices and 

one final index of fire behaviour: 

> Initial Spread Index (ISI) – combines the effect of wind 

speed and fine fuel moisture content (represented by 

the FFMC), providing a numerical rating of fire spread 

rate (without the influence of fuel quantity); 

> Buildup Index (BUI) – combines the DMC and DC and 

represents the total amount of fuel available for 

combustion; and 

> Fire Weather Index (FWI) – combines the ISI and BUI to 

indicate the intensity of a spreading fire (on level 

terrain). 
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includes correlation of numerical FWI System outputs with 

observed fire behaviour from experimental fires (and 

wildfires) in a range of fuel types. This work is a major 

focus of Forest Research’s rural fire research programme. 

The Canadian FBP System is based on 16 benchmark fuel 

types, whilst in New Zealand models for three benchmark 

fuel types are currently used for daily fire danger rating 

purposes (forest, grassland and scrub). Fire behaviour 

models for other fuel types are also in use, although mostly 

in interim format that requires further validation. 

Fire intensity, as represented by the FWI, is directly related 

to flame size and in this way can determine the limits of 

effectiveness of suppression resources (Table 1). 

 
 
 
 
 

 

Figure 2: Structure Diagram for the Fire Weather Index System. 

Calculation of FWI System components requires four 

weather inputs, namely temperature, relative humidity, 10- 

metre open wind speed, and 24-hour accumulated rainfall, 

recorded at noon local standard time. The National Rural 

Fire Authority runs FWI calculations daily for more than 

170 weather stations across the country. It is also possible 

to forecast FWI values, and hourly values of FFMC, ISI and 

FWI can be calculated and forecasted. This is especially 

useful for fire behaviour prediction and fire danger 

forecasting. The FWI values can be calculated manually 

using either tables (Anon. 1993), or software packages. 

Whilst the FWI itself is a good indicator of key aspects of 

fire activity, it is impossible to use one number to 

summarise daily fire potential. All six components need to 

be assessed to gain a complete picture of trends over time 

with respect to fuel moisture (and flammability) and 

expected fire behaviour. These individual components each 

provide useful indicators of fire potential. For example, the 

FFMC is a useful indicator of ignition potential, the DC and 

BUI provide indicators of the potential for deep-seated 

burning in organic layers, stump and root systems, and the 

ISI indicates the potential for rapid rates of spread and fire 

development. A detailed description of the development 

and structure of the FWI System is contained in Van 

Wagner (1987). 

The Fire Behaviour Prediction System 

The FWI System has been developed to rate fire potential 

in a reference fuel type; therefore components and their 

values have different interpretations in fuel types other 

than this reference fuel type. In New Zealand, this applies 

to any fuel type other than the mature pine plantation fuel 

type (e.g. tussock grassland, scrub, or pasture). The FBP 

System accounts for variations in fire behaviour with both 

fuel type and topography (the FWI System assumes level 

terrain). 

The FBP System produces a number of outputs describing 

fire behaviour characteristics. These include rate of spread 

and fire intensity (for head, flank and back fire), fuel 

consumption, fire area and perimeter, and fire description 

(crown fire, surface fire). These are all important 

considerations for fire managers in terms of fire  

suppression actions. These outputs are determined by 

prevailing weather conditions, based on wind speed and 

certain FWI components, and on fuel type and slope. A full 

description of the development of the Canadian FBP  

System can be found in Forestry Canada Fire Danger Group 

(1992) and Hirsch (1993). 

FBP System development in New Zealand has followed the 

same empirical approach as that used in Canada. This 

 
 
 
 
 

Table 1: General Limits of Fire Suppression Effectiveness in Relation 
to Fire Intensity. 

The fire danger class scheme is based upon fire intensity 

and provides an indication of suppression difficulty for the 

three different fuel types. There are five fire danger classes 

in use – LOW, MODERATE, HIGH, VERY HIGH, AND EXTREME. Each 

of these classes relates to a certain level of fire behaviour 

potential, with subsequent implications for fire suppression 

and firefighter safety. A full explanation of the five classes 

is contained in Alexander (1994). The classes are colour- 

coded, as displayed on fire danger boards in forest and 

rural areas around the country. They are shown in Table 2. 

Accessory Fuel Moisture System 

This system is intended to supplement or support special 

applications and requirements of the FWI, FBP and FOP 

Systems, and includes corrections or adjustments for 

aspect, foliar moisture content, and diurnal trends in FWI 

System values (Stocks et al. 1989). The AFM System is 

incomplete in Canada, with no work commenced in New 

Zealand. It could have particular relevance here, since the 

FWI System is being applied to fuel types other than the 

reference fuel type, which have very different physical 

characteristics and drying trends (e.g. grass and scrub). 

Fire Occurrence Prediction System 

The FOP System is under development in Canada, and is 

aimed at predicting fire occurrence from both human and 

natural (lightning) causes. This system has not been 

developed here, although prediction or probability 

assessment of ignition from human factors would be of 

benefit to fire management in New Zealand. However, to 

develop this system requires reliable and long-term records 

of fire occurrences and causes. Sadly, this information is 

lacking in New Zealand owing to incomplete and 

inaccurate fire records. 

FIRE DANGER RATING SYSTEM 

APPLICATIONS 

It is vital that fire managers have a thorough understanding 

of fire behaviour for fire management to be effective. 

Armed with this knowledge, it will be easier to identify and 

mitigate the risks of wildfires, providing better levels of 

protection to life and property. The NZFDRS provides a 

comprehensive "toolbox" for fire management and forms 

the core of a number of fire management applications, 

including: 
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Fire Intensity (kW/m) Control  Requirements 

< 500 Ground crews with hand tools 

500-2000 Water under pressure and/or 

heavy machinery 

2000-4000 Heli-tanks and air-tankers 

using chemical fire retardants 

> 4000 Very difficult if not impossible 

to control 

 



 

Fire 

Danger 

Class 

Description of Probable Fire Potential 

and 
Implications for Fire Suppression1

 

Nominal 

Max. Flame 

Height 

EXTREME The situation should be considered "explosive". The characteristics associated with the 

violent physical behaviour of conflagrations or firestorms is a certainty (e.g., rapid 

spread rates, crowning in forests, medium – to long-range mass spotting, firewhirls, 

towering convection columns, great walls of flame). As a result, fires pose an especially 

grave threat to persons and their property. Breaching of roads and firebreaks occurs 

with regularity as fires sweep across the landscape. Direct attack is rarely possible given 

the fire's probable ferocity except immediately after ignition and should only be 

attempted with the utmost caution. The only effective and safe control action that 

can be taken until the fire run expires is at the back and along the flanks. 

3.6+ metres 

VERY HIGH Burning conditions have become critical as the likelihood of intense surface fires is a 

distinct possibility; torching and intermittent crowning in forests can take place. Direct 

attack on the head of a fire by ground forces is feasible for only the first few minutes 

after ignition has occurred. Otherwise, any attempt to attack the fire's head should be 

limited to helicopters with buckets or fixed-wing aircraft, preferably dropping long-term 

chemical fire retardants. Until the fire weather severity abates, resulting in a subsidence 

of the fire run, the uncertainty of successful control exists. 

2.6 to 3.5 

metres 

HIGH Running or vigorous surface fires are most likely to occur. Any fire outbreak constitutes 

a serious problem. Control becomes gradually more difficult if it's not completed during 

the early stages of fire growth following ignition. Water under pressure (from ground 

tankers or fire pumps with hose lays) and bulldozers are required for effective action at 

the fire's head. 

1.4 to 2.5 

metres 

MODERATE From the standpoint of moisture content, fuels are considered to be sufficiently 

receptive to sustain ignition and combustion from both flaming and most non-flaming 

(e.g., glowing) firebrands. Creeping or gentle surface fire activity is commonplace. 

Control of such fires is comparatively easy but can become troublesome as fire 

damages can still result and fires can become costly to suppress if they aren't attended 

to immediately. Direct manual attack around the entire fire perimeter by firefighters 

with only hand tools and back-pack pumps is possible. 

up to 1.3 

metres 

LOW New fire starts are unlikely to sustain themselves due to moist surface fuel conditions. 

However, ignitions may take place near large and prolonged or intense heat sources 

(e.g., camp fires, windrowed slash piles) but the resulting fires generally do not spread 

much beyond their point of origin and, if they do, control is easily achieved. Mop-up 

or complete extinguishment of fires that are already burning may still be required 

provided there is sufficient dry fuel to support smouldering combustion. 

no visible 

flame 

1  The above should not be used as a guide to firefighter safety, as fires can be potentially dangerous or life-threatening at any level of fire 
danger. 
Table 2: Fire Danger Class Interpretation. 

 

> prevention planning (e.g. notification of fire danger 

levels to the public, determining fire season status, 

imposition of restrictions, and other measures such as 

forest closures); 

> preparedness planning (determining levels of readiness 

and positioning of suppression resources prior to a fire 

starting); 

> detection planning (e.g. lookouts, patrols); 

> initial attack dispatching (number and types of 

resources that respond); 

> determining effective suppression strategies for active 

fires; 

> prescribed fire planning and execution; and 

> fire behaviour training. 

Fire management is often referred to as both "an art and a 

science". It is therefore critical to apply scientific outputs 

from decision support tools such the NZFDRS to real 

situations by adapting and modifying these outputs to suit 

local conditions. This is achieved through combining 

knowledge of the systems (the underlying assumptions 

behind their development, limitations of models, and the 

meaning of the outputs) with practical experience and 

knowledge of local conditions. 

FUTURE DEVELOPMENTS 

The ongoing development and validation of the NZFDRS is 

the major focus of Forest Research’s rural fire research 

programme. This includes validation of existing fire 

behaviour models within the FBP System, and development 

of new fire behaviour models for New Zealand fuel types 

(in particular scrub and tussock grassland). Other fuel types 

also require development of fire behaviour models (e.g. 

pine plantations of different age classes, native wetlands 

and forests). There is also the development of fire 

behaviour models for mixed fuel types, perhaps a more 

common scenario in many parts of New Zealand than 

situations involving pure fuel types. The application and 

extension of the FWI System to different fuel types also 

raises questions as to its validity for these fuel types. As 

noted, the development of the FOP and AFM Systems has 

not yet commenced. 

Recent advances in technology have provided the 

opportunity to improve the fire danger rating system, and 

improve the display and dissemination of fire behaviour 

and fire danger information. This includes spatial displays 

of fire behaviour information and the use of GIS software, 

such as those products recently developed by the National 

Rural Fire Authority and MetService. The NZFDRS predicts 

fire potential from point-source weather measurements (at 

a single weather station), and does not take account of 

spatial variation in weather elements and fuel 

characteristics between points of measurement. This is 

highly relevant in New Zealand given the wide variation in 
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topography, fuels and weather over relatively short 

distances. Use of technology and modern interpolation 

techniques will greatly enhance the accuracy of the 

NZFDRS. 

With the challenges facing rural fire management (loss of 

experienced personnel, increasing public expectations of 

emergency management, changing legislation, etc.) and 

the ever-changing "rural fire hazardscape" (changes in 

land-use and fuel complexes, urban spread into rural 

areas), fire management actions need to be based on 

sound scientific knowledge and systems. It is also 

important to recognise the balance between operational 

need and scientific rigour. The development of the NZFDRS 

needs to meet the requirements of fire managers, but at 

the same time be based on credible science (Pearce 2001). 

The effective transfer of technology to fire managers, 

landowners and the general public is also of paramount 

importance. Continued development of the NZFDRS, 

coupled with further advances in technology, will lead to 

significant improvements in the effectiveness of forest and 

rural fire management in, reducing both the incidence and 

consequences of wildfires. 
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BIOSECURITY AND 
INTERNATIONAL 
TRADE 
M D Ormsby – Ministry of Agriculture and 
Forestry, Wellington 

N M Self – Vigil Forest Health Advisory 
Services, Rotorua 

Forest biosecurity and international trade make uneasy 

partners, critically dependent on each other, while at the 

same time having different aims. International trade poses 

a threat to biosecurity while biosecurity measures restrict 

international trade, yet trade is dependent on New Zealand 

producing forest products that are free from unwanted 

organisms. 

Biosecurity can be defined as "the exclusion, eradication or 

effective management of risks posed by pests and diseases 

to the economy, environment and human health" 

(Biosecurity Council 2003). For the purpose of this article, 

biosecurity and international trade in forestry can be 

described more specifically as "protecting New Zealand 

from the economic, environmental and human health risks 

associated with imported forest produce, and facilitating 

trade in forest products". 

BIOSECURITY RISKS 

Biosecurity risks can be placed in two broad categories: 

manageable risks and unmanageable risks. Manageable 

risks can be considered risks associated with goods 

entering New Zealand on controlled pathways. 

Unmanageable risks are those associated with uncontrolled 

pathways about which little can be done. 

In terms of biosecurity risk, New Zealand is better 

positioned than countries within or adjacent to continental 

landmasses. Our isolation provides us with good natural 

defences against the introduction of pests and diseases. 

Because the majority of imported goods and human  

visitors arrive by predictable means and in predictable 

places, their passage into New Zealand can be controlled 

and potential biosecurity risks can be more easily managed. 

However, some visitors arrive by their own means, and can 

carry pests or diseases into New Zealand in a manner that 

can not be controlled or managed. Some examples of 

these visitors include migratory birds (that can bring new 

avian or human diseases and weeds) and wind-blown pests 

and diseases from Australia, such as poplar rusts and the 

Tropical Grass Web Worm. 

Both manageable and unmanageable biosecurity risks can 

have immediate impacts upon arriving in New Zealand or 

long-term or delayed impacts that accumulate over time. 

An example of a risk that could have an immediate impact 

but little long-term consequences would be the 

contamination of goods by a poisonous spider that is not 

able to establish in New Zealand. The spider may survive 

only for a short time on the goods but may pose a risk to 

those handling the goods such as timber yard or retail 

store personnel. Pests able to establish in New Zealand 

may not have an immediate economic or environmental 

impact on arrival, but once the pests become established 

and their population increases sufficiently the impact can 

become significant. 

NEW ZEALAND LEGISLATION 

Everyone in New Zealand, whether they are vacationers, 

importers, primary producers (such as the forest industry), 

local bodies, or government departments, has a role in 

biosecurity and its enforcement. For the government the 
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majority of biosecurity funding is managed through the 

Ministry of Agriculture and Forestry (MAF). The principle 

piece of legislation relating to the "exclusion, eradication, 

and effective management of pests and unwanted 

organisms" is the Biosecurity Act 1993. 

When the Biosecurity Act was passed it was a world first; a 

law specifically designed to support the protection of all 

that is valued in New Zealand from the harmful effects of 

exotic pests and diseases. The part of the Biosecurity Act 

concerned with keeping unwanted organisms out of New 

Zealand has as its purpose "to provide for the effective 

management of risks associated with the importation of 

risk goods". Risk goods are broadly defined to include 

anything that constitutes, harbours, or contains an 

organism that could cause unwanted harm to natural and 

physical resources or human health in New Zealand. All 

seeds and nursery stock, and most goods comprising 

unmanufactured wood, are considered by their nature to 

be risk goods. 

The vehicle used in the Biosecurity Act for managing risks 

is import health standards (IHSs), which are documents 

that specify the steps that must be taken in bringing risk 

goods into New Zealand. Chief technical officers (CTOs) 

issue import health standards following consideration of: 

> the likelihood and nature of any possible harmful 

effects that the organisms associated with the goods 

may have on New Zealand’s environment or economy; 

and 

> New Zealand’s international obligations. 

A CTO can take such matters into account only to the 

extent that they are affected by "any organisms". As a 

result a CTO may not consider those effects not related to 

an organism, e.g. the impact of cheaper goods on a 

particular industry or the economy generally. Finally, the 

Biosecurity Act requires a CTO to consult with 

stakeholders, including other government departments, 

before issuing an IHS unless there is urgency to do so. 

INTERNATIONAL OBLIGATIONS 

There are a number of international agreements to be 

considered when managing the biosecurity risks of 

international trade. In the context of forest biosecurity, the 

two main agreements are: 

> the World Trade Organisation’s Agreement on the 

Application of Sanitary and Phytosanitary Measures 

1995 (SPS Agreement); and 

> the Food and Agriculture Organisation’s International 

Plant Protection Convention 1997 (IPPC). 

Under the SPS Agreement, member countries can employ 

measures to protect human, animal or plant life or health, 

provided that these measures are not applied arbitrarily, do 

not result in discrimination between members where 

similar conditions prevail, or constitute a disguised 

restriction on trade. Members are obliged to apply these 

measures only to the extent necessary and to base them 

on scientific principles, in particular risk assessment 

techniques developed by relevant international 

organisations. 

The purpose of the IPPC is to secure "common and 

effective action to prevent the introduction and spread of 

pests of plants and plant products, and to promote 

appropriate measures for their control". On the whole, the 

agreements are complementary, with the SPS Agreement 

providing the environment under which international trade 

can be regulated, and the IPPC providing the systems and 

mechanisms through which the regulation of international 

trade in plants and plant products can be undertaken. 

PROTECTING NEW ZEALAND 

Pre-border Processes 

What is involved in protecting New Zealand from the 

biosecurity risks associated with imported forest produce? 

Forest produce can be broadly defined as all items made 

from trees. Examples include bark, wood packaging, 

timber, wooden furniture, logs, poles, picture frames, 

cones, seeds, and nursery stock. As already discussed, 

under the Biosecurity Act, MAF is required to manage the 

biosecurity risks of these goods. Managing risk does not 

mean eliminating or removing all risk, but rather reducing 

risk to a level that the nation would consider acceptable. 

An IHS stipulates to importers of risk goods what they 

need to do with those goods before the goods can enter 

New Zealand. The current versions of IHSs developed by 

MAF are available on the MAF web site 

(www.maf.govt.nz). 

There is a relatively simple approach to managing risk: 

understand the problem and then find an effective 

solution. As biological risks are being dealt with, the 

process must be underpinned by science. The process used 

by MAF to ensure that IHSs are effective in managing the 

risks potentially associated with imported goods is called 

"risk analysis", and involves: 

> Hazard identification: the process of identifying the 

organisms that might potentially be associated with the 

goods when those goods arrive in New Zealand. 

> Risk assessment: the process of establishing the 

likelihood and magnitude of any impact the identified 

hazardous organisms may have on the New Zealand 

economy and environment. 

> Risk management: the analysis of potential measures 

to mitigate the risk of the unwanted impact occurring. 

> Risk communication: the process by which information 

and opinions regarding hazards and risks are gathered 

from potentially affected and interested parties during a 

risk analysis, and by which the results of the risk 

assessment and proposed risk management measures 

are communicated to the decision-makers and 

interested parties in the importing and exporting 

countries. 

The outcome of the risk analysis therefore determines what 

measures will be included in any subsequent IHS and 

subsequently need to be undertaken by the importer of  

the forest produce. Measures may include: 

> inspections, before and/or after arrival in New Zealand; 

> treatments, such as heat, fumigation or chemical; 

> pest area freedom requirements, where goods must 

originate from areas free of a pest or disease; or 

> post-entry requirements, where the goods undergo 

further processing or testing in New Zealand. 

For MAF to acknowledge measures undertaken overseas, 

the importer must ensure that some form of recognised 

certification accompanies the shipment. In many cases 

MAF will accept only phytosanitary certification; a process 

of issuing certificates under the IPPC by the national plant 

protection organisation of the country of origin. New 

Zealand’s national plant protection organisation is MAF. 

These certificates provide government-to-government 

assurances that the stated measures have been completed 

appropriately and effectively. For some goods MAF may 

accept manufacturers’ or treatment supplier certificates. 

Border Processes 

Forest produce arriving at the New Zealand border and 

considered a potential biosecurity risk must receive 
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"biosecurity clearance" before entering New Zealand. 

Under the Biosecurity Act the person responsible for 

issuing a biosecurity clearance is an inspector appointed 

under the Act. Before giving a biosecurity clearance to any 

imported forest produce the inspector must be satisfied 

that: 

> the forest produce complies with the requirements 

specified within the appropriate IHS; 

> there are no discrepancies in any of the accompanying 

documentation; 

> the forest produce is not showing any signs indicating 

that it may be harbouring unwanted organisms; 

> there has been no recent change in circumstances or 

available knowledge that makes it unwise to issue a 

clearance; and 

> the forest produce, if it is an organism, must not be an 

organism considered new to New Zealand. 

The inspector may give the imported forest produce 

clearance at first inspection, or may require the forest 

produce to proceed to a transitional facility (or quarantine 

facility) for further inspection, testing, treatment or 

processing before it receives clearance. 

If during inspection at the border, or in a transitional 

facility, an organism is found to be contaminating the 

imported forest produce, the inspector will send the 

organism to be identified to species level, if possible. 

Identification is undertaken not only to determine if further 

treatment or extended quarantine is required, but also to 

provide a measure of the performance of the HIS for the 

goods. If pests are detected on imported goods that were 

not assessed at the time of the development of the IHS, it 

may signal a change in the risk status of the goods. This 

may require a review of the risk analysis undertaken during 

the development of the IHS. 

Forest produce that is imported in a manner that does not 

comply with the applicable IHS, or is found to be infested 

with new or unwanted organisms, will be ordered by the 

inspector to be treated (if possible), reshipped or destroyed. 

EXPORTING FOREST PRODUCE 

Biosecurity with respect to exporting forest produce is, in 

effect, the process of meeting another country’s import 

requirements for such goods. However, New Zealand’s 

biosecurity also plays an important role in exporting forest 

produce. The economic impact of the establishment of a 

new pest in New Zealand can be considerably greater than 

that directly caused by a reduction in productivity of our 

forests. The establishment of a particularly significant pest, 

such as pitch canker (Fusarium circinatum), could make it 

difficult and expensive to export logs or timber to countries 

which have quarantine barriers to exclude such forestry 

pests. Therefore, activities to maintain or enhance New 

Zealand’s access to overseas markets include both the 

management of the exported produce such that it meets 

other countries’ export requirements, and the protection of 

New Zealand’s forests to ensure that no new pests become 

established and impact on trade. 

In the same way that New Zealand must comply with the 

requirements of the SPS Agreement when setting 

biosecurity controls on goods imported into this country, 

our trading partners who are signatories to the SPS 

Agreement must also abide by these rules for all of their 

trade-related phytosanitary standards. If New Zealand can 

manage the export of goods to provide assurances to 

trading partners that the goods will comply with their 

phytosanitary requirements, there should be no justification 

for those goods being denied entry based on pest or 

disease concerns. To achieve this New Zealand must have 

systems in place to: 

> accurately identify the biosecurity risks New Zealand’s 

exported goods are likely to pose to other countries; 

> ensure that the phytosanitary rules imposed by other 

countries comply with international agreements; and 

> manage any existing pest or disease risks such that 

overseas countries will consider the exported goods to 

be safe from a biosecurity perspective. 
 

 
 

Figure 1: Final inspection of an export log shipment. 

As mentioned above, government-to-government 

assurances provided under the IPPC are given using 

phytosanitary certificates. New Zealand’s ability to get its 

products into other markets depends on the credibility of 

its certification system. This depends on sound standard- 

setting, auditing and demonstrated efficacy of measures, 

and is measured by the relative cleanliness of the exported 

products. Compliance with these systems is therefore 

crucial to the ability of New Zealand’s exporters of forest 

produce to continue to gain access to markets. 
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BIOSECURITY 
SURVEILLANCE 
B D Murphy – Ministry of Agriculture and 
Forestry, Wellington 

Forest biosecurity surveillance is undertaken in New  

Zealand primarily to detect new forest pests. Currently this 

activity is shared between government and industry. The 

Ministry of Agriculture and Forestry (MAF) operates 

surveillance of high-risk sites (e.g. ports, transitional 

facilities) and small plantation forests, maintains several 

specific pest surveillance packages and promotes passive 

surveillance (detection of pests by the public, scientists etc). 

The Department of Conservation (DoC) runs surveillance in 

areas at risk from hitchhiking pests associated with tourists, 

and the Forest Owners Association (FOA) administers 

surveys covering the large plantation forests. 

WHAT IS THE FOREST ESTATE AND WHY 

PROTECT IT? 

Forestry includes exotic, indigenous and urban forest types, 

and is thus considerably more diversified than just 

plantations of radiata pine. The combined economic, 

environmental and ecological value of these forests is  

large. In economic terms, forestry exports were worth over 

$3.65 billion in 2002. As Kyoto forests, the net present 

value of New Zealands forests as carbon sinks is currently 

estimated at between $1.0 and $2.6 billion. In 

anthropocentric terms (aesthetics, recreation, associated 

property values etc) the value of the urban and indigenous 

forest estates is incalculable. It should be clear from this 

why forest surveillance, which reduces the probability of 

successful pest establishment, is of such importance. 

WHAT WOULD NEW ZEALAND LOOK 

LIKE WITHOUT FOREST BIOSECURITY? 

Most potential forestry pests in the world are rare, 

unnoticed or unstudied because they are kept in check by 

biological (competition, predation, parasitism, disease) or 

abiotic (climate, restricted hosts etc) regulating factors. 

These organisms can benefit greatly from arrival in New 
Zealand because natural enemies are absent and host 
species may be abundant. The impact of Sirex noctilio on 

radiata pine or Paropsis charybdis on Eucalyptus before 

their suppression through classical biological control clearly 
illustrates the potential consequences of unrestricted access 
of exotic pests to this country. 

Without forest biosecurity instruments in place, it is almost 

certain that many urban amenity and introduced tree and 

plant species would be severely affected. The impact of 

new organisms on indigenous forests is less predictable. 

However, as New Zealand shares some genera (e.g. 
Nothofagus) with southern hemisphere continents, 

vigilance is necessary. 

The absence of forest biosecurity measures in New Zealand 

would affect many New Zealanders either directly or 

indirectly. The pests that have been detected by 

surveillance and subject to eradication are, in many cases, 

also plant pests with additional impacts. For instance, the 

urticating hairs of white spotted tussock moth, painted 

apple moth and gypsy moth (all unwanted arrivals in New 

Zealand during the past ten years and subject to 

eradication programs) can cause severe allergic reactions in 

humans. The presence of Dutch elm disease (Ophiostoma 

novo-ulmi) in Auckland has necessitated the expensive 

removal of diseased elms, reducing the aesthetic value of 
parks and properties. Use of willows and poplars as erosion 
control species is restricted by Willow sawfly (Nematus 
oligospilus) and poplar rusts (Melanpsora spp.). It can be 

argued that the maintenance of pristine urban and 
indigenous forests resulting from surveillance and response 

programmes more than compensates for short-term 
inconveniences to the public from these processes. 

THE PRIMARY GOAL OF SURVEILLANCE 

This can be defined as detection of a new-to-New Zealand 

organism (e.g. an exotic insect, pathogen or unwanted 

genetically-modified organism) at a stage where: 

> the maximum range of management options, including 

eradication, is available; and 

> the possibility of eradication is maximised, whilst 

economic and social impacts are minimised. 

Obviously detection is a moving target that will depend on 

the biology of the target species and other factors. 

Detection of new pests when their populations cover a 

relatively small area (as opposed to detection at a stage 

where the organism is well dispersed) generally improves 

the feasibility and cost-benefit of eradication attempts. The 

returns on surveillance investment can be substantial. For 

instance, the estimated present value of the impact over 

the next 20 years of the fall webworm is between $19 and 

$83 million. 

Even surveillance resulting in no detections is valuable 

because it is a positive indicator to trading partners that 

regulated and notifiable pest species (e.g. pine pitch 

canker, gypsy moth) are not currently present in New 

Zealand. 

EVOLUTION OF PLANTATION FOREST 

SURVEILLANCE IN NEW ZEALAND 

Origins of Forest Surveillance 

Forest surveillance began in 1956 when the Forest Biology 

Survey began operating from Rotorua (Kershaw 1989). A 

focus on population surveys of various pests was replaced 

by an emphasis on new pest detections in the 1960s and 

development of detection and damage-assessment 

techniques. Port environs surveys, later to become high-risk 

site surveillance (HRSS), as well as small forest block (SFB) 

surveillance began in the 1970s. In 1982 aerial surveillance 

was introduced as a regular forest surveillance tool. The 

1980s also saw the creation of the Ministry of Forestry and 

introduction of the Carter model (Carter 1989; Bulman et 

al. 1999) by the FOA as a means of allocating surveillance 

effort (aerial, drive-through and walk-through) across the 

exotic plantation estate. The 1990s saw the introduction of 

pheromone trapping for gypsy moth (GM) and the 

transition of the Ministry of Forestry into MAF. Wood 

boring and bark beetle (WBBB) and DoC’s forest incursion 

detection programme (FIDP) were implemented early this 

century. MAF will become the lead agency for biosecurity 

in New Zealand in 2004. 

Present Surveillance Programmes 

High-risk Site Surveillance 

HRSS covers ‘risk’ areas where there is a high potential for 

new incursions resulting from the handling of containers, 

imported used cars etc. This was traditionally known as the 

port-environs survey because imported goods were 

historically handled on-site after unloading. As high-risk 

goods volumes have increased dramatically in the last 

decade (currently around 420,000 containers and 160,000 
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used Japanese cars annually) there has been a significant 

shift towards "inland ports", so HRSS has expanded to 

handle inland risk areas such as industrial sites or 

transitional facilities. Currently 76 high-risk sites receive 

between one and seven inspections annually. Recognised 

problems with HRSS have included lack of risk site 

identification and a technically valid means of determining 

inspection frequency. A current estimate would suggest 

that there are at least several hundred risk sites requiring 

inspection. The last 15 years has seen 25 insect and 40 

fungus detections made at high-risk sites. 

Small Forest Block Surveillance 

SFB surveillance provides coverage of small (< 100 ha) 

plantation forest blocks (primarily radiata pine), which are 

not encompassed by FOA exotic forest surveillance. A total 

of 256 one-hectare plots are inspected annually. No new 

pests have been detected through this programme. 

Gypsy Moth Surveillance 

Gypsy moth trapping was initiated in 1993 after continual 

border interceptions of viable Lymantria dispar egg masses. 

Supporting pest risk analyses and economic impact 

assessments indicated a need to provide this programme. 

Initially a pheromone providing dual capability to also 

detect nun moth (L. monacha) was used, but supplanted in 

favour of the more effective Gypsy moth-specific lure, 

disparlure. Risk sites where containers or used cars from 

high-risk areas such as Japan or the Russian Far East are 

handled are covered with a 750 metre trapping grid out to 

1.5 km from the site epicentre, with one baited trap per 

grid. Traps also cover buffer zones where there is a 

possibility of Gypsy moth larvae ballooning from ships to 

land at rest points or harbour entrances. Currently 1100 

traps are inspected fortnightly from November to April 

nationwide. This surveillance was responsible for the male 

gypsy moth detection in Hamilton in 2003. 

Wood Boring and Bark Beetle Surveillance 

WBBB surveillance utilises Lindgren traps (a vertical series 

of cups that has a silhouette like a tree trunk) and 

attractants to attract a wide range of beetles injurious to 

conifers (e.g. Pinus, Pseudotsuga, Cupressus). The impact 

of this pest group is not restricted to physical damage of 

hosts because of their capability to vector significant 

pathogens such as sapstain fungi, pine wilt nematode, 

Dutch elm disease and pine pitch canker. 

The first trapping season (2001/02) was used to confirm no 

new-to-New Zealand WBBB were established. Since then 

WBBB surveillance has moved from targeting risk sites such 

as ports or timber importing yards to monitoring stands of 

conifer species suitable for establishment of this insect 

group. This brings WBBB surveillance into line with other 

MAF proprams where the goal is effective detection of 

established pests, rather than intercepting beetles 

dispersing from ships. During the trapping season (1 

October to 30 April) up to four trap clusters are allocated 

to each risk site. 

It should be noted that specific pest surveillance has both 

strengths and weaknesses. Both Gypsy moth and WBBB 

programmes are relatively expensive to implement and 

operate, and for many high profile international pests such 

as the Asian longhorned beetle (Anoplophora glabripennis) 
no suitable lures (or bioassays in the case of pathogens) 

exist. However, where they can be implemented, such 

programs substantially improve ability to provide effective 

detection. Likely candidates for future specific pest 

surveillance include a range of Lymantriidae species and 

pine pitch canker (Fusarium circinatum). 

Passive Surveillance 

Passive surveillance is essentially the detection of 

introduced pests by means other than official surveillance 

programmes, such as by members of the public, tree 

professionals, or scientists. MAF encourages passive 

detection with a free-phone 0800 line (receiving tens of 

thousands of calls annually), the Protect New Zealand 

brand, by providing educational material to encourage new 

detections and alert the public to post-border incursions, by 

contracting suppliers to respond to public enquiries, and  

by funding identifications of suspect organisms. Passive 

surveillance detected fall webworm, the painted apple 

moth and white spotted tussock moth among many other 

organisms. 

Forest Owners Association Exotic Forest Surveillance 

The FOA operates an exotic forest surveillance programme 

funded by a voluntary levy from its members. An optimal 

combination of aerial, drive-through and walk-through 

surveillance is prescribed for each bioregion (Crosby et al. 

1976) using the Carter model (Carter 1989) to provide a 

calculable level of detection. As FOA surveillance covers 

only plantations larger than 100 hectares in size, it is 

complemented by MAF’s small forest block survey. Two 

insect and 31 fungus pests have been detected in forests in 

the past 15 years. 

DoC Forest Incursion Detection Programme 

The FIDP programme (also known as the First Night 

Campsite Survey) was initiated by DoC to assist in 

providing early detection of introduced pests (including 

weeds) that are potentially harmful to indigenous forests. 

The risk pathway was identified as ‘eco-tourists’ who are 

likely to utilise conservation sites such as parks and 

camping grounds. 

Tents, boots and other camping gear from overseas are 

known risk goods and are identified and cleaned by MAF 

staff on entry to New Zealand. There is a risk however, of 

equipment not being declared or checked, so any place 

where camping equipment is likely to be used for the first 

time in New Zealand is considered a risk site. Now in its 

third year, up to 68 campsites around New Zealand are 

subject to annual inspection. Although no new incursions 

have been reported, tourist movements have been 

associated with spreading unwanted weeds to isolated areas. 

THE FUTURE OF FOREST BIOSECURITY 

SURVEILLANCE 

Despite the fact that forest surveillance is provided by 

different organisations with the same goal (i.e. effective 

detection of new pest organisms), a national strategy using 

a "combined arms" approach has not yet been attempted. 

With limited surveillance resources available, there is a  

need for rationalisation of where and when surveillance 

occurs, and a co-ordinated approach for all programs (both 

governmental and industry) will be necessary. 

A weakness of the current system of forest surveillance is 

that, apart from FOA surveys using the Carter model, there 

is a distinct lack of technical data on detection probabilities 

per inspection, the effectiveness of different inspection 

techniques, or optimisation of surveillance resource 

allocation. In the 2000s, with billion-dollar estates at risk, it 

will be necessary to provide technically sound surveillance 

and address these weaknesses. 

Major changes have already been signalled for biosecurity 

reform in New Zealand and this will affect the function of 

forest biosecurity surveillance. It is unlikely that forest 

surveillance will be treated in isolation from other 

surveillance programmes; for instance there are obvious 

national benefits from incorporating plant and ant 

surveillance into HRSS because the risk sites targeted are 

not exclusive to forest pests. 

These factors, and the development of modern 

technologies (e.g. hyperspectral imagery) or alternative 

ideas (such as sentinel plantings around high-risk ports) 
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suggest forest biosecurity will look substantially different 

and perform better in the future. 

SUMMARY 

Forest surveillance in New Zealand has slowly evolved over 

the last 50 years but future change may be rapid and 

radical. Of the seven extant programs, few will survive 

unchanged in the next few years. 

There will be even more pressure on forest biosecurity 

surveillance in the future. Not only is MAF mandated with 

responsibility for the different forest estates, but the public 

and other stakeholders have increasingly higher 

expectations about the performance of New Zealand’s 

biosecurity systems. Unfortunately, as containers, used cars 

and other risk goods arrive in ever increasing volumes, 

there is increased opportunity for biological invasion. The 

task ahead is to combine and co-ordinate resources to 

provide a range of surveillance packages that achieve 

coverage of the different forestry estates, with the 

realisation that forestry cannot operate isolated from other 

national surveillance needs. This process is underway. 
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INCURSION 
RESPONSE 
M Ross – Ministry of Agriculture and Forestry, 
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INTRODUCTION 

As biosecurity incursions are unpredictable in terms of their 

timing, effects and costs, the Ministry of Agriculture and 

Forestry (MAF) has well-developed response mechanisms 

for rapid action. The probability of an incursion may be 

relatively low, but the consequences and costs can be 

large. Recent examples of forest pest responses include 

painted apple moth, gypsy moth and fall webworm. This 

article describes the procedures MAF adopts in response to 

an incursion. 

In all cases MAF Forest Biosecurity manages an initial 

incursion response in accordance with provisions of the 

Biosecurity Act 1993. For this purpose the Director General 

has appointed Chief Technical Officers (CTOs) under the 

Act with responsibilities for animal, plant and forest 

biosecurity. 

KEY RELATIONSHIPS 

MAF Forest Biosecurity has established agreements with 

key organisations and individuals which include: 

> Ministers; 

> the forest industry (including the New Zealand Forest 

Owners’ Association and the Farm Forestry Association); 

> Crown Research Institutes, universities and special 

advisors; 

> government departments and agencies; 

> local authorities; 

> the public; 

> trading partners; 

> primary production and other potentially affected 

industries; and 

> service providers. 

INITIAL RESPONSE PHASE 

MAF Forest Biosecurity will lead the initial phase of a 

response to a pest incursion. The activities in this phase are 

described as follows: 

Organism Identification and Likely Impacts 

MAF Forest Biosecurity maintains arrangements for the 

rapid diagnosis of suspect organisms and assessment of 

the likely impacts. 

Determining the Initial Level of Response and 

Establishing a Response Team 

The level of response can range from simply collecting 

information, providing key organisations and individuals 

with information about the occurrence of the incursion, 

through to commencing a full-scale containment, 

management or eradication programme. 

Containment, management or eradication is most likely 

where the CTO considers that sustained cost-effective 

action is likely to be possible, and the impact is expected to 

be of national significance. The actual level of response will 

depend on practicable response options. 

The CTO determines the initial level of response to an 

incursion of a forest pest with due regard to advice 

received from other CTOs; scientific, technical and other 

specialist advisors; and other key organisations and 

individuals. 

The CTO establishes an incursion response team to support 

and assist the CTO during the initial response phase. The 

team will contain scientific, technical, regulatory, policy, 

operational, legal, financial and communications expertise 

as appropriate. 

The CTO arranges for the prompt completion of an 

investigation into the means by which the organism was 

introduced to New Zealand. Where the findings of the 

investigation indicate that it is appropriate, the CTO 

arranges for border or other risk-management measures to 

be adjusted to mitigate the risks of further incursions. 
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Consulting With and Informing Key 

Organisations and Individuals 

As soon as possible after an incursion is confirmed, the 

CTO arranges for relevant Ministers and other CTOs to be 

informed of the incursion and steps taken to that point. 

Further information updates are made on a regular basis to 

ensure they are informed of progress. 

