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ABSTRACT

This thesis explores the factors affecting the supply of and demand

for two major outputs of forests in Britain: timber and

opportunities for recreation. It also examines the recreation and

landscape benefits of a recent policy initiative to expand the area

of forests around towns (the Community Forest Initiative). Much of

the thesis discusses the construction of models of supply and demand

for these outputs, and a range of future supply and demand scenarios

that were produced from them. It also shows how the models were used

to appraise forestry policy in the areas of timber production, forest

recreation and community forestry. This was done first by assessing

the relative importance of various aspects of policy in light of the

results of these models; then future directions for policy were

appraised using the forecasting capabilities available in some of the

models. The results of the modelling exercise were also used to

critically examine some of the previous assumptions underlying

forestry policy, as part of this process.
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CHAPTER 1

INTRODUCTION

1.1 OVERVIEW OF THE THESIS

The land cover of the UK has been influenced by man's activities over

many centuries. Left to nature, most of northern Scotland would be

covered by woodlands of birch and Scots pine, and woodlands of oak, ash

and elm would cover most of everywhere else. However, increases in

population and ever greater needs for land for agriculture, industry,

and living space have resulted in much of this woodland being cleared.

Woodland cover reached its lowest point at the turn of the century when

only about 4% of the UK's land area was covered with trees. This has

since been reversed to the point that woodland now covers about 10% of

the UK land area. A few remnants of native woodland still exist but

the vast majority of woodland is made up of woods that have been

brought into management to produce timber or woods that have been

planted on land previously cleared for agriculture.

Unlike many European countries, the UK does not have a long history of

forestry policy or strong cultural links with its forests. The

government only started to take a major interest in forestry at the end

of the First World War, at a time when timber was seen to be a

strategically important commodity. Since then forestry policy has

developed to consider many aspects of how and why forests should be

managed and expanded, and the stated aim of forestry policy now is to

promote multiple-use forestry. This requires careful evaluation of the

quantity and value of all the outputs that forests can produce and it

is the aim of this research to shed light on some of these outputs so

that forestry policy can be better directed in the future.
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Purpose of the research

The major problems facing forestry policy makers today are essentially

questions about resource allocation. Policy makers need to know by how

much the forest estate should be expanded or reduced, and where this

should take place. They also need to know what types of forest

management should be promoted and for what purposes. In order to do

this, the economic framework provided by cost-benefit analysis, has

been chosen by policymakers as the most appropriate way in which these

decisions should be taken. As Doran (1979) points out, to carry out

effective cost-benefit analysis the following three factors are

important:

1. the valuation of forestry costs and benefits;

2. the forecast supply of and demand for forestry outputs; and

3. the discount rate.

The research reported in this thesis deals particularly with point 2.

above and also, to some extent, with point 1. The discount rate has

not been examined because that is a topic worthy of substantial

research in its own right (for example, see Price 1993), so where it is

important results have been presented using a range of discount rates.

The research concentrated on three particular outputs from forestry:

wood and wood products; the opportunity forests provide for recreation,

and the landscape and recreational benefits that woodlands close to

towns might produce. With respect to these outputs, three main issues

were examined:

1. factors affecting the supply of and demand for these outputs;
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2. projections of future supply and demand for them; and

3. the implications of these projections for the future

direction of forestry policy.

In addition to this, the results were also used to assess the current

balance between these outputs in the setting of forestry policy

obj ectives.

The structure of the thesis

The thesis is made up of six chapters. The first two discuss the main

developments that have taken place in forestry policy in Great Britain

and review previous studies of the outputs examined in this work. The

next three chapters report on the research carried out into each of the

three outputs listed above, and the final chapter draws together the

results of the research and comments on their implications for forestry

policy.

The rest of this chapter outlines how forestry policy has developed in

Britain from the creation of the Forestry Commission in 1919, to the

most recent statement of forestry policy made by the Secretary of State

for Scotland in 1991. Policy towards timber supply is discussed

followed by a discussion of how policy has expanded to include topics

such as recreation, landscape, conservation and community forestry.

The second chapter then goes on to discuss in more detail policy

towards the three particular outputs examined in this work and reviews

existing research into them conducted in both Britain and abroad. It

finishes with a discussion of previous attempts to aggregate the timber

and non-timber outputs of forests in Britain for the purposes.of policy

appraisal and evaluation.



Chapter 3 discusses timber supply, demand and pricing. It starts by

outlining the sources of data available on wood production, consumption

and prices. This is followed by an examination of the relationship

between tree size and value: the price-size relationship, trends in

long-run timber prices and the short-run price elasticity of supply.

The supply forecasting process developed in Britain is then described

along with models that were constructed to assess the future demand for

wood products. Finally, supply and demand forecasts are compared under

a range of future economic growth scenarios assuming that the area of

the forest estate in Britain does not change in the future.

Recreation in woodlands is examined in Chapter 4 of the thesis. Data

on visitor numbers has been collected for several years by the Forestry

Commission, and this is first used to estimate the number of visitors

to forests. Qualitative information about the socio-economic

characteristics of visitors and information about what they do on

visits is also presented to get a better picture of the types of visits

made. The supply of forest recreation across Great Britain is then

examined, and different possible ways of measuring supply are

critically assessed. The final part of this chapter presents some

models of forest recreation participation that were constructed and

using these, crosschecks the results that were presented earlier and

gives projections of future forest visitor numbers.

Chapter 5 looks at one particular area of forestry policy that is

currently important, the expansion of forestry close to towns and

cities. Many of the non-timber outputs of forests are valued because

people consume them (ie they have use rather than non-use lvalue), and

current forestry policy aims to increase these benefits by promoting
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the planting and management of forests close to towns. Two aspects of

forests are seen to be particularly important in these areas: the

opportunity they provide for recreation, and the scope they offer for

improving the landscape. This chapter reports on the results of two

surveys that examined the value placed by residents on the recreation

and landscape benefits such forests might provide, and on their

preferences for different amounts of forest cover in the landscape.

The results of the recreation survey are also compared to the results

that would be obtained by applying the forest recreation model

(developed in the previous chapter) to the proposed expansion of

forests in these areas in this chapter. Finally, the costs and

benefits of community woodlands are assessed to show where, and if so,

by how much forestry should be expanded in these areas.

The final chapter of this thesis draws together the results of the

research and assesses their implications for policy in the three areas

examined. Achievement of policy aims is discussed, and future areas

where policy might be improved are identified. The future forecasts of

wood supply and demand are used to show how future forestry policy

might be planned to meet timber supply objectives and areas where

forest recreation could be increased are identified to improve the

targeting of forestry policy.

Conventions and sources of data used in the thesis

Forestry policy is the responsibility of the Forestry Commission in

Great Britain and the Department of Agriculture Northern Ireland in

Northern Ireland. Where references are made to British-, forestry

policy, this is taken to mean policy for the whole of the UK (policy



measures taken in Great Britain are generally followed by similar

legislation covering Northern Ireland). Data on supply, demand and

trade in wood and wood products have generally been collected for the

whole of the UK. All of the rest of the data used in the research has

come from Great Britain only. Where data has been collected from

smaller regions, this is noted in the text.

The main sources of data have been the United Nations Economic

Commission for Europe based in Geneva, the Food and Agriculture

Organisation of the United Nations in Rome, and the Forestry

Commission. Where other sources have been used, these are noted in the

text. Data on roundwood volumes generally include bark unless stated

otherwise. All data have been converted to metric units (eg hectares,

cubic metres and metric tonnes). Much of the econometric modelling

used real prices deflated to their values in 1985, but graphical and

tabular presentation of the results have been updated to 1993/94

prices. Timber crops and products have generally been referred to as

coniferous and non-coniferous, although softwood has also been used for

the former and broadleaved and hardwood for the latter.

The author was solely responsible for all questionnaire and survey

design, data collection and analysis with the following exceptions:

Hardwood price survey (Chapter 3) - questionnaire and survey design and

data collection by John Clegg and Company.

Household survey of forest visitor numbers (Chapter 4) - questionnaire

design by Forestry Commission Environment Branch, survey design and

data collection by System 3 Scotland (Scotland) and Taylor Nelson

(England and Wales).
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Surveys of community forest residents (Chapter 5) - survey design and

data collection by Foresight Market Research.
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1.2 FORESTRY POLICY IN GREAT BRITAIN

Early Beginnings

During the First World War, timber from Britain's forests contributed

substantially to the war effort because imports were largely cut off.

Domestic resources could not, however, maintain the levels of supply

that the nation was used to, so desperate timber shortages were

experienced and, by the end of the war, the nation's forests were left

in a devastated condition. These experiences prompted Parliament to

take an active interest in forestry policy and led to a committee

chaired by Lord Ackland recommending that a government body should be

set up to promote afforestation and good forest management. The

government responded to this by establishing the Forestry Commission in

1919, and this can more or less be considered as the birth of British

forestry policy.

The Forestry Commission was given the target of planting 715 000 ha of

new woodland by the end of the century, and was also to encourage

private landowners to repair the damage done to the forest estate

during the war and expand it wherever possible. The Forestry

Commission set about this task by acquiring land and planting trees and

a government grant scheme was introduced for private landowners that

wanted to plant trees. After about 10 years, some public concern was

expressed about the loss of open land for recreation (particularly in

the Lake District) and the Forestry Commission responded by creating

Forest Parks where recreation would be encouraged, and by openly

stating that recreation would be permitted on all Forestry? Commission

land where it did not conflict with forest management. However, for
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the first 25 years of the Forestry Commission's existence, forestry

policy was devoted almost exclusively to the expansion of the forest

estate.

The importance attached to the expansion of the forest estate was

reiterated in a 1943 White Paper entitled Post-War Forestry Policy

which raised the planting target to 2 million ha to be planted by both

the Forestry Commission and the private sector. Further government

statements in 1958 and 1963 confirmed this aim by giving the Forestry

Commission additional funds to expand state forests and enhance the

grants to encourage more planting by private landowners.

The expansion of forestry policy objectives

The 1963 Statement on forestry policy widened the objectives of

forestry policy to cover seven main areas. These were:

1. to increase the production of wood as a raw material for

industry by extending the area of Forestry Commission forests

at a steady rate, in accordance with sound land use and by

making each forest as productive as possible;

2. within the limits set by other objectives, to manage the

estate as profitably as possible;

3. to provide rural employment especially in areas affected most

by depopulation and in so doing, maintain a skilled labour

force;

4. to help in maintaining an efficient home timber trade;

5. to give due attention to the aesthetic and protective roles

of the forest and encourage open-air recreation;



6. to foster social and industrial development ancillary to

forestry; and

7. to encourage the orderly development of private forestry and

specifically to assist in creating conditions in which

produce from all forests can be marketed to best advantage.

Expansion of the estate was given top priority and, in connection with

this, forestry policy was widened to cover the development of a forest

industry. The rural employment objective led the Forestry Commission

to concentrate its afforestation programme in upland areas and, for the

first time, the non-timber outputs of forestry were explicitly

recognised in the policy statement (for example, to put this into

practice, the Forestry Commission started to employ landscape

consultants to help design areas of felling and planting).

The Countryside Acts of 1967 and 1968 included recognition of the

increasing importance of forests for public recreation, and extended

the Forestry Commission's powers to provide facilities for recreation

within their forests. They also extended the Forestry Commission's

remit to include planting and managing trees in the interests of

amenity. The Forestry Commission published its policy on recreation in

1971 (Forestry Commission, 1971) and this had three main objectives:

1. to improve access to Forestry Commission woodlands through

the provision of facilities for visitors including campsites,

visitor centres, car parking and improved signposting;

2. to continue to provide access for field sports, fishing and

other specialised recreation pursuits; and

3. to encourage wide use of its forests for educational purposes

and the study of natural history.
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The Forestry Commission was allowed to levy charges for some of these

facilities and services, but the overall spirit of the policy was that

forest recreation would continue to be a free public service.

The achievements of the Forestry Commission were extensively reviewed

by an inter-departmental group chaired by the Treasury in 1972 (HM

Treasury, 1972; Forestry Commission, 1973). The outcome of this was

that the Forestry Commission was given stricter economic limits within

which to pursue forestry policy, notably a requirement that it should

make a return of 3% on its investments in real terms except in areas

where planting has been undertaken for social (ie, employment) reasons.

The review also resulted in changes to the grants offered to private

woodland owners.

The 1972 review recognised the importance of non-timber outputs from

the forest estate and made some attempts to estimate the value of these

outputs (most notably recreation). It also continued to promote the

expansion of the forest estate (although at a lower level than

previously, only 22 250 ha annually) but noted that the strategic

reserve argument had long been abandoned as irrelevant. In its place,

the development of a domestic forestry industry was promoted as a major

reason for continued forestry expansion. (It has also been suggested

that the substitution of imports by domestically produced wood should

be a further reason for forestry expansion, but this argument cannot be

attributed to government forestry policy.) These changes in emphasis

were stated more clearly in the 1974 Statement on forestry policy

(Forestry Commission, 1976), which listed the Forestry Commission's

objectives as:
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1. to advance knowledge and understanding of forestry and trees

in the countryside;

2. to develop and ensure the best uses of the country's timber

resources and promote efficiency and development in the home

timber industry;

3. to undertake research relevant to the needs of forestry;

4. to combat forest and tree pests and diseases and to initiate

Plant Health Orders when appropriate;

5. to develop forestry and increase the production of wood for

existing industries, or industries yet to be established, by

the extension and improvement of the forest estate;

6. to protect and enhance the environment;

7. to provide recreational facilities;

8. to stimulate and support the local economy in areas of

depopulation, and of wood-using industry;

9. in pursuit of these objectives and in the extension of the

forest estate, to further the integration of forestry and

agriculture and to manage the estate as profitably as

possible.

The Forestry Authority arm of the Forestry Commission was to promote

objectives 1-4., while the Forest Enterprise (responsible for managing

state owned forests) was to pursue objectives 5-9.

Two new concerns were addressed in this policy statement: the impact

of forest expansion and management on the landscape and environmental

generally (objectives 1. and 6.); and the effect afforestation was

having on the viability of agriculture in some areas (obj^ec-.tive 9.).

To accommodate these new concerns, the Forestry Commission increased
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its use of landscape consultants, and began greater consultation

between the Forestry Commission and Agriculture Departments about the

siting of new planting in both the state and private sectors.

Policy objectives remained more or less the same from 1974 to the most

recent statement on policy in 1991. Planting by the Forestry

Commission was reduced in the 1980s and greater emphasis was placed on

private sector expansion and management. This was promoted through

improvements to forestry incentives and a programme of disposals of

Forestry Commission forests. However, the overall target for new

planting was raised to 33 000 ha annually in 1987, although some

restrictions on areas where new planting could take place (notably in

the English uplands) were also introduced in the late 1980s. The

Forestry Commission's role in enhancing the environment was given

greater prominence with the development of a policy for broadleaved

woodlands in 1986, which also led to the creation of a new grant scheme

for broadleaves offering greatly enhanced rates of grant. The Forestry

Commission also took on certain responsibilities for nature

conservation under the Wildlife and Countryside Act of 1985. However,

although the Forestry Commission was set wider objectives as a result

of this expansion of forestry policy, a major part of that policy was

still concerned with expanding the forest area.

The 1991 Statement on Forestry Policy

In 1990, the House of Commons Agriculture Committee produced a report

entitled "Land Use and Forestry" which discussed the aims of forestry

policy and asked for a clear restatement of what the poliey-.was. In

response to this, the Secretary of State for Scotland in his role as



lead Forestry Minister, made a statement on forestry policy which drew

together all the various strands of policy that had developed during

the previous decade (Forestry Commission, 1992a). The statement

recorded the two main aims of government forestry as being:

1. the sustainable management of our existing woods and forests;

and

2. a steady expansion of tree cover to increase the many,

diverse benefits that forests provide.

The rest of the statement and several following publications expanded

on these two themes to outline in more detail, the specific aims of

policy (see Table 1.2.1).

Two interesting shifts in policy can be gleaned from the statement.

Firstly the statement implicitly placed greater emphasis on the

management of the current estate than had been the case in the past by

giving management and expansion equal prominence in future policy. In

connection with this, the 33 000 ha target for annual new planting was

described as being "indicative". Secondly, the statement placed much

greater emphasis on the non-timber benefits of forestry. Indeed, the

statement made very little reference to forestry expansion for the

production of timber. The separate roles of the Forestry Authority and

Forest Enterprise arms of the Forestry Commission were separated much

more clearly to improve policy delivery, and both were encouraged to

pursue the policy with the instruments available to them.
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Table 1.2.1 UK Forestry oolicv objectives set-out in the 1992 oolicv
statement and subseauent oublications on forestry oolicv

Forestry policy objectives Reference

General

1 Encourage good forestry practice through the promotion 1,2
and enforcement of forestry guidelines
a Water guidelines 1

b Landscape design guidelines 1,3
c Community woodland design guidelines 1

d Lowland landscape design guidelines 1

e Recreation guidelines 1,3
f Nature conservation guidelines 1,3

2 Pay special attention to the needs of ancient 3
and semi-natural woodlands

3 Give adequate scope for consultation 1
4 Increase the quality and quantity of woodland recreation 1,3,4
5 Increase the potential for timber production 3
6 Develop markets for forest products 2
7 Improve forestry research and education 2

Existina woodlands

8 Promote the sustainable management of existing woodlands 1

a Safeguard environmentally important woods 2

b Promote timely restocking of woodlands 3
c Prevent woodland loss 1

d Improve the management of existing woodlands 3

Expansion of woodland

9 Promote the expansion of woodland into appropriate areas 5

a Onto low grade agricultural land 1,2,3,4,5
b Onto derelict sites 4

c Into degraded landscapes 4

d Into the edge of towns 2,4,5
10 Promote the expansion of woodland for multiple benefits 1,2
11 Promote forestry as an alternative source of rural income 1,3

and employment
12 Increase the area of semi-natural and native woodlands 2,4

References

1: Forestry policy statement (Forestry Commission, 1992a)
2: Forestry Authority aims & objectives (Forestry Commission, 1992b)
3: Woodland Grant Scheme leaflet (Forestry Commission, 1991)
4: Forestry Commission 1993 departmental report (Forestry Commission, T993)
5: A national framework for forestry (Harding, 1992)



Conclusions

It can be seen from this brief history of forestry policy, that policy

has developed over the last 50 years to encompass much more than simply

the expansion of forestry for timber production. That is not to say

that timber supply is any less important in absolute terms, because

policy is still committed to the establishment and maintenance of a

viable forest industry. However, timber production is now recognised

as only one of a range of benefits that forests can provide. This can

be seen by the greater emphasis in the most recent policy statement on

the sustainable management of the existing resource and on expansion

into appropriate areas where the full range of benefits from forests

can be obtained.

Forestry has always been an activity which can produce multiple-use

benefits but only in the last two decades or so has forestry policy

started to take full recognition of those benefits. The inclusion of

all the costs and benefits of forestry into the cost-benefit analysis

framework poses a great challenge to the forestry policymaker. It also

requires extensive research into the production and value of forestry

outputs. This challenge is slowly being taken up by analysts in the UK

forestry sector with the hope that in future these outputs may more

properly be taken into account in policy and project appraisals, and it

is in support of this effort that the programme of research described

in this thesis has been carried out.
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CHAPTER 2

PREVIOUS RESEARCH INTO TIMBER, RECREATION,

AND COMMUNITY FOREST OUTPUTS

2.1 TIMBER PRICES, SUPPLY, AND DEMAND

The production of timber is the main commercial activity of forestry in

the UK and is, to a certain extent, the activity which supports the

production of non-timber outputs. Forestry is by nature a very long-

term activity and to plan the sustainable management and expansion of

forests, assessments of future changes in the supply of and demand for

timber have to be made.

The UK is almost unique amongst developed nations in having

considerable demand for wood products coupled with a very low level of

forest cover. This lack of a domestic resource combined with the long

time period required for forests to reach maturity has stimulated great

interest in future supply and demand projections amongst the timber

processing industry in Britain, particularly amongst firms using small

roundwood, which tend to involve larger capital investments over longer

periods than sawmilling operations (although the structure of the

sawmilling industry is also moving towards fewer larger mills involving

greater capital investment).

One of the objectives of forestry policy is to support the domestic

timber processing industry, and to do this it has sought to address the

concerns of the timber processing industry with respect? to timber

supply and demand in three ways:
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1. by promoting forestry expansion and better forest management;

2. by producing long-run supply forecasts to aid long-term

planning in the timber processing industry; and

3. by offering medium term supply contracts for timber from

public forests to counter uncertainties about future supply.

By concentrating on these supply-side issues however, current policy

has relied heavily on forecasts of the future supply of timber, and

these forecasts pose several interesting problems for economic

modelling.

A robust and reliable timber supply forecast requires both an accurate

forecast of timber growth and yield, and an economic model of supply to

explain how biological yield is managed and turned into timber

production. This economic model has in turn to take into account such

factors as the optimal age of felling, trends in long-run timber prices

and the short-run price stability of supply, along with any non-timber

factors that might have an impact on supply. If the forecast

highlights potential problems in the future, then the model should also

be capable of being used to identify appropriate courses of action for

forestry policy in the future.

MacGregor and Watt (1973) list six main approaches to the problem of

long-range forecasting in forestry:

1. the projection of trends;

2. econometric modelling;

3. the use of international comparisons;

4. surveys of opinion about the general future situation;
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5. the use of technical coefficients; and

6. cross-sectional surveys.

All of these approaches have been used to some extent in Britain to

forecast timber prices, supply and demand in the past. Price

forecasting has mainly relied on the first two techniques, with some

use of technical coefficients to explain factors such as the

relationship between the tree size and price. Supply forecasting has

generally used technical coefficients such as yield and increment

combined with surveys about the size and structure of forest

inventories, to arrive at future supply projections; and most major

attempts at forecasting demand have relied on econometric models and

projections of trends in explanatory variables. This section discusses

how these factors interact with each other and how they have been

modelled in previous studies of timber prices, supply, and demand from

Britain and abroad.

The effect of timber prices on supply and demand

Although the main aim of this research is to examine the supply and

demand for forest outputs in terms of their quantities rather than

value, the importance of price in the determination of timber supply

and demand is so great that it cannot be ignored.

Three aspects of timber prices are particularly important when

considering their impact on the supply of and demand for timber, and

these are:



1. the relative price of different sizes of roundwood (the

price-size relationship) , which influences the supply

decisions of forest managers about how much wood they should

produce at any point in a forest rotation, and determines the

optimal rotation age of a crop;

2. the trend in the long-run price of timber, which also affects

the rotation age of a crop, the returns to forestry compared

to alternative land uses and the price of timber relative to

other commodities; and

3. the short-run price of timber, which influences the decision

to cut in any particular year (causing uncertainty within the

long-run supply forecast and raising the risk of supply

shortages to the timber processing industry in the short to

medium-term), and can also affect the demand for timber.

Each of these three aspects are considered in some detail below before

the rest of this section goes on to discuss more generally previous

supply and demand studies in Britain.

Much of the existing literature on the effect of timber prices on

supply and demand comes from the major producer countries of

Scandinavia and North America, so where appropriate these have been

examined in addition to studies from Britain.

The price-size relationship

A relationship between tree size and value for any given species or

group of species can be found for the following three reasons:
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1. product assortments vary with tree size - larger trees

produce a larger proportion of sawlogs which are more

valuable than small roundwood, so the overall value of trees

increases with their size;

2. waste declines as tree size increases - the minimum size of

roundwood that is acceptable to most timber buyers is 7 cm

diameter overbark and as tree size increases the proportion

of wood that is smaller than this falls, hence the cost of

harvesting this waste material declines; and

3. the unit cost of harvesting declines with tree size - a large

part of the cost of harvesting a single tree is taken up by

getting to the tree and cutting it down which varies little

with tree size; cross-cutting costs increase with tree size

(ie the tree has to be cut into more merchantable lengths)

and delimbing costs also increase (ie more branches have to

be removed) , but the overall effect is that the cost of

harvesting (per cubic metre of timber produced) falls as tree

size increases.

These three factors are shown in Figure 2.1.1.

Putting these factors together, the expected shape of the price-size

relationship for standing timber is something like that shown in

Figure 2.1.2. At very small sizes, standing value is negative because

it costs more to harvest the tree than the timber is worth. A marginal

tree size occurs at a point where the value of timber is exactly

cancelled out by the cost of harvesting it, (this is currently

estimated to be at a tree size of about 0.05 m3 ) , and ax .free size

increases beyond this point value rises rapidly at first as the
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proportion of sawlogs increases and harvesting costs fall greatly.

However, beyond tree sizes of about 0.4-0.5 m3 improvements in cost and

timber value increase less rapidly until about 1.0 m3 when the

relationship starts to level off. Very little is known about the value

of very large trees because factors such as timber quality and the

capacity of processing technology to handle such large logs become

important for trees of these sizes and can act in either direction on

prices. In addition to this, very little price data about large trees

is available because very few trees are grown to such sizes.

The price-size relationship for broadleaves is usually different from

that for conifers. A relationship broadly similar to that for conifers

can be expected because the three reasons given above apply equally

well to both types of trees. However, there are many more markets for

hardwoods each of which are quite different and this suggests that both

the marginal tree size and the levelling-off of prices at large sizes

of timber may be different for broadleaves. For example, at small tree

sizes, broadleaves are used for firewood, fencing posts, poles, stakes

and as inputs to a range of rural crafts, so if a market can be found

for this material the marginal tree size will be much lower than that

for conifers. At larger tree sizes, sawmillers are also prepared to

pay much higher prices to obtain logs that can be sawn into larger

boards for higher value markets such as cabinet work, panelling and

fine furniture and very large logs are suitable for peeling or slicing

for veneer, which is a very valuable product. So, it can be expected

that price might continue to rise or level-off at a much higher tree-

size than is the case for conifers. Again, quality is an important

factor because quality tends to be more variable in broadleaves and is

crucial in determining whether a large tree can be sawn or peeled or is

only fit for firewood.
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The price-size relationship is important in the forecasting of timber

supply because, when combined with the physical yield (in terms of

total volume) that can be obtained on different sites, it can influence

the decision of where and when to thin crops (Harper, 1986) and

determines the economically optimal rotation age of crops. Traditional

silvicultural practice aims to maximise sustainable yield from forests

and results in rotations that are longer than if an element of time

preference is taken into account. Discounting with a p ositive

discount rate has the effect of shortening rotation ages and lowering

yields if the management aim becomes one of maximising discounted

timber volumes. The greater the discount rate, the greater the fall in

yield and rotation ages. However, adding a price differential between

small and large sized trees to the calculation and changing the

decision criterion to one of maximising discounted revenue or net

present value over one or a stream of rotations, has the effect of

causing rotation ages to fall by less and may in some cases even

increase them. It can therefore, be shown that the price-size

relationship affects the future supply of timber, and this is

demonstrated in Table 2.1.1 where the yield from a range of typical

crops is shown under a variety of assumptions about the decision

criteria and discount rates used to set optimal rotation ages.

A further use of the price-size relationship is for the valuation of

plantations. In the absence of a significant market for plantations,

the best way of estimating their value is by calculating the net

present value of expected plantation costs and timber revenues. Many

of the problems with the current model of the price-size relationship

are because of this function. In particular, questions about the

validity of using historical data to predict future-7 price-size

relationships and about the use of standing sales prices have had to be
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Table2.1.1Averageannualtimberyieldunderarangeofrotationsettingcriteria Figuresareincubicmetresoverbark(rotationagesshowninbrackets) Crop

Maximum

Decision
criteria

sustained

Maximisediscountedvolume
Maximisediscountedrevenue
MaximiseDRtoinfinity

yield

at3%

at4%

at5%

at6%

at3%

at4%

at5%

at6%

at3%

at4%

at5%

at6%

Sitkaspruce,

9.85

9.85

9.71

9.46

9.17

9.85

9.63

9.81

9.71

9.82

9.81

9.74

9.61

thinned,YC12

(60)

(60)

(53)

(49)

(46)

(61)

(58)

(56)

(53)

(57)

(56)

(54)

(51)

Sitkaspruce,

15.18

13.20

13.17

12.61

12.36

13.20

13.14

13.04

12.91

13.04

12.98

12.91

12.83

thinned,YC16

(57)

(54)

(52)

(44)

(42)

(58)

(51)

(49)

(47)

(49)

(48)

(47)

(46)

Sitkaspruce,

6.29

5.88

5.53

5.43

5.19

6.27

6.25

6.02

5.88

6.27

6.17

5.96

5.81

nothin,YC8

(62)

(49)

(45)

(44)

(42)

(63)

(57)

(52)

(49)

(59)

(54)

(50)

(48)

Sitkaspruce,

9.14

8.94

8.34

7.89

7.30

9.12

9.17

9.04

8.68

9.16

9.08

8.94

8.68

nothin,YC12

(58)

(47)

(41)

(38)

(35)

(59)

(54)

(49)

(46)

(55)

(50)

(47)

(44)

Corsicanpine,

8.06

8.05

7.85

7.42

6.98

8.03

8.06

8.05

7.95

8.06

8.05

7.98

7.85

thinned,YC10

(63)

(60)

(53)

(45)

(40)

(69)

(61)

(60)

(55)

(65)

(60)

(57)

(53)

Corsicanpine,

11.41

11.41

11.37

10.88

10.34

11.40

11.36

11.29

11.20

11.37

11.29

11.20

11.09

thinned,YC14

(59)

(59)

(54)

(44)

(39)

(60)

(55)

(51)

(49)

(54)

(51)

(49)

(47)

Corsicanpine,

6.12

5.79

5.41

5.05

4.83

6.11

6.07

5.90

5.74

6.09

5.96

5.83

5.61

nothin,YC8

(60)

(47)

(41)

(37)

(35)

(63)

(56)

(50)

(46)

(58)

(52)

(48)

(44)

Europeanlarch,

8.49

8.44

8.47

8.30

8.23

8.36

8.49

8.49

8.48

8.32

8.49

8.47

8.43

thinned,YC10

(47)

(55)

(45)

(40)

(39)

(58)

(51)

(48)

(46)

(50)

(48)

(45)

(44)

Japaneselarch,

10.29

10.07

10.29

10.05

10.00

9.82

10.16

10.20

10.26

10.18

10.23

10.29

10.07

thinned,YC12

(45)

(55)

(45)

(40)

CO

(57)

(51)

(49)

(46)

(50)

(48)

(45)

(43)

Oak,

5.10

5.07

4.84

4.60

4.33

5.06

5.10

5.02

4.87

5.10

5.06

4.94

4.80

thinned,YC6

(73)

(70)

(56)

(50)

(45)

(89)

(73)

(64)

(58)

(78)

(68)

(60)

(55)

Beech,

5.10

4.92

4.64

4.15

3.90

5.09

5.02

4.87

4.68

5.09

4.98

4.80

4.64

thinned,YC6

(96)

(75)

(65)

(54)

(50)

(97)

(82)

(73)

(66)

(90)

(79)

(70)

(65)

Sycamore,

6.95

6.72

6.80

6.75

6.59

6.47

6.64

6.73

6.80

6.72

6.80

6.78

6.59

thinned,YC8

(44)

(50)

(45)

(40)

(35)

(59)

(53)

(49)

(45)

(50)

(45)

(40)

(35)

Note:abovefiguresassume85%stockingofforestarea,andusedthe1992GBprice-sizecurve



addressed. However, these questions are less of a problem in the

context of the role of the price-size relationship in setting rotation

ages, because they tend to influence optimal rotation ages by only a

few years.

Interest in evaluating the price-size relationship has been mainly

limited to Britain where plantation forestry predominates, because most

major timber producing countries now forecast yield directly into

different product assortments such that it is product prices (ie sawlog

and pulpwood prices) which determine harvesting decisions. The first

reference to a price-size relationship in Britain can be found in

Johnston et al (1967). It is suggested there that either cross-

sectional data can be used to build a statistical model of the

relationship, or work-study data on the harvesting cost for different

sized trees can be used to work out the relationship from roundwood

prices. The latter approach was used to evaluate the price-size

relationship in Britain throughout the 1970s and early 1980s using

weighted average tree sizes and timber values (from both standing sales

and Forestry Commission net sale values) collected by the Forestry

Commission over this period. What was lacking during this period

however, was a thorough evaluation of product prices. All of the work

was carried out by the Forestry Commission, and investigation of their

records has shown that a simply constructed estimate of long-run

product prices was used to calculate an average log price, from which

harvesting costs at different tree sizes were subtracted to arrive at

a price-size relationship. This relationship was then used to

determine thinning regimes and set rotation ages.
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Mitlin (1987) carried out the first econometric modelling of the price-

size relationship using standing-sales price data for conifers from

1957-85. Mitlin constructed a single-equation model of the price-size

relationship and reported that a significant log-linear relationship

between tree size and standing value could be found that explained most

of the variability in prices between trees of different sizes. Dummy

variables were used to reflect differences between England, Scotland

and Wales, and between the prices obtained in different years over the

period. A significant time trend was also present in the model, which

was thought to represent changes in harvesting technology and

productivity over the period. To arrive at a long-run price-size

relationship, a view was taken that expected future prices would equal

the average over the period 1957-85, and an "average year dummy" was

calculated on this basis. The trend variable was set to its value for

1985 on the assumption that, if it reflected technological change

future technology would be at least as good as that found in 1985, and

the price-size relationship was then calculated and used to set optimal

rotation ages for supply forecasting and plantation valuation purposes.

Following the earlier work by Mitlin, two revisions to the price-size

relationship were conducted in 1988 and 1992 (Whiteman, 1990; and

Sinclair and Whiteman, 1992). These re-estimated the model reported

there using longer data sets (1957-1988 and 1957-1991 respectively).

Although they did not involve a significant advance in modelling it is

useful to report in some detail the results obtained in these models to

show the weaknesses involved in the approach taken that stimulated the

developments reported later in Chapter 3. Because the approach was the

same for both revisions, only the results of the latest model are

reported. .7
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In the 1992 model of the price-size relationship, standing sales data

recording average tree size, total sale volume and total sale value for

a range of tree size categories were taken from Forestry Commission

records covering the period April 1957 to September 1991. Standing

price per cubic metre was calculated for each record to give a total

sample of 1504 data points over the period which were then converted to

real prices using the GDP deflator.

In addition to tree size, the following variables were also thought to

influence price:

1. location of sale - significant price differences might occur

between different regions due to variations in species

distribution, timber quality, terrain, average felling coupe

size, distance to market and the relative strength of local

markets;

2. year of sale - in some years, timber prices are generally

higher than others due to economic conditions, currency

fluctuations and general marketing conditions; and

3. timber species and quality - certain species of conifers are

valued more highly in some markets, and higher quality timber

is also more valuable.

Information about the first two variables was available in the data set

in that the country of origin and year of sale was known for each price

record. However, standing sales records showed only the prices paid

for all conifers in each country,size band and year, so no information

about timber quality and species could be obtained.
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In choosing the functional form of the relationship, a priori knowledge

about the expected shape of the price-size relationship ruled out the

use of a simple linear relationship between price and size, and

suggested that either a log-linear or semi-log relationship would be a

more appropriate form for the model. Earlier work by Mitlin identified

the log-linear functional form as giving the best fit to the data, and

this had the added advantage of reducing heteroscedasticity in the data

set (ie prices were more variable between years in the higher tree size

categories than in the lower ones, particularly in later years). The

basic functional form for the relationship was therefore defined as:

LnP = a + bLnS (Equation 2.1.1)

where P is the real average price per cubic metre and S is the mean

tree size.

To handle differences between the three countries and account for

different trading conditions in each of the years from 1957, two series

of dummy variables were added to the equation:

LnP = a + b.D. + c.D. + d.D.LnS (Equation 2.1.2)
11 J J J J

where a series of dummy variables was constructed for each of the

years after 1957 and the dummy variable Dj represented sales in each of

the three countries of Britain.

As well as using dummy variables to account for conditions in any

particular year, time trends were added to the model to see if they

could pick up any other factors such as changes in technology (which
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affect relative harvesting costs of different sized trees) and trends

in changes in relative prices between small and large sized roundwood.

The full model was then specified as:

LnP = a + b.D. +c.D. + d.D.LnS + e.D./t + fLnS/t + gLnS/t2
11 ^ ^ ^ ^ (Equation 2.1.3)

where D., D. and D.Lns were as before, D./t estimated trends in prices
i- J J J

over time in the different countries, and LnS/t and LnS/t2 estimated

trends in the shape of the curve over time. The time trend (t) was set

to equal the year which the data referred to minus 1950, ie 7 in 1957,

8 in 1958 etc.

Mitlin had already tried a model with country dummies added to LnS/t

and LnS/t2 and shown that no significant differences existed between

countries with respect to these variables, so this was not specified in

the model. She had also shown that prices in England and Wales had

converged over the period so only one dummy variable (for Scotland)

was used in the analysis. Two models were constructed, one with a

dummy variable for Scotland to give two separate relationships and one

without to give results for the whole of Great Britain. Weighted

least-squares regression was used to estimate these models (using total

volume sold in each year, country and size category as weights), and

the results of the two estimations are shown in Table 2.1.2. The

results presented are the final results after several of the year

dummies were dropped or merged because they were statistically

insignificant from zero (most of the year dummies are negative becauses

prices in the base year 1957 were quite high in real terms). It can be

seen that the coefficients on size, country dummies, the time trends

1)0



Table 2.1.2 Results of the 1992 estimation of the price-size relationship

Dependent variable: Log real price of standing timber (at 1985 prices)

Variable England and Wales Scotland Great Britain
Coefficient T-statistic Coefficient T-statistic Coefficient T-statistic

Constant 3.97 65.20 3.97 65.20 3.82 54.82

Country dummy (Dj) - - -0.23 -8.36 - -

Log tree-size (Dj.LnS) 0.73 24.31 0.78 24.96 0.70 19.81
Time trend 1 (Dj/t) -8.89 -6.80 -7.26 -5.75 -7.99 -5.37
Time trend 2 (LnS/t) -9.27 -7.93 -9.27 -7.93 -8.08 -5.84
Time trend 3 (LnS/t2) 26.88 2.88 26.88 2.88 19.70 1.78
Year dummies (Di):
1959-61 -0.1160 -2.37 -0.1160 -2.37 -0.9550 -1.65
1962 -0.2904 -5.02 -0.2904 -5.02 -0.2556 -3.73
1963-66 -0.3054 -7.20 -0.3054 -7.20 -0.2868 -5.71

1967-70 -0.3094 -10.04 -0.3094 -10.04 -0.2851 -7.82
1971-72 -0.2717 -9.20 -0.2717 -9.20 -0.2680 -7.66
1973 (2nd half) 0.3830 8.13 0.3830 8.13 0.3886 6.96
1974 0.5328 15.01 0.5328 15.01 0.5417 12.88
1978 -0.3817 -10.84 -0.3817 -10.84 -0.3638 -8.72
1979 -0.4515 -13.49 -0.4515 -13.49 -0.4290 -10.83
1980 -0.6190 -17.55 -0.6190 -17.55 -0.5860 -14.04

1981 -1.1702 -34.08 -1.1702 -34.08 -1.1529 -28.34
1982 -0.9782 -28.19 -0.9782 -28.19 -0.9460 -23.04
1983 -0.8436 -24.08 -0.8436 -24.08 -0.8199 -19.78
1984 -0.6611 -18.65 -0.6611 -18.65 -0.6267 -14.96
1985 -0.5575 -15.78 -0.5575 -15.78 -0.5393 -12.91

1986 -0.3872 -10.88 -0.3872 -10.88 -0.3695 -8.77
1987 -0.2523 -7.01 -0.2523 -7.01 -0.2530 -5.52

1988 -0.2555 -6.99 -0.2555 -6.99 -0.2383 -5.51

1989 -0.3587 -9.57 -0.3587 -9.57 -0.3387 -7.61
1990 -0.5529 -14.63 -0.5529 -14.63 -0.5334 -11.93

1991 -0.7581 -17.51 -0.7581 -17.51 -0.7469 -14.57

Adjusted R2 0.853 0.853 0.793



and remaining year dummies were all significant, and the models had a

high adjusted R2 indicating that they fitted the data quite well.

To use the curves for supply forecasting and plantation valuation, a

decision was taken that, because the analysis was based on historical

data but would be used to project prices in the future, the single

relationship for Great Britain should be used rather than two separate

relationships for England/Wales and Scotland. This was based on the

following arguments:

1. prices had shown some convergence between Scotland and the

rest of Britain in recent years;

2. customers were increasingly sourcing materials from all over

Britain so that a national market was beginning to appear and

would be a more realistic hypothesis for the future; and

3. a large number of mills were setting up on either side of the

Scottish border because of the large forest resource there,

such that the immediate vicinity of both sides of the border

would be more accurately portrayed as one market rather than

two. (For example, the existence of two price-size

relationships was leading to the anomaly that for plantations

in Kielder were being ascribed values 50% higher than similar

plantations in Wauchope less than a mile away over the

border.)

However, most of these issues were pertinent to the valuation role of

the price-size relationship rather than its use for setting rotation

ages in the supply forecast, because the difference between optimal

rotation ages set using any one of the three curves generally amounted

to only one or two years.
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The model gave different curves for each year so as before an "average

year dummy" was calculated that, when applied back through each of the

time periods, would give the best fit to the data. This process was

performed on the premise that in the long-run, future market conditions

would be equal to the average of those experienced in the past. The

relationship was then calculated with t (the time trend) set to its

most recent value, and set to this long-run average, to give the

relationship shown in Figure 2.1.3 (for comparison the other two curves

are also shown).

There were however, two major problems with this approach. Firstly, by

specifying the model as a log-linear relationship, the shape of the

relationship was restricted to one which, although it captured a large

part of the relationship, was known not to be true. At small tree

sizes the price-size relationship is not expected to pass through the

origin because there will be a tree size below which harvesting costs

exceed timber value, and at the other end of the scale standing value

is also expected to level off at tree sizes of about 1 m3. Neither of

these conditions were met by the log-linear specification. To get

round these problems, the model was eventually only used over a short

range of tree sizes (from 0.1-0.5 m3) , outside which the price-size

relationship was adjusted using judgment about where standing value

would be zero, and where it would level-off (see Figure 2.1.4). This

was a rather arbitrary way to proceed and although a considerable

amount of other information was collected on which to base these

adjustments, the functional form remained one that was inappropriate

given the expected shape of the relationship.



Figure 2.1.3 The results of the regression model
£ of the price-size relationship in 1992
u

Figure 2.1.4 The final price-size relationship
"w estimated in 1992
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A more fundamental criticism of the model is however, that the

underlying principles behind its construction were theoretically

incorrect. Standing timber price is not a function of tree size, but

a function of product (ie sawlog and small roundwood) prices and

harvesting costs. Tree size acts as a transformation function to

convert from whole trees to a mix of products, and as a variable that

influences harvesting cost, but it does not per se cause prices to be

higher or lower. In addition to this, product prices change from year

to year reflecting market conditions, but they could not be properly

taken into account because of the specification used. Instead, the

effect of market conditions had to be accommodated by the use of many

dummy variables for each year which, combined with the use of time

trends as well, led to a very crude and over-complicated specification

of the dynamics of the model.

These inadequacies in the way the model was specified stimulated the

research reported in Chapter 3 to see if the price-size relationship

could be re-estimated to reduce the amount of ex post adjustment that

is required before they could be used and put the relationship onto a

sounder theoretical footing. The modelling exercise also only looked

at the value of coniferous roundwood, nothing having been done on the

price-size relationship for broadleaves since the late 1970s. It was

felt that this was unsatisfactory, so the research also examined data

on sales of hardwood timber to generate a broadleaf price-size

relationship for use in the supply forecasting process, and this is

reported in Chapter 3.



The trend in the long-run price of timber

The trend in the long-run price of timber is important for modelling

timber supply because it influences the optimal rotation age of a crop.

In addition to this, it also affects total volume production in the

long-run by influencing the rate of return on silvicultural investments

that can influence forest yield and by making the returns to forestry

more or less attractive than those from alternative land uses.

Figure 2.1.5 shows the relationship between discounted revenue and

rotation age from a typical forest crop (discounted at 5%) under a

range of future timber price projections. It can be seen that if

timber prices are likely to increase in the future, both the optimal

rotation age and discounted revenue increase substantially. This, as

was shown in Table 2.1.1, affects the eventual yield of timber which

will fall by increasingly greater amounts as the rotation age diverges

from that of maximum sustainable yield.

Many previous studies of the long-run price of timber have relied on

the projection of trends. This is probably satisfactory in industries

where the planning horizon may only be 5 years into the future, but

such extrapolation has to be treated very carefully in forestry where

investment decisions are based on future price scenarios which have to

look several decades ahead. There have also been some studies that

have looked at likely world supply and demand in the future to see what

price levels would enable supply and demand to remain in balance. This

is altogether a more defensible approach, but also suffers from the

same sort of problems as projecting trends because it still requires

assumptions to be made about the future value of underlying variables

affecting supply and demand. Table 2.1.3 summarises a number of
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Figure 2.1.5 The effect of real timber price
changes on the DR from a YC12 spruce crop

Rotation age



projections of future timber prices that have been made using both

methods and whilst it is not possible to review all of the projections

here in great detail some general comments are made about their

reliability.

The first point to note is that nearly all of the forecasts based on

past trends project real price increases in the future. In some of

these studies, reference to growing consumption, limits to

exploitation, and increasing population pressure have been cited as

reasons for believing that these trends will continue in the future.

However, very few of the trend studies have analysed these factors in

any detail and put forward a really convincing argument for future real

price increases. A second point to note is that generally these

forecasts have also to date been wrong. (It is possible to say this,

because many of the trend extrapolation studies are quite old.) This

is mainly because by limiting analysis to a simple examination of past

trends they have not examined the reasons why prices have changed in

the past or considered whether any of the underlying reasons for such

changes are likely to continue into the future.

