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ABSTRACT

There is concern about economically excessive conversion of tropical forest land to
alternative uses, such as agricultural production. In this thesis, a comprehensive review
of the economics of forest land use in a tropical forest setting is presented. A theoretical
model o f tropical forest management for timber production, with non-timber forest
benefits, insecure land tenure and evolving prices taken into account, is developed and
numerically illustrated. The timber production model is extended to include alternative
tropical forest land use options, such as conversion to agriculture. The decision to
switch between alternative land uses over time due to changing prices and costs is also
explored. The stand level model is extended to the forest level to examine the impact of
stand interactions on forest land use decisions. The decision to convert forest land to
alternative uses is empirically examined at the tropics wide level and at the country level
for Mexico. The impacts of forest and related sector policies on forest land use
decisions are explored. The theoretical and empirical analyses presented in this thesis
provide important insights for a discussion of the policy options to promote greater
tropical forest conservation.
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CHAPTER 1: INTRODUCTION

1.1

Aims and Contribution

This thesis looks at the problem of tropical deforestation. Economically excessive
conversion of tropical natural forest land has led to the loss o f important economic
values, which is o f concern at the local, national and global level. There is a rapidly
expanding theoretical and empirical literature looking at the problem of tropical
deforestation. However, we still do not fully understand the incentives for land
managers to convert forests to alternative uses and why private land use decisions may
diverge from the socially optimum choice of land use. As a result, although numerous
international and domestic policy interventions have been developed to encourage
greater forest conservation, the problem of economically excessive tropical deforestation
continues.

The central aim o f this thesis is to address the following question. How can economic
theory and empirical application o f this theory contribute to our understanding o f the
incentives, and the impact ofpolicy options on the incentives, o f a private individual to
undertake tropical deforestation?

This thesis aims to make the following contributions to the existing literature:
•

review the general literature on tropical forest resources;

•

review and adapt the existing economic theory of tropical timber production and
forest land conversion and critically assess how well it helps to explain the process
and pattern o f tropical deforestation;

•

extend the basic forest land use options model to address the issues of conversion
of forest land over time. First, an initial allocation constraint or a one-off change
in a key parameter leads to a comparative static shift. Second, evolving prices
over time lead to a switch between land uses along an equilibrium path. This latter
topic has not been adequately addressed by the existing literature and provides an
important contribution to the theory o f deforestation;

•

extend the basic forest land use options model from the stand level to the forest
level, and examine the conditions under which stand interactions (i.e. externality
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effects) lead to a divergence between the social optimum and decentralised
equilibrium land allocation decision. Again, this analysis provides an additional
insight to the existing literature;
•

empirically analyse the causes of forest land conversion at the tropics wide and
country level for Mexico and assess the implications for policy at the national and
international level;

•

examine how the insights from the theoretical and empirical analysis can inform
global, national and local policy makers in their design and implementation o f
policy options to encourage conservation, rather then conversion, of tropical
natural forests.

1.2

Problem to be Addressed

Tropical deforestation is once again back at the centre of international environmental
concern. First, there is global concern that current levels of tropical forest conversion
are economically excessive. This concern was expressed in the United Nations
Conference on Human Environment in Stockholm (UNCHE) in 1972, and highlighted
again two decades later in the United Nations Conference on Environment and
Development (UNCED) in Rio de Janeiro in 1992. The main report from the Rio
Conference, 'Agenda 21', outlines key environmental concerns and devotes a chapter to
'Combatting Deforestation'. Agenda 21 also contains a 'Statement of Principles on
Forests', which sets non-binding principles on forest use, management and protection.

The international implications of tropical deforestation include the loss of global forest
benefits, such as direct use values (e.g. timber, non-timber forest products and
recreation), indirect use values (e.g. carbon storage, biodiversity maintenance) and non
use values (e.g. existence and bequest values) (Pearce 1996a, 1998; Pearce and Moran
1994; Pearce et a l 1999). There is still great uncertainty measuring the economic value
o f many tropical forest benefits, but there is substantial indication that the loss of these
values is highly significant.

There is also national and local concern in tropical forest countries that current levels of
natural forest conversion are economically excessive. The forest sector often plays an
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important role in the economic prosperity of tropical developing countries, with timber
production making substantial contributions to national income and foreign exchange
reserves, employment generation, rural infrastructure development and the provision of
social amenities. In addition, forests also provide a wide range o f non-marketed goods,
services and ecological functions, such as non-timber forest products, human habitat and
watershed protection, that are important to local communities. However, natural forest
land also offers great potential for conversion to alternative uses, such as plantation
timber, crop and livestock production. Governments in tropical forest countries often
face potentially conflicting objectives, such as achieving short term development and
distributional goals whilst ensuring the long term sustainability o f the tropical forest
estate.

The global, national and local concern for tropical deforestation has been manifested in
three main ways: efforts to establish an international agreement on forests, raise
additional finance for forest conservation, and to create an appropriate policy
environment in tropical forest countries.

International Agreement on Forests
In 1992 UNCED established a consensus, the 'Forest Principles Accord', but was unable
to achieve an international agreement on forests. In 1994 the World Commission on
Forests and Sustainable Development (WCFSD) was set up to fill the void of a global
framework for action on forests. However, this is a self-appointed body with no official
status. Its report, 'Our Forests, Our Future', examines the use of financial mechanisms to
transfer funds from the north to the south for forest conservation and development
(WCFSD 1997). In 1995 the United Nations Commission on Sustainable Development
(UNCSD) established an Intergovernmental Panel on Forests (IPF) to consider forest
policy issues and options. The IPF reported back to the UNCSD in 1997 with several
proposals and was then reconvened as the Intergovernmental Forum on Forests (IFF) in
order to further address a range o f issues related to the sustainable management of
forests, including the establishment of an international forest convention.

Meanwhile, the World Trade Organisation (WTO) has established a Committee on
Trade and Environment which brought the debate on environmental restrictions on

Economics of Tropical Forest Land Use

J. Burgess

Chapter 1

14

trade, including trade in timber products, to the multilateral arena (Barbier 1996a,b,
1999a,b; Bhagwati 1995; Eglin 1995). Other international organisations, such as the
Food and Agricultural Organisation (FAO) of the United Nations and the International
Tropical Timber Organisation (ITTO), continue to work towards their forest
conservation objectives. For example, the ITTO T ear 2000 Strategy* aims to encourage
all trade in timber to be from sustainable sources by the year 2000 and in recent years
has promoted research on criteria and indicators for sustainable forest management
(ITTO 1990).

Generating Finance for Forest Conservation
A key financial implication o f the UNCED Rio Conference and Agenda 21 is that
existing official development assistance and new forms of official financing, such as the
Global Environment Facility (GEF), are insufficient to meet the full costs of
implementing sustainable economic development in developing countries (Pearce and
Steele 1997; World Bank 1997a). For example, based on broad estimates made for
ITTO and UNCED, additional funds required by all tropical timber producer countries
to implement sustainable management of their tropical forest resources could range from
$0.3 to SI.5 billion annually (Barbier et al. 1994a). Given the need for additional
financial resources to meet sustainable economic development objectives there has been
increasing interest in creating new sources of finance (WCFSD 1997).

One option is to raise additional financial assistance from the international timber trade
through redirecting existing revenue from within the trade or appropriating additional
revenue from the trade. A study by the Oxford Forestry Institute (OFI) in association
with the Timber Research and Development Association (OFI and TRADA 1991)
indicates that tropical timber producer countries could raise nearly $1.5 billion (the
higher estimate of funds required) if tax revenue from the trade between consuming and
producing countries is transferred to producer countries. However, this approach is
economically inefficient because consumer countries would have to forego nearly $3.7
billion in tax revenue, which is more than 2.5 times what producer countries gain in
increased revenues and implies a net loss in revenue captured from the trade. In
addition, the political acceptability o f exempting tropical timber products from VAT and
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other taxes in consuming countries is extremely limited and could inappropriately, and
possibly perversely, discriminate against the timber trade (Barbier 1997, 1999a,b).

There is a strong rationale for raising funds for sustainable forest management from
sources outside of the international timber trade, given that forests are valued for a range
o f economic benefits and not just timber. There has recently been substantial interest in
innovative international bargains, such as debt for nature swaps, transferable
development rights, and joint implementation projects (Pearce and Steele 1997). In
particular, the United Nations Framework Convention on Climate Change (FCCC) has
stimulated joint implementation deals for forest sector carbon offset projects which offer
significant potential for additional sources of funds for forest conservation, reforestation
and afforestation schemes (Pearce et al. 1998). Furthermore, there has been a special
focus on the potential for private sector investment to meet some o f the costs of
implementing sustainable development goals (Pearce and Steele 1997).

Domestic Policy Environment
There is also increasing recognition that domestic policy reform is an important
prerequisite to securing sustainable natural forest management. Correcting market
failures, such environmental externalities, insecure tenure rights and imperfect
information are of critical importance in tropical forest regions (World Bank 1994,
1997b). Removing distortionary policies in the forest and related sectors, such as
inappropriate timber trade policies and timber concession arrangements and subsidies to
forest conversion for plantation timber, crop and livestock production is also important
and can lead to significant benefits both in financial and environmental terms (Panayotou
1996; Warford et al. 1997; World Bank 1997b; Richards 1999).

There is some evidence that subsidies on natural resource use in general are gradually
falling (World Bank 1997b). However, whilst some tariff and non-tariff barriers to trade
in forest products have been reduced over the past few decades (Bourke 1988, 1992,
1995), in more recent years there have been a proliferation of policies that have the
potential to become 'new barriers' to trade, such as quantitative restrictions on imports of
'unsustainably produced' timber products and the use of eco-labelling and 'green
certification' as import barriers (Barbier 1996a,b, 1999a,b).
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Question to be Addressed by this Thesis
Whether international agreements, funds and policies are effective in reducing tropical
natural forest conversion critically depends on the response of those individuals actually
making the forest conservation and conversion decisions. That is, at the centre of the
concern for tropical deforestation is the forest manager's land use decision. Therefore,
the central question to be addressed in this thesis is: how can economic theory and
empirical application o f this theory contribute to our understanding o f the incentives,
and the impact ofpolicy options on the incentives, o f a private individual to undertake
tropical deforestation?

Forest economics has traditionally focussed on commercial temperate timber production
and the private forest manager's choice of optimal time to harvest trees. The central
issue in tropical forest regions is not so much when to harvest, but whether to conserve
natural forest or convert it to an alternative land use option, such as plantation timber,
crop and livestock production.

In this thesis, a tropical timber production model is developed and extended to include
alternative forest land use options. This is used to examine the impact of market and
policy failures, such as environmental externalities, insecure land tenure and imperfect
information about changing prices, on privately efficient and socially optimal forest land
use decisions. We discuss how well this basic theory explains the problem of tropical
deforestation, and then extend the approach to address the process of deforestation over
time and the patterns of frontier forest conversion and fragmentation. These extensions
provide new insights to our understanding of the problem o f economically excessive
tropical deforestation. We also undertaken econometric analysis o f the factors
associated with tropical forest conversion at the tropics wide and the country level for
Mexico. Analysis o f forest and related sector policies is used to assess their potential
impact on tropical forest conversion. Finally, we draw together the insights for policy
that have been learnt from this thesis, and discuss the design and implementation of
policy options to address these additional issues.
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Structure of Thesis

Chapter 2 provides a survey of the relevant literature on tropical forest resources,
including a range of tropical forest definitions and details on the status and trends o f
tropical forest resources and the economic benefits o f tropical natural forests. The
proximate and underlying causes of tropical forest conversion are discussed and key
policy issues such as environmental externalities, insecure land tenure and imperfect
information about changing timber prices are identified.

Chapter 3 provides a review of the theoretical timber production model and applies it to
the case o f tropical natural forest. Drawing on the existing literature, the analysis is
extended to take account of alternative forest land uses and show how market and policy
failures may bias private land use decisions away from natural tropical forest
conservation.

Chapter 4 extends the theoretical model of alternative forest land use options to explore
the decision to switch between different land uses over time, due to initial allocation
constraints or a one-off change in a key parameter, and to switch between land uses on
an equilibrium path, due to evolving prices over time.