In formulating information releases, consideration is given 

to possible impacts on markets. 

Expert, Industry and Community Advice 

As far as practicable, the CTOs consult with experts and 

industry and community representatives in determining the 

initial level of response. 

For each incursion where containment, management or 

eradication are likely options, the CTO forms a technical 

advisory group to provide independent advice on scientific, 

operational and community issues. MAF staff provide 

information and support to the technical advisory group, 

but will not participate as members of the group. 

Conditions of engagement for members of technical and 

other advisory groups include commitments to work to 

terms of reference developed by the CTO. Advisory groups 

are encouraged to formulate advice through consensus, 

and to adhere to a policy of collective responsibility in 

relation to such advice. MAF Forest Biosecurity provides 

secretarial support. 

The terms of reference for an advisory group include 

providing advice on: 

> Actual and potential threats posed by a pest incursion. 

> Quality, completeness and utility of information to 

hand; further information required; and technology 

gaps that must be filled to enable response decisions to 

be made. 

> Initial response options, including commencing 

eradication, containment or management of the 

organism. 

> Potential impact of initial response options on longer- 

term response decisions. 

> Likely costs and benefits of response options. 

> Potential public health, environmental or other impacts 

of initial response action. 

> Development and distribution of public information. 

Delimiting and Environmental Survey 

The CTO arranges for the completion of a delimiting and 

environmental survey to confirm the distribution and 

abundance of the organism, and to gauge potential for its 

further spread. Attention is given to matters necessary to 

secure the cooperation of people directly affected by 

survey activities. 

Legal Instruments 

Before commencing direct management action it is 

necessary to confirm that powers are exercised under 

certain legal instruments. 

Examples of such instruments include: 

> An exemption authorised by the Minister for Biosecurity 

or exemption regulations under section 7A of the 

Biosecurity Act 1993 relating to Part III of the Resource 

Management Act 1991. 

> Authorisation by the Minister or Director General of 

Conservation under section 39(1)(d) of the 

Conservation Act 1987 for the introduction of any 

substance into any conservation area. 

>  Authorisation by the Minister of Conservation under 

section 51A of the Reserves Act 1977 for the release of 

a biological control organism into a reserve area. 

> Appointment of authorised persons. 

Commencing Any Eradication, Containment or 

Other Management Action 

If the nature of the organism warrants commencement of 

eradication action, and if eradication can be practically and 

cost-effectively achieved, MAF Forest Biosecurity may 

implement immediate eradication action. Such action may 

continue until further decisions have been taken on 

eradication or other appropriate longer-term action. 

If cost-effective eradication of the organism is unlikely, or 

there is uncertainty about whether eradication can be 

achieved, but the nature of the organism warrants 

containment or other management action (and it is 

practicable to do so) an immediate containment or 

management programme may be implemented. Such a 

programme may remain in place until decisions have been 

taken on eradication or other appropriate longer-term 

action. 

Completion of the Initial Response Phase 

The initial response phase is complete when the CTO is 

satisfied that one or more of the following applies: 

> No further response action by MAF is required or 

practicable. For example, where the pest has been 

eradicated, or initial action proves ineffective and there 

is no practicable alternative. 

> Sufficient arrangements are in place to sustain a level of 

response until decisions about a longer-term response 

are made. 

Programme Debrief 

At the completion of the initial response, the CTO will 

arrange for a debriefing to be carried out and recorded to 

aid in future decision-making. 

RESPONDING BEYOND THE INITIAL 

PHASE 

When determining arrangements (if any) for responding 

beyond the initial phase, it is necessary to reconsider the 

roles, responsibilities and interests of government, affected 

industries, communities and other parties. It may be 

appropriate for government resources to be applied 

through MAF Forest Biosecurity for ongoing response 

activities. 

Expert, Industry and Community Input 

In the longer-term context, the CTO arranges for expert, 

industry, community and other advice to complement MAF 

Biosecurity and other government capabilities. 

Organism Impact, Response Options and Cost- 

benefit Analyses 

Decisions about the preferred response options are based 

on an organism impact assessment, response options 

analysis and cost-benefit analysis. MAF has guidelines on 

the completion of such assessments and analyses. 

Response Options Analysis 

The CTO arranges for options for a longer-term response 

(e.g. no further action, containment, management or 

eradication) to be identified. 

For each option, explicit consideration is given to: 

> relative practicality and likelihood of success; 

> the nature and likely duration of response action; 
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> costs; and 

> likely impact on people, the environment and the 

economy. 

Cost-benefit Analysis 

The CTO arranges for the organism impact assessments 

and response options analysis to be brought together in a 

cost-benefit analysis. All technical and economic 

assumptions of the cost-benefit analysis are clearly 

identified and sensitivity analysis conducted with regard to 

key uncertainties. 

Subject to any time constraints and the availability or prior 

involvement of experts, the cost-benefit analysis is peer 

reviewed. 

Response Decision 

The CTO develops recommendations on preferred response 

options in light of the analysis described and other 

information and advice. 

The approval of Ministers is sought where: 

> The recommendations require new appropriations; or 

> Ministers may wish to make a collective decision (e.g. 

where the forest pest has the potential to cause adverse 

effects of national significance, or where preferred 

response options or proposed funding arrangements  

are likely to be controversial). 

Funding Arrangements 

Within the context of current government policy and 

procedures, and in consultation with others, the CTO 

arranges for the development of a preferred funding 

option including a rationale for allocating costs. 

In developing the option, consideration is given to the 

following matters: 

> The relative levels of public and private benefit likely to 

arise from eradication or management of the organism. 

> The ability of industries, communities or individuals to 

capture the private benefits of eradicating or managing 

the organism. 

> Whether there are industries, communities or 

individuals whose activities or inaction contribute to the 

creation, continuation, or exacerbation of the problems 

caused by the organism. 

> Costs and liabilities that may arise from legal 

requirements (e.g. compensation under section 162A of 

the Biosecurity Act 1993). 

> The ability and willingness of affected groups to pay 

any costs they may be allocated. 

> Mechanisms by which any costs allocated may be 

recovered. 

> Whether any unusual administrative problems or costs 

are expected in recovering the costs allocated. 

> Mechanisms that will ensure that costs are paid. 

Response Programme Specification and 

Implementation 

For all eradication programmes MAF establishes 

specifications to guide action and ensure effective delivery 

of response services. Specifications are developed for field 

activities, treatments, communications, budgets, and to 

assess risks and issues. As part of the process the key 

service provider is required to establish a control centre at 

or near to the response area. The service provider is to also 

provide key personnel such as a management 

representative, operations coordinator and primary 

diagnostic services. 

Monitoring and Review 

The CTO arranges for regular monitoring and reporting on 

progress against the objectives of the programme, and for 

adjustments to be made to the programme as necessary to 

ensure progress is maintained. The technical advisory group 

plays a critical role in making recommendations about 

programme adjustments. 

Documentary records are kept of all significant decisions 

and action taken in relation to the longer-term response to 

the incursion. 

At the completion of the response, the CTO will arrange 

for a debriefing to be carried out and recorded to aid in 

future  decision-making. 

TERMINATION OF RESPONSE 

The CTO decides when to terminate a forest pest response. 

Advice is sought from the technical advisory group, 

Ministers, biosecurity departments and individual experts. 

Termination may occur when an organism has been 

successfully eradicated or a management programme has 

been transferred to land owners. 
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ROLE OF THE 
NZFOA FOREST 
HEALTH 
COMMITTEE 
S Anderson – Carter Holt Harvey Forests, 
Albany 

INTRODUCTION 

The New Zealand Forest Owners’ Association (FOA) Forest 

Health Committee (the Committee) aims to ensure that 

industry, researchers and government identify, address, and 

fund relevant forest biosecurity issues. The Committee has 

a vital role in providing a collective industry voice, and 

serves as a point of contact for central government 

biosecurity agencies such as the Ministry of Agriculture and 

Forestry (MAF). 

Committee members are drawn from a range of 

commercial forest owners, with one member representing 

the Farm Forestry Association. 

COMMITTEE OBJECTIVES 

The Committee has five objectives: 

> To provide a forum to establish the industry position on 

forest biosecurity issues. 

> To address the risk of harmful foreign organisms by 

ensuring that industry is aware of potential threats and 

is involved in decision-making at the national level. 

> Ensuring member participation in forest health 

surveillance. 

> Ensuring industry responds to national pest 

management issues in a coordinated manner. 

> Ensuring forest biosecurity research is coordinated at 

the national level. 

These objectives are discussed below. 

1) Providing a Forum 

The Committee meets quarterly to confer on all matters 

relevant to forest biosecurity. MAF and Forest Research 

liaise with the committee in regard to current issues of 

national importance. 

Committee members also represent forest owners’ interests 

in other forums, such as: 

> The Forest Biosecurity Consultative Committee (FBCC) – 

run by MAF to update industry, the Department of 

Conservation, and non-government organisations in 

regard to forest biosecurity issues. 

> The annual FOA/MAF Forest Health Workshop – held 

since February 2002, providing a focal point for the 

wider forest health community to meet, review progress 

and plan actions for the following year. 

> The Forest Biosecurity Research Council (FBRC) – 

members discuss, monitor and set the direction of 

forest biosecurity research. 

> The New Zealand Forest Health Research Collaborative 

(FHRC) – members attend a bi-annual forum and vote 

on and monitor small-scale technology-transfer projects. 

> The Biosecurity Sector Operating Committee 

(Biosecurity SOC) – the training board that guides 

industry forest biosecurity training. 

2) Risk Assessment and Involvement in Decision 

Making 

The Committee represents a unified industry stance on a 

range of forest biosecurity issues. Pursuing plans to 

mitigate risks is an ongoing task, particularly as various 

threats become apparent or recede following changes in 

trading patterns or scientific breakthroughs. Periodic risk 

assessments are undertaken by the Committee to assist 

with prioritisation of high-risk issues (for example, Bain 

2004). 

There is a realisation across the sector that forest 

biosecurity is now more of an issue than at any other time 
in New Zealand’s history. A $9 billion estate, a $3.5 billion 

export trade, and the jobs of 25,000 people are at stake 

(NZFOA et al. 2003). There has been an influx of four 

serious moth pests over the past five years, and the 

interception of pitch canker fungus Fusarium circinatum in 

late 2003. During the same period, Government claims to 

have increased overall baseline biosecurity funding by more 
than $50 million per year (Sutton 2003), and has charged 

MAF with delivering a national biosecurity strategy 

(Biosecurity Council 2003). 

The Committee maintains its leadership role within the 

wider forest health community through active involvement 

in national decision-making. Examples of issues involving 

the Committee in 2003/04 are: 

>  eradication of Painted Apple Moth, Asian Gypsy Moth, 

Fall Web Worm and Gum Leaf Skeletoniser; 

> the National Biosecurity Strategy and subsequent 

restructure of MAF; 

> MAF’s development and revision of forest related import 

health standards; 

> MAF’s Forest biosecurity surveillance review; 

> pitch canker awareness and preparedness; 

> carbon credits and the Forest Industry Framework 

Agreement; 

> forest health monitoring systems; 

> Nectria fungus; and 

> nursery surveys. 

The sector has long recognised that collaboration is vital in 

ensuring that New Zealand’s forests remain healthy. 

Members from different companies and organisations work 

together on various assignments (for example, re- 

introducing nursery surveys, and producing educational 

material to raise awareness of pitch canker). 

3) Participation in Forest Health Surveillance 

With the demise of the Forest Service in 1987 and the 

advent of user pays, the FOA began to fund forest health 

surveillance along with the Government (Ministry of 

Forestry). The Carter Model was published in 1989, and 

has since driven the allocation of surveillance resources to 

the national plantation estate. Since 1991/92 the FOA has 

fully funded surveys undertaken within the plantation 

estate. Approximately 75% of the national plantation 
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estate is surveyed each year. The fragmented ownership of 

the remaining 25% of forest makes it difficult for the 

Committee to target such areas for surveillance. 

The aim of the survey has been to detect any new 

organisms that have established themselves within the 

estate. It is carried out to agreed quantifiable  

specifications, as set out in the Carter Model (Carter 1989), 

via an aerial and ground survey. Members are levied per 

hectare of forest owned. The breakdown of this levy is shown 

in Table 1. 
 

Component Cents/ha 

Aerial / ground survey (bioregion average) 49 

Diagnostics and database 23 

Forest Health Research Collaborative 5 

Forest Biosecurity Research Council 26 

Average 103 

Total annual hectares surveyed 

(approximate) 

 
1,200,000 

Total annual FOA surveillance 

expenditure (approximate) 

 
$1,236,000 

Table 1: FOA Detection Survey Levy 2004. 

MAF Forest Biosecurity has funded the surveillance of sites 

outside the exotic plantation forests, such as ports and 

transitional facilities and small forest blocks. This 

expenditure is shown in Table 2. 

 
Component $/annum 

Pest-specific 400,000 

High-risk and other surveillance 250,000 

Diagnostics 250,000 

Total (approximate) $900,000 

Table 2: Other MAF Surveillance Expenditure 2004. 

Given the potential damage to the economy from an 

incursion, and that the risk of such an incursion is greatest 

at the border (far greater than in the forest), the amount 

of money currently spent on high-risk site surveillance by 

government appears to be inadequate. 

A comprehensive review by MAF Forest Biosecurity of all 

forest surveillance was completed in 2003/04. The purpose 

of the review was to examine current methodologies and 

recommend a more effective program that meets the 

needs of all New Zealand forestry stakeholders (Murphy 

2004). To achieve this, the review examined the 

performance of all existing surveillance methodologies, 

commissioned an independent review of the Carter Model, 

and considered the inclusion of new techniques. The 

Committee has been consulting with MAF with the hope 

of producing an improved and integrated forest 

surveillance system. 

Forest owners also need to understand trends in forest 

health condition, and require objective data to assist with 

decision-making. Two types of condition surveys have been 

developed recently. They vary in their intensity and 

purpose. 

> The Carter Holt Harvey Viewpoint Condition Survey. 

This survey provides a report that alerts forest managers 

to any unusual forest health conditions. The forest 

health observer assesses canopy health scores at fixed 

points, whilst it concurrently completes the FOA 

Detection Survey. A wide area is covered at very low 

cost (Anderson & Hosking 2004). Approximately 15-20 

hectares are viewed per 500 hectares (~3% sample). 

> Forest Research’s permanent sample plot survey. This is 

a detailed assessment of specific forest health plots for 

a number of condition indicators, such as tree health, 

growth, and soil degradation. This type of survey aims 

to identify not only trends in forest health but also 

trends in site productivity. Around 20-30 trees are 

measured for every 1000 hectares (~0.01% sample). 

The Committee has sought funding (via the Forest Industry 

Framework Agreement) to further identify and develop a 

national condition-monitoring system. 

4) Coordinating Industry Response 

The Committee is a logical point of contact for external 

agencies, in providing a collective industry response to 

national pest management issues. 

Examples of national pest management issues include: 

>  fungi – Dothistroma control, Nectria control; 

> insects – management of Gum Leaf Skeletoniser; 

> noxious animals – Opossum control; and 

> noxious weeds – strategies to control Woolly 

Nightshade, Pampas etc. 

Often regional councils will require input from stakeholders 

during the formation of regional pest management 

strategies. 

As most pests will eventually spread if left unchecked, 

Committee members pool resources in order to minimise 

the impact of such pests upon the national estate. 

Research is one area where collective funding is particularly 

cost effective. 

5) Coordination of Research 

The Committee works with research providers and other 

agencies to develop and co-fund forest health research 

programmes. There are two main bodies that the 

Committee works with to meet the needs of industry. 

The Forest Biosecurity Research Council 

The Foundation for Research Science and Technology 

(FRST) is now the major funder of forest biosecurity 

research in New Zealand. FRST funding criteria dictate that 

significant industry co-funding is generally required. 

Recognising mounting biosecurity risks, industry increased 

its co-funding by several hundred thousand dollars in 

2003, thereby securing an increased level of FRST funding 

for the next five years. Working closely with research 

providers during this process, the Committee prioritised 

projects and endorsed final bids. A new body, the FBRC, 

was formed to specifically oversee the resultant research 

programme. Three Committee members sit on the FBRC 

board of eight. The FBRC will manage longer-term (2-5 

year) research projects, as opposed to the FHRC, which will 

maintain its short-term (1-2 year) technolgy-transfer focus. 

The New Zealand Forest Health Research 

Collaborative 

The FHRC was established in 1997. The Committee diverts 
approximately sixty thousand dollars of the surveillance levy 

to this body. The FHRC aims to encourage research 
providers to collaborate with industry on small technology- 

transfer projects. Given its modest funding, this 
collaborative has produced excellent results, for example, 

the popular ‘Field Guide to Pests and Disease of Radiata 
Pine’ (Chapman 1998) and ‘Exotic Pests and Diseases of 

Pine Not Wanted in New Zealand’ (Ridley 2003). 
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FUTURE PRIORITIES 

The Committee’s priorities in the short to medium term are 

as follows: 

> working with MAF and other stakeholders to produce 

an improved forest health surveillance system; 

> participation in MAF’s proposed pitch canker incursion 

simulation; 

> assisting with implementation of the FBRC; and 

> working with forest nurseries to re-introduce nursery 

surveys. 

REFERENCES 

ANDERSON, S.; HOSKING, G. 2004: Towards a National Forest 
Condition Monitoring Strategy. New Zealand Journal of Forestry, Vol 
49. 

BAIN, J. 2004: Potential Pathways for the Introduction of Organisms 
of Concern to New Zealand Forestry. New Zealand Forest Owners 
Association, Unpublished. 

BIOSECURITY COUNCIL, 2003: ‘Biosecurity Strategy for New 
Zealand’. Biosecurity Council. 

CARTER, P. 1989: Risk Assessment and Pest Detection Surveys for 
Exotic Pests and Diseases Which Threaten Commercial Forestry in 
New Zealand. New Zealand Journal of Forestry Science 19(2/3): 
353-74 

CHAPMAN, S. 1998: Field Guide to Pests and Disease of Radiata 
Pine. New Zealand Forest Research Institute Bulletin No. 207. 

MURPHY, B. 2004: The Status and Future Needs of Forest 
Biosecurity Surveillance in New Zealand. MAF – Unpublished. 

NZFOA, FIC, MAF, 2003: Facts and Figures, Joint Publication 
between New Zealand Forest Owners Association, New Zealand 
Ministry of Agriculture & Forestry and the New Zealand Forest 
Industries Council, Wellington. 

RIDLEY, 2003: Exotic Pests and Diseases of Pine Not Wanted in New 
Zealand. New Zealand Forest Research Institute Bulletin No.227. 

SUTTON, (Hon) J. 2003: Minister's Speech to Biosecurity 
Conference 3rd Oct 2003. Biosecurity Conference, Wellington. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

254  SECTION 10 – FOREST HEALTH AND PROTECTION 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

SECTION 11 
FORESTRY BUSINESS AND INVESTMENT 

11.1 Discounted Cash Flow Analysis – G P Horgan 256 

11.2 Useful Investment Formulae – H H Levack 260 

11.3 Accounting – A J Barnes 261 

11.4 Taxation – M A Blackburne & A J Ogle 264 

11.5 Valuation – B Manley 267 

11.6 Discount Rate – B Manley 268 

11.7 Insurance – B Mabey 270 

11.8 Forest Investment for Individuals – A J Ogle 272 

11.9 Valuation of Rural Land – J L Middleton 276 

11.10 Valuation of Forest Land – H Reynolds 278 

11.11 Forest Ownership Structures – A J Barnes 280 

11.12 Harvesting and Marketing of Timberlands – P Weblin 283 



 
DISCOUNTED CASH 
FLOW ANALYSIS 
G P Horgan – Ministry of Agriculture and 
Forestry, Rotorua 

INTRODUCTION 

Discounted cash flow (DCF) analysis is a tool that allows 

the individual to look at the value of a project, or 

determine the relative values of a number of projects with 

different cash flow profiles. It does this by taking the cash 

flow of a project through time and condensing it into a 

single lump-sum figure. 

As the technique’s name implies, the condensation 

technique involves a weighting of the various cash flow 

items rather than a simple summation. The weighting 

given to each item depends on where, in the life of the 

project, that item occurs. Weightings given to costs and/or 

benefits occurring early in a project’s life are greater than 

those given to more distant costs and benefits, through 

discounting. When DCF analysis is used as a basis to 

compare the relative worth of two or more projects, that 

comparison is made on the basis of the size of the lump- 

sum, with biggest being best. 

Although DCF, and the focus of this article, is with the 

direct monetary impacts of a project, the concept can be 

applied to more than just a monetary analysis. It can be 

extended to include costs and benefits that have not been 

monetarised, indirect effects, options and even existence 

values. 

ACCEPTABILITY OF DCF 

While most people accept DCF as an appropriate method 

for appraisal of long-term projects like forestry it needs to 

be appreciated that there are some, particularly those with 

strongly held views on sustainable development, who are 

not at all enamoured with the technique. A DCF analysis 

dealing only with the monetary aspects of a project may 

miss a number of important issues. Another major concern 

with any technique that uses discounting can be the 

perceived downplaying of the future and impacts a 

particular course of action may have (e.g. increased erosion 

owing to deforestation) or of the strategic interests of 

future generations. 

Discounting is basically a mechanical process and like any 

mechanical process DCF analysis can produce results that, 

while acceptable within the confines of the technique, are 

ethically or morally unacceptable to some. The benefit-cost 

methodology is a teleological approach. It can result in 

recommendations that will make future generations worse 

off compared with the present generation. All that is 

required for this is that the gains to the present are 

deemed to be greater than the costs to the future. A 

discussion of the problems raised by choice and ethics can 

be found in Pearce et al. (1991). 

The technique can be applied to a variety of problems, 

from choosing between afforestation or forest 

management regimes, through to helping determine the 

optimal cutting strategy for a tree crop, or deciding 

whether it is better to buy or hire machinery. This article is 

but a brief introduction to DCF analysis and its application 

to forestry. 

 
 

BASIC PRINCIPLES 

Throughout, a number of simplified examples are included 

to illustrate the principles of DCF analysis. These examples 

ignore a number of real-life considerations such as 

taxation. However, making the examples more detailed 

would only complicate the analysis and deflect attention 

from the principles the examples are intended to illustrate. 

Moreover, an example relevant to someone on the lowest 

tax rate (19.5%) would not necessarily be relevant to a 

person on the highest tax rate (39%). 

Discounted Cash Flow Analysis 

The essential feature of DCF analysis is that it assesses 

project worth by taking account of the timing and 

magnitude of the components of the cash flow projection. 

A key assumption is that money in hand today is worth 

more than the same sum in the future. A simple rationale 

for this assumption is provided by the fact that money held 

now can be invested to produce a greater sum in the 

future. For example, $100 in hand now invested at 6% per 

annum now will grow to $106 a year from now, $112.36 

in two years, $150.36 in seven years or $574.35 if invested 

for 30 years. The calculated future value of money at a 

given interest rate is the compounded value and the 

process of calculation is compounding. In this example the 

investor exchanges $100 now for $112.36 in two years’ 

time, or $574.35 in 30 years’ time. Conversely, for 

someone using a 6% per annum discount rate, a promised 

$112.36 in two years’ time is equivalent to $100 in the 

hand now. The current or present equivalent of a future 

sum at a particular discount rate is referred to as the 

present value of that sum. 

If the discount rate had been set at 10% instead of 6% in 

the example given, the $100 now will have grown to $121 

in 2 years time, $194.87 in 7 years and $1,744.94 in 30 

years. If one was using a 10% discount rate instead of 6%, 

it would be $121, $194.87 and $1,744.94 that would     

be required in years 2, 7 and 30 respectively to produce a 

present (year 0) value of $100. 

The summed present value (PV) of a series of cash flow 

items is referred to as the net present value (NPV) and is 

the algebraic sum of the PV of individual cash flow items. 

In the last example above the total series of payments in 

years 0,2,7 and 30 will have an NPV (at 10%) of $400.00. 

From the discussion and the examples it can be seen that 

in DCF analysis a premium is placed on money in the hand 

now. This premium, or rate of exchange for converting 

future value to present value, is referred to as the discount 

rate (in the above examples either 6% or 10% per 

annum). The process of conversion is discounting and it is 

the reverse of compounding. Typically the time period used 

in most DCF analysis is a calendar year but analysis can be 

done on any suitable time period – day, week, month, 

quarter, or year. Most analyses also contain an unstated 

assumption that all items in any time period occur at 

exactly the same moment in time and that this is (typically) 

at the beginning, mid-point or end of the time period. 

Calculation and Interpretation of Present Value 

The procedure for calculating the NPV of a cash flow is 

outlined above and in more detail in Example 1. Discount 

factors are shown in Table 1. 
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Example 1 

Calculate the NPV at a 10% discount rate of the cash flow 

associated with a single hectare woodlot investment 

outlined below. 

Year 0 1 2 30 

Cash flow ($) -1,000 -1,000 -200 +40,000 

NPV at 10% is: 

-$1,000+(-$1000* 0.9091)+(-$200* 0.826)+($40,000* 0.057) 

=  -$1,000 – $909.10 – $165.20 +$2,280 

= +$205.70 

In this example the NPV is positive (the PV of revenue 

exceeds the PV of costs by $205.70. However, had the 

discount rate been 12%, the NPV would be a negative (- 

$717.18). 

 
COMPOUND INTEREST FACTORS 

The value after n years of an initial value of 1. 

The general rule of project evaluation is that one accepts a 

project if the NPV is positive at the predetermined discount 

rate and rejects it if the NPV is negative. When a number 

of competing alternatives are being evaluated it is the 

project with the highest NPV, at the given discount rate, 

that is the best proposition. 

Land expectation value (LEV) is a variant on NPV analysis 

that is sometimes encountered in forestry. The LEV is the 

maximum price that one can pay for land while earning a 

predetermined rate of return. In the above example, if it is 

assumed the cash flow contains no land rental element 

with a requirement to earn 10%, the maximum that could 

be paid for all the land involved in the investment would 

be $205.70/ha. That sum would be the LEV for the land 

used in this example. (Had the test discount rate been 5% 

instead of 10% the LEV for the hectare of land used would 

be $7,121.31, while at 12% someone would have to pay 

the land user $717 for using the land!). 

 

n 3% 

years 

5% 6% 7% 8% 9% 10% 12% 15% 

1 1.030 1.050 1.060 1.070 1.080 1.090 1.100 1.120 1.150 

2 1.061 1.103 1.124 1.145 1.166 1.188 1.210 1.254 1.323 

3 1.093 1.158 1.191 1.225 1.260 1.295 1.331 1.405 1.521 

4 1.126 1.216 1.263 1.311 1.631 1.412 1.464 1.574 1.749 

5 1.160 1.276 1.338 1.403 1.470 1.539 1.611 1.762 2.011 

6 1.194 1.340 1.419 1.501 1.587 1.677 1.772 1.974 2.313 

7 1.230 1.407 1.504 1.606 1.714 1.828 1.949 2.211 2.660 

8 1.267 1.478 1.594 1.718 1.851 1.993 2.144 2.476 30.59 

9 1.305 1.551 1.690 1.839 1.999 2.172 2.358 2.773 3.518 

10 1.344 1.629 1.791 1.967 2.159 2.367 2.594 3.106 4.046 

20 1.806 2.653 3.207 3.870 4.661 5.604 6.728 9.646 16.367 

30 2.427 4.332 5.744 7.612 10.063 13.268 17.450 29.960 66.212 

40 3.262 7.040 10.286 14.975 21.725 31.409 45.261 93.051 267.860 

50 4.384 11.467 18.420 29.459 46.903 74.358 117.393 289.000 1082.548 

60 5.892 18.679 32.988 57.948 101.261 176.030 304.494 897.600 4379.988 

70 7.918 30.426 59.077 113.993 218.615 416.730 789.788 2787.946 17729.433 

80 10.641 49.561 105.799 224.244 417.976 986.550 2048.519 8659.359 71700.918 

90 14.301 80.730 189.470 441.123 1018.965 2335.164 5313.366 26895.969 290101.915 

100 19.219 131.501 339.313 867.760 2199.884 5527.333 13781.614 83538.880 1173752.349 

120 34.711 348.912 1088.288 3357.992 10253.679 30975.174 92717.021 805816.036 19210804.670 
 

DISCOUNT FACTORS 

The present worth of a final value of 1 after n years. 
 

n years 3% 5% 6% 7% 8% 9% 10% 12% 15% 

1 0.971 0.952 0.943 0.935 0.926 0.917 0.909 0.893 0.870 

2 0.943 0.907 0.890 0.874 0.857 0.842 0.826 0.797 0.756 

3 0.915 0.864 0.840 0.816 0.794 0.772 0.751 0.712 0.658 

4 0.889 0.823 0.792 0.763 0.735 0.708 0.683 0.636 0.572 

5 0.863 0.784 0.747 0.713 0.681 0.650 0.621 0.567 0.497 

6 0.838 0.746 0.705 0.666 0.630 0.596 0.565 0.507 0.432 

7 0.813 0.711 0.665 0.623 0.584 0.547 0.513 0.452 0.376 

8 0.789 0.677 0.627 0.582 0.540 0.502 0.467 0.404 0.327 

9 0.766 0.645 0.592 0.544 0.500 0.460 0.424 0.361 0.284 

10 0.744 0.614 0.558 0.508 0.463 0.422 0.386 0.322 0.247 

20 0.554 0.377 0.312 0.258 0.215 0.178 0.149 0.104 0.061 

30 0.412 0.231 0.174 0.131 0.099 0.075 0.057 0.033 0.015 

40 0.307 0.142 0.092 0.067 0.046 0.032 0.022 0.011 0.004 

50 0.228 0.087 0.054 0.034 0.021 0.013 0.009 0.003 0.000 

60 0.170 0.054 0.030 0.017 0.010 0.005 0.003 0.001 0.000 

70 0.126 0.033 0.017 0.009 0.005 0.002 0.001 0.000 0.000 

80 0.094 0.020 0.010 0.005 0.002 0.001 0.001 0.000 0.000 

90 0.070 0.012 0.005 0.003 0.001 0.000 0.000 0.000 0.000 

100 0.052 0.008 0.003 0.001 0.001 0.000 0.000 0.000 0.000 

120 0.029 0.003 0.001 0.000 0.000 0.000 0.000 0.000 0.000 

Table 1:  Compound Interest and Compound Discount Tables (Handy for checking that your electronically computed answers are about right). 
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LEV is not the market price for land. It is simply what the 

particular investment being analysed can afford to pay for 

land if all the assumptions and requirements (excluding any 

relating to the land) set out in the cash flow analysis hold 

true. Compared with market price, the LEV is more a 

yardstick to judge whether a particular piece of land might 

profitably be employed in the proposed investment. It is 

simply a measure of the maximum worth of land to the 

particular investor and investment, which is usually 

different from the market price. What one might need to 

pay to purchase a particular piece of land is not necessarily 

the same as the worth of that land in terms of its value as 

a substrate to produce a crop of trees. 

Choice of Discount Rate 

The choice of discount rate, as the examples clearly show, 

is important. As Example 1 shows, different discount rates 

can produce very different outcomes from the analysis. In 

that example the project was viable at 10% but not if the 

discount rate is 12%. How does one choose an 

appropriate discount rate? 

The position usually taken is that the discount rate should 

be set at the opportunity cost of the capital being used. 

That is, at what has to be given up by using capital in this 

way rather than in the best way elsewhere. Despite 

widespread agreement that opportunity cost is an 

appropriate way of selecting the discount rate, there can 

still be significant debate about what the actual number to 

be used should be. As an observer of market interest rates 

will discover, there is usually not just a single market 

interest rate but a myriad of rates. Selecting the "right" 

one from among the various rates on offer is difficult. 

Two of the simpler and commonly employed ways of 

selecting a discount rate are: cost-of-borrowing and the 

rate of return on alternative investments. 

Cost of borrowing 

If the money to be used to fund a project has to be 

borrowed at an interest rate of x% per annum then this 

provides a floor to the discount rate. With the investment 

money borrowed at x% the project must be capable of 

earning x% otherwise the NPV of the project will be 

negative. That means the investor would start off  

expecting to lose by investing. Why would anyone do that? 

A positive NPV with the discount rate set at x% means an 

expectation of the project covering its costs (including that 

of borrowing) and having something over for profit. A 

negative NPV suggests the prospective investor would be 

better off not proceeding with the project, while a zero 

NPV means the project earns exactly x%. 

Return on alternative investments 

This idea is similar to the previous one except, instead of 

using the cost of borrowed money as the discount rate,  

the investor uses the return that it expects to obtain on 

money if it were used elsewhere as the discount rate. At its 

simplest this discount rate would be the rate of return an 

investor could get on money put into an appropriate 

interest-bearing bank account. 

In some analyses these two, borrowing and equity rates, 

are combined together to provide a weighted average cost 

of capital (WACC), the weighting given to debt and equity 

reflecting the mix of the two – borrowings and own capital 

– that the investor deems to be appropriate for the 

particular investment. Adjustments may also be made to 

reflect a pre- or post-tax environment or to convert 

nominal rates of return into a real discount rate (see 

"Inflation" below). Some analysts also have picked up on 

modern portfolio theory and use models such as the 

Capital Asset Pricing Model (CAPM) in an attempt to 

provide an appropriate risk-adjusted discount rate. 

The CAPM model assumes an investor has a number of 

other investments (a portfolio). The required return on any 

new investment depends both on the risk-free rate of 

return – typically taken as the Government bond rate – 

and the statistical relationship between returns on the 

portfolio and the specific investment being considered for 

inclusion in it. A detailed description of the CAPM model 

can be found in any modern text on corporate finance, 

e.g. Brealey & Myers (1981), while a forestry perspective on 

the use of CAPM is provided by authors such as Mills 

(1988) and Zinkhan et al. (1992). 

Internal Rate of Return (IRR) 

This is the discount rate at which the NPV is zero. That is, 

the rate at which discounted costs equal discounted 

revenue. In Figure 1 the NPV of a project is graphed 

against discount rate for rates between 7% and 10%. In 

this figure the graphed NPV cuts the x-axis at 9.5% and 

this is the project’s IRR. An investor in the project outlined 

in Figure 1 could pay up to 9.5% interest on all money 

invested before the project NPV falls to zero. Borrowing at 

rates higher than 9.5% results in a negative NPV, and a 

loss. In general, when the IRR is used in determining 

project acceptability, projects with an IRR greater than 

some predetermined level – say 8% – are accepted; those 

with IRRs below this level are rejected. Where a number of 

alternatives are being assessed, the project with the 

highest IRR is generally deemed to be the most attractive. 
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Figure 1: Estimation of IRR. 

There are a number of dangers in using IRR as the decision 

criterion. The IRR gives no indication of the size of the 

project, nor of dollar returns (profitability) of an investment 

at discount rates below the IRR. When comparing two 

options the investment with a lower IRR may be more 

attractive (in terms of profitability at discount rates below 

this) than the investment with a higher IRR. Generally NPV 

is a better and more acceptable criterion for decision 

making. NPV is a direct indicator of the worth of a project; 

knowing a project’s IRR adds some information and may 

give a feel for the "risk" associated with a particular 

investment but it does not give direct information about 

profitability. 

A problem sometimes encountered is the existence of more 

than one IRR for a project. This will happen where a 

project's cash flows change sign more than once, i.e. from 

negative to positive, and so on. In single-rotation woodlot 

analyses cash flows will usually change signs only once – at 

the time of clearfelling – and this problem will not be 

encountered. 

Cost of Growing or Break-even Stumpage 

Another criterion sometimes encountered in forestry is the 

cost of growing or break-even stumpage. As the name 

implies this is the estimated cost of producing a cubic 
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metre of wood at a particular discount rate. It is the 

stumpage price required for a project to break even – have 

an NPV of zero – at a given discount rate. At any given 

discount rate, cost of growing is equal to the break-even 

stumpage. The concept is best illustrated by an example. 

Example 2 

Consider a forestry project with a projected merchantable 

volume of 500 m3 in 30 years’ time but which requires an 

investment of $100 now and a further $50 in one year's 

time. How much will the investor need to sell the wood for 

in order to make a 10% return? 

The solution to this problem is obtained by finding the 

stumpage value for which cost of growing exactly equals 

the discounted revenue at a 10% discount rate. If $Y/m3 is 

the required stumpage, then the total income in year 30 

will be $Y/m3 * 500 (since the projected merchantable 

volume is 500 m3). From the factors in Table 1 the 

discounted present value at 10% of a dollar 30 years 

hence is 0.057. Thus in this case the present value of 

stumpage is $500Y * 0.057 or $28.5Y. The present value 

of the costs (at 10%) equals $100 *1.000 plus $50*0.909, 

which comes to $145.45. The break-even stumpage is 

found by calculating the value of Y for which discounted 

revenue exactly equals the discounted costs, by solving the 

equation 28.5Y = 145.45; Y is therefore $5.10/m3. 

In this example the cost of growing and break-even 

stumpage at 10% is $5.10/m3. For many people a break- 

even stumpage can be useful information as it provides a 

better feel for a project than an NPV or IRR – even though 

effectively it is the income per unit of output required to 

make the discount rate being used the project IRR. A 

break-even stumpage is a yardstick that may be compared 

directly with current prices. If the calculated cost of 

growing wood in a project is less than current stumpage 

then, prima facie, the project is worthwhile. However, if 

the break-even cost is greater than current stumpage then 

the project will not be so attractive. 

Inflation 

With long-lived projects such as the 20 to 30 years typically 

required to grow a commercial tree crop there is always a 

question of the impact of changing prices and inflation. 

Economists define inflation as a persistent and generalised 

increase in all prices, which leaves the relative prices of 

various goods unchanged. Thus if harvesting costs are 20c 

per m3 and wood sells for $1 per m3 and inflation results in 

the wood price rising to $100 per m3  one would predict 

that inflation would increase harvest costs from $0.20 to 

$20 per m3 – i.e. because inflation has increased wood 

costs 100-fold it will increase harvest costs 100-fold too. In 

both cases the relative exchange rate between wood and 

harvest services is five to one. If inflationary price changes 

are the only ones expected the relative profitability of 

projects will be correctly indicated by an assumption of 

constant costs and prices. Thus the usual practice in DCF 

analysis is to freeze financial data in present-day values. 

This is equivalent to assuming that, in the long term, 

inflation will affect costs and prices in the same way and 

that all costs and prices will inflate at the same rate. 

However if, in addition to inflation, some cost or price is 

expected to change faster than the change in the general 

price level, i.e. to exhibit a real change, then that change, 

with an explanation and justification for it, should be 

incorporated in the analysis. If, longer-term, real prices are 

expected to increase, assuming they remain constant will 

result in an underestimation of the actual profitability of a 

long-life project. The reverse of course is the case if costs 

are expected to move ahead of prices. In most cases the 

difficulty is that of providing a compelling reason for 

suggesting that it will be costs or returns which will move 

ahead of the other. However, the goal is to give as 

accurate a reflection of a project as possible. 