Resource depletion theory provides a useful framework within which such

projections can be assessed. Timber production in the early part of

this century was, on the whole, similar to the mining of a non¬

renewable resource. Trees were cut, and the felled areas were left to

regenerate on their own, which can take quite some time before signifi¬

cant forest cover is re-established. The theory of depletion of non¬

renewable resources (Fisher, 1981) shows that as this occurs, prices

will rise as the resource is depleted and this could explaiif the trends

that have been found in many of these studies. However, later develop-



Table 2.1.3 Proiections of the lonq-run trend in future timber prices

Source and

timber product
Projected
annual
increase

Time horizon

for projection
Notes on derivation

of the projection

Proiections based on the

extrapolation of trends

Johnston et al (1967)
UK stumpage 1.5% none given Based on a review of trend studies

from around the world generally
using price data from 1900 onwards

Zivnuska (1972)
World forest products +ve none given Very general paper based on trends

in a range of variables since 1870

Helterline (1979)
World softwood lumber 2.5% 1977-2000 Based on price data from around

the world 1965-1976

Haynes et al (1980)
US Pacific Southwest stumpage
US Pacific Northwest stumpage
US other regions stumpage

2.3%

3.2%

3.7%

1981-2030

1981-2030

1981-2030

Based on US stumpage
price data 1959-1978

Bateman (1988)
UK imported sawn softwood 0.0% none given Time series model 1950-1985

Proiections based on

supply and demand models

Kallio et al (1987)
European conifer sawlogs
European conifer pulpwood
European nonconifer sawlogs
European nonconifer pulpwood

5.9%
3.5%
4.7%

0.0%

1980-2000
1980-2000

1980-2000

1980-2000

11ASA GTM

Sedjo and Lyon (1990)
World roundwood 0.2% 1985-2000 Resources for the Future TSM

Haynes and Adams (1992)
US softwood lumber
US hardwood lumber

0.7%

0.9%
1990-2040
1990-2040

US Forest Service TAMM

Arnold (1992)
UK imported wood product prices 0.0% none given General review of the results of

several models from around the world
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merits to the theory also show that at a certain price level, a backstop

(Nordhaus, 1973) is reached at which the price is attractive enough to

bring substitutes onto the market and stop the price from rising any

further until the backstop is depleted.

In the case of timber production, the obvious backstop is the

production of plantation grown timber or timber from managed forests

which, at some price, is an attractive substitute to the natural or

"old growth" timber. There is evidence that this point has been

reached in some major exporting countries, where production from

plantations has increased substantially on both newly planted land and

land that was once natural forest. It has also been promoted by forest

policies in the major timber producing countries, which not only

restrict harvesting to annual increment (the annual allowable cut rule,

as practised in North America and most European countries) but also

insist on replanting and management of felled areas and have in some

countries promoted afforestation of other land. So long as timber

prices are high enough to bring sufficient quantities of plantation

grown timber or timber from managed forests to the market, there is no

reason to suspect that prices will continue to rise in the future.

Estimation of past trends is therefore irrelevant, and the matter of

interest is whether prices have reached this point and whether they

will have to continue to rise in future for supplies from plantation

forests to meet foreseeable increases in demand. Some authors, for

example Binkley and Vincent (1988) argue that prices still have to rise

further for this level to be reached, while others (HM Treasury 1972;

National Audit Office, 1986) consider it to have been reached already.

The argument about whether prices are currently high enough.to maintain

future supply and demand balance has been examined in several global
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and regional models of the timber market. Two conflicting views have

resulted from these models: either that prices will not rise signifi¬

cantly in the future, or that they will rise by a modest amount (see

Table 2.1.3). The models are all in general agreement about the future

demand for timber, but they differ widely about the responsive-ness of

supply to price. So, for example, the IIASA Global Trade Model (GTM)

and US Forest Service Timber Assessment Market Model (TAMM) both

predict that timber supply is quite inelastic in the long-run such that

prices will rise in the future as demand increases. In contrast to

this, other models such as the Resources for the Future Timber Supply

Model (TSM) and United Nations European Timber Trends Study (ETTS IV)

predict that supply will be more responsive, reducing the upward

pressure on prices due to increasing demand and leading to projections

of little or no timber price increases in the future.

A major criticism of the earlier models (GTM and TAMM) is that they do

not take into account the change from exploitation of natural forests

to harvesting of managed forests very well. Lyon (1981) shows how

optimal depletion theory and steady-state forest management can be

incorporated into supply models to take into account the change from a

mined to a managed resource, and incorporation of this effect leads to

the main differences between the TSM projections and those of earlier

models. The price projections from the TSM are quite novel, because

they go against the generally held belief of many forest managers that

resource scarcity will cause prices to rise substantially; an argument

which has been used to tempt investors into putting money into forestry

(eg, Economic Forestry Group, 1988). However, evidence on growing

stock levels and plantation formation (which will be Eeviewed in

Chapter 3) would seem to indicate that the prediction that future



supply will meet demand is defensible for the foreseeable future, such

that prices are unlikely to rise by very much.

The main factor that might upset future supply and demand, and hence

price projections, is the effect of environmental legislation on the

cutting and management of forests. Greater designation of natural

forests as biological reserves, and the possible impact of air

pollution on tree health and forest stability could limit supply and

push up prices, but at the same time, new legislation on the use of

recycled wood and wood products may have the opposite effect. This has

been examined in Haynes and Adams (1992) where they show that the

effect of acid rain or restriction of cutting areas may push prices up

by more than 10% while increased recycling would have a similar effect

in the opposite direction. However, it is impossible to forecast with

any degree of accuracy the effect that future environmental legislation

might have on forest harvesting and management on a global scale. All

that can be said is that this dimension adds a further layer of

uncertainty to the forecasting exercise which should be examined if

possible.

In a recent review of all these global supply and demand studies,

Arnold (1991) concluded that the evidence to support an upward trend in

future prices is weak and that, even if supply side pressures do push

up prices, this is likely to lead to changes in technology that will

keep product prices the same in the face of strong competition from

alternative materials. This is the view currently taken in the

construction of the British timber supply forecast, and the evidence to

support such a view is examined in greater detail in Chapter- 3.

4L



Price elasticity of supply

The previous two sections have shown how the price-size relationship

and trends in timber prices can affect the long-run timber supply

forecast through their influence on optimal rotation ages, and on the

returns to investment in forestry. Changes in the price of timber in

the short-run are important because they affect the harvesting decision

in any one particular year which can inject uncertainty into any long-

run supply forecast made. In the long-run such changes will balance

out around the long-run trend so that a supply forecast will be correct

on average, but the uncertainty they introduce into the supply

forecasting process can reduce its value as a policy planning tool

suggesting that this should be investigated further.

The general view held by the timber processing industry in Britain is

that production, particularly from privately owned forests, is price

sensitive in the short-run, and this has resulted in the Forestry

Commission acting to smooth out supplies in pursuit of its objective of

promoting a domestic timber processing industry (see point 3 on

page 18). However, no empirical research has been carried out on the

short-run price elasticity of timber production in the UK, and even in

the major timber producing countries, research has been limited (see

United Nations, 1990, for a discussion of how many of the world's

largest timber producers forecast supply). A few studies on short-run

price elasticity have been published however in Scandinavia and North

America, and the results from these are reviewed below.



Price elasticity of supply from privately owned forests

Probably the largest recent programme of research into the short run

price elasticity of timber supply has been carried out by the Finnish

Forest Research Institute (FFRI) (see for example: Loikkanen et al,

1986; Kuuluvainen, 1986; Kuuluvainen et al, 1988; and Hetemaki and

Kuuluvainen, 1990). Research at the FFRI has examined the supply of

both pulpwood and sawlogs in Finland by using increasingly sophisti¬

cated econometric models to examine the factors that influence that

supply. The most recent published study from the FFRI (Hetemaki and

Kuuluvainen, 1990) looks at the supply of pulpwood in Finland and is

critical of the "textbook approach" to econometric modelling used in

their earlier work and that of others (for example: Robinson 1974;

Adams and Haynes, 1980; Newman 1987; and Brannlund et al, 1985). In

this they investigate in great detail the short-run properties of their

supply data using more modern approaches to econometrics as advocated

by Hendry (1987), Spanos (1986) and Hendry and Richard (1982).

They start by specifying a theoretical supply equation of the following

form:

where Q is the quantity of pulpwood supplied, P is the price of

pulpwood (they compress their specification into a simple two-period

model), R is the market rate of interest, V is the volume of standing

timber available, I is exogenous non-forestry income, B is the credit

limit experienced by forest owners and D is forest owners subjective

rate of time preference. The last four terms are relevant because

(Equation 2.1.4)



about two-third of Finland's roundwood supply comes from non-industrial

private forest owners (the NIPF sector). They note that supply may

also be influenced by non-timber values (see for example, Binkley

(1981) or Max and Lehman (1988) reviewed later in this section), but

due to the fact that they are working on aggregate data, they do not

try to incorporate this into their model. The variables B and D are

also dropped from their later specifications because they cannot be

identified at the aggregate level, and the annual allowable cut is

substituted for V which is not available on an annual basis.

Each of the variables are then converted to their log values (except

the interest rate) and the properties of their time-series are

examined. They find that exogenous income (I) and allowable cut (AC)

are integrated of order 1-1(1), while all the other series are 1(0).

These two series cointegrate however to form a linear combination that

is 1(0), so that they can be used in the specification to give unbiased

parameter estimates (if the sample is large enough - in this case only

27 observations were available from 1962-1988). They then estimate a

model containing all the available exogenous variables, plus lagged

price and quantity, and first differences of the exogenous variables -

14 terms in total, which they test down to a more parsimonious

specification using the F-test for omitted variables to arrive at the

following reduced form specification.

Q = a + bP + cP ., + dl + eAC + fDQ + gDRv
t t-1 t t Ht-1 6 t

(Equation 2.1.5)

where DQ and DR are first differences of quantity supplied and the

interest rate respectively. This is compared to the earlier model
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reported in Kuuluvainen et al (1988) and is found to perform much

better than the previous specification (the results are shown in

Table 2.1.4). Several tests also indicated that the model encompassed

their earlier model.

Their results show a significant positive coefficient on price and

negative coefficient on lagged price, a negative income effect and

positive coefficient on the allowable cut variable, as would be

expected. They also report a positive interest rate coefficient as

would be expected, but with a t-statistic of only 1.7. They therefore

drop this variable but retain the first difference in interest rates,

which has a negative coefficient and is rather more difficult to

interpret.

The main problem with their model is that they have only a few data

points, which makes it difficult to interpret some of the quite

sophisticated econometric tests for parameter stability, auto¬

correlation, and encompassing that they attempt to use in their

evaluation of the model. On the whole however, the model appears to

perform well, and the paper shows how a more sophisticated econometric

approach can be used to build better supply models than have been

constructed in the past.

The results from the FFRI model contrast with another model constructed

by Forsman and Heinonen (1988) for supply from the NIPF sector in

Finland. Forsman and Heinonen construct an error-correction model for

sawlog and pulpwood supply (a specification ruled out by Hetemaki and

Kuuluvainen as untenable because the dependent variable is 1(0))

using the following specification:



Table 2.1.4 Estimated OLS results for the suddIv of pulpwood in Finland from 1962-88

reported in Hetemaki and Kuuluvainen (19901 and Kuuluvainen et al(1988)

Dependent variable: Aggregate supply of pulpwood

Variable 1990 Model 1988 Model

Coefficient T-statistic Coefficient T-statistic

Constant -7.075 -4.16 3.259 2.73

Pulpwood price Pt 0.646 4.95 0.531 2.57

Lagged pulpwood price Pt-1 -1.005 -8.68 -0.818 -5.20

Disposable income It -0.590 -2.85 - -

Change in disposable income Dlt - - -0.137 -0.19

Allowable cut ACt 4.412 5.24 - -

Lagged endogenous variable Qt-1 - - 0.437 3.34

Change in lagged endogenous variable DQt-1 0.205 2.46 - -

Change in interest rate DRt -0.012 -2.37 - -

Sawntimber price SPt - - -0.117 -0.46

Adjusted Ft2 0.85 0.66

Durbin-Watson statistic 1.94 1.29

Table 2.1.5 Estimated OLS results for the supply of pulpwood and sawloqs in Finland
from 1958-86 and 1969-86 reported in Forsman and Fleinonen (1988)

Dependent variable: Change in aggregate supply of roundwood

Variable Using data over 1958-1986 Using data over 1969-1986
Coefficient T-statistic Coefficient T-statistic

Sawlogs
Constant -0.802 -4.29 -0.907 -4.29

Change in sawlog price DPt 0.719 3.37 0.806 3.60

Error correction term (Q-AC)t-1 -0.535 -4.05 -0.630 -4.09

Interest rate It 0.013 2.37 0.033 4.08

Adjusted R2 0.50 0.65

Durbin-Watson statistic 1.31 1.46

Pulpwood
Constant -0.714 -3.74 -0.794 -4.27

Change in pulpwood price DPt 0.541 3.36 0.748 4.18

Error correction term (Q-AC)t-1 -0.505 -3.48 -0.555 -4.02

Interest rate It 0.012 2.39 0.029 3.93

Adjusted R2 0.43 0.61

Durbin-Watson statistic 1.83 2.19
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DQt = aDPt + b(Q-AC)t 1 + cR (Equation 2.1.6)

where DQ and DP are the first differences of supply and stumpage price,

AC is the allowable cut and R is the interest rate. Although it is not

stated in their paper, the use of an error-correction specification

would suggest that all these variables except interest rate are in log

form. Using the same data as the FFRI over the period 1958-86 they

estimate this model to give the results presented in Table 2.1.5.

These show that the interest rate has a significant positive effect on

supply and that price elasticity is positive. The error correction

term is also significant and negative indicating that overcutting in

the previous period has a negative effect on supply in the current

period as would be expected. This specification is unhelpful however,

in that it does not enable the price elasticity of supply to be

calculated directly, but it does show that interest rates can have a

significant effect on supply and that an error-correction process might

be an appropriate form for modelling timber supply.

Work in the United States on the short-run price elasticity of timber

supply has followed two lines of enquiry. Most of the older US studies

have looked at aggregate supply from particular regions using standard

multiple regression techniques, but more recent studies have started to

examine disaggregated supply using a range of alternative modelling

techniques applied to data collected in surveys of individual forest

owners.

A very useful summary of the supply elasticities thafe have been

generated in aggregate supply studies from around the world is



presented in Hyde and Newman (1991) , and this is reproduced in

Table 2.1.6. In all but one of the cases price elasticity has been

estimated to be less than 1, and in most of them a value of 0.5 or less

has been found. The other interesting result to note is that,

similarly to the studies from Finland reported earlier, the level of

growing stock or inventory has been found to have a significant effect

on supply in many of these studies with an elasticity of about 1 (as

would be expected). All of the studies presented in Table 2.1.6 have

used the traditional textbook approach criticised by Hetemaki and

Kuuluvainen, so there could be room for improvement in their

specification with more modern econometric techniques that are now

available. However, this will depend upon how serious problems such as

non-stationarity are in the time-series used in these models, and even

if the models could be improved the supply elasticities may not change

by very much with better model specification (for example, the

elasticities presented in Table 2.1.4 do not change by very much in the

preferred model of Hetemaki and Kuuluvainen). What is of potentially

more interest though is the work that has recently been done on

disaggregated supply functions for private forest owners in the USA.

One of the first attempts at estimating an individual forest owner's

timber supply curve is given by Max and Lehman (1988). There they

construct a timber supply model for NIPF owners based on a household

production function approach where the forest owner derives utility

from recreation and income from the forest. This is put into a dymanic

intertemporal utility model which can then be solved by nonlinear

programming. To test their model, they took data from Santa Cruz

County in California and made assumptions about the recreation utility

function. This showed that supply was responsive to price in the



Table 2.1.6 Summary of selected short-run suoolv elasticities from around the World

Elasticities underlined indicate significance at the 5% leve

Author(s) Range Region Product Elasticity
price inventory

Adams & Haynes (1980) 1966-76 PNW (West) Industry stumpage 0.26 1.00
PNW (East) Industry stumpage 0.16 1.46
PSW Industry stumpage 0.26 1.00

Rocky Mountains Industry stumpage 0.06 1.00
South Central Industry stumpage 0.47 0.46
Southeast Industry stumpage 0.47 0.49
North Central Industry stumpage 0.99 0.20
Northeast Industry stumpage 0.32 0.37
PNW (West) NIPF stumpage 0.06 1.00
PNW (East) NIPF stumpage 0.18 1.00
PSW NIPF stumpage 0.12 1.00

Rocky Mountains NIPF stumpage 0.06 1.00
South Central NIPF stumpage 0.39 0.66
Southeast NIPF stumpage 0.30 0.72
North Central NIPF stumpage 0.31 0.35
Northeast NIPF stumpage 0.99 0.28

Brannlund et al (1985) 1953-81 Sweden Pulpwood 0.74
Kuuluvainen (1986) 1962-82 Finland Sawlog 3.13
Kuuluvainen et al(1988) 1965-85 Finland Sawlog 0.53

Pulpwood 0.59
Merrifield & Haynes (1983) 1950-76 PNW Stumpage 0.80
Newman (1987) 1950-80 US South Pulpwood stumpage 0.23 1.20

Solidwood stumpage 0.55 0.39
Robinson (1974) 1947-67 USA Douglas fir stumpage 0.11

Scots pine stumpage 0.32

Styman & Wibe (1986) 1986 35 Countries Roundwood 0.87

Fuelwood 0.91

Industrial roundwood 1.25

Table 2.1.7 Estimated Tobit regression results for the suoolv of timber from
NIPF owners in New Hampshire from 1973-83 reported in Dennis (1989)

Dependent variable: Volume of timber harvested by owner in any year

Variable Alternative model Preferred model

Coefficient T-statistic Coefficient T-statistic Elasticity

Constant -4.533 -1.62 -2.765 -1.19 -

Proportion of White pine in crop 1.955 2.46 1.810 2.61 2.55

Proportion of oak in crop - - 1.432 1.87 0.48

Standing timber volume 0.472 3.52 0.320 2.69 1.06
Real sawlog price index 0.039 0.95 0.040 1.11 7.73

Years of formal education - - -0.127 -2.40 -6.96
Income dummy variable -1.007 -2.41 - - -

Professional occupation dummy variable 0.707 1.68 0.585 1.54 0.89
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short-run, and that greater importance placed on recreation led to

lower timber supply. The model is presented as a framework however

rather than as one producing conclusive results because several of the

inputs (particularly about recreation) were assumed rather than

observed. It did however support the argument previously suggested by

Clawson (1979) and Binkley (1981) that non timber motivations can

affect the supply of timber from NIPF owners, and set out a useful

framework in which this could be examined further.

Another piece of work by Dennis (1989 and 1990) examined the effect of

forest owners characteristics (eg age, income and education) on timber

supply in New Hampshire from 1973-1983 using pooled time series and

cross sectional data. The research used Tobit analysis to measure the

effect of forest stand and ownership characteristics on timber supply

so that the supply of timber could be decomposed into two parts: the

effect of the independent variables on changes in the volumes of timber

being harvested on land being harvested, and their effect on the

probability of land being harvested.

The results of the analysis are shown in Table 2.1.7. The proportion

of commercial species in the forest, average standing volume, prices,

and the owner's occupation (a dummy variable equal to 1 if the owner

has a professional job) all had a positive effect on supply, although

the latter two variables were insignificant at the 5% level. Income

and years of formal education had a negative effect on supply but were

highly correlated and could not both be incorporated into the same

model. It was suggested in the paper that the low level of

significance for the price variable was probably due to Tneasurement

error, because price was only available in aggregate for counties in



the area rather than as a disaggregated variable showing the prices

faced by each owner. It was also hypothesised that the income and

education variables could represent some measure of the non-timber

values placed by owners on their woodlands as well as an income effect,

although no evidence was given to support this.

The preferred model chosen by Dennis (on statistical grounds) included

the education variable rather than the income variable and the

elasticities calculated for each of the variables at their sample means

are also shown in Table 2.1.7. The largest single elasticity given was

for price, but this was not significant at even the 20% level (possibly

because of the measurement problems discussed above) . Again, the

inventory elasticity of about 1 is similar to that presented in other

studies.

The most recent paper on individual supply functions is given in Newman

and Wear (1993) . In this they use linear programming to maximise a

three-input two-output restricted profit function for both industrial

and non-industrial private forest ownerships in the southeastern USA.

The elasticity results of their model are shown in Table 2.1.8.

They limited their analysis to Coastal Plain southern pine production

and showed that in the short-run price elasticities of supply vary from

0.2 to 0.6, cross price elasticities vary from -0.1 to -0.4, and the

elasticity of supply with respect to regeneration effort (calculated in

the quantity dimension as the area replanted in each of 132 countries

in the southeastern USA and in the price dimension as the cost of site

preparation and planting) is about -0.2. All the elasticities have the

correct sign and most are significant.

SL



Table 2.1.8 The suddIv of timber from private forest owners in the Southeastern
USA from 1984-88 estimated usina restricted and unrestricted profit
function maximisation oroarams (Newman and Wear, 1993)

Dependent variable: Annual volume of timber harvested by county

Input variables Restricted profit function model (short-run)
Elasticity of sawlog production Elasticity of pulpwood production

Coefficient Standard error Coefficient Standard error

Industrial owners

Sawlog price 0.273 0.104 -0.389 0.141

Pulpwood price -0.246 0.080 0.579 0.192

Regeneration cost -0.027 0.064 -0.190 0.111
NIPF

Sawlog price 0.224 0.064 -0.166 0.129

Pulpwood price -0.056 0.042 0.332 0.179

Regeneration cost -0.169 0.043 -0.166 0.107

Unrestricted profit function model (long-run)
Industrial owners

Sawlog price 2.452 - 1.466 -

Pulpwood price 0.925 - 1.846 -

Regeneration cost -0.163 - -1.985 -

Value of growing stock -1.263 - -0.870 -

cost of land -0.451 - -0.457 -

NIPF

Sawlog price 3.383 - 0.891 -

Pulpwood price 0.298 - 0.347 -

Regeneration cost -1.326 - -0.363 -

Value of growing stock -1.499 - -0.780 -

cost of land -0.856 - -0.095 -
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The most interesting dimension to their model however, is the results

it gave in the long-run. In the long-run, they allowed their fixed

factors of production (land and volume of growing stock) to vary and

estimated shadow prices for these factors from their short-run model.

They noted that non-industrial owners placed much higher shadow values

on the volume of growing stock, which they suggest may be because of

the higher non-timber values placed by these owners on their forests

(this is supported in their paper by evidence from other studies).

Allowing all factors to vary in the long run they then re-estimated

their model and arrived at the results shown in the lower half of

Table 2.1.8. It can be seen that all the elasticities have the correct

sign, and are generally much larger than before. The fact that supply

is quite elastic in the long-run would seem to support the argument

discussed earlier, that supply may be able to expand to meet demand in

the long-run more easily than has been thought in the past, which will

lead to less upward pressure on prices from increases in demand in the

long-run. The results also seem to indicate that the NIPF sector is

generally less price responsive than the industrial sector, as would be

expected if non-timber values were significant.

The main conclusions of all these studies can be summarised as follows:

1. timber price and the level of growing stock or inventory

appear to have significant effects on supply from private

forest owners; recent research by Newman and Wear also shows

that elasticities are greater in the long-run than in the

short-run, and greater for industrial as opposed to non-

industrial private forest owners;

2. studies of supply in Finland have shown that the level of



interest rates may affect supply, although the results so far

have been generally inconclusive, possibly due to the

limitations of data; and

3. non-timber considerations may play a significant role in

determining the amount of timber harvested, although problems

with collecting data on such effects has been difficult and

many studies have only been able to make limited assertions

about the effect of such factors on supply.

All of these points need to be considered in the supply forecast for

timber in Britain, and this is done in Chapter 3 of this thesis.

Price elasticity of supply from state forests

Research into the determinants of supply from publicly owned forests

has been limited due to the relative unimportance of the state sector

in many of the major timber producing countries. However, in Britain

supply from state forests is significant so it would be useful to see

if any research has examined the elasticity of supply from state

forests in other countries.

Buongiorno et al (1985) appear to have been the only researchers to

have examined this aspect of timber supply in an article on the

relationship between timber prices and volume offered for sale from

National Forests in the Pacific Northwest Region of the USA over the

period 1960-1982. To examine the causality between prices and volume

they used the technique developed by Granger (1969) and subsequently

refined by Geweke (1982) generally referred to as causality testing.



This looks at whether prices can be predicted more accurately given

information about past and present volumes offered for sale, than

without this information (the model was expanded to include future

volumes offered for sale, because production plans are also published

every year by the US Forest Service for the following year).

Quarterly data on volumes offered and prices were used (giving

92 observations) and the data was first converted to logarithms and

differenced to take out seasonal trends and make the data series

stationary. Tests for causality between volume and prices and vice-

versa, and instantaneous feedback were then performed using F-tests on

a range of models including lagged price and volume data going back 1,

2 and 3 years. All of the tests showed that the null hypothesis, that

future prices and volumes could not be predicted more accurately with

data on past prices and volumes, could not be rejected at the

5% significance level, indicating that causality between the two

variables could not be identified. While this is not the same as

saying that supply is completely inelastic, it does indicate that no

significant link between price and supply could be found, as would be

the case with an inelastic supply curve.

In their conclusions, Buongiorno et al discuss several statistical

reasons why these results may have been found, including problems with

the time series, omitted variables and the effect prefiltering the time

series to achieve stationarity might have had on the results. One

interesting hypothesis they put forward however, is that the lack of

causality might be because supply from the state and private sectors is

working in opposite directions such that if one increases ^supply, the

other reduces supply to counteract this. Given that in Britain an



objective of the Forestry Commission is to reduce uncertainties about

the future supply of timber, this study provides some evidence to

suggest that this may also be the case in the USA.

Models of timber supply and demand

Earlier sections of this chapter have discussed in some detail how

timber prices affect the supply of roundwood. Very little has been

said about the demand for roundwood because this is essentially a

derived demand which comes from the demand for wood products, and can

be calculated by using conversion factors to get from product demand to

roundwood demand. The remaining part of this section discusses

previous efforts to model roundwood supply and wood product demand in

Britain, which is the topic examined in the latter half of Chapter 3 of

this thesis.

Timber supply forecasting

As was discussed at the very start of this section, forecasting the

future supply of timber involves two inter-related processes: the

construction of a model of biological yield onto which an economic

model is imposed to explain how that yield is turned into timber

supply. Increasingly, the second stage also incorporates environmental

considerations into the forecast as these become more important in

forest management. Again, differences between the scale of forestry in

Britain and in major producer countries has led to different approaches

being taken to supply forecasting, with the British approach being

essentially one of modelling supply as a result of profit maximisation

at the microeconomic level, while other countries take a much more

macroeconomic approach to modelling supply.



It is possible in Britain to take a very detailed approach to supply

forecasting because disaggregated data on the age structure, yield

class, thinning regime and tree species of crops are held at the level

of the individual forest stand (although in less detail for the private

sector than for the state sector). Economically optimal rotation ages

for each different type of crop can then be determined and used to

predict when each stand will be felled, and a forecast for the whole of

Britain can be built up from these units. The criterion currently used

to determine optimal rotation age in the Forestry Commission is the age

at which discounted revenue is maximised (using a discount rate of 5% -

the prevailing public sector discount rate at the time of the last

forecast), and the set of rotation ages used to estimate the timing of

felling in the private sector is modified somewhat from this in the

light of experience about the different felling practices that occur in

that sector (this is discussed more fully in Chapter 3). This

criterion is not strictly the economic optimum which should be to

maximise profits after taking into account the annual costs of

management and regeneration, and the value of subsequent rotations.

However, including these variables does not significantly affect

rotation age (using a 5% discount rate), and introduces unwanted

complexity into what is otherwise a relatively straightforward

calculation. (A substantial amount of literature has been devoted to

the setting of optimal rotation ages, referred to as the Faustmann

formula after the German economist that first examined this problem

(Faustmann, 1849). The most recent modifications to the theory are

given in Mitra and Wan (1986), Binkley (1987), Tait (1987), Clarke and

Reed (1989), Fishelson (1990), Williams and Nautiyal (1990) and Gong

(1991).)



Figure 2.1.6 compares past timber supply forecasts to levels of actual

production since 1965 (the year the first supply forecast was made).

The forecasts are prepared for four five year periods, and the first

five years of each forecast are given for comparison with actual

production in each year. Taking into account the fact that 10% of the

forecast is lost when timber is harvested and extracted, the Forestry

Commission has produced slightly more than forecast and the private

sector slightly less on average. Apart from the fact that the data

about crop areas, ages, and yield classes is poorer for the private

sector than for the Forestry Commission, one obvious reason for

apparent under production in the private sector is that the forecast

does not take into account the short-run effect of prices on supply

discussed above. In as much as the private sector does not have a

policy of reducing supply uncertainties, nor is it committed in any way

to meeting the production forecast, the effect of depressed timber

prices in some years could well explain why production has not been at

the levels predicted by the forecast.

The production forecast assumes that timber prices will be constant in

the long-run (this is accounted for in the derivation of optimal

rotation ages), it also accommodates environmental and marketing

considerations in the forecast (at least for the Forestry Commission,

but not for the private sector). It does not however, give any

confidence limits to take into account short-run price sensitivity, or

take into account other factors such as possible improvements in yield

or changes in forest management practices that might affect the

forecast in the future. Some of these issues are examined in the

research on timber supply forecasting presented in Chapter 3 of this

work.
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Demand forecasts for timber

The demand for timber is essentially a derived demand which comes from

the demand for wood products. Two approaches to modelling the demand

for wood products have been taken in the past:

1. the econometric approach - using statistical models

containing variables such as price and income to explain

demand; and

2. the technical approach - using end-use coefficients to break

down the demand for each wood product into its use in

different sectors of the economy.

A vast range of articles have been published on econometric models of

demand for a variety of wood products, and the main results of these

are presented in Table 2.1.9. Generally these studies have shown

negative price elasticities in the range of 0 to -0.5 with higher

elasticities for structural products (such as sawnwood and plywood

which have many substitutes), than for other wood products. Most of

them have also shown significant positive income elasticities of 0.5 to

1.5. Only very recently have end-use models been investigated in any

great detail (for example: Baudin, 1990) because of difficulties in

obtaining reliable information on the end uses of wood products. This

approach has only generally been used for structural wood products, and

was not pursued in the research for this thesis.

Only two previous studies have specifically examined demand in the UK

in detail, and it is useful to see the projections of wood product

demand they have made. The one major previous piece of work on wood



Table 2.1.9 Summary of selected demand elasticities from around the World

Elasticities underlined indicate significance at the 5% level

Author(s) Range Region Product Type Elasticity
price income

Abt (1987) 1963-78 US South Sawlogs short-run -0.25

US West Sawlogs short-run -0.20
Kuuluvainen (1986) 1962-82 Finland Sawlog short-run -0.91

Kuuluvainen et al(1988) 1965-85 Finland Sawlog short-run -1.34

Pulpwood short-run -0.19
Newman (1987) 1950-80 US South Pulpwood stumpage short-run -0.43

Solidwood stumpage short-run -0.57
Robinson (1974) 1947-67 USA Douglas fir stumpage short-run -0.14
Baudin 1961-81 World Newsprint short-run -0.41 0.54
& Lundberg (1987) Printing and writing paper short-run -0.31 0.65

Other paper short-run -0.48 0.66

Newsprint long-run -0.72 0.95

Printing and writing paper long-run -0.49 1.03

Other paper long-run -0.72 0.98

Buongiorno 1961-81 10OECD Newsprint long-run -0.05 1.08

& Chang (1986) countries Printing and writing paper long-run 0.00 1.31

Other paper long-run -0.29 1.59

Coniferous sawnwood long-run -0.24 1.41

Non-coniferous sawnwood long-run -0.16 1.26

Plywood long-run -0.55 1.46

Particleboard long-run -0.09 3.08

Fibreboard long-run 0.08 1.70

Buongiorno (1978) 1963-73 High inc. Newsprint short-run -0.49 0.70

Low inc. Newsprint short-run -0.63 0.89

High inc. Printing and writing paper short-run -0.14 1.01

Low inc. Printing and writing paper short-run -0.44 0.71

High inc. Other paper short-run -0.15 0.72

Low inc. Other paper short-run -0.37 0.73

Seldon & Newman (1987) 1950-80 USA Plywood short-run -2.70

Seldon& Hyde (1990) 1950-80 USA Coniferous sawnwood short-run -0.60

Treated sawnwood short-run -1.62
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and wood product demand from within Britain is the 1977 "Wood

production outlook" (WPO)(Forestry Commission, 1978a). This arose out

of the interest in forestry generated by the 1972 policy review and

followed on from earlier work by Grayson (1969). In this, future

demand was estimated under a range of possible future scenarios about

population and income growth. Price elasticity was not examined in any

way and was largely irrelevant because the demand projections assumed

constant real prices. Income elasticity was assumed to be 0.8 to 1.2

in the forecasts, based on some empirical work done by Grayson in the

earlier study. The results were based on many assumptions however,

rather than statistical evidence, so it is not really possible to

appraise the model other than by comparing its results to reality.

This is done in figures 2.1.7 to 2.1.9.

The other major study of wood product demand in Britain is that

presented in the last European Timber Trends Study (ETTS IV) (United

Nations, 1986). This looked at demand across all European countries

using both econometric and end-use analysis. In building the demand

models, both price and income were found to be significant explanatory

variables and to have similar elasticities to those found in many of

the studies reported in Table 2.1.9. The forecasts presented in ETTS

IV for UK wood product demand are also shown in figures 2.1.7 to 2.1.9.

It can be seen that for sawnwood and sleepers, both the studies produce

similar projections to the year 2000, and both appear to have been

broadly correct to date. However, what is also readily apparent is how

great the fluctuations in consumption are over the period. This would

suggest that any forecasts of future sawnwood consumption are-likely to

be subject to wide margins of error. The general pattern of
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consumption over time would also seem to suggest a roughly constant

level of consumption over the past 40 years with no strong trend in any

direction. This is in contrast to the figures for consumption of

panels and paper which both show strong upward trends.

Consumption of wood based panels has closely followed the low WPO

forecast and been consistently higher than the forecasts constructed in

ETTS IV. Wood based panel technology has changed markedly over the

last 40 years with the invention of several new types of panel which

could partly explain the upward trend in consumption over the period.

Consumption of paper and paperboard has shown a similar upward trend

possibly due to the same reason. In this case however, consumption has

been lower than predicted in the WPO, but broadly consistent with the

high forecast produced in ETTS IV.

Both of these studies have therefore been poor at forecasting future

consumption of one of the major wood product categories, highlighting

the uncertainty attached to projections of wood product demand made so

far into the future. A poor forecast can be due to poorly specified

models, incorrect forward projections of explanatory variables or both

of these factors combined and it is not known which is the case in

these two studies. Chapter 3 of this work reports on the results of

some new demand models constructed for the UK, and compares them to the

supply forecasts already discussed. While these are likely to be

subject to some considerable degree of uncertainty they should at least

give an indication of the general trend in the future demand for timber

in the UK.
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Conclusions

Forestry policy towards the development of a domestic timber processing

industry has been to increase the supply of homegrown timber to the

domestic market (by the use of incentives to private forest owners and

direct state intervention), to produce regular forecasts of supply and

to try to smooth-out supply in the short-run. Much of the analytical

work to support this policy has been based on models of timber supply

(and behind this models of timber prices) and some work on modelling

future timber demand. However, much could be done to improve these

forecasts. For example, current supply forecasting work has been based

largely on assumptions about long-run price stability and short-run

price inelasticity of supply, rather than a thorough economic analysis

of such effects. Research in international organisations and major

timber producing countries in Scandinavia and North America has shown

how these factors could be examined to improve the British timber

supply and demand forecast and the results of research in these areas

are reported in Chapter 3 of this thesis.



2.2 RECREATION IN FORESTS

Previous research into forest visitor numbers has concentrated on two

themes. Firstly, some studies have attempted to measure the number of

recreation visits made to forests. Associated with this has been some

qualitative work on the types of people that visit forests, and the

activities they wish to pursue on their visits. This work has made up

part of a wider effort to estimate the number of leisure and

countryside visits generally that has been in progress since the late

1960s. (There has also been a considerable effort in recent years to

estimate the value of these visits and this is discussed in the next

section of the chapter.) Secondly, some research has also been carried

out into the social and economic factors that influence recreation (a

large part of this has been done outside the UK). This is essential if

future forecasts of recreation demand are to be generated, and can help

to direct forestry policy in its objective of promoting recreation in

forests.

This section reviews the estimates of forest recreation that have been

generated in previous studies and puts them into the context of changes

in recreation numbers generally. It finishes by outlining previous

attempts to model recreation supply and demand, and reports on

significant factors that have been identified and forecasts that have

been generated in such studies.

Previous studies of forest visitor numbers

Very few major studies of forest visitor numbers have been conducted in

Britain. This partly reflects forestry policy which has in the past
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concentrated on building-up a supply of timber for industry from the

nation's forests. However, recreation has been encouraged on Forestry

Commission land for quite some time, and the Forestry Commission has

recognised recreation as an important use of forests through the

establishment of forest parks, provision of facilities and, more

recently, in its expansion of the Woodland Grant Scheme in 1988 to

include supporting the planting of forests for a range of non-timber

objectives. Like many agencies with some responsibility for

recreation, the Forestry Commission started to actively manage

recreation in the late 1960s in anticipation of great increases in

demand, and did this by building up a significant stock of recreation

facilities (see Table 2.2.1). It is at this time that monitoring and

research into recreation in forests was first undertaken. This section

discusses firstly surveys that have been carried out to estimate

visitor numbers to the Forestry Commission estate, then discusses

estimates of forest visitor numbers (to all forests) that can be

obtained from more general recreation surveys.

Mutch (1968) completed the first major study of forest recreation at

3 Forestry Commission sites in England and 2 in Scotland during 1963

and 1964. This concentrated mainly on activities pursued and the

facilities desired by visitors, and attempted a simple estimation of

the value of visits by examining travel costs and distances travelled.

The survey did not examine visitor numbers or catchment areas, but did

examine some interesting patterns in visitor numbers. For example, at

most sites visitors were infrequent visitors or had never been to the

forest before except at Cannock Chase, where many visitors had been

recently before. This gave the first indication of a difference

between sites visited mainly by local people, and more distant sites

attracting visitors from over a wide area.



Table 2.2.1 Forestry Commission recreation facilities, July 1993

Number of facilities

County Forest Picnic Car Visitor Toilet Forest Camping Horse Cycle Wildlife Teaching Specialist
walks places parks centres blocks drives & cabin riding trails viewing facilities facilities

sites facilities points
Avon 2 1 1 1

Bedfordshire 1

Berkshire

Buckinghamshire 8 2 3 1 1 1 1 4

Cambridgeshire 1 1 1 1

Cheshire 4 9 1 1 1 1 4

Cleveland 2 1

Cornwall 12 2 4 3 1 2 4

Cumbria 18 19 2 2 6 3 1 9

Derbyshire 7 5 3 1

Devon 24 8 21 4 3 3 1 3 6

Dorset 7 7 11 2 1 1 9

Durham 5 1 1 1 2 2

East Sussex 7 4 3 1 1 1 1 1

Essex 1 1

Gloucestershire 14 16 23 1 2 1 7 1 4 1 41

Greater London

Greater Manchester

Hampshire 29 153 159 1 10 10 9 1 5 4 25

Hereford &Worcester 18 4 7 1 1 11 1 1 2

Hertfordshire

Humberside

Isle of Wight 6 2 6 1 2
Kent 2 7 1

Lancashire 4 9 2 1

Leicestershire 1 3

Lincolnshire 11 3 8 2 1 2 3

Merseyside
Norfolk 28 12 4 5 3 1 5

North Yorkshire 36 27 18 1 4 2 2 7 4 2

Northamptonshire 8 3 5 2 2 4 3 3 12

Northumberland 14 17 1 1 6 1 27 11 2 1 15

Nottinghamshire 10 7 10 2 2 1 3 2

Oxfordshire 1 2 1 1

Shropshire 1 4 6 10 1 7

Somerset 6 6 8 1 3

South Yorkshire

Staffordshire 2 1 1 1 1 3

Suffolk 28 7 4 1 1 2 2 1 11

Surrey
Tyne & Wear 3 1 1

Warwickshire 2 1 1 1

West Midlands

West Sussex 7 5 7 1

West Yorkshire

Wiltshire 1 2 1 2

England 328 338 327 12 40 6 58 54 46 27 26 177

Clwyd 5 2 4 1 2 2 1

Dyfed 14 10 8 1 1 3 1 1

Gwent 8 16 16 2 1 1 18

Gwynedd 16 15 15 2 1 4 2 10

Mid Glamorgan 9 5 3 1 1 1 1 11

Powys 15 19 17 2 1 1

South Glamorgan
West Glamorgan 12 6 6 1 3 6

Wales 79 73 69 6 9 1 1 15 4 47

Borders 20 16 4 1 1 1 2 3 11 6

Central 47 14 39 1 2 1 11 1 15

Dumfries & Galloway 42 20 27 4 1 2 6 4 22 3 1 18

Fife 5 3 3 1 1 6

Grampian 43 11 25 1 14 17 2 2 22

Highland & Islands 90 40 59 3 4 5 23 6 34

Lothian 2 4 2 6

Strathclyde 29 43 29 2 1 9 1 8 3 51

Tayside 17 9 1 6 4 3

Scotland 295 160 188 13 5 5 27 27 96 4 161

Great Britain 702 571 584 31 54 11 86 82 157 46 30 385



A much more substantial analysis of visitor numbers was then undertaken

in 1968 in the Forest of Dean (Colenutt and Sidaway, 1973) . This took

a sample of visitors to the forest, modelled the factors affecting the

recreation trip, and used the model to predict the peak number of

visitors to different parts of the forest, and the possible rate of

growth of visitors to the forest. The model used was a trip attraction

model developed for traffic forecasting (Mansfield, 1969) that was a

popular technique amongst leisure planners at the time (Harrison,

1991) . It centred on the forest and examined the effect of distance on

participation from neighbouring towns.

The main result of the analysis was an estimate of the number of

visitors to the Forest of Dean in June-September 1968, of 320,000. The

meaning of a forest visit was not defined, so some visits recorded in

the survey may not have been genuine recreation visits, and the length

of visit was not defined in the survey. The study also examined peak

use of the forest, which is of particular interest in heavily used

areas, examined the effects of the socio-economic background of

visitors on visitation, and made some attempt to forecast possible

visitor numbers in 1981. The forecasts made however, varied

substantially between a slight increase to 384,000 visits per year and

a tripling of visitor numbers to 1,120,000 per year by 1981, depending

on the assumptions made about future levels of population, car

ownership and road improvements in the area, and depending on which of

these variables were used in the forecasting model.

In addition to the Forest of Dean survey, other site surveys were

undertaken during 1968 to estimate the total number of day^visitors to

the whole of the Forestry Commission Estate (Forestry Commission, 1976;
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Grayson, Sideway and Thompson, 1973). These arrived at a figure for

total day visitor numbers of 10.2-22.2 million for the summer season or

15-32 million for the whole year. The report on the survey also

indicated that the vast majority of visitors had travelled less than

30 miles (60 miles round trip) to make the visit. However, the lack of

both a comprehensive report on how the survey was conducted and a

discussion of what the results actually included as visits makes

interpretation of these figures difficult, so they can only be treated

as a very rough guide to visitor numbers.

From 1971, site monitoring using mechanical traffic counters, "magic

eyes" at visitor centres, and records of honesty box and ticket machine

revenues, was pursued at a range of forest locations. The only major

report on the results of this monitoring is given in Collings and

Grayson (1977). The counters at most sites suffered from problems of

reliability due to malfunction, vandalism, and erratic recording (where

readings were taken at the wrong time or missed out altogether on some

days). There was also a lack of calibration between what the counters

recorded, and the number of visitors that actually came to sites. What

little evidence could be gleaned from these figures showed some

increase in visitor numbers to sites from 1971-1975, but the number of

sites where reliable information was obtained was very small.

The most useful result of this monitoring was that it identified

different types of sites, determined by different patterns of use.

Some sites showed much higher use at weekends than during the week,

suggesting that these were used mainly by local visitors, while others

showed little variation during the week but much higher summer use,

suggesting that they might be more heavily used by holidaymakers. This



period saw a rapid increase in petrol prices which was suggested as one

reason why growth might have been slow (and even declined in some

areas) over the period, but the results were inconclusive. The

analysis also showed that some variations in use could be partly

explained by changes in weather. On the whole however, the monitoring

that took place was not effective at providing reliable and accurate

numbers of visitors to the estate, and consequently the use of counters

gradually stopped during the early 1980s.

The next major survey of forest visitors took place during the period

May-September 1977 (Collings, 1977). Only car borne visitors were

counted, and visits of any duration were included, although an estimate

of average length in time of a visit was also produced. By using

experience gained in previous visitor surveys, and the evidence

available from mechanical counters, the survey design was a vast

improvement on what had been done before.

The initial results estimated a total number of visitors of 21 million

for the period surveyed, which was multiplied to a total for the whole

year of 35 million visits based on traffic counter results. However,

when this was later published in the Annual Report for that year

(Forestry Commission, 1978b) the results were presented as 15 million

for the summer months and 24 million for the whole year. The reduction

had been made by assuming that only 50% of cars counted parked on the

roadside by forests contained forest visitors, rather than all cars.

This arbitrary reduction was not supported by any survey evidence but

was considered to be more reasonable at the time. However, it cannot

be estimated whether this figure was really any more accurate than the

earlier estimate. The average length of visitor stay recorded in the

survey was 1.3 hours.

72-



The most recent estimate of visitor numbers to the Forestry Commission

was produced in 1987/88. This was produced as part of a much wider

study into the value of forest visits using the travel-cost method, and

was used to attempt to measure the value of recreation on the Forestry

Commission estate as a whole (Benson and Willis, 1992). In this

survey, Forest District Managers were asked to estimate the number of

forest visits they thought occurred in each of their Forest Districts.