Chapter 5 aggregates the stand level model to the forest level and explores the
implication of zero, negative and positive stand interactions for the choice of the
framework of analysis and the divergence between the social optimum and decentralised
equilibrium allocation of forest land.

Chapter 6 presents an econometric analysis of the factors associated with conversion of
forest land at the tropics wide level. The impact of forest and related sector policies on
land use are analysed and the policy implications are discussed.

Chapter 7 presents an econometric analysis of forest conversion to crop production and
livestock production in Mexico. The impact o f forest and related sector policies on
forest land use are analysed and the policy implications are discussed.
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Chapter 8 discusses how the insights from this thesis can inform global, national and
local policy makers in their development of an international forest agreement, creation o f
new sources o f finance, and the reform of domestic forest and related sectors policies.

1.4

Related Publications

There are numerous pieces o f work related to the research undertaken in this thesis that
have already been published either as single authored papers or in collaboration with
colleagues. In addition, there are several further papers either submitted for publication
or being prepared for submission, mostly as single authored papers based on the work
undertaken for this thesis. The actual and proposed publications are listed below against
the chapter they are related to.

Chapter 2: Tropical Forest Resources
Barbier, E.B., Burgess, J.C. and Folke, C. 1994a. Paradise Lost? The Ecological
Economics o f Biodiversity Loss. Chapter 5: Tropical Forests. Earthscan Publications,
London.

Barbier, E.B., Burgess, J.C., Bishop, J. and Aylward, B. 1994b. The Economics o f the
Tropical Timber Trade. Earthscan Publications Ltd, London.

Chapter 3: Economics of Tropical Forest Land Use
Burgess, J.C. 1998a. 'Application of Faustmann Timber Production Model to the
Tropics', paper being prepared for submission to a journal.

Burgess. J.C. and Barbier, E.B. 1998a. 'Tenure Security, Trade Induced Price Changes
and Tropical Forest Conversion', paper presented at the EPOS workshop on Trade
Impacts on Forest Communities, in Stallet, Sweden, January 18-20. Paper accepted for
publication in the proceedings to the Workshop.

Burgess, J.C. and Barbier, E.B. 1998b. 'Property Rights and Tropical Deforestation: A
Comment', paper submitted to a journal and currently under consideration for
publication.
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Parks, P.J., Barbier, E.B. and Burgess, J.C. 1998. The Economics o f Forest Land Use in
Temperate and Tropical Areas'. Environmental and Resource Economics, 1l(3-4):473487.

Chapter 4: Forest Conversion Over Time with Evolving Prices
Burgess, J.C. 1998b. 'Forest Conversion Over Time with Evolving Prices', paper being
prepared for submission to a journal.

Chapter 5: Forest Fragmentation and Stand Interactions
Burgess, J.C. 1998c. 'Economics o f Forest Land Conversion and Fragmentation', paper
presented at the World Congress of Environmental and Resource Economists, Venice,
June 25-27. Currently incorporating comments and being prepared for submission to a
journal.

Chapter 6: Empirical Analysis of Tropics Wide Deforestation
Barbier, E.B. and Burgess, 1997. The Economics of Tropical Forest Land Use Options'.
Land Economics, 73(2): 174-195.

Burgess, J.C. 1995. 'The Timber Trade as a Cause of Tropical Deforestation', in C.
Perrings, K-G Maler, C. Folke, C.S. Holling, and B -0 Jannson (eds) Biodiversity
Conservation: Policy Issues and Options, Kluwer Academic Press, Amsterdam.

Burgess, J.C. 1993. Timber Production, Timber Trade and Tropical Deforestation'.
AMBIO, 22(2-3): 136-143.

Chapter 7: Empirical Analysis of Deforestation in Mexico
Barbier, E.B. and Burgess, J.C. 1996. 'Economic Analysis of Deforestation in Mexico',
Environment and Development Economics, l(2):203-239.
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CHAPTER 2: TROPICAL FOREST RESOURCES

2.1

Introduction

Aims and Contribution
This chapter provides an up to date survey of the relevant data and literature on tropical
forest resources. It covers the status and trends in tropical forest resources, the
economic and ecological benefits of tropical forests and the proximate and underlying
cause of tropical deforestation. The main objective of this chapter is to provide a
focussed background to the following chapters and to identify the key issues to be
addressed in this thesis: non-timber forest benefits, insecure land tenure and changing
prices and costs.

Structure of Chapter 2
Section 2.2 provides key definitions of tropical forest resources. The type and reliability
o f tropical forest resource assessments are introduced in Section 2.3. Section 2.4 looks
at the past, current and future status of tropical forest resources. The economic benefits
of tropical forests are discussed in Section 2.5, focussing in particular on timber benefits
and non-timber forest benefits, such as recreational benefits, carbon storage and
biodiversity maintenance. Section 2.6 reviews the studies on the proximate and
underlying causes o f tropical forest conversion. Three key policy issues are identified as
the failure to take account of non-timber forest benefits, the role of insecure land tenure
at the forest frontier, and the increasing scarcity of tropical hardwood timber. Section
2.7 draws together the insights from this literature review as a background to the rest of
this thesis.

2.2

Definitions of Tropical Forests

The main definitions of tropical1forests which are widely cited in the literature are those
established by the Food and Agricultural Organisation (FAO) (FAO 1993a,b, 1997).
There are several points to make about the various definitions of tropical forests

1Tropical countries are taken to be countries with the majority of their land mass lying between the
Tropics of Cancer and Capricorn.
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presented in Table 2.1. First, tropical forests are defined as having a minimum o f 10%
crown cover o f trees and/or bamboos. Natural closed forests are distinguished from
natural open forests by having a high proportion o f the ground covered by trees and a
noncontinuous grass layer on the forest floor. Plantations are not grouped with tropical
natural forests and instead consist o f forest stands that are established artificially by
afforestation and reforestation but not through the regeneration o f old tree crops. The
classification o f tropical forests by ecological zones is based on types o f tree species and
amount o f rainfall. For example, tropical rainforests are defined as consisting o f wet and
very moist evergreen and semi-evergreen forests in regions where the mean annual
rainfall is at least 2,000 millimetres (mm). Tropical deforestation refers to a change of
forest land use, with depletion of tree crown cover to less than 10%, whereas tropical
forest degradation refers to a change within the forest class (e.g. from closed to open
forest), but does not lead to a depletion of the crown cover to less than 10%. Forest
fragmentation results from partial deforestation, for example by clearing small patches of
forest which creates a mosaic o f forest and non-forest.

2.3

Tropical Forest Assessment

A centralised assessment o f tropical forest resources was initiated by the FAO and the
United Nations Environment Programme (UNEP) in 1980 and is an ongoing process.
The tropical forest assessment brings together existing country data from a wide variety
of primary sources to compile tropical forest and deforestation statistics, including data
on closed broadleaved tropical forest. Ground and aerial surveys are supplemented with
data from remote sensing and satellite imagery techniques to estimate forest status and
changes at the national level. Given the limited availability of consistent and comparable
primary forest data at the sub-national level, a 'forest area adjustment function' is used to
adapt data at the sub-national level to the standard reference years to produce estimates
of deforestation (FAO 1993a,b):
L p = bxL b2 - bjL
where:
L = 100(total area - forest cover area)/total area, where L is the percentage o f non
forest area in a sub-national unit
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P = ln(l + population density), with population density expressed in persons per
square kilometre
LP is the first order derivative o f L with respect to P
b], b2, and b3 are the model parameters, but no restrictions on these parameters are
specified by FAO (1993a,b)

As shown in Figure 2.1, deforestation increases relatively slowly at low levels of
population density, much faster at intermediate levels, and then slows down at high
levels o f population density (FAO 1993a,b). The available reliable multi-date inventories
are used to calibrate the general forest area adjustment model and compute the
standardized year results for the relevant areas. The estimated general model is then
used to predict forest area and deforestation for those sub-national units for which
insufficient forest data are available.

There are several problems with this approach. First, the forest area adjustment model
implies that the change in forest area is in part determined by population density. Whilst
this may be true, the relationship between population and deforestation is complex. For
example, increases in population density may be associated with population growth and
migration to cities, thus reducing the direct pressure at the forest frontier to convert
tropical forests. Second, population pressure is not the only driving force behind
tropical deforestation. There are many other socioeconomic factors (e.g. income levels,
forest resource prices, technological change, land tenure arrangements) that create
incentives for tropical deforestation. The failure to include these variables is likely to
reduce the predictive capacity o f the model and may even bias the results. A further
drawback o f the forest area adjustment model is that it limits the ability o f analysts to use
the deforestation figures for comprehensive modelling given that population data is
already included in the forest area estimates.

An alternative source o f forest area data is the FAO Production Yearbook. This
includes data on forest, crop and pasture land, but does not specify land area under
’closed broadleaved forest'. In addition, the data is drawn from national government
responses to surveys rather than using primary data sources and is generally considered
to be unreliable. Some other organisations and individuals have pieced together regional
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or global forest reviews, but they often end up relying heavily on the FAO Forest
Resource Assessment figures.2 In the absence of any other comprehensive estimates of
tropical forest resource status and changes, the FAO database is widely used as the main
source o f information. In this thesis, data on tropical forest resources is based on the
Forest Resource Assessment 1990: Tropical Countries (FAO 1993a) and a recent
update o f this assessment in The State o f the World's Forests: 1997 (FAO 1997).

2.4

Tropical Forest Status and Trends

The status and trends o f tropical forests between 1990 and 1995 are depicted in Table
2.2. The pantropical forest cover was 1,229 million hectares (mn ha) in 1995, which is
approximately 35% of the total land area in the tropics. Across the main ecological
zones, tropical rainforests and moist deciduous forests constitute the largest portions of
total forest area at 40% and 33% respectively. On a regional level, Africa accounts for
nearly half o f the total land area within the tropics but has less than a third of the total
tropical forest. The reverse is true for Latin America and the Caribbean, which covers
just more than a third of the tropical zone area, but contain approximately half o f the
tropical forests. Asia is the smallest region within the tropics at 19% of the total tropical
zone and contains a proportional share of the tropical forests. At the national level,
closed broadleaved forests are heavily concentrated within three countries, namely Brazil
(551 mn ha), Zaire (109 mn ha) and Indonesia (110 mn ha).

Between 1990-1995 annual tropical deforestation was 12.6 mn ha at a rate o f 0.7%.
Although this has declined slightly from 1981-90, when annual tropical deforestation
was 15.4 mn ha at a rate of 0.8% (FAO 1993a), the extent and rate of tropical
deforestation are still high. Among the main ecological zones in the tropics, 6.1 mn
ha/year (yr) are deforested annually in the moist deciduous forest zone, 4.6 mn ha/year in
the tropical rainforest zone, a further 2.5 mn ha/yr is deforested in the fragile hill and
montane forest zone. Regionally, South America was responsible for the largest share of
forest clearance (4.7 mn ha/yr) whilst Asia and North and Central America experienced
the highest annual rates o f deforestation (1.1% and 1.3% respectively). Of the tropical

2 See, for example, World Resources Institute (WRI) (1990); Myers (1989,1991, 1994); Sedjo and Lyon
(1990); Rudel and Roper 1996, 1997.
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countries, Brazil and Indonesia incur the highest extent o f loss o f natural forests, at 2.6
mn ha/yr and 1.1 mn ha/yr respectively whilst the highest annual rates of tropical
deforestation occurred in the Philippines and Malaysia at 3.2% and 2.3% respectively.

Table 2.3 presents data on the status and changes in plantations in the tropics between
1981 and 1995. The extent o f land under plantations in the tropics is relatively small
compared to that under natural forests. In 1995, the total area o f plantations was 81.2
mn ha, which is less than 5% o f the total forest area o f 1,756 mn ha. Asia and Oceania
have by far the largest share o f plantations at 82%, and the remainder is distributed
between Latin America and the Caribbean at 11% and Africa at 7%. Across the tropics
as a whole, nonindustrial plantations for fuel wood, small domestic wood, or non-wood
uses account for approximately two-thirds o f the plantations, with the remaining third
under industrial plantations for timber production (FAO 1993a, 1997). Over the past
few years several countries have been investing heavily in plantation establishment, most
notably India, Indonesia and Brazil.