Uncertainty and the Use of Sensitivity Analysis 

The long-term nature of most forestry projects poses an 

additional challenge, as one has to take into account 

events occurring far in the future. Any project faces the 

twin perils of risk – the possibility of loss from a known 

cause for which the probabilities of occurrence are either 

known or accepted – and uncertainty. Risk and risky events 

can be handled within the analysis by appropriate 

adjustments to either the costs or returns associated with 

the risky events – to turn them into certainty equivalents. 

But this option is not available in the case of uncertainty 

because that concept relates to possibilities that have not 

been considered or for which there are no agreed or 

accepted probabilities of occurrence. Notwithstanding the 

problems this may create, the analyst is still expected to 

produce meaningful results for the decision-maker. 

Stating results as single-valued estimates provides no 

indication of the characteristics of other possible results. 

The obvious reaction to the statement of results in the 

form "the NPV is X" is to pose the question: "But what 

happens if ...?" What, for example, happens if 

establishment costs are higher than expected, or if actual 

stumpage is only half that projected? Such questions can 

be viewed as the first step towards a sensitivity analysis of 

results. A sensitivity analysis is also possibly the most 

sensible way to handle uncertainty. 

In many situations sensitivity analysis may show outcomes 

are relatively unaffected by quite large variations in some 

data. However, the first step in any true sensitivity analysis 

is the identification of the physical and financial elements 

that have the greatest effect on results. The next step is a 

realistic examination of the range these key variables could 

span and therefore how much the results could vary from 

the best point estimate. 

CONCLUSIONS 

DCF analysis is a tool for systematically looking at the 

issues surrounding possible actions and helping tease out 

the impact of these in a particular defined context. In a 

project evaluation context it is an aid to decision-making, 

not a substitute for it. DCF analysis though is clearly 

superior to other less rigorous approaches to project 

evaluation. But in the final analysis it is only a decision- 

making aid and like any aid it requires sound data to give 

good results. 
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Formula   Examples 

1. Compound single payment 

Finds the future value (Vn) in n years 

of a present payment or value (Vo) 

which may be a cost or income, 

compounded annually for n years 

at the interest rate i. 

 
Vn=Vo (1+ i)n

 

 
Find the value of a present 

investment of $20 

compounded for 30 years 

at an interest rate of 6% 

Present  i, the Years Future 

value interest   30 value 

$20 rate* $114.87 

0.06 

2. Discount single payment  
Vo=Vn 1 

 
Find the present value of a 

Present 0.06 Years Future 
Finds the present value now (Vo) of value 30 value 

a future payment or value in n years (1+ i )n
 future sale of timber for $261.17 $1500 

(Vn), which may be a cost or income, $1500 to be made 30 

discounted annually for n years at years from now, using a 

the interest rate i. discount rate of 6% 

3. Compounded periodic payment 

(or land expectation value) 

Finds the value now (Vo) of a periodic 

payment of value (V), either a cost or 

an income, made now, n years from 

now, and every n years thereafter. 

Commonly used to determine the 

value of an unending series of 

rotations (the land expectation 

value Vo) when the present net 

value for one rotation (V) is known. 

 

 
Vo=V  (1+ i )n

 

(1+ i )n-1 

 

 
Find the present net value 

of a timber growing 

investment for an unending 

sequence of rotations (the 

land expectation value), 

when the present net value 

for one 30 year rotation is 

$500/ha 

Present 0.06 

value 

$605.41 

Years Future 

30 value 

$500 

4. Discounted periodic payment 

Finds the value now (Vo) of a periodic 

payment or value (Vn) n years from 

now and every n years thereafter. 

 
Vo=Vn 1 

(1+ i )n-1 

 
Find the present value of 

future incomes from an 

unending series of timber 

sales of $600/ha at the end 

of 30 year rotations, the 

first income to be obtained 

30 years from now, with a 

6% interest rate 

Present 0.06 

value 

$126.49 

Years Future 

30 periodic 

income 

$600 

5. Compounded  annual payment 

Finds the future value (Vn) in n years 

of an annual payment (a) for n years. 

  
Find the accumulated per 

hectare cost at the end of 

a 30 year rotation of an 

annual payment of $0.50 

per hectare for 

administrative expenses, 

with an interest rate of 6% 

Annual  0.06 

cost 

$0.50 

Years  Accumulated 

30     future value 

of an annual 

payment 

$39.53 

Vn = a (1+ i )n-1 
i  

 

6. Discounted annual payment 

To find the present value (Vo) of an 

annual payment (a) for n years. 

 
Vo = a (1+ i )n-1 

i(1+ i )n
 

 
Find the accumulated value 

now of an anticipated 

series of annual payments 

for administration over the 

next 30 years of $0.50/ha, 

using a 6% interest rate 

Accumulated 

present 0.06 

value 

$6.88 

Years  Annual 

30 Cost 

$0.50 

7. Capital recovery 

Determines the annual payment (a) 

which in n years will amount to the 

original investment (Vo) plus interest 

at rate i. 

 
a=Vo   i(1+ i )n

 

(1+ i )n-1 

 
Find how much should be 

charged annually for the 

use of equipment so as to 

recover the original 

purchase price $1000 plus 

interest at 6% by the end 

of a 30 year period 

Original 0.06 

investment 

$1000 

Years Annual 

30 payment 

$72.65 
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8. Sinking fund 

Determines the annual payment (a) 

which will accumulate with interest 

to the required investment (Vo) in n 

years. 

 
a=Vo 

 
i  

(1+ i )n-1 

 
Find how much should be 

set aside annually to 

provide for replacement 

of a $20,000 truck at the 

end of 5 years, the annual 

payments earning 7% 

compound interest 

New 0.07 

truck 

value 

$20,000 

Years 

5 

Annual 

payment 

$3477.81 

*expressed as a decimal value of 1. 

 

 
 
 

 

ACCOUNTING 
A J Barnes – Forestry Consultant, Rotorua 

THE GENERAL ACCOUNTING 

FRAMEWORK 

Forest accounting can serve the short-term needs of a 

business, those of paying the bills, gathering in the money 

for goods provided and ensuring that the business is able 

to pay its way. This "cash book" accounting can proceed 

on an arithmetic base aided perhaps by a double entry 

system to ensure that individual records are consistent with 

each other. 

If more sophisticated and long term information dealing 

with non cash items and value allocations through time 

and categories of assets is required, further conceptual 

underpinning is required. Many of the postulates and 

concepts of cash book accounting and the accounting 

treatments are empirically obvious. However, some 

knowledge of the concepts as developed by accountants is 

desirable for longer term accounts, as it easy to violate a 

core concept and arrive at inconsistent, uncontrolled and 

therefore ultimately useless, accounting. The following is a 

short listing of some major accounting postulates and 

concepts with further comment on their application to 

forestry accounts. 

Postulates 

All resources used by an accounting entity and the 
economic results achieved from their use are measured and 
reported in terms of a common unit of currency. This 

necessary process of homogenisation by the use of reliable 
unit prices across forest operations, forest growth, logs 
produced and land used, in order to produce useful 
information to repeatable and defensible standards, poses 
many problems to the forestry accountant. 

Market-based prices recorded by past transactions or 
expected in future transactions are the basis of accounting 
data. The "objectivity" of the market may not be found for 

a young forest in a remote location with the first harvest 
scheduled 20 years out. 

Reports must be made for a specified time period; 
consistency of approach between periods is assumed. Time 

period implies a cut-off between periods. There is no 
natural time cycle in forestry short enough to be suitable, 
or a convenient unit counting system, by which a cut-off 
can be made. 

Consistent units of measure (currency and physical) are 
adopted throughout. A forestry account may attempt to 

articulate 1974-based $NZ costs with 2004 $US export 
returns. 

Accounting reports should disclose that which is necessary 
to make them not misleading. Although no accounting 

report can tell the whole story about a forest or any other 

entity and should not be regarded as "complete truth", it 
should be able to be regarded as being "fair" and to cover 
"all the material factors". 

The subject of the report is assumed to be in a continuous 
state of operation and able to so proceed in the future. 
Values of production and capital assets are set in liquid 

markets. Illiquid and terminating businesses cannot operate 

in these markets. 

Basic Concepts and Techniques 

Separation of Capital and Revenue. 

"Income is the amount that can be consumed without 

encroaching on capital". This is a fundamental concept of 

accounting. The wealth accrued to an entity in an 

accounting period should be calculated as a residual after 
the capital has been maintained. The techniques for 

carrying out this calculation are affected by the money 

system itself (e.g. inflation) and the technical characteristics 
of the capital assets involved (e.g. allocation of past capital 

 
 
 

 

SECTION 11 – FORESTRY BUSINESS AND INVESTMENT  261 

SECTION 11.3 



costs to period income by "depreciation"). The challenges 

of carrying out this calculation for a forest are discussed 

following. 

Conservatism 

Because accounting reports are not "complete truth" and 

contain approximations (although the data may be reliable 

and consistent), accounting should report the lowest of a 

choice of asset values and the highest of the possible 

values for liabilities and expenses. Expenses should be 

recognised sooner rather than later, and revenues later 

rather than sooner. Forestry asset values and future 

liabilities should be conservatively stated and may not 

therefore represent current market values. 

Matching 

A basic concept in calculating revenue is to match 

particular costs to the revenue arising from the sale of a 

particular product and thereby calculate the profit. The 

concept is manifested in rules for stock and finished 

inventory holding and valuation (FIFO, LIFO, batch costing, 

stand depletion in forestry). 

Taxation – A separate task 

Although taxation on enterprises is usually held out to be 

the taxation of profit, the statutory rules and treatments 

usually make the calculation of taxable profit an entirely 

different exercise from the calculation of accounting profit. 

Tax compliance is however the preoccupation of some 

(generally small size) accounting entities. Taxability is 

generally calculated by adjusting the accounting records. 

Forest tax effects can last the life of the crop and the tax 

records can be as complex as the accounts themselves. Tax 

paid and provided for annually is however a component of 

core accounting entries. 

THE FOREST ACCOUNTING FRAMEWORK 

Many forestry writings have commented on the 

(apparently) peculiar characteristics of a forest economic 

enterprise and how poorly it fits the usual accounting 

model and its postulates and concepts. An inventory of 

these characteristics (which are somewhat interrelated), 

together with comments follows. 

The forest (land plus trees) is both the capital of the 
enterprise and contains the profit (standing growth and 
value increment) for long periods. This poses problems in 

the definition and measurement of capital and profit year 
by year. 

Although tree capital may be exhausted, land capital is 

exhausted only in atypical circumstances. A usual and 

reasonable accounting convention is to allocate a cost of 

capital to (annual) revenue by depreciation. Land is a large 

part of forest capital – how is its cost to be allocated to 

periodic production? Is the cost of land ownership really 

nothing if the land neither exhausts or devalues? What 

about interest on land "invested" in capital forest 

development? 

Annual forest outputs do not bear an approximately 

constant relationship to annual inputs. The usual form of 

production business uses approximately equal physical 

inputs to produce approximately equal physical outputs of 
goods. Forest outputs may be difficult to measure owing to 

the previously noted characteristic, but it is also empirically 

observable that the major inputs to a forestry enterprise  

are at the youngest forest ages when the goods output 

may well be nil. 

Forests take inputs and develop their outputs over a long 
time cycle. This may have several effects: a) the actual 

output may be quite different from the intended output in 

form, market and total value; b) the "common unit of 
currency" may be affected by currency inflation or 
exchange rate variation; and c) owners and other 

stakeholders may change through that time and/or their 

interests with regard to the forest may change. 

Not all forest produce comes from forestry businesses 
intended for, or capable of, continuous production. Most 

produced goods result from continuous or seasonal 
(agricultural) production where a reasonable matching of 

cost and output is possible. At some level "commercial" 

forests have to compete with the intermittent by-products 
of recreation, land clearing, political expedience and 

natural disaster. 

Forests are often subject to subsidy (overt and hidden) and 
anomalous taxation treatments. Book costs entered in 

accounts may not be true costs. 

Annual interest charges over the time scale of forest 
development are really part of the forest capitalisation 
process. The test should be "Is the interest cost 

represented by the development of capital value?". 

In truth most businesses have accounting peculiarities but 

the forestry business seems to contain more than most. 

INVENTORY OF FOREST ACCOUNTING 

APPROACHES 

Note: the examples given are intended to show the 

approaches in a condensed and comparative way. The 

examples do not purport to show statements in 

compliance with current accounting standards. 

"Tax Books" Approach 

This is a simple method adopted for many small forests. In 

brief the accounts are a running cash and tax deduction 

record. The "Book Value" of the forest is a residual of the 

first acquisition cost after arriving at a taxable profit by 

writing off all tax-deductible costs. This "Book Value" will 

bear very little relationship to the market value of the  

forest – although it generally has the merit of extreme 

conservatism. No tax records are necessary. The Statement 

of Financial Position records the historic forest cost (but not 

the subsequent forest "capitalisation" expenditure) and its 

subsequent write-off to felling. The Statement of Financial 

Performance records the annual tax claim/tax paid position. 

 
 

STATEMENT OF FINANCIAL PERFORMANCE 

– Year ended 31 Dec. 2003 

Sales 1,000,000 
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Logging and sales costs  700,000 

Depletion "cost of bush"  50,000 

Gross Stumpage (Taxable)  250,000 

Afforestation costs   
Planting 25,000  
Treatment 100,000  
Maintenance 10,000  
Forest overheads 5,000  
Corporate overheads 2,000  
Total Costs (Tax deductible) 

NB NO planting costs in 2002 
 142,000 

Earnings Before Taxation  108,000 

Loss brought forward 

(say = previous planting/ tending 

 
losses) 

0 

Taxable Earnings  108,000 

Taxation at 0.33c  35,640 

Earnings after Taxation  72,360 

 



STATEMENT OF FINANCIAL POSITION STATEMENT OF FINANCIAL POSITION 

 

 As at 31/12/03 As at 31/12/02 As at 31/12/03 As at 31/12/02 

Cash (net cashflow) 122,360  Cash (net cashflow) 122,360  
Forest assets B/F 200,000  Forest assets capitalised cost B/F 700,000  

Less depletion 50,000  Cost of bush  200,000 

Forest Assets   Plus capitalised planting   
(All "Cost of Bush") 150,000 200,000 and tending 142,000 500,000 

Total Assets 272,360 200,000 Depletions -110,000  
Capital and shareholders   Forest Assets   
funds B/F 200,000 200,000 (COB and tax deducted) 732,000 700,000 

Earnings before tax 108,000 0 Total Assets 854,360 700,000 

Taxation payable -35,640  Capital and shareholders   
Capital and Shareholders  funds B/F 700,000 700,000 

funds C/F 272,360 200,000 Profit appropriation (before tax) 190,000  

 Taxation payable -35,640  
Age Class Capitalisation and Write-Off 

Approach 

Capital and Shareholders 

funds C/F 

 
854,360 

 
700,000 

This is a modification of the Tax Books approach which    

attempts cost capitalisation and some matching of costs 

and revenues. Historic costs are capitalised by age class as 

planted or tended and written off by age class as felled. If 

there are many age classes and felling is not in age order 

the cost allocations can become complex. In general this 

method discloses annual cash flows. Separate tax records 

and adjusting calculations are necessary. 

 
 

STATEMENT OF FINANCIAL PERFORMANCE 

– Year ended 31 Dec. 2003 

Sales 1,000,000 

Logging and sales costs 700,000 

Depletion "cost of bush" 50,000 

Depletion historic cost (already deducted for tax)  60,000 

Forest Capital Revaluation Approach 

This approach revalues the forest estate each year. The 

income statement represents the annual valuation change 

offset by annual costs. The balance sheet tracks annual 

forest valuation. Tax records must be maintained with 

particular effort paid to the separation in the records of the 

(non taxable/deductible) annual valuation change and the 

allowable annual tax deductions and depletions. This 

approach can indicate realistic income and balance sheet 

values – IF the annual valuation is realistic. For the small 

forest owner the annual forest revaluation and the 

increased accounts complexity are likely to be prohibititively 

costly. This approach is currently being advocated by 

International Accounting Standards and is likely to be 

broadly adopted in New Zealand. Its implementation will 

cause extensive problems for the small accounting 

practitioner currently using the Tax Books approach and for 

this reason there will probably be size thresholds below 

which more simple approaches could be adopted. 

 
 

STATEMENT OF FINANCIAL PERFORMANCE 

– Year ended 31 Dec. 2003 

Sales 1,000,000 

Logging and sales costs 700,000 

Depletion "cost of bush"  50,000 

Depletion historic cost (already deducted for tax) 60,000 

Gross Stumpage (Taxable) 190,000 

Afforestation costs 

Planting 25,000 

Treatment 100,000 

Maintenance 10,000 

Forest overheads 5,000 

Corporate overheads 2,000 

Total Costs (Tax deductible) 142,000 

Capitalised to forest -142,000 

Earnings Before Taxation 190,000 

Tax deductible planting/tending -142,000 

Tax adjustment 60,000 

(already deducted)) 

Taxable Earnings 108,000 

Taxation at 0.33c 35,640 

Earnings after Taxation 72,360 

 
 

 

Gross Stumpage (Taxable)  190,000 

Afforestation costs   
Planting 25,000  
Treatment 100,000  
Maintenance 10,000  
Forest Overheads 5,000  
Corporate overheads 2,000  
Total Costs (Tax deductible)  142,000 

Capitalised to forest  -142,000 

Earnings Before Taxation  190,000 

Tax deductible planting/tending  -142,000 

Tax adjustment 

(already deducted) 
 60,000 

Taxable Earnings  108,000 

Taxation at 0.33c  35,640 

Earnings after Taxation  72,360 
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STATEMENT OF FINANCIAL POSITION 

As at 31/12/03  As at 31/12/02 

Cash (net cashflow, 

before tax) 122,360 

Forest assets capitalised cost B/F 700,000 

Cost of bush 200,000 
 
 
 
 

Plus revaluation of forest estate 268,000 

Forest Assets 

(at Valuation 31/12/03)        1,000,000 700,000 

Total Assets 1,122,360 700,000 

Capital and shareholders 

funds B/F 700,000 700,000 

Valuation reserve – forest assets 268,000 

Profit appropriation (before tax) 190,000 

Taxation payable -35,640 

Capital and Shareholders 

funds C/F 1,122,360 700,000 

An alternative treatment is to bring the "profit" on 

revaluation through the Statement of Financial 

Performance. 

ACCOUNTING STANDARDS AND PRESENT 

DEVELOPMENTS 

Accounting standards are promulgated by the Institute of 

Chartered Accountants of New Zealand. There is a 

worldwide move to align national standards through the 

International Accounting Standards (IAS) Board. Proposed 

standards are publicised for submissions and subsequent 

adoption through Exposure Drafts (an "ED" for New 

Zealand and "IASs" for the international drafts). ED 90 

(closely aligned with IAS 41) issued in 2000 dealt with 

agricultural crops and growing assets but has now been 

shelved. 

The current proposal is that IAS 41 will be adopted in its 

entirety as a New Zealand standard and an ED issued in 

2004. IAS 41 poses some challenges for forestry as it also 

covers agricultural and fruit and nut crops. Variable 

adoption of methods to suit business scale such as outlined 

earlier will probably be adopted. It is therefore now 

reasonably certain that a valuation approach will be the 

required standard for larger forests in the near future. 

 
 

 
 

TAXATION 
M A Blackburne – Iles & Campbell Limited, 
Chartered Accountants, Taupo 

A J Ogle – Forestry Business Consultant, 
Canterbury 

Forestry taxation, as with most taxes, has been subject to 

wide changes over the years. The current regime has been 

in place since 1 April 1991. It allows most expenses 

associated with the establishment of the forest to be 

immediately deductible, with many other expenses able to 

be depreciated in accordance with part B of Schedule 7 of 

the 1994 Income Tax Act (the Act). 

This differs from the previous regime where most 

expenditure was capitalised to a cost-of-bush account until 

sale. 

The ability to claim expenses immediately, while income is 

deferred until harvest or sale of the forest, is seen by some 

as concessionary to forestry. The strong counter to this is 

that: 

> a forest is a crop and current treatment is consistent 

with other crops; 

> immediate deductibility merely mitigates the long lead 

times and uncertainty of returns; and 

> the industry remains disadvantaged by the immediate 

accessibility of income from sale of immature forests, 

while the purchaser is required to capitalise the 

purchase price to cost-of-bush. 

The extent to which tax policy can affect the scale of new 

planting is significant and clearly demonstrated by history. 

A stable and certain tax policy is highly desirable to avoid 

excessive fluctuations in planting with potential long-term 

implications for supply. 

Both Labour and National spokespersons for forestry 

recognise that, in a long-term investment such as forestry, 

arbitrary taxation changes can have major impact. 

Accordingly both parties have indicated their desire to 

minimise changes in forestry taxation in order to provide 

some certainty to the investing public. However it should 

be noted that there are approximately nine elections over 

the lifespan of a forestry investment! 

This article provides a broad outline of taxation legislation 

as it currently affects the industry. It is not a substitute for 

professional advice covering individual circumstances and 

situations, especially those that may arise from previous tax 

regimes. 

INCOME FROM TIMBER SALES 

Section CJ1 of the Act states that all profits or gains 

derived from the extraction, removal, or sale of timber are 

assessable on a net profit basis. For this purpose the sale of 

timber includes any disposition by way of licence or 

easement, or the sale of any right to the future profits 

derived from the logging of the forest or receipt of 

insurance proceeds. 

Costs incurred in establishing, growing, and harvesting the 

forest, that have not been previously deducted, are set off 

against the gross proceeds at the time of sale. These costs 

are generally called “cost-of-bush”. 

Section EJ1 allows income from the sale of trees (including 

trees planted for shelter, erosion, or other agricultural or 

pastoral purposes) to, at the taxpayers option, be spread 

over the year in which it was received and the preceding 

three years. Spreading of income in this manner does not 

give rise to adverse Inland Revenue Department (IRD) 

penalties or use-of-money interest costs. 

SALE OF LAND WITH STANDING TIMBER 

Income from the sale of all land with standing timber, 

pursuant to Section CJ1(2), is treated as assessable income 

(in respect of the timber) in the year it is received (subject 

to spread as described above). For this purpose standing 

timber includes immature trees as well as mature trees. 

Standing timber associated with the sale of land is not 

assessable if the timber is: 
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Plus capitalised planting  
and tending 142,000 500,000 

Depletions -110,000  
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a) for ornamental or incidental purposes; 

b) subject to a Forestry Right registered under the Land 

Transfer Act 1952; or 

c) subject to a "Profit a` Prendre" granted before 1 

January 1984. A Profit a` Prendre is the assignment of 

future rights (normally registered as a Forestry Right 

under the Forest Rights Registration Act 1983) to profits 

arising from the future sale of timber. 

(b) and (c) protect against the possibility of double taxation 

of rights which have already been assessed under Section 

CJ1. 

Sales to associated persons may have limits imposed 

regarding claims on any losses incurred by the vendor, with 

similar adjustments made to the purchaser’s cost-of-bush 

(Section DL1(1)). 

Where standing timber is sold in conjunction with land or 

other assets, the consideration apportioned to the timber 

may be determined by the Commissioner of Inland  

Revenue (Section CJ1(2)). It is therefore advisable to have 

the timber valued separately at the time of sale. If 

necessary, valuations can be prepared (and are likely to be 

acceptable to the IRD) several years after the purchase, 

based on conditions and prices prevailing at the time of 

sale. However, inclusion of the timber value in the sale and 

purchase agreement is preferable so as to avoid uncertainty 

and potential conflict. 

FORESTRY EXPENDITURE 

For taxation purposes forestry expenditure can be allocated 

to three categories: 

a) capital expenditure that is never deducted and 

depreciated for tax purposes; 

b) expenses that are deductible when incurred; and 

c) expenses that are capitalised and depreciated, or 

deducted on the eventual sale of the timber. 

Capital Expenditure 

This includes expenses which are neither depreciable nor 

deductible, largely involving costs associated with the 

purchase of the land and initial forestry investment e.g. 

land purchase/lease, legal fees, accounting fees, survey 

fees, valuation fees, initial consulting fees (relating to 

feasibility of the forestry project), and land contouring. 

Reference Sections BD2(2)(e) and OB1. 

While consulting fees for a proposed new forestry business 

are not deductible, fees incurred by an established forestry 

business investigating further blocks of land are generally 

accepted as deductible. 

Deductible Expenditure 

From the income year commencing 1 April 1991 all 

expenditure incurred in planting and maintaining trees is 

fully deductible in the year in which it is incurred (Section 

DL1(2)). Section DL1(3) of the Act specifically identifies 

additional expenditure which is fully deductible in the year 

that it is incurred for a person who carries on a forestry 

business in New Zealand. In summary, deductible 

expenditure includes: 

> rents, rates, insurance premiums, administrative 

overheads, or other like expenses; 

> weed control, pest control, disease control, or fertiliser 

application undertaken subsequent to the planting of 

the forest; 

> interest on money borrowed and employed as capital 

for the purpose of that business; 

> repairs and maintenance of plant, machinery or 

equipment used for forestry purposes; 

> repairs and maintenance of land improvements (not 

being trees) used primarily in the forestry business; and 

> all silviculture costs involved in purchasing planting 

stock, planting, releasing, thinning, pruning, and 

maintaining immature trees. 

Section DL1(4) of the Act also specifically allows for a full 

deduction of access tracks and roads that are constructed 

for a specific operational purpose and are used for no 

longer than twelve months after construction. 

Maintenance expenditure on roads is generally deductible 

in full (Sections BD2(1) and BD2(2)(e). The extent to which 

work on existing roads is repairs (deductible) or an 

improvement (depreciable) is a potentially contentious area 

and should be reviewed with professional advisers on a 

case by case basis. 

Other expenditure for which full deductions are available 

includes: 

> expenditure incurred by farmers on planting and 

maintaining ornamental or incidental trees not 

exceeding $7,500 in any income year; 

> harvest expenditure and transport costs; and 

> clearance of debris and replanting of the next crop 

following harvest is generally accepted as deductible by 

the IRD, although there is not complete clarity under 

legislation. 

Deferred Deductions 

Cost-of-Bush 

Under the pre-April 1991 forestry taxation regime, forest 

owners were required to capitalise forestry development 

expenditure, including cost of seedlings, their planting, 

release, clearing, pruning and thinning, plus fertiliser supply 

and application costs. These expenses were accumulated in 

the cost-of-bush account. A tax deduction for the cost-of- 

bush is available in the year that assessable income is 

derived from the sale of the trees on which the  

expenditure was incurred. 

For forest expenses incurred before 1 April 1991 in the 

cost-of-bush account remain relevant. This expenditure 

continues to be carried forward until such time as the 

forest is logged or sold. 

Cost-of-bush accounts may be operated in one of three 

ways by a forest owner: 

1. Stand Basis – Large forestry businesses may plant a 

number of stands each year. Stands may be 

distinguished according to year of planting, location, 

and species. The costs associated with each stand will 

be recorded in separate cost-of-bush accounts. 

2. Annual Planting Basis – All costs associated with the 

annual planting in a specific year within a forest may be 

pooled together into an annual cost-of-bush account. 

Follow-up tending and maintenance costs incurred in 

later years will be allocated to the cost-of-bush account 

applying to the year of crop planting. 

3. Total Forest Basis – Small forestry businesses with 40 ha 

or fewer of total forest planting were permitted to 

allocate all forest expenditure to a single cost-of-bush 

account. This single cost-of-bush account will apply to 

all cost-of-bush expenditure incurred after 31 March 

1987 or equivalent balance date. 

Important Operating Points to Note 

Where assessable income is received from part of the total 

forest held within a single cost-of-bush account, a 

deduction of a percentage of costs held in the cost-of-bush 

account will be allowed on the following basis. 
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Under a stand or annual cost-of-bush account system the 

allowable deduction will be: 

A x B  where: 

C 

A = quantity of timber in annual planting or stand cut 

during income year; 

B = balance in cost-of-bush account at beginning of the 

income year; and 

C = total quantity of timber in the annual planting or stand 

at the beginning of the income year. 

Under a total forest basis cost-of-bush account system the 

allowable deduction will be: 

D x B  where: 

E 

D = forest area felled during income year; 

B = balance in cost-of-bush account at beginning of the 

income year; and 

E = total forest area remaining at beginning of income 

year. 

Depreciable  Expenditure 

Part B of Schedule 7 of the Act provides a list of capital 

expenditure items that, in accordance with Section DL2 of 

the Act, can be depreciated at the rates provided in that 

schedule. Depreciation is the allowing of a tax deduction 

for a capital item over a period of time at the rates shown 

in Table 1. 

In respect of the above allowances Section DL2(3) allows 

for a loading of 20% of the indicated rate for new 

expenditure (e.g. 5% becomes 6%). 

The depreciation claim under Section DL2 is non 

recoverable where the improvements are sold for more 

than the taxable value (that is, depreciation recovery under 

Section EG19 does not apply). 

Interestingly, depreciation for land improvement costs can 

be claimed by a new owner on expenses incurred by a 

previous owner of the land. This would be categorised as a 

"second-hand" asset which is not eligible for the 20% 

loading noted above. Purchasers should therefore obtain 

relevant information from vendors to sustain such claims. 

CONCLUSION 

This article is of a general nature only and is current as at 

the time of writing (2004). Taxation legislation is subject to 

change and requires interpretation in relation to individual 

circumstances. It is recommended investors take 

appropriate professional advice for the effects of taxation 

upon their particular forestry investment activity. 

 
Operation % DV 

(a)  The felling, clearing, destruction or removal of timber, stumps, scrub or undergrowth on the 

land in the preparation of the land for the planting of trees on the land. 

 
5 

(b)  The eradication or extermination, to enable the planting of trees on the land, of animal or 

vegetable pests on the land. 

 
5 

(c)  The destruction, to enable the planting of trees on the land, of weeds or plants detrimental 

to the land. 

 
5 

(d)  The draining of swamp or low-lying lands in the preparation of the land for planting of trees 

on the land. 

 
5 

(e)  The construction of formed roads to or on the land, being roads wholly or substantially 

metalled or sealed, and any necessary culverts or bridges. 

 
5 

(ea) The construction of roads to or on the land, being either: 

> formed roads that are partially metalled or sealed; or 

> roads which are not metalled or sealed; 

together with any necessary culverts and bridges, but excluding temporary access tracks. 

 
 
 
 

20 

(f)  The construction of dams, stopbanks, irrigation or stream diversion channels, or other 

improvements for the purpose of conserving or conveying water for use on the land, 

or for preventing or combating soil erosion. 

 

 
5 

(g)  The repair of flood or erosion damage. 5 

(h)  The sinking of bores or wells for the purpose of supplying water for use on the land. 5 

(i)   The construction of aeroplane landing strips to facilitate aerial topdressing or disease 

control work, or firefighting on the land. 

 
5 

(j)   The construction on the land of fences, including the purchase of wire or wire netting 

for the purpose of making new or existing fences rabbit-proof. 

 
10 

(k)  The erection on the land of electric power lines or telephone lines. 10 

Table 1: Depreciable Forest Operations (DV = depreciating value). 
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VALUATION 
B Manley – Convenor, NZIF Forest Valuation 
Working Party 

ESTIMATING THE MARKET VALUE OF A 

TREE CROP 

The market value of a tree crop is defined (NZIF 1999) as 

the amount for which it should exchange 

> on the date of the valuation; 

> between a willing buyer and a willing seller; 

> in an arm’s length transaction; 

> after proper marketing; and 

> wherein the parties had each acted knowledgeably, 

prudently and without compulsion. 

Transaction Evidence 

This suggests the use of transaction evidence to determine 

market value. The NZIF Forest Valuation Standards in fact 

require that "The market value of a crop of trees shall be 
derived from transaction evidence where this is available 
and suitable for the purpose in terms of reliability, 
comparability and volume of transactions." 

Transaction evidence can be used to provide a direct 

estimate of value when there are comparable sales. If sales 

are not directly comparable it may still be possible to infer 

a value by an analysis of transaction information. This 

essentially involves an interpolation or extrapolation of the 

values of past sales to the forest of interest. An example of 

an analysis of sales is the work of Manley and Bell (1992) 

in developing a relationship between the prices paid for 

the State plantations sold in 1990 and their underlying 

characteristics. 

However in New Zealand the "reliability, comparability, and 

volume of transactions" limit the extent to which 

transaction evidence can be used to directly estimate 

market value: 

> Volume of transactions. The New Zealand market for 

forests is still very thin with an average of about five 

transactions per year of forests of over 1000 ha (Colley 

2002). 

> Comparability. No two forests are identical. They may 

differ in terms of maturity, distance to market, species 

composition, terrain, site productivity, past silviculture 

and other factors which will influence their value. 

Therefore it will generally be difficult to find a recently- 

sold forest which is directly comparable with the forest 

of interest. 

> Reliability. Prices provide market information at a 

particular point in time. They must be interpreted with 

caution when subsequently used because underlying 

market conditions may have changed. In addition,  

forest sales information is often not available either for 

confidentiality reasons or because the forests represent 

one component of a "bundled" sale involving other 

significant assets. To be useful, disclosure is required not 

just of price but also of the forest characteristics noted 

above. 

Expectation Value Approach 

Where transaction evidence is not available and suitable, 

the Forest Valuation Standards require that "market value 

shall be established using the Expectation Value approach." 

Under the Expectation Value – or Net Present Value (NPV) 

or Discounted Cash flow (DCF) – approach, future wood 

volumes are forecast based on some underlying 

management and harvesting strategy. Log volumes are 

multiplied by log price to give forecast revenue. Costs are 

subtracted from revenue to give future net cash flow. This 

is discounted to give forest value. 

A characteristic of the expectation approach is that it uses 

price information from markets in which transactions are 

frequently occurring i.e. the log market. Whereas the 

market for forests tends to be thin, there are regular 

transactions in the log market. The disadvantage is that the 

log market of interest is that of the future. 

Features of the expectation approach are that it requires: 

> future wood flow to be forecast and future log price 

assumptions to be made; and 

> the determination of an appropriate discount rate. 

The Forest Valuation Standards require that "Where the 
Expectation Value approach is used, the discount rate shall 
be determined with reference to transaction information." 

Even if forest value can not be directly estimated from past 

transactions, it is possible to determine the discount rate 

implied by them. 

Opportunity Cost of Land 

In determining the value of the tree crop the question 

arises as to what is the opportunity cost of the land on 

which the crop is growing; i.e. should a land rental be 

charged based on the Land Market Value (LMV) or on the 

Land Expectation Value (LEV)? 

The Forest Valuation Standards recognise three situations. 

> Where ongoing forestry is the "highest and best" land 

use (i.e. LEV > LMV) then the opportunity cost of the 

land is the LEV. 

> Where ongoing forestry is compatible with some other 

"highest and best" land use (for example, lifestyle or 

investment) then the opportunity cost of the land is still 

the LEV. The excess of the LMV over the LEV can be 

regarded as the premium the land-owner has paid for 

the land for non-forestry purposes. 

> Where forestry is not compatible with the highest and 

best use of the land (for example, dairying or viticulture) 

then the opportunity cost of the land is LMV. 

Use of Cost-Based Approaches 

Situations can arise when the crop value calculated using 

the expectation approach is negative, particularly for young 

stands. Although the LEV calculated in these cases will also 

be negative, indicating that it is not economically rational 

to replant, it is still common to see replanting occur on 

similar land (Barnes 2002). 

Negative crop values are not observed in practice apart 

from special cases where someone wants to buy land, 

currently under trees, and has to remove the trees in order 

to use the land for what they believe is a better use. There 

have been examples where trees have been removed and 

the land converted to another use such as dairy, grazing, 

or grapes. 

In these examples it is the land rather than the trees that is 

the subject of acquisition and hence valuation. The cost of 

removing the trees has caused a reduction in the value of 

the property compared with bare land. Consequently the 

trees have had a negative value. The acid test here is 

whether a property with trees on it has a market value that 
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is less than the market value without trees. Unless this is 

the case then the tree crop should not be assigned a 

negative value. 

Apart from exceptional circumstances, the minimum value 

for a tree crop should be zero. An alternative approach 

here would be to set the minimum crop value equal to the 

accumulated costs to date. These costs might include only 

the direct operational costs but they could include 

overheads, land rental and the cost of capital. Standard 

costs, representing current efficient practice, would be 

used for each operation. 

This approach is debatable because the value of a crop 
does not generally equal the sum of the costs that have 
been incurred to date. Nevertheless, as pointed out in the 
Forest Valuation Standards, "the market [for small forests 
comprised of young age-classes] seems to be strongly 
influenced by cost with vendor’s perceptions of value likely 
to be driven by their recollection of what they have spent 
on the forest. In purchase negotiations this may form a 
fairly incontrovertible base to the price." Of course a sale 

may not take place if potential purchasers’ views on value 
do not exceed this "reserve" price. Certainly for very young 
stands, that are almost reproducible, the current 
replacement cost would represent the maximum that a 
rational purchaser would pay. 

Before using a cost-based approach a valuer would need to 

be satisfied that there is some market evidence to support 

it. Are properties with young trees on selling for more than 

properties without trees and, if so, for how much more? In 

the absence of transaction evidence, the inference is that 

the value of the tree crop lies somewhere between 0 and 

the accumulated costs. 

SUMMARY 

In most situations, both transaction evidence and the 

expectation value approach will be jointly used to 

determine the market value of a crop. Even when relevant 

transaction evidence is available, the expectation value 

approach is likely to be used to interpolate or extrapolate 

the sales information to the target forest. Where limited 

transaction evidence is available, the expectation value 

approach should be used to calculate market value. The 

discount rate used should be that implied by whatever 

transaction information is available. 

Situations can arise when the crop value calculated using 

the expectation approach is negative, particularly for young 

stands. A minimum crop value of zero should generally be 

applied, particularly to young stands that are not part of a 

larger estate. Accumulated costs can provide a benchmark 

in this situation. 
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DISCOUNT RATE 
B Manley – School of Forestry, Christchurch 

The discount rate expresses the investor’s time preference 

for funds. It is a critical input to any discounted cashflow 

analysis because the net present value (NPV) calculated will 

invariably be very sensitive to the discount rate chosen. 

However, selecting the appropriate rate to use is 

problematical. 

The challenge is well summarised by Pearse (1990): 

"In principle, the appropriate rate of interest is the 
investor’s opportunity cost of capital; that is, the rate that 
he must pay to borrow or the rate he can earn on capital 
invested elsewhere at the margin. This rule applies to both 
governmental and private investors. But financial markets 
reveal a spectrum of interest rates, reflecting varying 
allowances for risk, expected inflation, distortions of the 
tax system, other market imperfections, and real returns to 
capital. Market rates also fluctuate continuously. It is 
difficult to identify from this information the opportunity 
cost of capital to apply to a specific investment and 
investor." 

SOURCES OF DISCOUNT RATE 

The discounted cashflow approach is used in analysis to 
support a wide range of forest management and 

investment decisions. One important application is forest 

valuation. The Forest Valuation Standards (NZIF 1999) 

provide guidance on potential sources of the discount rate 

to be used: 

"Sources consistent with the purpose of valuation should 

be used. Ideally, reliable and relevant market information 

should be used to provide an implied discount rate. In 

practice, such information is scarce. Sources in suggested 

order of relevance are: 

> an implied discount rate from asset transaction 

evidence; 

> an implied discount rate derived from the share price of 

forest companies; 

> the minimum market acceptable IRR observed in a 

range of alternative forest projects; 

> use of the Capital Asset Pricing Model (CAPM) and 

Weighted Average Cost of Capital (WACC) approaches; 

> declared asset reporting rates." 