Foresters and rangers have some idea of the use of their facilities

such as trails, picnic sites, carparks and visitor centres, from local

monitoring exercises, ticket machine and shop receipts and more general

experience. They are also usually aware of the results of local

surveys and monitoring exercises that have been carried out by other

organisations in their forests. In their opinion, visitor numbers had

on the whole increased since 1977, and they produced an estimate for

the whole of Great Britain of 27 million visits. Several managers did

however, state that they had been cautious and probably underestimated

the true number of visits to their forests. Areas showing a fall in

visitor numbers were south Wales, most of Scotland, and north east

England. Forests in these locations tend to be very large, and are

where it is probably most difficult to estimate the true number of

visitors, particularly if recreation facilities are very far away from

the district office. This, along with the managers' own caution,

suggests that the overall figure is probably only a minimum estimate of

visitor numbers.

Table 2.2.2 summarises the results of all the surveys that have taken

place on the Forestry Commission estate. While a great deal of caution

must be exercised in interpreting these results, they seem to indicate
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Table 2.2.2 Summary of estimated visitor numbers to the Forestry Commission estate 1968-88

All figures in millions

Year Location Visitor numbers Note8

1968 Forest of Dean 0.3 Estimate for June to September, visits of any duration, estimated using
detailed survey.

1968 Great Britain 10.2-22.2

15.0-32.0
Top estimate for Summer, lower for the whole year, survey design and
definition of a forest visit not documented.

1977 Great Britain 24.0-33.0 Estimate for the whole year, visits of any duration, estimated using
detailed site surveys and extrapolated using traffic counter results.

1988 Great Britain 27.0 Estimate for the whole year, visits of any duration, estimated from a

survey of Forest District managers opinions.

Table 2.2.3 Estimated number of countryside and leisure visits from national household surveys

All figures in millions

Year National Countryside
Recreation Survey

British Tourist Authority Survey
All visits over 3 hours

Scottish Day Trip Survey
All visits over 3 hours

England and Wales England and Wales Scotland Scotland

All visits Visits over

3 hours

Leisure Countryside Countryside
by activity by area

Leisure Countryside Countryside
by activity by area

Leisure Countryside

1977 600

1980

1981

400

60

1984

1985

1986

1987

1988

1989

1990

1991

2100 1500

1700 1200

1800 1200

1500 1100

1800 1400

1500 1100

1600 1200

1400 1100

2798 1105 1249

1463 372 667

1367 371 559

322 105 153

221 217 165

667 259 295

145 48

136 35

138 42

125 42

164 55

Source: Countryside Commission (1987) and Countryside Commission for Scotland (1990) (both updated to 1991); British
Tourist Authority (1988); and Dodd and Hansbro (1993).



that visitor numbers have increased modestly since the late 1960s to

about 30 million per year. However, it is worth noting that these are

all the results of site surveys, and as such, they have three major

drawbacks:

1. An inherent problem with site surveys is that they only

estimate the number of visitors to areas where the surveys

took place. This is a reasonable method to use for leisure

activities concentrated in known locations such as swimming

in swimming pools, visiting country houses or ancient monu¬

ments, or trips to locations with few entry points (such as

National Parks in the USA). It is not however, a very good

way to measure use of a resource covering a large area and

with many entry points, such as most forests.

2. The surveys only relate to visits to Forestry Commission

woodlands. Forestry policy seeks to encourage recreation in

all forests but, with the exception of some site surveys of

country parks and National Trust properties with woodlands,

recreation in other woodlands has so far been largely

ignored.

3. A final problem is that even if surveys could be designed to

accurately measure recreation at particular sites, it would

then be very difficult to multiply up from the results of

such surveys to a total for all forest recreation. Many

factors are likely to affect the use of woodlands for recre¬

ation, so it would be inappropriate to, for example, simply

multiply the results from such surveys by a scaling factor

based on forest areas. Unfortunately, until the research

reported later on was carried out, no accurate database
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existed of the sorts of woodland where recreation takes

place, which makes such a scaling exercise virtually

impossible.

The obvious alternative to carrying out extensive site surveys is to

conduct household surveys of a representative sample of the population,

but this has not been done for forest recreation before the research

carried out as part of this work was completed. There have however,

been more general household surveys of recreation which have collected

some information on forest visits as a small part of their work, and

the main results from these are discussed below.

Estimates of forest visitor numbers from other recreation surveys

Three national surveys of recreation have recorded forest visits in one

way or another: The National Countryside Recreation (NCR) Survey; the

British Tourist Authority (BTA) Leisure Survey and the Scottish Day

Trip (SDT) Survey (for greater detail on the results of these surveys,

see Countryside Commission, 1987; Countryside Commission for Scotland,

1990; British Tourist Authority, 1988; and Dodd and Hansbro, 1993).

Recent results from each of these surveys are shown in Table 2.2.3.

The two latter surveys measured all leisure visits, but from these it

is possible to estimate countryside visits from either the stated

destination of the visits or the activities pursued, and these are also

shown in Table 2.2.3.

The results for countryside visits in England and Wales from the NCR

and BTA surveys look broadly comparable in 1986 (1,200 mil-lion visits

in the former and 1,100-1,200 million visits in the latter) but in the
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two other years when these surveys can be compared (1988 and 1991) the

results are very different with the NCR survey estimating 1,100-

1,400 million countryside visits and the BTA survey about half this

amount. The results for countryside visits in Scotland also diverge,

with the SDT survey recording 35-55 million countryside visits over the

period 1987-91 while the BTA results for Scotland indicate 3-6 times

this amount.

In terms of forest visits, the results from these surveys are also

conflicting. The NCR survey records woodland as being the main stop on

a countryside visit over the period 1977-91 in 3-6% of cases, giving a

range of estimates of forest visitor numbers in England and Wales of

20-130 million visits per year. The BTA survey results for Britain as

a whole are equally variable recording 32 million forest visits in 1986

and 163 million forest visits in 1991. The SDT survey results are the

least variable, recording 6-8% of leisure visits made by Scottish

residents as visits to woodland, or 2-4 million visits for forests per

year on average. Generally these surveys estimate far more visitors to

forests than the Forestry Commission's site surveys even after taking

into account the fact that the Forestry Commission accounts for only

about half of the area of woodland in Britain.

The large differences between the estimates of countryside and forest

visitor numbers from these surveys point to two main problems with

these types of survey. Firstly, the framing of the questions can

crucially affect the results of such surveys. So, for example, the NCR

survey collected information on woodland visits by asking respondents

what was the most important nature of their main stop on? the visit.

Woodland was given as one possible type of visit out of a list of
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24 possible alternatives each of which accounted for less than 10% of

trips in the final analysis. This list included historic parks and

gardens, country parks, picnic sites, nature reserves, ancient

monuments, and lakes and reservoirs amongst other locations, many of

which could have contained woodland but might or might not have been

recorded as such because of the way the question was framed. As will

be shown in Chapter 4, many of these locations could also be viewed as

woodland visits in part or in total, but are less likely to be

recognised as such if respondents are given such a long list and

allowed to pick only one type of location for a visit.

Secondly, this type of survey leaves the definition of woodland to the

respondent to decide. While it is perhaps most appropriate to leave

the visitor to decide what they perceive as being woodland, this

reduces consistency in the results. It also makes it very difficult to

relate the demand for forest recreation to the supply of forests when

more detailed analysis of such surveys show that visits to anything

from a large expanse of coniferous forest to a few scattered trees in

an urban park can be considered in the visitor's mind to be visits to

woodland (this problem is discussed further Chapter 4).

To summarise, this review of other recreation surveys shows that

household surveys can pick up more visits to woodland than site surveys

probably because they overcome the problem of not being able to find

all the visitors on the ground. It also shows however, that this

approach introduces other problems, such as greater sensitivity of the

results to differences in the way the survey is designed and questions

are framed, and problems of definition and interpretation, particularly

with respect to what the visitor perceives as woodland. Because these



surveys were not specifically designed with the purpose of estimating

forest visitor numbers, and in light of the sensitivity of such results

to survey design, these results must therefore be treated with some

caution.

Previous attempts at modelling forest recreation demand in Britain

Collecting data on visitor numbers to forests is a useful exercise in

the sense that it performs an accounting function which shows how

important recreation is as a use of forests. This then enables

recreation to be compared with other outputs from forests such as

timber production and habitat creation. However, greater use can be

made of visitor survey data if it can be interpreted in a way that

enables the policymaker or resource manager to get a better idea of

where recreation demand is likely to be greatest, and how it might

change over time.

Most econometric modelling of recreation demand in British forests has

concentrated in the past on measuring the value of recreation visits.

Very little research has examined the factors that influence the

quantity of recreation visits. The Forest of Dean survey in 1968

(Colenutt and Sidaway, 1973) is probably the only major survey that

modelled forest visitor numbers in any systematic way (although there

have been other studies looking at recreation at other types of site).

This showed that social class, car ownership, type of site within the

forest and distance were major variables affecting visitation to the

forest. In the analysis, a semi-logarithmic relationship between

distance and participation was identified, and four different-forecasts

for visitation were constructed. These depended on what assumptions



were made about population growth, changes in car ownership, and road

improvements in the area in the future, and which of the different

models created should be used in the forecasting process. The results

of each of the models constructed is shown in Table 2.2.4.

Table 2,2,4 Forecasting models and predictions of use of the Forest of

Dean

Forecast Forecast

Model variables Jun-Sept 1981

1. V± = aL Pi 384,000

2. V± = aL C± CL 825,000

3. Log10 Vi/Ci = a + bTi C±, Tt 1,120,000

4. VDi = ai CL CL, Tt 1,110,000
Logio VSH^/C^ = a + bT^

Log10 VSYi/Ci - c + dTi

Notes: = visitors to the Forest of Dean from town i (i = 1-20), P^
= population of town i, = numbers of cars in town i, T^ - travel
time from town i, VD^ = visitors to the centre of forest from town i,

VSH^ - visitors to Speech House from town i, VSY^ = visitors to Symonds
Yat from town i. Visitors in the first three models were estimated by-

adding together visitor numbers from the 20 towns accounting for most

of the visits to the forest. In the fourth model, visitors to the

centre of the forest were assumed to come only from towns less than
15 miles away, while visitors to the other two sites were assumed to

come only from towns more than 15 miles away. These 3 parts were then
added to get total visitor numbers.

The wide range of forecasts from this modelling exercise shows how

sensitive the results can be to changes in the specification of the

forecasting model and to differences in the assumptions behind the
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extrapolation of explanatory variables. However, a more serious

criticism of the analysis is that, while it accounted for changes in

demand shifting variables such as population and car ownership, it did

not address at all the effect on visitor numbers of supply side changes

such as an expansion of forest area or creation of new woods closer to

towns. Since this is probably the most important variable over which

the forestry policymaker or manager has control the exercise did not

produce a useful framework within which different forestry options

could be examined.

In the work on valuation carried out by Benson and Willis (1990) for

the Forestry Commission, an attempt was made to predict visitor numbers

using the trip generation function calculated to estimate consumer

surplus. This was done by scaling-up the sample responses at each of

the sites by the inverse of the estimate of the sampling fraction

(total sample size/total visitor numbers) and then applying the trip

generation function to each of the sites surveyed and some sites

similar to those surveyed.

The results of this analysis showed that, comparing actual visits to

predicted visits at each of the sites surveyed, the use of the semi-

logarithmic functional form for the trip generation function resulted

in predictions slightly higher than the actual visitor numbers

estimated for these sites although the bias was generally quite small

(less than 5% on average). Applying the functions to similar sites,

they gave predicted visitor numbers that were similar to forest

managers' estimates of visitor numbers in many cases, but were very

different in others. r -
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Again, the models captured quite well the effect of important demand

shifting variables, notably travel distance and population density

around the sites, but they failed to take into account the size of the

forests under consideration. So, for example, the model for Dalby

forest when applied to Wyre Visitor Centre gave predicted visitor

numbers of 850,000, 17 times greater than the forest manager's own

estimate of visitors to the site. This could partly be explained by

the fact that Dalby Forest is several times larger than Wyre. Other

plausible reasons put forward by Benson and Willis as to why the

estimates might not have been accurate were that:

1. the trip generation function is very much dependent on the

density of population around sites such that, if the function

is applied to a similar site with a very different level of

surrounding population, it may give very different

predictions for visitation than is actually the case; and

2. the type of site may be different to the one where the trip

generation function was estimated, ie it may have far more or

far fewer facilities and be more or less inherently

attractive, which will also lead to inaccuracies if the

function is used to predict visitor numbers to a site that is

quite different to the one surveyed.

Both of these surveys showed therefore, that travel distance to centres

of population, and the distribution and density of population around

sites are major variables affecting the number of visitors to forests.

The work by Benson and Willis also indicated that site type and (by

implication) size may affect visitation. However, they were-both site

surveys which in a way took the site as a given or fixed variable, and
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examined the influence of population density and distance on

visitation. To the forestry policymaker, the number and location of

sites is the one variable that can be changed (ie sites can be expanded

or contracted and new sites can be created), and the distribution of

population is largely fixed. So, it would seem logical to examine the

problem the other way around, and look at visitation from centres of

population with different amounts of forest to be visited. This has

not been done before in Britain but has been examined in some

recreation surveys in the USA, and the results of such attempts are

discussed below.

Models of recreation demand

Most models of recreation demand are based in one way or another on

household production function theory (McConnel, 1985). In the case of

outdoor leisure trips, households not only consume the product as they

would any other good, but also produce it in that they combine their

own time and income (in the form of travel and other costs) with

publicly provided facilities to create the leisure experience. In

doing this, households can be thought of as aiming to maximise a

utility function from the consumption of a bundle of goods (including

leisure visits) subject to budget and time constraints (for a fuller

description of this model, see Section 3 of Chapter 4). Forecasting

the quantity of recreation from household surveys requires the use of

reduced form versions of this model which try to capture the effect on

participation of socio-economic characteristics within the population

and opportunities in the form of natural resources (Cicchetti, 1973).

The basic approach of such models is to estimate and forecast visits to

a particular type of resource of for a given activity, defined as the



number of occasions such visits take place within a given time period

and for a given region. The structure of such a model can be developed

from the definition of the number of visits:

v = nx (Equation 2.2.1)

Where v = total number of visits, n = number of users and x = number of

visits per user. Now,

p = n/P (Equation 2.2.2)

Where p = the proportion of the population undertaking such visits and

P is the total population size, so these two equations together imply

that:

v = pPx (Equation 2.2.3)

Early work on recreation forecasting (Davis et al, 1966) suggested that

this equation should be estimated in two parts. Firstly, the

participation function should be estimated from a vector of population

or household characteristics (H1 ) and supply characteristics (S1 ):

p = p(H1 , S1 ) (Equation 2.2.4)

Then a frequency of use function should be estimated from another

vector of characteristics which may differ from the first:

x = x (H S ) " (Equation 2.2.5)

®c



Support for estimating separate functions can be found in Deyak and

Smith (1978) who show that congestion levels are more likely to affect

participation in camping than frequency of participation, and Vaughan

and Russel (1982) who show that different variables affect the decision

to fish and the frequency of fishing. However, estimating these

functions separately is only valid if the random errors from the two

functions are independent of each other (Heckman, 1976) .

Equations such as those above are generally estimated from household

recreation surveys. In these, the participation variable is a binary

variable usually equal to one where an individual has made a visit or

zero where they have not. This can be estimated by linear regression

techniques, but this will create heteroscedastic errors and may lead to

projections outside the 0-1 interval. It is generally preferable

therefore to estimate such a relationship using alternative techniques

such as probit or logit models (although Deyak & Smith argued that

linear OLS solutions could provide a competitive alternative to their

probit and logit counterparts).

Most forecasting of forest recreation demand in this way has been

carried out in the USA. A few studies in Britain have alluded to

household production function theory in modelling recreation demand (as

opposed to site based models - examples of which are many), for example

Coppock and Duffield's study of outdoor recreation in Scotland (Coppock

6c Duffield, 1975). However, much of this work has been quite simple,

and for the most detailed work in this area, one has to look to the

USA. One of the earliest and most thorough pieces of research in this

field was conducted by Cichetti (1973) . This used a National Bureau of

Outdoor Recreation survey to build models and forecast activity days to



the year 2000 of 24 different recreational activities. The modelling

used linear regression techniques and identified the following basic

relationships:

1. age - age is an important determinant of participation, and

generally has a curvilinear effect on participation, first

increasing and then decreasing as age increases; this can

reasonably be captured by a quadratic function;

2. income - household income is frequently a significant

determinant of participation (in addition to its well

established role in benefit estimation functions); and

3. supply - the study found that even broad regional aggregates

of supply such as acres of various land types and numbers of

facilities helped to explain participation; this is

particularly important in that such results can be used to

estimate the impact on recreation of supply changes.

Cicchetti's results have been corroborated by other later studies in

this area. So, for example, Miller and Hay's (1981) study of the 1975

National Survey of Hunting, Fishing and Wildlife recreation showed that

participation in hunting was an inverted U-shaped function of age, and

that acres of recreational land and forest in different states had an

effect on hunting days. Hay and McConnell (1979) in a further analysis

of this survey also showed income to be a significant factor in the

decision to participate in wildlife watching and photography. Deyak

and Smith found that camping capacity significantly affected the

decision to camp, and Vaughan and Russell found that the decision to

fish could be influenced by age, sex, domicile (ie urban or rural),

region, and acres of fishable water per head of population in each

state.
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The techniques discussed above have been used in the USA to make

projections of demand for a range of recreational activities taking

place on USDA Forest Service land. Such projections are made

periodically to comply with the Resource Planning Act (RPA) of 1974.

The most recent assessment was made in 1989, and the results of this

are shown in Table 2.2.5.

The RPA assessments use models that take into account forecast changes

in income and population demographics, and trends in tastes for

different types of activities, to make predictions of future demand.

These are then compared to forecasts of supply based on changes in

factors such as land-use, accessibility and carrying capacity of sites.

By identifying activities and areas where demand is likely to exceed

supply, these projections provide American forestry policymakers with

useful information about the social, economic and environmental impacts

of changes in recreation that might occur in the future so that they

can attempt to improve the situation wherever possible. This often

involves the expansion of facilities but this analysis is also used to

suggest alternative solutions such as demand management or better

education of the visiting public.

Conclusions

The importance of recreation as an output of forests can only be

ascertained by the use of visitor surveys. Forest visitor surveys have

been piecemeal in the past but would seem to support the conclusion

that recreation in forests has expanded since the late 1960s. Many

factors have probably influenced this, but the small number of surveys

and large degree of variability in the results of different visitor
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Table2.2.5MaximumpreferreddemandforrecreationaltripsandresourceavailabiltiyifcurrenttrendscontinueonUSForestServiceland(Cordelletal,1990) Allfiguresinmillionrecreationaldayvisits Resourcecategoryandactivity
Tripsin

Futuredemand

Futuresupply

Excessdemand

1987

2000

2010

2020

2030

2040

2000

2010

2020

2030

2040

2000

2010

2020

2030

2040

Land Wildlifeobservationandphotography
69.5

80.6

91.0

101.5

112.6

120.9

74.4

78.5

83.4

87.6

90.4

6.3

12.5

18.1

25.0

30.6

Campinginprimitivecampgrounds
38.1

43.4

48.4

53.3

58.7

62.5

41.1

43.8

46.5

49.5

51.1

2.3

4.6

6.9

9.1

11.4

Backpacking

26.0

34.8

42.6

51.0

59.8

66.3

32.2

37.4

42.9

48.1

51.5

2.6

5.2

8.1

11.7

14.8

Naturestudy

70.8

74.3

80.0

85.0

92.7

97.7

70.1

71.5

72.9

75.8

76.5

4.2

8.5

12.0

17.0

21.2

Horsebackriding

63.2

77.7

89.1

101.1

111.9

120.1

72.0

79.0

85.3

91.0

94.2

5.7

10.1

15.8

20.9

25.9

Dayhiking

91.2

119.5

146.8

180.6

222.5

267.2

112.2

131.3

153.2

180.6

208.8

7.3

15.5

27.4

42.0

58.4

Photography

42.0

51.7

60.1

69.3

79.0

86.1

48.3

53.8

59.2

64.7

68.5

3.4

6.3

10.1

14.3

17.6

Visitingprehistoricsites

16.7

22.2

26.7

32.1

38.9

46.4

21.2

24.7

28.9

33.9

39.4

1.0

2.0

3.2

5.0

7.0

Collectingberries

19.0

21.5

23.9

27.2

31.5

36.5

20.9

22.8

25.1

28.3

32.1

0.6

1.1

2.1

3.2

4.4

Collectingfirewood

30.3

33.9

37.6

41.8

47.6

53.9

33.0

35.8

39.4

43.6

48.8

0.9

1.8

2.4

3.9

5.2

Walkingforpleasure

266.5

309.1

349.1

389.1

437.1

471.7

309.1

351.8

394.4

447.7

487.7

-

-

-

-

-

Running/jogging

83.7

111.3

136.4

164.9

195.9

219.3

109.6

133.9

160.7

191.7

217.6

1.7

2.5

4.2

4.2

1.7

Bicycleriding

114.6

143.3

169.6

198.3

231.5

254.4

142.1

167.3

194.8

225.8

249.8

1.1

2.3

3.4

5.7

4.6

Drivingvehicles/motorcyclesoff-road
80.2

84.2

89.0

94.6

100.3

104.3

83.4

86.6

89.8

94.6

97.0

0.8

2.4

4.8

5.6

7.2

Visitingmuseumsorinfo,centres
9.7

11.4

13.2

14.8

16.9

18.2

11.4

13.0

14.7

16.7

18.1

-

0.2

0.1

0.2

0.1

Attendingspecialevents

73.7

84.0

93.6

103.9

115.7

123.8

84.8

95.1

106.1

118.7

129.0

-

-

-

-

-

Visitinghistoricsites

73.1

89.2

104.5

123.5

148.4

176.2

85.5

97.2

111.1

130.1

149.1

3.7

7.3

12.4

18.3

27.0

Drivingforpleasure

421.6

484.8

539.6

598.7

661.9

704.1

463.8

505.9

543.9

586.0

611.3

21.1

33.7

54.8

75.9

92.8

Familygatherings

74.4

88.5

100.4

113.1

126.5

135.4

90.0

103.4

119.0

135.4

150.3

-

-

-

-

-

Sightseeing

292.7

345.4

398.1

456.6

535.6

620.5

333.7

374.7

421.5

480.0

541.5

11.7

23.4

35.1

55.6

79.0

Picnicking

262.0

283.0

306.5

330.1

356.3

377.3

288.2

314.4

343.2

379.9

408.7

-

-

-

-

-

Campingindevelopedcampgrounds
60.6

72.7

83.0

93.9

104.8

112.7

72.7

83.6

95.7

107.9

118.2

-

-

-

-

-

Water Canoeing/kayaking

39.8

45.0

50.1

55.7

62.5

67.3

45.0

50.9

54.9

60.9

64.9

-

-

0.8

1.6

2.4

Stream/lake/oceanswimming
238.8

250.7

262.7

279.4

296.1

308.1

257.9

281.8

305.7

334.3

363.0

-

-

-

-

-

Rafting/tubing

8.9

9.9

12.1

14.6

19.1

22.7

10.9

13.4

16.2

20.4

23.8

-

-

-

-

-

Rowing/paddling/otherboating
61.8

69.2

76.6

84.0

92.7

98.3

68.0

74.2

80.3

87.8

92.7

1.2

2.5

3.7

4.9

5.6

Motorboating

219.5

232.7

243.6

256.8

270.0

278.8

234.9

250.2

267.8

287.5

302.9

-

-

-

-

-

Waterskiing

107.5

119.3

130.1

140.8

151.6

159.1

120.4

131.2

141.9

154.8

163.4

-

-

-

-

-

Poolswimming

221.0

302.8

373.5

453.1

534.8

594.5

298.4

411.1

442.0

523.8

590.1

4.4

-

11.1

11.1

4.4

Snowandice Cross-countryskiing

9.7

14.3

17.2

19.3

20.6

18.9

12.1

13.2

13.8

13.7

12.2

2.1

4.0

5.5

6.9

6.7

Downhillskiing

64.3

98.4

126.7

158.8

191.6

214.1

102.2

133.7

167.8

203.8

230.8

-

-

-

-

-



surveys have made it difficult to identify anything other than broad

trends and very approximate estimates of visitor numbers.

Two different approaches to estimating visitor numbers have been

discussed. Site based approaches suffer from problems of aggregation

over time and across sites, while household survey approaches appear to

be very sensitive to survey design and rather more difficult to

interpret than site studies. However, none of the household surveys

discussed above set out to measure forest visitor numbers.

Two attempts to model forest visitor numbers in Britain have been

reviewed, and the main features of the site based models developed in

these exercises have been discussed. However, no attempt has

previously been made to build household models of forest recreation

demand of the type outlined in this section. These have been used in

the USA to generate demand projections and plan forest policy towards

recreation for quite some time, and appear to provide useful models to

aid the direction of forestry policy. It would therefore, seem useful

to try and construct similar models on this basis for forest recreation

in Britain.



2.3 THE COMMUNITY FOREST INITIATIVE

The origins of urban or community forests in Europe can be traced back

several centuries to when settlements developed amidst the existing

temperate forest. In Britain, as towns grew, the physical constraints

of forests were largely removed over time; however, on the continent,

different land tenure patterns - often based on communal systems -

recognised and utilised the varied benefits offered by the surrounding

forest such that many of these forests have survived to the present

day.

Many examples of community forests can be found in continental Europe

for example, the "stadwalds" of Austria and Germany, which provide an

important recreation resource for many urban centres, and have become

part of the national folklore, reflecting the strong association

between these societies and their forests. In Eastern Europe too,

urban fringe forests are often the setting for holiday homes and

campsites, mostly owned by unions and co-operatives for use by the

urban workforce. Countryside agencies elsewhere in Europe,

particularly in the Netherlands and Scandinavia, have also promoted the

creation of a high quality forest landscape on the urban fringe (for

example the Amsterdam Bos Park and the West Forest Park in Copenhagen) ,

and in North America urban forests have been developed to create areas

for recreation and to improve the environment.

As forestry policy in Britain has shifted away from placing almost sole

emphasis on timber production towards placing greater emphasis on the

more diverse range of benefits that forests can provide, the creation

of community forests has been seen as an ideal case where the provision
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of significant non-timber benefits could result in very high net

economic benefits (in their widest sense) from an increase in forest

cover. Thus, in 1988, the Forestry Commission and Countryside

Commission undertook a review of the likely sites where such forests

would be most worthwhile, and launched a pilot programme of

12 community forests throughout England (see Figure 2.3.1).

The overall aim of the Community Forest Initiative is to "develop

multi-purpose forests which will create a better environment for people

to use, cherish and enjoy" (Cleveland Community Forest, 1993). This is

to be done in these areas by using new and existing forests to improve

the economic, social and environmental wellbeing of the areas and their

inhabitants, through the fulfilment of the following objectives:

1. improve the landscape of the area and protect existing areas

of high landscape value;

2. regenerate the urban fringe and surrounding countryside;

3. protect existing sites of ecological value and create new

habitats;

4. protect the best agricultural land while increasing

opportunities for farm diversification;

5. establish a supply of local timber and encourage the

development of local timber based industries;

6. improve the environment near homes and industry, increasing

the value of properties and businesses;

7. increase opportunities for access, sport, recreation and

cultural events;

8. encourage a high level of community participation;

9. provide a resource for education, particularly environmental

education.



Figure 2.3.1 Location of the 12 forests proposed
as part of the Community Forest Initiative

1. Tlie Great North Forest
2. Cleveland
3. The Mersey Forest
4. Red Rose Forest
5. South Yorkshire Forest
6. The Greenwood
7. Forest ofMcrcia I
8. Marston Vale
9. Bristol/Avon
10. Great Western
11. Watling Chase
12. Thames Chase
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Meeting some of these objectives will provide social and environmental

benefits which it would be difficult (if not impossible) to measure in

economic terms (eg 3, 8 and 9 above). Others will provide regional

benefits which might not necessarily increase total economic benefits

to the nation as a whole (eg 2, 4 and 5 above). However, the

recreational and landscape benefits alluded to in the statement of

objectives (1, 6 and 7 above) do lend themselves to economic analysis

and are likely to lead to the creation of net economic benefits as a

result of forestry expansion in these areas.

The general theme of this research was to study the supply and demand

for forestry outputs on a national scale, both presently and in the

future. However, because community forests are a major new policy

initiative and very important for the direction of forestry expansion,

it was considered useful to examine them in some detail and within this

general theme the following topics came to mind:

1. the identification of locations where the current

opportunities for recreation are limited and the state of the

landscape is poor such that an expansion of forestry would

lead to large increases in net benefits;

2. the type of forestry that should be encouraged within such

areas;

3. the timing of benefits from landscape improvement and an

increase in recreational opportunities that such expansion

would bring; and

4. the likely amount of recreation that would occur in such

forests.



In addition to this, the current lack of any monetary estimates of the

benefits of such forests in Britain, also made estimating their

recreation and amenity value a high priority. The research undertaken

therefore addressed several of these issues mentioned above.

The recreation model outlined in the previous section and developed in

Chapter 4 was used to identify locations where the current supply of

forests for recreation is low and population densities high. These are

likely to be the areas where community forests will have most impact

and this is examined in Chapter 6. The model was also used to predict

the increase in visitor numbers that might occur with the expansion of

forests as currently proposed in the plans of the 12 community forests.

Identification of areas of low landscape value was not attempted in the

research. This was partly because it is not easy to do this using

economic techniques but also because there already exists other non-

economic techniques by which this could be done (eg the use of

objective landscape assessment techniques). In addition to this, the

data requirements and modelling of such a system, which is likely to be

more complex than, modelling recreation supply and demand, were

considered to be outside the scope of this research.

Different types of forestry will undoubtedly provide different levels

of landscape change and different opportunities for recreation. Simple

preferences can often be elicited for obvious differences such as

between conifers and broadleaves, but practitioners of forest design

have developed much more detailed and inter-related measures of

landscape quality such as scale, diversity, unity with the existing

landscape and genius loci or "spirit of the place". In order to get

some idea of the type of forests that should be encouraged, the



research concentrated on one of these factors - the appropriate scale

of forests - to see what should be aimed for in these areas. (It also

made sense to concentrate on this first because this is one factor

which can most easily be influenced by forestry policy) . This was done

by surveying residents in one of the community forest areas to see if

they had preferences for different amounts of forest cover in different

landscape settings, and the results of this are reported in the latter

half of Chapter 5.

The timing of benefits from landscape improvement and the provision of

forests for recreation was not addressed in the research. It is likely

that forests of different ages have different effects on the landscape

and offer different levels of recreational enjoyment that would be

reflected in visitor numbers and values. This problem has been avoided

in the past by making assumptions about the effect of age on such

benefits (eg Grayson et al, 1973, Willis, 1991), and that was the

approach followed in this work. Some research has started to look at

this question eg Hanley and Ruffell (1992) but no conclusive

relationship between forest age and landscape or recreation benefits

has yet been identified. The results are therefore, presented for a

range of assumptions about this effect in Chapter 6.

There are already many studies about the value of forest recreation and

the costs and benefits of landscape change. Although many of these

could be improved, this would be a large task and they do already give

a range of estimates of the value of forest recreation that would allow

the physical measure of visitor numbers examined in Chapter 4 to be

converted into monetary units. This line of enquiry was not therefore,

pursued to a great extent in this research. In the case of community

forests however, the type and location of the forests being proposed



are so different to those that have been studied in the past, that

these estimates are probably not a good indication of the benefits that

such forests will provide. Some research was also undertaken there¬

fore, into the value of landscape and recreation benefits that commun¬

ity forests might provide and this is reported in the first half of

Chapter 5.

To summarise, the background to community forests, their objectives,

and possible topics for research have been discussed above. It was

decided that it would be too difficult to examine all the topics in

this research, so the research concentrated on the following three

topics:

1. the likely number of visitors to community forests;

2. the value of the benefits of recreation and landscape change

that might be achieved in these areas; and

3. the appropriate level of forest cover that should be aimed

Previous studies of forest visitor numbers have already been discussed

in the last section, so the remainder of this section discusses

previous work that has examined the value of recreation and landscape

change and studies of landscape preferences.

Techniques for valuing recreation benefits

Since the late 1950s a vast amount of literature has been produced on

valuing non-market benefits, a significant proportion of which has

looked at the valuation of recreation and environmental benefits (for

for.



a comprehensive review of the literature, see Price, 1994a). The next

few pages give a very brief overview of the main techniques that have

been developed in this area, discuss whether they could be used in the

case of community forests and describe previous applications of these

techniques to forest recreation in Britain.

There are two fundamentally different ways of assessing the value of

unpriced goods and services: revealed preference approaches or stated

preference approaches (Young and Allen, 1985) . Revealed preference

approaches use the price of market goods jointly consumed with the

unpriced output to get an indication of its value. The two most common

ways in which this is done in recreation research is either by

examining expenditure on travel costs incurred as a result of visiting

a recreation site, or by examining the price of property in areas with

different levels of recreation provision. This second technique is

often referred to as the hedonic pricing technique, although this would

also be an appropriate name for the travel cost method in its widest

sense. Stated preference approaches do not look at market data, but

instead use survey methods to ask directly about the value individuals

would place on having recreation opportunities given to or taken away

from them.

The travel cost method has its origins in the development of public

land management policies in the USA during the early post war years.

In a letter to the US National Parks Service in 1947, Hotelling

suggested that by examining the number of visitors to any site and the

amounts they have had to spend to get there, it should be possible to

estimate the consumer surplus obtained by visitors to the site. Trice

and Wood (1958) give one of the earliest interpretations of this idea,



where they estimated the average consumer surplus from visiting a site

as being the difference between the travel cost below which 90% of

visits were made and the average travel cost for all visitors. A more

sophisticated interpretation was given however in Clawson (1959) who

suggested constructing travel cost zones around a site, and using these

as a basis for constructing a demand curve for the site. Consumer

surplus could then be estimated for visitors from each of the zones

either directly from the curve or by using the demand curve to show the

effect that imposing different levels of entry charge would have on

visitation. A simple example of how this method works can be shown

with reference to Table 2.3.1.

The upper half of the table shows the hypothetical results of a survey

of 1,810 visitors to a site. The far right hand column shows the

proportion of the population that has been captured in the survey and

are prepared to pay the travel costs for each zone shown in column 2.

Now, in theory, demand would change in the same way if charges were

made for entry as it does for changes in the travel cost, so this can

be used to estimate the fall in visitor numbers that would be expected

if different charges were introduced (shown in the lower half of the

table). So, for example, a charge of £2.50 would be the same as

increasing travel costs by £2.50 within each zone. The proportion of

the population visiting from the closest zone could be expected to drop

from 10% (200 visitors) to 7% (140 visitors), the proportion reported

for the next zone outwards. Similarly the proportion in that zone

would drop from 7% to 6%, the next zone would drop from 6% to 4%, the

next from 4% to 1% and the furthest from 1% to 0%. The effect of this

on visitor numbers is giVen in column 2 of the lower half of the table.

By repeating this for several levels of entry charges, the consumer



Table 2.3.1 An examDle of annlvina the Clawson or zonal travel cost
techniaue to estimate the recreation benefit of a site

Travel cost Estimated Number in Population Proportion of
zone (in miles) total travel survey sample in each population from

cost (in £) travelling from zone each zone in
each zone the survey sample

0-5 1.25 200 2,000 0.10
5-10 3.75 280 4,000 0.07
10-15 6.25 600 10,000 0.06
15-20 8.75 480 12,000 0.04
over 20 11.25 250 25,000 0.02
Hypothetical effect on visitation of the imposition ol entrv charqes

Travel cost Number of visitors travelling from each zone
zone (in miles)

Entry charge £2.50 £5.00 £7.50 £10.00

0-5 140 120 80 20
5-10 240 160 40 0

10-15 400 100 0 0

15-20 120 0 0 0

over 20 0 0 0 0

Total 900 380 120 20



surplus within each zone can be estimated and aggregated across all

zones (approximately £5,200 in this example), and this can be divided

by the sample size to give an average consumer surplus (£2.80/visit).

Of course, in real applications of this technique, the figures are

often less well behaved than those given in the example, so it is

customary to use regression techniques to fit a curve to the survey

responses and use this as the basis for calculating consumer surplus.

There exist however, a number of practical and theoretical difficulties

with using this technique (for a fuller discussion of these, see

Bateman et al, 1992).

On the theoretical side, there is the question of how close consumer

surplus is to the true income compensated measure of value that should

be obtained. It is generally argued that because travel costs account

for only a small part of income this is not a serious problem (Willig,

1976). However, others have indicated that in some circumstances this

assumption, which lies behind much of the work that has been done in

recreation economics, should not be forgotten (Bockstael and McConnel,

1979; Hanemann, 1980; and Hausman, 1982).

There is then the question of the cost of travel time. Cesario (1976)

argued that recreational travel time consists of two parts, the pure

opportunity cost of time and the utility or disutility of making the

journey itself. If the latter gives rise to a large positive benefit,

this could outweigh the former implying a net benefit from travelling.

It is almost impossible to extract any indication of the value of

travel time from travel cost studies because this is so often

correlated with distance and hence petrol and other running costs. So,
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it is difficult to know exactly how travel costs should be calculated

to put into the model. A similar question arises as to whether

individuals' perceived travel costs or actual travel costs should be

used in the analysis.

Finally, there is the problem of what to do with multi-purpose trips,

trips from holiday bases, and trips where individuals have taken a very

long route to get to the site (usually indicating benefit from the

journey itself). Implicit in the model is the assumption that visitors

make one journey for one purpose, and use the most cost-effective means

of getting to the site, but this is rarely the case. This problem is

usually overcome by either ignoring responses (which then reduces and

possibly biases the data set) or by making an informed judgment as to

how travel costs should be apportioned between the site and other

destinations on the journey (further references on this can be found in

Haspell and Johnson, 1982, and Christensen et al, 1985).

Most of the practical difficulties with the technique are associated

with the econometric task of fitting a curve to the data and then

calculating consumer surplus. The usual problems arise such as

choosing a functional form (semi-log models tend to be favoured in most

cases) and missing variable bias (eg the effect of travel time or

substitute sites, although the latter has been shown to be unimportant

(Hof and King, 1982) or can cancel each other out (Connolly and Price,

1986)). However, a particular problem with the travel cost technique

is the sensitivity of the results to the degree of resolution chosen

for the travel cost zones. This problem has been overcome with the

recent development of the individual travel cost method which looks at

each individuals' visit frequencies rather than visits aggregated over
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zones, but this technique suffers from further problems (such as

finding more than only a handful of visitors that have been more that

once in many cases), and can give different results to the zonal travel

cost model that are difficult to interpret (Willis and Garrod, 1991) .

There are likely to be two major problems apart from those discussed

above with applying travel cost techniques to community forests.

Firstly, they can only generally be used to measure benefits from

existing sites and as such would be of little use for estimating the

value of proposed forests. This problem could be overcome if forests

similar to community forests could be found, because either the demand

curves or more simply, the estimates of consumer surplus generated from

existing forests could be used to indicate the recreational benefits of

the new sites (for examples of this sort of analysis, see Mansfield,

1971; Lewis and Whitby, 1972). However, it has already been argued

that there are no forests similar to those that will be created in the

Community Forest Initiative, which would make application of this

technique impossible. The second problem with using the travel cost

technique is that it depends to a large extent on having a wide range

of travel distances in the data, to give the amount of variability in

participation across different distances that is required to construct

the demand curve. This, coupled with the fact that many visitors might

be expected to walk to the forest (making it difficult to estimate

travel cost at all), would make it therefore, very difficult to apply

the technique to community forests. (Some research has looked at this

and found that the model does not work at all for valuing recreation on

the urban fringe - J Benson, pers comm. , while others have had some

success constructing travel cost models in terms of travel time -

(Price, pers comm.).
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The hedonic price technique is in many ways similar to the travel-cost

technique. The most common way in which this is used to value the

provision of recreational services (or for that matter any

environmental services) is to look at property prices in areas with

differing levels of provision of those services. The technique again

uses econometric modelling to account for the factors that influence

the value of properties including the level of the environmental or

recreational attributes under consideration, then uses that model to

predict the effect of that attribute on property prices. It therefore

attempts to measure the capital value of the benefits of an attribute

to the owners of property affected by it.

The hedonic price approach does not generally suffer from the same

number of theoretical problems as the travel-cost approach because

there are fewer assumptions inherent in the technique. It does however

suffer from greater practical difficulties, particularly the problem of

collecting enough data about all the relevant variables that affect

house prices and then constructing a well specified model to account

for all these effects. Again, it would be of limited use for evalu¬

ating the benefits of community forests because there are no existing

locations with these sorts of forests where such a model could be

constructed.

One way of getting round the data problems is to ask estate agents or

individuals directly how high property prices would be in different

circumstances, and this has been attempted in some forestry studies.

However, this cannot properly be called a hedonic pricing approach

because it is based on estimated rather than measured revealed

preferences. It is therefore, a specific case of the contingent
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valuation technique discussed below which uses property prices as a

vehicle for respondents to express their willingness to pay for a

change in their environment.

The main stated preference approach to valuing recreation benefits is

the contingent valuation technique (CV). Under this approach, indi¬

viduals are asked directly in a survey to state their willingness to

pay (or willingness to accept compensation under some circumstances)

contingent upon some specified change in the quantity of an unpriced

good or service presented to them. The fundamental difference between

this and revealed preference techniques is that the responses to such

questions are based on hypothetical situations and as such, the tech¬

nique often lacks credibility with resource mangers and policymakers.

It does however, have the advantage that hypothetical markets can be

constructed for almost any good which enables it to be used far more

widely than revealed preference approaches.

Because the CV technique relies far more heavily on survey data and has

this credibility problem, a different set of difficulties arise with

this technique, largely concerned with survey bias and interpretation.

Most of the research effort on the CV technique has therefore,

concentrated on improving survey design and constructing validity tests

for the results of such surveys rather than econometric modelling.

The main problems that arise in the design of CV surveys are the biases

that result from the hypothetical nature of the market. Other problems

also exist that are common to the collection of data for all the

techniques discussed above, but particular problems with CV survey

design fall into the following 8 categories.
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2.

3.

4.

5.

6.

7.

strategic bias - the hypothetical nature of the question

allows the respondent to give untrue answers if it suits

them;

mis-specification bias - it is difficult to convey exactly

what change is being offered to the respondent for them to

value, conversely it can be difficult to know exactly what

the respondent is really giving a valuation for;

bid vehicle bias - the valuation process requires the

hypothetical transfer of money which can be suggested to take

place in many different ways, some of which the respondent

may like or dislike in itself;

starting point bias - several different ways of obtaining the

valuation figure exist, some of which may lead to respondents

to give certain answers;

interview bias - different methods of interviewing and even

different interviewers may lead to different responses, and

the fact that a CV survey is being carried out about a

resource at all can convey to the respondent a sense of value

for something they might not otherwise think about or they

might give a symbolic response;

efficient sample size - contingent valuation responses tend

to have a large variance requiring large sample sizes;

non-response bias - as in any survey non-response bias is a

problem, it is particularly a problem in contingent valuation

studies if some respondents cannot or find it difficult to

answer the valuation question; and

aggregation problems - once a survey has been used to

estimate the value of a resource for the sample, there is

then the problem of determining the relevant population to

which it should apply.



Careful survey design can identify and try to minimise these problems,

but some of them are almost impossible to deal with.

The main theoretical problem with contingent valuation is that there is

a well established difference in survey results between stated

willingness to pay for the provision of a good and stated willingness

to accept compensation for not providing it or taking it away, that

cannot easily be explained by theory. This is part of a wider problem

with contingent valuation in that surveys can identify the effects of

different survey and questionnaire designs on stated valuations, but

there is no guidance from economic theory to suggest which are correct

and should be used in practice (although it is generally agreed that

the best scenario to pose to respondents is the one that is actually

being considered by whoever is commissioning the survey).

Because community forests are being developed as a new type of forest

unlike any currently in existence it was decided to use this technique

to attempt to measure their value. Several techniques were used to

check for the problems outlined above, and these are discussed further

in Chapter 5 of this work.

Previous estimates of forest recreation and amenity benefits in the UK

Table 2.3.2 summarises the results of all the major studies of forest

recreation and amenity benefits that have been conducted to date in

Britain. It can be seen that the majority of studies have used the

zonal travel cost technique or contingent valuation technique to

estimate benefits, several having done so as part of the same survey.

It is possible to demonstrate some of the problems with each of the



techniques discussed above without going into a detailed critique of

each of the studies individually, and this is done below.

The studies which have followed the zonal travel cost approach to

estimate recreation benefits have all arrived at benefit estimates of

about £l-3/visit (Everett, 1979; Willis et al, 1988; Willis and Benson,

1989; Hanley, 1988). These studies have examined sites which are, on

the whole, distant from major centres of population and, therefore,

quite different to the sort of forests proposed as part of the

Community Forest Initiative. It would not, therefore, be reasonable to

suggest that the results of these studies could be used as benefit

estimates to be transferred to these new forests.

The individual travel cost method has been used twice in Britain to

estimate forest recreation benefits. On one occasion, statistical

difficulties prevented the analysis from reaching plausible estimates

of benefit (Hanley and Ruffel, 1992), while on the other, the analysis

arrived at consumer surplus estimates that were on average one-tenth of

the results arrived at using the same data in a zonal travel cost

analysis (Willis and Garrod, 1991). This in itself is a very

interesting result but reduces confidence in accepting the results of

either technique.

A major problem with the individual travel cost technique is the

statistical difficulty of fitting a regression line (the demand curve)

through data in which the dependent variable is so often the same (in

this case, the dependent variable is how often the visitor has visited

the site during a particular period, which is often only once). This

may not be a problem in community forests which will be much closer to



people and will hopefully have a much higher number of repeat visitors.

However, as has been pointed out, it can only be used to measure the

benefits of sites that are already in existence and as such, would be

of very little use for estimating the value of proposed community

forests.