Whilst plantation establishment has an important role in offsetting natural tropical forest
loss, the current level o f reafforestation at 2.7 mn ha/yr continues to be outstripped by
the level o f deforestation at 12.3 mn ha/yr. The ratio between the annual rate of
deforestation and forest plantation for the pantropical zone is 1:9 but differs widely
across regions. Asia has the lowest ratio of 1:3 and Africa has the highest ratio at 1:46.
Furthermore, although plantations may partially compensate for the loss of timber supply
from natural forests and some additional non-timber benefits, plantation forests are by no
means perfect substitutes for natural tropical forests and the wide range of use and non
use benefits that these ecosystems provide, as shall be discussed below.

2.5

Tropical Forest Benefits

Tropical forests are valued for their direct use, indirect use and non-use values. Some of
these benefits, (e.g. timber, non-timber forest benefits, watershed protection, soil erosion
protection) are experienced at the local and national level and others (e.g. carbon storage
and biodiversity maintenance) are also experienced at the global level.
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Timber Benefits
Tropical timber production is a particularly important benefit of tropical forest land, in
terms o f land dedicated to timber production and the economic value of timber (Barbier
et a l 1994b). As shown in Table 2.4, approximately 60% of all natural tropical forest
land under management (i.e. production, protection or conservation forest) is used for
timber production. In contrast, a tiny percentage of forest land is set aside as
conservation forests.

Estimates o f the present value o f timber production per hectare vary considerably, with
differences due to a number o f different factors, such as discount rates, stumpage prices,
silvicultural approaches, management costs and site productivity. For example, Pearce
and Warford (1993) indicate that in Indonesia the harvest of timber from the natural
forest followed by rotations o f pulpwood yields $2,926/ha compared to $2,409 for
selective logging. Vincent (1990) estimates that sustainable selective logging provides
much lower present value returns, ranging from -$ 130/ha to $850. However, there is
still great uncertainty about what is actually meant by sustainable timber production
(P o o re r al. 1989).

Contrary to general perception, the vast majority of timber harvested in tropical
countries is used as fuel wood and for nonindustrial purposes and only 17% of the total
tropical timber produced is used for industrial purposes (Table 2.5). Most of the
industrial timber produced in tropical countries is consumed domestically with only 31%
being exported in round or product form. Therefore, only about 6% of the total tropical
timber harvested enters the international trade (Bourke 1992; Barbier et al. 1994b).
However, the industrial forest sector makes an important contribution to the total gross
domestic product (GDP) o f many tropical forest countries, and is a valuable source of
foreign exchange in several economies, notably Malaysia, Indonesia and Brazil. Wood
related industries are also an important source of employment generation and help to
establish rural infrastructure and the provision of other social amenities in tropical forest
countries.

Tropical Asia and Oceania dominate the production and trade of tropical forest
products, as shown in Table 2.5. They account for half of the industrial round wood,
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sawn wood and wood-based panels produced by tropical countries and represent more
than 85% o f the total volume o f exports of tropical forest products. Whereas tropical
North, Central and South America produces 36% of tropical forest products, the vast
majority of this is consumed domestically. Tropical Africa produces the smaller regional
share at 14% o f tropical forest products, and export only 10% of its own production.

The major exporting countries are Indonesia, Malaysia, Cote d'Ivoire, Brazil and Ghana
and Congo, each o f which had net forest product exports worth over US$100 million in
1990, as shown in Table 2.6. Whilst the production o f tropical round wood has been
steadily increasing over the past few decades, timber consumption in tropical countries
has been growing at an even faster rate. The rapid expansion in demand for timber in
many developing countries has led to increased domestic consumption, reduced timber
exports and increased timber imports, especially o f higher processed timber such as pulp
and paper. As a result, many tropical timber producing countries, such as Nigeria and
Mexico, have become net timber importers.

The real price o f tropical hardwood logs and sawn wood increased during the 1970's,
briefly declined between 1979 and 1985, but has been rising since then (as shown in
Figure 2.2).3 By 1997, the price of tropical hardwood logs reached $238/m3 and tropical
hardwood sawn wood reached $662/m3. Temperate softwood log and sawn wood
prices have also been rising since the mid-1980's, and by 1997 softwood log and sawn
wood prices were $ 185/m3 and $294/m3 respectively (IMF 1998). The real price of
other industrial timber products has been increasing steadily since the early 1970's and
has sustained this rise throughout the 1980's. The increasing real price of tropical
products may be in response to the declining stocks of tropical timber resources
combined with increasing demand (Barbier et al. 1994b).

3 The timber prices are derived from IMF (1998), International Financial Statistics Yearbook, 1998.
Hardwood timber prices are for Malaysian (in US$) and softwood timber prices are for the United States
(in US$). All prices are deflated using the IMF producer price index (1990 = 100). It is important to note
that the terms of trade for developing countries have generally been declining during this period.
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A number o f studies have attempted to forecast future trends in supply and demand in
the forest sector on a global and regional level.4 Short term projections to the year 2000
indicate that the declining commercial inventory of tropical hardwood timber will
continue to constrain harvests significantly. The combination of economic growth in
tropical timber producing countries, more modest demand growth in other consuming
countries and the declining supply of tropical hardwood logs is expected to continue the
movement away from log exports to domestic consumption. The declining supply o f
tropical hardwood combined with increasing demand is also expected to lead to steadily
rising sawlog prices, although prices in countries with adequate temperate hardwood
sources are expected to remain more stable. While tropical forest product prices will
increase with rising log prices, the availability of other softwood supply sources in the
more developed countries will constrain product price increases on the international
market.

Long term projections to 2040 indicate that with the declining tropical hardwood
inventory in several countries, either harvest levels will be reduced to more sustainable
levels or they will drop even more abruptly in the future with the depletion o f the
inventory. Increased investment in plantation timber production may offset the
decreasing supply o f old growth natural forest to a limited extent. Tropical hardwood
log and sawn wood prices are expected to continue increasing, with timber product
prices increasing at a slower rate (Barbier et al. 1994b).

Non-Timber Forest Benefits
In addition to timber benefits, tropical forests provide a wide range of other benefits
such as non-timber forest benefits, recreation, pharmaceutical uses, carbon storage,
biodiversity protection, and existence values. Many of these benefits are non-marketed
public goods for which it is difficult to determine and capture a monetary value. There
have been many studies attempting to estimate the economic value of tropical forest
benefits using a range o f economic valuation techniques. Pearce, Moran and Krug
(1999), Georgiou et al. (1997), Pearce and Moran (1994) and Godoy et al. (1993)
provide a comprehensive review of these studies.

4 Perez-Garcia and Lippke 1993; Arnold 1991; Sedjo and Lyon 1990; Kallio et al. 1987; FAO 1990;
Cardellichio et al. 1989; ECE/FAO 1986, 1989, 1990; USDA Forest Service 1990.
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There have been several studies of the non-timber products derived from tropical forests.
For example, Peters, Gentry and Mendelsohn (1989) estimate the net benefits o f
sustainable extraction o f wild fruit and latex based on measurements at a one hectare
plot o f tropical forest land. They use market prices to value the harvest and calculate net
returns by deducting the estimated cost of harvest, using data on labour inputs,
prevailing wage rates and transport costs. However, caution is required to extrapolate
from the stand to a large stretch of tropical forest, due to downwards sloping demand,
supply uncertainty, and increasing costs of production and transportation (van Kooten et
a l 1998).

Ruitenbeek (1989) provides a cost-benefit analysis of rainforest conservation in Korup
National Park, Cameroon. The total net benefits of the project yield a net present value
of UKJE10.9 million. These include benefits from sustained forest use, agricultural
production, tourism and biological diversity, as well as flood control, protection of
fisheries and maintenance o f soil fertility under natural forest vegetation. Ruitenbeek
(1989) also estimates the opportunity costs of foregone earnings from clear-cutting
timber in terms of lost stumpage value and the loss of subsistence production arising
from the relocation o f six villages. The total present value of these foregone uses
amounted to UK£3.3 million, or less than a third of the estimated net project benefits.

There have been a substantial number of studies attempting to estimate the recreational
value of tropical forests. Most of these studies use the contingent valuation method
(CVM) and travel cost method (TCM) to estimate tourists’ willingness-to-pay (WTP)
for visiting and preserving tropical forests and the wildlife they contain. For example,
Mercer, Kramer and Sharma (1995) use CVM and TCM to estimate foreign tourists’
WTP for including a new rain forest park in a trip to Madagascar. They estimate
individual’s consumer surplus to range from $46 to $268 per trip, with an aggregate
value o f between $0.18 and $1.05 mn/year.

Tobias and Mendelsohn (1988) use TCM to estimate Costa Rican residents' consumer
surplus for visiting the Monteverde Cloud Forest Reserve. Domestic tourists are
estimated to have a consumer surplus o f $35 per trip, with an aggregate domestic value
of $0.1 to $0.12 mn/yr. An extension to this study by Echeverria et a l (1995) uses the
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CVM to estimate residents and nonresidents' WTP for visiting and preserving the
Monteverde Cloud Forest Reserve. They estimate a higher consumer surplus o f $121
per trip, with an aggregate value each year of $2.38 mn.

Tropical forests are also valued for their carbon storage function. Tropical forest
clearance, combined with land conversion to alternative uses such as agriculture and
cattle ranching, has contributed between 22 and 26% to the greenhouse effect in the
1980's (Houghton 1993). Brown and Pearce (1994) estimate that a change o f land use
from tropical closed forest to agriculture will lead to net emissions of around 100 to 200
tonnes (t) o f carbon (C) per hectare (ha), after accounting for carbon fixing in
subsequent land uses. Assuming that the monetary value of carbon damage for every
tonne o f carbon released amounts to approximately $ 20/tC5, Brown and Pearce (1994)
estimate that the conversion o f open forest to agriculture or pasture would incur global
warming damage of about $600-1,000/ha, conversion o f closed secondary forest would
cause damage o f $2,00-3,000/ha, and conversion o f primary forest to agriculture would
lead to damage in the range o f $4,000-4,400/ha.

More recently there has been increasing interest in the potential for forest conservation,
afforestation and reforestation schemes to sequester carbon and thus mitigate
atmospheric carbon built up (Pearce et al. 1998, Sedjo et al. 1995). As noted in Chapter
1, Joint Implementation schemes for carbon offset offer significant potential for
additional sources o f funds for forest conservation and regeneration. Ridley (1998)
analyses 20 Joint Implementation projects and finds the average cost of carbon reduction
to be $65/tC, with forestry projects ranging from $3-81/tC with an average value o f
$18/tC based on the assumption that sequestered carbon is permanent. However, when
forest projects are re-analysed on the assumption that carbon sequestration is
nonpermanent, the values are doubled.

There are also several studies o f the ecological impact o f tropical deforestation in terms
o f biodiversity loss. Closed tropical forests are estimated to hold between 50 and 90%

5 Estimates of the marginal damage costs from global warming resulting from carbon emission vary
widely (Nordhaus 1991,1994; Fankhauser 1995; Cline 1993). The value of carbon damage in 1999 prices
is about $30-40/tC.
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o f the world's species (Reid and Miller 1989). Tropical deforestation is thought to result
in the loss o f 1-11 % o f the globe's biodiversity each decade. Recent estimates predict an
annual loss o f 14,000 to 40,000 species, and as many as 16 million populations
(geographic entities within species that are ecologically or genetically unique) (Hughes,
Daily and Ehrlich 1997). Most o f the estimates of species extinction are based on the
McArthur and Wilson (1967) species area curve:
S = cL 2

(2.2)

where:
S = the number of species
L = land area
c = parameter that depends on type o f species, its population density and the
biogeographic region
z = parameter reflecting the regional scale

The shape o f the species area curve is determined by z. Most regions of the world are
characterized by z factors between 0.16 and 0.39. Islands tend to have z factors o f about
0.35 while comparable continental areas have z factors of about 0.2. Thus, z factors
tend to increase as the area under consideration become smaller. Figure 2.3 plots
species loss (as a percentage of initial number o f species) against deforestation (as a
percentage of initial forest cover). When values are low (e.g. < 0.25), the species area
model predicts that more than 50% o f the forest land area can be deforested before the
slope o f the extinction curve rises rapidly with increasing deforestation. Conversely, at
high values (e.g. >0.75) extinction rates are almost proportional to deforestation rates.