CALCULATION OF AN IMPLIED DISCOUNT 

RATE 

The Forest Valuation Standards state that: 

"To estimate a discount rate from a market transaction, a 

model cashflow for the traded forest is generated, using 

whatever information the analyst can glean or second- 

guess regarding the forest's area, age and yield potential. 

Log prices, logging costs, transport and management costs 

are assumed for the purpose. The discount rate at which 

the cashflow so estimated provides an NPV equivalent to 

the transaction value is the implied discount rate." 

And: 

"If a discount rate is derived using transaction evidence it 

should be derived using the same set of assumptions 
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(taxation, borrowing, log prices, log price increases) as will 12 

be used in valuation of the target forest." 

TAXATION 10 

A recent survey of discount rates used for forest valuation 

(Manley 2003) indicates that forest valuers in New Zealand 
are divided on whether to discount before-tax cashflows or 8

 

after-tax cashflows when using the expectation (or 

discounted cashflow) method to estimate the market value 

of a forest crop. Ten of the 17 respondents discount 6 

before-tax cashflows while the other seven respondents 

prefer to discount after-tax cashflows. 
4 

The Forest Valuation Standards are based on the 
convention that "all values derived from discounted 

cashflow analysis should be calculated from post-tax
 2

 

cashflows". This stance is taken because forest transactions 

take place in a tax-paying environment. Although an entity 

may have a unique tax position "it is however reasonably 0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Individual 

Average 

obvious that a market price would not reflect a nil tax 1996 1997 1998 1999 2000 2001 2002 2003 2004 

exposure". 

Under New Zealand tax legislation, there is no simple rule- 

of-thumb or constant relationship between the discount 

rate to be used for before-tax cashflows and the equivalent 

discount rate to be applied to after-tax cashflows. The 

relationship varies with stand age as well as other factors 

(Manley 2002). 

WHAT DISCOUNT RATES ARE USED FOR 

FOREST VALUATION? 

The 2003 survey of discount rates (Manley 2003) found 

that valuers apply a discount rate in the range 7 to 9.5% 

(average 8.3%) to post-tax cashflows or a discount rate in 

the range 9 to 13% (average 10.2%) to pre-tax cashflows. 

Some individuals surveyed use a range of discount rates. 

These results are similar to those from previous surveys 

carried out in 1997, 1999 and 2001 (see Figures 1 and 2). 

Year of Survey 
 

Figure 2: Survey results – Discount rate applied to before-tax 

cashflows. 
 

WHAT IS THE DISCOUNT RATE IMPLIED 

BY TRANSACTIONS? 

Figure 3 summarises the discount rate (to be applied to 

after-tax cashflows) implicit in some forest sales since 

1996. Although there is variation in these discount rates, 

the majority fall in the 8 to 9% range. The transactions 

shown are those reported as part of the discount rate 

surveys carried out in 1997, 1999, 2001 and 2003. 

Averages are plotted for those transactions for which more 

than one estimate was provided. 
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Figure 1: Survey results – Discount rate applied to after-tax 
cashflows. 

Figure 3: Implied discount rate from transaction evidence (after-tax 

cashflows). 
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INSURANCE 
B Mabey – Aon Risk Services, Auckland 

Plantation forests in New Zealand have an excellent record 

with regard to fire losses when compared with countries 

such as Australia, North America and South America, 

where devastating losses from fire have occurred regularly 

in recent years. 

Unfortunately for New Zealand plantation forest owners, 

the collective premium pool generated by insured forests 

within New Zealand is too small to be recognised by 

insurance markets as a "stand alone" portfolio that 

generates sufficient premiums to maintain independent 

profitability. 

Instead, what tends to occur, is that New Zealand forestry 

insurance business is very much subject to regional 

influences and consequently, while New Zealand forests 

may continue to enjoy much lower premiums than those in 

Australia for example, there is a definite flow-on effect 

from overseas losses. 

As for all insurance policies where substantial amounts of 

cover are required, insurers are reliant on the re-insurance 

market to provide terms that tend to reflect the global 

experience of the re-insurers. 

INSURANCE MARKETS 

Insurance markets tend to come and go in a cyclical 

process as loss experiences encourage new insurers to 

enter or to exit certain classes of business. 

With global warming and the future threat of increasing 

droughts, it is unlikely that forest owners will see 

significant insurance cost reductions in the future as 

insurers interpret drier conditions as an increasing potential 

for loss. 

THE ROLE OF INSURANCE IN FOREST 

MANAGEMENT 

At what point does forestry insurance move from being an 

affordable and prudent risk management tool to a non- 

sustainable high overhead? This is a question that most 

forest owners will have to consider in establishing a forest 

insurance package structured to their requirements. 

In some instances insurance cover will be a requirement of 

a finance provider that demands a certain level of cover be 

maintained, but the following questions should always be 

considered: 

> What is a realistic level of self-retention (excess or 

deductible)? 

> What is the largest potential loss that may be suffered 

in any one insurance year? 

> What perils does the owner need to insure against? 

> What cover extensions are available to ensure the best 

value for premium incurred? 

The fundamental principle of insurance should not be 

overlooked and that is to place the insured in an equivalent 

(but not better) financial position after a loss as would  

have existed had the loss not occurred. Therefore an 

adequate upper level of cover needs to be provided, and 

the level of self retention by way of voluntary excess will 

certainly have an effect on the level of premium payable. 

The role of insurance can be seen as providing protection 

against non-sustainable losses that will adversely affect the 

financial viability of the forest venture. Insurance will not 

cover the full loss as an excess will usually be applicable in 

every event except where excesses are set as an aggregate 

in any one year and that aggregate is exceeded. 

A forestry insurance cover will compensate the owner for 

only the current-day value of trees at the time of loss and 

will not normally include any additional elements arising 

from future growth or profit. 

Generally, where a policy has been established correctly, an 

insurance payment will ensure that a forest can be re- 

planted or the timber loss is compensated in accordance 

with the forest valuation on which the insurance cover has 

been based. 

INFORMATION 

It is the experience of the writer that insurers are receptive 

to plenty of quality information about the risk they are 

presented with. The information they will be seeking is a 

valuer’s report that will generally include a good 

description of each forest, and details of the value by age 

class. 

Information regarding the management of the trees will be 

important, as will locality maps in sufficient detail to allow 

the insurers to pinpoint the exact location and boundaries 

of each forest. Details of fire fighting services on hand will 

be important and whether the forests are included under a 

Fire Management Plan. 

POLICY STRUCTURING 

There are a number of issues owners and consultants need 

to consider in the structuring of a forestry insurance policy. 

> How is the insured value set? 

> How is a sum insured established (as distinct from the 

value of the forests (e.g. value $50,000,000 and first- 

loss sum insured $20,000,000)? 

> What level of excess can be absorbed? 

> What perils or events should be insured against? 

> What policy extensions should be included? 

Establishing the Value 

For most forests, the value is usually established by a forest 

valuer as part of a regular management regime. As long as 

that valuation is prepared in accordance with established 

industry practices, it will generally be acceptable to 

insurers. 

It is normal to first establish the full current value of the 

forest before deciding on a first-loss sum insured, as this 

establishes the value upon which the premium is first 

based before discounting for various levels of risk assumed 

by the forest owner. 

Sum Insured 

For larger forests, and in particular groups of forests where 

geographically separate forests are insured, it is advisable  

to assess the maximum possible loss that could occur in 

any one event. In many instances this will be considerably 

below the value of the total estate as distribution of risk 

with good fire separations between blocks, topography, etc 

will usually mean that a loss of 100% of the resource from 

any one event is unlikely if not impossible. 

In this way it is common practice to establish a "first-loss" 

sum insured that is the maximum that can be claimed in 
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any one event. It is also common practice for the "any one 

event limit" to be recognised as the "aggregate in any one 

policy term" limit as well. This means that the figure 

represents an estimation of the maximum loss likely to 

occur in any one event and also the maximum that can be 

paid under the policy during any one year. 

As a general rule, the lower this limit of cover in relation to 

the value, the lower will be the premium charged by the 

insurer. However, in assessing this level of cover, caution is 

advised if multiple losses in any one year may exceed the 

selected limit. If the "any one loss" limit is too low in 

relation to the value of the forest then there are potentially 

two exposures. Firstly, an exposure where any one loss or 

series of losses may exceed the first loss limit. Secondly, 

insurers will reach a "base premium" level where they are 

reluctant to discount further. 

The reason for the latter is that insurers recognise that if a 

loss occurs that exceeds the excess, then the loss payable 

by the insurer will be likely to exhaust several years of 

premium. Insurers thus reach a maximum level of discount 

where, even though the top level of loss limit may be 

reduced further, there is little or no benefit gained by the 

insurer as the smaller losses most likely to occur will fall 

within the lower levels of sum insured. 

Policy Excess 

In general terms excesses have tended to increase as 

premiums have risen and insured parties seek to reduce the 

cost of insurance. The level of excess (the first part of any 

loss borne by the insured) is the most effective factor in 

reducing the premium payable. 

When assessing the right excess level, it is also necessary to 

consider the effect that the level of excess will have on the 

ongoing viability of the forest venture and that it will not 

place undue financial strain on the forest venture. 

It must be considered that the excess will usually come 

directly off the total of all amounts the insurer will have to 

pay under the policy. As combined losses may well 

comprise physical costs of re-establishment, fire fighting, 

expenses and the like, much of the excess may be used up 

in covering such costs. Consequently, the amount of the 

excess, rather than merely reducing any amount of 

compensation paid for damaged forest, may well apply to 

an amount payable as a cost requiring an additional and 

immediate cash injection to cover up-front costs incurred. 

The question forest owners need to consider is whether 

they are able to fund the amount of the excess selected, 

should a loss occur. 

Perils to Insure 

The major peril considered by all owners is damage by fire. 

This cause of loss has the ability to spread if un-checked 

and to cause wide-spread damage. It is thus evident that 

the cover selected for fire needs to reflect the maximum 

loss possible for any one loss or likely from multiple losses 

during a bad loss year. 

Generally the other significant source of loss is wind, and 

whilst wind loss is more likely to occur than fire in New 

Zealand, the effects are likely to be less in any one event. 

Because wind damage is statistically more likely than fire 

damage and there is little or no control able to be applied 

during the event, premium rates tend to be higher in 

relation to the sum insured than is the case for fire 

insurance. 

The few insurers who are able to provide wind cover will 

generally wish to restrict the amount to say 25% of the 

amount insured for the fire first-loss limit, with 

substantially higher excesses applicable to wind damage 

than for fire. 

Typically insurers may seek to restrict wind cover to 

between $2,000,000 and $5,000,000 for larger risks 

depending on the location, spread of risk and loss history. 

Two aspects of loss may occur from volcanic eruption, 

being inundation with ash that smothers or topples trees 

or causes breakage, and fire damage started by hot debris 

or lava. Such fire damage is generally excluded as "fire 

damage" and is classed as "volcanic or earthquake 

activity." A specific extension is necessary to include such 

coverage although some policies out of Lloyds have 

included this cover automatically. 

As only those forest owners who have a specific exposure 

to this loss cause will be interested in obtaining such cover, 

insurers are often unwilling to provide cover or to restrict 

the amount provided or charge unacceptably high 

premiums. 

POLICY EXTENSIONS 

These may include some or all of the following: 

> Fire fighting charges including Forest & Rural Fires Act 

1977 levy protection. 

> Plantation and infrastructure re-establishment. 

> Claims preparation costs. 

Fire Fighting Charges 

Cover is provided for expenses incurred in fighting fires on 

or near forests where the owner reasonably believes that 

the fire may threaten or spread to its forest. Owners need 

to be aware however that this cover provides for costs 

incurred only in excess of normal expenses incurred for 

regular salaries, fire fighting staff, and equipment 

maintenance. 

Cover will include charges for fighting a fire on or near 

one’s forest that are levied against the owner by a Fire 

Authority or fire brigade. 

Plantation and Infrastructure Reinstatement 

Included are costs of land clearing, preparation and 

replanting following a loss insured by the policy. Costs may 

include straightening of young trees that have been 

toppled depending on the cover provided by the insurer. 

Infrastructure may include such items as fences, bridges, 

water reticulation and reservoirs. 

FOREST & RURAL FIRES ACT 1977 

In addition to insuring against the cost of fighting fires 

within and adjacent to their forest, owners need to be 

aware that they may be liable for significant costs for fire 

fighting where the fire has spread from their forest to 

adjoining properties. These costs may be charged by the 

Rural Fire Authority or the fire brigade. 

Protection against such costs is provided by a Public 

Liability policy that not only covers the damage caused to 

third-party property, but should include an extension to 

cover Forest & Rural Fires Act (F&RFA) levies. 

The extension for such levies does not include the physical 

value of any third-party property damaged or destroyed, so 

insured parties need to make sure the indemnity limit on 

their Public Liability policy is adequate to provide for a 

maximum amount for which they could become liable. 

The standard limit that insurers generally provide under an 

F&RFA extension is $250,000. In many circumstances this 

may be inadequate as there is no limitation applicable 

under the Act. Insurers will generally be prepared to 

provide cover for up to $1,000,000 for a reasonable 

premium. 
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Owners need also to be aware that they may be liable for 

loss and levies where a fire has spread from their forest 

that did not originate within their forest. The fact that the 

fire was not contained and is allowed to spread further is 

sufficient to constitute a liability. 

OTHER LIABILITY RISKS 

A number of Statutory Acts such as the Resource 

Management Act and Health & Safety in Employment Act 

may have application in exposing forest owners to fines 

and penalties if only by association as owners. This may 

occur where other parties are contracted to carry out work 

within a forest where the party should have, for example, 

been made aware of hazards that exist within the forest. 

Under the Resource Management Act both a contractor 

and the forest owner may be accountable where, for 

example, contamination is allowed to flow onto adjoining 

property or into streams. 

BROKER SERVICES 

Some insurance markets are not able to be accessed easily 

and it may be prudent to seek the assistance of an 

insurance broker experienced in managing insurance cover 

for forests. This will assist also in the interpretation of 

insurer’s requirements and the detail of cover they are 

willing to provide. 

 
 

 
 

FOREST 
INVESTMENT FOR 
INDIVIDUALS 
A J Ogle – Ogle Consulting Ltd, Christchurch 

OUTLINE 

The focus of this section is plantation forest investment in 

radiata pine with tending regimes directed at the 

production of clearwood and sawlogs. Radiata pine 

clearwood regimes have been the predominant type of 

forestry over the past 30 years where outside investment 

opportunities have been marketed and are readily 

available. 

In 1999 the New Zealand Institute of Forestry (NZIF) 

produced a four page "Forestry Investment Information 

Standard" (FIIS) as guidance to NZIF Registered Forestry 

Consultants, NZIF Registered Members, NZIF members, 

forestry investment promoters and for members of the 
general public contemplating investment in forestry. The 

FIIS is part of the NZIF Professional Handbook (1999) and is 
recommended additional reading for any reader 

contemplating investment in forestry. 

ADVANTAGES AND DISADVANTAGES OF 

FORESTRY AS AN INVESTMENT 

Investors considering forestry as an investment need to be 

aware of a number of features that distinguish it from 

other investment options. The most important of these are 

listed below: 

Advantages 

> An investment with returns linked directly to the 

outlook for international prices for forest products. 

> Where land is purchased, an investment in rural land. 

> A wide time frame over which the forest can be 

harvested, which allows the forest to be carried forward 

over periods when markets are less favourable. 

> Versatility of end uses for forestry outputs which 

diversifies the market risk. 

> Prices of logs have historically kept up with inflation. 

Although there has been a drop in real log prices in 

some markets in recent years, forestry investment is still 

generally recognised as a hedge against inflation. The 

historical world demand for industrial wood is closely 

correlated with a combination of population and gross 

domestic product growth. 

> There are taxation advantages, both through 

deductibility, and not having the investment annually 

eroded by periodic taxation on the annual forest value 

growth. 

> An investment with relatively low management inputs. 

> Relatively free trade for forest products compared with 

agricultural products. 

> An investment well suited to spreading risks in a 

balanced investment portfolio. 

> An investment that has been relatively immune to rapid 

changes in technological developments. 

> An ecologically sound renewable resource with low 

energy inputs and the capacity to reduce atmospheric 

carbon. 

> A cashflow that suits superannuation requirements. 

> The ability to be closely involved with a tangible 

biological investment. 

> Recreation opportunities. 

Disadvantages 

> The investment is long term in nature. Radiata pine in 

New Zealand will require a rotation of around 25 – 33 

years before maturity is reached. 

> In most forest growing investment ventures, any income 

prior to forest maturity will be minor. Exiting from a 

forest growing investment prior to maturity will usually 

involve, at best, discounting of the expected returns. 

> The cash flow profile of forest growing requires an 

ongoing funding commitment during the establishment 

and tending phases. The tending phase, usually from 

years four to ten, normally requires a higher level of 

funding than the initial establishment. Failure to meet 

the costs of thinning and pruning will normally severely 

affect the profitability of the investment. 

> Future markets 25 to 30 years ahead are impossible to 

predict. Market risks are therefore large. Market returns 

are affected by substitution from other products, input 

costs (including freight rates to get wood to markets), 

the relative long-term strength of the New Zealand 

currency compared with other countries, and 

population and economic growth factors. 

> Biological risk exists, although New Zealand has to date 

shown a commitment to major funding to mitigate the 

risk. 
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> Climatic risk including wind, drought and snow. 

Insurance can partially mitigate this risk. Good 

establishment and silvicultural practices will reduce risk. 

> Fire risk. Most forest owners insure against this risk. 

> Financial risk. Changes in taxation policy, changes in 

financial circumstances of other investors and changes 

in the length of rotation because of market factors. 

STATUTORY REGULATIONS RELATING TO 

FORESTRY INVESTMENT 

The most important legislation relating to the involvement 

of consultants, advisors or promoters of forestry investment 

products is: 

> Securities Act 1978 and Securities Amendment Act 

1996. 

> Investment Advisers (Disclosure) Act 1996. 

> Fair Trading Act 1996. 

> Secret Commissions Act 1910. 

Securities Act 1978 and Securities Amendment 

Act 1996 

This Act regulates securities offered to the public. It does 

not generally apply to subsequent sales or the secondary 

market for forestry investments. The Act has detailed 

provisions relating to disclosure and what is an offering to 

the public. All offerings and related structures for forestry 

investment (companies, partnerships, unit trusts, debt 

offerings, superannuation schemes etc) fall within the 

definition of a security under the Act. 

The information to be disclosed is divided into three 

documents: 

> A prospectus. This must be registered with the Registrar 

of Companies, but does not have to be provided to 

every prospective investor. It is available on request to 

prospective investors. 

> An investment statement. This must be provided to 

every member of the public wishing to invest. The 

regulations require that the investment statement be 

presented "in a succinct manner" in plain English for 

use by a "prudent but non-expert investor". 

> Advertisements. The Act contains a wide definition of 

what an advertisement is and the information 

contained therein. 

Expert Reports Forming Part of a Prospectus 

Forest industry consultants and other experts who provide 

expert letters or reports that form part of a prospectus 

should ensure that there is nothing in their report that is 

untrue or could be construed as misleading. The Act 

imposes civil liability for damage or loss arising from 

reliance on an untrue statement in an expert’s report that  

is distributed in a prospectus, investment statement or 

advertisement. Forestry consultants should delineate the 

parameters of their reports. It is recommended that they 

also take measures to ensure their work is not reported out 

of context. Such measures usually include, a) providing the 

wording for the investment statement relating to their 

report, and b) insisting on sighting the final prospectus and 

investment statement before releasing signed copies of 

their report or letter. 

NZIF FIIS Prospectus Information 

The FIIS sets out the minimum information that must be 

included in any forestry prospectus, investment document 

or similar documentation prepared by an NZIF Registered 

Forestry Consultant, Registered Member or NZIF Member. 

The information is under five headings, being: 

> project structure; 

> land information; 

> silvicultural regime information; 

> financial information; and 

> crop revenue. 

Investment Advisers (Disclosure) Act 1996 

Where a consultant is giving forestry investment advice 

relating to a specific investment opportunity and not 

merely general investment advice it should be aware that it 

becomes an "investment adviser" under this Act. Two 

levels of disclosure are required, being mandatory initial 

disclosure, and request discloser. 

Mandatory Initial Disclosure 

Before giving investment advice, the adviser must disclose 

to the investor information, including any convictions in 

the past five years relating to the Act, crimes involving 

dishonesty, offences by a body corporate where the adviser 

was a director or principal officer, or whether the adviser 

has been adjudged bankrupt. 

Request Disclosure 

An investor can request additional information that must 

be supplied within five working days. The Act is detailed 

but in broad terms this covers: 

> relevant organisation: employer, consultancy structure, 

professional memberships, industry organisation 

memberships; 

> types of securities for which the adviser gives advice; 

> qualifications; 

> experience; 

> pecuniary interests: other direct or indirect associations 

for remuneration related to the investment advice; and 

> remuneration details: other remuneration relating to the 

investment that could be "likely to influence the adviser 

in giving advice". 

Fair Trading Act 1996 

This Act provides that " no person shall, in trade, engage 
in conduct that is misleading or deceptive or likely to 
deceive" 

Secret Commissions Act 1910 

This Act makes it an offence for a person to advise any 

person to enter into a contract with a third person and 

receive from that third person, without the knowledge of 

the person so advised, any gift or consideration or reward 

for the giving of that advice. 

FORESTRY INVESTMENT STRUCTURES 

The main types of investment structures for forestry 

projects, with key features, are summarised below. 

Individual Ownership 

This is where an individual owns the land and forest, and 

has direct control over the physical and financial aspects of 

the investment. The current taxation regime allows the 

individual to deduct most forestry development 

expenditure against income from any source. 

Unincorporated Forestry Joint Ventures 

Joint ventures come in a variety of formats, but in New 

Zealand forestry they most frequently refer to the situation 

where one party contributes the land and another the 

investment funds. The Forestry Rights Registration Act 
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1983 provides a relatively simple mechanism for 

registration of an agreement between an investor and a 

land-owner against the land title. Through use of this 

mechanism expensive survey costs can be avoided. The 

agreement between the parties should be carefully drafted 

to try and cover all matters that could arise over a 30-year 

rotation. The most common situation in joint venture 

agreements in New Zealand is to establish at the outset the 

provision for sharing of income in proportion to each 

party’s planned contribution. The current taxation regime 

allows each party to deduct most of its forestry 

development costs against income from any source. As a 

forestry joint venture is usually a private investment 

agreement between two parties, and not a public offering, 

a prospectus is not required. If however the "investor" in 

the joint venture is a group of investors where a public 

offering is necessary, then the prospectus provisions of the 

Securities Act 1978 would apply. 

The Forest Rights Registration Act 1983 can also be used 

as a mechanism for separation of the ownership of land 

from the ownership of the trees for an existing forest. An 

amendment to the Tax Act in 1997 made it possible for a 

land-owner to grant itself a forestry right for trees growing 

on its own land and then sell the land without tax being 

payable on the trees retained. 

Partnerships 

Partnerships are the most common mechanism for forestry 

investment involving grouping of investment from a 

number of individuals. Partnerships, under the current 

taxation regime, allow each party to deduct most of its 

forestry development costs against income from any 

source. Partners are however personally liable for the 

future liabilities of the venture, unless a "Special 

Partnership" structure is used. Under a Special Partnership 

the liability of partners can be limited to their capital 

contributions. Partnership agreements (normally called a 

"deed of participation") need to be carefully drafted to 

meet both the requirements of the Securities Act 1978 and 

the anticipated requirements of investors. Provisions 

commonly include a statutory supervisor, a manager, a 

management committee of investors, an independent 

forestry consultant, audit, payment of inputs to the 

partnership, transfer of partnership interests, meetings and 

arbitration. 

Private Companies 

Private companies (non-qualifying) are not generally a 

popular choice for aggregating individual investment 

monies for forestry, as the tax deductibility rests with the 

company rather than the individual shareholders. Private 

companies have the advantage of removing personal 

liability from the individual investors. 

Private Qualifying Companies 

These are a favoured investment vehicle for up to five 

investors and their immediate family members. The major 

advantage of a qualifying company over direct investment 

through a partnership or normal private company is that 

tax deductibility can remain with the individual investor, 

but the shares are transferable without triggering tax 

liabilities on the underlying forest interest. Such a structure 

has the further advantage of removing personal liability 

from the individual investors. 

Combination of a Partnership with Private 

Qualifying Companies 

It is common to have a series of qualifying companies 

combined through a partnership, so that a larger number 

of investors can be brought together for investment 

purposes. The advantages of such a structure over direct 

investment through a partnership or normal private 

company is that tax deductibility can remain with the 

individual investor, but the shares are transferable without 

triggering tax liabilities on the underlying forest interest. 

Such a structure has the further advantage of removing 

personal liability from the individual investors. 

Trading Trusts 

A trading trust is usually a discretionary trust that carries 

on active business and the trustee of the trust is usually 

(but not always) a company. They are usually structured to 

limit the ability for trustees to be indemnified from the 

trust’s fund. Trading trusts can be used to own forests. 

Their main advantage is in the flexibility of distributing 

income or capital to beneficiaries. However, losses incurred 

through tax deductibility remain in the trust and cannot be 

directly passed on to beneficiaries. 

Public Companies 

A public company structure can be used for a larger 

forestry project that has a large number of investors. The 

company structure provides a measure of limited liability 

and can be a mechanism for relatively easy transfer of 

interests during the growing cycle. The disadvantage of a 

public company structure is the same as that noted for a 

private company, in that there is no opportunity for 

shareholders to enjoy the benefits of tax deductibility of 

forestry expenditure. 

Shares In Public Listed Companies 

Public companies that are listed on the stock exchange 

provide an avenue for investment in forestry. The main 

advantages of this form of investment include: a) the ease 

of entry and exit from the investment, b) daily updates on 

the value of the investment, c) most publicly listed 

companies have a mix of age classes, and are already 

harvesting with a dividend cashflow to investors, d) little 

need for ongoing capital inputs to fund the forest, and e) 

small amounts can be invested in a diversified mix of forests. 

The disadvantages include: a) there is no opportunity for 

shareholders to enjoy the direct benefits of tax deductibility 

of forestry expenditure, b) many public listed companies 

are diversified manufacturing and trading businesses, and 

are not investing purely in plantation forests, and c) 

relatively high management and overhead costs compared 

with smaller direct investments. 

SEPARATION OF ROLES IN FORESTRY 

INVESTMENT 

There are normally at least five main parties in any larger 

forestry project. To avoid conflicts of interest and adequate 

monitoring and accountability, there is a need to clearly 

distinguish between the roles of these parties. Combining 

more than one role in one body can undermine the ability 

of the investors to control the investment. 

Promoters 

The promoters take an initial risk to facilitate projects. Their 

rewards in terms of success fees ("preliminary fees", "issue 

expenses", "promoters fees", "brokerage" etc) should be 

carefully analysed. Some prefer to also take a "free" share 

of the project and a commission on final revenue. Carefully 

compare the total remuneration package of the promoter 

with other forestry investments on offer. 

Investors 

These should be structured to have a separate 

management committee or directorate to ensure that the 

forest is being managed in their long-term interests. 

Managers 

Normally managers are initially appointed by the promoters 

to organise operational work in accordance with a forest 

management plan. Remuneration is usually by way of a 

percentage charge on forest inputs plus separate fixed 

charges for accounting and administration. Powers to 
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replace the managers, where necessary, should rest with 

the investors rather than the promoter. 

Consultants/ Auditors 

Investors should ensure that there is provision in the 

investment structure for independent advice and audit of 

both forestry management and financial reporting. 

Statutory Supervisor 

Where a public offering is made under the Securities Act 

1978 and Securities Amendment Act 1996, a Statutory 

Supervisor (normally a trustee company) is required to act 

in the interests of the investors and ensure that the offer 

contained in the project prospectus and deed of 

participation is adhered to. 

LOCATION 

The majority of the produce from forests in New Zealand 

will be exported in one form or another. The two location 

factors that will have the greatest impact on profitability 

are: a) proximity to a deep-water port, and b) proximity to 

a market for low-grade wood such as a pulp-mill, 

fibreboard plant or export wood chip facility. 

Physical access for harvesting needs to be considered 

carefully because forest roading costs can, in difficult 

topography, take a high percentage of harvesting revenue, 

and in extreme cases render harvesting unprofitable. 

SITE CONDITIONS 

Consideration needs to be given to: 

>  Topography – steep and difficult topography will 

reduce the profitability of a forestry investment, mainly 

through the higher roading and harvesting costs 

incurred. 

> Soils – check that the depth and fertility are similar to 

other good forest areas in the locality. Ensure that 

adequate allowance has been made for swamps, stony 

soils, highly mineralised soil, and other poor soil types. 

> Rainfall – the normal minimum annual rainfall for 

optimum growth is 800mm per annum. Where rainfall 

is between 600 and 800mm per annum, check that the 

forecast yields reflect the lower availability of rain. 

> Altitude and temperature – Radiata pine grows faster 

and produces stronger wood in the warmer and lower 

altitude parts of New Zealand. 

> Other climatic factors – check for wind exposure, 

snow, and erosion potential. 

> Weed cover – difficult weeds such as gorse and broom 

can substantially increase establishment and tending 

costs, and directly affect profitability. 

GROWTH AND YIELD CONSIDERATIONS 

Tree growth is related to the site factors discussed above, 

to the genetic quality of the growing stock, and to the 

forest management regime applied. 

A range of growth and log out-turn models has been 

developed by the industry which apply to different stages 

of growth, and to different geographical regions and 

different silvicultural options. Project growth and yield 

assumptions should be supported by verifiable growth 

model runs and log grade out-turn runs. The quality of 

such modelling is dependent on the use of appropriate 

input data and assumptions. Yield projections should also 

take into account potential losses from wind, soil erosion, 

mortality and animal damage. Advice from an independent 

consultant on growth and yield assumptions should be 

sought if an investor has any concerns about the 

applicability of assumptions made for the project. 

Optimal rotation lengths will typically be in the range of 25 

to 33 years and total projected merchantable clearfell 

volumes typically should be in the range of 450 to 750 m3 

per stocked hectare. 

FOREST MANAGEMENT PLAN: REVENUE 

AND COSTS 

Cashflow Forecast 

The forest management plan for an investment project 

should include a cash flow analysis setting out the annual 

operations and costs through the duration of the growing 

of the forest crop. Projected costs and returns should be 

expressed in current-day real dollars to remove the effects 

of inflation. 

Costs 

Costs should be realistic for the work envisaged, and take 

into account direct operational costs, field supervision, 

management and other overheads. Contingencies should 

be provided to cover unexpected costs such as dealing with 

tree toppling, additional fungus spraying, correction of 

unexpected nutritional problems etc. Typical costs are 

shown in Table 1. 

The schedule of the pruning and thinning operations 

should set out the target pruned height for each pruning 

lift, and the target stockings for thinning operations. The 

"Pruned Stand Certification Scheme" initiated by Forest 

 
Operation Unit Typical cost ($) High ($) Low ($) 

Land purchase $/ha 2500 5000 1000 

Land preparation & initial weed control $/ha 100 1000 0 

Planting $/ha 500 700 400 

Releasing $/ha 200 270 130 

Pruning total for 2 or 3 lifts to approx. 6 metres $/ha 1400 1700 1000 

Waste thinning total for 1 to 3 thinnings $/ha 450 600 300 

Average annual & periodic costs – including forest management, 

rates, insurance, fence and track maintenance, animal control, 

accounting, audit, reporting & meetings with investors 

$/ha/yr 100 140 70 

Harvesting – log & load cost $/m3
 25 40 20 

Harvesting – roading cost $/m3
 5 8 2 

Log transport $/m3/km 0.16 +$3/m3
 0.20+$3m3

 0.12+$3m3
 

Harvesting supervision & sales $/m3
 4 6 2 

Note: Costs include labour, plant, equipment and field supervision. 
Table 1: Typical Forestry Cost Schedule at March 2004. 
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Research can be used to ensure the timing and quality of 

the pruning is recorded and is available at a later stage to 

assist in marketing the produce. 

Most forestry costs are expressed on a per-hectare basis 

which allows comparisons to be made with other past and 

planned forestry investment opportunities in the area. 

The costs of set-up, promotion, audit, commission, 

consultant reports and legal advice will be associated with 

most public forestry investment ventures. These costs will 

vary widely depending on the size of the project and the 

investment structure. Again prospective investors should 

compare these costs carefully with other past and planned 

forestry investment opportunities. 

Revenue 

Projected revenue returns should reflect what is currently 

being achieved for the respective log grades (see Table 2). 

As mentioned above, projected log grade out-turns should 

be supported by computer-generated modelling runs with 

experience-based adjustments. The schedule of projected 

log grade out-turns should be consistent with the 

silvicultural management proposed for the crop. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note:  * As at 2003/early 2004. Prices vary and need to be handled 
with caution. 
Table 2: Typical Log Grade Recoveries and Log Prices For 

Independent Growers. 

Revenue at harvest is normally expressed on a "at wharf 

gate" or "at mill door" basis on the premise that net 

domestic and export returns will be differentiated over the 

longer term only by transport costs. There is limited scope 

for revenue from sources other than logs (e.g. grazing, 

production thinning and Christmas trees). 

Generally forestry investment projects are evaluated on a 

single rotation basis with a residual land value at the end 

of the rotation if the project involves land purchase. Most 

commonly the residual land value will be assumed to 

equate to the purchase value, or the value adopted for the 

beginning of the project. Some forestry projects assume an 

annual land rental charge payable to an associated land- 

owning company or outside land-owner. Be wary of 

situations that allow for all land rental to be paid at the 

outset, or an escalation of land rentals on other than 

independent market assessments. 

FINANCIAL PERFORMANCE OF A 

FORESTRY PROJECT 

The projected financial performance of a forestry project 

will generally be expressed as the internal rate of return 

(IRR). The IRR of an investment is defined as that discount 

rate where the discounted costs and revenues sum to zero. 

Put another way it is the maximum projected rate of 

interest (before inflation) than an investor could afford to 

pay on a loan to fund the whole investment, and break 

even at the end. 

Provided that all costs and returns are expressed in current- 

day dollars, and costs and returns move similarly with 

inflation, then the rate of return (IRR) is a real rate – i.e.  

the rate which is expected to be achieved over and above 

inflation. Be wary of investment proposals that assume 

current costs but factor in price escalation. 

IRRs can be expressed as pre-tax or post-tax. For simplicity, 

because future taxation policy is uncertain, and because 

different individuals have different tax liabilities, pre-tax 

IRRs are most commonly used as the benchmark for 

comparison purposes. A well set-out prospectus should 

allow an investor to adjust, or sensitivity test, the 

calculated rate of return under differing assumptions or 

circumstances. IRRs are particularly sensitive to: 

> log prices; 

> log yields by grade; and 

> total log volumes. 

For well located and well managed forestry investment 

projects, projected pre-tax real IRRs are currently in the 4% 

to 9% range. Investors should be particularly wary of 

proposals that project an IRR outside this range. 
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VALUATION OF 
RURAL LAND 
J L Middleton – Middleton Valuation, Tauranga 

DEFINITIONS 

The value of a property (Capital Value) is a combination of 

Land Value and the Value of Improvements, each of which 

are defined in the Valuation of Land Act 1951. 

The Capital Value of a property by definition is "the sum of 

the owner’s estate or interest therein which, if 

unencumbered by any mortgage or other charge thereon, 

might be expected to be realised if offered for sale on such 

reasonable terms or conditions as a bona fide seller might 

be expected to require". 

The Value of Land by definition is "the sum of the owner’s 

estate or interest therein which, if unencumbered by any 

mortgage or other charge thereon, might be expected to 

be realised if offered for sale on such reasonable terms or 

conditions as a bona fide seller might be expected to 

impose, as if no improvements had been made on the 

land". 

The Value of Improvements in relation to any land means 

"all work done or material used at the time or for the 

benefit of the land by the expenditure of capital or labour 

by any owner or occupier to increase the value of the land 

and the benefit thereof is unexhausted at the time of the 

valuation". 
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Log Grade Typical 

out-turn (%) 

$/m3 at wharf 

gate or mill door* 

Pruned P1 40cm 15 130 – 170 

Pruned P2 30-40cm 10 90 – 125 

Large unpruned 

(>30cm sed) 

 
30 

 
75 – 90 

Small unpruned 

(20 – 30 cm sed) 

 
25 

 
50 – 80 

Pulpwood/chipwood 20 30 – 45 

 



PROCESS 

As with most valuations, rural property is valued by 

reference to sales of comparable properties. In all instances 

the valuation should be based on the highest and best use 

of the property. For example "premiums" have been paid 

for sheep and cattle units which were suitable to convert 

to dairy farms and premiums are normally paid for either 

dairy farms, grazing blocks (where they have land suitable 

for horticulture), or for farmland on the outskirts of a 

growing urban area where the land has the potential to be 

used for residential or rural residential purposes. Another 

example is where good flat land is planted in pine trees 

and surrounding land of similar contour is being dairy 

farmed. The land would need to be viewed on the basis of 

being potential dairy land although the time remaining 

before harvest, as well as pasture reinstatement costs, 

should be taken into consideration. There have been a 

number of sales in the Tokoroa and Putaruru districts 

where pine trees have been harvested and instead of being 

replanted back into forestry, the land has been sold to 

adjacent dairy farmers for development into pasture. From 

all accounts, the transition has proved to be successful. 

Similarly, some marginal pastoral land could be seen to be 

more suited to forestry from an economic and 

environmental viewpoint, although important variables in 

the assessment of the land value for forestry include the 

distant to the nearest export port and the distance to a 

mill. Therefore one would expect land values for forestry to 

be significantly higher in the Bay of Plenty region (than in 

King Country, say) because of the proximity of the Port of 

Tauranga and local processing sites. 

The valuation profession as a whole is totally dependent on 

recent sales information. The more sales information one 

has, the easier it is to make an informed judgment. The 

sales information is supplied from several sources. There  

are a few independent providers who collate and sell sales 

information. One source of supply is Headway Systems 

which collates sales data and has developed a program 

which enables one to search on virtually any number of 

fields. For example, if one wanted to search sales of 

forestry properties ranging from 500 hectares to 1,000 

hectares within the past 12 months, then it’s a simple 

matter of introducing the various fields to search. 

Other sales information is provided from the Real Estate 

Institute, real estate agents and vendors and purchasers. 

The difficulty with rural valuations compared with 

residential is that, while the formal sales information 

provides all the basic information such as sale price, land 

area and legal description, it does not provide the 

important ancillary information such as production, 

stocking rates, grassed areas, or areas of forestry or bush. 

This information can be reliably provided only either by 

contacting the vendor or purchaser, by an on-site 

inspection of the property, or contacting the real estate 

agent (if one has been involved) who sold the property. 