Only two studies have so far attempted to use hedonic price techniques

to estimate the values of changes in forest area around properties

(Willis and Garrod, 1991) , although this has been tried with some

success elsewhere (Payne and Strom, 1975; Morales, 1980; Anderson and

Cordell, 1988; Pfister, 1991). The first study constructed a model for

an area around the Forest of Dean and looked at the effect of a range

of environmental variables on 2,000 property values within the area.

Unfortunately none of the environmental values in their continuous form

proved to be significant in the model, although converting them into

discrete variables (ie 1 or 0 for presence or absence of the resource)

did yield usable results. The final result obtained was that the

presence of 20% forest cover in the same kilometre square as houses

appeared to raise their value by about 7%.

The second study extended this and looked at house prices nationally

using Forestry Commission data on forest areas to estimate the effect

of forests on house prices. In this study, it was found that variables

such as proportion of land covered with conifers and proportion covered

with broadleves did yield significant results. However there are two

problems with this study:

1. It only used Forestry Commission data as a forest cover

variable in the hedonic price model thus risking serious
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measurement error bias (ie the presence of other forests was

not accounted for).

2. By using national house price data, it risked violating the

assumption that the housing market could be considered as a

single non-segmented market (although the sample was

restricted to rural properties).

While this approach would be highly suited to estimating the value of

new woodland close to towns, it is unlikely that enough data exists to

build such a model at this time. Again, a further problem is that the

current lack of urban areas with forests close to them is likely to be

a serious limiting factor in estimating and using such models.

Something similar to an hedonic price model was estimated in work on

the cost benefit analysis of the new National Forest proposed for the

East Midlands (Department of the Environment, 1994). In this work,

21 local estate agents were asked what effect they felt planting the

forest would have on house prices in the area. In addition to this,

house prices were crudely compared between the middle of the proposed

forest area and the two furthest edges, which were to some extent

already wooded. This approach was more along the lines of an expert

valuation backed up with some market data rather than a proper hedonic

price study, but the results, that the forest would be likely to raise

house prices by 5-10% were roughly in line with those reported by

Willis and Garrod.

The contingent valuation results are presented in a variety of ways.

The values per visit are all roughly between £l-2/visit, while the one-

off payments are about £10-15 for the creation/preservation of a
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forest. The analysis by Bishop reports a willingness-to-pay (WTP) for

community-type woodlands of about 50p/visit or £20/person/year for

visitors to two woods. Again most of these studies have been conducted

in existing woods, only two of which (the ones used in the Bishop

study) are similar to those that will be created in the Community

Forest Initiative.

Two studies do however, report the results of ex ante surveys to elicit

the value of creating forests similar in nature to those proposed as

community forests. Hanley and Ecotec (1991) for example, used a postal

survey to elicit WTP bids for the creation of 3 different levels (10%,

20% and 30%) of forest cover in Central Scotland and the results are

interesting in that they indicated a higher WTP for greater woodland

cover. However, this survey does have significant drawbacks. Firstly,

by relying on a postal questionnaire survey, it ran the risk of

introducing non-response bias into the data (indeed a recent

governmental panel set up to appraise the contingent valuation method

in the USA ruled out postal surveys as being unreliable due to this

problem - Arrow et al, 1993). The second problem relates to exactly

what different levels of woodland cover are likely to mean to

respondents. It is unlikely that respondents would be able to envisage

accurately what these different levels of woodland cover would look

like, nor the different opportunities they might present for

recreation. These results must therefore be treated with some degree

of suspicion.

As a follow-up to the postal survey, face-to-face interviews were

conducted with a sample of residents in the area and arrived at roughly

similar results. While this was a better survey approach, it still
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Table 2.3.2 Estimates of recreation benefit from past studies of recreation in British Forests

Source Benefit estimate Resource being Technique used Notes

(at 1993/94 prices) valued

Helliwell (1967, 1969, £11.30/polnt Trees Expert appraisal This figure is put forward as part of a general
1978, 1990) £28.25/polnt Woodland appraisal method, where experts score seven

features of woodland on a scale of 1 to 4. These

scores are then multiplied together to give
an overall score which is converted into

monetary values using the given values.

HM Treasury (1972) £8.75m/year Whole FC estate Zonal travel This figure is reported in the 1972 cost-benefit
cost analysis of forestry. It was arrived at by combining

the results of an unpublished DoE recreation
study with the visitor number statistics the FC
was collecting at the time.

Everett (1979) £1.00/visitor Dalby Forest Zonal travel This is the result of the first comprehensive
£250,700/year (total) cost travel cost study in a British forest. The

value per visitor is derived from the value per
car reported in the study by dividing by 3.1.

Christensen (1983) £0.60/visiting group Gwydyr Forest Zonal travel This result is the consumer surplus estimated
cost using the travel cost method, where the demand

curve is estimated using adjusted travel costs
because many of the visitors are holldaymakers
and where a Lucas weighting system Is used in the
estimation of the demand curve to counteract

sampling bias.

Han ley and Common £1.60/visitor Queen Elizabeth Contingent The upper figure represents the WTP of a sample
(1987) £2.10/visitor Forest Park valuation (WTP) of visitors to Queen Elizabeth Forest Park, the

and zonal lower figure is the result of a travel cost
travel cost analysis of that sample of visitors.

Willis et al (1988) £1.85/visltor New Forest Zonal travel These figures are the results of applying
Willis and Benson (1989) £2.50/visltor Cheshire cost a zonal travel cost model to a series of results

Benson and Willis (1992) £4.30/visitor Loch Awe from site studies at Forestry Commission forests
Willis and Garrod (1991) £3.40/visitor Brecon around Great Britain. The results assume

£2.95/visitor Buchan travel costs of 33p per mile and time costs
£2.15/visitor Durham valued at 43% of the wage rate. The final
£2.50/visitor North York Moors figure is the average value of recreation
£3.56/visitor Aberfoyle from these surveys. Applying this to estimated
£1.75/visitor South Lakes visitor numbers at the time gave a total
£2.10/visltor Newton Stewart recreation value for the whole estate of

£1.90/visitor Lome £69m/year (at 1993/94 prices).
£3.15/visitor Castle Douglas
£3.30/visitor Ruthin

£3.05/visitor Forest of Dean

£3.45/visitor Thetford

£2.60/visitor Average of above

£0.15-3.00/visitor New Forest Individual Using the same data as above, the results
£0.05-0.50/visitor Cheshire travel cost for six of the sites were re-analysed using
£0.85-1.85/visltor Brecon an individual travel cost model. The lower

£0.25-0.65/visitor Buchan estimates were obtained using a maximum
£1.25-2.00/visitor Lome likelihood estimation proceedure and the
£1.15-1.70/visitor Ruthin higher estimates using OLS regression.

£0.55/visitor New Forest Contingent In eight out of the above surveys, willingness
£0.60/visitor Cheshire valuation (WTP) to pay questions were also asked, and these
£0.65/visitor Loch Awe are the results of that enquiry.
£0.60/visitor Brecon

£0.75/visitor Buchan

£0.95/visitor Newton Stewart

£0.95/visitor Lome

£0.60/visitor Ruthin

Hanley and Munro (1991) £13.90 Birkham Wood Contingent This study attempted to show the effect of
valuation (WTP) information on WTP bids to save a woodland

affected by the construction of a bypass.
The amount quoted is for a one-off payment
to preserve the wood.
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Table 2.3.2 (continued) Estimates of recreation benefit from past studies of recreation in British Forests

Source Benefit estimate

(at 1993/94 prices)
Resource being
valued

Technique used Notes

Hanley and Ecotec £18.50/household Creation of new Contingent The first three results are the WTP for the

(1991) £14.90/household woodland in valuation (WTP) creation of a new woodland in Central
£11.95/household Central Scotland Scotland covering 30%, 20% and 10% of the

area respectively, using a postal survey. The
£10.55/household final figure is the WTP for 30% cover elicited

using a household survey. All figures are for
one-off payments.

Qarrod and Willis 7.1% increase in Presence of 20% Hedonic price The first figure is a result found in
(1991a, 1991b, 1992a, house prices woodland cover model (house a study of house prices around the Forest
1992b, 1992c) or more prices) of Dean. The other figures are the results

from a fuller investigation of rural house
£45.25 increase in 1% increase in prices using FC forest data as explanatory
house prices FC broad leaves variables in an hedonic price model. The

final result is an aggregation of these
£21.50 increase in 1% Increase in results applied to all rural properties
house prices FC larch, SP, CP near FC forests. The forest variables were

over 70 years old recorded as being In the same kilometer grid
square as the properties under investigation.

£149.00 decrease In 1% increase in

house prices other FC conifers

over 50 years old

£373,425 capital sum Total estimated

effect of FC

forests on

house prices.

Bishop (1992) £0.50/visitor Derwent Walk Contingent The first two figures are the WTP per visit to
£0.60/visitor Country Park valuation (WTP) visit Derwent Walk Country Park and Whlppendell
£21.50/year Whlppendell Wood Wood respectively, the other two figures are the
£31.30/year willingness to invest in a company to manage each

of the woods for recreation. Both woods are similar

in nature to community woodland.

Hanley and Ruffel (1992) £1.00/visitor average of Contingent This figure is the average WTP across 60 sites.
60 FC sites valuation (WTP) An individual travel cost model was also

constructed in this analysis but did not give
usable results. Both the WTP and ITC values were

compared to the physical attributes of each of
the sites to see if any relationship between
valuation and forest characteristics could be

found. No significant relationship was identified.

Maxwell (1992) £9.15/year Marston Vale Contingent WTP estimated from a postal survey of a small
Community Forest Valuation (WTP) sample of residents living in the Marson Vale

community forest area

Table 2.3.3 System for scoring forest landscape characteristics proposed in Helliwell (1990)

Number of points allocated
to each caharacteristic

1 2 3 4

Characteristic

Size of woodland Very small (0.1-0.5 ha)
or individual trees

Small (0.5-2 ha) Medium (2-10 ha) Large (10-40 ha)

Position in landscape Secluded Average Prominent Very prominent
Number of viewing
positions

Few Average Many Very many

Presence of other

trees and woodland

Area more than

25% wooded

Area 5-25%

wooded

Area 1 -5%

wooded

Area less than

1% wooded

Composition of the
woodland

Dense plantation or

blatently derelict
woodland

Even-aged pole
stage mixed
woodland

Semi-mature or

uneven aged
woodland with

fairly large trees

Mature or uneven

aged woodland
with large trees

Compatibility In the
landscape

Just acceptable Acceptable Good Excellent

Special factors None One Two Three or more

\VL



suffered from the problem of scenario mis - specification in that it was

difficult to present to respondents with a clear idea of what 30%

woodland cover is likely to mean to them. This will always be a

problem where the proposal under investigation is to provide some

quantity of a recreational resource such as forests to individuals that

may have little experience of visiting a forest.

After the research reported later in Chapter 5 was carried out, an MSc

student contacted the Forestry Commission to see how this was done, and

performed a similar survey in Marston Vale community forest (Maxwell,

1992) . While this used a postal survey and did not present respondents

with the same degree of information as in the earlier survey, it

arrived at a WTP similar to that reported later which is an encouraging

indication of the reliability of these results.

Because the stated preference approach is the only method which can be

used to estimate the value of a proposed project, this was used in the

case of community forests. The review of previous studies indicated

that presenting individuals with, an explanation of what the community

forests would actually be like would be the major problem with this

approach, so the survey addressed this problem by presenting them with

information, and this is discussed further in Chapter 5.

Identifying preferences for forestry landscapes

As well as providing areas for recreation, community forests will

improve the landscape around the edges of towns. Several studies have

shown that individuals have preferences for trees in the landscape (eg

Dunn, 1976; Talbot and Kaplan, 1984). However, unlike other forestry



outputs such as timber, other nori-wood goods, and some of the other

non-priced outputs such as recreation, measuring landscape preferences

is particularly difficult because the landscape is such a difficult

commodity to quantify. So, for example, it can easily be determined

that a new forest will generate a certain flow of timber, and it is

slightly more difficult but still possible to measure how much

recreation might take place in it. It is, however, very difficult to

predict what effect it will have on the landscape. Depending on how

much forest there is already in the area, a new forest may have

significant or only minor positive benefits in the landscape, or may be

detrimental. Its shape, age, species composition, and internal

diversity are also probably factors that are likely to affect how

beneficial it is to the landscape. Because of this, it is very

difficult to provide in quantitative terms any measure of the

landscape. Two main approaches have however, been developed for

assessing the quality of landscapes both of which have looked

specifically to some extent at forests.

In the USA, researchers have developed a system of evaluation based on

physical measures called the Scenic Beauty Indicator Score (Brown and

Daniel, 1987; Brown and Daniel, 1991; Brown et al, 1990; Brown, 1987;

Schroeder and Daniel, 1981). This technique has been developed by

assessing for different types of landscape (first for different forest

types and now for water resources such as lakes and streams as well)

the physical attributes that correlate strongly with public preferences

for different landscapes. So, for example, Schroeder and Daniel in

1981 presented groups of students with sets of photographs of internal

forest views taken in Ponderosa pine forests and asked them to rate

them on a scale of 1-10. A regression model was then constructed which



measured the relationship between these scores and physical

characteristics such as tree density, tree diversity, presence of dead

trees and other vegetation and tree size. The final tested-down model

highlighted several factors which had a priori the correct sign, and

explained 60% of the variability in scenic beauty scores.

This approach has the advantage that it is objective in that

preferences are related to physical units that can be measured on the

ground. It also has the advantage that the models that are constructed

on the basis of public preferences and can be used by resource managers

to easily predict the impacts on attractiveness of marginal changes in

certain variables and identifies the key variables which have most

effect on beauty. This makes it possible to try to optimise forest

design in terms of either minimising the cost of producing a certain

level of landscape quality or, alternatively, maximise landscape

quality for a given level of cost. It is unwieldy however, requiring

a new set of experiments to calibrate the model for each new type of

landscape to which it is applied. So, for example, the results for a

Ponderosa pine forest may not be applicable to a spruce forest in the

Pacific Northwest, or an oak forest in England. It also cannot be

applied to forests of a similar type containing certain features which,

in many cases, could be quite ordinary such as streams or lakes or more

spectacular features such as rocky outcrops, caves or waterfalls, and

would have an effect on landscape quality. Approaches such as this

have also come under justifiable criticism for being too simplistic in

the linearity and independence between variables than they imply

(Price, 1990).



In Britain, researchers in the field of landscape evaluation have

proceeded down the alternative route of using expert evaluation to rank

or score landscape attractiveness, and two main lines of enquiry have

been pursued. Price (1994a) points out that a major problem in

landscape evaluation is to get from ordinal measures (rankings) of

landscape to cardinal measures (scoring). He suggests that this can

be overcome by the person making the evaluation playing a game with

themself offering a choice between viewing the landscape in question

with a certain probability or nothing at all, and viewing a "typical

average British landscape" with certainty. With practice he suggests

that a reasonably competent assessor should soon be able to estimate

the different probabilities at which they are indifferent between the

two alternatives, which then allows an index of landscape value to be

constructed for different landscapes. (This is a variation of the game

suggested by Von Neumann and Morgenstern (1944) to create utility

indices without having to measure utility itself.) While this holistic

approach is theoretically appealing, it does not lend itself to

application very easily, and requires an expert assessor to carry out

the analysis. It is not therefore, based on public preferences and

could be criticised as not being objective enough to be used in

determining public policy.

An alternative approach which has been suggested is to systematically

look for various characteristics which reflect good or bad landscape

design. This was first suggested by Helliwell (1967, 1969, 1978, 1990)

who recommended a scoring system based on seven characteristics:

1. Size of woodland.

2. Position in the landscape.



3. Viewing positions.

4. Presence of other trees and woodland.

5. Composition and structure of the woodland.

6. Compatibility in the landscape.

7. Special factors.

Under this system, each of the characteristics would be rated from 0-4

(see Table 2.3.3) and a total score would be estimated by multiplying

the scores for each of the seven characteristics. The possibility of

a zero rating in one or more of the characteristics also makes it

possible for any unacceptable aspect of the woodland to have the effect

of it causing the whole score to be zero. It is suggested that this

technique could also be applied to individual trees (which would score

only one under the size of woodland characteristic).

While this is a reasonable approach, being similar in many ways to

environmental impact assessment or the environmental impact matrix

approach (Department of Environment, 1990), the apparently arbitrary

way in which some of the scores were set is a major, downfall with this

particular method. It is also difficult to justify why all 7 factors

should be treated with equal weight, and its presumption that all the

factors should be multiplied together is without grounds. A further

criticism is that some of the characteristics should be scored in

different ways in different circumstances (eg, in some areas small

woods are good and large ones bad).

A further confusing aspect of the Helliwell system is that it confuses

factors that are likely to affect the quality of the woodland in

landscape terms (Characteristics 1-2 and 4-7 above) with factors that



affect how likely it is to be seen (Characteristics 1-4 above). Price

(1990) identifies four potential audiences of landscape for whom the

landscape may be of value:

1. Visitors to an area.

2. Residents in an area.

3. Individuals passing through an area.

4. Individuals not likely to see an area but having some non-use

value from it;

and it is probably better to estimate quality (in terms of impact on

the landscape) and quantity (in terms of the audience for such an

impact) effects separately.

Bell (1992) provides more recent and detailed advice on the systematic

approach to landscape evaluation, which is also reproduced in the

Forestry Commission's Forest Design Guidelines (Forestry Commission,

1994). In these, Bell sets out several factors which should be

considered in evaluating forest or landscape design:

1. unity with the landscape;

2. scale of the forest;

3. diversity of the forest (including a range of aspects such as

species diversity, age diversity and colour diversity) ;

4. shape of the forest;

5. degree of human intrusion; and

6. genius loci or "spirit of the place".



The advice is still subjective, and it does not suggest how these

factors should be combined together to give an overall assessment, but

it does give some guidance as to how each of the individual factors

might be appraised. It is also notable that all of the factors

mentioned above allude to landscape quality and make no reference to

the size of the audience for any particular forest being judged,

although this should also be taken into account in setting priorities

for landscape design by forest managers and policymakers.

The advice presented in this work was tested by Lee (1990) as part of

an assessment of the guidance being given on forest design by the

Forestry Commission. In this study, a sample of 1,500 forest visitors

were asked to rate (on a scale of 1-20) sets of 10 photographs in terms

of their quality for a range of activities. The activities given were:

1. picnicking;

2. walking;

3. wildlife;

4. tourism;

5. timber production;

6. sport; and

7. get away from it all.

In addition to this respondents were also asked to choose the best

picture overall in terms of scenic quality. The results of this survey

were then compared to the results of a similar survey of landscape

architects working in forest design who were each shown the total

sample of 40 photographs (20 of distant forest views and 20 of internal

forest views) and asked to rate each from 1 (good) to 5 (bad) for the

following 10 attributes:



1. scale - whether the size of the woodland, the proportions of

woodland and open ground, and the proportions of different

component areas of woodland reflect the scale of the

landscape;

2. shape - whether the shape of the woodland (external edge

shape) and shape of internal components of the woodland is

organic of geometric;

3. broadleaf/conifer split - the visual impression of whether

the woodland is predominantly broadleaved or coniferous;

4. species diversity;

5. age diversity;

6. colour diversity;

7. overall diversity;

8. spacing/density - in distant views, the impression of close

planting, closed canopy and an absence of open space, in

internal views, the impression of openness between trees and

groups of trees;

9. human intrusion - the extent to which an impression is gained

of the hand of man having been present; and

10. genius loci - the spirit of the place or its strength of

character which gives the landscape some unique qualities.

Both the forest visitors' and landscape architects' responses

correlated strongly with each for both types of photographs, generally

having correlation scores greater than 85% for each of the activities

examined (see Table 2.3.4), which indicated that the landscape

architects scoring system seemed to be reasonably consistent with

landscape preferences assessed by the visiting public.

I to



Table2.3.4Correlationandregressioncoefficientsforthecomparisonbetweenlandscapequalityasassessedbyapanel oflandscapearchitectsandpreferencesexpressedbythepublicfortwosetsofphotographscontainingwoodland Somefigureshavebeenreversedtoshowthatanincreaseintheattributeislinkedwithanincreaseinpreference(seeLee,1990) Activitiesforwhich

Landscapequalityvariable

Multiple

apublicpreference

Genius

Human

Space

Colour

Age

Species

Overall

Proportion

Shape

Scale

correlation

waselicited

loci

intrusion

diversity

diversity

diversity

diversity
ofbroadleaves

coefficient

Correlationcoefficients Distantforestphotographs Getaway

0.582

0.161

0.327

0.541

0.167

0.202

0.605

-0.123

0.377

0.413

0.91

Sport

0.614

-0.096

0.281

0.516

0.263

0.261

0.697

-0.164

0.373

0.337

0.951

Timber

-0.096

-0.459

-0.23

-0.178

-0.045

0.129

0.354

-0.331

0.02

-0.106

0.75

Picnic

0.503

0.047

0.374

0.597

0.313

0.207

0.734

0.059

0.414

0.324

0.92

Walking

0.475

-0.048

0.376

0.501

0.261

0.652

0.652

-0.038

0.353

0.318

0.863

Wildlife

0.499

0.128

0.323

0.723

0.163

0.246

0.7

0.071

0.506

0.415

0.898

Tourism

0.582

0.134

0.455

0.673

0.389

0.344

0.768

0.048

0.539

0.45

0.917

Bestpicture

0.627

0.173

0.446

0.729

0.364

0.329

0.777

0.138

0.623

0.485

0.929

Internalforestphotographs Getaway

0.573

0.319

0.252

0.051

0.343

0.261

0.54

0.594

0.594

0.428

0.912

Sport

0.263

-0.106

0.36

-0.097

0.364

0.232

0.384

0.287

0.332

0.334

0.896

Timber

-0.827

-0.683

-0.249

-0.317

-0.732

-0.59

-0.55

-0.557

-0.707

-0.308

0.945

Picnic

0.521

0.118

0.432

0.228

0.254

0.192

0.469

0.279

0.456

0.509

0.912

Walking

0.38

-0.033

0.433

0.058

0.242

0.122

0.351

0.198

0.335

0.441

0.917

Wildlife

0.453

0.471

0.171

-0.114

0.551

0.369

0.478

0.547

0.667

0.43

0.905

Tourism

0.53

0.294

0.236

0.022

0.303

0.23

0.423

0.358

0.552

0.476

0.871

Regressioncoefficients

Variablesasabove

Constant

Distantforestphotographs Getaway

0.292

0.79

-0.203

-0.21

0.08

-0.523

1.655

-0.382

-0.762

0.113

-23.108

Sport

0.595

0.351

-0.334

-0.917

-0.443

-0.348

2.159

0.073

-0.391

-0.C33

-20.737

Timber

0.023

-0.162

-0.456

-0.552

-0.474

-0.044

1.353

0.12

0.161

-0.224

-15.854

Picnic

0.344

0.403

-0.33

-0.698

-0.324

-0.669

2.175

0.251

-0.233

-0.13

-24.37

Walking

0.265

0.464

-0.199

-0.481

-0.027

-0.687

1.851

-0.067

-0.396

-0.031

-20.957

Wildlife

0.275

0.412

-0.314

-0.206

-0.495

-0.543

1.642

0.224

-

-0.201

-21.214

Tourism

0.128

0.517

-0.094

-0.321

0.49

-0.575

1.033

-0.478

-0.434

-0.012

-26.403

Bestpicture

0.31

0.361

0.269

-0.129

-0.088

-0.616

1.394

0.062

0.026

-0.109

-17.613

Internalforestphotographs Getaway

0.246

-0.217

1.419

-0.966

-1.746

0.063

0.279

1.017

1.359

-0.673

-49.52

Sport

0.16

-0.539

1.575

-1.154

-1.349

0.19

0.164

1.007

0.989

-0.48

-51.15

Timber

-0.778

-0.139

0.357

-0.254

-0.893

0.262

0.103

-0.022

0.357

0.T3

-27.25

Picnic

0.419

-0.419

1.476

-0.845

-1.754

0.298

0.119

0.946

0.952

-0.292

-55.01

Walking

0.49

-0.599

1.699

-1.084

-1.621

0.284

-0.105

0.923

1.038

-0.396

-67.04

Wildlife

-0.218

-0.075

1.295

-0.882

-1.275

-0.013

0.119

10.24

1.61

-0.819

-45.73

Tourism

0.303

-0.266

1.509

-0.986

-1.843

0.303

-0.052

0.949

1.42

-0.568

-59.79



Some have questioned however, the validity of using photographs to test

scenic beauty judgments. In a recent article by Hull and Stewart

(1992) it was shown that comparisons between scores of photographs of

views, and scores taken in the field of the same views during a hiking

trip could be insignificantly correlated. It is suggested that the

context within which a landscape is viewed could significantly affect

individuals' appreciation of it. So, for example, the view obtained at

the end of a strenuous walk uphill could be rated much more strongly in

the field than if the same view was presented as a photograph. While

this is no doubt correct in terms of active pursuits such as those

enjoyed by individuals visiting an area, it may be less of an issue for

studies examining the preferences of those that live in an area. It is

not therefore, likely to be such a problem in the work proposed in the

community forests.

Some studies have attempted to go further than eliciting preferences

for landscapes and have actually tried to estimate the willingness-to-

pay to create or preserve different types of landscape (eg Willis and

Garrod, 1993; Drake, 1992). These have also relied on photographs or

artists' impressions of what the future landscape might change into and

surveyed respondents' WTP on the basis of these media. The results of

the few studies that have been carried out so far seem to be reliable,

having passed the usual validity tests for contingent valuation. They

have however, been fairly unsophisticated to date in terms of the

landscape changes they have presented to respondents, but they do

indicate that contingent valuation may be a possible course of inquiry

to estimate the monetary value of landscape changes. To take this line

of inquiry further, this was also pursued in a very small way in the

research reported later.



Conclusions

The Community Forest Initiative will create forests close to towns and

cities which are likely to be different to forests where recreation

surveys have been conducted in the past. This suggests that research

is needed into both the quantity of recreation that such forests might

stimulate and the value of that recreation. Visitor use could be

predicted from a recreation model such as that described in the

previous section, or from surveys of potential use, and a robust

approach would be to try both methods. Because these forests are

unlike any others currently present in Britain, contingent valuation

would appear to be the only reliable way to estimate recreation

benefits.

As well as providing areas for recreation, community forests will also

improve the landscape in the areas where they are created. The

benefits of this may overlap somewhat with the recreation benefits they

provide (ie it will be difficult to separate the different benefits to

respondents) so it will probably be prudent to ask about their

valuation of the whole package of benefits.

Crucial to the issue of how attractive the forests are likely to be,

will be several factors of forest design, including forest shape,

scale, diversity, and naturalness. These have been shown to be very

important factors affecting the rating of attractiveness of other

forests. It is difficult to present the vision of future landscapes to

individuals, but photographs or artists' impressions have been used to

some effect in previous studies of landscape attractiveness.

Particularly pertinent to the issue of community forests is the



appropriate scale of such forests, and all these factors are examined

in Chapter 5 of this work.

lit



2.4 PREVIOUS STUDIES OF THE MULTIPLE OUTPUTS OF FORESTS

Three studies into the multiple benefits of forestry in Britain have

been carried out in the past. These provide a useful history of the

sorts of issues that have been raised and examined in the past, and can

be used to compare with the results of this research in Chapter 6.

They are each discussed below.

Forestry in Great Britain

Forestry in Great Britain (HM Treasury, 1972) reported on the results

of a wide ranging cost benefit analysis of forestry conducted by an

interdepartmental government group chaired by the Treasury. The terms

of reference of the group were to identify the long-term financial

performance of forestry in Great Britain, set targets for the Forestry

Commission's future performance and evaluate, wherever possible, other

benefits from forestry to the nation.

The study concluded that the best financial return on forestry in

Britain could only be about 3% in real terms. This was at a time when

the government's target rate of return for the public sector was 10%.

The study examined 4 main areas of non-market outputs:

1. commercial and strategic security of timber supply;

2. water, climatic and wildlife benefits;

3. employment benefits; and

4. recreation benefits.



The study estimated that benefits in the first 2 areas were

insignificant. The report considered the strategic arguments to have

little weight given the size of the estate that had been built-up. It

recognised that some loss of water volumes in Wales due to

afforestation might be a problem but that supplies were plentiful in

Scotland. In a very brief discussion of climatic and wildlife benefits

it stated that afforestation was probably beneficial on the whole in

these areas, but that the values associated with such factors were

likely to be very low. This was probably because adequate techniques

to try to estimate such values had not been developed at the time.

Certainly recent political events would seem to indicate that both

these issues are now treated as being of potentially very high value.

Employment benefits were calculated by estimating the net exchequer

cost of creating jobs and comparing these figures to the cost of other

job creation schemes. Forestry was found to compare unfavourably with

hill farming in terms of the cost of job creation, although it was

found that forestry tended to lead to more employment per acre than

hill farming.

The value of recreation in Forestry Commission forests was estimated to

be £1.5m/year (about £25m/year at 1993/94 prices). This was based on

the rather dubious recreation survey carried out in 1968 and an even

more dubious estimate of recreation value, evidence for which was not

presented anywhere in the report. It stated that the recreational

potential of the estate was very high but that the remote location of

most new planting meant that the recreational benefit of such planting

was very low (which is probably correct).



The result of the review was that the Forestry Commission was allowed

to continue managing and expanding its estate subject to meeting a

target rate of return of 3%. In attempting to reduce the exchequer

cost of job creation, the Commission continued to concentrate its new

planting programme in the remote uplands of Scotland and Wales where

low land prices tended to result in the highest financial returns, and

where the needs of employment creation were perceived to be greatest.

Nothing came of the reviews recommendation that further work be carried

out to examine the benefits of wildlife habitat creation or recreation

in forests, and landscape considerations were hardly mentioned at all.

Review of Forestry Commission Objectives and Achievements

The next study of forestry costs and benefits came over a decade later,

and was conducted by the National Audit Office (1986) for presentation

to the House of Commons Public Accounts Committee. As Chapter 1

showed, forestry policy expanded after the Second World War to include

a range of social and environmental objectives as well as timber supply

objectives, and the NAO criticised the lack of information on which the

Forestry Commission based its judgments about meeting each of these

obj ectives.

A major part of the review criticised the Commission's financial

performance associated with its planting in remote areas to support

rural employment. It re-iterated the Treasury study's findings that

due to the long period between initial investment and the occurrence of

harvesting (most employment is in harvesting and processing the

timber) , forestry was pot a very cost effective way of creating

employment.



On the question of non-market benefits, the report was also critical of

the lack of evidence to support an expansion of forestry or even to

support the view that the current estate had a significant amenity

value. The report quoted a figure of £10m/year (£15m/year at 1993/94

prices) for the recreational value of the estate, but this was only an

update of the earlier Treasury figure adjusted to take into account

more recent estimates of visitor numbers. It also noted that such

values were location specific and that the areas where most new

planting was taking place were unlikely to be of great recreational

use. Again, the review reported that there was little data on which to

base an assessment of the economic effects of wildlife habitat creation

or landscape change.

After the Public Accounts Committee hearing, the Forestry Commission

was instructed to try to get better estimates of the values of some of

these non-market effects. This led to much of the research discussed

earlier in this Chapter and other research in the area of wildlife and

nature conservation. The most significant piece of work which came

about as a result of this was an interdisciplinary study of the case

for forestry expansion discussed next below.

The Forestry Expansion Study

In 1990, the Forestry Commission invited 28 specialist authors

including economists, foresters, ecologists, and scientists to write

about current knowledge and to assess the main factors bearing on

decisions about the future direction of forestry expansion. Papers in

this study covered a wide range of topics including timber production

(Arnold, 1991; Whiteman, 1991; McNicoll et al, 1991; Harvey, 1991;



Dewar, 1991), sport and recreation (Benson and Willis, 1991; McGilvray

and Perman, 1991), landscape (Campbell and Fairley, 1991),

environmental impacts (Cannell and Cape, 1991; Good et al, 1991;

Hornung and Adamson, 1991) social benefits (Strak and Mackel, 1991)

and synthesis papers (Cunningham, 1991; Miller, 1991; Pearce, 1991).

Many of the papers presented scientific results and evidence rather

them economic information but Pearce attempted to draw this all

together into a cost benefit analysis framework in the final paper.

Pearce identified 11 potential outputs of afforestation (timber,

recreation, landscape, biodiversity, watershed protection/damage,

microclimate, air pollution, water pollution, greenhouse effects or

carbon storage, economic security, and community integrity) some of

which are negative outputs from forestry (ie costs) while others are

benefits. In the final analysis, Pearce was able to use shadow prices

for land and labour, market data on other forestry costs and timber

revenues, and estimates of the value of recreation and carbon storage

to estimate the NPV and IRR of 8 different forest types that covered

all of the main likely types of forest that might be planted in the

future (see Table 2.4.1). He also estimated that some of these types

of forest would have a rate of return higher than 6% under certain

circumstances. Unfortunately not being able to place a monetary value

on some of the environmental and landscape benefits meant that forest

types scoring highly on these accounts appeared to have a very poor

rate of return although this is a reflection of the inability to place

values on these outputs rather than an indication of their true worth.

The study was most useful in that it gave a good indication of where

the most beneficial avenues for forestry expansion were. It also



Table2.4.1Totalreturnstodifferenttvoesofforestinvestmentusinqshadowpricesfor landandlabour,andestimatesofcarbonstoraqeandrecreationnon-marketbenefits AllfiguresexceptIRRsarediscountedvaluesat1993/94pricesusinga6%discountrate Foresttype

Nettimber
Recreation
Carbon

NPV

IRR

Situationsinwhichforesttype

revenues

value

value

wouldhaveapositiveNPV

Uplandsemi-naturalpinewoods
-1211

390

176

-645

4.1%

Lowlandsemi-naturalbroadleaves
-4766

679

232

-3855

0.1%

Uplandsemi-naturalbroadleaves
-1584

324

248

-1012

-

Uplandspruce

-569

333

261

25

6.0%

Communityforests

-3940

2596

264

-1080

4.8%

Veryhighrecreationalvalue

Lowlandnativebroadleaves
-5318

679

305

-4334

1.6%

Lowlandpines

-3234

591

207

-2436

3.8%

Lowlandvalue

Lowlandmixedforest

-2052

512

315

-1225

4.9%

Highrecreationalvalue

Source:Pearce(1991)



showed how incorporating only a few non-market benefits in monetary

terms could affect the rate of return to forestry and the profitability

(in social terms) of different types of forestry. It was however,

essentially a static analysis like those of the 2 earlier studies and,

apart from the papers on timber supply and demand, did little to

forecast future changes in the demand for forest outputs.

Conclusions

Three previous studies of the multiple outputs of forests have

attempted to quantify and value forestry non-market outputs, of which

the most recent has been the most comprehensive. All of these studies

have however, examined these outputs at a fixed point in time and have

not attempted to forecast any trends in supply or demand. Timber and

recreation outputs have been the most thoroughly researched outputs to

date, and general consensus seems to be that landscape and wildlife

outputs are probably in most cases the next most significant outputs of

forestry but few studies have succeeded in quantifying or valuing these

to date.



CHAPTER 3

WOOD AND WOOD PRODUCTS

3.1 STATISTICS ON WOOD PRODUCTION, CONSUMPTION AND PRICES

The first section of this chapter discusses the structure of the market

for wood and wood products in Britain, then goes on to describe the

sources of data that are available on wood production, consumption and

prices. Each data source is critically assessed in terms of its

reliability and accuracy and where special surveys were required to

collect data, the methods used and results obtained in these. are also

described.

Market structure

Table 3.1.1 shows the production and consumption of wood and wood

products in 1990. It can be seen that a significant proportion of

domestic wood consumption is met by imports of raw and partly processed

wood. The result of this is that the competitive market price of wood

and wood products in Britain is effectively determined by the world

price or import price of these products (ie Britain is a price'-taker on

world markets). British production of wood is small compared to world

production, so domestic producers can do little to affect world price

and therefore, the price they receive for their wood. This situation

is depicted in Figure 3.1.1, where world supply (WS) and world demand

(WD) combine to set world price (WP). Supply and demand curves in

Britain (BS and BD) give rise to a domestic output level of OA and

consumption of OB, which in turn leads to imports of AB-. *. Demand is

determined principally by economic activity leading to a derived demand

uz



Figure 3.1.1 The supply and demand for
wood and wood products

Table 3.1.1 Volumes of UK imports, production and apparent

consumption of wood and wood products in 1990

Millions of cubic metres overbark

wood raw material equivalent

Product category Domestic Net Apparent Self

production imports consumption sufficiency

Sawn softwood 3.7 18.1 21.8 17%

Sawn hardwood 0.6 1.4 2.0 30%

Panel products 1.1 4.8 5.9 19%

Pulp and paper 1.3 19.2 20.5 6%

Other roundwood 0.7 1.0 1.7 41%

Total 7.4 44.5 51.9 14%



for wood and wood products in both British and world markets. Supply

is determined by factors such as the cost of production (in many major

producing countries) , the age structure of the forest estate (in

countries with large afforestation programmes such as Britain), and

policies towards forest management and harvesting (in all countries).

Although price is largely set by the interaction of world supply and

demand, the market for domestically produced wood is dominated by one

major supplier (the Forestry Commission) and several major buyers.

Table 3.1.2 shows the distribution of production between the Forestry

Commission and private-sector (which includes some small public-sector

suppliers such as local authorities, the National Trusts, and a few

other government agencies). (Total production in Table 3.1.2 differs

from that shown in Table 3.1.1 because the former comes from surveys of

the wood processing industry and the latter from surveys of timber

growers.) The Forestry Commission supplies about 60% of the market for

home-grown softwood and about 10% of the much smaller market for home¬

grown hardwoods. The private-sector is made up of many small

producers, the total number of which cannot be estimated accurately.

However, as a rough guide, TGA (Timber Growers Association - the UK

forest owners' association) have a membership of 1,800, the National

Farmers Union record 5,200 members as having woodland on their farms,

and the Country Landowners' Association have 4,300 members registered

as owning woodland. These lists may overlap to some extent but are

also unlikely to include all woodland owners, so it can be estimated

that the number of private woodland owners is probably upwards of

10,000.

Table 3.1.3 shows the structure of the domestic processingiindustry in

the UK. It can be seen that the market for small roundwood (ie the

iVh



Table 3.1.2 Sources of UK wood suddIv in 1990

Millions of cubic metres overbark
wood raw material equivalent

Product category Total Forestry Private Northern

Commission sector Ireland

Softwood sawlogs 4.0 2.5 1.4 0.1

Hardwood sawlogs 0.6 0.0 0.6 0.0
Small roundwood 2.3 1.4 0.8 0.1

Total 6.9 3.9 2.8 0.2

Table 3.1.3 Structure of the GB wood orocessinq industry in 1990

Annual mill processing capacity
in thousand cubic metres overbark

Product category Total number Capacity
of mills under 50 50-100 over 100

Sawnwood 301 284 14 3

Panels 8 0 0 8

Pulpmills 3 0 0 3

BS



wood which goes into making paper and panel products) is dominated by

a few large processors while the market for sawlogs, although

containing a few large sawmillers, has many small operators. The

number of small mills is probably larger than shown because this data

is based on a survey of sawmills drawn from the membership lists of

sawmilling associations, and not all small sawmills are likely to be

members of any of these associations.

Because of these differences in market structure, prices are set in

quite different ways for sawlogs and small roundwood and between

different producers. The Forestry Commission, for example, sells

timber in three ways:

1. by competitive tender;

2. by negotiated contract; and

3. at auction.

In addition to this, timber is sold at three different points in the

production process:

1. standing (ie to be felled and extracted by the customer);

2. felled at stump or roadside (usually roadside); and

3. delivered.

About 40% of timber is sold standing to processors or standing sales

merchants either by competitive tender or auction. Much of this

standing timber comprises an assortment of sawlogs and small roundwood

and the prices are reached competitively. Of the remaining 60%, about

three-quarters is sold in the same way to processors, usually felled at
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roadside and sorted into sawlog or pulpwood parcels, and one-quarter is

sold by long-term negotiated contract. Most of the timber sold on

contract is small roundwood delivered to large pulp and panel mills,

and these contracts account for about one-third of all small roundwood

sales. The prices in these long-term contracts are based on various

price formulae agreed between the Forestry Commission and the major

wood processors, and do not fluctuate as much as competitive prices.

In return for this price stability, the Forestry Commission offers

these large processors some security of supply which is important for

their planning and operation.

The same options for selling wood are open to the private sector.

However, only a few very large estates have sufficient timber to

warrant holding an auction, so the vast majority of timber is sold by

competitive tender or negotiated contract. Because of the generally

small volumes offered for sale by individual owners there is also

limited scope for long-term negotiated contracts. Hardwood production

makes up about one-third of private-sector production. The market for

hardwoods is quite different to that for softwoods, because species and

timber quality play a much greater part in determining prices, so most

hardwood sales are negotiated.

On the whole, the prices for standing timber and sawlogs sold by both

the Forestry Commission and the private sector are likely to be reached

competitively for both softwoods and hardwoods. For small roundwood

however, the presence of a few large buyers and one large seller has

probably led to a certain amount of imperfect competition which might

have influenced timber prices. -<
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Data on wood production, consumption and prices

The most comprehensive set of data on wood and wood product production

and consumption is available from the United Nations (United Nations,

1991, and earlier). This data set goes back to 1956 and records for

each year, the total volume of UK production, imports and exports (from

which consumption can be derived) of all major wood products (see

Figure 3.1.2). Roundwood data are recorded in m3 excluding bark,

sawnwood and wood panels data are recorded in m3 product volumes and

paper and paperboard data are recorded in metric tonnes (MT) . This

data is collected each year from questionnaires completed by the

Forestry Commission and Customs and Excise. Comparison ofL the data

from recent years with data collected from other sources shows that the

production data is reasonably accurate, as is the data on trade in

paper and paper products. The figures on trade in sawnwood and wood

panels are possibly subject to some measurement error though, because

most trade is recorded by weight and Customs and Excise have to convert

these figures to product volume. However, variability in the

conversion factors they appear to have used is generally less than 5%,

so this inaccuracy may not be very great.

Several sources of information on wood prices in the UK are available,

and these are shown in Table 3.1.4. Again, the United Nations

publishes the largest and most comprehensive set of data on wood and

wood product export and import prices. These can be derived from their

trade statistics which give both the volume and value of trade. They

do not unfortunately give any information about the value of

production. Some production price indices are produced by^the Central

Statistical Office (CSO), for example, the index of home grown round



Figure 3.1.2 Wood and wood products covered in
United Nations production and trade statistics

Note: Shaded boxes represent final products.

Table 3.1.4 Sources of data on UK timber prices

Description of
price series

Source Frequency of
production

First year of
production

Import and export prices
of all major wood products

FAO Every calendar
year

1957

Price index of home-grown
round hardwood

CSO Every calendar
year

1958

Price of FC timber sold

standing split by size
category and country

FC Every 6 months
for the

previous year

1957

Price index of imported
sawn softwood

FC/DTI Every 6 months 1870
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hardwood prices (CSO index number 4610111000). However, many of these

indices do not extend back over many years, are difficult to obtain,

have suffered from many redefinitions in previous years, and are in

some cases based on very limited survey information. Indeed, the CSO

has stopped publishing many of their timber price indices because of a

lack of available information. There are, therefore, very few reliable

sources of information on the domestic production prices of wood and

wood products going back over a reasonably long period of time.

As has been discussed above, it can be argued that because the United

Kingdom is effectively a price-taker in the market for woodland wood

products, the domestic price will closely follow the import price so

that the latter can be used in any economic analysis. This is true for

most wood products, but in the case of roundwood a problem arises in

that imports account for less than 1% of consumption. Not only is this

a small sample, but it is likely to be biased towards species and

grades of timber that cannot be obtained from domestic sources. This

problem led to some difficulties in the estimation of the price-size

relationship that are discussed later.

The Forestry Commission have also published some statistics *on timber

prices. Along with the Department for Trade and Industry, the Forestry

Commission produces an index of imported sawnwood prices that can be

traced back to 1870. This is the only price series which can be used

to examine the long-run trend in timber prices. The most comprehensive

price-series published though, is the record of Forestry Commission

standing sales prices. This has been produced every 6 months since

1957, and gives the prices obtained for standing trees across a range

of tree size categories in the preceding year. An example of the data

w



is shown in Table 3.1.5. Most standing sales are sold competitively,

so this data set gives an accurate record of market prices over the

period. By presenting prices for different size categories, this

information is also useful in that it can be used to show how price

varies with tree size which is important for determining optimal

rotation ages and hence allows the future production of roundwood to be

examined.

A survey of hardwood prices

Very little information is available in the UK about the price of non-

coniferous roundwood. This is because little importance _ has been

placed in the past on collecting non-coniferous roundwood price

statistics due to the market for hardwoods being much smaller than that

for softwoods, and because there are many small-scale producers of

hardwoods making data collection difficult. Import prices of non-

coniferous roundwood are likely to be a very poor indicator of domestic

prices because much of the trade in non-coniferous roundwood is trade

in tropical timber, so a survey was undertaken to get information about

these prices (for greater detail see Whiteman et al, 1991).

The method of survey chosen was to send a postal questionnaire to

growers, woodland managers, harvesting contractors and wood processors

that were known to buy or sell hardwood timber. Addresses were

provided by the three main trade associations: the Timber Growers

Association; the British Timber Merchants Association; and the Home

Timber Merchants Association of Scotland, who gave their support to the

survey and urged their members to supply any available -information.