Case studies indicate that the species area curve model may overestimate actual
extinction rates from tropical forest conversion. For example, Lugo, Parrotta and
Brown (1993) undertake an analysis o f bird and plant data in Puerto Rico. They note
that the species area curve model fails to take into account land use after deforestation
and implicitly assumes that land is biotically sterile after forest clearance. Furthermore,
habitat diversity is not accounted for in the species area model, except in the implicit
assumption that larger areas have more habitats. Finally, the model is based on the
analysis o f a single species, while it may be more useful to look at assemblages of species
in biodiversity loss.
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There have been few studies o f the non-use values associated with tropical forests. Of
these, a study by Kramer and Mercer (1997) looks at the existence value of tropical
forests. They use CVM to survey US residents to estimate their WTP to protect an
additional 5% o f the world’s tropical forests. A value o f S21-31 per US household is
derived, assuming that the payment is a one time contribution. The aggregate annualized
value over all US households amounts to $0.85 to $1.26 billion/year. Taking 1.7 billion
ha as the area for total tropical forests, 5% of it would come to 85 million ha, so that the
annual WTP would be $10-15/ha (Pearce et al. 1999).

To summarise, there are an increasing number of studies attempting to estimate the
economic value and ecological benefits of tropical forests. Although the validity and
reliability of such studies are often questioned, they do indicate that the values of many
non-timber forest benefits are significant. Based on an extensive survey o f tropical
forest valuation studies, Pearce (1996a, 1998) determines a general consensus of the
estimate o f annual values of tropical forests, such that potential extractive benefits
amount to $50/ha, recreation benefits $5-10/ha, ecological benefits $30/ha, carbon
benefits $600-4,400/ha, and non-use benefits $2-27/ha.

In order to decide whether international resources should be used to protect specific
tropical forests, Ruitenbeek (1992) calculates a ‘rainforest supply price’ based on an
evaluation of the Korup National Park in Cameroon and six other tropical rainforest
projects. Given the opportunity costs, in terms o f foregone development land, and direct
protection costs required to make conservation of tropical rainforests worthwhile from
the host country’s perspective, international transfers ranging from $15-1,575/km2 may
be required. It is interesting to note that the Kramer and Mercer (1997) estimate of
WTP for existence values for tropical forests by individuals in developed countries is
similar to the lower end o f this range o f financial requirements.

The static approach taken in most o f the valuation studies does not reflect the declining
overall stock o f tropical forests and the benefits they contain or the potential increases in
demand for tropical forest benefits over time. For example, the ‘environmental Kuznet’s
curve’ hypothesis suggests an inverted U-shaped relationship between environmental
destruction (e.g. deforestation) and per capita GDP. However, the empirical evidence of
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such a relationship is mixed, especially for tropical deforestation.6 Looking at the
problem in a more dynamic context and taking these considerations into account would
suggest that the per hectare value o f tropical forest benefits may rise over time due to
declining supply and increasing demand. However, unless the local, national and global
benefits from tropical forests can be captured and channelled into appropriate policies,
and projects, there will continue to be little incentive for private individuals and tropical
forest countries to undertake socially optimal levels of tropical forest conservation from
the perspective of the global society.

Sandler (1993) examines the implication of the declining stock of tropical forest
resources (i.e. a ‘shrinking cake’) on international bargaining and compensation for
forest conservation. He notes that when forest stocks are declining it will be in the
interest o f developed countries to reach an agreement with developing countries as soon
as possible about conserving their tropical forests. Holding out for paying less
compensation for forest conservation will be offset by the rate of deforestation. That is,
‘an earlier agreement giving the developed countries a smaller share o f a larger prize is
better than holding out for a larger share of a smaller prize’ (Sandler 1993).

2.6

Proximate and Underlying Causes of Tropical Forest Conversion

The main driving forces behind tropical deforestation arise from human activities and can
be distinguished in terms of proximate and underlying causes: (Barbier et al. 1994a)
•

proximate causes refer to direct over-exploitation of the forest (e.g. through
excessive timber extraction, forest clearance for agriculture) and the indirect
impacts that lead to forest clearance (e.g. through opening up the forest by road
construction and infrastructure development);
underlying causes refer to the economic, social and cultural factors that lie behind
the economic activities that lead to forest clearance.

6For an overview, see for example, de Bruyn and Heintz (1999); Stern et al. (1996). Relevant empirical
studies include: Shafik (1994a,b), Cropper and Griffiths (1994), Shafik and Bandyopadhyay (1992) and
Panayotou (1993) and Koop and Tole (1999).
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Proximate Causes
Using multi-date remote sensing techniques, FAO (1993a) undertook a comprehensive
assessment o f the changes in forest land use from 1981 to 1990 between nine land use
categories, that is closed and open forest, forest under long and short fallow, fragmented
forest, shrubs, water, plantations, and other land cover. In the case of closed tropical
forest in Africa, the main shift is away from closed forest to open forest, fragmented
forest and short fallow agriculture (Table 2.7).

Opening up o f the forest and forest fragmentation often represent the early stages o f the
deforestation process, and continual forest encroachment occurs as the remaining trees
are cleared for short fallow or permanent agriculture. Schneider et al. (1990) and
Schneider (1993) discusses the forest conversion process in terms of'nutrient mining'. A
typical sequence of nutrient extraction may be harvesting any commercially valuable
timber from the existing natural forest, followed by burning the remaining forest
vegetation to return the nutrients to the soil. The forest land may be replanted with fastgrowing tree species, but at the end o f the first rotation soils are further degraded and
damaged through timber harvesting. The forest land may then be converted to crop
production, where the soil fertility is further exhausted. Finally, the degraded land is
allocated to livestock production.

Amelung and Diehl (1992) show that by looking at increasingly sensitive definitions of
forest change that is deforestation, forest degradation and forest modification, the effect
o f the different sectors on forest land use can be determined. For example, Table 2.8
shows that for Indonesia, Brazil and Cameroon, in terms deforestation the direct impact
o f forestry activity on forest clearance is minimal and account for only 2% of total
deforestation. When looking at forest degradation, the forest sector accounts for 10%
o f total biomass reduction, and when looking at the initial opening up of closed tropical
forests through forest modification, the forest sector clearly has a major role, accounting
for 71% across all tropical forest countries. However, tropical timber may be extracted
from forests earmarked for conversion to agriculture (Barbier et al. 1994a; Poore et al.
1989). For example, more than 40% of the total timber production forest area of South
East Asia has been designated as conversion production forest, and during the 1970s
and 1980s much of this conversion forest was clear cut for timber and converted to crop
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and pasture land (Barbier and Burgess 1997). In this case, timber production is more o f
a by-product from forest conversion to agriculture rather than a proximate cause of
deforestation in its own right.

The extent o f forest degradation resulting directly from timber extraction depends
largely on the type, and success, of forest management practices. Poorly designed and
implemented management regimes are likely to have serious implications for the forest
ecosystem. The level o f harvesting intensity of natural forest stands is generally very
low but varies depending on the availability of commercially valuable tree species.
Traditional logging has involved the extraction o f around 5-10m3 o f timber per hectare
(ha), which tends to amount to less than five large trees out of more than 350 trees per
hectare (Grainger 1993). Average logging intensities have increased in recent years to
63m3/ha in insular South-East Asia, 20m3/ha in continental South East Asia, but
generally remain below 20m3/ha in tropical America and Africa (FAO 1993a).

Although generally small volumes of timber are extracted from the forest, this can lead
to disproportionate damage due to careless use of equipment and inefficient logging
practices. Sometimes at least half the remaining stock, including immature trees of
potential commercial value and harvestable stocks of less desirable varieties, are
damaged beyond recovery (Repetto 1990). For example, Uhl and Vieira (1989) describe
how in eastern Amazonia the removal of eight large trees per hectare (approximately
50m3/ha) killed or damaged 26% of the remaining trees and reduced the canopy cover
from 80% to 43%. Once significant canopy opening has occurred, fires are more likely
to prevail due to increased combustible ground cover and drier micro-climatic
conditions. This leads to further forest degradation (Uhl and Kauffman 1990).

A further challenge is to ensure that there is adequate regeneration o f commercially
valuable tree seedlings through the creation of appropriate environmental conditions
(Brown 1998; Ross 1998; Poore et a l 1989). Logging impacts, especially from logloading bays, skid tracks, and felling gaps, will affect the ability of the forest to naturally
regenerate. In a comprehensive survey of management practices for wood production in
the tropics, Poore et al. (1989) assessed the extent of land under sustainable timber
production. Based on fairly stringent criteria, Poore et a l (1989) estimated that less
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than one mn ha was demonstrably under sustained-yield management for timber
production in the tropics.

Timber extraction may also indirectly induce forest conversion through opening up and
improving access to the forests, which then encourage other economic activities, such as
crop and livestock production, that further degrade the environment. For example,
timber extraction usually involves extensive road building which benefits agricultural
activities, by improving access to the forest and reducing costs of transporting
agricultural produce to local markets. In northern Brazilian Amazon, the total road
network, paved and unpaved, increased from 6,357 to 28,431 km over the 1975-1988
period. A simple correlation between road density and rate o f deforestation shows that
as road density increases, the rate o f deforestation increases in larger proportions (Reis
and Marguilis 1991).

Within the agricultural sector there are different types o f forest land cultivation,
including long and short fallow crops, conversion to permanent crops and pasture for
livestock grazing. Local socioeconomic and ecological conditions dictate the sequence
of forest conversion within the agricultural sector, which diverges considerably
throughout the tropics. In some areas the conversion may be a gradual process of
decreasing forest fallow and increasing periods of crop cultivation until permanent crop
production prevails. This is then followed by permanent pasture land for livestock
grazing. In other areas, forest land may be immediately converted into pasture land.

Underlying Causes
The underlying causes o f economically excessive forest conversion are the economic,
social and cultural factors that drive economic activities which lead to forest clearance.
These often result from individuals and governments failing to recognize and integrate all
forest values in decision making processes. For example, individuals and institutions
making decisions about forest land use tend to ignore the full economic cost of
converting forest land to alternative uses. This is because many of the benefits of
tropical forests are non-marketed public goods and are experienced at the local, national
and global level. The failure to take account of these benefits in forest land use decisions
may bias land allocation away from sustainable forest management. Governments in
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tropical forest countries have often failed to correct this market failure or to establish
appropriate policies to respond to this problem. In several cases they have developed
policies, such as subsidies to crop production and livestock production, that further
exacerbate the problem (Binswanger 1989; Schneider et a l 1990; Schneider 1994).

Second, a key problem affecting the long-term sustainable management o f tropical forest
land for timber and non-timber forest benefits is the lack o f secure land tenure, especially
at the forest frontier. For example, tenure insecurity appears to be a major facture
causing deforestation in Ecuador (Southgate, Sierra and Brown 1991) and across
tropical countries generally (Deacon 1995). The threat of future loss of land, either
through eviction by the government or encroachment by squatters, may create an
incentive for more destructive short term forest land use, such as conversion to
unsustainable agriculture (Mendelsohn 1994; Barbier and Burgess 1997). In many
developing countries property law requires forests to be cleared from the land in order to
establish a formal claim for land in forested areas (Mahar 1989). Thus government
policy may also bias forest land use away from forest management activities and
encourage greater forest conversion to agriculture. For example, land titling regulations
have been a major factor in frontier agricultural expansion in Latin America. In order to
create appropriate conditions for forest managers to invest in and maintain forest
conservation, the problem o f imperfect property rights needs to be examined.

A further key problem is that those forest products that are marketed may suffer from
imperfect markets. For example, the increasing scarcity o f tropical timber supplies is
predicted to lead to significant increases in the price of tropical hardwood timber over
the next few decades (Barbier et a l 1994b). However, individuals may fail to take
account of such price increases because there is a lack of information at the producer
level, or because decisions are being made based on current rather than expected prices.
In addition, market prices may be distorted by government intervention, through taxes,
subsidies, price ceilings and floors, and the price of tropical timber at the stand level may
be administratively determined rather than established by market forces o f demand and
supply.
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Vincent and Binkley (1991, 1992) note that centrally administered timber prices rarely
reflect market conditions for timber resources and logs tend to be underpriced. Thus,
individuals do not receive reliable indications o f the increasing scarcity of timber supply
as forest resources are depleted, which affects their decisions to undertake long term
sustainable management o f to forest. Although physical constraints on the quantity o f
timber harvested from the forest may go some way towards reducing forest degradation
associated with timber extraction, they do not create incentives for appropriate
harvesting and silvicultural practices that are required for long term sustainable forest
management. Finally, even if the higher prices are passed onto individuals making
decisions at the forest level, other market and policy failures, such as open access
conditions and short term concession leases, may actually encourage greater resource
extraction and tropical deforestation.