Local experience and longevity in the profession can also 

be of considerable advantage through the build-up of the 

valuer’s data base and knowledge of the area they work 

within. Working outside the area where they normally 

work is difficult for a rural valuer. Difficulties include 

knowledge of the district and farming practices, and 

collection of comparable sales data. Rural land valuation is 

not a universal type of profession but rather one which is 

very much localised to the area in which one has chosen to 

work. 

Once sales information is collected, it is analysed into as 

many fields as one likes. Usually it is according to land 

contour, land cover (pasture, bush, forestry or other crops), 

value of improvements, stocking rate and production, but 

other fields may also be added. 

Generally the higher the productivity of a farm or orchard, 

the higher the value. On many occasions the productivity 

of the property is influenced by the quality of management 

as well as the quality of the land and this should also be 

taken into consideration when either analysing a sale or 

valuing a property. A qualified rural valuer should be able 

to identify those properties which achieve higher or lower 

production compared with similar properties in the same 

district and also be aware that valuing solely on production 

per hectare can create a significant distortion in value. If a 

property is achieving a high level of production as a result 

of exceptional management, valuing solely on production 

may result in an unrealistically high value and therefore it 

would be necessary to make an allowance for this. 

Conversely, if a property is not achieving the production it 

should be achieving (as a result of poor management), 

then an allowance for its potential should be reflected in 

its value. 

Consideration should also be given to the condition and 

quality of the structural improvements, in particular 

buildings. There are occasions where buildings can 

overcapitalise a property and equally there are occasions 

where the buildings are undercapitalised. In the latter 

instance, if one was to realise the potential production 

from the farm or orchard it would be necessary to expend 

capital and this therefore needs to be taken into account in 

the assessment. For example a dairy farm which has the 

potential to increase the herd size may require a 

corresponding increase in the size of the dairy shed and 

associated buildings. 

Even though the valuer may have all the sales information 

at its disposal, there is still the matter of interpreting the 

information to arrive at a value which reflects the current 

market situation. A valuation is essentially a "snapshot" in 

time based on the available information but, if the sales 

information is out of date, then the valuer will have to 

make the necessary adjustments to reflect what it 

considers to be the current market condition. 

MAORI LAND 

Property values are also affected by the saleability of a 
property. For example in the Mangatu Incorporation 
decision by the Court of Appeal it was determined that 

"the valuation of Maori Land, where the valuation is based 
on a hypothetical sale price, should reflect the legal 
restrictions imposed by the Te Ture Whenua Act 1993". 

The Mangatu decision applies to all Maori Freehold land 

and has recognised the impact of the Te Ture Whenua Act 

on the saleability of Maori land. Maori land must therefore 

be valued on a case by case basis in light of the restrictions 

that apply to the particular block of land. The implications 

of this decision may result in lower roll valuations 

(therefore lower rates) and when rents are revised under 

forestry leases, the decrease in the value of the land may 

cause a fall in the value of the rental payable on the land. 

Further, if the owners of the land wish to raise finance 

against the value of the property, the capital value of the 

land may be substantially lower than an unencumbered 

property. 

Factors to consider when assessing the value of Maori land 

include the: 

> membership of the preferred class of alienees; 

> financial resources of the class; 

> historical, spiritual and cultural connection of the Maori 

owners to the land; and 

> likelihood of the Maori Land Court granting a change 

of status from Maori Freehold to General Freehold. 
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The value of Maori Freehold land could therefore fluctuate 

significantly owing to events that are unrelated to the 

physical nature or productivity of the land, but more 

related to issues surrounding ownership. The potential for 

differences in approach and opinions by valuers on the 

valuation of such land will no doubt be open to dispute in 

the future. 

SUMMARY 

Valuation is often regarded as a mixture of art and science. 

In the case of rural valuation, the science is in the 

understanding of the farming or forestry practices, the 

interpretation of the highest and best use of the land, and 

the objective analysis of sales. The art is in the 

interpretation of the information and making a judgment 

call on where one considers the value to be in relation to 

the analysed sales information. Regardless of whether the 

valuation is residential, commercial or rural, this can often 

be very difficult, particularly where there is limited available 

information and in situations including the valuation of 

Maori land. 

The process of a valuation includes: 

> A full inspection preferably with the land owner. Most 

relevant information relating to the physical nature of 

the property as well as production details can be 

obtained at this point. It is important to obtain actual 

production data from the owner rather than rely on 

"word of mouth" information. 

> The inspection is followed by the collection and analysis 

of sales and the preparation of the valuation report. 

Report standards have been developed by the Institute 
for the Valuation of Rural Properties and all valuations 
should comply with the general provisions of those 
standards. Rural properties to which the standards do 

not apply however include "forestry valuations, small 
holdings, lifestyle blocks, traditional Maori Land and 
agricultural enterprises". The report covers all aspects 

relating to the property such as legal description, 
zoning, location, description of land, description of 
improvements, stock and production. 

> Also included in the report are details of the 

comparable sales data used to formulate the valuation, 

and details of the value of buildings, fences, water 

supply, and other improvements. 

> The report may also include conditions within which the 

valuation has been made and any disclaimers or 

disclosures. 

 
 
 

 
 

VALUATION OF 
FOREST LAND 
H Reynolds – Reid and Reynolds Limited, 
Rotorua 

INTRODUCTION 

How should one go about valuing land used for forestry? 
The New Zealand Institute of Forestry’s (NZIF’s) Forest 
Valuation Standards (1999) state that this task should be 

referred to a Registered Land Valuer. 

Over the past decade registered valuers have grappled with 

issues relating to this question. On a number of occasions 

the Court’s direction has been sought. These cases have 

arisen from disputed land values for rating purposes or in 

connection with licence fee payments under Crown 

Forestry Licences (CFLs). The definition of land contained 

within a CFL differs from that contained within the Rating 

Valuation Act 1998. Courts have however concluded that 

these differences do not materially affect the land’s 

assessed value. 

The following provides an overview of recent decisions and 

a commentary on the way forward. 

TAHORAKURI 

Tahorakuri is a large plantation forest, which was owned 

by Tasman Forestry Ltd. It encompasses an area of 11,875 

hectares of freehold land located between Taupo and 

Rotorua. This parcel of land was subject to a series of 

judgements arising from an objection to the 1992 roll 

valuation under the Valuation of Land Act 1951, now 

replaced by the Rating Valuation Act 1998. The definition 

of land contained within this statute requires a two-step 

approach. By definition the value of the land and crop 

must be assessed and then the crop value is deducted. For 

this reason the existence of the trees cannot be ignored. 

Although this method of assessment is seldom followed, 

nevertheless it is a defining statement. If the existence of 

the trees cannot be ignored then, in the majority of 

instances, the land’s use is restricted to the growing of 

trees. Since Tahorakuri, a considerable area of previously 

forested land has been sold for conversion to pasture. In 

such cases the existence of immature trees does not impact 

upon the underlying land value, which now reflects a 

higher and better use. 

The Courts also concluded that if the land is to be valued 

as forest land, then there is an implied hierarchy of sales 

evidence. The best evidence is sales of freehold forestry 

land. In the absence of such evidence, sales of pastoral 

land acquired for forestry purposes should then be 

considered. Finally pastoral land acquired for other than 

forestry purposes may be taken into account. If the second 

and third tier of evidence is to be relied upon, then certain 

adjustments must be taken into account to reflect the fact 

that the land, which is being valued, is forestry land, not 

pastoral land acquired for forestry conversion. This is 

because costs associated with planting a forest on a 

pastoral site are lower than the cost of planting on 

forested land. The Courts concluded that for these reasons 

a forester could afford to pay more for the pastoral than 

for land upon which trees had grown. 

If the valuation was reliant upon sales of pastoral land for 

forestry conversion, and bearing in mind Tahorakuri 

encompassed some 12,000 hectares, then the sequence of 

necessary adjustments is as follows: 

> Lot size. 

> Contour. 

> Immobility of land use. 

> Fertility. 

> Pre-plant differences. 

Pastoral sales evidence submitted to the Courts indicated 

that the unit value per hectare declines as size increases. 

The Courts upheld this conclusion, but were persuaded 

that size also allows for economies of scale. For this 

reason, the Courts concluded no adjustment for size was 
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warranted, as these two factors counterbalanced one 

another. 

In the case of Tahorakuri, the majority of pastoral sales 

relied upon were made for ongoing pastoral purposes. The 

objectors contended that if these sales were to be relied 

upon, then pastoral lands possessed greater mobility of 

land use in comparison with lands committed to the 

growing of trees. The Courts acknowledged this 

proposition and, to reflect the lack of mobility of land use, 

an adjustment must be made. In this instance the 

objectors’ claim was for a 5% adjustment and this was 

upheld. If, as was the case during the mid 1990s, foresters 

were outbidding pastoralists, then no adjustment under 

this head could be justified. It can therefore be observed 

that any adjustment under this heading is dependent upon 

the sales evidence relied upon. If pastoral to pastoral sales 

evidence is used in determining the value of forest land, 

then the Courts acknowledged an adjustment for 

immobility of land use was warranted. 

With the assistance of empirical evidence submitted by the 

Forest Research Institute, the objectors contended that 

radiata pine and other species benefited from the fertility 

build-up within a pastoral soil in comparison with soils 

which have not benefited from fertility induced by man 

and stock. This was largely attributable to the level of 

available nitrogen, which enhanced tree growth. The 

Courts acknowledged that adjustments should be made to 

reflect this factor. In the case of Tahorakuri this adjustment 

was fixed at 20% of the pastoral equivalent land value. 

The objectors also contended that trees could be 

established more cheaply on pastoral sites in comparison 

with land beneath a forest canopy. This was largely 

attributable to post-harvest slash, debris and weed 

infestation. The marginal difference in pre-plant costs was 

determined by deducting pastoral establishment costs from 

those actually incurred. It was further acknowledged these 

costs would be incurred again at the end of the following 

rotation. For this reason the pre-plant cost difference at the 

commencement of the rotation was adjusted. Although  

not discussed in Tahorakuri, I believe post-plant cost 

differences should also be acknowledged. 

The taxation treatment of these costs must then be 

addressed. Should they be capitalised or deducted in the 

year of expenditure? The Court of Appeal upheld the 

Inland Revenue Department guidelines and ruled that pre- 

plant costs must be treated as capital expenditure, 

appearing within a depreciation schedule. 

Evidence submitted by the valuers acknowledged that 

adjustments should be made to reflect harvest cost 

differences according to contour. The objector classified the 

land by extraction type: skidder, tractor and hauler. In 

comparison with land suitable for skidder extraction, a  

17% adjustment to reflect additional costs on tractor land 

was made, with a 28% adjustment in the case of hauler 

land. 

In all such cases, the Courts have stated that their 

conclusions are based on the evidence submitted and 

subsequent cases must be judged on their own merits. 

Nevertheless subsequent judgements have referred to, and, 

where appropriate, have relied upon, the principles 

established by the Tahorakuri series of judgements. 

EYREWELL AND MOUNT THOMAS 

Introduction 

Carter Holt Harvey Ltd objected to two roll valuations over 

Canterbury forests subject to the CFL regime. These 

objections were initially heard before the North Canterbury 

Land Valuation Tribunal whose judgement was delivered on 

11 February 1998. This was then appealed to the High 

Court. 

Tenure Restriction 

The court concluded the principal complicating feature to 

this case was that both forests were held pursuant to the 

statutory regime created by the Crown Forest Assets Act 

(CFAA). This was especially so, because following section 8 

paragraph 35 (1) of the Act, the Crown may not sell the 

land except by way of exchange for adjoining land while it 

remains subject to the CFL. The High Court was of the 

opinion that the most difficult issue it faced related to the 

extent to which the restrictions under the CFAA and the 

CFLs diminished what might otherwise be the value of the 

owner’s estate or interest in the two forests in question. 

Land Value Principles 

The High Court was satisfied the land must be valued for 

forestry purposes and that the CFAA regime meant the 

land could, in any event, be used only for forestry 

purposes. 

In the first instance it was the Court’s conclusion that sales 

of land already in forest provided the best evidence. 

Because of the relative paucity of such evidence, it was 

also necessary to consider sales of pastoral land. A 

methodology similar to that established by the Tahorakuri 

series of judgements was adopted. 

As the High Court concluded that the land must be valued 

for forestry purposes, then it was inescapable that specific 

forestry risk factors must be reflected in the valuation. They 

include risks such as fire and wind-throw because in the 

long run they will affect the returns from the forest. These 

factors will be taken into consideration by a prudent 

forester when establishing how much it would pay for the 

land for present purposes. 

CFL Tenure Restrictions 

The High Court observed that the main function of the 

CFAA was to accommodate Maori claims while also 

meeting some of the Crown’s objectives such as public 

access. These factors made the land less attractive than its 

freehold equivalent. For these reasons the High Court was 

satisfied that the freehold equivalent value should be 

significantly discounted to allow for tenure restrictions. 

After traversing legal principles and giving consideration 

for the purpose of the CFAA the High Court concluded 

that a 5% reduction of the freehold equivalent value 

should be applied to reflect CFL tenure restrictions (other 

than restraint on sale). 

Restraint On Sale 

It was the High Court’s observation that the Land Valuation 

Tribunal had incorrectly assumed that the Crown would be 

permitted to sell the land if and when a recommendation  

is made that the land is not to be returned to Maori. In  

fact the effect of section 35 (1) of the Act is that there can 

be no sale at all while the land remains licenced. For this 

reason the High Court concluded that the restraint on sale 

makes the forestry land less attractive than identical land 

not subject to such a restraint. For this reason some 

discount is appropriate and the allowance of a further  

10% made by the tribunal was upheld by the High Court. 

MANGATU AND HOUPOTO 

Mangatu was an objection to an assessment under the 

Valuation of Land Act 1951. The owners of the Mangatu 

Incorporation contended that regard must be had to the 

impact of the Te Ture Whenua Maori Land Act when their 

estate or interest in the land was being assessed. At or 

about the same time a ground rent for lands leased by 

Carter Holt Harvey from Houpoto Te Pua Trustees was in 

dispute. The rent review was fixed at a percentage of land 

value. The Grantee contended that the land value should 

have regard for the impact of the Te Ture Whenua Maori 

Land Act. 
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The Courts concluded that, on the basis of evidence 

submitted, this discount attributable to the impact of the 

Te Ture Whenua Maori Land Act 1993 should range 

between 5% and 15% of the land’s freehold equivalent 

value. 

Concurrently the Courts heard evidence relating to the 

lease of Maori Land for forestry purposes. The Houpoto 

lease required the rent to be fixed as a percentage of the 

Grantor’s capital value. 

Again the Courts acknowledged that adjustments must be 

made to reflect land tenure restrictions. Because the land 

had a substantial commercial flavour and that a lease 

reflected an income stream, in the case of Houpoto the 

adjustment was restricted to a discount of 3.5% of the 

land’s freehold equivalent value. 

CONCLUSIONS 

In the absence of comparable sales evidence, at best 

Tahorakuri and other cases confirm thought processes 

which require ongoing refinement. For example, harvest 

costs associated with lands requiring hauler extraction vary 

depending upon the length of the slope and whether or 

not there are well defined ridge systems. Furthermore, 

factors such as distance to market were not factored into 

these decisions. 

For these and other reasons, a more robust methodology 

must evolve for determining the value of land for the 

growing of trees. While the NZIF Standards passed this 

responsibility to registered land valuers, the process 

requires a partnership between forestry and land experts, 

sharing their various skills and experiences. 

RUSK V COMMISSIONER OF INLAND 

REVENUE 

This case established the principles in determining a tree 

crop value (for the purpose of taxation) where land with a 

tree crop on it is sold. 

This High Court judgement dated March 1986 arose from 

the sale of land upon which an immature forest had been 

established. While this is a dated decision the principles are 

still considered to be of relevance. 

The parties were in agreement that any part of the 
consideration attributable to the tree crop should be 
treated as assessable income. Under the then relevant 
legislation, the definition of timber including standing trees 
stated… "a sale of land with standing timber thereon shall 
be deemed to be a sale of timber for the purpose of this 
section…and that  part of the  consideration so determined 
by the Commissioner shall be deemed to be the 
consideration paid for the timber". 

Of the total consideration (being $155,000), the 

Commissioner determined that part of the consideration 

attributable to timber on the land was $97,700 and this 

was treated as assessable income. The objectors challenged 

the Commissioner’s assessment of the timber value and this 

was the question the Court was required to determine.  

The judgements held that the formula adopted by the 

Commissioner of Inland Revenue was erroneous. 

Henry J concluded that in order to ascertain what part of 
the consideration is attributable to the timber, it is first 

necessary to undertake a valuation of the land and 
standing timber. This requires an analysis of comparable 
transaction evidence. In this case and in general, there is a 
dearth of such evidence and therefore the judge concluded 

it is necessary to first ascertain the value of the land and 
secondly the value of the timber (by deducting the land 
value from the transaction value). "It is the added value 
which the timber brings to the land which is important, as 
the timber cannot be valued as a separate entity divorced 
from the land, being at the relevant date, unmarketable in 
that  form". 

 
 

 
 

FOREST 
OWNERSHIP 
STRUCTURES 
A J Barnes – Forestry Consultant, Rotorua 

THE NATURE OF AN OWNERSHIP 

STRUCTURE 

Ownership structures have developed and are developing 

in response to the growing complexity of the economic 

needs of society. An ownership structure may allow the 

separation of capital, management and labour inputs to an 

enterprise between various individuals (personal and 

incorporated) and in various proportions. 

An ownership structure defines the rights and obligations 

of the owners (proprietors, equity holders, shareholders) of 

an organisation as between themselves and other 

stakeholders not having direct ownership in the structure 

(managers, employees, lenders, creditors, debtors, 

government, heirs, successors, and "the public"). 

A large segment of law is concerned with the rights and 

obligations between persons (both natural and 

incorporated), the mechanisms by which the sovereign 

power upholds and enforces contracts made between 

those persons, ownership rights to goods, and the 

relationship of enterprises to other interested persons and 

the government. 

An ownership structure may be formal (recorded and 

regulated by written documents or laws) or informal 

(recognised by tradition, verbal understanding and a 

pattern of dealings). An ownership structure need not be 

formally defined in order to be supported, or held 

responsible, under law. Formality however does help  

ensure the certainty, clarity and permanence of the 

relationships. In some cases, particularly where the law 

gives special rights to the enterprise or its proprietors, an 

ownership structure is required by law to be formally 

structured and recorded and to be under ongoing statutory 

oversight. For example a Limited Liability Company needs 

to be constituted and registered under the provisions of 

The Companies Act 1993 and must report to the 

Companies Office annually for the public record. 

The scale of finance needed by an enterprise may require 

the capital of a company to be widely spread. In that case 

the ownership of the company as structured (i.e. its voting 

share capital) may be subject to valuation and trading on a 

daily basis by means of a public market constituted as a 

Stock Exchange. 
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OWNERSHIP ORGANISATION AND 

FUNCTIONS 

An Ownership Structure: 

Is the means of regulating the relationships of the 

owners of the business as between themselves. Modern 

companies usually (but not always) give rights and 

obligations in the ownership structure to shareholders 

("owners", "proprietors", "stockholders" are closely 

related terminologies) in the same ratio as the capital 

owned by each shareholder. The way a company is to 

operate and protect those individual rights and obligations 

is defined by the constitution (formerly "Memorandum of 

Association") or charter of the company which is 

supported and regulated by law. The usual mechanism is 

by the election of a Board of Directors answerable to the 

shareholders. 

Is a unit for calculating results (profit the major one, but 

increasingly other results are handled by so called "multiple 

bottom line reporting") and reporting them to the 

proprietors and stakeholders. Control of business ventures 

is usually achieved by reporting results against a business 

plan and by comparison of the results against the resources 

employed. A basic concept of accounting is that money 

statements are prepared for an entity of defined 

boundaries and proprietorship. The accounting concept of 

entity is closely related to that of ownership and business 

structure. A business structure ("group") may contain one 

or more integral numbers of accounting entities 

("companies", "trusts"). In the following discussion  

"entity" and "business structure" is used interchangeably 

where the context is appropriate. 

Is recognised by law and in some cases (e.g. a Company) 

may be able to carry out many functions in place of a 

natural person and adopt further characteristics not 

available to natural persons. Less formal entities (e.g. 

undocumented partnerships) generally have fewer 

functions and abilities available to them. A company may 

be sued and sue, is able to enter into contracts, and be 

taxed. Importantly the life span of a company is, if solvent 

and not in breach of the law, not affected by the demise 

of personal shareholders and stakeholders and has a life in 

accordance with the wishes of its shareholders. 

Is a framework for regulating and describing the 

relationships and respective rights and interests of the 

proprietors and the other stakeholders (e.g. the company 

pays dividends to the shareholders, pays employee wages 

and salaries, pays taxes, obeys the law, and reports to all 

parties). 

The separation of equity ownership, management, debt 

financing and labour in a business is a key factor in the 

efficiency and stability of modern economic organisations. 

It is universal in all economies and political systems. To 

efficiently maintain the rights between all participants and 

the public and government an Ownership Structure must 

be designed, erected and maintained. 

Ownership structures and entities for forest proprietorship 

will probably have many characteristics in common with 

the structures adopted for other ventures, however some 

characteristics of forest enterprise suggest that certain 

structural features may be prominent in forestry businesses. 

TYPES OF OWNERSHIP STRUCTURES 

Sole Ownership 

An individual person may own assets and manage them 

for profit. The law assumes that the obligations of such a 

business to all other persons are those of the individual. 

Accordingly the sole owner also places its personal assets 

(house, car) at risk to an adverse business outcome. 

> Liability to third parties –unlimited. 

> Ability to raise capital – equity capital must all be 

provided by the Owner, trading of equity = "sale of 

business". 

> Ability to borrow – debts are personal and will generally 

be a charge against all personal assets. 

> Taxation – profits / losses are personal to proprietor and 

taxed in conjunction with non-business items. 

>  Life of enterprise – limited to natural life of owner. 

Partnership 

Individuals may combine to pool resources (money, labour, 

skills, contacts) to increase the business scale or scope. The 

law deems the liabilities of partners to be the same as 

individuals with the important proviso that liabilities are 

joint and several as between the partners. This means that 

even if the partners have an agreement amongst 

themselves to own assets and share profits equally, a third 

party may look to the other party for settlement of the 

whole debt if one defaults on his or her share. Partners 

may contribute and own assets and profits in any 

proportion. A written partnership agreement is not 

necessary but is a practical necessity in all but simple equal 

partnerships. 

> Liability to third parties – unlimited and joint and several 

to all partners. 

> Ability to raise capital – equity capital must all be 

provided by the owners, trading of equity equals "sale 

of partnership share" and opportunities are limited by 

considerations such as acceptability of the new partner 

to other partners. 

> Ability to borrow – in effect limited by the personal 

wealth of the partners to which the lender has 

recourse. 

> Taxation – taxable profits / losses flow direct to partners 

in the partnership ratio. 

> Life of enterprise – may be perpetual as partners may 

sell their interest to a new partner(s). However the 

death of a partner is likely to cause considerable stress 

to the partnership if the deceased’s estate requires the 

realisation of partnership assets. 

New Zealand Limited Liability Company 

Companies are recognised by law only if formalised by the 

provisions of The Companies Act 1993 (primarily; there are 

others). The continued existence, the names and addresses 

of directors, the extent of borrowings secured against the 

assets of the company, and (for larger companies) the 

accounts of the company, are required to be reported 

annually. These reports are on the public record. The 

fundamental distinction between a Limited Liability 

Company and individual ownership is that the owners’ 

(shareholders’) liabilities to other stakeholders are limited to 

the amount of shareholders’ funds in the company (there 

are exceptions, related mainly to fraud or statutory breach 

by shareholders or directors). This is a powerful protection 

for shareholders where they do not wish to have any other 

involvement in the enterprise. 

The rights of shareholders are set out in the constitution of 

the company. 

There are specialised forms of registered companies and 

organisations, including Unlimited Liability Company, Co- 

operative Company, Registered Society and Company 

Limited by its Own Statute. These forms have specialised 

uses. 

An important capital raising device available to companies 

is to "list" or "float" their equity. That is, the shares are 

offered for sale and are thereafter tradeable in a market. 
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This puts a value on the company and allows new capital 

raising from existing and new shareholders. In practical 

terms a "private" or "closely held" company is limited in 

size by the ability of the shareholders to provide funds. A 

listed company can tap far wider sources of capital, and 

capital from people and organisations whose motivation is 

purely financial. 

The Loss Attributing Qualifying Company (LAQC) should be 

of interest to forest owners and developers. This has  

limited liability benefits for shareholders but company tax 

losses (e.g. tax-deductible forestry costs) may be passed 

through directly to the tax account of personal 

shareholders. 

> Liability to third parties – limited to owners’ capital. 

> Ability to raise capital – equity capital provided and 

traded between not more than five personal 

shareholders. 

> Ability to borrow – debts are chargeable and generally 

secured against defined company assets. 

> Taxation – profits / losses are taxed at source in the 

company and are (generally) tax-paid in shareholder’s 

hands. 

> Life of enterprise – limited by the financial ability of the 

company to continue and the wishes of the 

shareholders. 

Offshore Limited Liability Company 

Offshore registered companies may trade in New Zealand. 

They must be registered under the New Zealand 

Companies Act provisions and must file the New Zealand 

branch and the offshore parent’s accounts annually. A 

feature of the New Zealand forest industry since the early 

1990s is the transfer of ownership of some large forest 

estates into offshore companies. Offshore organisations 

have a generally better ability to attract large amounts of 

equity capital and loan monies for financing forests than 

New Zealand based organisations. 

>  Liability to third parties – limited to owners’ capital. As 

the capital and (generally) senior management is 

offshore, action against the entity may be difficult for 

New Zealand residents. 

> Ability to raise capital – equity capital provided and 

traded by offshore shareholders. Capital cannot be 

raised in New Zealand. 

> Ability to borrow – debts are chargeable and generally 

secured against defined company assets including 

offshore assets of the parent. 

> Taxation – taxation and profit remittance provisions 

cover both New Zealand and the offshore parent and 

are often complex. 

> Life of enterprise – limited by the financial ability of the 

company to continue and the wishes of the offshore 

shareholders. 

FOREST OWNERSHIP STRUCTURES 

Forestry enterprises are found right across the value scale. 

The inventory of structures in the previous sub-section is 

arranged in order of increasing scale. It is characteristic of 

smaller forests that their owners often gain other 

satisfactions from ownership additional to financial returns. 

Capital may be provided from personal resources and 

much of the real economic cost is covered by the personal 

efforts of the owner. Limited liability has no real benefit as 

there is usually negligible debt and other stakeholder 

involvement. Continuity of the enterprise may be ensured 

by gifting at some appropriate time, or legacy on death of 

the sole owner. Personal and partnership structures are 

therefore often adequate for small forest estates. 

There is no technical reason why an individual cannot own 

the very largest forest estate. The pressures to limit liability, 

spread the sources of equity and debt, separate 

management from capital, maintain the entity for a more 

or less perpetual life apart from its owners and 

stakeholders are, however, very compelling even if control 

is exercised by a single shareholder. 

Forestry enterprises are perhaps suited to lower rates of 

leverage (ratio of loan funding to the total of equity capital 

and loan funding) than the average enterprise. Reasons for 

this may include the fluctuation of trading cash-flow over 

the forest time-span against the more or less constant  

need to service debt, the relative unattractiveness of young 

forest as debt security and the mismatch of lender’s time 

horizons to forest growth time-spans. However debt 

funding is tax efficient as interest is mostly tax deductible 

on payment. Equity provision is seldom directly tax 

deductible by the shareholder when provided, and the 

servicing charge for equity – which is profit and dividends – 

is generally subject to tax in the company or in the 

shareholder’s hands. There is therefore some tension 

between the technical financing needs of larger scale 

forests and the tax efficiency of the funding. 

The typical small (say up to $2 million capital) forest is 

often of markedly uneven age class and inwards/outwards 

cash flow. For these forests where owned by personal 

shareholders, the LAQC-constituted Limited Liability 

Company is ideal as it gives the benefits of a limited 

company with full and "as spent" tax transparency of 

losses back to the owners. 

Larger forests are, in general, of more even age class 

structure and cash flow and for reasons of scale need to be 

funded by many shareholders, some impersonal (i.e. 

companies and entities) and some offshore. The need for 

tax transparency is not so pressing. Large sources of 

market-priced and ongoing equity and debt finance are 

however important, so listed companies and offshore 

organisations are usually favoured. 

Land and Tree Ownership Vehicles 

Any of the ownership structures described can own a 

forest. The holding format for the forest itself is now 

discussed. 

The relationship of individuals and government to land 

ownership and use is a long-standing concern in all 

societies. Land has linkages to economic and political 

power. The methods of describing and regulating land 

ownership and use have therefore figured strongly in legal 

systems and are contained in the separate legal category of 

Real Estate in common law. 

Trees have traditionally been considered part of land in 

legal systems based on European models and, with certain 

exceptions, this is the case in New Zealand. If land is 

owned, then buildings and trees on it are, in lack of other 

evidence to the contrary, owned too. For some this is 

convenient, but others may wish to own the land without 

the trees or conversely the trees without the land. The 

motivations for this separation are similar to those driving 

the ownership separation of equity capital, loan capital, 

management and labour as previously noted. There arises 

the same need to describe the boundaries and interactions 

between owners, stakeholders and government after the 

separation has been made. 

TYPES OF LAND AND TREE TENURE 

Freehold (Fee Simple) 

Government (in the New Zealand case, The Crown) 

through statute, supports the ownership of land by 
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individuals (including corporate and statutory persons) and 

their exclusive rights in using it, granting right over it to 

others and eventually selling it. This right is evidenced by 

the issue of a title by the Crown describing the land, its 

recorded owner and any "encumbrances" over the rights 

of the registered owner (rights of others to use it or cross it 

and borrowings secured against the land). It will also note 

any rights "appurtenant" to the title (rights of the owner 

to cross or use other land). Freehold is not (and has never 

been) absolute ownership against all the interests of the 

remainder of society. There are many statutes and statutory 

regulations limiting freehold land use (e.g. Resource 

Management Act 1991, planning ordinances) and some 

allowing the Crown to resume ownership under certain 

circumstances (e.g. the Public Works Act 1981). 

> Length of tenure – is assumed to be perpetual, to cease 

at the will of the owner by sale or by the death of the 

personal owner or the liquidation of the statutory 

owner. 

> Ability to raise capital – loans may be secured against 

land, the security recorded on the title and default in 

the terms will be enforced by transferring the land to 

the lender. 

> Taxation – nearly all land is subject to local body taxes 

("rates") and in the past has been subject to land tax. 

On the death of a person it may be subject to death 

duties. 

Lease 

A land owner ("lessor") may remain in "residual 

ownership" whilst another has use of the land. A lease is a 

"negative pledge agreement". That is, the lessee may use 

the land subject to a list of all the things that may not be 

done. The usual money consideration for granting a lease 

is rent, generally payable at annual, or shorter, intervals. 

Lease agreements may be quite complex documents and 

there are factors that may make a lease unsuitable for 

forestry application. 

> Length of tenure – is defined by the terms of the 

document. Default in any major respect will usually 

allow the lessor to determine (end) the lease and take 

the trees. 

> Security – may be registered on the land title. 

> Ability to raise capital – loans may be made against 

leasehold title but the security is generally unattractive 

to lenders because of the priority of the land owner’s 

rights. 

> Taxation – it is usual through the terms of the 

agreement for the lessee to pay the rates on the leased 

land. 

Profit ã Prendre and Forestry Right 

A long-standing concept is that rights to annual crops can 

be secured separately from the underlying land. This 

mechanism is the Profit ã Prendre (literally "benefit of 

taking") and it has also been used for long-lived crops 

(grapes and tree crops). However there was doubt that it 

was appropriate for the trees themselves. The matter in 

New Zealand was resolved by the enactment of the 

Forestry Rights Registration Act 1983. The Forestry Right, 

although falling into the category of a profit ã prendre, is 

specifically tailored for separating the rights of tree owner 

and land owner in plantation forest situations. It is a 

positive pledge agreement that sets out the totality of the 

things that one may do on the land, with the land owner 

retaining all other rights. 

The usual consideration is rent, but instruments have been 

developed to commute annual rent to a share of the crop. 

This is a useful and practical mechanism as it reduces the 

cash investment for the investor in trees and at the same 

time gives the land owner an ongoing interest in the 

development and use of the land over the long tree life 

cycle. Rent commutation has particular application in 

Forestry Rights on Maori land. It is more problematic with 

leases because there is no legal separation of the tree crop 

from the land. In this case, issues could arise should the 

lease be determined. 

Of particular benefit is that the land does not have to be 

surveyed and the extent of the Forestry Right may be 

defined by diagram rather than survey and registration. For 

lower value undeveloped land and small areas of larger 

titles, survey and subdivision costs (such as are required for 

long term leasehold and freehold title transfer), can be 

prohibitively expensive. Forestry Rights have been 

extensively used since enactment. 

> Length of tenure – is defined by the terms of the 

document. Default in any major respect will usually 

allow the grantor to determine (end) the Forestry Right. 

> Security – must be registered on the land title. 

Ownership of the trees may be defined in the case of 

default – the land owner may not have automatic rights 

to ownership of the crop on default. 

> Ability to raise capital – loans may be made against tree 

ownership under Forestry Right and the security may be 

more attractive to lenders than rights under lease. 

> Taxation – as per lease. 

 

 
 

HARVESTING AND 
MARKETING OF 
TIMBERLANDS 
P Weblin – P F Olsen and Company Limited, 
Rotorua 

A unique characteristic of timberland investment is the 

relatively short period of value realisation following a long 

period of capital investment. The return on capital is 

critically associated with the outcome of this harvesting 

and marketing phase. Timberland owners benefit greatly 

from undertaking a deliberative and informed decision- 

making process to select the most appropriate harvesting 

and marketing option. Understanding of the risks and 

conflict of interest issues are important in the selection of a 

provider for this service. 

SCOPE 

This article is not intended to be a step-by-step guide to 

service provider selection and does not cover issues related 

to resource consents, harvest planning, inventory, contracts 

or harvesting systems. Rather, it is intended to provide a 

framework against which critical commercially-oriented 

questions can be asked when undertaking the service 

provider selection process. 
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DEFINITIONS 

As with many industry sectors, New Zealand forestry has its 

fair share of unique terms and jargon. With increasing 

internationalisation of our forestry industry, we are dealing 

with new terms as well. Defining some of these will assist 

with the interpretation of this article. 

Timber 

This is the wood in the forest or woodlot, either standing, 

felled or cut into logs. 

Timberland 

Jointly the timber and land on which it grows, being a 

general term for the asset class involving growing timber. 

Stumpage sale 

A sale process whereby timber is purchased on the stump 

and the purchaser harvests and markets the timber, taking 

title to the timber when it is severed from the stump. 

A GROWING SECTOR OF FORESTRY 

The total volume of harvesting of radiata pine in New 

Zealand has increased considerably over the past five years, 

and reached some 23 million cubic metres in the year to  

31 March 2003. Annual harvest volumes are forecast to 

further increase to around 30 million cubic metres by 

around 2016 (New Zealand Forest Industry Facts & Figures). 

In addition, the source of the timber harvest is changing 

markedly. The proportion of harvesting from public 

companies and state-owned enterprises is reducing, whilst 

the proportion of harvesting from private owners (private 

companies, partnerships, individuals, and Maori groups) is 

increasing. 

Whilst public companies tend to have their own in-house 

harvesting and marketing resources (and associated log 

processing plants in many cases), the other ownership 

groups tend to out-source harvesting and marketing 

services. Forest owners in this group also tend to have no 

commitments to long-term supply arrangements. 

These trends can be summarised as leading to: 

> Increased demand for third-party harvesting and 

marketing service providers. 

> Increasing discretionary timber flows that can be 

diverted to the best markets. 

Hand in hand with this growing demand for harvesting 

and marketing services is a growing number of service 

providers. It is estimated that there are currently in excess 

of 32 actively trading providers of timber harvesting and 

marketing services. 

SALE METHODS 

There are two main categories of sale methods. The most 

appropriate method depends on factors such as cash flow 

requirement, the buoyancy of the market and how much 

risk one is prepared to take. It is far better to make a 

considered decision, on a case-by-case basis, rather than 

be biased towards one particular sale method. One size 

does not fit all. 

Graded Log Sale 

For a graded log sale the service provider manages the 

harvesting and log transport and sells specific log grades to 

log purchasers as an agent for the timberland owner. Log 

revenue will be responsive to log price fluctuations, but this 

is an advantage to the owner only if the market is rising. 

The disadvantages of this method include the timberland 

owner retaining the yield risk (i.e. risk that the log grade 

mix and the total recoverable log volume do not meet 

expectation) as well as all the cost risk (i.e. risk that the 

costs of harvesting and transport of logs do not meet 

expectation). 

Under a graded log sale, it is advantageous to provide an 

incentive for the service provider to ensure that it is 

strongly focused on maximising log-grade outturn and 

value. A flat fee does not do this, but implementing 

differential harvesting rates (particularly between sawlog 

and pulpwood) is one way of providing such an incentive. 

Stumpage Sale 

For a stumpage sale the service provider focuses on 

preparing the timberland for sale and organising a tender. 

This preparation may include mapping, applying for 

resource consent, harvest planning and pre-harvest 

inventory. A sales prospectus is then prepared and 

tenderers invited to bid to purchase the timber "on the 

stump". The successful purchaser assumes all the risk 

associated with the cost and performance of harvesting 

and timber cartage operations. In addition, the stumpage 

price is usually set for the whole term of the agreement 

and will not change with market fluctuations. 

The key to a successful stumpage sale is careful 

"packaging" of the sale: providing good documentation, a 

robust tendering process, and management of the 

harvesting operation. 

There are three subcategories of stumpage sale: 

1) Graded (pay as cut) sale: This is where the stumpage 

buyer pays a different price for each grade cut. A 

significant risk for the timberland owner in this sale 

method is the lack of incentive for the stumpage 

purchaser to optimise the grade outturn. The risk can 

be reduced by implementing value audits, both to 

satisfy the owner that grade outturn is being optimised 

and to apply positive pressure to the harvesting process. 

2) Composite (pay as cut) sale: This is where the 

stumpage buyer pays a composite price for all 

merchantable timber. This produces an incentive to 

optimise grade outturn but is likely to result in a price 

discount to mitigate the risk that the grade mix is 

inferior to that assessed prior to harvesting. Inherent in 

this sale method is an incentive for the stumpage buyer 

to leave low-value grades behind on the cutover area, 

or even "demerchandise" timber by breaking it with 

machinery or cross-cutting it into unmerchantable lengths. 

3) Lump sum sale: This is where the stumpage buyer pays 

a lump sum for all logs prior to commencing harvesting. 

The buyer takes on all the risk of grade mix and total 

recoverable volume. To mitigate these risks, the normal 

commercial practice is to discount the price paid for the 

stumpage. This is the most common stumpage selling 

method in the United States but relatively uncommon in 

New Zealand. 