Information on hardwood sales was also collected from Forestry



Table3.1.5SalescontractsforstandingconiferoustimberfromForestryCommissionareas
1April1986to31March1987 Averagevolume

England

Scotland

Wales

GreatBritain

pertree

Average

Average

Average

Average

incubicmetres
Volume

Totalprice
price

Volume

Totalprice
price

Volume

Totalprice
price

Volume

Totalprice

price

m3

£

£

m3

£

£

m3

£

£

m3

£

£

upto0.074

33,475

235,451

7.03

16,744

101,634

6.07

32,034

232,997

7.27

82,253

570,082

6.93

0.075to0.124

101,898

853,369

8.37

100,895

750,870

7.44

89,414

691,661

7.74

292,207

2,295,900

7.86

0.125to0.174

81,101

966,027

11.91

70,622

621,850

8.81

54,700

613,039

11.21

206,423

2,200,916

10.66

0.175to0.224

39,626

588,680

14.86

41,267

456,109

11.05

20,643

314,683

15.24

101,536

1,359,472

13.39

0.225to0.274

17,967

260,965

14.52

53,663

646,631

12.05

15,307

206,729

13.51

86,937

1,114,325

12.82

0.275to0.424

31,281

588,400

18.81

69,015

896,388

12.99

17,613

361,951

20.55

117,909

1,846,739

15.66

0.425to0.499

6,678

141,641

21.21

20,118

305,272

15.17

3,739

83,800

22.41

30,535

530,713

17.38

0.500to0.599

12,376

267,086

21.58

28,427

497,902

17.52

17,458

424,778

24.33

58,261

1,189,766

20.42

0.600to0.699

14,677

362,050

24.67

23,767

315,520

13.28

3,711

89,500

24.12

42,155

767,070

18.20

0.700to0.799

6,551

138,584

21.15

25,675

433,366

16.88

3,640

89,510

24.59

35,866

661,460

18.44

0.800to0.899

10,209

232,275

22.75

9,585

161,533

16.85

7,777

239,493

30.80

27,571

633,301

22.97

0.900to0.999

2,048

49,810

24.32

2,201

32,200

14.63

2,471

62,563

25.32

6,720

144,573

21.51

1.000andover
10,800

305,660

28.30

20,086

373,406

18.59

9,641

248,326

25.76

40,527

927,392

22.88

Total

368,687

4,989,998

13.53

482,065

5,592,681

11.60

278,148

3,659,030

13.15

1,128,900
14,241,709
12.62

t
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Commission offices. The total sample size was 1,005 individuals and

companies.

The response to the survey is shown in Table 3.1.6. About 23% of the

sample responded to the survey. Of these, about 42% replied but could

not supply any information on non-coniferous roundwood prices, 37%

provided usable data, and 21% provided returns that were unusable,

mainly because of a few missing pieces of data. A follow-up survey by

post and telephone collected enough information to make 40% of the

unusable returns at least partly usable and at the end of the survey,

110 returns (10% of the sample) provided information about _854 sales

and 270 purchases of non-coniferous roundwood. This gave sufficient

information about price, tree size, species, quality, location, and

point of sale, to allow a detailed analysis of non-coniferous roundwood

prices to be undertaken (the results of this analysis are reported in

the next section).

Conclusions

This section has discussed the sources of data available for the

production, consumption and prices of wood and wood products'. It has

shown that these data sources are reasonably accurate, but also that

most of them do not extend back over a long period of time. It has

argued that domestic roundwood prices are determined competitively and

that for most products, domestic prices closely follow import prices

such that these can be used in supply and demand analysis. It also

briefly discussed a survey that was used to collect data on non-

coniferous roundwood prices. -<



Table 3.1.6 Responses to the survey of non-coniferous

roundwood prices

Number of questionnaires sent and returned

Type of response Destination of questionnaires
Growers, managers and
harvesting contractors

Wood processing
industry

Total

Numer of questionnaires
sent 718 287 1,005

Initial survev response
(Dec 1988 -Mar 1989)

No sales

Usable returns

Unusable returns

83

63
46

12

20

2

95

83

48

Total 192 34. 226

Follow-up survev response

(Mar - Mav 1989)

Usable returns

Unusable returns

17

15

2

0

19

15

Total 32 2 34

Late returns (all usable) 8 0 8

Total number of
usable returns 88 22 110

'1M-



3.2 THE PRICE-SIZE RELATIONSHIP

Chapter 2 discussed the importance of the price-size relationship to

the process of forecasting future timber supply. Because of

differences between the way softwoods and hardwoods are used it is

necessary to model the price-size relationship for these two

commodities separately. This section discusses modelling work that was

carried out to improve the estimation of these relationships and

compares the results to the relationships that were used to set crop

rotation ages in previous supply forecasting exercises.

The price-size relationship for conifers

Chapter 2 discussed previous attempts to estimate the price-size

relationship for conifers, and pointed out problems with the approaches

that have been taken in the past. In order to try to improve on these

earlier models, the same data (see Table 3.1.5 for an example) was

taken and converted to real prices (using the GDP deflator - Central

Statistical Office, 1992) as before but was analysed in a totally

different way. The price-size relationship is a cross-sectional

relationship which has probably changed over time. "So, as an

alternative to the log-linear specification of the price-size

relationship used in 1985, 1989 and 1992, a model was constructed using

product prices over time rather than tree size as the main explanatory

variable. This had the effect of changing the analysis from being one

primarily concerned with estimating the cross - sectional relationship to

one concerned with modelling the time series element within the data

and removed the need for having a large number of dummy variables for

individual years within the model.
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To do this, a function was first estimated to convert tree size into

product mix, so that a composite product price could be calculated for

any tree size from data on sawlog and pulpwood prices in each year.

Figure 3.2.1 shows the relationship between average tree size and the

proportion of the volume from a typical crop that would be large enough

to sell as sawlogs (from Edwards and Christie, 1981). For the purpose

of this exercise, a sawlog was defined as having a minimum top diameter

of 18 cm overbark, although logs as small as 12 cm overbark can be sawn

for some purposes. A first attempt at estimating this relationship

used a series of polynomial functions relating the proportion of

sawlogs to tree size, and found that a fifth degree polynomial gave a

curve with a shape closest to what was expected. The results of this

are shown in Table 3.2.1. This function was unsatisfactory however, in

that it would only work with tree sizes less than 1 m3, and displayed

an unusual kink in the relationship at tree sizes of 0.7-0.9 m3. After

trying several other specifications, it was found that a modification

to the Gompertz curve resulted in a closer fit to the data that could

be used to much higher tree sizes and had the expected shape over its

entire length. This is also shown in Table 3.2.1 and for comparison,

both curves are shown with the original data points in Figure 3.2.1.

This was used along with the FAO series of UK imported pulpwood and

sawlog prices to create a composite product price for each of the tree

sizes and years in the data set, and the price-size relationship was

then specified as:

Pjkl = a + bDj + cjMki + dVjkl + eT + fT^ (Equation 3.2.1)

Where Pjkl equals the real price paid for standing timber in country j,

1%



Table 3.2.1 Alternative models of the relationshio between average tree
size and the orooortion of sawloqs produced from a croo

Dependent variable: Proportion of logs over 18cm top diameter OB

Polynomial function: P = a+b(S)+c(SA2)+d(SA3)+e(SA4)+f(SA5)

Variable Coefficient T-statistic

Constant -0.0004 0.91
Size -0.6432 -2.68
SizeA2 18.3395 11.15

SizeA3 -47.4830 -10.90
SizeA4 47.5509 9.74

SizeA5 -16.8644 -8.68

Adjusted R2 0.9800

Modified gompertz function: P = a.(bA(cA(LnS+d)))

Parameter Value T-statistic

a 0.994 342.56

b 0.001 6.49

c 0.218 53.42

d 2.755 124.78

Adjusted R2 0.9997

Note: P = proportion of logs, S = average tree size,
and A denotes raising to a power. Number of observations = 22.
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Figure 3.2.1 Two aiternative models to estimate
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size category k and year 1; Dj is a country dummy; Mkp is the composite
product price for size category k, in year 1; Vjkq is the total volume
sold in country j, size category k and year 1; and T is a time trend

starting from zero in 1957-58. The variable Mkp was constructed as:

Where Pk is the proportion of sawlogs that can be obtained from a

parcel in size category k(using the relationship shown in Table 3.2.1);

and SLGp and PWDp are the UK sawlog and pulpwood import prices

respectively in year 1. This model was estimated over the period 1957-

1988 using ordinary least squares (OLS) regression, and the results are

shown in Table 3.2.2.

The composite measure of product prices was significant for all three

countries, and the two country dummies were insignificant (probably

because most of the difference between prices in each of the countries

was captured in the different coefficients on the composite product

price). Total volume sold had an insignificant negative coefficient,

and the coefficients on the time trends were significant and indicated

a positive but decelerating trend (as might be expect-ed- if this

reflected technological change). The goodness of fit of the model was

quite low however, with only 41% of the variability in prices being

explained by the model.

The poor explanatory power of the model can be attributed to the large

degree of price variability within size categories between years (which

can not be helped) and to the quality of the data on, sawlog and

pulpwood import prices (which can be improved upon). Figure 3 . 2 . 2 shows

Mkl = Pk(SLGx) + (1-Pk)(PWDp) (Equation 3.1.2)



Table 3.2.2 Results of the estimation of the orice-size relationship using
a composite measure of UK import prices as an explanatory variable

Dependent variable: Real price of standing timber (at 1985 prices)

Variable Using data over 1957-1988 Using data over 1980-198
Coefficient T-statistic Coefficient T-statistic

Constant 4.74 5.50 134.90 9.77

Composite UK price (Mjkl) in England 0.18 16.07 0.16 29.87

Composite UK price (Mjkl) in Wales 0.19 16.72 0.19 37.09

Composite UK price (Mjkl) in Scotland 0.15 13.36 0.11 18.94

Country dummy (Dj) Wales -1.12 -1.04 -3.30 -6.03

Country dummy (Dj) Scotland -1.27 -1.18 -0.79 -1.38
Volume sold (Vjkl) -0.000013 -1.82 -0.00000005 -0.01
Time trend (T) 0.18 2.78 -10.66 -10.09

Time trend (Tz) -0.01 -5.65 0.21 10.46

Adjusted R2 0.406 0.912

Number of observations 1358 384

Figure 3.2.2 UK coniferous sawlog and pulpwood
import prices from 1957 to 1988



the UK import price of sawlogs and pulpwood over the period and it can

be seen that the series are both very variable and sometimes cross

over, which would not be expected to happen at all. There was some

evidence from the price-size data itself that pulpwood and sawlog

prices were probably relatively closer together at the start of the

period (ie the relationship appeared to be much flatter) , but due to a

combination of measurement error, rounding and bias in the data set, it

was suspected that the data on UK import prices was not very accurate

and might have been a major reason for the poor explanatory power of

the model. For example, the model was re-estimated over the period

1980-88 when sawlog and pulpwood import prices were widely divergent

(as would be expected) , and it gave similar estimates to the first

model (also shown in Table 3.2.2) of all the coefficients except the

constant and time trend, but a much higher goodness of fit of 91%.

To overcome this problem with the data, a further model was constructed

using European sawlog and pulpwood import prices (see Figure 3.2.3)

rather than their UK equivalents. Although these were still based on

a relatively small sample (compared to total European production), they

were based on much larger volumes of trade in absolute terms because

there is quite a large amount of trade in roundwood within S-candinavian

and central European countries (Germany, Austria and Switzerland).

They also looked much closer to what little was known about domestic

sawlog and pulpwood prices in recent years, and exhibited the

differential between prices that would be expected, so it appeared that

they would be a much better data set on which to base the model.

The results of the model estimated over the period 1961-1988 (a shorter

period in this case because the European import price series could not



be constructed back to 1957) are shown in Table 3.2.3. The coefficients

on the average measure of product prices were significant and much

larger, because of the lower (and more realistic) figures for sawlog

and pulpwood prices. Again, the country dummies were insignificant and

the trend variables were significant and had the same signs as before

but the goodness of fit, as measured by the adjusted R2 statistic, was

higher (65%) , indicating a better fit to the data than the earlier

model. However, in this model the coefficient on volume sold took on

a significant positive value.

The presence of a significant positive coefficient on the total volume

sold term was quite interesting. This suggested that standing sales

were price responsive but this contrasted with later research that

showed that total Forestry Commission production was quite price

inelastic (see Section 3.4). The most plausible explanation for this

result was that because standing timber is generally more difficult to

sell than felled and sorted timber, periods of higher prices are used

to sell timber in this way (which is also easier to handle from the

point of view of the forest manager) whereas in periods of low prices,

the forest manager has to rely on his own (often limited) resources to

meet production targets. * ~

Figure 3.2.4 shows long-run the price-size relationship estimated from

this model based on the average European sawlog and pulpwood import

prices over the period 1961-88, with the trend variables set to 30

(their value in 1988) and the total volume sold set to the average for

each size category over the period. The model improved on the previous

attempt at modelling the price-size relationship because for large tree

sizes the relationship levelled off without adjustment due to the



Table 3.2.3 Results of the estimation of the Drice-size relationshio usinq
a composite measure of European import prices as an explanatory variable

Dependent variable: Real price of standing timber 1961 -88 (at 1985 prices)

Variable Coefficient T-statistic

Constant -18.34 -15.51

Composite European price (Mjkl) in England 0.74 27.73

Composite European price (Mjkl) in Wales 0.70 26.42

Composite European price (Mjkl) in Scotland 0.69 26.19

Country dummy (Dj) Wales 0.86 0.64

Country dummy (Dj) Scotland -2.02 -1.51

Volume sold (Vjkl) 0.000018 3.08
Time trend (T) 0.55 6.62
Time trend (T2) -0.01 -4.04

Adjusted R2 0.651
Number of observations 1212

Figure 3.2.3 European coniferous sawlog and
pulpwood import prices from 1961 to 1988

V £120
(D
U

■st"
cn
\
n
en
CT)

ro

E

<L>
CL

<U

1—

CL

100 -

80 -

60

40

20

Sawlogs

Pulpwood

1960 1965 1970 1975 1980 1985

Year

ISZ



Table 3.2.4 The relationshio between averaqe tree

size and harvesting time for thinned croDs

Dependent variable: Harvesting time in minutes to harvest 1 cubic metre of timber

Log-linear relationship: LnT = a + bLnS

Variable Value T-statistic

Constant 2.511 1498.48

Log size -0.678 -371.18

Adjusted R2 0.9993
Number of observations 27

Figure 3.2.4 The long-run price size
relationship calculated using average European
sawlog and pulpwood prices over 1961-1988
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specification of the composite product price function. It was no

better however, at fitting the price data at small tree sizes than the

previous attempt. It was suspected that this might be due to three

factors:

1. The data set was biased in small tree size categories. This

was because although a priori it was known that some parcels

of small sized timber would cost more to harvest than the

timber was worth, leading to negative prices, the data did

not contain any negative prices (probably because such

parcels would either have been harvested by the Forestry

Commission's own workforce or left until they had grown to a

marketable size before being auctioned).

2. The specification restricted the standing price to being a

proportion of the composite measure of product prices. It is

known that harvesting cost increases as tree size falls, but

this specification implicitly reduced the harvesting cost (ie

the difference between standing and product prices) as tree

size falls, resulting therefore in the opposite effect to

what is expected in reality.

3. The trend variables may also have been be mis-specified in

the model. Product prices fell over the period, while

standing sales prices remained about the same on average,

giving rise to the positive time trend recorded in the model,

This was thought of as reflecting increased productivity due

to technological change in harvesting over time. It would be

more accurate to apply such trend variables to a harvesting

cost variable (which is missing from the model - point 2.

above), rather than insert them directly as -linear price

trend in the model.



Nothing could be done about point 1. above, but it was decided that

further analysis incorporating a harvesting cost variable would

probably improve the model, so the following two specifications were

considered to take this into account:

1. It is known that harvesting cost is a function of tree size,

so various functions of tree size could be added to the model

to try to capture this effect.

2. Data was available from work-study information about the time

it takes to harvest trees of different sizes. Because labour

and machinery tend to be charged by the hour, time is the

largest factor affecting harvesting cost, so this could be

added directly to the model as a further independent variable

to act as a proxy for harvesting cost.

Figure 2.1.1 showed the effect of tree size on harvesting times (for a

given technology - in this case, motor-manual harvesting - if more than

one technology can be used this relationship would be even more

pronounced) , and it was found that this could best be modelled as a

log-linear relationship (see Table 3.2.4). This suggested that it

would not be possible to make the first modification to the

specification because it is not possible to mix variables in linear and

log-linear forms together in a single linear model (a model was tried

anyway with size and size2 added as independent variables but neither

of these variables turned out to be significant). It did however,

enable harvesting time to be estimated for each size category and be

added to the original specification as suggested in the second

modification above, such that the following model could be estimated:

Pjkl = a + bDjt + CjMkT + dVjkl eT + fT2 + gHT (Equation 3.2.3)



where HT is the estimated harvesting time multiplied by the time

trend T. Again, the country dummy variables were not significant so

they were dropped from the model and the results of this estimation are

shown in Table 3.2.5. Variants of the model were also estimated with

H, HT and HT2 added to the model, and H, HT and HT2 added in place of

T and T2 , but the specification shown in Table 3.2.5 gave the best

results (in terms of coefficient significance and goodness of fit).

The results showed that the trended harvesting cost variable was

significant and had the expected negative sign (ie as harvesting cost

increased, standing prices fell). Inclusion of this variable also

reduced the coefficient and significance of the volume variable

(probably reflecting the collinearity between these variables) although

the latter remained significant and was therefore, kept in the model.

Most of the other variables became more significant in the model when

this variable was added (and the two country dummies dropped).

However, the goodness of fit of the model increased only marginally

from 65.1% to 65.2%.

A price-size relationship for the whole of Britain was calculated as

the weighted (by volume) average of the three country relationships

estimated using this model and is shown in Figure 3.2.5 along with the

previous price-size relationship. This was calculated as before, by

setting the trend variables to their most recent value and using the

average volume sold in each size category over the period.

The inclusion of the harvesting cost variable reduced slightly the

price-size relationship at small tree sizes but still did-not drive it

through the marginal tree size because of the bias in the data set



Table 3.2.5 Results of the estimation of the Drice-size relationship
with a variable added to reflect harvesting costs

Dependent variable: Real price of standing timber 1961-88 (at 1985 prices)

Variable Coefficient T-statistic

Constant

Composite European price (Mjkl) in England
Composite European price (Mjkl) in Wales
Composite European price (Mjkl) in Scotland
Volume sold (Vjkl)
Harvesting cost trend (HT)
Time trend (T)
Time trend (T2)

16.69

0.70
0.69

0.60

0.000014

-0.000973

0.60

-0.01

-15.36

30.37
29.52

26.64
2.27

-3.19
7.17

-4.44

Adjusted R2 0.652

Figure 3.2.5 The long-run price size
relationship calculated using average European
roundwood prices and a harvesting cost variable
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outlined in point 1 above. While this failure of the new relationship

meant that some ad hoc adjustment would still be required at the lower

end of the relationship (as before), at large tree sizes the relation¬

ship levelled off as would be expected without any adjustment. This is

the part of the relationship which is crucial for the setting of

rotation ages and, therefore, the determination of the supply forecast.

So, in as much as it was now based on the data rather than ad hoc

adjustment, it was an improvement on earlier models.

The model was also more parsimonious than earlier models (requiring

only 8 variables instead of the 27 used previously) and had a

reasonably high R2 . The R2 statistics between this and previous models

are not strictly comparable because previous models used logged

variables but taking this into account, the R2 of 65% was broadly

comparable to the R2 of 85% in earlier models because models using

logged variables tend to have higher R2 statistics than comparable

models using untransformed data. The most interesting feature of the

new relationship however was the different shape of the relationship

that arose as a result of using the product assortment function rather

than the log-linear specification. As it is the shape rather than the

level of the price-size relationship which affects rotation'age, it was

suspected that using this relationship would have a significant effect

on rotation ages which would therefore affect the supply forecast.

This is examined in more detail later in this chapter.



The price-size relationship for broadleaves

Two features separate the markets for domestic coniferous and non-

coniferous roundwood which makes estimating the price-size relation¬

ship for broadleaves rather more difficult than estimating the

relationship for conifers. Firstly, conifers usually grow in fairly

homogeneous stands with little overall variation in tree quality.

Because of this, coniferous roundwood is nearly always marketed by the

stand, taking into account species, tree size and harvesting cost.

Although information about species was not available for the conifer

price-size modelling work this made the estimation of the price-size

relationship relatively simple. In contrast, broadleaved stands often

contain a wide variety of quality between individual tree stems. This,

combined with the greater variation in price between different species,

which will often go to different end uses, makes modelling the price-

size relationship more difficult. This variation is most noticeable in

mature stands of broadleaves, and is accentuated because of the small

specialist markets for high quality roundwood.

The second way in which markets differ is the much greater range of

products made out of non-coniferous roundwood. Good quality'logs can

be used for high value products such as veneer sheets or furniture,

others may be good enough for sawing into planks and joinery products.

Lower grades may only be useful for pallet or fencing manufacturing,

and the lowest will only be suitable for pulping or firewood. Users

often get around this problem by buying parcels and selling them on to

other users. So, for example, it is not uncommon for a sawmiller to

buy a parcel and sell the best logs for veneer manufacturing and the

lower quality logs to fencing manufacturers or firewood merchants.



This variability makes it however, impossible to model non-coniferous

roundwood prices in the way outlined previously for conifers as a

function of product prices, and because of this, the modelling had to

fall back to relying on a simpler specification of price as a function

of tree size (as was originally done for conifers).

As was mentioned in Section 3.1, very little price data exists for

domestically produced hardwoods other than one price index collected

annually by the CSO, so a survey was undertaken during 1988/89 to

collect information on hardwood prices from the Forestry Commission,

private growers, timber merchants, and wood processors. Along with

information about prices and tree sizes, this also collected data on

date of sale, species, location, point of sale, and ease of harvesting

as well as some information about timber quality. Most of the data

collected related to the period 1983-88.

A similar regression model to that used originally for conifers was

constructed using a log-linear specification, and the effect of other

variables was taken into account by adding dummy variables to the

model. The basic model was specified as:

LnPj = a + bLnS + cjDlj (Equation 3.2.4)

where Pj equals the real price paid for the timber, S is the average

tree size in cubic metres and Dlj is a set of 4 location dummy
variables. The data set also however supplied complete information

about tree species, the point of sale and ease of harvesting. As this

data was available, and these variables are likely to ^affect the
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prices paid for timber, the model was expanded to include them as

follows:

LnPj = a + bLnS + cjDlj + dmD2m + enD3n + fpD4p (Equation 3.2.5)

where D2m is a set of 8 species dummy variables, D3n a set of 3 dummy

variables representing point of sale and D4p a set of 3 dummy variables

representing ease of harvesting. These were set up so that each of the

dummy variables represented a change from the most common type of crop

found in the survey which was a crop of mixed/other broadleaves in East

England, sold standing, with no data provided about whether the sale

was a clear felling, thinning or windblow clearance.

A problem encountered in the data set was the variety of units used to

measure tree size. Non-coniferous roundwood sales are still mainly

conducted in imperial measures and hoppus feet, true cubic feet, and

imperial length and quarter girth were the main measurement units

recorded in the survey. These were all converted to cubic metres,

which is the unit used in the models of tree growth used for supply

forecasting. A more serious problem, however, was the large number of

records giving tree size as tree diameter at breast height '(or dbh)

rather than tree volume. A mensurational function existed to convert

dbh to tree volume, but this came from a small sample of Forestry

Commission plots and appeared to over-estimate volumes judging by the

records in the survey where both measures were supplied (see

Figure 3.2.6). To overcome this, the following relationship was

estimated from the survey data:

LnS = a + bOAK + cBEECH + dLnDBH (Equation 3.2.6)



Figure3.2.6therelationshipbetweenmeantree volumeanddiameteratbreastheightestimated fromFCsampleplotdataandsurveyresults
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and the coefficients were estimated to be:

LnS = -6.957 - 0.324 OAK - 0.298 BEECH + 1.880 LnDBH

(-35.11) (-4.64) (-4.29) (33.96)

number of observations = 174

adjusted R2 = 0.878

t - statistics shown in parentheses

where OAK and BEECH are dummy variables for these species and DBH is

the diameter at breast height in centimetres. This function was used

to estimate tree size where only dbh figures were given, and a further

dummy variable (TRUE) was added to the specification of the price-size

relationship where records contained measures of tree volume rather

than estimates produced using the above function.

Similarly to the data for conifers, the price data for broadleaves

contained a time element as well as a size element. Market conditions

in any particular year will be reflected in high or low prices for that

year across all tree sizes, so this had to be taken into account in the

specification of the model. This could be done by adding further dummy

variables for each year to the model but, as it was argued'earlier,

this is not a very good specification because it would be more

efficient to use a single variable reflecting market conditions in each

year. The obvious variable to do this would be the index of homegrown

round hardwood prices so this was incorporated into the model on the

left hand side by deflating the prices in the sample by this index

rather than a general price index such as the GDP deflator. This, in

effect, was the same as adding the variable to the right hapd side and

restricting its value to one, and seemed a reasonable way to remove the



historical changes to the data so that the cross - sectional element

could be estimated.

The full model was estimated using OLS linear regression, but the model

was very large, containing 19 dummy variables (in addition to tree

size) reflecting all the different species, locations, points of sale,

and harvesting situations encountered in the data. Many of these were

insignificant at the 5% level, so they were removed from the model to

obtain a more parsimonious specification. Three final models were

selected after this process and they are shown in Table 3.2.6. The

adjusted R2 for all of these models was quite low due to the

considerable variability within the data set (caused by the model's

inability to capture all the relevant factors that might affect

prices).

The first model is the more general and did not include a variable to

account for lower prices generally obtained from thinnings or any

species variation. It was therefore similar to the model for conifers,

where sales from thinnings could not be identified separately in the

data. The presence of a significant difference between prices from

thinnings and other sales is shown in the second model -where they

appear to be approximately 25% lower than other sales, probably due to

the higher cost of harvesting thinnings. Two interesting points arose

in the interpretation of this result:

1. The presence of a significant difference between thinnings

and other fellings would be more likely in an analysis of

non-coniferous than coniferous roundwood sales- because the

much slower rates of growth and generally much longer



Table 3.2.6 Regression results for the estimation of the price-size relationship for broadleaves

Dependent variable (854 observations): Real price per m3 (deflated using the CSO homegrown hardwood log index)

Variable Price-size relationship Price-size relationship Price-size relationship
including thinning dum without thinning dummy including all variables

with a sample size >15
Coefficient T-statistic Coefficient T-statistic Coefficient T-statistic

Constant 2.33 33.80 2.24 33.25 2.44 33.27

Logarithm of tree volume 0.43 17.99 0.47 20.72 0.44 17.93

True volume dummy -0.32 -5.66 -0.35 -6.17 -0.29 -4.76
Ash dummy 0.41 5.01 0.42 5.04 0.35 4.04

Beech dummy 0.17 2.73 0.13 2.01 0.10 1.56

Oak dummy 0.38 6.33 0.40 6.71 0.33 5.11

Poplar dummy -0.46 -3.07 -0.48 -3.18 -0.44 -2.95

Sweet chestnut dummy 0.29 1.98 0.27 1.79 0.27 1.78

Roadside sale dummy 0.12 2.20 0.20 3.90 0.12 1.87

Delivered sale dummy 0.41 4.22 0.46 4.62 0.46 4.46

Thinning dummy -0.27 -4.90 - - -0.35 -5.12

Sycamore dummy - - - - -0.16 -1.66

Windthrow dummy - - - - -0.34 -2.79

Clearfell dummy - - - - -0.16 -2.35

Felled at stump dummy - - - - 0.11 1.09

Scotland dummy - - - - 0.01 0.10

Wales dummy - - - - -0.19 -1.47

Adjusted R2 0.45 0.43 0.46

DW statistic (data ordered by date) 1.96 1.95 1.96

DW statistic (data ordered by tree size) 1.59 1.64 1.50
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rotation ages of broadleaved crops have the effect of causing

considerable overlap, in terms of tree size, between thinning

and clear felling. The former often results in clear felling

of small trees while the latter results in thinnings

continuing for a long period of time such that quite large

trees may be cut in thinning operations. This is in contrast

to conifers where generally thinnings are small and clear

fellings large such that any difference in harvesting costs

can be adequately captured by varieties related to tree size

such as the harvesting cost and product price variables

discussed earlier.

2. The concepts of a thinning or clear felling often break down

in broadleaved stands because many of the silvicultural

systems employed in such woods require clear felling of small

areas within a wood or no clear felling at all but a

perpetual series of "thinnings". It is therefore much more

difficult to specify whether an operation is a thinning of

clear felling, and this was reflected in the data set where

many records in the data could not specify what sort of

harvesting operation the timber came from.

The third model shows the effect of significant species groups on

timber prices. The supply forecasting model used in Britain identifies

production from thinnings separately, but the presence of lower prices

for thinnings is more an issue for crop valuation than for setting

rotation ages so it was decided to use the first model for supply

forecasting purposes.

The final part of the exercise was to generate a price-size curve for
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broadleaves in the long-run. Again, the view was taken that it would

be expected that real prices would remain constant on average in the

long run and evidence to support this was provided by the homegrown

hardwood log index which showed no overall trend upwards or downwards

over the period 1958-89 (see Figure 3.2.7). The average real value of

the index was therefore calculated and used to generate the long-run

curves shown in Figure 3.2.8 (the figure shows the curves for several

species as well as the general curve for mixed/other broadleaves which

was similar to the curve for the whole of the sample).

These curves were generated only for standing sales prices because this

is the basis on which rotation ages are set. They also included the

correction for volume measurement error represented by the variable

TRUE. The variable TRUE had a significant coefficient of -0.32

indicating that the price size relationship estimated from stated

measures of volume was on average 28% lower than that estimated for

volumes calculated using the Equation 3.2.6. The fact that this was

negative suggested that ceteris paribus this function under-estimated

volumes and inflated the price-size relationship for this part of the

data indicating that something more like the original function derived

from Forestry Commission sample plots would have been possibly'a better

function to use even though it did not appear to fit the data collected

in the sample very well. The most plausible explanation for this

discrepancy was that where respondents had given both DBH and volume

they had given merchantable volume rather than total tree volume. This

would explain why the points mainly fell below the function estimated

from Forestry Commission data and further highlighted the variability

in measurement conventions used in broadleaved crops which made this

exercise so difficult. It was also decided not to adjust the upper and



Table 3.2.7 The effect of tree aualitv on price: results from the survey

and some likely scenarios for other sorts of planting

Quality class of timber Distribution Multiplier Likely quality assortments from
of quality to the a variety of planting situations
in sample price-size Very Poor Good Very

curve poor Good

Fuelwood, pulpwood, boardwood, stakes 29% 0.64 100% 50% 25% 10%

Poles for refinery and turnery 1% 1.08

Packaging, fencing, mining and pallet wood 46% 0.70 50% 25% 20%

Second quality sawlogs 10% 1.35 25% 30%

First quality sawlogs 13% 2.19 25% 30%

Veneer logs 1% 5.48 10%

Average multiplier to the price-size curve 1.00 0.64 0.67 1.22 1.72

Figure 3.2.8 The price-size relationship for
different species of broadleaves
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lower ends of the curve because no data was available on which to base

such adjustments, so the unadjusted general broadleaf relationship was

used to set optimal rotation ages.

One of the most significant factors that could not be included in the

analysis of the price-size relationship (due to incomplete data) was

the influence of tree quality on prices. It was suspected that quality

was partly taken into account by the size variable because larger trees

have the potential to contain a larger proportion of timber suitable

for high value uses such as sawing, furniture making and peeling for

veneer. However timber quality is also a reflection of other factors

such as the amount of branching, shake (where splits occur in the

centre of the tree due to internal stresses), straightness of the log,

colour and clarity of the timber, attractiveness of the grain, and

strength, and faults in any of these areas can be found in large as

well as small trees which reduce the value of the timber.

Data on timber quality was requested in the survey by asking

respondents to apportion the volumes of each sale which went to the

following markets:

1. Fuelwood, pulpwood, stakes and board making.

2. Refinery and turning production.

3 Packaging, fencing, mining timber and pallet making.

4. Second quality sawlogs.

5. First quality sawlogs.

6. Veneer production.

Out of the total of 854 records, only 162 provided adequate information



about wood quality which did not allow this factor to be examined in

the main part of the analysis. This sample was, however, large enough

to perform a separate analysis and arrive at some conclusions about the

effect of quality on timber prices.

About half of the volume sold in this sample was in class 3, a quarter

in class 1 and the most of the rest in classes 4 and 5 (see

Table 3.2.7). Cross - tabulation of tree size and quality class

confirmed earlier suspicions, that small trees tended to be restricted

to lower quality classes while large trees resulted in sales in all the

classes (except class 2 which accounted for less than 1% of all volumes

anyway). To take out the effect of tree size, species, point of sale

and ease of harvesting in the data therefore, the price for each sale

in each class was divided by the price predicted by the price-size

relationship, to give a series of multipliers for each of the quality

classes, the averages of which are also shown in Table 3.2.7.

Interestingly, the average of these multipliers, weighted by the volume

in each quality class, turned out to equal one, suggesting that the

distribution of quality in the smaller sample was similar to the

quality of timber in the sample as a whole. The results also showed

that quality could have a large impact on prices, and the* absence of

this data for the sample as a whole could partly have accounted for the

low adjusted R2 for the model of the price-size relationship.

The effect of the new price-size relationships on rotation ages

Previous supply forecasts assumed that the price-size relationship for

broadleaves would be the same as the price-size relationship estimated

for conifers in England and Wales. The timing of the estimation of the



model for broadleaves was such that it could be incorporated into the

1991 supply forecast (unlike the case for conifers where the old log-

linear price-size relationship was used rather than the new

specification). A comparison of rotation ages for both types of crop

between these set using the new price-size relationships and those set

using the old relationships is given in Table 3.2.8.

The top half of the table shows the ages that were actually used in the

supply forecast (ie using the old price-size relationship to set

rotation ages for conifers and the new one for broadleaves) and the

alternatives are shown in the bottom half. The new price-size

relationship for broadleaves had the effect of shortening rotation ages

by 1-2 years on average, and this was incorporated into the 1991 supply

forecast. The new price-size relationship for conifers also shortened

rotation ages by 3 years on average and, although this was not

incorporated into the supply forecast originally made in 1991, the

forecast was re-run using these rotation ages and the effect they would

have on the supply forecast is presented later in this chapter. This

effect varied across yield classes because the change in slope of the

price-size relationship affected faster growing crops by more (ie they

reached the point at which the relationship started to level-off much

sooner). In the case of broadleaves, the converse was true because the

new price-size relationship was much less curved than the old one,

leading to less variation in rotation ages between yield classes than

had occurred before.



Table 3.2.8 optimal rotation ages used to generate timber supply forecasts

Age set to maximise discounted revenues at 5%

Crop and Rotation ages used in the 1991 supply forecast
yield class

Scots Corsican Lodgepole Sitka Norway Jap. Douglas Eur. Grand Noble Western Red Oak Beech Syc.
pine pine pine spruce spruce larch fir larch fir fir hemlock Cedar Ash &

Birch

Thinned crops
4 77 64 57 58 68 79 49

6 74 64 63 64 75 56 56 64 73 49

8 69 63 62 63 71 54 62 53 62 69 49

10 63 60 59 59 66 50 57 48 65 67 49

12 58 56 54 56 61 46 53 44 56 63 63 65 48

14 53 53 49 52 56 43 48 53 61 59 62

16 49 49 53 46 50 58 54 58

18 46 46 51 45 48 54 51 56

20 45 44 49 44 46 52 48 52

22 43 49 44 45 49 46 50

24 42 44 44 44 48

26 44

28 44

30 44

Unthinned crops
4

6

71

65 58

64

53 58 66

51

46

53

51

8 61 53 50 56 62 44 56 48

10 57 51 47 54 59 43 54 43 60

12 55 48 45 52 57 41 52 39 51 58 58 60

14 53 47 44 50 55 41 50 48 56 54 57

16 46 49 53 47 45 53 49 53

18 45 47 50 45 43 49 46 51

20 44 45 48 42 41 47 43 47

22 43 46 40 40 44 41 45

24 40 39 39 39 43

Rotation ages calculated using alternative price size relationships

Thinned crops
4 75 61 57 56 75 86 55

6 68 63 61 62 71 53 52 70 79 51

8 63 57 55 58 64 49 57 48 61 70 49

10 59 54 52 55 60 46 53 46 60 62 44

12 55 51 49 52 57 45 51 44 51 57 58 58 42

14 54 49 49 51 54 44 49 50 55 53 55

16 48 49 53 48 48 53 51 53

18 47 47 52 47 48 51 49 51

20 47 46 51 46 47 50 48 50

22 45 51 46 46 49 47 49

24 44 45 46 45 48

26 45

28 45

30 45 • -

Unthinned crops
4 67 55 46 46

6

8

52

57

57

51

53

49

57

53

65

58

44

42 54

44

42

10 52 48 45 51 55 40 50 38 55

12 47 45 42 47 51 38 47 36 46 52 53 53

14 44 43 39 45 48 36 43 45 50 48 50

16 40 43 46 41 43 48 46 48

18 39 41 44 39 43 46 44 46

20 37 39 42 38 42 45 43 45

22 38 41 37 41 44 42 44

24 36 36 41 40 43
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Conclusions

This section has discussed the modelling of the price-size relationship

for conifers and broadleaves undertaken as part of this research. In

the case of conifers, it has argued that a more appropriate way to

model the price-size relationship would be to model prices as a

function of product prices rather than as a function of tree size.

This enables the relationship to take into account market conditions

directly from data on roundwood prices rather than by the crude use of

dummy variables for each year over the period. It also introduces a

theoretical foundation for the shape of the curve which has not been

present in earlier models, and the change in the shape of the relation¬

ship that arises as a result of this was shown to have a small but

significant effect on optimal rotation ages.

The model of the price-size relationship for broadleaves presented in

this work is the result of the first econometric attempt at modelling

non-coniferous roundwood prices in Britain. The model highlights the

main factors influencing non-coniferous roundwood prices and is also

used to generate optimal rotation ages for broadleaves. A major factor

which could not be accommodated in the model was tree quality, but

further analysis gave some indication of the effect this might have on

timber prices.

Both of these models are used later in this chapter when the roundwood

supply forecast is discussed in greater detail.



3.3 LONG-RUN TRENDS IN TIMBER PRICES

The long-run trend in timber prices is important because it affects the

optimal rotation age of forest crops. Figure 2.1.5 showed the effect

of upward and downward trends in timber prices on rotation ages where

these are set to maximise discounted timber revenues. Three

alternative approaches were taken to examine the long-run trend in

timber prices in order to arrive at a view about the future.

1. Statistics on wood production, consumption and forest stocks

were examined to see if they could give any indication of

resource depletion that might lead to future supply shortages

and consequential price increases. Although this was not

done in as complete a fashion as has been attempted by others

in this field (see Chapter 2) , examination of the figures did

provide supporting evidence to complement the other

approaches that were undertaken.

2. A time-series model was constructed using the longest series

of timber price data available in the United Kingdom. This

examined a range of possible trends to see if any could be

found that might reasonably be expected to continue into the

future.

3. Data on forest planting and management costs from around the

world were collected to see if the transition from

exploitation to management of forests would be likely to

place any upward pressure on prices in the future.

This section reports on the results of each of these approaches and

finishes with an overall conclusion about the long-run trend in timber

prices.



Changes in wood production and consumption

Table 3.3.1 shows the level of coniferous roundwood production from the

world's major producer countries since 1971. About 70% of world

production comes from the large forest areas of 5 countries: United

States of America, Canada, Finland, Sweden and the former Soviet Union.

A further 10% comes from forests in the rest of the developed world and

forests in developing countries account for the rest of world

production. The table shows that total production has increased by

about 200 million m3 or 20% over the period. About half of this has

come from increases in production in the developed world (mostly from

the 5 countries identified above) and half from increases in production

from the developing world, a large part of which is as a result of

recently planted coniferous plantation coming to a harvestable age.

Table 3.3.2 shows figures for world consumption over the same period.

It can be seen that current consumption follows a similar pattern to

production, with the developed world accounting for about 80% of

consumption. However, the balance between production and consumption

has shifted over the period. Developing countries used to be net

exporters, exporting about half of their production to developed

countries, but between 1981 and 1986, consumption increased such that

they now consume slightly more than they produce (most of this trade is

from the former USSR and USA to China and Korea).

The figures for non-coniferous roundwood show similar trends

(Tables 3.3.3 and 3.3.4). Total production has increased by about 650

million m3 or 50% over the period. About three-quarters of this

increase has come from developing countries, although the total



Table 3.3.1 Coniferous roundwood Droduction

in million cubic metres underbark

1971 1976 1981 1986 1991

USA 254 23% 255 22% 258 22% 313 24% 309 24%
Canada 109 10% 129 11% 132 11% 167 13% 164 13%
Finland 31 3% 25 2% 36 3% 33 3% 28 2%

Sweden 57 5% 47 4% 42 4% 44 3% 44 3%

Norway 8 1% 9 1% 9 1% 9 1% 10 1%
Former USSR 320 29% 322 28% 299 26% 315 24% 291 22%
Total 779 71% 787 69% 776 66% 881 67% 846 65%

France 14 1% 17 1% 18 2% 20 2% 23 2%
Austria 10 1% 11 1% 12 1% 12 1% 14 1%

W Germany 17 2% 22 2% 22 2% 21 2% 23 2%
E Germany 7 1% 7 1% 8 1% 8 1% 10 1%

Poland 15 1% 18 2% 17 1% 20 2% . 13 1%

Czechoslovakia 11 1% 13 1% 14 1% 15 1% 13 1%

UK L 2 0.2% 2 0.2% 3 0.3% 4 0.3% 5 0.4%

Total 74 7% 88 8% 91 8% 96 7% 96 7%

Japan 26 2% 21 2% 20 2% 20 2% 19 1%

New Zealand 8 1% 9 1% 10 1% 10 1% 14 1%

Total 34 3% 30 3% 30 3% 30 2% 33 3%

Total - Developed 934 85% 950 83% 943 81% 1059 81% 1033 80%
Total - Developing 162 15% 193 17% 225 19% 248 19% 262 20%

World 1096 1144 1168 1307 1295

Table 3.3.2 Coniferous roundwood consumotion

in million cubic metres underbark

1971 1976 1981 1986 1991

North America 354 35% 371 35% 380 36% 462 35% 459 35%

Western Europe 168 16% 161 15% 170 16% 184 14o/o T9fr 15%

Eastern Europe 44 4% 44 40/0 42 4% 43 3% 33 3%

Oceania 9 1% 11 10/0 14 1% 17 1% 18 1o/o

Other developed 46 5% 46 4% 41 4% 43 3% 41 3%

Former USSR 313 31% 314 30% 298 28% 304 230/o 284 220/o

Total - Developed 934 92o/o 947 91% 945 89% 1053 80% 1025 79%

Africa 6 1% 7 10/0 7 10/0 8 10/0 10 1%

Latin America 46 5% 50 5% 63 6% 76 6% 81 6%

Near East 12 1% 15 1% 17 2% 12 1% 13 1%

Far East 21 2% 27 3% 28 3% 164 12% 166 13%

Total - Developing 85 8% 99 9% 115 11% 260 20% 270 21%

World 1019 1046 1060 1313 1295
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Table 3.3.3 Non-coniferous roundwood oroduction

in million cubic metres underbark

1971 1976 1981 1986 1991

USA 80 6% 82 6% 158 9% 165 9% 184 9%
USSR 64 5% 63 4% 60 4% 61 3% 65 3%
France 16 1% 20 1% 20 1% 19 1% 21 1%

Total 160 12% 165 11% 238 14% 245 13% 270 14%

Nigeria 58 4% 61 4% 78 5% 87 5% 102 5%
Tanzania 32 2% 31 2% 38 2% 28 2% 34 2%
Zaire 14 1% 23 2% 27 2% 32 2% 37 2%

Brazil 138 10% 115 8% 146 9% 165 9% 182 9%

China 95 7% 111 8% 122 7% 140 8% 147 7%

India 109 8% 186 13% 207 12% 234 13% 258 13%
Indonesia 116 9% 127 9% 138 8% 160 9% 172 9%

Malaysia 24 2% 32 2% 33 2% 37 2% 47 2%

Philippines 32 2% 34 2% 34 2% 36 2% 39 2%

Thailand 19 1% 32 2% 35 2% 34 2% 34 2%

Total 637 48% 752 51% 858 51% 953 52% 1052 53%

Total - Developed 224 17% 301 21% 382 23% 398 22% 407 20%

Total - Developing 1111 83% 1165 79% 1287 77% 1435 78% 1586 80%
World 1335 1467 1670 1833 1993

Table 3.3.4 Non-coniferous roundwood comsumption

in million cubic metres underbark

1971 1976 1981 1986 1991

North America 91 7% 93 6% 170 10% 180 10% 197 10%

Western Europe 92 7% 80 5% 85 5% 88 5% 86 4%

Eastern Europe 34 3% 34 2% 33 2% 33 2% 26 1%

Oceania 12 1% 12 1% 13 1% 13 1% 12 1%

Other developed 48 4% 48 3% 41 2% 37 2% "34 2%

Former USSR 65 5% 64 4% 61 4% 61 3% 65 3%

Total - Developed 342 26% 331 23% 403 24% 412 22% 420 21%

Africa 255 19% 280 19% 329 20% 363 20% 416 21%

Latin America 233 17% 192 13% 228 14% 257 14% 278 14%

Near East 40 3% 50 3% 28 2% 28 2% 29 1%

Far East 459 34% 606 41% 678 41% 765 42% 841 42%

Other developing 5 - 6 - 7 - 7 - 7 -

Total - Developing 992 74% 1134 77% 1270 76% 1420 78% 1571 79%

World 1334 1465 1673 1832 1991

Ml



proportion of non-coniferous roundwood production coming from

developing countries has remained the same at about 80%. Again, the

pattern of production is now similar to the pattern of consumption with

developing countries accounting for about 80% of world consumption, and

this has followed a gradual reduction of net exports from developing

countries since 1971.