2.7

Conclusion and Policy Implications

This chapter has provided a comprehensive and up to date review of the relevant
literature on tropical forest land use. The data on tropical forest resources indicates that
forest land degradation and conversion continues to be highly significant, with annual
tropical deforestation at 12.6 mn ha/year at an annual rate of deforestation at 0.7%
between 1990-95. Although the establishment of plantations is increasingly important,
especially in tropical Asia, across the tropics as a whole the current level o f plantation
establishment amounts to only 2.7 mn ha/year. Plantations may partially compensate for
the reduction in timber supply and some additional non-timber forest benefits, but do not
provide the wide range o f use and non-use benefits that natural tropical forests provide.

The forest sector continues to be important to many tropical countries. The timber
industry contributes to the national economy, helps to meet domestic wood demands and
provides employment and infrastructure. Although only about 6% of total tropical
timber harvested actually enters the international trade, timber exports provide valuable
foreign exchange, especially for the major tropical timber exporting countries such as
Indonesia, Malaysia, Cote d'Ivoire, Brazil, Ghana and Congo. Many tropical forest
countries have become net timber importers because of the rising demand for highly
processed timber products due to increasing populations and incomes,
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Three key issues have been identified as important underlying causes of forest
conversion. First, non-timber forest benefits, such as biodiversity maintenance and
carbon storage, provide important goods, services and ecological functions at the local,
national and international level. However, these benefits are often non-marketed public
goods and are not taken into account in forest land use decisions. Significant research
effort has been put into trying to estimate the value of non-timber forest benefits, and a
further challenge is to ensure these values are internalised in forest land use decisions.

Second, the lack o f secure land tenure, particularly at the forest frontier, has been
identified as a third underlying cause of excessive forest conversion. This is exacerbated
in many tropical developing countries by property law requiring forests to be cleared in
order to establish legal tenure rights for the land. Third, the failure o f forest land
managers to base forest land use decisions on expected timber prices rather than current
timber prices may encourage excessive forest conversion. This is often due to imperfect
information at the producer level about global trends in tropical timber demand, the
increasing scarcity o f tropical timber supplies and tropical timber price projections, or
through government intervention in timber prices and trade. Whilst the failure to take
account o f rising prices may also impact on other resources, such as crop and livestock
production, the time to wait before harvesting trees makes this particularly important in
the decision to maintain or convert tropical forest land.

[Word count: 7,551]

Table 2.1 Definitions of Tropical Forests
A. Types of Tropical Forests
Tropical forest

Forests are ecosystems with a minimum of 10% crown cover of trees and/or bamboos, generally
associated with wild flora, fauna and natural soil conditions, and not subject to agricultural
practices. Includes all stands except plantations and includes stands that have been degraded to
some degree by agriculture, fire, logging or acid precipitation

Natural forest

subset o f forests composed of tree species known to be indigenous to the area

Natural closed
forest

trees cover a high proportion of the ground and where grass does not form a continuous layer on
the forest floor. This includes broadleaved, coniferous and bamboo tropical forests.

Natural open
forest

mixed forest/grasslands with at least 10% tree cover and a continuous grass layer on the forest
floor.

Plantation forest

forest stands established artificially by afforestation on lands which previously did not carry forest
within living memory, established artificially by reforestation of land which carried forest before,
and involving the replacement of indigenous species by a new and essentially different species or
genetic variety.

Protected forests

protected areas such as national parks and reserves occurring within mapped moist forest zones.
Because only fragments of forests remain within some of these areas, the data may overestimate
actual extent of protected forest.

B. Tropical Forest Ecological Zones
Rain forests

consist of wet and very moist evergreen and semi-evergreen forest in regions where mean annual
rainfall exceeds 2,000 millimetres (mm)

Moist deciduous
forests

include moist semi-deciduous and deciduous forests, woodlands, and tree savannahs in regions
where mean annual rainfall is between 1,000-2,000 mm

Dry deciduous
forests

consist of drought deciduous and evergreen forests, woodlands, and tree savannahs where mean
annual rainfall is between 500-1,000 mm

Very dry forests

include discontinuous thickets and tree/shrub savannahs in regions where mean annual rainfall is
between 200 to 500 mm

Desert forests

consist of tree/shrub steppes in regions where mean annual rainfall is below 200 mm

Hill and montane
forests

range from pre-montane to alpine forests (wet, moist and dry) in upland areas over 800 metres in
elevation

C. Tropical Forest Conversion
Deforestation

clearing that reduces the crown cover to less than 10%. This includes clearing of forest lands for
all forms of agricultural uses (shifting cultivation, permanent agriculture and ranching) and for
other land uses such as settlements, other infrastructure and mining. Deforestation does not
include other alterations, such as selective logging (unless the forest cover is permanently reduced
to less than 10%), that can substantially affect forests, forest soil, wildlife and its habitat, and the
global carbon cycle.

Degradation

changes within the forest class (from closed to open forest) which negatively affect the stand or
the site and, in particular lower the production capacity. That is, changes that do not reduce the
crown cover to less than 10%.

Fragmented
forest

results from partial deforestation, usually by progressive clearing of small patches of forest, which
creates a mosaic of forest and non-forest

Reference:

FAO (1993a, 1997)

taozz.w oz

Forest Zone 2/
LowlandFormations
-Rainforest
-Moist deciduous
■Dry and very dry deciduous
Upland Formations
-Hill and montane forest
Non-Forest Zone
■Alpine areas, deserts
Total Topics
Regions
Tropical Africa
Tropical Asia
Tropical Ocenia
Tropical North & Central America
Tropical South America
Total Tropics

u-iNov-yy

Annual
Annual
Total Land Total Forest Total Forest
Cover 11 Deforestation Deforestation
Cover 1/
Area
1990-95
1990-95
1990
1995
1990
thousand ha thousand ha thousand ha thousand ha percent p. a.
0.80
15.3
1748.2
NA
4189.7
937.1
1298.6
1241.0

718.3
587.3
238.3

NA
NA
NA

4.6
6.1
2.2

0.60
1.00
0.90

713.1

204.3

NA

2.5

1.10

588.6
4778.3

8.1
1756.3

NA
NA

0.1
15.4

1.00
0.80

2243300
846839
54055
264801
1385678
4800040

527586
295041
42659
84628
851223
1756299

504901
279766
41903
79443
827946
1733959

4100.00
3055
151
1037
4655
12594

0.70
1.1
0.4
1.3
0.6
0.7

112946
19745
18314
20244
30571
34123
32720
23385
14387

109245
19537
17859
19598
29930
32510
31398
22200
13780

740
42
91
129
128
323
264
237
121

0.7
0.2
0.5
0.6
0.4
0.9
0.8
1.0
0.8

115213
17472
8078
64969
37605

109791
15471
6766
65005
36939

1084
400
262
-7
133

0.9
2.3
3.2
-0.0
0.4

563911
68646
51217
46512
54299
57927
18620
14782
12082

551139
67562
48310
43995
52988
55387
18577
14721
11137

2554
217
581
503
262
508
9
12
189

0.5
0.3
1.1
1.1
0.5
0.9
0.0
0.1
1.6

Selected Countries
Africa
226760
Zaire
34150
Congo
Gabon
25767
Cameroon
46540
Central African Republic
62298
Tanzania
88604
74339
Zambia
Angola
124670
Nigeria
91077
Asia and Oceania
Indonesia
181157
Malaysia
32855
Philippines
29817
India
297319
Papua New Guinea
45286
North and Central America, South America
Brazil
845651
Peru
128000
Boliva
108439
Venezuela
88205
Colombia
103870
Mexico
190869
Guyana
19685
Suriname
15600
Ecuador
27684

Notes:

1/ Total Forest Cover is the sum of natural forest and plantations. Unlike previous
documents, FAO (1997) only provides data on extent and rates of deforestation for
total forest areas.
2/ Annual Extent and Rate of Deforestation by Forest Zone is for 1981-90.

Ref:

FAO (1993 & 1997)

Total Land
Area
1990
thousand ha
Regions 1/
Africa
Asia & Oceania
Latin America & Caribbean
Total

Annual Plantation
Total
Plantation
as a % of
Annual
Total Plantation
Area
Plantation
1990
1981-1990
1981-1990
thousand ha thousand ha
percentage p.a.

2243000
897000
1676000
4816000

Selected Countries
Africa
226760
Zaire
34150
Congo
25767
Gabon
46540
Cameroon
62298
Central African Republic
88604
Tanzania
74339
Zambia
91077
Nigeria
Asia and the Pacific
Indonesia
181157
Malaysia
32855
Philippines
29817
India
297319
Latin America and the Caribbean
Brazil
845651
Peru
128000
Boliva
108439
Venezuela
88205
Colombia
103870
Mexico
190869
Guyana
19685
Suriname
15600
Ecuador
27684

5200
66900
9100
81200

100
2300
300
2700

4.52
7.01
6.81
6.80

60
53
30
23
9
220
68
216

4
4
1
2
1
12
3
5

6.67
7.55
3.33
8.70
11.11
5.45
4.41
2.31

8750
116
290
18900

474
9
-1
1441

5.42
7.76
-0.34
7.62

7000
263
40
362
180
155
12
12
64

279
13
1
24
13
8
1
1
2

3.99
4.94
2.50
6.63
7.22
5.16
8.33
8.33
3.13

^otes:

1/ For Regions, Total Plantation Forest 1995, Annual Plantation
1980-95, and Annual Plantation as a % of Total Plantation 1980-95.

Source:

FAO (1993 & 1997)

Natural Production Protection Conservation
Forest 4/
Forest 31
Forest 2/
Forest 1/
Land
Area, 1990
Area Area, 1990 Area, 1990 Area, 1990
mn ha
mn ha
mn ha
mn ha
mn ha
Africa
Asia

& the Pacific

Latin

America & Caribbean

TOTAL

2236

528

58

8

18

892

302

151

44

27

1650

918

100

90

26

4778

1756

309

142

71

1/ Information based on legally notified forest areas classified by forest
function
2/ Production forest is forest having terrain and soil conditions suitable for
the production of wood and other products on a sustainable basis. The
distance to consumption or export sectors is not taken into account, which
means that economically inaccessible forests are included in this class
3/ Protection forests are areas within the forestry sector located on terrain
that is too stepp or rough, or subject to periods of permanent innundation,
which makes forest management impractical due to physical
non-productivity
4/Conservation forests are areas with the forestry sector designated for
conservation by law or other regulations
Ref:

FAO (1993)

i a u . vvu^

Ref:
•

—

Apparent
Domestic
Imports Consumption
1994
1994
1000 m3
1000 m3

Production
1994
1000 m3

Exports
1994
1000 m3

Fuelwood and charcoal
Industrial roundwood
Sawnwood & sleepers
Wood-based panels
Pulp for paper aJ
Paper and paperboard a/

483933
45425
6222
934
211
367

162
4853
1387
244
5
1

4
86
185
65
22
372

483775
40658
5020
755
228
738

Tropical Asia & Oceania
Fuelwood and charcoal
Industrial roundwood
Sawnwood & sleepers
Wood-based panels
Pulp for paper a/
Paper and paperboard a/

654250
121190
39239
17689
4351
9283

2003
15057
6323
13133
221
1322

295
2882
3648
1000
1432
3662

652542
109015
36564
5556
5562
11623

62028
10108
4680
903
339
2663

79
235
909
51
4
168

33
159
2091
570
597
1902

61982
10032
5862
1422
932
4397

Tropical South America
Fuelwood and charcoal
Industrial roundwood
Sawnwood & sleepers
Wood-based panels
Pulp for paper a1
Paper and paperboard a/