STUMPAGE SALES CAN PERFORM WELL 

Stumpage sales can out-perform graded log sales when 

some or all of the following conditions are present: 

a) The timber market is buoyant – ideally at the peak of a 

cycle. 

b) There is strong demand for specific log grades. 

c) Broad-based bidding participation from a pool of 

competent, well capitalised bidders. 

d) Competent harvesting contractors are readily available. 

e) The timber resource is accurately described, including 

data on pruned log quality (such as pruned log index, a 

measure of the content of clear lumber). 

f) There are irrational bidders or bidders make a mistake 

in their appraisal. This potential advantage can backfire 

if the purchasers are not credible or don’t have a good 
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Sale Method Risk to timberland owner Cash flow timing for 

timberland owner 

Probable price 

discount for risk 

Graded log sale Moderate Favourable Low 

Graded stumpage High Favourable Moderate 

Composite stumpage Moderate Favourable Moderate-High 

Lump sum stumpage Low Very favourable High 

Note: the terms "low, moderate" etc are used to indicate relativities rather than be absolute descriptors. 
Table 1: Key Features of Sale Methods. 

 

track record. Prudent risk management procedures such 

as reference checks, credit checks and performance 

bonds become particularly important in such cases. 

g) Strategic considerations. Strong bids may arise, for 

example, when a mill requires supply security or a 

contractor requires a wood bank to keep his business 

turning over. In such situations, stumpage may be 

marginally costed. 

SUMMARY OF KEY FEATURES OF SALE 

METHODS 

Table 1 shows a summary of the key features of the various 

sale methods. 

Evaluation of the most appropriate sale method needs to 

balance the key features shown against the conditions (a) 

to (g) listed above. For example, a woodlot with highly 

variable timber (refer condition (e)) will be difficult to 

describe in terms of expected log yield and will be less 

attractive to potential purchasers as a composite stumpage 

or lump sum sale. They are likely to discount the price paid 

in recognition of the increased risk. A very buoyant market, 

however, could fully mitigate this impact and still enable a 

price premium to be achieved in a stumpage sale. 

CONFLICTS OF INTEREST 

Evaluating potential conflicts of interest is complex in the 

harvesting and marketing service field. Service providers 

will range from fully independent providers to those that 

have direct ownership of, or associations with, harvesting 

operations, log processing, other mature timberland or log 

exporting businesses. 

Fully Independent Service Providers 

These service providers are not involved in any other 

business activity that could potentially compromise their 

acting fully in the interest of the client. Whilst they may 

have a range of clients within a region, if the client jobs 

are more or less of equal size and the terms of 

engagement are similar, potential conflicts are minimised. 

Non-independent Service Providers 

Service providers with the following ownership or 

associations can have potential conflicts of interest when 

providing third-party harvesting and marketing services: 

> Harvesting operations – the owner of, say, $1.5 million 

worth of harvesting equipment with crew wages to pay 

is usually more interested in boosting harvesting 

production and price than return to stump for the  

forest owner. This potential conflict arises in either a 

graded log sale or a graded stumpage sale. 

> Log processing business – there is significant incentive 

for the service provider to minimise the cost of log 

supply to boost the profitability of the log processing 

business. Whilst this may be relatively easy to audit in 

terms of log price, it is much more difficult to audit in 

terms of log grade and log quality. 

> Ownership of timberlands – the potential conflict is the 

advantage that would be gained from preferentially 

marketing timber from the service provider’s own 

timberland, over and above timber from the client’s 

timberland. 

> Log exporting – this issue relates to decision-making 

that may optimise the total vessel log consignment but 

sub-optimises individual log lots. For example, a service 

provider may expedite the loading of a vessel with a 

grade that sub-optimises a specific client’s value 

realisation – this may be to avoid vessel delays and 

expensive demurrage charges. Whilst this may provide 

an overall freight cost advantage, it can constitute a 

significant opportunity cost for that particular client. 

Whilst these potential conflicts of interest are important 

decision-making criteria in the selection of a harvesting and 

marketing service provider, the above ownerships and 

associations may also provide advantages for the client. 

Selecting reputable providers operating to high professional 

standards will minimise potential negative impacts, as will 

written agreements and payment mechanisms that protect 

the timberland owner’s interests. The appointment of a 

reputable and experienced auditor can also address many 

conflict of interest issues. 

SUMMARY 

Harvesting and marketing activity in the private owners 

sector of the forestry industry is increasing. As the national 

harvest level increases, so too will the provision of third- 

party harvesting and marketing services. 

Timberland investment realisations occur over relatively 

short periods compared with the long investment cycle of 

this asset. The performance of a third-party harvesting and 

marketing service provider will have a major influence on 

the return from the investment. 

Choice of sale method and harvesting and marketing 

service provider should be a deliberative and informed 

decision-making process. Included in this process should be 

consideration of issues related to the best method of sale, 

risk, and the independence of the service provider. 

REFERENCES 

New Zealand Forest Industry Facts & Figures 2003/2004. Prepared 
by the New Zealand Forest Owners Association, the New Zealand 
Forest Industries Council, and the Ministry of Agriculture and 
Forestry. 
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EDUCATION AND 
TRAINING 
Forest Industries Training and Education 
Council, Auckland 

INTRODUCTION 

Forest Industries Training is the Industry Training 

Organisation for the New Zealand forest industries, 

established under the Industry Training Act 1992, the 

Tertiary Education Reform Bill 2002 and the Industry 

Training (Amendment) Act 2002. It is owned by industry to 

work on all aspects of education and training for the New 

Zealand forest industries. 

Forest Industries Training has gazetted coverage of the 

following sectors: 

> forestry – establishment, silviculture and harvesting 

> solid-wood processing 

> pulp and paper manufacturing 

> wood panel manufacturing 

> forest health and biosecurity 

> credit and finance 

Forest Industries Training is committed to providing 

leadership in the industry on training and educational 

matters and works collaboratively with education and 

training providers at all levels to ensure that the full range 

of industry training and education needs is met. It works 

with its customers and stakeholders to: 

> undertake skill-needs analysis to ensure that the 

required skills are planned for and available, 

> analyse international industry trends and their potential 

impact on New Zealand’s skill and knowledge needs, 

> analyse international training and education trends to 

ensure national standards compare favourably with 

industry best practice, 

> collaborate with training providers to provide training 

pathways that foster industry leadership at all levels, 

> develop national standards levels 1 – 10, 

> administer work-based training in the New Zealand 

forest industries, 

> advise and coordinate industry input into tertiary 

education at all levels, and 

> encourage the development and delivery of technology 

transfer programmes to meet industry needs. 

Other responsibilities include setting standards and 

developing qualifications for industry sectors, developing 

training programmes for employees and employers, 

maintaining training records, accrediting and monitoring 

training providers and assessors, and organising training 

delivery. The Tertiary Education Commission also funds 

Forest Industries Training to coordinate the Modern 

Apprenticeship Programme. 

Forest Industries Training is involved in a range of training- 

related activities including career promotion (both retention 
and recruitment strategies), the promotion of health and 

 
 

 
safety, environmental best practice and the promotion of 

best practice employment. It works collaboratively with 

major industry associations – the New Zealand Forest 

Owners’ Association, the New Zealand Forest Industries 

Council, the New Zealand Wood Panel Manufacturers’ 

Association, the New Zealand Pine Manufacturers’ 

Association, the Solid Wood Processing Training 

Association and the Forest Industries Contractors’ 

Association. 

Forest Industries Training employs 12 regional training 

managers and 30 national staff based in Auckland and 

Rotorua. There are approximately 1,000 registered industry 

training assessors out of New Zealand’s 25,000 forest 

industries employees and over 12,000 employees are 

currently involved in industry training. In 2003, more than 

$3.7 million was spent on on-job training, $400,000 of 

which was allocated to Modern Apprentices. 

Since the introduction of industry training organisations 12 

years ago, forest industries have benefited from an 

extended national training framework which has been 

progressively streamlined. Training in forest industries is 

now more comprehensive and covers a wider range of 

work-related skills, such as health and safety, 

communication and management. Employers regard 

training their employees as an investment, resulting in 

greater productivity, fewer staff changes, fewer accidents 

and improved staff morale. 

Education and training in the forest industries is structured 

around the New Zealand Qualifications Authority (NZQA) 

framework, a qualification system including National 

Certificates through to post-graduate study. A key 

development for Forest Industries Training in recent years 

has been the consolidation of training content which has 

led to transferable qualifications. 

THE NZQA FRAMEWORK 

The Industry Training Act 1992 introduced the NZQA 

Framework, giving people more choice and flexibility in 

their education and training. The qualification system 

brings a consistent approach to education and training, 

offering a variety of pathways for people to gain nationally 

recognised qualifications. Industry training qualifications 

can lead trainees to higher levels of formal education. 

The Framework includes all learning from secondary school 

level (fifth form) to degree and post-graduate degree level. 

The building blocks are ten levels of unit standards as 

shown in Figure 1. 
 

10 Doctorates 

9 Masters 

8 Postgraduate Diplomas and 
Certificates, Bachelors with Honours 

7 Bachelors Degrees, 
Graduate Diplomas 

  

6 

5 
Diplomas 

4 

3 

2 

1 

 
 

Certificates 

Figure 1: NZQA qualification framework. 

Each level of the framework has expectations of trainee 

performance. In general level 1 is set to be the equivalent 

of Year 11 in a New Zealand secondary school (students 

aged 15-16), Level 3 is set to be the equivalent of year 13, 

the final year of a New Zealand secondary school. Further 

levels represent post-school qualification levels. 
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Qualifications are made up of unit standards and each unit 

is designed to confirm a specific competency. As students 

and trainees complete unit standards towards their 

National Certificates or Diplomas, this is noted on their 

record of learning, held on NZQA’s database. 

Recognition of prior learning assesses skills and knowledge 

which employees have acquired outside a formal education 

environment. This means that these skills and knowledge 

can be assessed for credits towards qualifications. 

National Certificates can cover anywhere from level 1 to 7 

of the Framework but most commonly cover levels 1 to 4. 

National Diplomas can cover from levels 5 to 7 of the 

framework but most commonly cover levels 5 and 6. 

Limited Credit Programme (LCP) and 

Supplementary Credit Programme (SCP) 

Recently developed by Forest Industries Training, an LCP is 

designed to be a stepping stone into a full National 

Certificate. It is ideal for trainees with a limited training 

history as they can complete a short course without having 

to sign on for a full Certificate programme. For this reason 

LCPs include the lower-level compulsory units in a National 

Certificate so trainees can easily move on from completing 

the LCP to working towards a National Certificate. 

An SCP is designed to enable a trainee to take additional 

unit standards to upgrade or widen their existing 

qualifications without having to sign for a full qualification. 

For example, if a trainee has achieved a qualification by 

taking the core units and one strand, then a year later the 

technology changes and a new strand is added to the 

qualification, the trainee can then study units in that new 

strand without having to sign for the full qualification. 

Neither the LCPs nor SCPs are intended to be stand alone 

qualifications – they link to specific National Certificates or 

National Diplomas. The LCPs are designed so a trainee can 

complete the remainder of that National Certificate. An 

SCP is restricted to those trainees who have already 

completed that National Certificate. 

National Certificates 

National Certificates are available in every sector of the 

forest industry. The units and modules are designed to be 

delivered as on-job training by employees. Developed by 

Forest Industries Training and industry experts, National 

Certificates are built around the current best practice in 

each of the skill areas. The level 2 units of the qualification 

can also be completed as pre-entry courses at suitably 

accredited secondary schools, polytechnics and private 

training providers. The level 3 and 4 units require specific 

work competencies and normally require the learner to be 

employed in the industry. 

National Diplomas 

The level 6 National Diploma in Forestry (Forest 

Management) is an advanced technical forest-growing and 

harvesting qualification. The Diploma includes units from 

the National Certificates in Forest Establishment, 

Silviculture and Forest Harvesting covering basic practical 

forestry skills. A number of core generic communication 

and problem solving units are included, as are generic 

business management units covering aspects of marketing, 

finance, personnel management, operations management 

and quality management. The units covering forestry 

knowledge and skills have been developed to reflect 

awareness of relevant legislation and technology applying 

to forest growing and harvesting. 

OTHER FACETS 

Generic Qualifications 

A key improvement in Forest Industries Training’s 
operations since 1996 is that the organisation now 

coordinates training priorities across the industry sectors. 

The consolidation of training effort and content has led to 

the development of qualifications which are transferable 

between the different industry sectors. 

Career Development 

In an ongoing effort to improve the range of training 
available to the forest industry, Forest Industries Training 

has progressively introduced unit standards and 
qualifications which increase people’s understanding of 

their jobs. Forest Industries Training initially assesses and 

delivers the training that people need for a job, then 

provides the trainees with opportunities to advance their 

careers with programmes like first line management. 

Advances in technology and fast-changing economic 

conditions mean today’s worker may have to change career 

direction several times during their working life. Successful 

industries and enterprises stress the need for a multi- 

skilled, adaptable workforce. Today’s qualifications and 

training deliver transferable skills that enable people to 

work across a range of industries. 

Health and Safety 

Forest Industries Training develops unit standards for new 

occupational safety and health (OSH) requirements. For 
example, teaching people how work may affect them 
physically or psychologically has been identified as a 
training need only in the past 18 months. Following the 

new OSH requirements introduced in 2003, Forest 
Industries Training has developed a unit standard relating 

to managing the stress of shift work. 

Forest Industries Training uses best practice guidelines and 

runs regular workshops with OSH and ACC. For the past 
three years Forest Industries Training has developed 

National Certificates in OSH subjects at levels 3 and 4. In 
addition, Forest Industries Training is also engaged in the 

OSH advisory group which revises OSH standards and looks 
at new ones. 

Unit Standard Content 

Unit standards and qualification content has become more 

technical in line with the way the forest industry is moving. 

As a result, trainees often find the units are developed to 

suit higher levels of education. Training content was 

originally aimed at trainees of about school leaving age, 

whereas it is now equivalent to technical college and 

university level material. 

As well as improving training content and presentation, 

Forest Industries Training also aims to increase the 

international competitiveness of the New Zealand forest 

industry by incorporating international benchmarking in 

unit standards and resource materials. All units and 

qualifications are regularly reviewed by expert panels and 

updated to include new industry practices and 

developments. 

Future Direction 

From 2004, Forest Industries Training plans to focus on the 

needs of New Zealand’s approximately 2,000 forest 

industry employers by providing units and qualifications 

specifically designed for employers, aimed at helping them 

to improve their business performance. 

The traditional focus of industry training organisations has 

been around creating national standards. Forest Industries 
Training is now moving to create internationally 

competitive standards so that New Zealand forest industry 
employees have the skills to compete with the best in the 
world. 

REFERENCES 

NZQA qualifications framework, www.nzqa.govt.nz 
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HEALTH AND 
SAFETY 
PROCEDURES 
M Thomson – Occupational Safety and Health 
Service, Department of Labour 

Accident Compensation Corporation 

HEALTH AND SAFETY 

Health and Safety is not a "clip on" but should be an 

integral part of how daily business is carried out. 

Continued effort is required of everyone to reduce the 

number and severity of injuries. In addition, improved 

health and safety often results in improved productivity. 

THE ACT 

The purpose of the Health and Safety in Employment Act 

1992 (the HSE Act) is the prevention of harm to employees 

and others. After a decade there is no significant change 

to accident statistics. In May 2003 substantive 

amendments to the HSE Act were effected that will assist 

in achieving safer places of work. The amendments 

effected change in three key areas: coverage, employee 

participation and enforcement. 

Coverage 

> The HSE Act changed to cover people who are mobile 

while they work. This will cover logging truck drivers 

and indeed any worker using a forestry vehicle for 

work. 

> Volunteers or loaned employees or those receiving work 

experience or on-the-job training are covered. 

> Self-employed persons and principals are required to 

record incidents and notify serious harm accidents to 

the Occupational Safety & Health Service (OSH) of the 

Department of Labour. 

> Employers have to provide personal protective 

equipment (prior to the amendment many employers 

paid an allowance for the purchase of such equipment 

instead). 

> The HSE Act now covers stress and fatigue. 

Employee Participation 

> The HSE Act places a new enforceable duty on all 

employers to ensure that employees have reasonable 

opportunities to participate in processes for 

improvement of health and safety in the employees’ 

place of work. 

> Provision is made for the training of health and safety 

representatives and these representatives once trained 

can issue Hazard Notices. A Hazard Notice is a 

communication that informs the employer that a hazard 

in the workplace requires systematic management. 

> Employees now have the right to refuse to undertake 

work that is likely to cause serious harm. 

Enforcement 

> The limitation period for bringing prosecutions has 

increased to 6 months from the time when the breach 

became known or should have become known to an 

inspector. 

> Private prosecutions can now be taken under the HSE 

Act. 

> The HSE Act now contains an infringement offence 

regime. An inspector, for any breach of the HSE Act, 

may issue Infringement Notices. 

> It is now an offence under the HSE Act to insure or 

offer to insure against fines issued under the HSE Act. 

> Penalties have been increased with the maximum for 

knowingly exposing someone to harm being $500,000 

and/or up to two years imprisonment. 

REQUIREMENTS OF EMPLOYERS 

Policy Statement 

Employers must produce a Health and Safety Policy 

Statement. This statement should set out management’s 

intentions about the safety and well-being of employees. It 

signifies commitment to safety and health at the highest 

level of the organisation and is signed by the most senior 

person i.e. the Chief Executive or General Manager. 

Hazard Identification and Control 

With the help of employees, employers need to identify all 

hazards in the place of work controlled by them. The 

following is an example of a simple hazard register that is 

suitable for use by a contractor or small business. 

 

Hazard Potential 

Harm 

Significant 

Hazard 

Eliminate Isolate Minimise Action 

Taken 

Completion 

Date 

When 

monitored 

  Yes/no       

         

Over time some hazards will be eliminated and new ones 

identified. It is particularly important to assess new sites to 

identify hazards and manage them. Elimination of hazards 

should always be the first choice and must be done if at all 

possible. Isolation and minimisation then follow in a 

descending hierarchy. The knowledge of tasks and 

processes by employees places them well to identify 

hazards. 

Training and Supervision 

A competent person must supervise inexperienced staff. All 

employees must be adequately trained in the safe use of 

plant, equipment or substances. A record must be kept of 

all training that employees complete. A simple but suitable 

training record may appear as follows. 

 

Topic or Course Employees Name Date of training Qualification attained (if any) 
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Accident Recording and Investigation 

An accident register must be kept with a record of all 

accidents and incidents. It should contain the following 

information. 

 

Name Time & Date Description of injury   When and how accident   Recorded in Hazard 

   or incident happened Register Y/N 

     
     

 

The accident scene must not be interfered with except to 

assist the injured. Approval to clear a scene can be given 

only by an OSH inspector. OSH must be notified 

immediately following a serious harm accident once the 

injured have been attended to. The accident must be 

investigated and OSH provided with a report within 7 days 

of the event. 

Emergency Procedures 

The types of emergency situations that a business could be 

exposed to must be identified by employer and staff. Forest 

fires are a good example in the forest industry. Procedures 

must be developed to cover the safety of employees, 

contractors and others in the event of a fire emergency. A 

plan is required with emergency evacuation drills practised 

at least every six months. Emergency equipment should be 

regularly checked and maintained. 

Visitors 

Employers have a responsibility not to cause harm to others 

therefore a procedure for visitors to the place of work 

needs to be part of the hazard management plan. Visitors 

should receive instruction that covers likely hazard 

exposure and what to do in the case of an emergency. 

Visitors must wear any protective equipment that is 

required on the site. 

Principal 

A principal contractor must take all practicable steps to 

ensure that no contractor, subcontractor or any of their 

employees is harmed while undertaking any work at the 

principal’s place of work. 

The principal must reveal to the contractors the hazards 

that they may be exposed to while at work. The principal 

should confirm what hazards the contractor brings to the 

site. It is important that information and actions taken are 

documented. The contractor has a responsibility to notify 

serious harm accidents of contractors and their employees 

to OSH. 

ACCIDENT COMPENSATION 

The Accident Compensation Corporation (ACC) provides 

comprehensive, no fault 24-hour accident cover to all 

individuals who suffer injury by accident in New Zealand. 

ACC also undertakes injury prevention activities to reduce 

the incidence and severity of injuries. 

Under the ACC scheme an injured person can receive: 

> subsidised doctor/specialist and other medical treatment 

such as physiotherapy; 

> weekly compensation for lost earnings (up to a limit) 

calculated at 80% of pre-injury earnings; 

> support services to help the person recover from their 

injury, such as home help and childcare, and assistance 

with the ongoing treatment of an injury; 

> assistance with returning to work; 

> ambulance services and fully paid emergency care at a 

public hospital; 

> non-urgent surgery (part payment may be required of 

the individual); and 

> a one-off tax-free lump sum payment if the person is 

permanently impaired from an injury suffered on or 

after 1 April 2002. 

All employers are legally required to provide work-related 

personal injury cover for their employees, whether they’re 

full-time, part-time or casual workers. Self-employed 

people are legally required to carry accident cover for both 

their work and non-work injuries. 

The cost of ACC cover is worked out from an employer’s 

payroll or a self-employed person’s taxable income from 

the previous year. ACC groups employers and self- 

employed people with similar business activities and risks 

of workplace injury into "classification units". ACC levies 

are based on the actual cost of injuries that have occurred 

in each classification unit. 

Levy rates can change from year to year and differ 

between industries. To set the levy rates each year for a 

classification unit, ACC reviews: 

> the cost of workplace injuries for that classification unit; 

and 

> the total payroll (for employers) and taxable income (for 

self-employed people) for that classification unit. 

Employers and self-employed people are invoiced by ACC 

each year for their accident cover. The invoices also include 

the following levies: 

> Residual Claims Levy that covers ongoing costs for 

work-related injuries that occurred before July 1999 and 

non-work injuries that occurred before July 1992; and 

> Health and Safety in Employment Levy which pays for 

the operation of the Occupational Safety and Health 

(OSH) service of the Department of Labour. 

ACCIDENT COVER FOR EMPLOYERS 

Employers pay levies to ACC to cover workplace injuries 

sustained by employees. The levies pay for the current and 

future costs of work-related injury claims that occur in the 

levy year: 1 April to 31 March. 

ACC Workplace Safety Management Practices 

(WSMP)  Programme 

ACC has developed the WSMP programme to encourage 

employers to create and maintain safer workplaces. In 

return for establishing systems and processes for managing 

and improving workplace safety, three levels of levy 

discounts are available: 

> primary – 10% discount 

> secondary – 15% discount 

> tertiary – 20% discount. 

Discounts apply for 24 months. 
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ACC PARTNERSHIP PROGRAMME 

If an employer is willing and able to manage its own 

accident cover and employee claims, it can make further 

savings by becoming part of the Partnership Programme. 

This programme is suitable for employers whose annual 

levy exceeds $100,000. 

Under the Partnership Programme, the employer takes over 

responsibility for employees’ work injury claims. This 

includes the delivery of all statutory entitlements, such as 

weekly compensation for lost earnings. 

Taking over the responsibility for work injury claims also 

means taking on significant financial risks. In return for 

taking on such risks, employers in the Partnership 

Programme can have their ACC levies discounted by up to 

90%. 

ACCIDENT COVER FOR SELF-EMPLOYED 

PEOPLE 

Self-employed people are required by law to have ACC 

cover. Two types of cover are available: 

> standard cover for self-employed, where the level of 

weekly compensation is based on 80% of the previous 

year’s taxable earnings from self-employment; or 

> agreed level of cover, where the level of weekly 

compensation is agreed between ACC and the self- 

employed person, rather than being based on the 

previous year’s earnings. 

The agreed level of cover option has benefits for those 

operating in a partnership or people whose earnings from 

self-employment tends to fluctuate from year to year. 

ACCIDENT COVER FOR SHAREHOLDER 

EMPLOYEES 

A shareholder-employee is someone who is both a 

shareholder and an employee of a company. For ACC 

purposes there are two types of shareholder-employees: 

> those who receive a regular salary/wage from the 

company that is subject to PAYE deductions; and 

> those who receive an annual payment or dividend that 

is not subject to PAYE deductions. 

ACC cover for employees applies to both employees and 

PAYE shareholder-employees. Non-PAYE shareholder- 

employees can choose to be covered by their employer, or 

they can apply for the agreed level of cover option 

available to self-employed people. 

For a new shareholder-employee with a limited income 

history, ACC will consider the following factors in assessing 

an application: 

> the experience of the individual in the industry; 

> the replacement labour cost in that industry; and 

> contracts held for future work. 

ACTION FOLLOWING AN INJURY 

Following an injury, employees can choose their treatment 

provider, but their employer is free to recommend one 

familiar with the business activity. 

If the employee needs time off work as a result of the 

injury, the employer: 

> must pay the first week of compensation for lost 

earnings – at 80% of the earnings the employee would 

have lost in that week; 

> must provide ACC with an employee earnings 

certificate so that ACC can pay the employee’s weekly 

compensation from the second week on; and 

> may need to consider alternative duties that could allow 

the employee to stay at work. 

Self-employed people who need time off work as a result 

of the injury should contact the local ACC branch or the 

ACC Inquiry Service Centre as soon as possible to allow 

ACC to calculate weekly compensation and a rehabilitation 

plan for return to work. 

WHY BOTHER WITH HEALTH AND 

SAFETY? 

There are two good reasons to take workplace health and 

safety seriously. 

It’s the Law 

The HSE Act is the main legislation covering the legal 

obligations on employers and self-employed people to 

prevent harm and injury while at work. 

In brief the HSE Act requires an employer or self-employed 

person to: 

> Take all practicable steps to ensure that how work is 

done does not cause harm to anyone. These steps 

should include considering health and safety issues in 

planning work activities. 

> Keep a register of all accidents or incidents that harmed 

or might have harmed anyone while at work. 

> Report all instances of serious harm or injury to the 

OSH service of the Department of Labour. 

It’s Good for Business 

Workplace injuries are a cost everyone can do without. 

Investing in health and safety won’t just avoid the human 

and business costs of workplace injuries, it can also pay 

handsome dividends. 

If one is self-employed, one can not afford not to be safe 

at work. Depending on one’s cover and how long one has 

been in business, there will be some level of compensation 

for lost earnings if one is unable to work as a result of 

workplace injury. But what about clients, who will most 

likely have to take their business elsewhere? One may 

recover from injury, but can lost opportunities be 

recovered? 

The key is to spend some time thinking about how to 

prevent injury from happening in the first place. ACC has 

developed some resources specifically for businesses and 

workers in the forestry industry. 

FURTHER INFORMATION 

Detailed information on ACC cover products, levies, and 
entitlements is available on the ACC website at www.acc.co.nz 

Injury prevention resources can be downloaded from the injury 
prevention section of the ACC website at 
www.acc.co.nz/injury-prevention/safe-at-work 
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EMPLOYMENT 
J Stulen – Innovatek Ltd, Rotorua 

EMPLOYMENT 

Employing the right person and managing the employment 

relationship is crucial to business success. This article 

outlines legal responsibilities and offers guidelines on the 

employment of staff. 

This guide is only about the employment relationship 

between an employer and an employee and does not 

cover other ways of engaging workers (such as sub- 

contracting). 

EMPLOYEES 

Anyone who agrees to be employed and work for some 

payment is an employee. This can include wages, salary, 

commission and piece-rates. 

The Employment Relations Act 2000 (ERA) states that 

people who are intending to work (have accepted the job) 

are also employees and the Employment Relations 

Authority will look at the nature of the relationship rather 

than what label it is given if it is asked to decide whether 

or not someone is an employee. 

It is likely to be an employment relationship if all or most 

of these features are, or are likely to be, present: 

> The employer and employee have a written 

Employment Agreement or behave as if they are in an 

employment relationship. 

> The employer decides what hours are worked and 

where. 

> The employer can hire and dismiss people. 

> The employer makes the profit or suffers the loss. 

> The employer pays the tax and ACC levies for the 

employee. 

> The employer supplies the materials for the work. 

> The employer owns the equipment needed. 

> The employee is bound to one employer at a time and 

is expected not to compete or offer his or her skills to 

competitors of the employer. 

WHAT TYPE OF EMPLOYEE IS BEING 

HIRED? 

There are several ways of taking on employees: 

> Full time permanent employees. 

> Fixed term and seasonal employees. 

> Casual employees. 

> Part-time employees. 

> Probationary or trial employees. 

Full Time Permanent Employees 

The employer and employee can agree that the employment 

is full time permanent. There must be a written 

Employment Agreement stating all terms and conditions of 

the position prior to the employee commencing 

employment. The employer must advise the employee prior 

to (and have reasons for) termination of the position. 

Fixed Term and Seasonal Employees 

The employer and employee can agree that the 

employment will be for a set period of time (e.g. 6 

months) or until work is finished (e.g. until the pruning 

block is finished). There must be a genuine reason based 

on reasonable grounds for having a fixed term agreement. 

The employer must advise the employee when or how the 

employment will end and their reasons for this. 

Casual Employees 

This is where the employer and employee agree that the 

employer will offer the employee work as and when work 

is available. There is no obligation for the employee to 

accept that offer, and there is no expectation of ongoing 

work. 

Part-time Employees 

Employers can also employ people on a part-time basis, for 

example, only three days a week or for only four hours a 

day. 

Probationary Employees 

Parties may agree in their Employment Agreement that a 

new employee is on probation for a period (of up to 3 

months). The rights and obligations of employers and 

employees also apply to probationary employment. 

EMPLOYMENT RELATIONS ACT 2000 

The ERA applies to all employers and employees. It 

promotes and encourages the duty of employers and 

employees to deal with each other in good faith. The ERA 

envisages two types of Employment Agreement: a  

collective agreement, which is formed between at least  

one union and one employer, and an individual 

Employment Agreement which is formed between one 

employee and his or her employer. The ERA goes into  

detail about negotiation, bargaining, collective agreements 

and unions. It is important to know that under this act only 

a union can enter into a collective agreement with 

employers. Generally the forestry environment is one  

where individual Employment Agreements are used, which 

means that some of the provisions of the ERA will not 

apply. 

Terms and Conditions 

The ERA requires that all employees have a written 

Employment Agreement, which is signed by both parties, 

prior to commencing employment. It is usual for a letter of 

confirmation to accompany the Employment Agreement. 

Duty of Good Faith 

Good faith is not defined but prevents employers and 

employees from doing anything that does or is likely to 

mislead or deceive the other party. Good faith requires 

both employers and employees to enter into negotiation or 

discussions with an open mind. 

For the purpose of good faith employers: 

> must provide employees with access to relevant 

information (unless there is a good reason to maintain 

confidentiality) and the opportunity to comment on it 

before making a decision likely to have an adverse 

effect on their employment; 

> must not advise an employee against involvement in 

bargaining for a collective agreement; and 

> observe good faith in bargaining for an individual 

agreement or any matter arising under the agreement 

while it is in force. 
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Job Description 

It is a legal requirement in terms of the ERA to have a job 

description. All employees must have a description of the 

work they are expected to perform and it must be 

provided to them prior to commencing employment. The 

description must contain enough detail to clearly indicate 

what an employee is expected to do and how their 

performance will be measured. 

A job description should contain the following elements: 

>  job title; 

> purpose of the job; 

> who the job-holder reports to; 

> what staff (if any) the job-holder is responsible for; 

> a list of tasks and duties: day-to-day and any additional 

responsibilities; and 

> how performance will be measured. 

The job description provides the basis of what the 

employee has agreed to do when signing the Employment 

Agreement. Changes can be made to the job description 

during the course of the employee’s employment with 

consultation and agreement between both parties. 

Hours of Work 

Legal Responsibilities 

The Minimum Wage Act 1983 is based on a working week 

of 40 hours (exclusive of overtime). The ERA requires that 

the hours of work are stated in the Employment 

Agreement. 

Employees who are required to work excessive hours 

without a break or time off for rest may have cause to 

contest their contract as breaching the Health and Safety in 

Employment Act 1992. 

Good Practice 

It is good practice to state in the Employment Agreement 

the maximum number of hours expected of the employee 

in any one week. At certain times of the year an employee 

may be required to work longer hours. However, this 

requirement should be clearly identified and incorporated  

in the Employment Agreement. No more than 50 hours per 

week should be worked by a junior employee (under 18 

years). As a general guideline, an employee should not  

start work before the hours of 5.00 am and should be 

finished work by at least 6.00 pm. There are exceptions to 

this but on the occasions of early starts and late finishes, 

more than one person should be employed to cover these 

hours. No employee should work more than 12 hours per 

day. 

While there is no legislative provision for breaks between 

periods of work, it is in the employer’s interest to ensure 

that employees are given reasonable breaks during the 

working day. An employee should be granted a 15-minute 

rest period during each 4-hour work period. A meal 

interval of at least 60 minutes should occur after 4 hours 

continuous work. 

Leave 

Employers must provide at least: 

> 3 weeks annual leave per year; 

> 11 public holidays per year; and 

> 5 days sick or bereavement leave per year. 

The Holidays Act 1981 gives all employees rights to leave 

which they cannot agree to give up. 

Annual leave 

Employees are entitled to 3 weeks paid leave after they 

have been in employment with their employer for 12 

months. 

Holiday pay 

Holidays are paid at the greater of the employee’s average 

weekly earnings or ordinary weekly pay. 

Average weekly earnings are calculated as all of the 

employee’s gross earnings (salary, wages, overtime, 

allowances, commission and any previous holiday pay) over 

the past year divided by 52. 

Average weekly earnings = earnings/52 

Ordinary weekly pay is what the employee would normally 

receive in accordance with his or her Employment 

Agreement for an ordinary working week. This includes 

productivity or incentive payments, overtime if a regular 

part of the employee’s pay, and the cash value of any 

board or lodgings provided. It does not include productivity 

or incentive payments or overtime that are not a regular 

part of the employee’s pay, one-off or exceptional 

payments, or discretionary payments. If the employee is on 

piece-rates the employer will have to calculate the 

employee’s hourly pay equivalent by dividing the 

employee’s earnings by the number of hours worked. 

Ordinary weekly earnings = (gross earnings over the four 

weeks prior to the end of the last pay period – excluded 

payments listed above)/4 

Holiday pay should be paid to the employee before the 

holiday starts, unless the employer and employee agree 

otherwise. 

All holiday pay due to the employee should be paid at the 

time that the employee leaves the job. The exact amount 

depends on how long the employment period has been 

and is specified in the Holidays Act. 

Public Holidays 

Employees must be paid for public holidays that fall on a 

day when the employee would normally work. 

Special leave 

After an employee has been working for 6 months the 

employee earns the entitlement to 5 days paid special 

leave per year which can be used for: 

> sick leave; 

> domestic leave to care for the sick or dependent; and/or 

> bereavement leave. 

Sick leave does not accumulate from year to year except by 

prior agreement. 

Parental leave 

There are entitlements to leave for people who are 

expecting a birth or adoption. 

Holidays and Leave Records 

Employers are also required to keep a record of the 

holidays owing to the employee and of the leave taken by 

the employee. The employee is entitled to see its wage, 

time, holiday, and leave records. 

REMUNERATION 

Pay 

All employees must be paid at least the minimum wage 

rate. Regardless of whether the employee is paid on piece- 

rate or wages or salary, when the amount of pay the 

employee receives is divided by the number of hours 

worked it must come to at least the minimum wage. 
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For example, if an employee is paid 10 cents per tree 

planted and manages to plant 500 in a day, they may be 

earning less than the minimum wage for that week. The 

employer will have to top up the pay so that at least the 

minimum wage is achieved. 

An employer is required to keep a record of the number of 

hours the employee works and how much and when they 

are paid. 

Proper training and supervision are essential at the start of 

employment. Some employers find that employing workers 

on a wage rather than piece-rate for the first few weeks of 

employment is beneficial. 

Employers and employees can agree in writing that 

deductions will be made from the employee’s pay. The 

specific amount of money to be deducted, how it will be 

deducted, when it will be deducted, and for what purpose 

must be stated. No deductions can be made without the 

employee’s consent. 

Employers have the right (without written permission) to 

make deductions for income tax, child support and court 

fines. 

Employers must make deductions from employees in 

recognition of student loans. 

Equal Pay 

Under the Equal Pay Act 1972 the employer must: 

> pay the same pay to employees doing the same or 

substantially similar work; 

> pay the same pay to employees of one employer as that 

paid to employees of another employer where there is a 

multi-employer collective agreement and the employees 

do the same or substantially similar work; 

> recognise incentive–based and productivity payments, 

overtime, bonuses and other special payments, 

allowances, fees commission and any other emolument 

or benefit whether in one or several sums and whether 

paid in money or not, in pay equity; and 

> not exclude special pay rates (not gender-based) in 

recognition of an employee’s particular skills, 

knowledge, experience and other attributes, in pay 

equity. 

HEALTH AND SAFETY 

The Health and Safety in Employment Act 1992 (HSEA) is 

the main law that covers workplace health and safety in 

New Zealand. Employers are required to take all practicable 

steps to ensure the safety of their employees. An employer 

is not required to take those steps if it couldn’t possibly 

have known about the circumstances. 

The HSEA does not lay down rules which apply to all 

workplaces. Each workplace must identify it’s own 

individual hazards and manage them. The Act recognises, 

for example, that the hazards faced in the forest are 

completely different from those faced in an office 

environment. 

The HSEA sets out the responsibilities of employers and 

employees in relation to health and safety. Both groups 

should work together as stated in the Act (employee 

participation). Further information can be found at 

www.workinfo.govt.nz. 

The HSEA places duties on employers, self-employed 

people and employees to ensure that their work activities 

do not harm themselves or other people. For forest 

operations, ‘other people’ includes visitors, people passing 

the operation, and the general public who may be in the 

vicinity of an operation. 

Any person in control of a place of work (e.g. a principal 

(forest owner), contractor, or subcontractor) shall ensure 

that people there (or close by) are not harmed by any 

hazard resulting from work activities. 

The best way to safely restrict access to forest operations 

and inform people about work-related hazards must be 

decided by the contractor in consultation with the 

principal. 

PERFORMANCE REVIEWS 

Reviews should cover the technical aspects of the 

employee’s work and duties as listed in the job description. 

Reviewing performance is important when operating 

incentive and bonus systems, and when rewarding good 

performance. 

Reviewing poor performance is more difficult and to 

handle this correctly requires experience and specific 

training. The most important thing to remember is that if 

there are issues with an employee’s performance, then the 

performance review interview should not be the first time 

that the employee has been made aware of it. 

DISPUTES AND DISCIPLINE 

Consistently poor performance or misconduct of an 

employee requires the implementation of disciplinary 

procedures, which need to be carefully managed to either 

improve the employee’s performance or to dismiss the 

employee in the correct manner. 

Disputes 

> Do not ignore unresolved disagreements as these can 

lead to disputes. 

> Disputes should not be allowed to fester. 

> The key to resolution is communication and agreeing to 

a mutually acceptable outcome. 

> Follow the problem resolution process indicated in the 

Employment Agreement between employer and 

employee. 

Disciplinary Procedures 

If an employer is dissatisfied with the performance or 

conduct of an employee it may be necessary to begin 

disciplinary procedures. The process followed must be fair 

and procedurally correct to avoid the possibility of a 

personal grievance being raised at a later date. It is 

essential to keep a written record of any meetings that are 

held and of the steps taken. 

Case law indicates that the following steps of a disciplinary 

procedure are the minimum recommended: 

1. verbal warning; 

2. written warning; 

3. final written warning; then 

4. termination. 