Changes in consumption can be attributed to changes in population size

and economic activity. In developed countries, coniferous roundwood

consumption has increased by 10% and non-coniferous roundwood by about

20% over the period, while the growth in roundwood consumption has been

higher in developing countries at 220% for coniferous roundwood and 60%

for non-coniferous roundwood. However, these figures do not show

accurately changes in consumption because they do not take into account

trade in forest products. Most forest products traded are finished or

partly finished products (ie sawnwood, wood panels, paper and

paperboard) and very little roundwood is traded. It is possible that

some of the large increase in roundwood consumption in developing

countries reflects greater production of finished products in these

countries that then might be sold to developed countries. To see if

this is the case it is therefore useful to examine the pro'duction and

consumption of wood products and this is done in Tables 3.3.5 to

The figures for coniferous sawnwood production and consumption show

similar trends to the figures for roundwood. North America, the former

USSR and Western Europe (mainly Sweden and Finland) account for about

three-quarters of production and consumption, and the developing world

accounts for just over 10% of production and consumption. There is a

3.3.12.



Table 3.3.5 Coniferous sawnwood production

in million cubic metres product volume

1971 1976 1981 1986 1991

North America 100 31% 106 32% 98 31% 99 31% 131 40%
Western Europe 49 15% 47 14% 51 16% 53 17% 58 18%
Eastern Europe 16 5% 15 5% 13 4% 13 4% 8 2%

Oceania 2 1% 3 1% 3 1% 3 1% 3 1%
Other developed 33 10% 31 9% 28 9% 28 9% 27 8%
Former USSR 103 32% 100 30% 88 28% 86 27% 63 19%
Total - Developed 303 93% 302 92% 281 89% 282 89% 290 88%
Africa 0 0% 1 0% 1 0% 1 0% 1 0%

Latin America 7 2% 10 3% 12 4% 12 4% 14 4%

Near East 2 1% 3 1% 3 1% 4 1% 4 1%

Far East 12 4% 14 4% 19 6% 19 6% 19 6%
Other developing 0 - 0 - 0 - 0 - 0 -

Total - Developing 21 7% 28 8% 35 11% 36 11% 38 12%

World 324 330 316 318 328

Table 3.3.6 Coniferous sawnwood consumption

in million cubic metres product volume

1971 1976 1981 1986 1991

North America 95 29% 100 30% 89 28% 91 28% 115 35%

Western Europe 56 17% 53 16% 56 18% 60 19% 64 20%

Eastern Europe 16 5% 16 5% 14 5% 13 4% 8 2%

Oceania 3 1% 4 1% 3 1% 4 1% 3 1%

Other developed 35 11% 34 10% 32 10% 33 10% 35 11%

Former USSR 95 29% 91 28% 81 26% 78 24% 58 18%

Total - Developed 300 93% 298 91% 275 87% 279 87% 283 87%

Africa 1 0% 2 0% 2 0% 2 1% 2 1%

Latin America 7 2% 10 3% 13 4% 13 4%
'

15 5%

Near East 3 1% 5 2% 7 2% 7 2% 6 2%

Far East 12 4% 14 4% 19 6% 19 6% 18 6%

Other developing 0 - 0 - 0 - 0 - 0 -

Total - Developing 23 7% 31 9% 41 13% 41 13% 41 13%

World 323 329 316 320 324
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Table 3.3.7 Non-coniferous sawnwood production

in million cubic metres product volume

1971 1976 1981 1986 1991

North America 18 19% 16 16% 17 15% 19 15% 25 19%
Western Europe 13 14% 12 12% 11 10% 12 10% 12 9%
Eastern Europe 6 6% 6 5% 5 5% 5 4% 4 3%
Oceania 3 3% 2 2% 2 2% 2 2% 2 2%
Other developed 11 11% 10 10% 7 6% 4 3% 3 2%

Former USSR 15 16% 14 14% 13 12% 13 10% 13 10%
Total - Developed 66 69% 60 58% 55 50% 55 44% 59 45%
Africa 3 3% 3 3% 5 5% 6 5% 6 5%

Latin America 8 8% 11 11% 14 13% 16 13% 16 12%
Near East 1 1% 1 1% 1 1% 2 2% 2 2%
Far East 18 19% 28 27% 35 32% 46 37% 48 37%

Other developing 0 - 0 - 0 - 0 - 0 -

Total - Developing 30 31% 43 42% 55 50% 70 56% 72 55%
World 96 103 110 125 131

Table 3.3.8 Non-coniferous sawnwood consumption

in million cubic metres product volume

1971 1976 1981 1986 1991

North America 18 20% 16 16% 18 16% 19 15% 24 18%

Western Europe 13 14% 14 14% 14 13% 16 13% 16 12%

Eastern Europe 6 6% 6 6% 5 5% 5 4% 4 3%

Oceania 3 3% 2 2% 2 2% 2 2% 2 2%

Other developed 12 13% 10 10% 8 7% 5 4% 5 4%

Former USSR 14 16% 13 14% 12 11% 13 10% 13 10%

Total - Developed 66 73% 61 62% 59 54% 60 48% 64 48%

Africa 2 2% 2 2% 4 4% 5 4% 5 4%

Latin America 7 8% 10 10% 14 13% 16 13% -15 11%

Near East 1 1% 1 1% 2 2% 3 2% 3 2%

Far East 15 16% 24 24% 31 28% 41 33% 46 35%

Other developing 0 - 0 - 0 - 0 - 0 -

Total - Developing 25 27% 37 38% 51 46% 65 52% 69 52%

World 91 98 110 125 133
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Table 3.3.9 Wood based panel production

in million cubic metres product volume

1971 1976 1981 1986 1991

North America 31 39% 34 35% 32 32% 39 33% 36 30%
Western Europe 20 25% 25 26% 25 25% 27 23% 33 27%

Eastern Europe 3 4% 5 5% 5 5% 6 5% 5 4%

Oceania 1 1% 1 1% 1 1% 1 1% 2 2%
Other developed 9 11% 10 10% 10 10% 9 8% 9 7%

Former USSR 8 10% 11 12% 13 12% 14 12% 11 9%
Total - Developed 72 91% 86 89% 86 85% 96 82% 96 79%
Africa 1 1% 1 1% 1 1% 1 1% 1 1%

Latin America 2 3% 3 3% 4 4% 5 4% 5 4%
Near East 0 0% 1 1% 1 1% 1 1% 1 1%

Far East 4 5% 6 6% 9 9% 14 12% 19 16%

Other developing 0 - 0 - 0 - 0 - 0 -

Total - Developing 7 9% 11 11% 15 15% 21 18% 26 21%

World 79 97 101 117 122

Table 3.3.10 Wood based panel consumption

in million cubic metres product volume

1971 1976 1981 1986 1991

North America 33 43% 36 37% 32 32% 40 35% 35 29%

Western Europe 20 26% 27 28% 27 27% 30 26% 37 31%

Eastern Europe 4 5% 5 5% 5 5% 5 4% 4 3%

Oceania 1 1% 1 1% 1 1% 1 1% 1 1%

Other developed 8 10% 10 10% 11 11% 10 9% 13 11%

Former USSR 7 9% 10 11% 12 12% 13 11% 10 8%

Total - Developed 73 95% 89 92% 88 88% 99 86% 100 83%

Africa 1 1% 1 1% 1 1% 1 1% 1 1%

Latin America 2 3% 3 3% 4 4% 4 3%
'

5 4%

Near East 0 0% 2 2% 2 2% 2 2% 2 2%

Far East 1 1% 2 2% 5 5% 9 8% 12 10%

Other developing 0 - 0 - 0 - 0 - 0 -

Total - Developing 4 5% 8 8% 12 12% 16 14% 20 17%

World 77 97 100 115 120
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Table 3.3.11 Pacer and pacerboard production

in million metric tonnes

1971 1976 1981 1986 1991

North America 58 45% 64 43% 72 42% 80 39% 89 36%
Western Europe 34 26% 39 26% 45 26% 53 26% 65 27%
Eastern Europe 3 2% 4 3% 4 2% 4 2% 3 1%
Oceania 2 2% 2 1% 2 1% 2 1% 3 1%
Other developed 14 11% 16 11% 18 11% 23 11% 31 13%
Former USSR 8 6% 10 7% 10 6% 10 5% 10 4%

Total - Developed 119 92% 135 91% 151 89% 172 85% 201 82%
Africa 0 0% 0 0% 0 0% 1 0% 1 0%
Latin America 4 3% 5 3% 7 4% 10 5% 11 5%
Near East 0 0% 1 1% 1 1% 1 0% 1 0%
Far East 6 5% 7 5% 11 6% 19 9% 30 12%
Other developing 0 - 0 - 0 - 0 - 0 -

Total - Developing 10 8% 13 9% 19 11% 31 15% 43 18%

World 129 148 170 203 244

Table 3.3.12 Pacer and oaoerboard consumption

in million metric tonnes

1971 1976 1981 1986 1991

North America 54 42% 60 42% 67 39% 77 38% 83 34%

Western Europe 33 26% 38 26% 43 25% 50 24% 63 26%

Eastern Europe 4 3% 5 3% 5 3% 5 2% 3 1%

Oceania 3 2% 2 1% 3 2% 3 1% 3 1%

Other developed 13 10% 15 10% 18 11% 23 11% 32 13%

Former USSR 7 6% 10 7% 9 5% 10 5% 10 4%

Total - Developed 114 88% 130 90% 145 85% 168 82% 194 80%

Africa 0 0% 0 0% 1 1% 2 1% 2 1%

Latin America 6 5% 7 5% 9 5% 11 5%
'

12 5%

Near East 1 1% 2 1% 2 1% 2 1% 2 1%

Far East 8 6% 5 3% 14 8% 22 11% 34 14%

Other developing 0 - 0 - 0 - 0 - 0 -

Total - Developing 15 12% 14 10% 26 15% 37 18% 50 20%

World 129 144 171 205 244
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significant amount of trade in coniferous sawnwood (about 70 million m3

or 20-25% of annual world production) but almost of all this is between

developed countries, North America and the former USSR being the major

exporting regions while Western Europe and Japan are the major

importers. Developing countries are small net importers of coniferous

sawnwood. Consumption has decreased slightly in developed countries

probably due to substitution of panel products for sawnwood. In

developing countries, consumption has almost doubled since 1971

(although from a very small base) and consumption appears to have

remained roughly within the limits of production in this region.

The figures for non-coniferous sawnwood production and consumption also

show similar trends to the figures for roundwood. Developing countries

are small net exporters of non-coniferous sawnwood, and consumption and

production has more than doubled in these countries since 1971. In

contrast, developed countries have maintained about the same levels of

production and consumption over the period, but now require a small

amount of net imports from developing countries. In contrast to the

production of roundwood, where non-coniferous roundwood production is

about 50% higher than coniferous roundwood production, production of

non-coniferous sawnwood is 50% lower than the level of" coniferous

sawnwood production.

Production of wood based panels has increased by about 45 million m3

or 50% since 1971. Production in developed countries accounts for just

over half this increase and now stands at about 80% of world

production. Developing countries have seen their production rise

almost four-fold over the period from less than 10% to-over 20% of

world production. Consumption has followed similar trends to



production with a 36% increase in consumption in developed countries

and a five-fold increase in consumption in developing countries.

Developing countries have also remained over the period small net

exporters.

Paper and paperboard production has almost doubled since 1971 to 244

million MT in 1991. Developed countries account for about 80% of

production and consumption. In contrast to non-coniferous sawnwood and

wood based panels, developed countries account for most of this

increase in production and consumption and are small net exporters to

the developing world. Developing countries have, however, increased

production four-fold from 10-43 million MT, although this has not kept

pace with consumption which has increased from 15-50 million MT.

To summarise, it seems that there is not a significant amount of net

trade in wood products between developed and developing countries. The

former are on balance small net exporters of coniferous sawnwood and

paper and paperboard and small net importers of non-coniferous sawnwood

and wood based panels. This simple analysis would therefore seem to

suggest that changes in consumption within these two regions have not

significantly affected the trade in wood and wood products between

them. However, projecting forward trends in consumption and production

in these regions may suggest that patterns of trade will have to change

in the future.

Table 3.3.13 compares production and consumption in terms of wood raw

material equivalents (the amount of roundwood required to make each

product - WRME) so that all products are shown in similar-^ units, and

presents a very simple projection for the year 2011 assuming that past



Table 3.3.13 Comparison of World wood production and

consumption in WRME, with forecast to 2011

all figures in million m3 WRME

Wood product Actual Actual Increase Forecast Forecast

category 1971 1991 1971-91 2011 increase

Production

Coniferous roundwood

Developed countries 934 1033 11% 1140 10%

Developing countries 162 262 62% 420 60%
All countries 1096 1295 18% 1560 20%
Non-coniferous roundwood

Developed countries 224 407 82% 740 80%

Developing countries 1111 1586 43% 2260 40%
All countries 1335 1993 49% 3000 50%
Total roundood

Developed countries 1158 1440 1880 30%

Developing countries 1273 1848 2680 45%
All countries 2431 3288 4560 40%
Consumption
Coniferous sawnwood

Developed countries 600 566 -6% 530 -5%

Developing countries 46 82 78% 150 85%
All countries 646 648 0% 680 5%

Non-coniferous sawnwood

Developed countries 132 128 -3% 120 -5%

Developing countries 50 138 176% 380 175%
All countries 182 266 46% 500 90%
Wood based panels
Developed countries 146 200 37% 270 35%

Developing countries 8 40 400% 200 400%
All countries 154 240 56% 470 95%

Paper and paperboard
Developed countries 342 582 70% 990

'

70%

Developing countries 45 150 233% 500 235%

All countries 387 732 89% 1490 105%

All wood products
Developed countries 1220 1476 1910 30%

Developing countries 149 410 1230 200%
All countries 1369 1886 3140 65%

Implied consumption
of fuelwood and

other roundwood uses

All countries 1062 1402 1420



trends in consumption and production continue into the future. (The

table assumes a conversion factor of 2 m3 per m3 of product for

sawnwood and wood based panels and a conversion factor of 3 m3 per MT

of product for paper and paperboard.) The first point the table shows

is that roundwood production is almost twice the level of consumption

of wood products, implying that about half of roundwood production is

used for other purposes (mainly as fuel). Most of this consumption

takes place in developing countries (for example, Africa accounts for

21% of non-coniferous log consumption but only 4% of non-coniferous

sawnwood consumption and 1% of wood based panel, paper and paperboard

consumption) although some developed countries also consume large

quantities of fuelwood (eg about 90 million m3 per year in the USA) .

These figures show that the developed world has been on balance a small

net importer in WRME terms, and that this is likely to continue in the

future if current trends persist.

The trends in consumption show an interesting pattern. In developed

countries, growth in consumption has been most rapid in paper and

paperboard followed by wood based panels, and sawnwood consumption

appears to have declined slightly. In contrast, developing countries

have shown much higher rates of growth in consumption for al'l products,

with the highest levels of growth appearing in wood based panels, then

paper and paperboard and finally sawnwood. These differences between

growth rates for different products could be due to the stage of

development that developing countries are in and if so, growth in

sawnwood and wood based panel consumption might be lower in the future

than in the past, but growth may also be higher for paper and

paperboard if these countries develop consumption patterns, similar to

those in developed countries. Overall growth in future consumption



will probably therefore be highest for paper and paperboard, due to

high growth in both developed and developing countries, followed by

growth in wood based panels and then sawnwood consumption and growth in

consumption of the latter two product groups will be largely due to

growth in consumption in developing countries.

Current trends in production would imply an increase (440 million m3 per

year) in coniferous roundwood production and non-coniferous roundwood

production in developed countries in the next 20 years, and a larger

increase (675 million m3 per year or 43%) in non-coniferous roundwood

production in developing countries. These trends in production have

occurred against a background of constant real prices for roundwood

across the world on average, so if they could be expected to continue

into the future, and if at these levels of growth, future supply would

meet demand, this would suggest that there would be little upward

pressure on prices in the future. To see if this is the case, it is

therefore necessary to see if these two conditions will be met.

Comparing total production and consumption in Table 3.3.13, it appears

that supply and demand will remain in equilibrium if the trends in

supply continue and the demand for fuelwood does not increase. The

demand for fuelwood (estimated as the difference between roundwood

production and wood product consumption) increased by 40% over the

period 1971-1991 probably largely due to increases in population. As

developing countries reach a later stage in development, it is possible

that population growth will fall to lower levels, and that other fuels

will be substituted for wood. Improvements in technology will also

lead to a greater fuel efficiency (indeed many agencies are assisting

the development of more fuel-efficient heating and cooking devices and



are promoting the planting of new woods to supply wood for fuel to

rural villages). These measures combined with increasing difficulty in

finding fuelwood supplies in some countries are likely to limit the

growth in consumption of fuelwood although probably not to a situation

of no growth at all. This will therefore mean that roundwood supply in

developing countries will probably have to increase by slightly more

than past trends would suggest to meet the increase in fuelwood demand.

To maintain the hypothesis of no future increase in timber prices it is

therefore necessary to examine whether the increases in production

predicted for the future (including an allowance for an increase in

fuelwood production) are likely to occur without price rises.

Changes in forest areas

Table 3.3.14 shows changes in the area of forest in all of the major

wood producing countries from 1971-91. The major coniferous roundwood

producing countries (North America, Scandinavia and the former USSR)

actually show a slight increase in forest area as do the main non-

coniferous producing countries in the developing world. However some

of this is probably due to measurement errors and redefinitions in

countries such as Canada, the former USSR and Zaire (which "is^ the only

developing country in the table to show a significant increase in

forest cover over the period) . It is probably true to say that the

forest area of the main coniferous producing countries in Western

Europe, Japan and New Zealand have stayed about the same or increased

slightly over the period, while the forest area of the non-coniferous

producing countries has fallen slightly (for example, ignoring Zaire,

the net change in the other countries shown in the table i-s^.a loss over

the period of 42 million hectares or about 5%.



Table 3.3.14 Forest areas of major timber Droducina countries

in million hectares

1971 1976 1981 1986 1991

USA 292 7% 290 7% 284 7% 290 7% 287 7%
Canada 325 8% 326 8% 326 8% 352 9% 360 9%
Finland 23 1% 23 1% 23 1% 23 1% 23 1%

Sweden 26 1% 26 1% 26 1% 26 1% 28 1%

Norway 7 - 8 - 8 - 8 - 8 -

Former USSR 920 22% 920 22% 920 22% 943 23% 942 24%

Total 1593 39% 1593 38% 1587 39% 1642 40% 1648 42%

France 15 - 15 - 15 - 15 - 14 -

Austria 3 - 3 - 3 - 3 - 4 -

W Germany 7 - 7 - 7 - 7 - 8 -

E Germany 3 - 3 - 3 - 3 - 3 -

Poland 8 - 9 - 9 - 9 - 9 -

Czechoslovakia 4 - 4 - 5 - 5 - 5 -

UK 2 - 2 - 2 - 2 - 2 -

Total 40 1% 41 1% 42 1% 42 1% 43 1%

Japan 25 1% 25 1% 25 1% 25 1% 25 1%

New Zealand 7 - 7 - 7 - 7 - 7 -

Total 32 1% 32 1% 32 1% 32 1% 32 1%

Nigeria 31 1% 16 - 15 - 13 - 12 -

Tanzania 31 1% 43 1% 42 1% 41 1% 41 1%

Zaire 122 3% 179 4% 177 4% 176 4% 174 5%

Brazil 514 13% 587 14% 573 14% 503 12% 491 13%

China 109 3% 115 3% 124 3% 129 3% 127 3%

India 64 2% 66 2% 68 2% 67 2% 67 2%

Indonesia 122 3% 122 3% 122 3% 112 3% 109 3%

Malaysia 23 1% 24 1% 22 1% 21 1% 19 0%

Philippines 16 - 13 - 12 - 11 - 10 -

Thailand 22 1% 19 - 15 - 15 - 14 -

Total 1054 26% 1184 28% 1170 29% 1088 27% 1064 28%

Total - Developed 1863 45% 1855 45% 1829 45% 1928 47% 1747 45%

Total - Developing 2248 55% 2309 55% 2261 55% 2164 53% 2114 55%

World 4111 4164 4090 4092 3861

m



The figures for total forest area in all countries shows a fall of

116. million ha (6%) in developed countries and 134 million ha (6%) in

developing countries. The fall in area in developed countries is

difficult to explain, but a large part the fall in developing countries

appears to have taken place outside the major producer countries, which

would suggest that this has mainly taken place in areas where the

forest is not a significant economic resource and is likely to have

occurred due to other factors such as the need for more living space or

land for agriculture. (This could also explain some of the deforesta¬

tion that has taken place in developing producer countries as well,

rather than the cutting of forests for timber.) These figures would,

therefore, imply that production has increased without depleting the

resource to a great extent in developed producer countries and with

only a small amount of deforestation in developing producer countries.

Although all these figures relate to trends in the past it is unlikely

that timber harvesting will lead to deforestation and resource scarcity

in the future. Nearly all developed countries have stringent laws

preventing deforestation many have further regulations limiting the

volume of timber cut to the annual growth in the volume of standing

timber, and some have large programmes of new afforestation.

Developing countries are also beginning to take similar measures,

although these are at the moment proving very difficult to police.

Increased environmental awareness in developed consumer countries and

growing calls for timber certification and ecolabelling is likely to

step-up pressure on developing countries to produce their wood products

from sustainably managed sources, so it seems unlikely that increases

in wood production in the future will come from depletion of forest

stocks, and future increase in production will have to^ come from

increases in yield from existing forest areas, and new afforestation.



Changes in timber yields

Table 3.3.15 shows the harvesting intensity and felling to increment

ratio for major producer countries in Europe and North America. The

harvesting intensity is the proportion of standing volume which is

harvested each year and the figures of 1.5-2.5% for Europe and 0.5-1.5%

for North America and the former USSR would imply a total replacement

of the forest stock in about 40-65 years and 65-200 years respectively

(this will depend on the age structure of the estate and thinning

regimes used however, so these figures are only approximate). These

cycles seem reasonable given the rotation ages that could be expected

in these countries.

The felling to increment ratio is the proportion of total annual

increment (or increase in the standing stock of timber) which is felled

each year. This is currently about 80% in North America and 70% in

Europe showing that even without future improvements in yield, there is

some scope for increasing production from current forest areas if

felling were to increase to the rate of increment (although this will

also depend on the age structure of the estate). In addition to this,

total roundwood production has increased in these countries by about

30% in the last 20 years without significantly reducing this ratio,

suggesting that it might be possible to increase production in the

future through improvements in silviculture and forest management.

Unfortunately similar figures are not available for forest stocks in

developing countries, so it is not really possible to estimate

harvesting intensity or the felling to increment ratio there. However

some simple arithmetic with the figures that are available can give an



Table 3.3.15 Harvestina intensity and fellina to increment ratio for
conifers in a ranae of maior coniferous wood oroducina countries

H arvesting intensity Felling to increment ratio
1950 1960 1970 1980 1990 1950 1960 1970 1980 1990

USA 1.9% 1.6% 71% 81%
Canada 0.3% 0.7% 48% 73%
Finland 2.8% 3.3% 3.0% 3.3% 2.4% 85% 102% 87% 94% 80%
Sweden 2.5% 2.5% 3.0% 2.5% 2.3% 82% 81% 119% 91% 63%

Norway 2.7% 2.3% 2.0% 2.0% 1.7% 87% 77% 73% 72% 67%
Former USSR .. 0.5% 0.9% 52% 74%
France 3.5% 3.4% 3.2% 2.8% 2.1% 120% 100% 81% 80% 73%
Austria 3.0% 2.8% 1.9% 1.8% 1.7% 139% 151% 81% 75% 79%
W Germany 6.8% 3.0% 2.9% 2.3% 1.4% 124% 77% 83% 84%
E Germany .. 2.7% 1.8% .. 66% 65%
Poland 2.7% 2.0% 2.2% 1.4% 115% 95% 63% 87% 90%
Czechoslovakia .. 2.4% 1.7% 141% 65%
UK 3.0% 2.7% 3.4% 3.0% 3.0% 60% 52% 49% 42% 73%

North America

Europe
•• 1.4%

2.6%

1.4%

2.1%

•• 70%

82%

79%

71%
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indication of the current yields that are being obtained from these

forests. In 1991 for example, 1 850 million m3 was harvested from

2 100 million ha of forest, indicating a harvesting rate of only

0.9 m3/ha/year. This figure is probably not a good indication of the

true yield though because many forest areas will not be suitable for

timber production. If similar figures for major timber producing

countries are calculated, it can be seen that yields are higher (eg 2.5

m3/ha/year in Malaysia, 3.9 m3/ha/year in the Phillipines, 3.9

m3/ha/year in India, 1.6 m3/ha/year in Indonesia, and 8.5 m3/ha/year in

Nigeria). These figures are all quite low compared to the yields that

can be obtained from managed tropical forests which can be as high as

25 m3/ha/year so it should be possible with proper forest management in

the future to obtain such yields and meet future demands in these

countries without significant increases in roundwood prices.

Other factors influencing wood supply and prices

The above analysis indicates that it should be possible to meet future

demand needs from existing forest areas by maintaining forestry

policies that ensure sustainable management of forests and by improving

management to obtain higher timber yields. Furthermore, the "potential

for increasing yields are so great that they can probably pay for

themselves without increases in timber prices. There are, however,

other technological and environmental factors which may affect wood

supply and prices in the future, and while it is not possible to

predict how these will develop in the future, their implications should

be noted.



The main environmental factor which could affect supply in the future

is designation of forest areas as non-intervention areas on the grounds

of biodiversity or other environmental protection functions. This is

likely to limit supply from forest areas in all areas, but is likely to

be most important in tropical and boreal forest zones. The current

limiting of harvesting in old growth forest areas of the Pacific

Northwest is probably the only current major limitation to coniferous

roundwood supplies, and it is currently unclear as to what limitations

may arise in tropical regions in the future. However, there are

several factors which may reduce the impact of such effects. For

example, it is unlikely that moves will be made to protect areas that

have already been cut over so the main areas that are currently used

for timber production are likely to remain so in the future. In

addition to this, many of the untouched areas are likely to contain

timber of little value (although this point is likely to be relevant

only to the boreal forest zone and may not be true in tropical

regions). Also acting against this effect are the policies of many

countries which are now seeking to expand their managed forest areas

onto other land. Current agricultural over-production in much of

Western Europe could lead to significant future increases in roundwood

production if land is transferred out of agriculture into forestry.

Similarly, some developing countries are also pursuing forestry

expansion programmes using fast growing species such as eucalyptus and

Radiata pine (eg Chile, Argentina and Uruguay). It is therefore,

unclear as to what net effect these policies will have on the area of

forest available for timber production in the future.

Another environmental factor which is currently of concern is the

effect of increased atmospheric pollution on the tree growth and forest

w



health. It is not clear as to how much effect problems such as acid

rain will have on future timber yields although there is a general

consensus developing that this will cause mortality and yield losses in

sensitive areas. The likelihood and possible impact of global warming

on forest resources is even less well understood. Again the net effect

of these factors is uncertain, but caution would suggest that they are

likely to cause yields to fall in some areas in the future.

Environmental concern is also, however, leading to greater calls for

recycling and greater efficiency in the use of materials. This is

closely linked to the question of future technological change in

harvesting and processing of wood and wood products. European Union

directives are calling for greater recycling of paper, which is the

product sector showing most consumption growth in developed countries.

Residues from the wood processing industry in developed countries are

also now being used to a greater extent in other sectors of the

industry, and new products and methods of harvesting are constantly

being developed to reduce the amount of fellings that are left as waste

on the forest floor. All these factors are likely to increase the

utilisation of roundwood in the future which will help to maintain the

supply and demand balance.

Conclusions on the world supply and demand outlook and its effect on

roundwood prices

The previous tables and text in this section have shown how consumption

and production of roundwood has increased over the last 20 years.

Consumption has increased by about 30% in developed countries and 200%

in developing countries (although from a low base) . Coniferous wood



products make up a significant proportion of consumption in developed

countries and consumption slightly exceeds production requiring imports

from developing countries. It seems reasonable to assume that this

rate of growth in consumption will continue in the future and that, if

so, improvements in yield combined with possible increases in the area

of forest managed for timber production in developed countries will be

sufficient to meet future demands without any increases in price. This

is based on the fact that yields have improved and the area of forest

remained roughly the same in the past without any increases in price.

It is unclear however, whether developing countries will continue to be

able to be net exporters of wood products to developed countries, but

even if these sources of supply and demand were to be curtailed, supply

from developed countries could probably rise to meet any such shortfall

without an increase in price.

While this effectively summarises the outlook for timber prices in

Britain, it is interesting to contrast this with the situation facing

developing countries. There, demand for wood products is likely to

increase dramatically and this, combined with a possible increase in

the demand for fuelwood in the future, is likely to require great

increases in the yield from forest areas. While this might put some

upward pressure on prices, it should be possible to improve forest

management to meet these demands, which would then keep timber prices

relatively stable.

The effect of environmental and technological changes casts some

uncertainty over these projections. However, these are likely to work

in different directions so it is not possible to predict-whether they

will cause timber prices to rise in the future. Even with stringent

IU



controls on timber production over quite large forest areas, it seems

likely that improvements in product conversion and yield from the

remaining areas will be able to balance supply and demand without the

need for significant price increases.

A time-series model of timber prices

It was argued in Chapter 2 that analysis of price trends was not a very

sophisticated way of estimating what the long-run trend for timber

prices might be in the future. A major criticism of this approach was

that previous attempts have been too simplistic in their interpretation

of trends; most notably they have failed to examine whether changes in

prices might have occurred due to a transition from "mining" an

essentially free resource to obtaining supplies from properly managed

sustainable sources. In order to examine the hypothesis that this

might have occurred in the markets from which Britain obtains its

timber supplies, a time-series model was constructed to examine past

changes in domestic timber prices and in particular to examine the

structure of any price increases which have been experienced in the

past.

As has been discussed earlier, the long time it takes for a forest crop

to mature means that the concept of the "long-run" for forestry means

a period of at least 30-40 years into the future. In order to build a

model that will have any credibility for making projections of this

magnitude it is therefore necessary to have as long a time-series of

data on which to build the model as possible. The longest timber price

series available in Britain is the index of sawn softwood import prices

which can be traced back to 1870. Although this is not a series of



roundwood prices, analysis of the correlation between this time-series

and the series of standing sales prices (available back to 1957) showed

that the two series (both converted to real prices) were quite well

correlated (r = 0.507, significant at the 5% level) so it is reasonable

to assume that this series would be fairly representative of roundwood

prices generally, and it was used to analyse the long-run trend in

prices.

Figure 3.3.1 shows the index converted into real terms using the GDP

deflator and similar measures of general price changes for the earliest

years of the series. It can be seen that real prices varied only

slightly over much of the period 1870-1940, with a short period of high

prices during the First World War. During the Second World War, prices

increased substantially again but remained high for the rest of the

period.

Price is determined by the interaction of supply and demand, but due to

the lack of data it was not possible to build a general supply and

demand model for the whole period. Therefore an alternative approach

was taken to modelling the time-series using the techniques suggested

by Box and Jenkins (1976). This approach attempts to explain the

values a variable (in this case timber price) takes in any particular

year, as a function of its past values plus a random error or white

noise. By examining the price series alone such a model does not use

any information about factors affecting prices, but it still enables

inferences to be made about the underlying variables (for example from

the high prices during the two World Wars it can be inferred that this

was a period of high demand and limited supply) , and canjie used to

predict what future timber prices might be on the basis of past prices.
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Interpretation of the autocorrelation and partial-autocorrelation

functions for the series (see Figures 3.3.2 and 3.3.3) suggested that

it followed a first order autoregressive process (ARl) rather than a

moving-average process or autoregressive process of higher orders. An

ARl model was estimated therefore, to give the results shown in

Table 3.3.16. The residuals from the model were examined and showed no

systematic bias over time suggesting that the model was well specified.

The autocorrelation and partial-autocorrelation functions of the

residuals showed significant autocorrelation on the second lag so to

investigate this further the time-series was differenced and re-

estimated, but this resulted in much lower levels of significance for

the parameter estimates implying that this was a worse model than the

first. The periodogram for the series was also examined. This showed

a very weak presence of a cycle of about 30 years duration. However,

with only 120 years data it was felt that this was likely to be

coincidental rather than a feature of the timber market (a 30 year

cycle is too short to be explained as having a possible link to forest

rotations). The presence of strong cycles in the data was therefore

dismissed.

The results of this model were used to forecast the price series

forward to 2050. This showed that prices were predicted to return to

an average real index value of 70 (1985=100) in about 40 years time,

with 95% confidence limits of ±50 indicating a wide range of

uncertainty about the future forecast. The model assumed however, that

there was no underlying trend or structural shift in the data set over

the period. To see if this was reasonable, the series was smoothed by

using moving averages of the data with a range of moving average

periods from 3 to 31 years in length. The moving average series with
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Figure 3.3.2 Autocorrelation function for the
imported sawn softwood price series

Figure 3.3.3 Partial autocorrelation function
for the imported sawn softwood price series
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Table 3.3.16 Models of the real import price of sawn softwood 1870-1989

Linear trend: PRICE = a + b(YEAR)
Growth trend: Ln(PRICE) = a + b(Ln(YEAR))
Shift in 1943: PRICE = a + b(DUMMY = 1 FROM 1943)

Regression models to detrend the data Autoregressive models of the time series

Model/variables Estimate T-statistic
and R2

Model/parameters Estimate T-statistic

No trend

Linear trend

AR (1)
Mean

Constant
Linear trend

0.906

70.103

6.557

28.13

7.47

a

b

Adjusted R2
Growth trend

-1009.43
0.56

-55.88

11.76

0.540

AR (1)
Mean

Constant

Growth trend

0.814

-0.252

-0.047

15.19
-0.05

a

b

Adjusted R2
Shift in 1943

-11.07

0.0079

-46.32

12.53

0.520

AR (1)
Mean
Constant

Shift in 1943

0.815

-1.563

-0.289

15.27

-0.32

a

b

Adjusted R2

54.37
43.97

3.50

15.16

0.660

AR (1)
Mean

Constant

0.736

54.076

14.269

12.00

15.48

Note: Adjusted R2 for growth model is also adjusted to make it
comparable with the other regression results
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periods of 9 to 21 years, showed a shift in the level of prices

occurring in the late 1930s or early 1940s (see Figure 3.3.1) With

moving averages of greater than 21 years, the data took on the

appearance of a linear trend. None of the moving average series

approached the shape that would be expected if the data followed a

growth trend. To examine the time-series further therefore, the data

was detrended using OLS linear regression for each of three alternative

scenarios (a linear time trend, a constant rate of growth, and a once

and for all shift in the series) and AR1 models were constructed for

each of the detrended series.

The results of the regression models used to detrend the series are

shown in Table 3.3.16. For the linear trend scenario, the regression

model indicated an increase in prices of 0.56 index units per year.

The growth model gave an estimated growth rate of 0.78% per year, and

the shift model indicated a shift of 44 index points occurring in 1943

(there were no a priori reasons for choosing this year but it resulted

in the lowest residual standard error compared to a range of

alternative years for the shift from 1935-1945 that were tried). The

results of AR1 models estimated from the detrended data sets are also

shown in Table 3.3.16.

The residual standard errors from all three alternative specifications

were broadly similar and the residuals from each of them also showed no

bias over time, making it difficult to say conclusively that any one

was better than the others. The 95% confidence limits for each of the

models were also much smaller (about ±30 index units than had been

previously obtained and gave forecasts showing a much quicker return

path to each of the underlying trends in about 10 years. They were all
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therefore, better models than the first, and the forecasts from all

four of the AR1 models are shown in Figure 3.3.4.

The results of the time-series analysis were therefore, somewhat

inconclusive. The hypotheses of a linear time trend, constant rate of

growth or once and for all shift in prices were all equally plausible

from the time-series models constructed. The only model that could be

rejected with some degree of certainty was the first model based on an

assumption of constant prices throughout the period. Examination of

the smoothed data supported the view that prices had shifted during the

Second World War and this would be consistent with a transition from

exploitation to sustainable management of the resource (although a

linear shift is perhaps a simplification of this transition). A linear

trend appeared when much larger smoothing periods were used, but this

would occur if any of the underlying hypotheses about the shape of the

data were true, and it would be expected to occur with much shorter

smoothing periods if a linear trend was truly the underlying trend. An

upward trend in prices would be supported if there was evidence that

the resource was being depleted in a non-sustainable way. However, the

figures presented in the previous section suggested that this has not

generally happened in the past. Even if the view that timber prices

are likely to rise in the future could be supported above all others,

the analysis indicated that such a growth rate would be very low (eg

0.8% per year or a lower rate of growth of 0.2% per year if both a

shift and growth trend were present in the data - a further model that

was examined in the analysis).

The conclusion of this is therefore, that the weight of evidence about

resource depletion, the examination of the smoothed data, and the
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results of the time-series analysis would, when taken together, broadly

support the view that prices have probably shifted over the period from

one level to another. This could be explained as a shift away from

exploitation of the resource in major producer countries to more

sustainable harvesting and management practices. If this has happened,

then it is essential in making projections about the future, to examine

replanting and management costs to see whether the current underlying

level of prices is sufficient to support such management in the long-

run, and this is discussed in the rest of this section.

The supply price of timber

The supply price of timber in the long-run will depend on two main

factors. Firstly, the cost of labour, land and materials used to

establish, maintain and harvest the crop, and secondly the rate of

interest or opportunity cost of capital the forest owner is faced with.

Because the long-run rate of interest is a complicated topic worthy of

examination in its own right (see for example Price, 1993; or Newbery,

1993) , the following analysis concentrates on the other costs of forest

management, and results are presented for a range of real discount

rates from 3-6%.

Table 3.3.17 presents afforestation costs from a range of major timber

producing countries. Comparing these to British costs, these costs are

much lower reflecting the greater simplicity that is often involved in

managing forests in these areas, where operations that would be

considered normal in Britain, (such as weed control, fencing and

protection from biological hazards) are not performed to the same

extent. Table 3.3.18 converts these costs into annual equivalents



Table 3.3.17 Examples of forest establishment and manacjement costs

Country/operation Year of Amount/ha in Amount/ha

operation local currency in Sterling
(1987 prices) (1993/94 prices)

USA (Forest Service)

Planting 0 $873 £745
Annual maintenance Annual $2 £2
Germany (farm forestry)
Sustained yield management Annual 80 DM £38
Finland

Ground clearance 0 176 FM £35

Scarifying 0 348 FM £67

Ploughing 0 239 FM £46

Seeding 0 128 FM £25

Planting 0 1943 FM £373
Stand improvement 15 103 FM £20

Pruning 20 240 FM £46
Fertiliser application 5 608 FM £117

Fertiliser application 10 608 FM £117

Drainage 0 654 FM £125
Drain maintenance 5 424 FM £81
Sweden

Ground clearance 0 600 SEK £81

Scarifying 0 980 SEK £132

Planting 0 4100 SEK £552
Stand improvement 15 218 SEK £29

Fertiliser application 5 1190 SEK £160
Fertiliser application 10 1190 SEK £160

Drainage costs Annual 4 SEK £1

Sources: US Department of Agriculture (1988), Keevil et al (1987), Finnish
Forest Research Institute (1988), Swedish Forest Research Institute (1989)
Table 3.3.18 Averaae annual forestry olantina and

manaoement costs and the suoolv price of timber

Country Rotation Annual forestry costs (per ha)
age Discount rate

0% 3% 4% 5% 6%

USA 60 £14 £29 £35 £41 £48

Germany 60 £38 £38 £38 £38 £38

Finland 90 £12 £35 £42 £49 £56

Sweden 90 £13 £39 £46 £54 £62

Annual

yield Supply price (per m3)
(m3/ha)

USA 3.9 £4 £17 £27 £42 £64

Germany 6.7 £6 £13 £17 £22 £29

Finland 3.6 £3 £27 £47 £76 £115

Sweden 4.1 £3 £26 £45 £74 £112
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using a range of discount rates and optimal rotation ages based on the

yields that are achieved in these countries. The lower half of this

table then converts these to the average standing value of timber that

would have to be achieved for these costs to be covered.

The time-series analysis suggested that the long-run price of timber

(assuming no upward trend) would be about equal to the price recorded

in 1985, which converts to a standing value of about £16/m3 at 1993/94

prices. Allowing for costs of say 20-25% to cover the cost of land and

transport to Britain, this would indicate that the supply price of

timber should be about £12/m3 in producer countries. The table clearly

shows that this will only be achieved if forest owners are prepared to

accept very low rates of return. The fact that prices have not

increased significantly in the recent past would suggest that this is

the case, or that they are continuing to produce timber at these prices

because they are using different economic criteria on which to base

their decisions (for example achievement of positive annual

undiscounted cash-flows). If attainment of a higher rate of return

were to become an aim of forestry in these countries, prices would have

to rise significantly to achieve returns that would be considered

acceptable on other types of investment.

Conclusions

The long-run price of timber is important for forecasting long-run

timber supply because it affects the optimal rotation for a forest crop

and the profitability of forestry relative to other land uses. The

view has been taken in the past in Britain, that there- _is little

evidence to suggest that timber prices will rise by a significant



amount in the foreseeable future and supply forecasts are produced on

this basis. This hypothesis was tested by examining changes in world

forest resources, the trend in imported sawn softwood prices in Britain

and the cost of sustainably producing timber in a range of major timber

exporting countries. The results of these analyse showed that timber

supply can probably rise to meet demand in the future without

significant future increases in prices, and that the long run price of

timber is likely to be at a level broadly equivalent to prices in 1985

so long as timber growers are prepared to accept relatively low rates

of return in major producer countries. It is therefore, correct to

assume that prices will not rise in the future for the^ purpose of

forecasting timber supply. If however, the view is taken that past

trends in timber prices are likely to continue into the future, the

evidence would support only a modest future rise in timber prices of,

say h% pa. This would have only a very small effect on rotation ages

and would be unlikely to have a major impact on timber supply forecasts

(this effect is shown later in the chapter).
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3.4 A SUPPLY FORECAST FOR TIMBER PRODUCTION

The three previous sections of this work showed how timber is marketed

in Britain and examined the effect of the size of trees, and long-run

trends in prices on the economically optimal rotation age of forest

crops. This section shows how this information was used in conjunction

with data about the physical and biological status of forests to

produce the last timber supply forecast (Thompson, 1991; Morris, 1991).

The forecast which is produced does not currently present any

alternative scenarios to take into account the possible effect of

technological or economic changes in the future on wood supply although

the forecasting procedure is flexible enough to allow this. Possible

influences on the forecast are examined in the final part of this

section, which looks at the effect of increased tree growth,

environmental factors and changes in prices in the long-run and short-

run on the supply of wood.

Supply forecasting explained

The process of generating a supply forecast was briefly outlined in

Chapter 2 (further information about this can also be obtained in

Johnston, 1973; United Nations, 1990; and Morris 1991). Simply put,

information about the location, age, and type of crop in Britain is

combined with a schedule of rotation ages to predict when each crop

will be felled or thinned, and the volume that will come from each

cutting. These are then aggregated across each different type of crop

to arrive at a total supply forecast. However, several modifications

are performed during this process depending on the ownership and the

type of crop.



For conifer production by the Forestry Commission, this process

generally takes three stages. The first stage involves estimating the

optimal rotation age of each crop element owned by the Forestry

Commission and an unconstrained forecast is produced based on this.

This is then revised by forest managers to take into account local

environmental considerations (eg attractive stands near recreation

sites which might be left standing) and cost considerations (such as

high roading or harvesting costs) to arrive at a second forecast.

Finally, the aggregate supply from this second forecast is examined

again and adjusted (usually over the earlier years of the forecast) to

take into account contractual considerations and resource ^constraints

faced by each forest manager. These adjustments are then disaggregated

back to a local level to produce a third stage forecast. A similar

process is followed for production from Northern Ireland (where most of

the forest area is coniferous forest managed by the Northern Ireland

Forest Service).

For production by the private sector, and production of non-coniferous

timber, the first stage above is performed, then modifications to

rotation ages, thinning practice and yield are made to take into

account the different economic and environmental considerations

(discussed below) which often play a significant role in these crops.

Then a final forecast is produced based on the supply scenarios thought

to be most appropriate in each region.

The forecast for the private sector and non-coniferous resource is

presented more as an indication of potential production because of the

limitations in the data set and the difficulty of estimating .the effect

of other considerations on supply. This is in contrast to the Forestry



Commission conifer production forecast which, although not legally

binding in any way, is presented more as a production plan which the

timber processing industry expects the Forestry Commission to hold to

(especially in the first 5 years of the forecast).

Data sources and assumptions used in the supply forecast for conifers

A variety of data sources and assumptions are used to arrive at the

final production forecast for conifers. These generally fall into 3

categories relating to:

1. the age, location, and type of crop;

2. the cutting regime used in the crop;

3. the yield that can be obtained from the crop.

The lower level of detail at which data about private sector woodland

is generally held means that the forecast for this sector is based on

more assumptions than is the case for supply from the Forestry

Commission.

Crop data for the Forestry Commission is held in great detail. The

Forestry Commission estate is split into Regions, Forest Districts,

compartments, and sub - compartments, and information about location,

windthrow hazard class, species, thinning regime, yield class and crop

age is held for each of the smallest of these units (the sub-

compartment) on a database (the sub-compartment database or SCDB).

Where a sub-compartment does not contain a homogeneous crop (eg two

different yield classes) the records are further split-^into crop

components, and this is quite common. The SCDB is updated each year to



take into account planting and felling that has taken place, and crops

are re-surveyed every 15 years to take into account changes arising out

of natural events (such as changes in species and areas) and changes in

yield class (it is often difficult to estimate yield class in young

crops, so this is quite important). The results of these surveys are

then recorded on the SCDB. The forecast for the Forestry Commission

therefore involves producing a forecast for each of these sub-

compartments, which allows the detailed modifications in stages 2 and

3 discussed above to be performed.