239354
90512
21396
3590
6311
7531

92
1754
1709
1358
2170
1370

4
38
180
60
416
1432

239266
88796
19867
2292
4557
7593

Total Tropics
Fuelwood and charcoal
Industrial roundwood
Sawnwood & sleepers
Wood-based panels
Pulp for paper a/
— Paper and paperboard aJ

1439565
267235
71537
23116
11212
19844

2336
21899
10328
14786
2400
2861

336
3165
6104
1695
2467
7368

1437565
248501
67313
10025
11279
24351

Tropical Africa

Tropical North and Central America
Fuelwood and charcoal
Industrial roundwood
Sawnwood & sleepers
Wood-based panels
Pulp for paper a1
Paper and paperboard a/

a1 pulp for paper and paper and paperboard is measured
in 1,000 tonnes.
Ref:

FAO (1997)

Ref:

tab2'6.wb2

06-Mar-99

Forest Products Forest Products
Forest Product Forost Product Forest Product Im ports as a % Exports as a %
Net Exports of Total Impbrts of Total Exports
Exports
Imports
USSOOO
USSOOO
USSOOO
(%)
(%)
TROPICAL AFRICA
Cameroon
Cent Afr Rep
Congo
Cote d'Ivoire
Gabon
Ghana
Kenya
Madagascar
Malawi
Nigeria
Sierra Leone
Tanzania
Zaire

35412
468
4500
27200
3655
5129
23594
8546
8058
33083
1028
15700
3666

99833
29994
106087
236147
136774
76526
4054
534
1993
1680
146
1539
17032

64421
29526
101587
208947
133119
71397
-19540
-8012
-6065
-31403
-882
-14161
13366

2.7
0.3
0.8
1.3
0.5
0.4
1.1
1.8
1.4
0.6
0.7
1.7
0.4

8.3
23.1
9.4
9.1
5.5
10.4
0.4
0.2
0.5
0.0
0.1
0.5
1.7

TROPICAL C. AND S. AMERICA
40020
Costa Rica
El Salvador
21800
69410
Guatemala
Honduras
137921
Mexico
403605
Nicaragua
10566
Panama
76979
Trinidad & Tob
54396
Bolivia
4060
Brazil
299402
Colombia
104056
Ecuador
157834
Paraguay
13055
Pem
104914

21895
2725
18326
31061
13884
2569
3988
458
22160
1750981
20060
24373
24971
2558

-18125
-19075
-51084
-106860
-389721
-7997
-72991
-53938
18100
1451579
-83996
-133461
11916
-102356

2.0
1.8
4.3
13.4
1.4
1.4
5.0
4.3
0.6
1.3
1.9
8.5
1.2
3.2

1.5
0.5
1.5
3.4
0.1
0.7
1.2
0.0
2.4
5.6
0.3
0.9
2.6
0.1

TROPICAL ASIA AND OCEANIA
Hong Kong
1752273
India
290967
Indonesia
330157
Malaysia
483372
Philippines
173662
Singapore
747548
Sri Lanka
28771
Thailand
1002371
Papua N Guinea
5504

705535
16337
3069199
3040884
123119
663302
600
101551
115500

-1046738
-274630
2739042
2557512
-50543
-84246
-28171
-900820
109996

2.1
1.2
1.5
1.7
1.3
1.2
1.1
3.0
0.4

2.4
0.1
12.0
10.3
1.4
1.3
0.0
0.4
10.1

Ref:

FAO (1992) and World Development Report (1992)

Process of Deforestation and Forest Degradation: Africa

Table 2.7
Land Area
'000 ha

% of Total Land
Area

Classification of Land Use Types

1,538

100

Total forest land area change in Africa, 1980-1990

382

25

Degraded to open forest. This indicates a decrease in canopy density or
an increase in canopy perturbation which may result from grazing and
related fire practices, selective logging, fuelwood exploitation, and so on;

83

5

Degraded to longfallow. The relatively small shift in closed forest land
into this category indicates that long fallow cultivation practices are not
prevalent in this region.

291

19

Fragmented to a mosaic of forest and non-forest. Fragmented forest
results from partial deforestation, which is often due to agricultural
encroachment, and progressive clearing of small patches of forest;

524

34

Deforested to other wooded land cover. For example, to shrubs or to short
fallow agriculture;

248

16

Deforested to non-wooded area. This may be due to extreme degradation
of forest land, conversion to permanent agriculture.

10

1

Changed to shrub vegetation, which as in the case of conversion to long
fallow agriculture, indicates that this practice is of little relevance in this
region

Ref: FAO (1993a)

Table 2.8

Sources of Deforestation, Degradation and Forest Modification,
1981-1990 ( % )
Brazil

Indonesia

Cameroon

Deforestation
Forestry
Agriculture
Others

2
91
7

9
90
1

2-10
86-94
0-12

Degradation
Forestry
Agriculture
Others

6
87
7

44
55
1

10
85
4

Forest Modification
Forestry
Agriculture
Others

100
0
0

100
0
0

71
26
4

Ref: Amelung and Diehl (1992)

Figure 2.1
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TROPICAL TIMBER PRODUCTION AND FOREST
LAND CONVERSION

3.1

Introduction

Aims and Contribution
This chapter reviews the existing economic theory of forest land use and discusses how
well it helps to explain the problem o f economically excessive tropical deforestation. In
Chapter 2 the background literature review indicated that the majority o f forest land in
the tropics classified as ‘managed’ is maintained for timber production. Thus, the first
approach taken in this chapter is to review the literature on the Faustmann timber
production model (Faustmann 1849) and the ecological characteristics o f timber
production (Hartwick and Olewiler 1998) and to discuss its applicability to the tropical
forest setting. This chapter illustrates the implications of the timber production model by
calibrating it to economic and ecological data drawn from recent case studies of timber
production in tropical forest regions. This provides an important contribution to the
existing literature and insights into real world applications o f the tropical timber
production model.

The major concern in the tropics is the conversion o f forest land to alternative land uses,
such as plantation timber, crop and livestock production. Therefore, the second
approach in taken in this chapter is to extend the timber production model to take
account o f alternative forest land use options model based on the existing literature. The
prevalence of market and policy failures affecting tropical forest land use decisions, such
as environmental externalities, imperfect information on changing prices and insecure
land tenure, is discussed. Drawing on the existing literature, these market and policy
failures are shown to lead to a divergence between the privately efficient and socially
optimal choice of forest land allocation and lead to tropical deforestation. The
limitations of the current theory to explain the process and patterns of tropical
deforestation are identified and these form the basis for extensions to the theory in
Chapters 4 and 5.
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Structure of Chapter 3
Section 3.2 presents a review o f the literature on the economics o f timber production
and looks at the applicability o f the traditional Faustmann model to tropical timber
production. In Section 3.3 a Faustmann tropical timber production model is developed,
which includes details on the ecological characteristics of tropical timber production.
As an illustration, the timber production model is numerically estimated using empirical
data from tropical natural forest land use systems. Section 3.4 examines one-off changes
in the key ecological and economic parameters on the optimal rotation length and forest
land value. Section 3.5 extends the basic timber production model to include market and
policy failures, such as environmental externalities, imperfect information about changing
timber prices and insecure land tenure. In Section 3.6 the timber production model is
considered within the broader context of forest land conversion, and the divergence
between the privately efficient and socially optimal forest land use decision in the
presence o f market and policy failures are examined. The concluding Section 3.7
discusses the limitations of the current theory of deforestation and addresses the
preliminary implications for policy makers.

3.2

Literature Review of Timber Production Models

This section presents a historical review of the literature on the economics of timber
production and discusses its applicability to tropical forest management. This forms a
background to the timber production model developed in the following section.

Forest Economics and the Faustmann Model
The traditional question in forestry economics has been 'when to cut' trees for timber
production. That is, what is the optimal rotation length of a forest stand. The original
models for determining the optimal timber rotation length can be traced back to mid
18th century Germany (Lofgren 1983). The earliest management regimes were mainly
based on biological data and known as maximum sustainable yield (MSY) models. The
objective o f the MSY model is to select a rotation period so as to maximize the volume
of timber harvested over time. The forestry practice of MSY has been criticized by
economists because it ignores the full opportunity costs of timber production over time.
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In the mid 19th century Faustmann made an important contribution to the economic
analysis o f forest management (Faustmann 1849). He developed a theoretical model of
timber production, the objective o f which is to maximize the net present value o f the
perpetual returns to timber production taking full account of the opportunity costs of
waiting to harvest the timber and holding forest land under timber for production. The
main assumptions o f the model are that at the outset there is a clear tract of forest land
on which tree seedlings are artificially established, trees are grown in an even-aged stand
setting, the entire commercial stock of trees is harvested at the end o f the first rotation
and a series of timber rotations is continued into perpetuity. All markets exist and
prices, costs and the rate o f interest are constant over time. The solution to the
Faustmann problem was formally presented by Pressler (1860) and Ohlin (1921), as
noted by Lofgren (1983). It states that the optimal time to harvest the forest stand is the
age at which the rate o f change in the value of the timber with respect to time is equal to
the interest on the value of the stock of timber and forest land.

Other approaches to timber production have been developed. The single rotation model
and the continuous harvesting model1, which both take account o f the opportunity cost
of forest land, are comparable to the Faustmann model and lead to the same age of
harvesting (Samuelson 1976, Anderson 1976). Timber production models which ignore
the opportunity cost o f the forest land lead to a shorter rotation length than the
Faustmann model (von Thunen 1828; Montgomery and Adams 1995). After many years
of research,2 Samuelson (1976) stated that the Faustmann model determines the
essentially 'correct' optimal rotation solution. More recent work on timber production
and the optimal use of forest land has been undertaken to examine the effect o f changes
in key economic parameters, market conditions and forest policies on forest management
decisions.3

1 Timber harvesting on an uneven aged stand can be modelled as a continuous investmentdisinvestment problem, as in the case of other renewable resources such as fish and wildlife. See for
example, Dueer and Bond 1952; Dueer 1960; Adams and Ek 1974; Adams 1976; Chang 1981;
Montgomery and Adams 1995. Anderson (1976) shows how this approach results in the same optimal
rotation age as the Faustmann approach, if forest land values are taken into account.
2 Pressler 1860; Gaflhey 1957; Duerr et al. 1956; Bentley and Teeguarden 1965; Pearse 1967.
3 See for example, Bowes and Krutilla 1989a,b; Clark 1976; Hyde 1980; Lofgren 1983, 1995;
Johansson and Lofgren 1985; Max and Lehman 1988; Mendelsohn 1993, 1994; Englin and Klan 1990;
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Application of the Faustmann Model to Tropical Timber Production
The Faustmann timber production model was originally developed for temperate forests
and since then has mainly been applied to forest management decisions in temperate
regions.4 Temperate timber production is typically characterised as an even-aged
plantation o f a single tree species, such as the Pacific Northwest Douglas-fir, the
production o f which can be categorised according to a limited number o f yield classes.
Most case studies o f temperate timber production have used the following basic form of
the logistic growth function for modelling timber production in Douglas-fir plantations:5

quantity o f timber at age T = e

* “=
Pl■
a0

The parameters o f the growth function have been estimated using the McArdle (1949)
Douglas-fir yields tables. There have been few efforts to take explicit account o f the key
ecological factors that underlie the growth function. One exception is a theoretical
model developed by Hartwick and Olewiler (1998) which draws on the insights from
other renewable resources, such as fish and wildlife, to depict the underlying factors that
determine timber growth. They develop a logistic timber growth model which depends
on the initial stock o f timber biomass, the intrinsic rate of tree growth and the carrying
capacity o f the forest stand. However, the role of these factors in timber production or
forest land conversion decisions has not yet been fully explored and there have been no
attempts to calibrate this model.

There have been few applications of the Faustmann model to tropical forest management
decisions. This in part reflects the difficulty of undertaking case studies in tropical
developing countries due to the paucity of data, but is also because timber production
tends to be much more heterogeneous in the tropics than in temperate regions, in terms
of the quantity and variety of tree species, their growth characteristics, the quality of

Koskela and Ollikainen 1995; Parks and Murray 1994; Deacon 1994; Bulte and van Soest 1995a,b;
Chang 1981; Crabbe and van Long 1989; Kuuluvainen 1990; Wear and Parks 1994.
4 See for example, Bowes and Krutilla 1989a; Calish et al. 1978; Brazee and Mendelsohn
1988; Englin and Calaway 1995.
5 Brazee and Mendelsohn 1988; Gramponia and Mendelsohn 1987; Englin 1990; Englin and
Callaway 1993.
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forest land and forest management regimes. Forest managers may have to identity how
much as well as which trees to harvest.