Instant dismissal will usually bypass these steps. However 

there is still a procedure that must be followed. It is 

strongly recommended that legal advice is sought on the 

correct procedure should this option ever be necessary. 

With each of the four steps a formal meeting with the 

employee must be called to discuss the nature of the issue 

and to listen and consider their explanation. The decision 

to issue a warning should not be made until the employer 

has heard from the employee. 

The employee must be aware that it is a warning and told 

what stage they are at in the disciplinary procedure, i.e. 

verbal or first written. It must also be made clear what the 

consequences may be if performance is not improved. 
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Employees should be encouraged to bring a support 

person or representative to these meetings. Sufficient time 

must be allowed between these meetings to properly 

consider the employee’s explanations and to allow them to 

improve their performance. Written records of warnings 

must be kept and the employee must be provided with a 

copy. 

Advice on disciplinary matters and procedures is provided 

by the Department of Labour, Employment Relations 

Services, and the Employers Assistance Ltd Business Group. 

JOB TERMINATION 

There are a number of reasons employment comes to an 

end. These can range from the expiry of the fixed-term 

agreement, to the employee resigning to follow new 

opportunities, to redundancy or dismissal. 

Resignation 

Under normal circumstances notice of the intending 

departure is tendered by the employee and accepted by 

the employer. The notice period given should be at least 

the period of time provided for in the Employment 

Agreement. If there is no notice period included in the 

Employment Agreement, the appropriate notice period is 

usually equivalent to the employee’s pay period. 

Dismissals 

There must be substantial reason for dismissal and it must 

be carried it out in a procedurally fair way. Even in cases of 

serious misconduct the employee must be dismissed in a 

procedurally correct manner. If the correct procedures are 

not followed and the employee lodges a personal 

grievance, unjustifiable dismissal may be found. The 

Employment Agreement must be complied with, and the 

necessary notice must be given. 

It is recommended that one seeks advice as to how to 

handle dismissals. 

SERVICES THAT CAN HELP 

The Department of Labour provides resources to help 

employers and employees understand their employment 

rights and responsibilities as well as resolving employment 

relationship problems. 

Information 

The website www.ers.dol.govt.nz provides publications and 

fact sheets on specific employment issues: 

> hiring new employees; 

> employment relationship problems; 

> minimum employment standards; and 

> using mediation services effectively. 

Labour Inspectors 

Labour inspectors are responsible for enforcing some 

employment rights. However, they can also provide 

assistance to employers to ensure that wage records and 

agreements meet the legal minimum. 

Mediation 

Mediators can help in dealing with problems. They will 

come to the work site and talk to the employer and 

employee. Their services are free. 

Employment Relations Authority 

If mediation doesn’t help, the parties can take their 

problem to the Employment Relations Authority. It can 

formally investigate and make a determination on 

employment relationship problems. 

 
 

 
 

WORK STUDY AND 
PRODUCTIVITY 
J F Dey – Forme Consulting Group Limited, 
Wellington 

The term work study is used in the New Zealand forest 

industry to describe a set of management tools and 

techniques to improve operational productivity and 

performance. The common perception of work study is 

that it relates only to time study and method study, 

however these are only two of a large suite of 

management disciplines, tools and techniques that 

originate from the industrial engineering and productivity 

improvement movement of the mid 20th century. These 

techniques have been successfully used across the wood 

supply chain by managers in the forest industry in New 

Zealand for over 50 years, but not necessarily under the 

name of work study. 

TRADITIONAL USES OF WORK STUDY 

Time study or work measurement is the application of 

techniques designed to establish the time for a qualified 

worker to carry out a task at a predefined level of 

performance. An example would be the undertaking of a 

study to establish basic production standards in order to 

calculate the number of labour hours required to prune a 

stand of trees. This information could be applied to a daily 

cost to provide a basis for negotiation of a unit contract 

price to prune the stand. 

Method study is the systematic recording, critical 

examination and analysis of work to identify 

improvements. An example would be flow-charting wood 

flows and machine movements in a log yard to reduce 

unnecessary machine movements, reduce congestion and 

improve safety. 

ASSOCIATED TECHNIQUES 

In addition to time study and method study, associated 

techniques which have been captured under the broad 

category "work study" and are used from time to time in 

the forest industry include: 

> Process mapping and modelling 

> Standard cost modelling 

> Operations research 

> Value analysis (systematic analysis of cost components 

of a product or service) 

> Material handling analysis 

> Supply chain modelling 

> Systems and equipment selection economics 

These techniques are used in forest management and are 

increasingly being used in the wood processing and 

manufacturing  sector. 

WORK STUDY TODAY 

Most forest companies in New Zealand have no work study 

practitioners on their staff, preferring instead to contract in 
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specialist skills as required. Those companies having staff 

with work study responsibilities tend to use their skills for 

maintenance of existing work study-based systems as well 

as for short-term operational problem solving. Supervisory 

staff today are commonly trained in basic work 

measurement and method study to assist with day to day 

operational management. These skills enable staff to 

conduct simple time studies, activity sampling, production 

studies, process mapping and analysis. 

Operational production data, mainly from pruning and 

harvesting, are increasingly captured electronically and 

stored in databases alongside key production variables such 

as topography, hindrance and tree characteristics. This 

enables companies to track long-term production trends 

and to develop production capability models based on 

actual results from their production crews. The use of 

historic data to complement time study data adds  

credibility to resultant production models and is a very 

cost-effective approach to the development of a robust set 

of management tools. 

Perhaps the most commonly used set of tools related to 

work study today are those to do with process change and 

improvement. These are covered in more detail further on. 

TOOLS PRODUCED TO DATE 

Time study has been used to develop time standards and 

tools for managers and contractors to estimate production 

for a wide range of forest operations and operational 

conditions. These operations include: 

> Nursery operations 

> Land preparation 

> Planting 

> Releasing 

> Pruning 

> Thinning 

> Production thinning 

> Cable harvesting 

> Ground-based harvesting 

> Log cartage 

Time standards conform to industry best practice work 

methods wherever possible. Time study techniques are 

based on international standards and conventions and 

closely follow British Standards Institute conventions. 

Tools and methodologies have also been developed to 

plan, manage and control the operations listed and 

include: 

> Operational planning and assessment of work to be 

done 

> Measurement of key operational variables 

> Production estimation 

> Production and performance monitoring 

> Quality control 

> Contract payment 

> Operational troubleshooting 

> Production queries 

USE OF TOOLS AND METHODOLOGIES 

These tools, methodologies and their derivatives are used 

by many forest managers and contractors in New Zealand 

on a daily basis to assist with management of 

establishment, tending and harvesting operations. 

Time studies are still conducted to develop production 

estimation models and to evaluate new equipment or work 

practices. 

In recent years these tools, in particular production 

estimation and cost modelling, have increasingly been used 

by contractors to assist them with rate negotiations and 

tenders. Contractors also use work study tools such as 

workforce incentive bonus plans, production studies and 

quality control systems. 

Many of these systems were initially developed in the form 

of operational manuals for both tending and harvesting 

and included operational processes and procedures for pre- 

assessment, quality control and target queries. Today, many 

organisations have retained these systems, however the 

procedures and processes have been updated and 

customised to suit individual businesses. These formalised 

operational management and quality control processes and 

procedures are the basis of quality management systems 

for forest operations, some of which are audited to ISO 

standards. 

Many companies have integrated operational pre- 

assessment, production and price estimation and quality 

control systems in their computer systems, an example 

being ERP (Enterprise Resource Planning). This enables 

linkages to computer-based mapping, stand and forest 

records, contractor and employee databases and planning 

and wood flow systems. Automation of many contract 

management activities has been possible. 

Time study data have been used in conjunction with 

simulation software to more effectively model "what-if.." 

scenarios such as: 

> What is the impact of an additional loader on a hauler 

landing? 

> What is the impact of changing the layout of a log 

yard? 

> What is the impact on logging production of changing 

log truck arrival times? 

PRODUCTIVITY MEASUREMENT AND 

IMPROVEMENT TECHNIQUES 

Most productivity improvement tools have their origins in 

the industrial engineering movement of the mid 20th 

century. Quality management pioneers such as Deming, 

Shewhart and Juran developed process measurement and 

management disciplines which have led to the 

development of tools and management disciplines such as: 

> TQM (Total Quality Management) 

> 5 – S 

> Six sigma 

> TPM (Total Productive Maintenance) 

> Kaizan 

> Lean manufacturing 

These tools generally fall into six categories: 

Awareness tools – Helping process workers gain an holistic 

view of the process. They include process mapping, 
procedure writing and documentation techniques. 

Diagnostic tools – Include cause and effect (Ishikawa) 

diagrams, pareto analysis, value added analysis and 
complexity analysis. 

Design tools – Include quality function deployment and 

functional analysis. 
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Operation tools – Process operations require process 

oriented systems such as enterprise resource planning and 
customer relationship management. 

Improvement tools – Include failure mode and effects 

analysis, fault tree analysis, poka yoke and design of 
experiments. 

Measurement and control tools – Include defect rate 

calculations, capability indices and statistical process 
control. 

TRAINING IN THE USE OF WORK STUDY 

INFORMATION 

Forest Industries Training has developed unit standard 1225 

for assessment of competence of operational forest 

personnel in the use of work study information for 

production estimation and price estimation. These New 

Zealand Qualifications Authority approved unit standards 

are a compulsory component of the National Diploma in 

Forestry and the National Certificate in Forestry (Operations 

Management). People credited with unit standard 1225 are 

able to: demonstrate knowledge of time standards for the 

calculation of production targets and unit rates for forestry 

operations; calculate production targets for forest 

operations; estimate unit costs for forest operations; and 

demonstrate knowledge of production studies for resolving 

production and cost issues. 

Training is provided regionally in New Zealand through 

short courses, depending on demand. 

THE FUTURE 

The advent of more powerful personal computers has 

opened the door to the use of products such as modelling 

software using tools like Monte Carlo simulation and 

discrete event simulation software is used to simulate 

events such as: 

> Introduction of new or alternative harvesting equipment 

> Analysis of supply chains 

> Changing the layout of a large log yard 

> Ergonomic evaluation of alternative work methods 

Synthesised time study information can be generated for 

labour intensive operations by software based on method 

time measurement. This software enables a user to 

describe a process, either by three-dimensional animation 

or by task description, and the software database is 

accessed to develop indicative process times. Forestry 

applications include nursery work, silviculture and 

mensuration. This approach greatly reduces the need for 

intensive field time study and enables the user to evaluate 

the ergonomic impact of the work method as well as 

developing time standards. 
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PHYSIOLOGICAL 
WORKLOAD 
R Parker and L Ashby – Forest Research, 
Rotorua 

Many tasks in logging and forestry work are among the 

most physically demanding of fulltime occupations. Much 

work has been done by the Scandinavians in this field but 

their data cannot be used to estimate the workload of 

New Zealand forest workers because the working 

conditions are quite different. Trees in New Zealand are 

larger with larger branches, the terrain is often steeper and 

the climate warmer. In an attempt to improve the working 

conditions of New Zealand forest workers, the Logging 

Industry Research Organisation (LIRO) began measuring 

how physically demanding forest work was in the 1990s. 

This work was continued by the Centre for Human Factors 

and Ergonomics (COHFE). New work techniques, items of 

equipment and work organisation can be tested to 

determine if they alter the physiological workload of the 

forest worker. If a new technique, item of equipment or 

way of organising work does impose a greater 

physiological load it will likely not be used. Further 

modification and development are likely to be necessary  

for successful introduction. 

PHYSIOLOGICAL WORKLOAD 

Physiological workload is a measure of how physically 

demanding a job is. If muscles ache, breath is short, and 

the heart is racing during work, one is experiencing a very 

high physiological workload. The body is like a diesel or 

petrol engine, in that it needs oxygen to burn its fuel. 

Normally there is sufficient fuel (food broken down to 

sugars), so the power of the "engine", depends on how 

much oxygen the muscles are getting. When the muscles 

start to burn "rich", because they are starved of oxygen, 

lactic acid builds up and causes them to ache. This is 

anaerobic respiration and the only remedy is rest until the 

oxygen concentration in the muscles builds up again and 

aerobic respiration resumes. 

Physiological workload can be expressed in units of energy. 

As an example, a study of fallers in Finland found that they 

consumed 13 MJ (3100 kilocalories, commonly called 

"calories") of energy during the five hours they actually 

felled and trimmed trees. They then burned another 7 MJ 

(1670 calories) of energy in non-work time. For 24 hours 

they needed 4770 calories of energy. If fallers did not take 

in at least this much fuel each day they would start to lose 

weight as fat and muscle were broken down for energy. 

WORK CAPACITY 

Some people can cope with physically demanding work 

better than others. This is because they can get more 

oxygen to their muscles and they can work harder and 
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longer before lactic acid builds up. This difference between 

people is called their work capacity. Someone with a high 

work capacity could fell and trim trees all day without ever 

getting out of breath. Yet another logger of the same 

height, weight and age doing the same work but with a 

lower work capacity would be exhausted. High work 

capacity arises from genetic factors such as a stronger 

heart which can pump more blood from the lungs to the 

muscles. Training can increase work capacity, and work 

capacity decreases with increased age. Work capacity can 

be estimated on a stationary cycle (known as a cycle 

ergometer). The person being tested cycles against a range 

of increasing loads and their power output is measured. At 

the same time their heart rate is recorded (Figure 1). At the 

same heart rate Logger 1 has a higher power output than 

Logger 2. 

A person with a high work capacity can generate more 

power with a lower heart rate and they will be breathing 

less heavily. There is a link between work capacity and 

productivity. For example, a Swedish study reported that 

very high-earning loggers working a piece-rate system had 

significantly higher work capacities when compared with 

average earners. 

 
300 

 
Logger 1 

determined. COHFE is currently developing an automated 

data logging system which will record the logger’s activities 

without the need for an observer. 

 

Heart rate (beats / minute) Physiological workload 

Less than 90 Light 

90 – 110 Moderate 

110 – 130 Heavy 

130 – 150 Very heavy 

150 – 170 Extremely heavy 

Table 1: This Scale Has Been Proposed by Rodahl (1989) to Give 
Estimates of Workload From Heart Rate. 

 

EFFECT OF THE ENVIRONMENT ON 

PHYSIOLOGICAL WORKLOAD 

The environmental conditions in logging and forestry 

operations are frequently less than ideal. The work is often 

done on a slope and the undergrowth is often dense. 

Conditions are frequently unpleasant, e.g. wet and 

slippery, or hot and humid. In situations such as this the 

physiological workload can be very high. 

Factors which increase physiological workload are: 

250 

 
 

200 

 
 

150 

 
 

100 

 
 

50 

 
 

0 

Logger 2 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
60 80 100 120 140 160 

Heart rate (beats / minute) 

> terrain (e.g. having to pull strops up a slope); 

> tools (e.g. using a heavy saw); 

> working in hot conditions (e.g. on landing with no 

shade); 

> working in humid conditions (e.g. pruning in thick 

undergrowth); and 

> work method (e.g. pruning from the top of a ladder). 

Workload 

Many studies have demonstrated that a person doing 

heavy manual work at their own pace will work 

comfortably at an average of 40% of their cardiovascular 

load (CVL) over the whole working day. 

A "rule of thumb" estimate of CVL can be made from 

heart rate and age: 

• resting heart rate =  0% CVL 
Figure 1: Comparison of Heart Rate and Power Output of High 
(Logger 1) and Average (Logger 2) Work Capacity individuals. 

 

MEASUREMENT OF PHYSIOLOGICAL 

WORKLOAD 

Researchers measure physiological workload of forest 

workers in the field by recording heart rates throughout 

the day (Table 1). The heart rate is recorded by a wireless 

heart rate monitor worn on the wrist. At the same time an 

observer records the worker’s activities (eg Pruner: walk, 

prune; Faller: scarf, backcut, remove sloven, trim, refuel, 

etc) on a portable field computer. The heart rate record 

and the activity record are then matched on a computer 

spreadsheet programme and the average heart rate for 

each activity is calculated and estimates of workload are 

• 220 beats/minute – age  =  100% CVL 

For example, a 35 year old faller with a resting heart rate 

of 65 beats/minute will have a heart rate of 113 

beats/minute at 40% CVL. 

Average heart rate of the faller increased with increasing 

air temperature (Table 2). His productivity also decreased 

from 7 to 4.6 stems/hour as the workload rose with 

increasing air temperature and fatigue. 

Dehydration 

Dehydration reduces physical and mental work capacity 

(Adolph 1947). It is vital that forest workers are adequately 

hydrated so they can work both safely and productively. 

 

 Run 1 

7am – 10:30am 

Run 2 

11am – 1:30pm 

Run 3 

2pm – 3:30pm 

Heart rate while working 113 ± 7 141 ± 10 146 ± 7 

Heart rate while refuelling 

and sharpening 

96 ± 10 126 ± 10 125 ± 7 

Air temperature (°C) 15.1 ± 4.4 21.6 ± 1.4 25.8 ± 1.1 

Productivity (stems / hour) 7.0 6.8 4.6 

 

Table 2: Average Heart Rate (±SD) Related to Air Temperature and Productivity for a 35 Year-old Faller Over the Working Day. 
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Studies of forest worker dehydration have shown that: 

> There is individual variation in fluid requirements – 

some workers sweat more than others and require 

more fluid (Paterson 1997). 

> Workers are generally under-hydrated with some being 

dehydrated (Parker et al. 2001). 

> There was no seasonal difference in hydration – loggers 

were as under-hydrated or dehydrated in winter as in 

summer (Parker et al. 2002). 

> Fluid intake is strongly controlled by habit – such as 

always having a cup of tea at smoko, and it is difficult 

to encourage greater fluid intake. Workers need 

ongoing encouragement and education (eg. drink 

regularly), provision of fresh cool drink, practical fluid 

containers (e.g. backpack for breakers-out) and 

provision of toilet facilities for female workers (Ashby & 

Parker 2003). 

Fluid intake need be sufficient only to ensure that: 

> urine is pale; and 

> it is passed during the working day. 

Do not rely on thirst as the signal but drink small amounts 

regularly during the day. 

PHYSIOLOGICAL WORKLOAD OF SOME 

FOREST TASKS 

Heart rate information presented in Table 3 is drawn from 

LIRO studies of New Zealand forest workers under normal 

production conditions (but note that the data pertaining to 

planting represent the high rate of work over a short 

period and are not representative of a work rate 

sustainable over a full day; all other data pertain to the 

work rate sustainable over a full day). However caution 

must be used when trying to compare the workload of 

each task. Workload (measured as heart rate) is influenced 

by work rate, environmental and operational factors 

mentioned earlier and age of the worker. The "% of CVL" 

figure gives an indication of the exertion experienced by 

the worker under the conditions prevailing at the time of 

the study. 

Results indicate that planting trees can be extremely 

physically demanding. The ground had been ripped and 

mounded so there were few interruptions to slow the 

planter down and allow his heart rate to recover. The 

planter would not be able to sustain working at 68% of 

his CVL for very long. The comfortable level for continuous 

work is 40% of CVL averaged over the whole day. On 

steeper country and in heavy slash the work rate of the 

planter was considerably reduced, resulting in a lower 

physiological workload. 

Workload of second-lift pruning was greater than first-lift 

pruning because of the extra effort needed to hold onto 

the tree with one leg and the greater proportion of 

pruning above the head. Second-lift pruners can prune 

more trees per hour because they do not have to spend 

time selecting the next tree. However selection time allows 

the heart rate to recover. 

Motor-manual felling and delimbing is a very high 

workload task, particularly delimbing with a heavy 

chainsaw. In comparison, operating a harvester was a light 

physiological workload task. 

Breaking-out can be classified as a heavy workload task but 

has periods of very heavy workload where heart rate is 

above 130 beats per minute, while strops and butt rigging 

are pulled to the drag, and during rapid egress to a safe 

location. Heat rate has time to fall during the in-haul and 

out-haul phases when the breaker-out is planning his next 

drag. This particular breaker-out was working very close to 

40% of his CVL and would have difficulty working at a 

faster rate for a sustained period of time. 

Log-making exhibited a workload which could be classified 

as moderate to heavy because the log-maker used a 

chainsaw on the landing. Log-makers who only assessed, 

measured and marked logs would have a lower workload. 

The range in heart rate (80 to 161 beats per minute) is due 

to breaks to sharpen the saw and wait for drags to arrive 

on the skid and running across the skid to unhook drags. 

The size of the chainsaw can have an effect on the forest 

worker’s workload. Delimbing with a 90 cc chainsaw was 
significantly more physically demanding than delimbing 

with a 70 cc chainsaw (Parker et al. 1999). COHFE 

researchers are now investigating chain sharpness and its 

effect on operator workload. 

RECOMMENDATIONS 

The physiological workload of many forestry and logging 

tasks can be reduced by: 

> maintaining an adequate fluid intake to reduce 

dehydration; 

> using shade whenever possible to reduce heat load; 

> using the lightest saw possible for the job; and 

> rotating high workload tasks with lower workload tasks 

(e.g. felling in the morning; working on the skid in the 

afternoon). 

THE FUTURE 

Very carefully controlled studies looking at the change in 

workload of forest workers using different types of 

equipment and techniques can be undertaken. For 

example, the use of pole mounted chainsaws for pruning, 

smaller chainsaws for delimbing, rotation of jobs within the 

crew on very hot days, the use of shade on the skid and 

fluid intake effects, the use of mechanical assistance 

(robotics) to do heavy tasks. 

 
 

 Planting 

(flat ground) 

Pruning 

1st lift 

Pruning 

2nd lift 

Chainsaw 

felling and 

delimbing 

Mechanised 

felling 

Breaking 

out 

Log- making 

Heart rate ± SD 153 ± 18 114 ± 9 126 ± 8 127 ± 18 70 ± 4 115 ± 4 110 ± 12 

Heart rate range 95 – 188 76 – 126 76 – 149 80 – 165 62 – 99 79 – 150 80 – 161 

Work rate (trees / hour) 144 18 26 6 70 10 drags / 

hour 

22 

% CVL 68 34 43 52 10 37 31 

Age 30 20 20 35 42 19 33 

Resting heart rate 75 70 70 65 58 65 75 

Table 3: Average and Range of Heart Rates for Workers Engaged in Forestry and Logging Tasks. 
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DISPUTE 
RESOLUTION 
J A Schrider – Forme Consulting Group Limited, 
Wellington 

The dispute resolution profession has developed 

considerably around the world in recent years and the 

profession in New Zealand has been no exception. In the 

past there has perhaps been a tendency to assume that 

litigation, and consequently looking to the Courts, is the 

normal mechanism. However, there are a number of 

dispute resolution processes that parties can revert to. 

Traditionally, they have not been fully understood or 

utilised within the forestry sector. 

DISPUTES WITHIN THE FORESTRY 

SECTOR 

The forestry sector is, like most other industries in New 

Zealand, increasingly subject to conflict. It may be between 

parties operating within the sector or involve an external 

party. For example, the conflict may be between an 

industry participant and an external agent over land use, 

regulatory, cultural or a wide range of other issues. 

The introduction of new forest owners including individual, 

syndicated and corporate owners in both forest growing 

and processing; the ever shifting contracting scene 

incorporating owner-operators, leasing arrangements and 

key suppliers; and consulting and management activity, 

have increased the potential for differences to arise 

between parties. If not managed effectively, differences can 

lead to significant disputes. The trends mimic society, which 

in general has become more litigious. 

DISPUTE RESOLUTION MECHANISMS 

These are commonly grouped under four major categories 

which form a spectrum of dispute resolution options. 

Negotiation between the parties is at one end, moving 

through a range of processes in the middle to litigation at 

the other end. This is represented in Figure 1. 

Negotiation 

The simplest way of solving a dispute is to negotiate the 

differences. Negotiations in commercial situations are 

usually conducted in the hope that the parties will reach 

agreement. Negotiation is the cheapest form of dispute 

resolution as there are no third parties or advisors to pay. 

Unfortunately not all disputes can be negotiated. For 

example, the parties are not willing to participate, or 

differences between the parties are perceived to be too 

large. Often the negotiation may be useful in clarifying the 

issues, even if it does not resolve the dispute. 

Mediation 

"Mediation is a consensual process in which an 
independent and impartial person, the mediator, works 
with disputing parties to help them explore and, if 
appropriate, reach a mutually acceptable resolution of 
some or all of the issues in dispute" (Arbitrators’ and 

Mediators’ Institute of New Zealand Inc. 2003). 

Mediation requires a mediator who is neutral and whose 

role is to bring the parties together and manage the 

dispute resolution process. Neutrality of the mediator is 

fundamental to the process and the mediator must disclose 

to the parties any factor which might introduce a real or 

perceived conflict or bias. The parties make the final 

decision as to whether or not the mediator is impartial and 

may either continue with the mediation or agree to the 

appointment of another mediator. The mediator has no 

authority in the process and either party may withdraw at 

any time. Importantly, the parties must agree on the 

outcome for the agreement to be binding. 
 

Conse 

Negotiation 

nsual 

Mediation 

Adver 

Arbitration 

sarial 

Litigation 

Direct interaction between 

the parties 

Consensual process involving 

a third party without 

decision making powers 

Third party of disputants’ 

choice. Some control of 

procedure by parties 

Third party not chosen by 

the parties. No control over 

procedure 

Outcome by agreement Outcome by third-party decision 

Source: Massey University. Introduction to Dispute Resolution 153.200. Study Guide Edited 2002. 
Figure 1: The Dispute Resolution Continuum. 
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A feature of mediation is that it may involve consideration 

of the law but the emphasis is on minimising the need for 

formal legal procedures. Parties select mediation where 

maintenance of their long-term relationship is important. 

By involving the parties and their advisors as joint problem 

solvers the development of acceptable outcomes is greatly 

enhanced and the entire dispute resolution process is more 

humanised. 

Arbitration 

"Arbitration is an internationally recognised method of 
settling disputes. It involves the appointment of an 
arbitrator or arbitrators agreed upon by the parties to the 
dispute (or appointed by the Court or some other 
appointing authority where the parties can’t agree) to hear 
and settle the dispute in accordance with the law. It 
provides an alternative to litigation. In New Zealand it is 
governed by the Arbitration Act 1996." (Arbitrators’ and 

Mediators’ Institute of New Zealand Inc. 2003). 

Arbitration has several features which distinguish it from 

litigation as a dispute resolution process. Firstly the parties 

have a degree of control over the process which is not 

available in Court hearings. Rules such as the rules of 

evidence and details of the steps in the process can be 

decided by the parties as can the selection of advocates 

who do not need to be practising lawyers. Provided that 

the parties agree, disputes can be referred to arbitration 

and dealt with quickly. The time and place of the hearing 

can be mutually agreed by the parties. Importantly the 

parties are free to agree on the appointment of the 

arbitrator, which means that they can base the decision on 

their own needs rather than accept a Court judge. 

The arbitrator’s decision is known as the award and the 

award is final and binding on both parties and enforceable 

in the Courts. 

Arbitration is adversarial and the decision is made by the 

arbitrator based on the evidence presented by the parties. 

This can lead to power imbalances between the parties 

where one party may have strong advocates. The arbitrator 

is required to ensure that the parties are treated even- 

handedly or this could trigger a challenge to the award. 

An award may often be sensible or practical but not legally 

precise and there are provisions in the Arbitration Act to 

challenge the award. While the Courts can set aside or 

refuse to enforce an award, this can be done only on 

strictly defined grounds (for example, that the correct 

arbitration process has not been followed). The Courts can 

not change the decision of the Arbitrator. 

Litigation 

Litigation can be defined 

"As a formalised, adversarial process leading towards the 
decision of a judicial officer who is part of the state-funded 
court system. Litigation may be distinguished from 
arbitration and other private decision-making processes, 
where the decision-maker is privately chosen and paid for 
by the disputants who may dictate the process to be 
followed." (Spiller 1999). 

Parties tend to litigate disputes where they might be 

convinced that law and justice is entirely on their side and 

have a deep-seated desire to have their day in court. Often 

the dispute is so bitter that the parties have no interest in 

preserving what business or commercial relationship they 

may have had in the past. Additionally, the parties may 

have attempted other forms of dispute resolution without 

success, or the nature of the dispute may lend it to a 

decision being made by a court, as questions of legal 

principle or precedent may be at issue. 

A dispute in litigation may not be dealt with quickly owing 

to delays in the court system. Most Court proceedings are 

not private. 

DISPUTE RESOLUTION IN NEW ZEALAND 

Professional Association 

The professional association for dispute resolution in New 

Zealand is the Arbitrators’ and Mediators’ Institute of New 

Zealand Inc. (AMINZ). AMINZ is a formally structured 

association that promotes the awareness and use of 

dispute resolution in New Zealand. It is an incorporated 

society and has a code of ethics. The aims of the Institute 

(the Arbitrators’ and Mediators’ Institute of New Zealand 

Inc. 2003) are to: 

> "Promote, encourage and facilitate the practice and 

theory of dispute resolution by the use of dispute 
resolution procedures and to extend the usefulness of 
dispute resolution procedures. 

> Develop and maintain professional standards of practice 

in all of the fields of dispute resolution procedures. 

>  Support, safeguard and promote the status and  

interests of the professions and practitioners engaged in 
dispute resolution. 

>  Arrange for the reading or publication of papers, 

delivery of lectures, holding of demonstrations or other 
similar activities relating to dispute resolution and 
dispute resolution procedures, and the acquisition and 
dissemination by other means of useful information 
connected with dispute resolution and dispute 
resolution procedures. 

> Provide training and education at introductory and 

advanced levels for those practicing or wishing to 
practice in the field of dispute resolution, and to 
promote the study of law and practice relating to 
dispute resolution and dispute resolution procedures, 
and the conduct and practice of its members. 

>  Provide means for testing the qualifications of 

candidates for admission to professional membership of 
the Institute by examination or otherwise including 
recognition of relevant New Zealand and international 
qualifications. 

> Provide a facility for the testing, classification, 

accreditation, certification and grading of arbitrators, 
mediators and other dispute resolution practitioners 
and their skills and qualifications. 

>  Provide for the establishment of lists and panels of 

qualified and/or accredited arbitrators and mediators 
and other dispute resolution practitioners, and for 
admission to and removal from such lists and panels. 

>  Afford opportunities for communication among the 

members, including the arrangement of social 
functions." 

Membership of AMINZ is based on a tiered structure that is 

directed at the qualifications and experience of the 

member. 

Membership Categories 

Affiliate 

This category is for persons interested in the practice of 

arbitration and mediation but who are not qualified for 

direct entry into Associate membership, or do not wish to 

proceed with academic training at this time. This category 

of membership is also suitable for students in dispute 

resolution. 

Associate 

This category is for any person who satisfies AMINZ that 

he/she is a fit and proper person to be admitted as a 

member of the Institute, and who by virtue of his/her 

training and/or experience demonstrates knowledge at the 
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date of admission to participate in dispute resolution 

processes. 

The academic requirement for applicants is that they are 

required to have attained pass marks in four specific 

Massey University Dispute Resolution programme papers. 

Fellow 

This category is for any person who satisfies AMINZ that 

he/she is a fit and proper person to be admitted or remain 

as a member of the Institute, who by virtue of his/her 

training and/or experience and his/her personal qualities 

demonstrates competence at the date of admission to act 

as an arbitrator or mediator. 

Associate members are eligible to enter AMINZ’s fellowship 

programme. There are set requirements for either a 

qualification in arbitration or mediation. Fellowship 

candidates undergo a preliminary interview, sit two written 

examinations, sit a full day final test and undergo a final 

interview. To be admitted as a fellow, candidates must pass 

each requirement in the fellowship programme before his 

or her application is put before AMINZ. 

Education 

The recognised course of training for Dispute Resolution 

practitioners is the Massey University Diploma in Business 

Studies (Dispute Resolution). The diploma can be 

completed in 2.5 or 3 years and consists of eight level 2 

and level 3 papers. These are as follows: 

153.200 Introduction to Dispute Resolution (first 

semester, first year) 

153.201 Evidence and Advocacy (second semester, first 

year) 

153.202 Law for Mediators (second semester, first year) 

153.210 Dispute Resolution Practicum (first semester, 

second year) 

These four papers satisfy AMINZ requirements for 

admission as an Associate Member of the Institute. 

Students then decide whether to continue their studies 

either in mediation or arbitration. 

153.301 Law and Practice of Arbitration I (first 

semester, second year) 

153.304 Law and Practice of Arbitration II (second 

semester, second year) 

153.310 Arbitration Practicum (first semester, third year) 

Or 

153.302 Mediation Process (first semester, second year) 

153.305 Mediation Practice (second semester, second 

year) 

153.311 Mediation Practicum (first semester, third year) 

Plus 

300 Level elective consisting of any paper offered by the 

University that is approved by the Dispute Resolution 

Centre or one of the following papers offered by the 

Centre. 

153.306 Negotiation Practice 

153.307 Negotiation Theory 

153.309 (A) Special Topic – Adjudication 

153.309 (B) Resolving Rural Disputes 

NEW ZEALAND INSTITUTE OF FORESTRY 

DISPUTE RESOLUTION PANEL 

The New Zealand institute of Forestry (NZIF) Council has 

identified dispute resolution as a priority area for improving 

the professionalism of Registered Forestry Consultants, 

Registered Members and ultimately the profession at large. 

The AMINZ is the well established body for arbitrators and 

mediators which has all the internal controls and processes 

in place to uphold and promote the practices of arbitration 

and mediation in New Zealand. It also has disciplinary 

procedures for dealing with professional misconduct 

amongst its members. 

NZIF and AMINZ are now working together to achieve the 

following: 

> To establish a panel of dispute resolution professionals 

with specialist expertise and experience in forestry 

disputes. 

> NZIF to eventually have a panel which consists of its 

own members and in the interim to appoint AMINZ 

members, with experience in forestry disputes, to its 

panel. 

> AMINZ qualifications to be the qualification 

requirements for NZIF’s panel. 

> NZIF arbitrations and mediations to be conducted in 

accordance with the AMINZ protocols. 

AMINZ is to assist by: 

> helping NZIF to set criteria and application procedures 

for admission to NZIF’s panel, based upon its own 

criteria and procedures; and 

> seeking expressions of interest from AMINZ panel 

members who wish to be considered for NZIF’s panel. 

The best interests of Registered Forestry Consultants and 

Members will be served by encouraging those with good 

experience and expertise in the forestry sector to acquire 

knowledge and formal qualifications in dispute resolution. 

This will take some time so there is also a requirement for 

practical solutions to meet these objectives in the transition 

period. It is anticipated that a relationship with AMINZ that 

adopts the protocols and the professionalism of AMINZ will 

foster a much greater understanding of dispute resolution 

practices. 
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   SECTION 13.1   

STANDARD NAMES 
OF NEW ZEALAND 
TREES 
C E Ecroyd – Forest Research, Rotorua 

Names of native and naturalised species in this list follow 

the "New Zealand Plants Database", a plant names 

database provided on the internet by Landcare Research 

(2003). Names of listed plants not included in this database 

follow Farjon (2002) for conifers and Standards Australia / 

Standards New Zealand (2001) for most of the broad- 

leaved trees. 

The botanical names shown are currently regarded as 

being correct according to the International Rules of 

Botanical Nomenclature (Greuter et al. 2000). Where there 

has been a name change, the name published in an earlier 

edition of this list is in brackets. Names previously 

misapplied by New Zealand authors are followed by "auct. 

NZ" with "auctor" being the Latin word for "author". 

 
Citing of authorities is often unnecessary and pedantic, but 

it may be desirable in formal papers. Standard 
abbreviations for authors have been used (Brummit & 

Powell 1992). These abbreviations include "f." for "filius", 
meaning "the son of" and either "&" or "et" for "and". 

Where different authors have identical surname and 
forename the suffix "bis" is used for second and "ter" for 

the third. A space between the initial and surname of an 
author is no longer used, but a single space is left after a 

closing bracket, before the next author’s name. Other 

abbreviations used in the list are "var." (variety), "cv." 
(cultivar) and "syn." (synonym). 

Common names are determined mainly by usage. Where 

feasible those names in common usage in the species’ 

country of origin should be used. For example "Douglas- 

fir", hyphenated, is the recognised common name in its 

country of origin. In a few cases (such as for some hybrid 

poplars), there is no generally accepted common name. In 

other cases, such as eucalypts, the common names used 

overseas have not been adopted in New Zealand because 

they are often ambiguous or give a false indication of site 

preference or timber properties. To avoid  

misunderstanding, use botanical names in preference to, or 

in conjunction with, common names. 