There is no crop database for the private sector. Private sector

woodlands were last surveyed in the 1980 census (Locke, 1987), when

species, age, area and some information about yield class was

collected, disaggregated to the county/region level. This data is

updated with information collected annually by the Forestry Commission

on planting funded by Forestry Commission grant schemes (plus any

outside these schemes, where this can be ascertained), and applications

for felling licences. This updated information provides summary data

about area, age and species within each county to which updated yield

class and windthrow hazard class information is added using Forestry

Commission data from these same areas as a guide. This information is

less detailed and subject to more error than the Forestry Commission

data. This limits the way in which modifications to the forecast can

be performed, but still provides a good data set from which to start

the strategic forecasting process.

The initial cutting regime used in the forecast is similar for both the

Forestry Commission and private sector forecasts. In the Forestry

Commission, crops are assumed to be felled at an age which maximises



the discounted revenue from the crop using a 5% discount rate. The

private sector forecast uses modified rotation ages to reflect current

practice in that sector. In areas of high windblow risk, both

forecasts assume that felling will take place at the crop terminal

height (when 40% of the crop would on average have blown over), because

this is generally accepted as the economically optimal time to fell.

Forestry Commission cutting regimes over the first 20 years are then

modified to take into account the other considerations noted above, to

arrive at the third stage forecast.

Some crops in the Forestry Commission forecast are given fairly long

rotation ages to reflect environmental considerations which put them

outside the scope of the 20 year published forecast. Consideration is

given to these ages to make sure they seem reasonable and avoid, for

example, a forecast that predicts that all the retained crops will be

felled in a single 5-year period. However it remains difficult to

determine when these crops will be felled exactly and this process is

largely a matter of professional judgement except in areas where

detailed forest design plans have been drawn up, which are slowly

becoming more common. Similarly, in the private sector, the data shows

the presence of a small area (about 6% of the total) of crops that are

already beyond their optimum rotation ages. There has always

historically been about 10 million m3 of overmature crops in the

private sector, and it was assumed in the most recent forecast that the

current amount above this (about a further 3.1 million m3 ) would be

felled over the next 10 years as demand for this resource increases,

such that the stock of overmature timber will gradually return to about

10 million m3 in the future.



Yield from the crop is estimated from the Forestry Commission's

standard yield models for each combination of species, yield class,

initial spacing, thinning regime and rotation age. The yield models

measure yield from a fully stocked area, so a reduction of 15% is made

to account for forest roads and rides and poorly stocked areas due to

rocky ground or poor drainage, which are counted as part of the forest

area but do not contain trees. For the private sector, a further

reduction of 9% (in England) 7% (in Wales) and 5% (in Scotland) in

yield is made based on the historical difference between potential and

actual cut which has arisen in the past. The most plausible

explanation for this is that stock maps are more generalised in the

private sector thus including more unstocked ground within the forest

area. Other differences maybe because either timber is harvested and

used by the owner (and does not therefore, come to the market) or is

not harvested because of other constraints or objectives. The yield

models indicate tree volume down to a minimum tree diameter of 7 cm

from a fully stocked hectare of each crop type, and this is then used

to estimate the total yield in 5-year periods given the crop database

and cutting regimes discussed above.

Supply forecasting for broadleaves

Supply forecasting for broadleaves in the Forestry Commission is

carried out in a similar way to supply forecasting for conifers. Most

broadleaved crops are highly valued for environmental reasons and some

areas are excluded from the forecast of timber production depending on

the species, timber quality, and location of the crop. Consequently,

the assumption in the forecast is that these crops will be retained in

perpetuity and therefore, only supply timber from thinnings. In areas



not excluded in this way the supply forecast is generated in exactly

the same way for broadleaves as it is for conifers, although the

presence of local markets for the timber is much more important (in the

third stage of the forecast) than is the case for conifers. The

Forestry Commission only accounts for about 10% of domestic production

from broadleaved forests, so the supply forecast from privately owned

forests has more influence on the supply forecast for broadleaves

overall (production from broadleaved forests in Northern Ireland is

negligible).

Estimating the production of timber from privately-owned broadleaved

woodlands is particularly difficult, and only one attempt at this has

been made in the past (Oakley, 1986). The forecast generated then is

still used in the current production forecast. The forecast took crop

data on broadleaves from the 1980 census and, assuming a yield class of

4 for oak and beech and 6 for other broadleaves, and rotation ages of

150, 130 and 80 years for oak, beech and other broadleaves

respectively, estimated the volumes that could be cut under these

assumptions over the period 1980-2020. Comparing these volumes with

what was actually being cut over the late 1970s and early 1980s, it was

found that on average about only half of this potential was being cut.

A reduction of 50% was therefore made for the forecast into the future.

The forecast for broadleaved production could undoubtedly be improved,

but that will not be attempted here. Just as the presence of

overmature stands and a divergence between potential and actual cut in

the privately owned coniferous resource indicated the likelihood of

non-market influences on production, this is also likely to be the case

in the broadleaved resource. However, the magnitude of these effects



in broadleaved forests is so large that they would warrant considerable

research in their own right and, in view of the census data now being

nearly 15 years out of date, it is unlikely that these effects could be

adequately examined without substantial data collection (which is

currently underway in the new Inventory of Woodland).

The supply forecast for the United Kingdom

The published supply forecasts for Britain, covering conifer production

from the Forestry Commission and private sector, and broadleaved

production from the private sector are shown in Tables 3.4.1 and 3.4.2.

These give forecasts for conifer production to 2011 and broadleaved

production to 2020. While these are useful for planning investment in

wood processing industries in the short-term, greater interest is now

being shown in longer forecasts to 2050 to guide both investment in

industry and also new forest planting. Of particular interest is the

effect of the age structure of the current forest estate on production

over such a long period.

The first attempt at constructing a longer forecast was made in 1991

(Whiteman, 1991) based on the data used in these shorter forecasts.

This has since been recalculated on the basis of more recent crop

databases and cutting regimes and is presented in Table 3.4.3 and

Figure 3.4.1 (Figure 3.4.1 uses a 5-year moving average to give the

appearance of a smooth production curve from the 5-year bands which are

generated by the forecasting process). This forecast takes the crop

data, cutting regimes and yield models used for conifers in the private

sector and Forestry Commission and runs the forecast until 2050

assuming that crops are replaced by identical crops after felling.



Table3.4.1ForecastofaverageannualcutofconiferroundwoodinBritain
by5yearperiods1992-2011,ForestryCommissionandprivatewoodlands

Standingvolumeinthousandcubicmetresoverbark
Period

Country

Smallroundwood

Logs

Total

FC

PW

Total

FC

PW

Total

FC

PW

Total

England

559

571

1130

753

583

1336

1312

1154

2466

1992-96

Scotland

727

665

1392

973

453

1426

1700

1118

2818

Wales

336

144

480

522

102

624

858

246

1104

GreatBritain

1622

1380

3002

2248

1138

3386

3870

2518

6388

England

539

585

1124

835

633

1468

1374

1218

2592

1997-01

Scotland

936

772

1708

1372

597

1969

2308

1369

3677

Wales

367

155

522

717

131

848

1084

286

1370

GreatBritain

1842

1512

3354

2924

1361

4285

4766

2873

7639

England

541

554

1095

1015

795

1810

1556

1349

2905

2002-06

Scotland

1196

927

2123

1810

866

2676

3006

1793

4799

Wales

415

173

588

922

215

1137

1337

388

1725

GreatBritain

2152

1654

3806

3747

1876

5623

5899

3530

9429

England

482

511

993

1133

1068

2201

1615

1579

3194

2007-11

Scotland

1486

1062

2548

2345

1286

3631

3831

2348

6179

Wales

427

188

615

962

339

1301

1389

527

1916

GreatBritain

2395

1761

4156

4440

2693

7133

6835

4454

11289

Source:Thompson(1991)



Table 3.4.2 Forecast of ootential averaae annual production from
broadleaves in Britain bv 10 vear Deriods 1991-2020

Stand ing volume in '000m3 overbark
Period Country Oak Beech Other Total

England 410 250 820 1480
1991-00 Scotland 80 20 120 220

Wales 50 50 150 250
Great Britain 540 320 1090 1950

England 460 240 960 1660
2001-10 Scotland 80 20 100 200

Wales 60 50 190 300
Great Britain 600 310 1250 2160

England 540 240 900 1680
2011-20 Scotland 90 20 100 210

Wales 60 50 160 270
Great Britain 690 310 1160 2160

Source Oa <ley (1986)

Table 3.4.3 Forecast of averaae annual UK timber production 1992-2051

All figures are in millions of cubic metres standing volume

Year Small roundwood Saw ogs Total

Conifers Broadleaves Conifers Broadleaves

1992-96 3.2 0.2 3.3 0.9 7.5

1997-01 3.5 0.1 4.3 1.0 9.0

2002-06 4.0 0.1 5.8 1.0 11.0

2007-11 4.4 0.1 7.5 1.0 13.1

2012-16 4.6 0.1 9.0 1.1 14.8

2017-21 5.0 0.1 10.8 1.1 17.0

2022-26 4.3 0.1 11.5 1.1 17.0

2027-31 4.0 0.1 10.9 1.1 16.1

2032-36 3.8 0.1 10.4 1.1 15.3

2037-41 3.6 0.1 9.8 1.1 14.5

2042-46 3.2 0.1 7.4 1.1 11.7

2047-51 3.5 0.1 6.7 1.1 11.3

Note: Volumes presented are total standing volumes including bark down to
a minimum top diameter of 7cm overbark. Sawlog volumes have been defined
as volume to 18cm ob (20cm ob in Nl) plus half the volume in the size category
14-18cm ob (14-20cm ob in Nl).
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Modifications to cutting regimes carried out in stages 2 and 3 of the

forecast are applied to the forecast for the Forestry Commission,

supply from Northern Ireland (calculated in a similar way to supply

from the Forestry Commission) is added to the forecast, and broadleaved

production from the private sector is assumed to carry on in the future

at the level attained in 2020. The forecast however contains no

estimate of production from forests that might be planted in the

future. The forecast shows total wood production increasing from its

current level of about 7 million m3 to about 17 million m3 in 2020

after which production falls to about 12 million m3 in 2040. The peak

in production is due to the uneven age-structure of the forest estate

and reflects reaching of economic maturity from 2015 to 2035 of the

large areas of woodland planted in the late 1970s and early 1980s.

The forecast presents estimates of potential yield; it takes no account

of conversion losses (losses of volume when felling trees due to

factors such as butt rot, forking of main stems, or losses in the

felling, conversion and extraction process), which are usually about

10% of total volume. It also does not take into account the supply of

residues from the wood processing industries (both of these points are

considered later).

Sensitivity of the forecast to changes in cutting regimes, technology,

and environmental practices

The current forecast uses cutting regimes for conifers based on the

price-size relationship constructed in 1992 and an assumption of

constant real prices in the long-run. The previous section showed that

the assumption of constant real prices in the future is probably



justified, but that if prices were to rise in the future a plausible

maximum increase might be h% per year. Figure 2.1.5 showed what effect

real price increases would have on rotation ages, and the effect of a

h% annual real price increase on the production forecast is shown in

Figure 3.4.2. Similarly, the section before that highlighted the

problems with the current price-size relationship and showed the

difference in rotation ages which would occur if the price-size

relationship was calculated on the basis of product price rather than

tree size. While this probably still requires a little more work, if

the relationship in Figure 3.2.5 was used to set rotation ages, this

would also have a small effect on the supply forecast (also shown in

Figure 3.4.2). Both of these effects are only slight however, and show

that the current degree of uncertainty about how optimal rotation ages

should be calculated is not likely to have a significant effect on the

supply forecast. Probably the two greatest long-run uncertainties

about the production forecast are the effects that better management

and silviculture might have on timber yield and the effect that

environmental considerations might have on future production. Neither

of these effects have been modelled in this research, but an assessment

of their impact can be made on the basis of other research, and given

some plausible assumptions about how environmental factors might affect

forest management in the future.

Starting with changes in management and silviculture (ie technological

change), some authors that have studied yield modelling and prediction

have indicated that yield appears to have increased over time (Worrel,

1987; MacMillan, 1991 and Bateman, 1994). However, in all of these

studies, the age of plantation and planting date have been correlated

such that the appearance of higher yields in more recent years could be



Figure3.4.2Sensitivityofthesupplyforecast tochangesintheprice-sizerelationship andthelong-runtrendintimberprices Year



more a reflection of inaccuracies in the assessment of yield class in

young crops and in the yield models of young crops themselves (yield

models are quite inaccurate in crops under 20-25 years old - see

Everard, 1974) than of improved yields due to better management and

silviculture in recent years. Bateman however, has recorded a

2 m3/ha/year improvement in second rotation conifer crops over first

rotation crops which would have a substantial effect on production and

would seem plausible in many cases where first rotation crops have been

planted on poor sites. Although this work is still at an early stage,

if such an increase has occurred, then this would be approximately

equal to a 15% increase in yield (based on an average British yield

class of about 12 m3/ha/year) which, given an average rotation age of

about 50 years, would be equal to an annual increase in yield of about

V4% per year. While this is unlikely to continue indefinitely it may be

plausible over the period of the forecast and would be worth examining

further.

Environmental considerations are likely to work in the opposite

direction (ie reduce future timber supply). Increasing the

environmental or amenity value of forests generally involves three

measures which might affect future timber supply:

1. Restructuring forests (ie breaking up the age-structure of

large even-aged forest blocks).

2. Retaining stands (ie avoiding clearfelling and carrying out

selective fellings or leaving the stand completely alone).

3. Increasing the proportion of open space after felling.

These measures are all aimed at increasing the diversity of Britain's

V&r



forests to make them visually more attractive and enable them to

support a wider variety and greater numbers of wildlife species. Their

effects are included in part of the Forestry Commission's supply

forecast for conifers but not elsewhere.

A broad brush estimate of the effect of these measures can be made by

considering the impact current guidelines on forest management might

have if they were applied to the whole of the private sector estate and

the part of the Forestry Commission estate not currently covered by

forest design plans. Taking them in reverse order, increasing the

proportion of open space after felling is likely to have a minimal

effect on the production forecast because this is unlikely to feed

through into reductions in felling volumes before 2050. The Woodland

Grant Scheme allows stocking to fall to 75% before grant payments are

reduced to encourage more open space and allow non-woodland species to

regenerate. Forestry Commission restocking plans also show a general

reduction in stocking to 75-80% where forest design plans have been

implemented. Although this is unlikely to affect much felling within

the period of the forecast, it will reduce future thinning volumes from

restocked crops by 5-10% which may appear from about 2015 in the

private sector and 2035 in the Forestry Commission. Under the second

measure current guidelines suggest retaining about 1% of forest areas

for nature conservation. The forecast already shows that part of the

private sector estate (about 7%) is retained beyond its optimal

rotation age to satisfy owners non-timber management objectives, so it

is difficult to assess what effect this might have in the future. In

addition to this, recent new planting has had to include at least 5%

broadleaves in total planting which is the element likely to be

retained, and it is unlikely that this rule will be applied to small



woodlands, which adds further complications. For the Forestry

Commission, the situation is simpler in that clearfellings planned to

occur before 2012 are likely to include allowances for retentions but

after that, felling volumes should probably be reduced by about 1%.

Assuming that retained stands are perpetually thinned and regenerated,

about one-tenth of this volume is then likely to be harvested in each

5-year period.

The largest impact on future production however, is likely to come from

restructuring forest crops. This will not affect production in the

very long-run because, once restructured, it will be possible to go

back to felling crops at optimal rotation ages. Over the period of the

forecast however, making changes to the age structure of the crop is

likely to involve significant rescheduling of harvesting and losses in

future production. This is because shortening rotation ages tends to

reduce felling volume by more than lengthening rotation ages increases

it. Again, this is likely to occur on different scales depending on

how large woods are. Current guidelines indicate that between 5 and 7

years difference in rotation age is required to have a significant

beneficial impact on the appearance and environmental quality of

woodlands. No guidance is given on the scale of woodlands to which

such changes should be made, but from current practice, it would appear

that large woodlands of say, 500 ha and over should be broken-up into

mosaics containing several stands in each of about five age classes

while smaller woods of 50-500 ha might have to only be broken-up into

three different age classes. Table 3.4.4 shows the proportion of

Forestry Commission and private sector woodlands that are estimated to

be in each of these size categories and the effect that this might have

on timber volumes produced if such restructuring were to take place.

m



Table3.4.4ThedistributionofforestblocksizesacrosstheForestryCommission andprivatesectorandtheeffectrestructuringmighthaveontimberproduction Ownership

Proportion

Effectontimbervolumesofrestructuring
Total

andblock

oftotalarea

productiontooccuratdifferentages
effecton

size

inthis

10years5yearsOptimal
5years10years
production

category

earlyearlyage
latelate

ForestryCommission Under50ha

5%

100%

-

100%

50-500ha

20%

30%33%

36%

100%

Over500ha

75%

15%18%20%
22%23%

99%

Totalweightedeffectonproduction

99%

Privatesector Under50ha

50%

100%

-

100%

50-500ha

25%

30%33%

36%

100%

Over500ha

25%

15%18%20%
22%23%

99%

Totalweightedeffectonproduction

100%



Figure 3.4.3 compares the current production forecast to the forecast

under a variety of combinations of assumptions about future changes in

technology and environmental practices. The Improved Silviculture

forecast includes a 14% per year increase in yield over the period of

the forecast. The Environment 1 forecast shows the effect of increased

open space and retained crops on the forecast assuming:

For the Forestry Commission: a 5% loss in thinning volume from

crops replanted after 2012 plus a 1% loss in felling volume from

production after 2012 to be replaced by increased thinning volumes

equal to one-tenth of this loss in every subsequent 5-year period.

For the private sector: a 5% loss in thinning volume from crops

replanted after 1992 plus a h% loss in felling volume from 1992-

2012 and a %% loss in felling volume after 2012 from woodlands

over 50 ha, with these volumes replaced by increased thinning

volumes as above.

The Environment 2 forecast shows the effect of increased open space and

retained crops as above plus the effect of restructuring as shown in

Table 3.4.4 on the forecast assuming:

For the Forestry Commission: restructuring of crops not currently

covered by forest design plans.

For the Private Sector: restructuring of crops scheduled for

felling after 2002 (to allow the maximum early felling of crops 10

years before optimal rotation age to be included in the forecast).
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The combined forecast contains the results of the Improved Silviculture

scenario plus the Environment 2 forecast.

The Improved Silviculture forecast shows an increase in supply over the

original forecast as would be expected. The Environment 1 forecast is

rarely discernible from the original forecast, involving losses in

supply of less than 100 000 m3 in most years. This is because the

losses in thinning volumes are not substantial and only come in later

years of the forecast, and the lost felling volumes are replaced to a

certain extent by the cumulative increase in thinning volumes from

retained crops. The Environment 2 forecast shows a significant

reduction in supply increasing to about 1.5 million m3 in 2020 after

which time the effect of delayed fellings from earlier periods

counteracts any losses from early fellings in later periods. The

overall effect of this is also to reduce the peak in production from

17 million m3 to 16 million m3. The combined forecast shows that if

improvements in silviculture and management increased yields by %% per

year then this would counteract the effect of environmental

improvements on production until 2020 and outweigh them (resulting in

higher production) thereafter.

Both the Improved Silviculture and Environment 2 forecasts have been

constructed to show the greatest changes to supply that could probably

be expected from these influences, to give the widest possible range of

future outcomes within which future supply might lie. If both occur in

the future, it seems likely that they will cancel each other out to a

large extent, resulting in a supply path similar to that presented in

the original supply forecast.



The supply forecast is constructed under the assumption that, in the

long-run, prices, cutting regimes, timber yields, and forest management

objectives will not change by very much. This section has shown how

quite plausible variations in these assumptions could affect the supply

forecast in the long-run. Other factors may also affect supply in the

long-run, most notably global environmental factors such as acid rain

and global warming. However, it is not possible to forecast with any

accuracy when such factors might arise and by how much they might

affect supply (although most would agree that they are likely to have

a negative effect on supply). In the short-run, other environmental

shocks such as storms or outbreaks of disease may also affect supply,

but these also cannot be forecast with any degree of accuracy.

However, apart from these, the other significant variable which might

affect supply in the short run is price and this is examined in the

next section below.

The short-run effect of timber prices on supply

Figure 2.1.6 showed the level of coniferous roundwood production from

the Forestry Commission and private sector compared to the first

5 years of the supply forecast for each of the first five forecasts

produced from 1965-91. This showed that there was considerable growth

in supply over the period and some quite large differences between

forecast and actual supply in individual years. Table 3.4.5 shows the

average annual difference between actual and forecast production

(converted to percentages) and it can be seen that over the period as

a whole, the Forestry Commission cut 12% more timber than planned and

private sector harvests fell short of plans by 12% leading to an

overall level of supply 2% greater than forecast. However, taking into



account that about 10% of forecast volumes would be expected to be lost

from conversion losses, production (which is recorded in terms of

felled volumes) was actually much higher than forecast over the period.

The standard deviation of the difference was also high for both sectors

(21% for the Forestry Commission and 17% for the private sector)

although when taken together the standard deviation of total production

was much lower (14%). These figures would therefore seem to indicate

that timber supply can be quite variable in the short-run and that the

two sectors may have been responding in different directions to market

forces in the past (possibly as a result of the Forestry Commission's

market stabilisation policies).

Table 3.4,5 Average annual difference between forecast and actual
coniferous roundwood production

All figures are percentages

Difference between actual and forecast production
Lower 95% Upper 95%

Source of Production Confidence Limit Average Confidence Limit

Forestry Commission - 29.7 +12.3 54.3
Private Sector -45.7 - 11.7 22.3
All production - 25.6 +2.4 30.4

Chapter 2 showed that other studies of timber supply have indicated

that economic factors, notably price but also to some extent interest

rates, and social and environmental factors such as owners'

characteristics and management objectives (particularly in the private

sector) are likely to affect timber supply in the short-run. In

addition to these, biological potential (usually captured by forest

inventory - a measure of the stock of standing timber) has also been

shown to affect production. In order to examine the short-run price

sensitivity of timber supply therefore, regression models were

constructed to try to explain past production as a function of

biological potential and economic factors.

zvl



The effect of social and environmental factors were not investigated

because only aggregate production data were available and it was not

possible to construct or obtain aggregate measures of such variables

(they are anyway probably better studied in terms of individual supply

models rather than aggregate supply models). The supply of hardwoods

was also not examined because of the lack of data and also the much

greater likely importance of these such factors on supply.

To carry out this analysis it was decided to look for the longest

series of timber production statistics available. The longest series

available was obtained from the FAO (FAO, 1990 and earlier). These

figures were converted to m3 including bark and reduced to take into

account production from Northern Ireland, to arrive an estimate of

coniferous roundwood supply in Britain from 1953-1988 (shown in

Figure 3.4.4). Forestry Commission coniferous roundwood production

data was not available back to 1953, but figures on total Forestry

Commission production (in m3 including bark) were obtained from

Forestry Commission Annual Reports and these were converted to calendar

years and used in the analysis (also shown in Figure 3.4.4). These

also included non-coniferous roundwood production (because it was not

possible to separate this out) but it was felt that this only

introduced a slight measurement error in the data because hardwood

production accounts for less than 2% of total Forestry Commission

production. Independent data on private sector production was only

available back to 1974 but this confirmed that the difference between

Forestry Commission production and total British coniferous roundwood

production was an accurate estimate of private sector production, so

this was used in the analysis as a measure of private sector coniferous

roundwood supply. The FAO statistics contained an error over the
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period 1953-59, when it appeared that pulpwood and pitwood production

had been recorded as coniferous roundwood when much of it was probably

non-coniferous. To correct for this therefore, a dummy variable was

also calculated and used in the models of private sector supply.

As was discussed in earlier sections of this chapter, reliable

roundwood price information was not available, so the index of sawn

softwood import prices was used as the price variable for this

analysis. It has already been shown that this is quite strongly

correlated with standing sales prices (as a general rule sawlog prices

tend to be about one-third the amount of sawnwood prices) and the

decision to fell is largely determined by the value of sawlogs, so it

was felt quite reasonable to use this as the price variable in the

analysis. As a measure of nominal interest rates, the retail banks'

short-term money rates over the period was used (see Figure 3.4.5).

The most difficult measure to obtain was a measure of the biological

potential of the estate. This is very important because production has

increased substantially over the period as new planting has increased

the area of forests, and the age structure of the estate has changed to

one of more mature trees, producing greater volumes of timber from

thinnings and fellings. As has been noted above, other studies have

used forest inventory as a supply shifting variable, but this was not

available, nor is it likely to be a good explanatory variable where the

age-structure of plantations has been changing over time (ie a large

area of young trees and small area of old trees would show the same

standing volume but production from the former would be only a tiny

fraction of production from the latter). What was available, however,

was a complete history of annual new planting and restocking areas



dating back to 1900, for both the Forestry Commission and private

sector which, with the aid of data on age structure from the 3 censuses

of woodlands (Locke, 1986 and earlier), could be used to calculate the

age structure of the forest estate in each year from 1948 onwards.

This data was used to construct for both the Forestry Commission and

the private sector time series showing:

1. The area of crops under 25 years old;

2. The area of crops 25-35 years old;

3. The area of crops over 35 years old.

On average, crops under 25 years old are unlikely to produce much in

the way of thinnings and no fellings, crops 25-35 years old are likely

to produce about 3 thinnings yielding about 100 m3 ha in total, and

crops over 35 years old are likely to produce 2 or 3 more thinnings

plus a clearfelling which will yield about 400 m3/ha in total. These

variables should, therefore, be useful in explaining the pattern of

production over time.

The age structure of the private sector, Forestry Commission and total

British forest estate over this period is shown in Figures 3.4.6 to

Several points are quite noticeable.

1. The age structure of the forest estate has, as was suspected,

changed over the period.

2. The total forest area increased from 0.5 million ha to 1.5

million ha over the period, giving an annual rate of increase

3.4.8.
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of about 30 000 ha, (close to the current target for new

planting).

3. The area of conifers owned by the Forestry Commission has

levelled off at about 825 000 ha, and the age structure is

maturing. (The Forestry Commission is still planting new

areas, but this has been counteracted by disposals since

1980.) The private sector forest area has continually

expanded over the period and the age structure has matured

slightly.

4. The data from the private sector shows a persistent area

(about 100 000 ha) of crops over 35 years old. This includes

the area of over-mature crops referred to earlier.

Both the area data and the production data showed strong upward trends,

supporting the view that they are probably linked in some way. In

contrast, the price series and interest rate series showed no overall

trend upwards or downwards, but did show a great deal of variation over

the period.

Four basic model specifications were considered for supply from the

Forestry Commission and private sector in this analysis:

1. Si = fi(Apj, P, R) (Equation 3.4.1)

2. LnSp = fp(LnAij, LnP, LnR) (Equation 3.4.2)

3. Yp - f(Aij/Aip, P, R) (Equation 3.4.3)

4. LnYp = fi(LnAij/Aip, LnP, LnR) (Equation 3.4.4)



The first is a straightforward specification of supply from sector i

(ie Forestry Commission or private sector) (S^) as a function of area

variables (A-jj ) , price (P) and interest rate (R) . The second is the
same as the first but in log form. The third specification is yield

(Y^) defined as total production divided by the area of crops of a

productive age (A^p), as a function of the proportion of productive

crops over a certain age (Aij/Aip), price and interest rate, and the
fourth specification is this in log form. Each of these models may

also be specified as models of instantaneous adjustment, lagged

adjustment (using lagged independent variables), partial adjustment

(using a lagged dependent variable) or in an error correction form

(using both lagged dependent and independent variables).

Tables 3.4.6 shows estimated Forestry Commission and private sector

supply models specified in each of the 4 ways described above as

instantaneous adjustment models and estimated using OLS regression.

All the coefficients had the expected sign. Age structure variables

were significant in all the models and the coefficients on the area

over 35 years old were higher than those on the area. 25-35 years old

in the Forestry Commission models but lower in the private sector

models. This reflected in part the large proportion of old but

unproductive forest in the private sector. Price was significant in

all the models with an elasticity of between 0.4-0.5 for the Forestry

Commission and 0.5-0.6 for the private sector. The coefficients on the

age structure variables were quite robust with respect to different

model specifications and did not change by much if the price and

interest rate variables were dropped from the model. Interest rate was

not significant in any of the models so the results of models estimated

without this variable are also shown. Dropping the interest rate



Table 3.4.6 Estimated instantaneous adjustment timber supply models

Dependent
variable

Independent variables, coefficients and t-statistics Adj.
R2

D-W

stat.Constant Dummy Area 25-35 Area over 35 Proportion Price Interest
1953-59 yearsold years old over 25 y.o. rate

also over 35

Forestry Commissior

Supply (total
supply in m3)

-579630 - 7.187 13.362 - 4206.09 -7705.72

(-3.05) - (10.42) (9.88) - (2.22) (-0.57)
-555973 - 7.160 13.25 - 3845.44

(-3.03) - (10.51) (11.10) - (2.18)

0.964

0.965

0.491

0.463

Ln supply 1.197 - 0.460 0.494 - 0.460 0.063

(0.90) - (6.21) (7.28) - (2.36) (0.74)
0.518 - 0.466 0.530 - 0.530

(0.54) - (6.40) (10.97) - (3.13)

0.933

0.934

0.332

0.320

Yield (m3 per
ha over 25

years old)

2.873 - - - 6.611 0.026 0.074

(1.93) - - (3.76) (2.05) (1.05)
2.586 - - - 7.322 0.031

(1.77) - - (4.51) (2.52)

0.371

0.369

0.343

0.327

Ln yield 0.510 - - - 0.204 0.373 0.070

(0.72) - - - (2.43) (2.18) (1.28)
0.263 - - - 0.270 0.466

(0.38) - - - (4.05) (2.98)

0.344

0.332

0.342

0.319

Private sector

Supply (total
supply in m3)

-617844 845540 9.031 8.205 - 3369.29 10162.4

(-2.26) (13.00) (13.10) (3.41) - (2.40) (1.14)
-526137 805055 9.118 7.207 - 3994.10

(-2.01) (14.72) (13.25) (3.20) - (3.08)

0.907

0.907

1.264

1.233

Ln supply -2.495 1.150 0.373 0.881 - 0.438 0.119

(-0.76) (10.67) (8.91) (3.28) - (2.35) (1.74)
-1.600 1.049 0.381 0.759 - 0.576

(-0.48) (11.17) (8.88) (2.84) - (3.30)

0.839

0.828

1.118

0.981

Yield (m3 per
ha over 25

years old)

5.311 8.412 - - -2.560 0.027 0.091

(3.67) (15.27) - - (-1.93) (2.99) (1.28)
5.537 8.088 - - -2.947 0.033

(3.82) (16.36) - - (-2.26) (3.15)

0.923

0.921

1.411

1.374

Ln yield -0.555 0.878 - - -0.266 0.485 0.075

(-0.80) (10.71) - - (-2.25) (2.98) (1.30)
-0.869 0.813 - - -0.300 0.580

(-1.32) (12.40) - - (-2.56) (3.97)

0.877

0.874

1.293

1.208

Note: In models of log supply and log yield, independent variables were also converted to log forms.
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variable slightly affected the price variable coefficient in each of

the models indicating the possibility of some slight multi-collinearity

between these variables.

The low Durbin-Watson statistic in all of the results indicated that

auto-correlation of the residuals might be a problem in these models.

This problem was more pronounced in the models of supply from the

Forestry Commission than from the private sector, and was confirmed by

visual examination of the residuals from several of the models (see for

example, Figures 3.4.9 and 3.4.10). Residual auto-correlation can be

caused by a range of factors such as missing variables or mis-

specification of the functional form, and it is a problem because these

factors can result in biased coefficient estimators if OLS regression

is used. It was suspected in this case that both mis - specif ication and

missing variable bias might be the cause of the auto-correlation; the

former because instantaneous adjustment in the timber market might not

be a valid model hypothesis, and the latter because the age structure

variables used were only a very crude indication of potential

biological production. Before re-specifying the model therefore it was

decided to re-estimate the coefficients by estimating Rho, the auto¬

correlation coefficient, within the model. By doing this, the

estimation process would arrive at asymptotically unbiased estimates of

the coefficients. There are several methods for estimating Rho and all

of these gave broadly similar results for the estimates of the other

coefficients (although they did in some cases give quite varied

estimates of Rho itself). The results of the models corrected for

residual auto-correlation for both the Forestry Commission and the

private sector are shown in Tables 3.4.7 Rho in these cases, was

estimated using maximum likelihood (MLE) techniques. After correcting
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Table 3.4.7 Instantaneous adjustment timber supply models corrected for autocorrelation

Dependent Independent variables, coefficients and t-statistics Rho
variable Constant Dummy Area 25-35Area over 35 Proportion Price Interest

1953-59 years old years old over 25 y.o. rate

also over 35

Forestry Commissior
Supply (total -207154 - 8.560 8.427 - 2300.66 954.86 0.871
supply in m3) (-0.82) - (5.17) (3.33) - (1.50) (0.09) (10.49)

-205329 - 8.599 8.339 - 2348.30 - 0.874
(-0.82) - (5.44) (3.38) - (1.69) - (10.63)
82978 - 8.427 7.893 - - - 0.887
(0.39) - (5.08) (3.06) - - - (11.34)

Ln supply 5.348 _ 0.396 0.325 0.139 0.017 0.966

(3.06) - (2.49) (3.13) - (1.29) (0.42) (21.95)
5.062 - 0.408 0.332 - 0.159 - 0.963
(3.10) - (2.63) (3.27) - (1.66) - (21.25)
6.118 - 0.404 0.307 - - - 0.967
(3.87) - (2.53) (2.95) - - - (22.34)

Yield (m3 per 5.996 _ _ 3.494 0.011 0.007 0.873
ha over 25 (3.80) - - - (1.06) (1.33) (0.13) (10.62)
years old) 6.007 - - - 3.462 0.012 - 0.875

(3.86) - - - (1.06) (1.49) - (10.68)
7.346 - - - 2.907 - - 0.879
(5.55) - - - (0.87) - - (10.89)

Ln yield 1.464 _ _ _ 0.051 0.151 0.011 0.896
(3.11) - - - (0.39) (1.41) (0.29) (11.97)
1.429 - - - 0.056 0.163 - 0.898
(3.18) - - - (0.44) (1.70) - (12.10)
2.134 - - - 0.018 - - 0.903

(12.06) - - - (0.14) - - (12.41)
Private sector

Supply (total -545432 853490 9.419 8.699 - 2057.36 9054.26 0.421
supply in m3) (-1.66) (10.31) (9.36) (2.84) - (1.30) (0.87) (2.74)

-485435 822664 9.499 8.236 - 2415.80 - 0.455
(-1.49) (10.82) (9.08) (2.69) - (1.63) - (3.02)

-281600 839663 9.552 8.500 - - - 0.581
(-0.90) (9.47) (7.44) (2.46) - - - (4.23)

Ln supply -2.187 1.033 0.352 0.923 0.335 0.067 0.530
(-0.51) (7.49) (5.56) (2.56) - (1.56) (0.83) (3.70)
-2.031 0.959 0.340 0.918 - 0.364 - 0.605
(-0.46) (7.63) (4.91) (2.46) - (1.82) - (4.49)
-0.819 0.903 0.273 1.018 - - - 0.748
(-0.17) (6.52) (3.17) (2.48) - - - (6.67)

Yield (m3 per 6.143 8.435 _ -2.791 0.020 0.089 0.273
ha over 25 (3.60) (12.78) - - (-1.66) (1.53) (1.08) (1.68)
years old) 6.511 8.141 - - -3.133 0.025 - 0.310

(3.74) (13.17) - - (-1.81) (2.01) - (1.93)

Ln yield 0.046 0.874 . -0.320 0.360 0.046 0.413
(0.06) (8.50) - - (-1.89) (1.93) (0.66) (2.68)
-0.004 0.839 - - -0.338 0.387 - 0.458
(-0.01) (9.48) - - (-1.91) (2.26) - (3.05)

Note: In models of log supply and log yield, independent variables were also converted to log forms.



for auto-correlation, the coefficients on age structure remained

significant and did not change markedly, although the values for the

two age variables became much closer together in the Forestry

Commission models. Interest rate remained an insignificant variable,

and in all of the models except the private sector yield models, prices

became insignificant. Price elasticity in the private sector models

was about 0.4.

The above models all assumed that timber supply responds fully and

instantaneously to changes in market conditions. As an alternative to

this, models were also built using the same 4 basic model

specifications but including lagged independent variables. When lagged

by one year, none of the lagged independent variables were significant

with or without the inclusion of the same variable unlagged. Price

lagged by 2 or 3 years did turn out to be significant in the models but

no sensible economic reason could be found for this result so it was

treated as being spurious. Failure to construct a viable model using

lagged independent variables therefore, led to rejection of the lagged

adjustment process as a model specification in this case.

To see if a partial adjustment process was a more valid model of timber

supply, the models were respecified to include a lagged dependent

variable as an explanatory variable. This might be a more appropriate

model specification for timber supply where plans are often drawn up

years ahead on the basis of when crops are likely to reach maturity,

and (for the private sector) , permission to fell has to be obtained

before any production can take place. Again examination of Durbins-H

statistics calculated for these models showed that the models would

have to be corrected for auto - correlation of the residuals, and the



results for both the Forestry Commission and the private sector

corrected using MLE methods are shown in Tables 3.4.8. As in the

instantaneous adjustment models, interest rate was not significant and

age structure was significant and had the same relative magnitudes as

before. Apart from in the first specification the model of partial

adjustment was not a viable model specification for supply from the

Forestry Commission because the coefficient on the lagged dependent

variable was insignificant. In the first specification, the lagged

dependent variable had a coefficient of about 0.5 and price was

significant, with an elasticity of 0.16. For the private sector, all

the models showed the lagged dependent variable to be significant with

a value of between 0.03-0.18. Such a low value would indicate a fairly

rapid adjustment process within the market. Price was significant in

all of the partial adjustment models of supply from the private sector,

and the results indicated an elasticity of supply of about 0.4-0.5.

An error-correction specification was also examined, but many of the

variables in this model were insignificant and the restrictions

necessary for this to be a valid model specification (see Charemza and

Deadman, 1992) were also rejected using F tests. This was therefore,

rejected as a valid model specification.

The results of this exercise showed that forest area and age structure

were good explanatory variables in the model of timber supply. Lagged

and partial adjustment and error correction specifications were

rejected as model specifications of timber supply from the Forestry

Commission but the partial adjustment process was accepted as a valid

model of supply from the private sector (although the coefficient was

very low indicating near instantaneous adjustment. Auto-correlation



Table 3.4.8 Partial adjustment timber supply models corrected for autocorrelation

Dependent
variable

Independent variables, coefficients and t-statistics Rho

Constant Dummy Area 25-35 Area over 35 Proportion Price Interest Lagged
1953-59 years old years old over 25 y.o. rate dependent

also over 35 variable

Forestry Commission
-231487 - 3.990 4.730 - 2114.56 11966.60 0.510

(-1.39) - (3.08) (1.95) - (1.47) (1.18) (3.66)
-238493 - 4.270 5.634 - 2748.29 - 0.480

(-1.79) - (3.56) (2.53) - (2.06) - (3.65)

0.573

(4.14)
0.542

(3.82)

Supply (total
supply in m3)

Ln supply 6.550 - 0.314 0.301 - 0.123 0.031 0.007

(3.39) - (1.86) (2.86) - (1.15) (0.74) (1.20)
0.976

26.63)

Yield (m3 per ha
over 25 years old)

5.670 - - - 2.880 0.011 0.013 0.679

(3.59) - - - (0.87) (1.35) (0.22) (0.99)
0.865

10.19)

Ln yield 1.419 - - 0.042 0.150 0.015 0.019

(2.94) - - - (0.32) (1.38) (0.37) (0.60)
0.893

11.76)
Private sector

-516227 788126 8.495 7.125 - 2035.74 8759.34 0.178

(-1.81) (10.64) (9.51) (2.66) - (1.47) (0.97) (3.11)
-454303 757207 8.556 6.518 - 2495.85 - 0.179

(-1.63) (11.39) (9.53) (2.50) - (1.96) - (3.18)

0.384

(2.46)
0.392

(2.52)

Supply (total
supply in m3)

Ln supply -2.495 1.152 0.390 0.832 - 0.456 0.065 0.030

(-0.73) (10.27) (8.26) (2.94) - (2.52) (0.96) (3.35)
-2.128 1.096 0.391 0.784 - 0.515 - 0.030

(-0.62) (10.93) (8.08) (2.76) - (3.09) - (3.42)

0.379

(2.42)
0.408

(2.64)

Yield (m3 per
ha over 25

years old)

5.710 7.775 - - -3.578 0.019 0.077 0.177

(3.76) (12.69) - - (-2.34) (1.64) (1.08) (3.58)
5.918 7.509 - - -3.858 0.023 - 0.179

(3.91) (13.35) - - (-2.54) (2.23) - (3.61)

0.326

(2.04)
0.328

(2.06)

Ln yield -0.183 0.855 - - -0.350 0.365 0.036 0.111

(-0.22) (8.99) - - (-2.21) (2.14) (0.57) (2.67)
-0.269 0.828 - - -0.364 0.396 - 0.112

(-0.38) (10.38) - - (-2.30) (2.55) - (2.73)

0.426

(2.79)
0.444

(2.93)
Note: In models of log supply and log yield, independent variables were also converted to log forms.
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was a problem in all the models and, after correction for this, price

was rejected as a variable that significantly affected supply from the

Forestry Commission in all but one of the different specifications (and

in that model, the elasticity was quite low). The indication of price

sensitivity was much stronger in the models of supply from the private

sector however, where the majority of model specifications showed price

to be as a significant variable, with an elasticity between 0.4-0.5.

This result was in line with estimates of price elasticity from other

countries (see Table 2.1.6) and showed that the private sector is price

sensitive in supplying timber while the Forestry Commission probably is

not.

The results of this modelling exercise were used with the time-series

model of long-run timber prices and the supply forecast to construct

confidence limits for the forecast showing its sensitivity to timber

price variation. The time-series model assuming a historical shift in

real timber prices in 1943 (see Table 3.3.16) was run forward to the

year 2050 1,000 times in a Monte Carlo simulation and, with price

elasticity set to 0.45 for the private sector, 1,000 production

forecasts based on this were constructed. The 95% confidence limits of

these forecasts were then calculated and are shown in Figure 3.4.11 as

confidence limits 1. They show that the production forecast is not

very sensitive to price fluctuation, because of the quite low price

elasticity of private sector supply and the total inelasticity of

supply from the Forestry Commission. A further series of 1,000 price

forecasts were also run incorporating uncertainty about the price

elasticity estimate itself (a standard error of 0.18 was used for this

based on the regression results) and used to generate 1,000 production

forecasts. The confidence limits from this set of forecasts were then
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estimated and are also shown in Figure 3.4.11 as confidence limits 2,

but are very similar to the first set of confidence limits calculated

in this way.

Conclusions

This section has shown how the timber supply forecast for the UK is

constructed from information about the area, location, ownership and

biological potential of the forest estate. The production forecast

shows a steady increase in production until about 2025 at which time

production is expected to be about 2h times greater than current

production, or about 17 million m3 per year. Most of this increase is

expected to come from increases in coniferous roundwood production

which is set to treble over the next 30 years. After this production

is expected to fall back to about 12 million m3 by 2050.

The robustness of the forecast has been examined with respect to

changes in cutting regimes due to changes in the relative prices of

small and large sized timber or long-run trends in timber prices, and

changes in yield due to technological changes and environmental

factors. Changes in cutting regimes had little overall effect on the

production forecast and changes in yield introduced uncertainties into

the forecast amounting to, at most, about 1.5 million m3 in opposite

directions. The sensitivity of supply to short-run price changes was

also examined and it was found that supply from the Forestry Commission

was price inelastic while supply from the private sector was slightly

elastic (with a value of 0.4-0.5). Incorporating this into the supply

forecast however produced quite narrow confidence limits indicating

that the forecast was not very sensitive to future price uncertainty.



3.5 DEMAND FOR WOOD PRODUCTS

Total demand for roundwood is derived from the demand for wood

products. So, to forecast the demand for roundwood it is first

necessary to forecast demand for these products individually, then

aggregate them in such a way that makes the figures comparable to the

figures presented for roundwood supply. The conversion of product

demand to roundwood demand is considered in the final section of this

chapter; earlier sections discuss the forecasting of wood product

demand.

A general model of wood product demand is first outlined followed by a

brief discussion of trends in prices and consumption of each of the

wood products. Other explanatory variables which might be used in such

models are then discussed along with possible model specifications.

Finally, the results of estimating such models are presented and used

to generate forecasts of wood product demand in the future.

A model of wood product demand

The demand for a wood product (or indeed any product) can generally be

defined as:

Di = fi (Pi, Pj, Y, T) (Equation 3.5.1)

where Di is quantity consumed of product i, Pi is its price, Pj is a

set of substitute price variables, Y is a set of macroeconomic

variables, and T is a set of factors such as changes in tastes or

technology.
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The price variable (Pi) measures the slope of the demand curve or the

elasticity of demand if logged variables are used in the model. This

represents the amount by which consumption changes in response to price

changes, all other things being equal. Substitute prices may also

affect consumption by making other goods relatively more or less

attractive, leading to substitution for or by the wood product. This,

if present, can be captured by the substitute or cross price term (Pj)-
The coefficient on own price in a demand model is expected to be

negative, and coefficients on substitute prices positive.

The set of macroeconomic variables (Y) captures shifts in the demand

curve arising from changes in the general level of economic activity.

Variables often used for this purpose are national income, investment,

or population. However, in the case of intermediate or investment

goods (which many wood products are) it is sometimes possible to

construct better models by using output indicators of wood using

industries rather than more general macroeconomic variables. Changes

in tastes or technology are usually quite difficult to quantify but can

also have a significant effect on demand. These act in the same way as

macroeconomic variables, shifting the demand curve inwards or outwards

as they change. They are usually portrayed as simple (or sometimes

more complicated) time trends (T). However, they should be avoided if

possible in models, because they represent a failure to capture a

significant explanatory variable, are often be very strongly correlated

with other explanatory variables, and can cause problems when trying to

use the model to make forward projections. Coefficients on

macroeconomic variables are expected to have a positive sign, while

coefficients on trend variables can be either positive or negative.