Table 3.1 provides three broad categories of tropical forest management regimes. As in
the Hartwick and Olewiler model, the key ecological factors that differentiate the
tropical timber management regimes are the initial stock of timber biomass, the intrinsic
rate of tree growth and the carrying capacity of the stand. For example, some tree
species, such as fast growing softwoods, can be artificially regenerated and then planted
as seedlings on a stand that is clear of any other vegetation. These trees can be grown as
an even-aged plantation and all trees are harvested at the end of the rotation.

Other tree species, especially slow growing hardwoods, are difficult to regenerate
artificially. Instead they need natural regeneration within an established ‘natural’, or
secondary, forest setting and only a small proportion of the entire forest will consist of
commercially valuable timber. First, for light demanding tree seedlings, large uniform
openings in the forest canopy are needed and the commercially valuable trees are grown
as an even-aged crop within the forest and all commercially valuable trees are harvested
at the end of a rotation. This system is known as shelterwood timber production.
Second, for shade loving tree seedlings, small scattered gaps in the forest canopy are
required to let in light and enable already established tree saplings to grow. The
commercially valuable trees are grown as an uneven-aged crop and only a small number
o f trees are felled over a continuous series of timber harvests. This system is known as
selection timber production (Gomez-Pompa and Burley 1991; Brown 1998).

There are several reasons why it is considered important to extend the Faustmann timber
production model take account o f the ecological characteristics o f tropical timber
production. First, the timber growth function currently developed for temperate regions
may not be an adequate representation of timber growth in tropical regions. Second,
given the wide variety o f tree types and land qualities, a more general representation of
timber production needs to be developed that can be applied to a variety of tropical
forest cases. Third, the ecological characteristics of timber production may be critical to
tropical forest management decisions and warrant full consideration. Finally, taking
account of the heterogeneous quality of tree species and forest land will be particularly
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important when the broader issue o f tropical forest land conversion is addressed later in
this thesis.

3.3

Tropical Timber Production Model

In this section a tropical timber production model is established based on the Faustmann
timber model (Faustmann 1849). Following Hartwick and Olewiler (1998), the basic
Faustmann timber model is extended to take explicit account of the ecological
characteristics o f tropical timber production, in terms of the carrying capacity of the
stand, the intrinsic rate o f tree growth and the initial stock of timber. Although this
section provides no new theoretical insights, it is important for setting up the basic
model that is used in the following sections and chapters. One contribution o f this
section is to illustrate the implications of the timber production model by calibrating it to
economic and ecological data drawn from recent case studies of timber production in
tropical forest regions. This provides important insights into real world applications of
the timber production model in the tropics.

Underlying Assumptions
Let us assume that a private, profit-maximizing forest manager owns, or has the long
term harvesting right via a license or concession agreement, to a fixed stand o f tropical
natural forest land. The property rights of the stand are exclusive, enforceable,
transferable and divisible. Timber production in an even-aged stand setting is the highest
valued land use now and in the future, and the tropical forest stand is dedicated to this
management regime now and into perpetuity.

At the outset the natural forest stand is clear of any large, commercially valuable timber,
although some natural forest may remain.6 Additional tree seedlings are planted and
then left to regenerate. Once the trees are sufficiently mature, the forest stand is
harvested for timber. The 'waiting period' from the initial year of seedling establishment
to the year in which the trees are harvested for their timber is called the rotation age. At

6 It is straightforward to extend this model to look at frontier forest land that already contains
unlogged old-growth natural forest and take account of any initial timber harvesting benefits and
vegetation clearing costs. See, for example, Barbier and Burgess (1997).
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the end o f the first rotation the forest stand can be replanted with commercially valuable
tree seedlings which are left to regenerate a new crop o f trees for a second timber
harvest. A succession of such timber rotations can continue indefinitely.

Ecological Variables
As a tree grows, the amount of timber available to harvest changes over time. Let q(T)
represent the volume o f commercially valuable wood in cubic metres (m3) in a single tree
at rotation age T, in years. Assuming that all commercially valuable trees on the stand of
tropical forest land are identical, an aggregate Q(T) schedule can be taken to
representing the sum of many q(T) schedules. In the absence o f any interaction effects
between individual trees, Q(T) will simply be nq(T), where n is the number o f trees on
the one hectare stand o f forest land.

Based on an approach developed by Hartwick and Olewiler (1998) drawn from the
renewable resource economics literature, let us assume that timber quantity is
determined by the initial stock o f commercial timber biomass, Q0 (i.e. the value of Q(T)
when T = 0), the intrinsic rate o f increase of commercial timber biomass, a, and the
carrying capacity of the forest stand, K. The initial stock o f commercial timber biomass
depends on the quantity and size o f the tree seedlings at the start o f the rotation, which
may be artificially regenerated and established as a plantation, or naturally regenerated
from existing seed trees and grown within the ongoing forest stand. The intrinsic rate of
timber biomass growth depends on the type o f tree species, for example softwoods tend
to be fast growing and hardwoods much slower growing. The carrying capacity o f the
forest stand, which is the maximum volume o f commercial timber biomass that the forest
stand can sustain, depends on the type of commercially valuable tree species grown, the
proportion of trees in the stand that are commercially valuable and the quality of the
stand (e.g. soil quality, temperate, rainfall).

The volume of commercially valuable timber biomass on a forest stand over the rotation
age is given by:
K

Q(T) =
1 +

k

- e0

a

K
-aT

1 + m e 'aT

K>Qo>0
(3.1)

Economics of Tropical Forest Land Use

J. Burgess

Chapter 3

56

where m = ( K- Q0)/Qo- As shown in Figure 3.1, the S-shaped curve indicates that the
initial stock o f timber biomass is small but increases with the rotation age until the
carrying capacity o f the forest stand is reached. Differentiating (3.1) with respect to T
and rearranging gives the logistic growth equation for the growth of the commercially
valuable timber stock:
K(K - Q Jae
St =
1 +

-a T

= Q{T)2ae

-aT-

(k -

1_

-o7

_1
K\

(3.2)

fin

Qc

The subscript denotes the derivative of the function with respect to that subscript. The
growth in the stock o f timber is shown in Figure 3.2 as an inverted ‘U’ shaped curve.
After the initial establishment o f tree seedlings the level of growth in timber production
is low. Over time it rises to a maximum, and then declines until carrying capacity o f the
forest stand is achieved. The second order partial derivative can be derived by
differentiating (3.2) with respect to T and rearranging:
K(K - Qaf a \ e aTf
Qrr = 2-

(K ~ Q0)e - a r
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-
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We assume that the length of rotation of relevance to the forest manager is chosen such
that the standard assumption o f increasing timber biomass with stand age but at a
decreasing rate are applicable:
Qt > 0,

Qj t < 0

(3.4)

Economic Variables
All input and output markets are assumed to exist, there are perfect information and
perfect competition in all markets, and prices, costs and the rate o f interest are constant
in real value over time. In addition, the forester has perfect information on timber yields
that are not subject to technical change over time. It costs a fixed amount, S, for
silvicultural effort to undertake enrichment planting in the initial year of establishment.
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After this, no further silvicultural effort is required for forest stand maintenance and the
trees are left to grow naturally over time. The costs of harvesting, C, and the stumpage
prices o f timber, P, are assumed to be in real value terms.

Two additional costs o f timber production need to be taken into account. First, the
direct cost of the interest foregone whilst waiting to harvest the trees during the growing
period. That is the money that could be obtained if the trees were cut sooner and the
financial benefits derived from the sale o f timber reinvested in an alternative asset in the
economy. This can be referred to as the costs of delay in cutting. This opportunity cost
is reflected by the market rate o f interest, r, and e rT is the factor which discounts net
benefits at age T to their present value. Note that the cost o f replanting is not
discounted as it occurs in the initial year o f the rotation, that is when 7 = 0 . Let N(T) be
the net present revenue from harvesting timber at rotation length T:
N(T) = (P - C]Q{T)e rT - S

(3.5)

The second cost that needs to be taken into account by the forest manager is the indirect
cost o f the value o f the forest land on which the trees are grown. This is what the
forester could have earned if he had rented out or sold the forest land and reinvested the
proceeds in an alternative asset in the economy. With all ecological and economic
parameters constant over time, the timber production problem is identical in consecutive
periods. Therefore, at the start o f the second rotation, the forester faces exactly the same
problem as at the start o f the first rotation, and so on henceforth. The optimal harvest
age will be the same for each rotation cycle.

Let V(T) represent the net present value o f the forest stand at the outset when it clear of
any commercially valuable trees. This consists of the net present returns from timber
production over a single rotation period plus the present value of the same piece of
forest land at the end o f the first rotation period:
V(T) = (P - C)Q(T)e ~rT - S + F (7 )e'rr

(3.6)

This implies:
(P - QQ(T)e rT - S
WT) = -------1 - e ' rT

(3.7)
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Forest Land Maximisation Problem
The objective o f the forester is to maximize the net present benefits to the forest land
through the choice of optimal length of timber rotation:
m ax,

vm - g _ - .9 C 0 g - ^
1 - e

(3.8)

As shown in Figure 3.3, the value o f forest land, V(T), increases up to a maximum and
then declines as the rotation length increases. The first order condition to the
maximizing problem is obtained by differentiating V(T) with respect to T and setting the
derivative equal to zero. This yields the necessary condition for an efficient rotation age:
= (1 - e - 'T')[(P - C)QT.e 'T'- re~rT{P - Q & T ')]
<> - e ' rr‘>2
_ r e -'T [(/> - Q Q iT -)e -r r - S] = Q

(3.9)

(1 - e ~rT’)2
where V(T) is the maximized value of the stand and T is the optimal value of the
rotation age. The second order condition to the maximizing problem is obtained by
differentiating (3.9) with respect to T at the maximum stand value, V (f), where Fp. = 0.
This yields the sufficient condition:
V,

.,..

v

- o e „ . -

^
- ° « r '> . 0 ,3 ,0 ,
1 - e~rT*
(1 - e - rTy
In order to examine the optimal rotation age further, we rewrite (3.9) as (dropping * for
ease o f notation):
(P ~ C)Qj

_

r

(P - C)Q(T) - S " ~

~

(3 U )

This is the standard Faustmann rule for the optimal length of timber rotation (Pressler
1860; Ohlin 1921; Lofgren 1983). As can be seen in Figure 3.4, the right-hand side of
(3.11) cuts the left-hand side of (3.11) from above, to give the optimal rotation length T.
(3.9) can also be rewritten as:
(P - C)Qr = >i(P - C)Q{T) + V(T)]

(3.12)

(3.12) tells us that the optimal time to harvest the forest stand is the age at which the
rate of change in its value with respect to time, (P - C)QT, is equal to the interest on the
value of the stock of timber, r(P - C)Q(T), plus the interest on the value of the forest
land, rV(T). That is, the efficient rotation period occurs when the rate of change in the
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value o f the forest equals the rate o f return that could be earned by converting the trees
and forest land into money capital.7

Numerical Illustration
A numerical example is developed to illustrate the theoretical model and is based on data
from recent case studies o f tropical hardwood timber production, such as mahogany,
grown in a 'natural' forest setting.8 Given that the data for the numerical analysis of
natural forest management for timber production are based on a number o f case studies
in the tropics, it should be considered as a representative example rather than as a
specific case study. Other examples could be derived by choosing different parameter
values for the tropical timber production model. The tropical timber production
numerical illustration developed here forms the basis for further extensions and
adaptations in this and the following two chapters, in order to highlight additional issues
that arise in real world applications.

We assume that the initial stock o f biomass, Qq, is 5 m3/ha, the intrinsic rate o f tree
growth, a, is 0.1, and the carrying capacity of the forest stand, K, is 275 m3/ha. Utilizing
these parameter values in (3.1), we can derive an estimate of the volume of commercially
valuable timber over the age o f the stand, as shown in Table 3.2 and Figure 3.1. The
total volume o f commercially valuable timber in the natural forest reaches about 100
m3/ha after 35 years, and the commercially valuable trees reach maturity at around 70-80
years o f age with a total volume o f timber of 270 m3/ha. This is consistent with natural
tropical forest management regimes.