 

Botanical Name Common Name 

[Native species are marked *] 

Conifers  
Abies alba Mill. European silver fir 

Abies amabilis J.Forbes Pacific silver fir / amabilis fir 

Abies concolor (Gordon & Glend.) Hildebr. white fir 

Abies grandis (D.Don) Lindl. grand fir 

Abies magnifica A.Murray bis Californian red fir 

Abies nordmanniana (Steven) Spach Caucasian fir 

Abies pinsapo Boiss. Spanish fir 

Abies procera Rehder noble fir 

Agathis australis (D.Don) Lindl. kauri * 

Araucaria araucana (Molina) K.Koch monkey puzzle 

Araucaria heterophylla (Salisb.) Franco Norfolk Island pine 

Calocedrus decurrens (Torr.) Florin incense cedar 

Cedrus atlantica (Endl.) Carrière Atlas cedar 

Cedrus deodara (Roxb.) G.Don deodar 

Cedrus libani A.Rich. Lebanon cedar 

Chamaecyparis lawsoniana (A.Murray bis) Parl. Lawson cypress 

Chamaecyparis nootkatensis see Xanthocyparis nootkatensis  
Chamaecyparis obtusa (Siebold & Zucc.) Endl. Hinoki cypress 

Chamaecyparis pisifera (Siebold & Zucc.) Endl. Sawara cypress 

Chamaecyparis thyoides (L.) Britton, Sterns & Poggenb. white cypress 

Cryptomeria japonica (L.f.) D.Don Japanese cedar 

Cunninghamia lanceolata (Lamb.) Hook. Chinese fir 

x Cuprocyparis leylandii (A.B.Jacks. & Dallim.) Farjon (syn. x Cupressocyparis leylandii) Leyland cypress 

x Cupressocyparis leylandii see x Cuprocyparis leylandii  
Cupressus arizonica Greene Arizona cypress 

Cupressus lusitanica Mill. lusitanica / Mexican cypress 

Cupressus lusitanica var. benthamii (Endl.) Carrière Bentham cypress 

Cupressus macrocarpa Gordon macrocarpa 

Cupressus sempervirens L. Mediterranean cypress 

Cupressus torulosa D.Don West Himalayan cypress 

Dacrycarpus dacrydioides (A.Rich.) de Laub. kahikatea * 

Dacrydium bidwillii see Halocarpus bidwillii  
Dacrydium biforme see Halocarpus biformis  
Dacrydium colensoi see Manoao colensoi  
Dacrydium cupressinum Lamb. rimu * 

Dacrydium intermedium see Lepidothamnus intermedius  
Dacrydium kirkii see Halocarpus kirkii  
Halocarpus bidwillii (Kirk) Quinn (syn. Dacrydium bidwillii) bog pine * 

Halocarpus biformis (Hook.) Quinn (syn. Dacrydium biforme) pink pine * 

Halocarpus kirkii (Parl.) Quinn (syn. Dacrydium kirkii) manoao * 

Juniperus procera Endl. East African juniper 
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Juniperus virginiana L. pencil cedar 

Lagarostrobos colensoi see Manoao colensoi 
Larix decidua Mill. European larch 

Larix x eurolepis A.Henry hybrid larch 

Larix kaempferi (Lamb.) Carrière Japanese larch 

Lepidothamnus intermedius (Kirk) Quinn (syn. Dacrydium intermedium) yellow-silver pine * 

Libocedrus bidwillii Hook.f. kaikawaka * 

Libocedrus plumosa (D.Don) Sarg. kawaka* 
Manoao colensoi (Hook.) Molloy (syn. Lagarostrobos colensoi; syn. Dacrydium colensoi)   silver pine * 

Metasequoia glyptostroboides Hu & W.C.Cheng  dawn redwood 

Phyllocladus alpinus Hook.f. mountain toatoa * 

Phyllocladus glaucus see Phyllocladus toatoa 
Phyllocladus toatoa Molloy (syn. Phyllocladus glaucus auct. N.Z.) toatoa * 

Phyllocladus trichomanoides D.Don tanekaha * 

Picea abies (L.) H.Karst Norway spruce 

Picea omorica (Pancic) Purk. Serbian spruce 

Picea pungens Engelm. Colorado spruce 

Picea sitchensis (Bong.) Carrière Sitka spruce 

Picea smithiana (Wall.) Boiss. West Himalayan spruce 

Pinus attenuata Lemmon knobcone pine 

Pinus banksiana Lamb. jack pine 

Pinus canariensis C.Sm. Canary Island pine 

Pinus caribaea Morelet Caribbean pitch pine 

Pinus contorta Loudon contorta pine/ lodgepole pine 

Pinus coulteri D.Don Coulter pine 

Pinus echinata Mill. shortleaf pine 

Pinus elliottii Engelm. slash pine 

Pinus halepensis Mill. Aleppo pine 

Pinus jeffreyi Grev. & Balf. Jeffrey pine 

Pinus lambertiana Douglas sugar pine 

Pinus monticola D.Don western white pine 

Pinus mugo Turra dwarf mountain pine / Swiss mountain pine 

Pinus muricata D.Don muricata pine 

Pinus nigra J.F.Arnold subsp. nigra Austrian pine 

Pinus nigra J.F.Arnold subsp. laricio (Poir.) Maire Corsican pine 

Pinus palustris Mill. longleaf pine 

Pinus patula Schltdl. & Cham. patula pine 

Pinus pinaster Aiton maritime pine 

Pinus ponderosa Lawson & C.Lawson ponderosa pine 

Pinus radiata D.Don radiata pine 

Pinus resinosa Aiton red pine 

Pinus strobus L. strobus pine 

Pinus sylvestris L. Scots pine 

Pinus taeda L. loblolly pine 

Pinus thunbergii Parl. Japanese black pine 

Pinus torreyana Carrière Torrey pine 

Pinus uncinata Mirb. mountain pine / uncinata pine 

Pinus wallichiana A.B.Jacks. Bhutan pine 

Podocarpus ferrugineus see Prumnopitys ferruginea 
Podocarpus hallii Kirk Hall’s totara / mountain totara * 

Podocarpus spicatus see Prumnopitys taxifolia 
Podocarpus totara D.Don totara * 

Prumnopitys ferruginea (D.Don) de Laub. (syn. Podocarpus ferrugineus) miro * 

Prumnopitys taxifolia (D.Don) de Laub. (syn. Podocarpus spicatus) matai * 

Pseudotsuga menziesii (Mirb.) Franco Douglas-fir 

Sequoia sempervirens (D.Don) Endl. coast redwood 

Sequoiadendron giganteum (Lindl.) J.Buchholz giant sequoia/sierra redwood 

Thuja plicata D.Don western red cedar 

Thujopsis dolabrata (L.f.) Siebold & Zucc. Hiba arbor-vitae 

Tsuga heterophylla (Raf.) Sarg. western hemlock 

Tsuga mertensiana (Bong.) Carrière mountain hemlock 

Xanthocyparis nootkatensis (D.Don) Farjon (syn. Chamaecyparis nootkatensis) Nootka cypress 

Broad-leaved Trees 

Acacia baileyana F.Muell. Cootamundra wattle 

Acacia dealbata Link silver wattle 

Acacia decurrens Willd. green wattle 

Acacia mearnsii De Wild. black wattle 

Acacia melanoxylon R.Br. Australian blackwood / Tasmanian blackwood 

Acer palmatum Thunb. Japanese maple 

Acer platanoides L. Norway maple 

Acer pseudoplatanus L. sycamore 

Aesculus  hippocastanum  L. horse chestnut 

Alectryon excelsus Gaertn. titoki * 
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Alnus glutinosa (L.) Gaertn. black alder 

Alnus incana (L.) Moench grey alder 

Alnus rubra Bong. red alder 

Beilschmiedia tarairi (A.Cunn.) Kirk taraire * 

Beilschmiedia tawa (A.Cunn.) Kirk tawa * 

Betula papyrifera Marshall paper birch 

Betula pendula Roth silver birch 

Betula pubescens Ehrh. white birch 

Carya ovata (Mill.) K.Koch shagbark hickory 

Castanea sativa Mill. sweet chestnut 

Casuarina  cunninghamiana  Miq. river she-oak 

Casuarina glauca Spreng. swamp she-oak 

Corymbia ficifolia (F.Muell.) K.D.Hill & L.A.S.Johnson (syn. Eucalyptus ficifolia) .. 

Corynocarpus laevigatus J.R. & G.Forst. karaka * 

Dodonaea viscosa Jacq. akeake * 

Dysoxylum spectabile (G.Forst.) Hook.f. kohekohe * 

Elaeocarpus dentatus (J.R. & G.Forst.) Vahl hinau * 

Elaeocarpus hookerianus Raoul pokaka * 
Eucalyptus botryoides Smith 

Eucalyptus delegatensis R.T.Baker 

Eucalyptus eugenioides Spreng. 

Eucalyptus fastigata Deane & Maiden 

Eucalyptus ficifolia see Corymbia ficifolia 
Eucalyptus globoidea Blakely 

Eucalyptus globulus Labill. 

Eucalyptus gunnii Hook.f. 

Eucalyptus leucoxylon F.Muell. 

Eucalyptus macarthurii Deane & Maiden 

Eucalyptus  muelleriana  A.W.Howitt 

Eucalyptus nitens (Deane & Maiden) Maiden 

Eucalyptus obliqua L’Her. 

Eucalyptus ovata Labill. 

Eucalyptus pauciflora Spreng. 

Eucalyptus pilularis Smith 

Eucalyptus pulchella Desf. 

Eucalyptus regnans F.Muell. 

Eucalyptus saligna Smith 

Eucalyptus  sieberi  L.A.S.Johnson 

Eucalyptus viminalis Labill. 

Fagus sylvatica L. European beech 

Fagus sylvatica L. forma purpurea (Aiton) Schneid. copper beech 

Fraxinus americana L. white ash / American ash 

Fraxinus excelsior L. European ash 

Grevillea robusta R.Br. Australian silky oak 

Griselinia littoralis Raoul broadleaf * 

Griselinia lucida G.Forst. puka * 

Juglans ailantifolia Carrière Japanese walnut 

Juglans nigra L. black walnut 

Juglans regia L. common walnut 

Knightia excelsa R.Br. rewarewa * 

Kunzea ericoides (A.Rich.) Joy Thomps. kanuka* 

Laurelia novae-zelandiae A.Cunn. pukatea * 

Liquidambar styraciflua L. liquidambar 

Liriodendron tulipifera L. tulip tree 

Litsea calicaris (A.Cunn.) Kirk mangeao* 

Magnolia grandiflora L. evergreen magnolia 

Melicytus ramiflorus J.R. & G.Forst. mahoe* 

Metrosideros excelsa Gaertn. pohutukawa * 

Metrosideros robusta A.Cunn. northern rata * 

Metrosideros umbellata Cav. southern rata * 

Myrsine salicina Hook.f. toro * 

Nestegis cunninghamii (Hook.f.) L.A.S.Johnson black maire * 

Nestegis lanceolata (Hook.f.) L.A.S.Johnson white maire * 

Nothofagus alpina see Nothofagus nervosa 
Nothofagus fusca (Hook.f.) Oerst. red beech * 

Nothofagus menziesii (Hook.f.) Oerst. silver beech * 

Nothofagus nervosa (Phil.) Krasser (was Nothofagus alpina) rauli 

Nothofagus obliqua (Mirb.) Oerst. roble 
Nothofagus solandri (Hook.f.) Oerst. var. solandri  black beech * 

Nothofagus solandri var. cliffortioides (Hook.f.) Poole mountain beech * 

Nothofagus truncata (Colenso) Cockayne  hard beech * 

Paulownia tomentosa (Thunb.) Steud. paulownia/foxglove  tree 

Persoonia toru see Toronia toru 
Platanus x acerifolia (Aiton) Willd. (syn. P. x hybrida) London plane 
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Platanus x hybrida see Platanus x acerifolia 
Populus alba L. 

Populus alba L. ‘Pyramidalis’ 

Populus deltoides Marshall 
Populus x canadensis Moench (syn. P. x euramericana)

Populus x euramericana see Populus x canadensis
Populus nigra L. ‘Italica’ 

Populus nigra L. ‘Sempervirens’ 
Populus tremula L.

Populus trichocarpa Hook.

Populus yunnanensis Dode 

Quercus  coccinea  Münchh. 

Quercus palustris Münchh. 

Quercus petraea (Matt.) Liebl.

Quercus robur L. 

Quercus rubra L.

Quintinia serrata A.Cunn.

Robinia pseudoacacia L.

Salix alba L. 

Salix alba var. vitellina (L.) Stokes 

Salix babylonica L. 

Salix caprea see Salix cinerea 
Salix cinerea L. (syn. S. caprea auct. NZ) 

Salix daphnoides Vill. 
Salix discolor see Salix x reichardtii
Salix elaeagnos Scop. 

Salix fragilis L. 

Salix matsudana Koidz. ‘Tortuosa’ 

Salix x reichardtii A.Kern. (syn. S. discolor auct. NZ) 

Schinus molle L. 
Sophora chathamica Cockayne

Sophora  microphylla  Aiton

Sophora tetraptera J.S.Mill. 

Toronia toru (A.Cunn.) L.A.S.Johnson & B.G.Briggs (syn. Persoonia toru)

Ulmus glabra Huds. 

Ulmus x hollandica Mill.

Ulmus parvifolia Jacq.

Ulmus procera Salisb.

Vitex lucens Kirk

Weinmannia racemosa L.f. 
Weinmannia silvicola A.Cunn. 

white poplar / silver poplar 

upright silver poplar

American black poplar / cottonwood 
hybrid black poplar 

 

 

western balsam poplar / black cottonwood 

Yunnan poplar

 

pin oak

 

 

red oak

 

white willow

golden willow

weeping willow 

 

grey willow

violet willow 

 

crack willow 

tortured willow / corkscrew willow 

pussy willow

pepper tree

 

Dutch elm 

Chinese elm / lacebark elm 

 

 

 

Conifers

Aleppo pine

 

Bhutan pine 

bog pine 

Californian red fir

Caribbean pitch pine

 

coast redwood 

contorta pine

Coulter pine

dawn redwood 

deodar 

Douglas-fir 

dwarf mountain pine

East African juniper

 

 
 

 

 
Abies amabilis J.Forbes

Cupressus arizonica Greene

Cedrus atlantica (Endl.) Carrière

Pinus nigra J.F.Arnold subsp. nigra 

Cupressus lusitanica var. benthamii (Endl.) Carrière 
Pinus wallichiana A.B.Jacks.

Halocarpus bidwillii (Kirk) Quinn

Abies magnifica A.Murray bis

Pinus canariensis C.Sm. 

Pinus caribaea Morelet

Abies nordmanniana (Steven) Spach

Cunninghamia lanceolata (Lamb.) Hook.

Sequoia sempervirens (D.Don) Endl. 

Picea pungens Engelm. 

Pinus contorta Loudon 

Pinus nigra J.F.Arnold subsp. laricio (Poir.) Maire 

Pinus coulteri D.Don 

Metasequoia glyptostroboides Hu & W.C.Cheng 

Cedrus deodara (Roxb.) G.Don 

Pseudotsuga menziesii (Mirb.) Franco 

 

 

Sequoiadendron giganteum (Lindl.) J.Buchholz 

Abies grandis (D.Don) Lindl. 

Podocarpus hallii Kirk 
Thujopsis dolabrata (L.f.) Siebold & Zucc. 



Hinoki cypress Chamaecyparis obtusa (Siebold & Zucc.) Endl. 

hybrid larch Larix x eurolepis A.Henry 

incense cedar Calocedrus decurrens (Torr.) Florin 

jack pine Pinus banksiana Lamb. 

Japanese black pine Pinus thunbergii Parl. 

Japanese cedar Cryptomeria japonica (L.f.) D.Don 

Japanese larch Larix kaempferi (Lamb.) Carrière 

Jeffrey pine Pinus jeffreyi Grev. & Balf. 

kahikatea * Dacrycarpus dacrydioides (A.Rich.) de Laub. 

kaikawaka * Libocedrus bidwillii Hook.f. 

kauri * Agathis australis (D.Don) Lindl. 

kawaka* Libocedrus plumosa (D.Don) Sarg. 

knobcone pine Pinus attenuata Lemmon 

Lawson cypress Chamaecyparis lawsoniana (A.Murray bis) Parl. 

Lebanon cedar Cedrus libani A.Rich 
Leyland cypress x Cuprocyparis leylandii (Dallim. & A.B.Jacks.) Farjon 

loblolly pine  Pinus taeda L. 

lodgepole pine Pinus contorta Loudon 

longleaf pine Pinus palustris Mill. 

lusitanica Cupressus lusitanica Mill. 

macrocarpa Cupressus macrocarpa Gordon 

manoao * Halocarpus kirkii (Parl.) Quinn 

maritime pine Pinus pinaster Aiton 

matai * Prumnopitys taxifolia (D.Don) de Laub. 

Mediterranean cypress Cupressus sempervirens L. 

Mexican cypress Cupressus lusitanica Mill. 

miro * Prumnopitys ferruginea (D.Don) de Laub. 

monkey puzzle Araucaria araucana (Molina) K.Koch 

mountain hemlock Tsuga mertensiana (Bong.) Carrière 

mountain pine Pinus uncinata Mirb. 

mountain toatoa * Phyllocladus alpinus Hook.f. 

mountain totara * Podocarpus hallii Kirk 

muricata pine Pinus muricata D.Don 

noble fir Abies procera Rehder 

Nootka cypress Xanthocyparis nootkatensis (D.Don) Farjon 

Norfolk Island pine Araucaria heterophylla (Salisb.) Franco 

Norway spruce Picea abies (L.) H.Karst. 

Pacific silver fir Abies amabilis J.Forbes 

patula pine Pinus patula Schltdl. & Cham. 

pencil cedar Juniperus virginiana L. 

pink pine * Halocarpus biformis (Hook.) Quinn 

ponderosa pine Pinus ponderosa Lawson & C.Lawson 

radiata pine Pinus radiata D.Don 

red pine Pinus resinosa Aiton 

rimu * Dacrydium cupressinum Lamb. 
Sawara cypress Chamaecyparis pisifera (Siebold & Zucc.) Endl. 

Scots pine  Pinus sylvestris L. 

Serbian spruce Picea omorica (Pancic) Purk. 

shortleaf pine Pinus echinata Mill. 
sierra redwood Sequoiadendron giganteum (Lindl.) J.Buchholz 

silver pine *  Manoao colensoi (Hook.) Quinn 

Sitka spruce Picea sitchensis (Bong.) Carrière 

slash pine Pinus elliottii Engelm. 

Spanish fir Abies pinsapo Boiss. 

strobus pine Pinus strobus L. 

sugar pine Pinus lambertiana Douglas 

Swiss mountain pine Pinus mugo Turra 

tanekaha * Phyllocladus trichomanoides D.Don 

toatoa * Phyllocladus glaucus Carrière 

Torrey pine Pinus torreyana Carrière 

totara * Podocarpus totara D.Don 

uncinata pine Pinus uncinata Mirb. 

western hemlock Tsuga heterophylla (Raf.) Sarg. 

western red cedar Thuja plicata D.Don 

western white pine Pinus monticola D.Don 

West Himalayan cypress Cupressus torulosa D.Don 

West Himalayan spruce Picea smithiana (Wall.) Boiss. 
white cypress Chamaecyparis thyoides (L.) Britton, Sterns & Poggenb. 

white fir  Abies concolor (Gordon & Glend.) Hildebr. 

yellow-silver pine * Lepidothamnus intermedius (Kirk) Quinn 

Broad-leaved Trees 

akeake * Dodonaea viscosa Jacq. 

American ash Fraxinus americana L. 
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American black poplar Populus deltoides Marshall 

Australian blackwood Acacia melanoxylon R.Br. 

Australian silky oak Grevillea robusta R.Br. 

bitter willow Salix elaeagnos Scop. 

black alder Alnus glutinosa (L.) Gaertn. 
black beech * Nothofagus solandri (Hook.f.) Oerst. var. solandri 

black cottonwood  Populus trichocarpa Hook. 

black maire * Nestegis cunninghamii (Hook.f.) L.A.S.Johnson 

black walnut Juglans nigra L. 

black wattle Acacia mearnsii De Wild. 

broadleaf * Griselinia littoralis Raoul 

Chinese elm Ulmus parvifolia Jacq. 

common walnut Juglans regia L. 

Cootamundra wattle Acacia baileyana F.Muell. 
copper beech Fagus sylvatica forma purpurea (Aiton) Schneid. 

corkscrew willow  Salix matsudana Koidz. ‘Tortuosa’ 

cottonwood Populus deltoides Marshall 

crack willow Salix fragilis L. 

Dutch elm Ulmus x hollandica Mill. 

English elm Ulmus procera Salisb. 

English oak Quercus robur L. 

European ash Fraxinus excelsior L. 

European aspen Populus tremula L. 

European beech Fagus sylvatica L. 

evergreen magnolia Magnolia grandiflora L. 

foxglove tree Paulownia tomentosa (Thunb.) Steud. 

golden willow Salix alba var. vitellina (L.) Stokes 

green wattle Acacia decurrens Willd. 

grey alder Alnus incana (L.) Moench 

grey willow Salix cinerea L. 

hard beech * Nothofagus truncata (Colenso) Cockayne 

hinau * Elaeocarpus dentatus (J.R. & G.Forst.) Vahl 

horse chestnut Aesculus  hippocastanum  L. 

hybrid black poplar Populus x canadensis Moench 

Japanese maple Acer palmatum Thunb. 

Japanese walnut Juglans ailantifolia Carrière 

kamahi * Weinmannia racemosa L.f. 

kanuka* Kunzea ericoides (A.Rich.) Joy Thomps. 

karaka * Corynocarpus laevigatus J.R. & G.Forst. 

kohekohe * Dysoxylum spectabile (G.Forst.) Hook.f. 
kowhai * Sophora chathamica Cockayne, S. microphylla Aiton, S. tetraptera J.S.Mill. 

lacebark elm  Ulmus parvifolia Jacq. 

liquidambar Liquidambar styraciflua L. 

Lombardy poplar Populus nigra L. ‘Italica’ 

London plane Platanus acerifolia (Aiton) Willd. 

mangeao * Litsea calicaris (A.Cunn.) Kirk 
mountain beech * Nothofagus solandri var. cliffortioides (Hook.f.) Poole 

northern rata *  Metrosideros robusta A.Cunn. 

Norway maple Acer platanoides L. 

paper birch Betula papyrifera Marsh. 

paulownia Paulownia tomentosa (Thunb.) Steud. 

pedunculate oak Quercus robur L. 

pepper tree Schinus molle L. 

pin oak Quercus palustris Münchh. 

pohutukawa * Metrosideros excelsa Gaertn. 

pokaka * Elaeocarpus hookerianus Raoul 

puka * Griselinia lucida G.Forst. 

pukatea * Laurelia novae-zelandiae A.Cunn. 

puriri * Vitex lucens Kirk 

pussy willow Salix x reichardtii A.Kern. 

quintinia * Quintinia serrata A.Cunn. 

rauli Nothofagus nervosa (Phil.) Krasser 

red alder Alnus rubra Bong. 

red beech * Nothofagus fusca (Hook.f.) Oersted 

red oak Quercus rubra L. 

rewarewa * Knightia excelsa R.Br. 

river she-oak Casuarina  cunninghamiana  Miq. 

robinia Robinia pseudoacacia L. 

roble Nothofagus obliqua (Mirb.) Blume 

scarlet oak Quercus  coccinea  Münchh. 

semi-evergreen Lombardy poplar Populus nigra L. ‘Sempervirens’ 

sessile oak Quercus petraea (Matt.) Liebl. 

shagbark hickory Carya ovata (Mill.) K.Koch 

silver beech * Nothofagus menziesii (Hook).f.) Oersted 
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silver wattle

southern rata 

sycamore

taraire  

 

 

 

 

upright silver poplar

violet willow

weeping willow 

white ash 

white birch

white maire 

white poplar

white willow

wych elm

Yunnan poplar 

 
Populus alba L.

Acacia dealbata Link

Metrosideros umbellata Cav. 

Casuarina glauca Spreng. 

Castanea sativa Mill.

Acer pseudoplatanus L.

Beilschmiedia tarairi (A.Cunn.) Kirk

Acacia melanoxylon R.Br. 

Beilschmiedia tawa (A.Cunn.) Kirk

Weinmannia silvicola A.Cunn.

Alectryon excelsus Gaertn. 

Myrsine salicina Hook.f. 

Salix matsudana Koidz. ‘Tortuosa’ 

 
Weinmannia silvicola A.Cunn.

Populus alba L. ‘Pyramidalis’

Salix daphnoides Vill. 

Salix babylonica L.

Populus trichocarpa Hook.

Fraxinus americana L.

Betula pubescens Ehrh. 

Nestegis lanceolata (Hook.f.) L.A.S.Johnson 

Populus alba L. 
Salix alba L.

Ulmus glabra Huds.

Populus yunnanensis Dode 

http://nzflora.landcareresearch.co.nz/
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POLICY ON 
FORESTRY 
New Zealand Institute of Forestry – adopted at 
the Annual General Meeting, 6 May 2001 

Forestry is the art and science of managing forests so as to 

secure a wide range of environmental and socio-economic 

benefits. The following statements represent the 

professional view of the New Zealand Institute of Forestry 

(NZIF) on how forestry might be practised responsibly in 

New Zealand for the welfare of its people and the 

environment. 

1. Forests have ecological, cultural, productive and 

scientific values which contribute to the economic and 

social well-being of the nation. In addition to 

protecting and improving the quality of air, soil and 

water, they fulfil scenic, recreational and amenity 

purposes, provide habitat for various forms of wildlife, 

and yield timber and non-timber products. 

2. The NZIF advocates the view that both society in 

general and regional communities in particular should 

have the major say in determining the extent and 

nature of the forests in which they hold a valid stake. 

Subject to satisfying their wishes in a sustainable way, 

forest managers should be able to choose 

management practices, and extend or diminish forest 

areas, in the pursuit of any combination of the above 

social and economic goals within the terms of 

prevailing resource constraints. 

3. Forestry practices should, therefore: 

(i) ensure the nation-wide sustainability of forest 

resources, while addressing at the same time the need 

to meet the desired forest outcomes of regional 

communities; 

(ii) recognise the multiple-use roles for forests; 

(iii) satisfy the requirements set out in national legislation 

pertaining to forestry and in international agreements 

to which New Zealand is a signatory. 

The NZIF also seeks recognition of the need for: 

(iv) a regionally based approach to managing forest 

ecosystems so that their health, biodiversity, soil 

quality, water quality, landscape, amenity and 

recreational values, productivity and other relevant 

benefits are maintained or enhanced in the long-term; 

(v) acceptable procedures for gathering multi-resource 

data periodically and for reporting regularly on the 

extent and condition of forest ecosystems at the 

national, regional and single forest levels; 

(vi) maintenance of appropriately administered fire 

protection, border surveillance and hazard response 

systems; 

(vii) adequate funding for ensuring that New Zealand’s 

forests can be sustainably managed in the long term. 

The NZIF wishes to assist in: 

(viii) promoting more and better co-ordination among 

owners, communities, government departments, local 

authorities, NGOs, and other organisations involved 

both regionally and nationally in the management of 

forest resources; 

(ix) raising public awareness of actual current trends in 

New Zealand forests, and how outcomes might be 

improved so as to satisfy the needs of all sectors of 

society; 

(x) maintaining and expanding the skill base within the 

forestry sector through fostering and supporting 

relevant educational and training programmes. 

4. The purpose of this policy and its underlying principles 

is elaborated in Appendix 1. Definitions of technical 

terms and abbreviations are provided in Appendix 2. 

Relevant New Zealand legislation and international 

obligations are outlined in Appendix 3. 

Editor’s note: Appendix 3 is omitted below. 

APPENDIX 1 

ELABORATION OF THE PURPOSE OF THIS 

POLICY AND ITS UNDERLYING PRINCIPLES 

1. Purpose of the National Policy on Forestry 

The purpose of this national policy on forestry is to provide 

NZIF members with a consensus view of the principles to 

be adopted in the future management and use of all New 

Zealand forests. 

These are to: 

a) encourage sound resource management; 

b) indicate how the continuous flow of goods and services 

from forests currently provides for, and can continue to 

provide for the productive, protective and social goals 

of the New Zealand population; 

c) be consistent with national strategies for sustainability; 

d) serve as an educational tool and for communicating 

awareness about forestry; 

e) provide appropriate standards for effective 

management; 

f) serve as a model worthy of adoption; 

g) set professional guidelines without being prescriptive; 

h) help steer legislation affecting forestry. 

This policy refers to forestry in general, but the NZIF also 

has an Indigenous Forest Policy, which lies within this 

broader national forestry context in the same way as the 

Forests Act lies within the broader Resource Management 

Act. 

Note also that this policy on forestry does not cover 

environmental and social issues associated with processing 

beyond the forest gate. 

2. Principles 

The following principles and observations have been 

recognised in the development of this policy on forestry 

and are to be considered in making future refinements. 

Principles 

a) The Crown has rights and responsibilities to manage its 

forests sustainably, and should be able to demonstrate 

compliance with international agreements and 

protocols involving the Crown. 

b) The rights and responsibilities of Maori and the Crown 

under the Treaty of Waitangi. 

c) The freedom of private forest owners to manage their 

property responsibly within the terms of prevailing 

legislation. 
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There is a need to 

d) protect indigenous ecosystems; 

e) consider historical, cultural, social, physical, and 

economic environments; 

f) account for non-market values and market 

imperfections. 

Observations 

(g) Much of New Zealand in the last 10 000 years or so 

was covered in forest and trees, and our climate and 

soils are well suited to supporting forest growth. 

(h) Trees have a major role in enhancing environmental 

quality. 

(i) Forests are capable of providing a wide range of 

multiple-use benefits, products and services. 

(j) Trees and forests can play a key role in the 

management of soil, water, climate, habitat, and 

landscape systems. 

(k) Tree cover may not be desirable on all landscapes. 

(l) A policy on forestry should encompass rural and urban 

areas, independent of land tenure. 

(m)A long term perspective must be taken. 

APPENDIX 2 

GLOSSARY AND ABREVIATIONS 

Ecosystem – A biophysical system of interacting 

organisms, transforming and being transformed by the 

physical and chemical environment that envelops them and 

of which they are a part. The ecosystem is an appropriate 

unit of life for issues which are concerned with sustainable 

management or development such as an indigenous forest 

ecosystem, tussock grassland ecosystem, exotic plantation 

ecosystem, exotic pasture ecosystem or an urban 

ecosystem. 

Ecosystem management – A concept of managing 

natural resources wherein management activities are 

considered within the joint context of economic, ecological 

and social interactions over both the short and long terms. 

Forest – A tree-covered area greater than 5 hectares with 

an average potential canopy height of at least 6 metres 

and a minimum 20 percent tree crown coverage. 

Forest health – A healthy forest is one in which the 

structure, composition and function permit the 

maintenance of biological diversity and ecological identity 

over time. 

Forestry – The art and science of managing forests. 

Indigenous forest – A forest predominantly composed of 

naturally occurring woody plants native to New Zealand. 

This includes managed indigenous forest that has been 

planted or areas where indigenous forest regeneration has 

been supplemented by planting indigenous species. 

Natural forest – Areas of land which are predominantly 

covered in tree species that are more or less naturally 

established. 

Plantation forest – Areas of land predominantly covered 

in trees grown for cropping and managed primarily for 

wood production purposes, but excluding natural forests as 

defined here. Plantations, however, mostly do confer and 

fulfil many forest benefits other than wood production. 

Sustainability (with regard to forests) – The long term 

maintenance or restoration of the productive potential, 

biodiversity and ecological identity of forests. 

Sustainable management – (As defined in the RMA 

1991) Sustainable management means managing the use, 

development, and protection of natural and physical 

resources in such a way, or at such a rate, which enables 

people or communities to provide for their social, 

economic and cultural well-being and for their health and 

safety while 

a) sustaining the potential of natural and physical 

resources (excluding minerals) to meet the reasonably 

foreseeable needs of future generations; and 

b) safeguarding the life-supporting capacity of air, water, 

soil and ecosystems; and avoiding, remedying or 

mitigating any adverse effects of activities on the 

environment. 

Sustainable forest management – (As defined in the 

FAA) The management of an area of indigenous forest land 

in a way that maintains the ability of the forest growing on 

that land to continue to provide a full range of products 

and amenities in perpetuity while retaining the forest's 

natural values. 
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INDIGENOUS 
FOREST POLICY 
New Zealand Institute of Forestry 

Editor’s note: Only the preface and summary of the 16- 
page policy are presented here. The full policy can be seen 
at www.nzif.org.nz 

PREFACE 

In 1993 the New Zealand Institute of Forestry established 

an Indigenous Forest Working Party to prepare a NZIF 

policy statement on indigenous forests that reflected the 

views of the Institute. This included an examination of the 

major issues surrounding the management of indigenous 

forests and a review of existing legislation and policies 

concerned with indigenous forests. 

The establishment of the Indigenous Forest Working Party 

arose from: 

> The Institute’s concerns about the apparent poor health 

of large parts of the indigenous forest estate. 

> The fragmented and uncoordinated nature of the 

legislation addressing the management and 

administration of indigenous forests. 

> The lack of funding for research concerned with 

important indigenous forest issues. 

> The widely divergent views by organisations and the 

public at large about the future management of 

indigenous forests. 

The main purposes of this policy are to provide a guideline 

for members of the NZIF when dealing with indigenous 

forest issues and to raise awareness amongst the NZIF 

membership of the importance and role of indigenous 

forests in the New Zealand economy. 
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Since 1995, the Working Party (consisting of Colin 

O’Loughlin (convenor), Udo Benecke, Andrew McEwen, 

Alan Reid, Dave Field and John Holloway), produced 

several drafts of an indigenous forest policy. Over 50 

submissions commenting on the drafts were received. This 

final version incorporates many of the ideas and concerns 

expressed in the submissions. 

One of the major difficulties in producing the policy 

statement has been deciding what represents the majority 

view of members on many of the most important issues 

when strong views ranged across a wide spectrum. For 

instance, many considered that the policy was too 

constraining on the management of indigenous forests for 

timber production. However, others indicated the policy 

should advocate very restrictive ecologically-based timber 

production systems that would probably eliminate the 

possibility of removing wood from many indigenous forest 

types and involve low impact harvesting systems producing 

only very low volumes of timber. Two submissions opted 

for a more extreme view that supported a complete ban 

on all logging of indigenous forests. 

Earlier drafts created concerns about the lack of attention 

to fire and the need for a strong statement about the 

inadequacies of the Forests Act (1993 Amendment). Other 

concerns included lack of reference to the Treaty of 

Waitangi and its implications for the future management 

of indigenous forests, the need for a more holistic 

approach involving development of a national forest policy 

encompassing all forests, the likely inability of NZIF to 

implement some of the policy statements and a range of 

specific technical matters. Many of these concerns have 

been taken into account in this final version of the policy 

statement. 

This policy is not an end point in forest policy development 

by the NZIF but merely a stepping stone towards the 

development of a comprehensive NZIF National Forest 

Policy. Nevertheless, the NZIF Indigenous Working Party is 

confident that this Indigenous Forest Policy Statement will 

fill a void in forest policy documentation, provide useful 

guidance to NZIF members and help promote the 

importance of indigenous forests in the New Zealand 

economy. 

Colin O’Loughlin 

Convenor, NZIF Indigenous Forest Working Party 

SUMMARY OF POLICY 

The New Zealand Institute of Forestry believes that New 

Zealand’s indigenous forests have important ecological, 

cultural, production and scientific values that contribute to 

the economic and social well-being of the nation. As such, 

a full range of indigenous forest types must be maintained 

(or expanded) in a healthy state, for the benefit of present 

and future generations. 

To contribute to this overall objective the NZIF advocates 

and supports: 

1. A forest ecosystem management approach to manage 

New Zealand’s indigenous forests sustainably and, in 

particular, to sustain forest productivity, health, 

biodiversity, soil quality, water quality, natural 

landscapes, and the full range of natural forest 

ecological  processes. 

2. The development of a strategy to promote the intrinsic 

values of indigenous forests and enhance their status 

as a contributor to the New Zealand economy. 

3. The development of a comprehensive national 

database which continuously updates the condition, 

health, location and extent of indigenous forests. 

4. The maintenance and enhancement of the current 

integrated research effort concerned with the 

development of new methods to manage and control 

animal and plant pests. 

5. The establishment of a comprehensive national 

indigenous forest health surveillance system to provide 

full coverage of the national forest estate on a biennial 

basis, and incorporating a rigorous system of border 

control and emergency response. 

6. The protection of indigenous forests against fire 

through research and improved fire prevention, 

detection and control policies and practices. 

7. The management for timber and other products 

removed using silvicultural systems which limit the 

magnitude of the resulting changes to levels near 

those that occur naturally in healthy forests. 

8. The initiation of a research and development 

programme to document and demonstrate 

ecologically-sustainable silvicultural systems for 

indigenous forests with sustainable timber production 

potential 

9. The development and use of reliable and consistent 

systems to monitor the sustainable management of 

indigenous forests. 

10. The development of a streamlined "National 

Application and Consent System" for the management 

of indigenous forests for wood production which 

would be implemented by the Ministry of Agriculture 

and Forestry under the Forests Act 1949 (1993 

Amendment) in cooperation with local government 

under the Resource Management Act. 

Furthermore, the NZIF seeks to assist in promoting: 

11. Improved cooperation and coordination between 

government departments, local government 

authorities, research organizations, NGOs, indigenous 

forest owners, and the Indigenous Forests Section of 

the Farm Forestry Association and other organisations, 

in the development of strategies, policies and plans for 

meeting international commitments that affect the 

management of indigenous forests. 

12. Public awareness of the Indigenous Forest Policy and, 

with the assistance of indigenous forest owners and 

other interested parties, the maintenance of an 

overview of indigenous forest management planning 

and practice 
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METRIC / IMPERIAL 
CONVERSIONS 
Metric / Imperial and Imperial / Metric 
Conversion  Factors 

 
 

To convert to: 

Multiply By Imperial Metric Multiply By 

Units of Length 

0.039 370 1 inches millimetres 25.4 

3.280 84 feet metres 0.304 8 

0.911 344 feet / second km / hour 1.097 28 

0.049 709 7 chain (Gunter’s) metres 20.116 8 

0.032 808 chain (engineer’s) metres 30.48 

0.621 371 miles kilometres 1.609 34 

2.236 9 miles / hour metres / sec 0.447 04 

2.824 82 miles / gallon km / litre 0.354 006 

0.539 957 knots international km / hour 1.852 

Units of Area 

0.155 000 square inches square cm 6.451 6 

10.763 9 square feet square m 0.092 903 

4.356 00 square feet/acre m2/ha 0.299 568 

2.471 05 acres hectares 0.404 686 

0.003 861 square miles hectares 258.999 

Units of Capacity 

0.035 196 1 fluid ounces millilitres 28.413 0 

0.160 000 fl oz / gallon ml / litre 6.249 99 

1.759 76 pints litres 0.568 26 

0.712 15 pints / acre litres / ha 1.404 2 

0.219 969 gallons litres 4.546 09 

0.089 018 4 gallons / acre litres / ha 11.233 6 

13.198 2 gallons / minute litres / sec 0.075 768 0 

Units of Volume 

0.061 023 7 cubic inches cubic cm 16.387 1 

35.314 7 cubic feet cubic metres 0.028 316 8 

14.291 3 cubic feet / acre m3/hectare 0.069 972 5 

1.307 95 cubic yards cubic metres 0.764 555 

27.736 1 hoppus feet cubic metres 0.036 054 1 

11.224 4 cubic feet / acre m3/hectare 0.089 091 6 

0.275 896 cords stacked m3 3.624 56 

0.111 651 cords / acre stacked m3/ha 8.956 47 

27.496 2 bushels cubic metres 0.036 368 7 

Units of Weight 

0.035 2740 ounces grams 28.349 5 

0.029 493 5 ounces / square yard grams / square metre 33.905 7 

0.160 359 ounces / gallon grams / litre 6.236 02 

2.204 62 pounds kilograms 0.453 592 

0.204 816 pounds / square foot kg / square metre 4.882 43 

0.892 179 pounds / acre kg/hectare 1.120 85 

0.062 428 0 pounds per foot3 kg / m3 16.018 5 

0.019 684 1 hundredweights kilograms 50.802 3 

0.007 965 88 hundredweights/acre kg / hectare 125.535 

0.984 207 tons tonnes 1.016 05 

1.583 93 tons per mile tonnes / km 0.631 342 

0.398 295 tons per acre tonnes / hectare 2.510 71 

Miscellaneous Units 

2.471 05 stems per acre stems per hectare 0.404 686 

0.145 038 pounds force / inch2 kilopascals 6.894 76 

0.947 8 British thermal units kilojoules 1.055 06 

1.8 + 32 degrees Fahrenheit degrees Celcius -32 x 0. 555 556 
 

1 long ton = 1.12 short tons, 1 short ton = 0.8929 long tons. 
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In the metric system of measurements, the principal unit of 

length is the metre; the principal unit of capacity, the litre; 

the principal unit of weight, the gram. The following 

prefixes are used for fractions and multiples: 

 

Fraction Prefix Symbol Multiple Prefix Symbol 

10-1  * deci d 10 deka da 

10-2 centi c 102
 hecto h 

10-3 milli m 103
 kilo k 

10-4 micro m 106
 mega M 

10-9 nano n 109
 giga G 

10-12 pico p 1012 tera T 

10-15 femto f    
10-18 fetto a    

* to be restricted to cases where there is a strongly felt need; for example, the centimetre is commonly used in forestry as it is more 
convenient than the metre or millimetre. 
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