Data on wood product consumption and prices

Figure 3.1.2 showed the 12 major finished wood products manufactured

from roundwood. In addition to those shown dissolving pulp is a final

product in terms of the wood chain, but is used as a raw material in

the chemicals industry. Consumption of dissolving pulp and railway

sleepers are both however, very small, so they were excluded from the

demand analysis.

Data on consumption and prices of the remaining 11 products were taken

from FAO statistics. Consumption data was available from 1953-1986,

and price data from 1956-1986. As has already been mentioned in

Section 3.1, very little domestic price information was available but,

given the scale of imports for most wood products, import price could

be used in the analysis because this was effectively the market price

for each of the products. Prices were converted to sterling at the

exchange rates given in the FAO statistics, and deflated using the GDP

deflator. Price and consumption data over the period are shown in

Figures 3.5.1 to 3.5.8.

Two categories of wood product, fuelwood and industrial roundwood (a

category comprised of round mining timber, stakes, poles and fencing

materials) , represent uses of roundwood without any further processing.

The data on fuelwood consumption and prices were probably quite

unreliable. Consumption is likely to be much greater than the figures

indicate because much of this material is sold informally or does not

even come to market at all, and is not therefore captured in official

statistics. The figures that were available showed considerable

variability and no overall trend upwards or downwards. The fuelwood
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Figure 3.5.3 UK consumption of sawnwood
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Figure 3.5.5 UK consumption of wood based panels
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Figure 3.5.7 UK consumption of
paper and paperboard
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price data was felt to be equally unreliable because of the very small

volumes imported. What was available showed some stability and no

trend except for very high prices in the five years 1956-60 which were

almost certainly due to measurement error in the data. The data on

other industrial roundwood was felt to be much more reliable. It

showed fairly stable prices over the period and a dramatic decline in

consumption. This probably reflects the importance of mining timber in

this category, and can be linked to the decline in deep mine coal

production in the UK over the period.

The data on sawnwood consumption and prices is likely to be very

reliable due to the size of the market for these products and the large

proportion of consumption that is made up of imports. Consumption of

sawn softwood varied from 6-10 million m3 over the period with no

overall trend in direction. In contrast, consumption of sawn hardwood

showed a similar degree of variability but a decline from 2 million m3

to just over 1 million m3 over the period. Prices appeared relatively

stable for both products (except for a brief increase in the early

1970s, a characteristic of all the price series) with sawn hardwood

showing slight upward trend in real terms.

For the same reasons as above the data on wood based panel and paper

and paperboard consumption and prices were also thought likely to be

reliable. Consumption of these products appeared to have grown

substantially over the period, although growth in consumption of

newsprint appeared to have declined in later years. Real prices fell

during the first 10 years of the period but showed no overall trend

thereafter. It was suspected that price reductions in the early part

of the period probably reflected improvements in manufacturing



technology leading to lower production costs rather than reductions in

roundwood raw material costs. A decline in roundwood prices was

apparent over the period (see Figure 3.2.3) but the reductions in

roundwood prices were much lower than the reductions in prices of wood

products.

Data on other demand shifting variables

Data on other demand shifting variables were obtained from official

statistics (Central Statistical Office, 1988), and this data was

expected to be very reliable. UK resident population was obtained and

used in several of the models where it was felt that consumption could

be modelled on a per capita basis. Gross Domestic Product (Income) and

Gross Domestic Fixed Capital Formation (Investment) were deflated using

the GDP deflator and tried in the first instance in all the demand

models. However, after examining the main end-uses of sawnwood and

wood based panels, it was found that a large proportion of these

products are used in the construction industry. To see if this would

be a better demand shifting variable therefore the index of output of

the construction industry was tried as an explanatory variable in

several of the models, and for similar reasons the production of deep

mined coal was tried in the model of other industrial roundwood

consumption.

It was suspected that the main substitutes for several of the wood

products would be other wood products. However, it was thought

possible that some substitution between sawnwood and wood based panels

and other building products might be possible, so the real price index

of other building products was obtained and tried in several of the

models.



Model specification

As was discussed in the model of roundwood supply, the demand model

outlined above could be specified as a model of instantaneous

adjustment, lagged adjustment, partial adjustment or an error-

correction process. There was no economic reason to suspect a priori

that one functional form would be preferred to another, so each of

these specifications were tried and on the whole the results suggested

that product markets adjusted instantaneously. However, a further

complication considered in the model of product demand was the question

of price exogeneity.

Consumption and market prices arise out of the interaction of both

supply and demand curves. If the level of the UK demand or supply is

significant enough to affect market prices (ie producers or consumers

are price setters rather than price takers) then this would suggest

that price is not exogenous, and demand would be better modelled as a

set of simultaneous equations involving both supply and demand

functions. In the model of roundwood supply, it was felt that because

UK wood production is only a tiny fraction of World output (less than

1%) and imports (mainly in the form of wood products) account for such

a large proportion of consumption, that UK wood production was not

likely to influence price (which could therefore be treated as an

exogenous variable). However, in the case of product markets the

situation could be quite different so the proportion of UK product

consumption satisfied by UK production was investigated.

UK consumption of wood products, while being much greater than

production, was found to account for less than 2% of World consumption,



suggesting that consumption would have little effect on World market

prices. On the supply side, UK production of wood products was quite

significant in some domestic markets, but still at most only accounted

for 30% of consumption. Given that domestic price was not being used

in any of the models and that 30% (or less) is still quite a low

proportion of consumption, it was felt that this was not a serious

issue, and that demand could be accurately modelled in isolation from

the supply side of the market (ie without using simultaneous equation

model specifications).

Having decided that demand could be modelled independently of supply,

it remained necessary to choose functional forms for the demand models.

The following four functional forms were considered in the analysis.

1. Di = fi (Pi, Pj, Y, Ti) (Equation 3.5.2)

2. LnDi - fi (LnPi, LnP, LnY, Ti) (Equation 3.5.3)

3. Di/P = fi (Pi( Pj, Y/P, Ti) (Equation 3.5.4)

4. LnDi/P = fi (LnPi, LnPj, Ln(Y/P), Ti) (Equation 3.5.5)

The first is the aggregate demand model already outlined above and the

second is this in log form. The third model is a per capita version of

the first model (ie D^/P is demand per capita of product i and P is

population) and the fourth is this in log form. Again, there was no

strong a priori reason for choosing one of these functional forms over

another, although models using logged variables are often preferred in

demand studies because of their greater flexibility and the ease with

which elasticities can be derived. It was felt that, because paper

products were more clearly linked to personal consumption than

industrial investment it might be more appropriate to model consumption
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of these products in per capita models, however this argument was quite

weak, so all four specifications were tried using each of the

adjustment processes and the results of the best models (in terms of

statistical significance and goodness of fit) were finally chosen for

constructing demand forecasts.

Model results

The results of the product demand modelling exercise are shown in

Table 3.5.1. The models were all estimated using OLS regression and

these shown are the tested-down models after insignificant (at the

5% level) variables were removed. In cases where several alternative

independent variables were significant in isolation but not together in

the model, the final choice of variables was made on the basis of which

seemed (from knowledge of the markets for these products) to be the

most sensible variables to use, and their statistical significance.

Some of the models suffered from residual autocorrelation, and this was

overcome by estimating the autocorrelation coefficient (Rho) in the

regression models.

No significant relationship could be found between fuelwood demand and

any of the expected explanatory variables (price, GDP, population or

substitute fuel prices). The consumption time-series was strongly

autocorrelated and the best model that could be constructed was a

simple AR(1) model with a mean of about 370 (or 7.1 in per capita

form) . Considering the reliability of the data this result was not

surprising. This estimated mean level of consumption was used as the

forecast for future fuelwood consumption.



Table 3.5.1 Final regression results for each of the wood product demand models

Dependent and

independent variables,
and test statistics

Model specifications
Aggregate simple

Coefficient t—statistic

Aggregate log-linear
Coefficient t-statistic

Per capita simple
Coefficient t-statistic

Per capita log-linear
Coefficient t-statistic

Fuelwood and charcoal

AR(1)
Mean

Constant

X2 or Portmanteau test

Adjusted RSE

0.917 13.92

370.536 6.17

30.755

97.69%

42.05

-

0.927 16.24

7.069 6.13

0.514

97.44%

0.77

_

Other industrial roundwood

Deep mined coal production
Building products price
Mineworkers strike 1984/85

Constant

Rho

R-bar squared
Adjusted RSE
Durbin-Watson statistic

4.233 7.58

0.684 5.14

138.95

1.77

1.591 12.46

1.231 2.60

1.473 5.37

7.022 3.11

84.69%

123.36

1.30

-

Coniferous sawnwood

Constant

Lagged price
Construction output
WBP price
Building products price
Non-coniferous sawnwood price
R-bar squared

Adjusted RSE
Durbin-Watson statistic

-26.968 -6.56

78.090 14.49

5.375 4.19

24.987 3.31

496.33

1.74

-0.582 -9.64

1.265 24.16

0.305 9.74

0.757 8.89

0.161 2.47

384.39

2.41

-160.182 -2.13

-0.476 -6.56

111.849 6.38

0.143 4.99

1.124 2.83

0.098 2.08

81.63%

460.08

2.09

-0.564 -9.35

1.426 16.81

0.304 9.68

0.902 10.91

0.202 3.17

383.28

2.38

Non-coniferous sawnwood

Price

Construction output
WBP price
Building products price
Adjusted RSE
Durbin-Watson statistic

-2.055 -3.10

8.636 6.52

2.114 7.28

5.054 2.34

127.46

1.79

-0.370 -3.29

0.742 8.56

0.478 9.76

0.707 4.85

124.15

1.89

-0.040 -3.38

7.977 5.75

0.043 8.25

0.100 2.52

126.88

1.82

-0.419 -3.79

0.597 4.10

0.477 9.57

0.557 3.94

126.58

1.90

Plywood
Constant

Price

Construction output
Non-coniferous sawnwood price
R-bar squared
Adjusted RSE
Durbin-Watson statistic

-2.119 -6.72

13.109 12.09

1.146 2.27

115.98

2.31

-0.761 -7.31

1.981 14.94

0.371 2.91

114.17

2.13

12.082 2.09

-0.037 -5.83

17.278 8.03

0.037 3.45

78.32%

112.30

2.60

2.647 2.02

-0.808 -6.32

2.351 9.11

0.616 3.38

81.69%

114.35

2.16

Fibreboard

Price

QDFCF

Rho

Adjusted RSE
Durbin-Watson statistic

-1.938 -6.03

0.012 7.09

0.942 15.37

40.27

2.23

-0.908 -6.28

0.957 14.16

0.959 18.48

37.69

2.39

-0.036 -6.19

0.012 7.05

0.942 15.37

39.93

2.21

-0.927 -6.55

0.954 9.33

0.956 17.75

37.83

2.38

Veneer sheets

Construction output
Non-coniferous sawnwood price
Rho

Adjusted RSE
Durbin-Watson statistic

1.049 3.35

0.141 2.96

0.976 24.30

9.59

1.90

1.056 3.28

0.003 2.95

0.975 23.86

9.57

1.90

~

Particleboard

Price

QDFCF

Rho

Adjusted RSE
Durbin-Watson statistic

- -0.475 -2.30

0.911 9.66

0.859 8.40

119.76

2.03

-

-0.494 -2.45

0.874 6.00

0.859 8.39

119.90

2.01

Printing and writing paper

Constant

GDP

Rho

R-bar squared
Adjusted RSE
Durbin-Watson statistic

0.006 20.96

0.741 6.34

113.25

1.98

-6.441 -4.93

1.098 10.45

0.589 4.18

44.05%

114.38

2.06

-

"

Newsprint
Constant

Price

QDP

R-bar squared
Adjusted RSE
Durbin-Watson statistic

-

6.235 5.70

-0.334 -3.17

0.239 4.06

54.28%

115.35

1.38

-

3.926 4.35

-0.316 -3.16

0.138 2.19

37.98%

110.28

1.49

Other paper and paperboard
Constant

QDP

Rho

R-bar squared
Adjusted RSE
Durbin-Watson statistic

-

44.479 4.01

0.005 2.31

0.653 4.72

73.00%

257.69

2.31

0.499 116.93

0.664 4.06

257.52

2.26

1M-



Slightly more success was had in modelling the demand for other

industrial roundwood. Because these products are used almost

exclusively in industry and agriculture it did not seem appropriate to

model demand in per capita form, so only aggregate demand models were

investigated. In simple form, the model was highly autocorrelated and,

after correction for this, deep mined coal production was the only

significant explanatory variable that could be found. In log-linear

form, the indication of autocorrelation was not as strong (Durbin

Watson statistic =1.30, in the indeterminate part of its range) and a

run-of-signs test also failed to reject the hypothesis of no

autocorrelation, so no correction for autocorrelation was made. In

this model coal production and a dummy variable for the mineworkers

strike of 1984/85 were significant (GDP and GDFCF were not). Own price

was not significant but the price of concrete building products (which

include concrete posts - possible substitutes to wooden posts and pit

props) was significant and had the correct sign.

The coefficient on coal production in the log-linear model was greater

than one, indicating that as production had fallen, consumption of

industrial roundwood had fallen by more than a proportionate amount.

It was suspected that this had probably captured part of a technology

trend as wooden pitprops have been replaced by concrete and mechanical

props over time. However, time trends were found to be so strongly

correlated with coal production that they could not be added to the

model (this was also true of all of the other demand models). Lagged

dependent and independent variables were also found not to be

significant in the models suggesting instantaneous adjustment in demand

for this product. Due to the lower residual standard error (RSE) of

the regression (all RSEs were adjusted to be comparable to the RSE of



the simple aggregate model by transforming the logged and per capita

model fitted values back to aggregate consumption values), the log-

linear demand model was finally chosen as the model to be used to

forecast future demand for this product.

The models of coniferous sawnwood and non-coniferous sawnwood contained

significant own price and substitute price variables in all the

different specifications, and construction output was found to be the

best macroeconomic demand shifting variable (in terms of being

economically the most appropriate variable to use, and also having

greater significance than GDP or GDFCF, and resulting in a lower RSE in

the regression models) . A surprising result was that in the models of

coniferous sawnwood demand, current own price was not significant in

any of the models, but lagged (by one year) own price was found to be

highly significant in all cases. This was difficult to interpret, but

it was suspected that it might have something to do with changes in the

levels of stocks held by sawmilling and timber wholesaling companies

(quite considerable stocks of sawn softwood are held by sawmillers and

builders' merchants). The price of concrete building products (direct

substitutes for structural sawnwood products) and the average price for

all four wood based panel products (which compete in sectors such as

flooring, carcassing and joinery products) were both found to be

significant and have the correct sign in the models. Non-coniferous

sawnwood price also appeared to be significant in some of the

coniferous sawnwood demand models although the reverse was not true.

Lagged dependent variables were not significant in either of the

models, and because most sawnwood is used in industry rather than for

personal consumption, it was felt more appropriate to use the aggregate



demand rather than per capita demand specifications for forecasting.

The log-linear models were therefore chosen in both cases for this

purpose on the grounds of their lower adjusted RSEs.

The models of wood based panel demand were in many ways similar to the

models of sawnwood demand. Own price was significant in all the models

except for the veneer sheets model. This could partly be due to

measurement error (the market for veneer sheets is very small, and the

wide range of prices displayed in the data could be due to this rather

than true changes in market price). The most significant macroeconomic

variable found was construction output in the case of plywood and

veneer sheets and investment or GDFCF in the case of particleboard and

fibreboard. Non-coniferous sawnwood price was also significant in the

model of plywood demand (possibly due to the scope for substitution

between these products in the furniture industry). Lagged independent

and dependent variables were again not significant in any of the

models, and autocorrelation was detected and corrected for in all the

models except the model of plywood demand.

Again it seemed more appropriate to use the aggregate rather than per

capita demand models because these products are used mainly in

industry, so the log-linear versions of this specification were used

for forecasting because of their better statistical fit. The exception

to this was the case of veneer sheets where a log-linear aggregate

demand model did not give good results at all, so the simple aggregate

demand model was used instead.

Demand for paper and paperboard products also showed some similarities

with demand for wood based panels. Both sectors showed considerable



growth in consumption over the period (consumption of fibreboard,

plywood, newsprint and other paper and paperboard doubled over the

period while consumption of printing and writing paper and veneer

sheets trebled and consumption of particleboard showed phenomenal

growth starting from zero in 1960) , and the more "mature" products

(plywood and newsprint) showed slower rates of growth in consumption

towards the end of the period. Own price was only significant in the

model of newsprint demand, perhaps because any price effect in the

other two paper product sectors was swamped by the very strong and

highly significant income effects that were found in the models (income

elasticity was also much lower for newsprint demand). Income or GDP

was found to be statistically the best macroeconomic demand shifting

variable and this also accorded with the view that these products are

used much more widely throughout the economy than sawnwood and wood

based panels. No significant end-use or consumption variable could be

found for the models of paper demand that performed better than simply

using GDP. As before, lagged dependent and independent variables were

not significant in any of the models and the models for printing and

writing paper and other paper and paperboard had to be corrected for

autocorrelation.

The question of which of the specifications should be used for

forecasting could not be answered as easily in the paper products

sector as in the other sectors. Printing and writing paper is used in

books and magazines but most is used in industry (computer paper,

brochures, advertising materials). Therefore in this sector it was

felt that the aggregate demand models may be more appropriate than the

per capita models, and the simple model was used for forecasting

because of its lower adjusted RSE. Similarly, other paper and



paperboard is used evenly in consumer products (eg paper tissues,

towels and wallpaper) and in industry (packaging and construction

products). There was therefore little a priori reason for choosing

aggregate demand rather than per capita demand models. On statistical

grounds (a goodness of fit), the log-linear per capita model was chosen

for forecasting future demand. Deciding between the alternative

specifications was easier for newsprint than for the other paper

sectors. Newsprint is used almost exclusively in consumer products (ie

newspapers) so it was decided to use per capita consumption models of

this for forecasting, and the log-linear model was chosen on the

grounds of having the lowest adjusted RSE.

Table 3.5.2 compares the main features of the demand models. The

results seemed quite plausible, and price elasticities (which could be

determined for most of the wood product demand models) were similar to

those found in other wood product demand studies (see Table 2.1.9).

The main demand shifting variables were as expected: construction

output or investment in the structural wood product sectors (sawnwood

and panels) and income in the paper product sectors. Autocorrelation

was present in the sectors that have undergone the greatest

technological changes over the period (eg the invention of new products

such as medium density fibreboard, particleboard and lightweight coated

papers). This was also as expected where technological factors (which

could not be introduced explicitly into the models) might have led to

missing variable biases or mis-specification causing autocorrelation of

the residuals of the regression.

U7



Table3.5.2Comparisonofthemainfeaturesofeachofthedemandmodels Dependent variable

Price elasticity

Demandshiftingvariable
Autocorrelation coefficient

Variable

Elasticity

Otherindustrialroundwood
-

Coalproduction

1.59

-

Coniferoussawnwood

-0.58

Constructionoutput
1.27

-

Non-coniferoussawnwood
-0.37

Constructionoutput
0.74

-

Plywood

-0.76

Constructionoutput
1.98

-

Fibreboard

-0.91

GDFCF

0.96

0.96

Veneersheets

-

Constructionoutput
1.06

0.98

Particleboard

-0.49

GDFCF

0.87

0.86

Printingandwritingpaper
-

GDP

1.10

0.59

Newsprint

-0.32

GDP

0.14

-

Otherpaperandpaperboard
-

GDP

0.50

0.66

Table3.5.3Recentf1980-1986)Dercaoitalevelsofconsumotionofwoodbasedpanelsand oaoerandDaDerboardincountrieswithwelldevelooedforestsectors
Inm3/head/year(panels)orMT/head/year(paper) Woodproduct

CanadaUSA

Finland

SwedenUK

Upperlimitset forforecasting

Printingandwritingpaper

0.07

0.080.09
0.10

0.04

0.10

Newsprint

0.04

0.050.04

0.03

0.03

0.05

Otherpaperandpaperboard
0.10

0.170.14

0.11

0.08

0.14

Veneersheets

0.025

0.0040.003
0.003

0.002

0.003

Plywood

0.08

0.090.02
0.02

0.02

0.04

Fibreboard

0.03

0.020.03
0.04

0.01

0.02

Particleboard

0.08

0.040.09
0.09

0.05

0.10



Forecasts of wood product demand

Having chosen models of wood product demand, the next stage of the

forecasting exercise was to project forward explanatory variables to

use to generate a wood product demand forecast. It was decided to do

this for a reasonably long time period to match the supply forecast,

however forecasting demand forward for several decades is fraught with

difficulties. Not only are future changes in technology, development

of new wood products or competing products, and changes in tastes

difficult to foresee, but it is also difficult to project forward the

variables underlying the demand models with any degree of certainty.

Added to this there is also the problem of parameter stability because

price and income elasticities (for example) that have been obtained in

the past, may change in the future.

This is a common problem in long-range forecasting exercises, so the

forecasting process was undertaken in two stages. Firstly, trends in

the explanatory variables were examined and projections made to give a

range of future scenarios. Only one of the independent variables,

population, could be projected forward without simply analysing past

trends, and future demographic projections were obtained from the CSO

for this purpose. The preferred demand models were then used with

these projections to generate initial demand forecasts. The second

stage of the process then involved comparing these forecasts to actual

demand levels (per capita) in countries with well developed forestry

sectors (Canada, USA, Sweden and Finland) and adjusting them where that

seemed appropriate. Some of the models had very high elasticities

which resulted in forecasts that appeared to be clearly unsustainable

or at least highly unlikely in the long-run. By comparing these to



other countries' consumption levels, a set of upper plausible limits on

the demand forecasts were constructed and used to limit the demand

projections for some of the products in later years of this forecast

(see Table 3.5.3).

Two sets of variables had to be projected forwards on the basis of past

trends: price variables and macroeconomic or demand shifting variables.

As figures 3.5.1 to 3.5.8 showed, none of the price series contained

significant price trends after 1965, although many showed declining

prices in the years before. The only price series which showed any

sign of a trend was non-coniferous sawnwood prices, which showed a

slight upwards trend, but this was very weak. The justification of an

assumption of constant real roundwood prices in the long-run has

already been fully discussed in Section 3.3, and it was felt that this

should also be used in the product demand forecasts.

Projections of the demand shifting variables were more difficult to

generate. Figure 3.5.9 shows the real changes in the explanatory

variables from 1950-86. GDP and GDFCF grew in real terms by about

2H% pa over the period. This pattern of growth was used to generate

projections in the future but, as a low growth scenario, alternative

projections were also generated assuming a 1% pa increase in GDP and

GDFCF. Coal production fell on average by 3% pa and it was felt likely

that this would continue into the future so this figure was used to

project future production. Population grew slightly but the trend was

not important because forward projections of population could be

obtained from elsewhere. The most difficult figures to interpret

however, were those on construction output. This increased in line

with GDP over the first 20 years of the period but fell back over the
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rest of the period such that overall growth was about similar to the

growth in population. It was obviously important to get this forecast

right because it would affect the demand projections for some of the

largest product categories including sawnwood and some of the wood

based panels. It was eventually decided that, because construction is

one of the more basic commodities in the economy, it is likely to be a

low growth sector of the economy which is unlikely to grow in the long-

run at the same rate as GDP. An average rate of growth of 1% was

therefore used based on previous history to generate projections of

future construction activity which could be used In the demand models

containing this as an explanatory variable. This was broadly in line

with the future expected rate of growth in population, and was the same

rate of growth as that assumed in the low-growth GDP scenario.

Figures 3.5.10-3.5.13 show the forecasts of future wood product demand

generated to 2050 under the two assumptions (where applicable) about

future macroeconomic growth.

The models of roundwood demand resulted in a forecast of falling demand

of about 36% over the period due to the expected fall in demand for

industrial roundwood (ie mainly mining timber). No alternative

scenarios were presented for this because only one scenario for deep

mined coal production was used in the forecasting process. A policy

shift towards using wood as a renewable energy source may cause demand

for fuelwood to rise significantly in the future, but it was felt to be

too early to tell whether this would materialise into significant

increases in future fuelwood consumption and was left out of the

forecast.
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Sawnwood consumption was forecast to rise only modestly by 9% over the

period, under the assumption of a one per cent per annum increase in

future construction activity. This contrasted with the wood based

panel and paper and paperboard demand models which showed large

forecast increases in consumption in the future. Under the high

economic growth assumption, consumption of wood based panels was

forecast to increase by 105% and paper and paperboard by 92% by the

year 2030. After this time, some of the demand models started to

produce forecasts greater than the plausibility limits discussed

earlier (printing and writing paper in 2030; fibreboard and

particleboard in 2035). Consumption of these products was therefore

limited to rise in line with population thereafter. Under an

assumption of lower economic growth, these limits were not reached as

consumption was only forecast to increase by 55% in the case of wood

based panels and 46% in the case of paper and paperboard.

Comparing the results to those that have been produced in other UK

demand modelling studies (ie United Nations, 1986, and Forestry

Commission, 1977 - see Chapter 2), the results were found to be broadly

in line with these other forecasts. The projection for wood based

panel demand was slightly higher than that given by the United Nations

(to the year 2000) while all the other projections were within the

range given there. Comparing them to the Wood Production Outlook, all

the demand projections were found to be at the lower end of the

projections given there (to 2025). As the Wood Production Outlook

projections have all appeared to be much greater than actual demand

since they were produced in 1977, this was not seen as an indication of

poor results from the models constructed here.



Conclusions

This section has discussed the construction of demand models for wood

product demand in the UK. A variety of model specifications were

examined and it was found that, on the whole, UK product markets adjust

instantaneously to prices with elasticities broadly similar to those

found in other studies of product demand. The most notable exception

to this is the market for coniferous sawnwood, where only lagged price

was found to be a significant explanatory variable in the demand model.

It is not known why this should be so, but it is hypothesised that this

might be linked to the presence of significant stocks in the sawmilling

and timber wholesaling industry. Significant price terms could also

not be found in the veneer sheet, printing and writing paper, and other

paper and paperboard sectors. In the case of veneer sheets this may be

due to measurement errors in the data due to the small size of the

market. In the case of the two paper products, it was thought that

this may be because technological change and product development in the

past have masked any effect of price on demand.

Construction output and investment in the economy were found to be the

most significant macroeconomic variables that have shifted demand for

structural wood products (ie sawnwood and wood based panels), and

income was found to be the most significant variable in the paper and

paperboard sector. Significant cross price elasticities were also

discovered in some of the models, highlighting the possibility of

substitution between sawnwood, wood based panels and other building

products.

The models were used to generate projections of wood demand in the



future. These forecasts suggested that demand for sawnwood will

increase only modestly in the future, while demand for wood based

panels and paper and paperboard will increase substantially (doubling

in the case of high economic growth or by about 50% under a lower

growth scenario).



3.6 A COMPARISON OF FUTURE SUPPLY AND DEMAND

The previous two sections of this chapter have presented future

forecasts of wood product demand and roundwood supply. This section

brings together these forecasts to indicate the degree of self-

sufficiency that might be achieved in the UK forest sector in the

future.

To compare product demand with roundwood supply, it is necessary to put

both measures into common units because supply is measured in standing

roundwood volume and product consumption is measured in a variety of

units. The way this is usually done is to convert product volumes to

their standing roundwood or wood raw material equivalents (WRME), and

this is discussed in the first part of this section. Following this,

the question of the future availability of residues from the sawmilling

industry and recycled fibre is considered. Both of these sources can

provide significant quantities of secondary material to the small

roundwood processing sector in addition to the supplies from UK

forests, and are sources which previous analyses of supply and demand

have neglected to include. Finally, this section finishes by

presenting aggregated forecasts of future wood demand in WRME and

compares these to the total forecast supply of wood from all sources.

Conversion factors

The conversion of standing timber into wood products involves several

processing stages at which small quantities of timber are lost or

discarded each time in the production process. Before roundwood even

reaches the customer, some of it is left in the forest as being



unsuitable or unsaleable or is lost in the felling, conversion and

extraction process. These losses are referred to in forestry as

conversion losses. Bark is then removed from the timber, usually by

the processor (bark is not used in most wood products) leading to a

further loss in timber volume. Finally, processors either saw the wood

into sawnwood, leaving large quantities of residues which cannot be

converted into sawnwood, or break it down into wood chips or fibre

which is then reconstituted into wood panels or paper products and, in

the process of drying, loses considerable volume. The term "conversion

factors" is usually used (at least in UN statistics) to refer to this

final process of converting felled roundwood without bark into wood

products. However, in this study, it is used in its wider sense as

referring to the conversion of standing timber or WRME to wood

products.

Conversion losses in the forest arise from a whole host of factors

including:

1. an inability to saw the tree at the very bottom due to

terrain, topography and root buttresses;

2. forks and severe bending in the tree making part of the logs

unmarketable;

3. butt rot and other diseases causing some of the timber to be

unmarketable; and

4. minimum length requirements for logs causing rounding losses.

Internal Forestry Commission harvesting records show that these losses

appear to be about 10% of the standing volume of timber, ie 10% of

forecast production is unlikely ever to reach wood processors. This is



a significant loss which foresters should try to improve upon, so

consideration was given to the scope for reducing these losses in the

future.

It was felt that the 10% conversion loss was unlikely to change by very

much in the future based on two pieces of evidence:

1. Conversion losses have not changed by very much in the past

(ie they have always been about 10% since records were first

kept in the early 1970s) even though there have been

considerable improvements in harvesting technology.

2. Changes in the factors listed above are likely to have

opposite effects on conversion losses which may, therefore,

cancel each other out. For example, new harvesting

technology may reduce rounding and minimum length losses, but

the move towards wider spacing and more environmentally

friendly planting is likely to increase the problem of forks

and poor timber quality.

A figure of 10% conversion loss was therefore included in the

conversion factors used later on and assumed to remain the same over

the period of the supply and demand forecast.

A considerable amount of forestry research has been put into

quantifying the volume of bark on trees (Hamilton, 1985). Bark

configuration varies according to tree species and age; it can also

vary along the length of the tree. A higher proportion of the volume

of young or small trees is made up of bark compared to older or larger

trees. Generally, a figure of 12.5% is used to convert overbark

V&d



volumes to underbark volumes (ie overbark volumes are multiplied by

0.875). This is broadly in the middle of the range of figures given in

Hamilton. It was decided that it would not be worthwhile trying to

incorporate species variation into this factor and that the factor

would be unlikely to change in the future, so a loss of 12.5% due to

bark removal was incorporated into the conversion factors used in the

forecasts.

The most complicated part of constructing conversion factors is finding

out how much product is actually produced from roundwood delivered to

mills. This is done by periodical surveys of the wood processing

industry and is reported in UN statistics on conversion factors every

four years. It is further complicated by the fact that some products

are not measured in volume but in weight, and that different

authorities collect statistics in different units (eg the UN record

sawn hardwood in cubic metres, but this appears in metric tonnes in UK

overseas trade statistics). To clarify matters, a table was produced

(Table 3.6.1) based on several sources of data on conversion factors,

showing standing volume converted into all the different measures of

weight and volume that product statistics are recorded in. Where

statistics were not available (for example for products no longer

manufactured in the UK), either the most recent figures were put into

the table, or the European average if that was felt to be more

appropriate. The conversion factors showed some considerable variation

but no discernible trend. While it is possible that new processing

technology may improve product recovery, it was not known to what

extent this would occur, so these factors were used to aggregate the

product demand forecasts into WRME.
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Table3.6.1Conversionfactorsshowingvolumesoftimberrequiredtomakeonecubicmetreormetrictonneofdifferentwoodproducts Product

SITC

Volumerequiredtomakeone
Volumerequiredtomakeone
Notes

code

cubicmetreofproduct
metrictonneofproduct
UNconversionfactors

Standing
Felled

Felled

StandingFelled
Felled

1987

1991

volume

volume

volume

volume

volume

volume

(OB)

OB

UB

(OB)

OB

UB

Division24 Fuelwood

245.01

1.11

1.00

-

1.53

1.38

-

-

-

Assumesfuelwoodis"dry",includesbark,andis20%coniferous

Woodcharcoal

245.02

-

-

-

6.67

6.00

5.25

-

-

Nonewdata,thisisanoldForestryCommissionestimate

Woodchips

246.00

-

-

-

1.70

1.53

1.34

-

-

Assumes50%peeledchipsand50%coniferous

Treatedconiferouspoles
247.310

1.27

1.14

1.00

2.03

1.83

1.60

-

-

Treatedroundwoodhasbarkremoved

Treatedconiferousother
247.391

1.27

1.14

1.00

2.03

1.83

1.60

-

-

Treatedroundwoodhasbarkremoved

Treatednon-coniferousroundwood
247.399

1.27

1.14

1.00

1.69

1.52

1.33

-

-

Treatedroundwoodhasbarkremoved

Untreatedconiferouspoles
247.41

1.25

1.13

-

2.00

1.80

-

-

-

}Thefigurespresentedareforroundwoodtrade

Untreatedconiferousother
247.43

1.25

1.13

-

2.00

1.80

-

-

-

}whereitisassumedthat10%oftradein

Untreatedconiferouspulpwood
247.49

1.25

1.13

-

2.00

1.80

-

-

-

}roundwoodincludesbark.Alldomesticproduction

Untreatednon-coniferousroundwoo
247.50

1.25

1.13

-

1.67

1.50

-

-

-

}ofcourseincludesbark.

Sleepers

248.10

2.01

1.81

1.58

2.57

2.32

2.03

1.58

-

Europeanaverage,noUKfigureavailable

Coniferoussawnwood

248.20

2.17

1.95

1.71

3.95

3.55

3.11

1.75

1.71

>

Coniferoussawnwood

248.30

2.17

1.95

1.71

3.95

3.55

3.11

1.75

1.71

}UKfigures,from

Non-coniferoussawnwood
248.40

2.04

1.84

1.61

2.92

2.63

2.30

1.69

1.61

}sawmillsurvey

Non-coniferoussawnwood
248.50

2.04

1.84

1.61

2.92

2.63

2.30

1.69

1.61

}

Division25 Wastepaper

251.10

-

-

-

3.11

2.80

-

-

-

Nonewdata,thisisanoldForestryCommissionestimate

Mechanicalpulp

251.20

-

-

-

2.87

2.58

2.26

2.33

2.26

RecentUKfigure

Dissolvingpulp

251.30

-

-

-

7.59

6.83

5.98

5.98

-

>

Bleachedsulphatepulp

251.40

-

-

-

5.60

5.04

4.41

4.41

-

}

Unbleachedsulphatepulp
251.50

-

-

-

5.88

5.29

4.63

4.63

-

}Europeanaverages,noUKfiguresavailable

Sulphitepulp

251.60

-

-

-

5.66

5.10

4.46

4.46

-

}

Semichemicalpulp

251.91

-

-

-

2.22

2.00

1.75

1.75

-

}

Note:Allproductweightsareassumedtobe"dryweights"withtheexceptionofgreentonne conversionfactors.UNconversionfactorsarefromroundwoodunderbarktoproductvolumes exceptfactorsforpuip(m3UBtoMT).Thetablealsoincorporatesthefollowingfactors: Conversionlossesasapercentageofstandingvolume:10.0% Barkasapercentageofoverbarkvolume:12.5%
0.780 0.650 0.750 0.700

Specificgravities(dryMTpergreenm3) Coniferousroundwood0.625Sleepers Non-coniferousroundwood0.750Plywood Coniferoussawnwood0.550Veneersheets Non-coniferoussawnwood0.700Otherboards



Table3.6.1(continued)Conversionfactorsshowingvolumesoftimberrequiredtomakeonecubicmetreormetrictonneofdifferentwoodproducts Product

srrc

Volumerequiredtomakeone
Volumerequiredtomakeone
Notes

code

cubicmetreofproduct
metrictonneofproduct
UNconversionfactors

StandingFelledFelled
StandingFelled
Felled

1987

1991

volumevolumevolume
volume

volume

volume

(OB)OBUB
(OB)

OB

UB

Division63 Veneersheets

634.10

3.803.422.99
5.06

4.56

3.99

2.99

-

Europeanaverage,noUKfigureavailable

Particleboard

634.20

2.081.871.64
2.97

2.67

2.34

1.96

1.31

AverageoflasttwoUNfigures

Plywood

634.30

4.694.223.69
7.21

6.49

5.68

3.69

-

}Europeanaverages,noUKfiguresavailable

Otherplywood

634.40

4.694.223.69
7.21

6.49

5.68

3.69

-

}

Fibreboard

634.51

3.673.302.89
5.24

4.72

4.13

3.24

2.54

)

Fibreboard

634.52

3.673.302.89
5.24

4.72

4.13

3.24

2.54

}AverageoflasttwoUNfigures

Fibreboard

634.53

3.673.302.89
5.24

4.72

4.13

3.24

2.54

>

Fibreboard

634.59

3.673.302.89
5.24

4.72

4.13

3.24

2.54

}

Otherwoodsimplyworked
634.91

---
3.43

3.09

2.70

-

-

Averagesawnwoodfactor,assuming50%coniferous

Woodwool

634.93

---
2.31

2.08

1.82

-

-

Assumesnobarkinproduct

Packingcases

635.10

---
3.95

3.55

3.11

-

-

Coniferoussawnwoodfactor

Casks

635.20

---
2.92

2.63

2.30

-

-

Non-coniferoussawnwoodfactor

Buildersjoinery

635.30

-

3.95

3.55

3.11

-

-

Coniferoussawnwoodfactor

Domesticwood

635.40

_

3.43

3.09

2.70

-

-

}Averagesawnwoodfactor,assuming50%coniferous

ManufacturedwoodproductsNES
635.90

---
3.43

3.09

2.70

-

-

}

Division64 Newsprint

641.10

-

3.56

3.20

2.80

-

-

>

Uncoatedprintingandwritingpaper
641.20

---
4.44

4.00

3.50

-

-

}

Coatedprintingandwritingpaper
641.30

---
3.17

2.86

2.50

-

-

}Nonewdata,theseareoldForestryCommissionestimates

Kraftpaper

641.40

-

3.17

2.86

2.50

-

-

}

Otheruncoatedpaper

641.50

---
3.17

2.86

2.50

-

-

}

Crepepaper

641.60

---
3.17

2.86

2.50

-

-

>

Otherconversionfactors Coniferousgreentonnes

-

-

-

-

Non-coniferousgreentonnes
-

-

"

-



Production of residues and recycling

Two sources of supply that have been overlooked in previous supply and

demand studies are residues and recycled fibre. As the table on

conversion factors shows, a considerable volume of timber is left over

in the production of sawnwood even after allowing for conversion losses

and bark removal. These residues from the sawmilling industry are used

in a variety of ways. For several years, the Forestry Commission has

been monitoring the use of residues as part of the sawmill surveys it

conducts on behalf of the Home Grown Timber Advisory Committee and the

destination of residues reported in these surveys is shown in

Table 3.6.2.

The development of a domestic small roundwood processing industry has

resulted in the creation of a significant market for residues and this

is shown in the percentage of residues that are sold on to the wood

processing industry. For softwoods, this has increased from 75% in

1977 to 94% in 1993, and for hardwoods it has increased from 47% to 58%

over the same period. It is also shown by the substantial fall in

residues that are wasted. Competing uses for residues are for heating

in the sawmills themselves, and for use in agriculture and horti¬

culture. Hardwood residues are generally preferred for these uses as

the figures show (although they probably also reflect to some extent

the different structures of the softwood and hardwood sawmilling

industries). It is likely that some residues will always be used for

these purposes, so for forecasting, it was assumed that 90% of softwood

sawmill residues and 60% of hardwood residues would be used in the wood

processing industry.



Table 3.6.2 Use of sawmill residues reported in HGTAC sawmill surveys

All figures are average percentages for Great Britain (and exclude bark)

Destination and

product category
1977 1983 1987 1990 1993

Softwood

Wood processinq industry
Sawdust
Slabs

Chips

14.0%

29.5%
32.2%

13.5%

19.2%

43.1%

14.8%

13.3%

54.6%

17.4%

9.8%
63.0%

17.6%

3.3%

72.6%

Total 75.6% 75.8% 82.7% 90.2% 93.5%

Other users

Sawdust
Slabwood

Chips

10.9%

4.1%

2.1%

7.9%

4.6%

2.2%

5.3%

3.5%

5.4%

3.3%

0.0%

3.3%

2.2%

0.0%

0.0%

Total 17.1% 14.7% 14.2% 6.5% 2.2%

Burnt for heat 3.5% 5.0% 1.6% 2.2% 2.2%

Waste 7.8% 4.5% 1.6% 1.1% 1.1%

Hardwood

Wood processinq industry
Sawdust
Slabs

Chips

7.6%

22.7%

17.1%

5.9%

15.7%

14.1%

9.6%

20.2%

15.7%

16.2%
24.2%

21.2%

20.0%

25.0%

13.0%

Total 47.4% 35.7% 45.5% 61.6% 58.0%

Other users

Sawdust
Slabwood

Chips

12.5%

11.2%

0.7%

9.7%

16.8%

5.4%

7.3%

12.9%

12.9%

10.1%

6.1%
12.1%

7.0%

7.0%

6.0%

Total 24.3% 31.9% 33.1% 28.3% 20.0%

Burnt for heat 17.4% 22.7% 18.0% 7.1% 17.0%

Waste 10.9% 9.7% 3.4% 3.0% 3.0%
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The future availability of recycled material is less certain. Most

recycled wood is in the form of waste paper, although there are also a

few attempts to sort other wood products from waste for recycling (eg,

pallets). In 1990 about 31% of paper and board consumption was

recycled (Department of the Environment, 1992) and several paper mills

in the UK use this material as a major source of raw materials.

Current UK government targets for recycling are to increase the

percentage of recycled fibre used in newspapers and magazines from 27-

40% and to recycle 30% of domestic waste (which includes a large paper

element) by the year 2000. In addition to this, the EC is currently

drafting a directive requiring Member States to increase the proportion

of recycling of paper and packaging to 25-45% over the next 5 years

(with a significant but yet undecided increase in this figure

thereafter), and the UK Department of Trade and Industry is promoting

an even more ambitious recycling target with the support of the

packaging industry. In light of these targets and current consumer

pressure to see greater recycling of all products, an assumption that

recycling would increase linearly from current levels to 40% in 2000

and then 50% in 2010 was used for forecasting the future availability

of recycled material.

Aggregate supply and demand and future self-sufficiency

Aggregate demand for wood products converted to WRME and projected to

2050 under both the high and low future growth scenarios presented in

Section 3.5, is shown in Figures 3.6.1 and 3.6.2. Under the assumption

of 2H% annual growth in economic activity, demand is forecast to rise

from about 60 million m3 WRME to 110 million m3 WRME over the period,

while under the lower growth scenario of one per cent per annum, demand
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Table 3.6.3 Projected future self-sufficiency in wood and wood products 1990 - 2050

Roundwood category Future

macroeconomic

Year

growth scenario 1990 2000 2010 2020 2030 2040 2050

All roundwood

Small roundwood

Sawlogs
High growth

28%

31

21%

36%

40%

27%

47°A

49°A

42°A

51%

49°A

570A

48°A

46°A

56°A

45%

44°A

48°A

42 °A

440A

350A

All roundwood

Small roundwood

Sawlogs
Low growth

28%

31 "A

21°A

36°A

41 "A

27°A

48°A

51 OA

42°A

55%

54%

57"A

52 °A

51 "A

56%

48°A

48 °A

48°A

43°A

45°A

35»A

m



is forecast to increase to 80 million m3 WRME. Under the high growth

scenario, the rate of increase in demand also slows after 2030 due to

consumption of some of the paper and panel products reaching their

assumed plausible upper limits.

The comparison between supply and demand for wood products is also

shown in these figures, and the level of future self-sufficiency in

Table 3.6.3. The roundwood supply forecast used is the base case

forecast with no modifications to reflect price or environmental

effects on supply. Previous analyses (eg Whiteman, 1991) have not

included residues and recycled fibre as sources of supply, but

Figures 3.6.1 and 3.6.2 clearly shows that these make significant

contributions to self-sufficiency. Residues add the equivalent of a

further 20-25% WRME to supply depending on the mixture of sawlogs and

pulpwood produced in the UK. Recycled fibre more than doubles supply

and will treble it by 2050 if current targets are met. (In absolute

terms, recycled fibre production will increase from 8 million m3 WRME

to 20-30 million m3 by 2050 depending on growth in paper consumption.)

However, much of this will depend on the economics of recycling (not

discussed here), and the political will to enforce these targets.

If only roundwood is counted, self-sufficiency would peak at 25-30% in

2025 when the UK supply forecast reaches a peak. However, including

the effect of recycling and residues, this peak remains in roughly the

same place but increases to 50-55%. It also does not decline by much

in the later part of the forecast, falling to 42-43% in 2050, due to

the large forecast supplies of recycled fibre. The patterns of self-

sufficiency for small roundwood uses and sawnwood are also slightly

different. Self-sufficiency in sawnwood rises to almost 60% in 2020-



2030 then declines sharply to 35% in 2050, while self-sufficiency in

other sectors rises to 50% in 2010-2030 but only declines to 45%

thereafter.

Conclusions

This section has combined the supply and demand forecasts presented

earlier to show the degree of self-sufficiency in wood product

consumption that might be achieved in the future. Although self-

sufficiency is not an aim of forestry policy, supply side policies are

important, and this analysis has shown how the future demand forecast

will have an effect on total supply through the production of residues

and recycled fibre. Self-sufficiency is estimated to peak at over 50%

in about 30 years' time. After that, it will decline to about 40% in

2050. In addition to roundwood supplies from forests, residues from

sawmills and recycled fibre will make a significant contribution to

wood supply. Recycled fibre represents by far the largest supply

element to the domestic wood processing industry, and its importance

will be enhanced by current government targets on the future

consumption of paper and the success in meeting those targets.