Letting the initial establishment cost, S, be $ 100/ha, the costs of harvesting, C, be
$25/m3, the stumpage price of timber, P, be $ 100/m3, and the rate o f discount, r, be

7

In the uneven-age stand model, the private individual chooses the timber volume to remove
in each period to maximize the present value of all future earnings. The individual will hold timber
stock up to the point where the marginal rate of return on the additional stock equals the discount rate
(Montgomery and Adams, 1995). Anderson (1976) has shown that when the continuing harvesting
model takes account of the opportunity cost of the forest land (i.e. not just the timber), then the optimal
harvesting age is the same in the uneven and even aged harvesting models even though the timber is
harvested annually and periodically in the respective models.
8 See for example, Browder et al. 1996; Wunder 1996; Pearce and Warford 1993; Vincent
1990; Boscolo et al. 1997; Ross 1984.
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0.05, we can derive the value o f timber production over the age o f the stand using (3.6).9
As shown in Figure 3.3, the value of forest land, V(T), increases, reaches a maximum
and then declines as the rotation length increases. Using the first order condition given
in (3.9), the optimal rotation period is determined numerically in Table 3.2 and depicted
graphically in Figure 3.4. The optimal rotation age is 36 years, which gives a maximum
present value o f the forest stand o f $ 1,530/ha. The length o f rotation and timber land
value are in line with those derived from actual forest management regimes in the tropics
(Browder et al. 1996; Vincent 1990; Pearce and Warford 1993).

3.4

Effect of a Change in Key Parameters

This section looks at the impact o f one-off changes in the key parameters o f the timber
production model on the optimal length o f timber rotation and the value o f forest land.
One-off changes in economic parameters may be due to exogenous shocks in the
economic environment. For example, a change in demand or supply conditions due to
the imposition o f tropical timber certification and labelling, or a change in government
policies, such as timber trade taxes and subsidies, may lead to a change in the timber
price, planting or harvesting costs. There may also be one-off changes in ecological
parameters due to exogenous shocks in the natural environment. For example, global
climate change may lead to a change in temperature or rainfall, leading in turn to a
change in the carrying capacity of forest land, technical change in seed selection or tree
management practices may lead to a change in the intrinsic rate of tree growth, and the
initial timber biomass stock may differ with different success rates for natural or artificial
seedling regeneration and establishment.

Although there are several studies of the comparative static effects o f a change in prices,
costs and rate o f discount on rotation age and land value, these have been applied to
temperate forest settings (Johannson and Lofgren 1985; Pearse 1967; Samuelson 1976).
In this section we review the theoretical literature on the sign and the scale of the impact

9

In their study of mahogany production in the Brazilian Amazon, Browder et al. (1996) note
that stumpage prices for mixed-quality mahogany roundwood in Rondonia ranged from $40-80/m3 in
the mid-1980's. In their analysis, they assume that an average price of $ 150/m3 in 40 years time. In
this analysis, we base the individual’s timber production decision on current rather than projected
prices. We look separately at the impact of price increases on timber production in Section 3.5.
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o f a change in the key economic parameters on the rotation age and land value in a
tropical forest setting, and illustrate the theoretical results with a numerical example.
This helps to identify those economic parameters that are likely to have a significant
impact on land use decisions in the tropics. In addition, we examine the impact of oneoff changes in the key ecological parameters, that is initial biomass stock, the intrinsic
rate o f tree growth and the carrying capacity of the stand, on the optimal length of
timber rotation and the value o f forest land. The existing literature has not fully
addressed the role o f ecological factors, although they are expected to be particularly
important in a tropical forest setting. Once again, the sign and scale o f the impact are
discussed, and illustrated with a numerical example.

Impact on the Maximized Value of Forest Stand10
In order to examine how the maximized value of the stand, V (f), changes with a change
in a key parameter o f the model whilst holding the optimal value of T fixed at 71*, (3.8) is
totally differentiated:
dV
dV 8T*
dV
— = --------- — + —
di
dT* di
di

(3.13)

for i = S, P, C, r, a, K, Q0
We know that since T is the choice o f T that maximizes V(T), then at the maximum
dV/dT = 0. The envelope theorem states that the total derivative o f the value function
with respect to a parameter is equal to the partial derivative when the derivative is
evaluated at the optimal choice (Varian 1984). Therefore, we have:
dV
di

dV
di

(3.14)
T=T*

We can now look at the effect of a one-off change in the key parameters of the model on
the maximized value of the forest stand, whilst hold all other parameter values constant.
Full mathematical proof o f the effect of a change in the key parameters on the optimal
land value is provided in Appendix 3.1. The theoretical results are summarized in Table
3.3 and form the basis for the following discussion.

10 For clarity, * is used again to represent the optimal rotation age.
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As one would expect, an increase in planting or harvesting costs reduces the returns to
timber production into perpetuity reduces the present value o f the stand. An increase in
the price o f timber increases the value of the stand by raising the value o f timber
harvested at the end o f each rotation. An increase in the rate of interest increases the
opportunity costs o f holding onto trees and forest land for timber production into
perpetuity and reduces the value of the stand. The scale of the impacts of the economic
parameters on the value of the stand all appear to be significant, but with the rate of
interest, followed by timber prices and harvesting costs, having the most substantial
effects.

The theoretical results also indicate that an increase in the three ecological variables, that
is the carrying capacity o f the forest stand, the intrinsic rate of tree growth and the
initial timber biomass stock, all increase the production of timber over time and have a
positive impact on the returns to the stand from rotation timber production. The scale o f
these impacts also appears to be significant.

Impact on the Optimal Timber Rotation Length
In order to examine how the optimal rotation age, T , changes with a change in the key
parameters of the model we will use the first order condition of the efficient rotation age
from (3.9), which can be rewritten as:
Qr - ,e(n

=

r
(P-Q

^
( X . e ~rT•)

(3J5)

r
V(T')
(P - Q
To explore the comparative static properties of the equilibrium condition, the first order
condition given in (3.15) can be totally differentiated:

at Q r

~ rQ{T')]

ar*

+ d[Qr -

r g tm

di

=

V

- C)

di

V(T*)
di. (3.16)

where: i = P, C, S, r, K, a, Q0. Note that V (f) is the optimal value o f the forest stand,
which is maximized at T . Therefore, an envelope result is that dV/dT* = 0. We will
now look at the effect o f a change, one at a time, in the parameters of the model on the
optimal rotation age, whilst holding all other parameters constant. Full mathematical
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proof of the effect of a change in the key parameters on the optimal land value is
provided in Appendix 3.2. Here, the theoretical results are summarized and explained.

As shown in Table 3.4, an increase in planting costs creates an incentive to delay
harvesting, thus postponing paying the new, higher planting costs in future rotations. An
increase in timber prices increases the interest cost of holding onto timber and forest
land, thus making it more attractive to harvest the timber earlier. The reverse is true for
an increase in the cost of harvesting. However, in all three cases, a low rate o f interest
(i.e. a small r) means that the scale o f the impact of a change in these key parameters on
the optimum rotation age is small. An increase in the rate of interest increases the
opportunity cost o f waiting to harvest timber benefits and holding onto forest land. This
creates an incentive to harvest the timber sooner and leads to a reduction in the optimum
length of timber rotation. In contrast to the scale of the impact of the other economic
parameters, an increase in the rate of interest has a significant impact on the optimal
rotation length.

It is more difficult to theoretically assess the impact of a change in the key ecological
parameters o f the model. The theoretical results of an increase in the initial biomass
stock, the intrinsic rate of tree growth and the carrying capacity of the forest stand are
derived in Appendix 3.2. However, determining the sign of the impact o f these
parameters on the optimal rotation length is not straightforward. Instead, we discuss
our expectations about these effects, and then rely on our numerical illustration to
confirm the sign o f the impact on the rotation age.

First, an increase in the carrying capacity of the forest stand will lead to an increase in
the maximum stock of timber biomass and the time taken for the trees to reach this
maximum stock. This is expected to lead to a lengthening of the timber rotation. An
increase in the tree growth rate raises timber biomass production in the early years and
the maximum timber stock is achieved sooner. It is anticipated that this will result in a
shorter rotation length. An increase in the initial stock of timber biomass will shift
forward the production of timber and the maximum timber stock is achieved sooner.
This is also expected to lead to a shorter rotation length. We also anticipate that the
optimal rotation age is highly sensitive to a change in these key ecological parameters.
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Numerical Illustration
Using the numerical example of tropical timber production established in Section 3.3, we
explore the impacts o f an increase in the key parameters of the model on the optimal
rotation length and forest land value. The results are summarized in Table 3.5 and
selected results are displayed in Figures 3.6 and 3.7.

All the key parameters have a significant impact on the value of the forest stand, and the
sign of these impacts confirms our theoretical expectations. However, for the parameter
values used in this numerical illustration, an increase in timber price, harvesting and
planting costs have no significant effect on the optimal rotation length. All other
parameters, that is the rate of interest and the ecological parameters, do have a
significant impact on the optimal rotation length and the sign of these impacts confirms
our theoretical expectations. This suggests that in the tropics, the decision over when to
cut timber may be much more responsive to changes in interest rates and the key
ecological parameters than prices and costs. Given this, it is relevant to note that taxes
and subsidies that work through input and output prices may have little impact on timber
management decisions in tropical regions.

Furthermore, the example shows that at high interest rates (i.e. r = 0.075) the optimum
rotation length may decline to the point where it is no longer viable to undertake rotation
timber production. Because of the high opportunity cost of holding onto slow growing
timber stocks, the forester will have an incentive to harvest any existing mature timber
from the stand immediately, and then abandon the stand without further use. This
situation helps to explain the process of'timber mining' experienced in many tropical
forest frontier regions (Burgess and Barbier 1998a,b).

3.5

Market and Policy Failures

In Chapter 2 we discussed how market and policy failures, such as environmental
externalities, imperfect information about changing prices over time and insecure land
tenure, are prevalent in tropical forest countries. In this section we draw on the existing
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literature to extend our tropical timber production model to take account o f non
marketed non-timber forest benefits, changing prices and costs, and tenure insecurity. In
Section 3.6 we extend our analysis to look at the allocation o f forest land between
competing land use options and discuss how market and policy failures may lead to a
divergence between the privately efficient and socially optimal timber production and
forest land allocation decisions.

Non-Timber Forest Benefits
Non-timber forest benefits include direct use benefits, such as tourism and non-timber
forest products, indirect use benefits such as watershed protection, carbon storage,
biodiversity maintenance and non-use benefits such as existence values. Non-timber
forest benefits are particularly important in tropical regions and natural tropical forests
may be managed for both timber and non-timber forest benefits in a multiple-use forest
management regime. Such benefits may be experienced at the local, national or
international level. If the non-timber forest benefits are non-marketed, public goods that
are external to the private individual’s decision making, then the forest land use decision
by a private forester may diverge from the social optimum land use choice.11

Hartman (1976) was one o f the first economists to adapt the Faustmann timber
production model to take account of non-timber forest benefits derived from maintaining
forest land under trees. Hartman assumes that the flow over time of environmental
benefits from a forest stand initially displays a positive and increasing slope and then
decreasing, but still positive, slope with respect to rotation age. The first region
incorporates environmental benefits such as flood control and food for game animals,
and the second region reflects recreational values. All these benefits are assumed to
carry on across rotations (i.e. survive felling). However, biodiversity benefits and the
existence value of natural tropical forests may be irreversibly lost through timber
harvesting. Bowes and Krutilla (1989a) extended the timber production model to take
account o f a range o f multiple-use forest benefits derived from forest land.

11 If the non-timber forest benefits are private goods, then one would not expect a divergence
between the private and social forest land use decision.

Economics of Tropical Forest Land Use J. Burgess

Chapter 3

66

Calish, Fight and Teeguarden (1978) undertook an empirical analysis to examine how
non-timber values may affect Douglas-fir rotations in the United States which shows that
given the type and value o f non-timber temperate forest benefits, the optimal timber
rotation length is relatively insensitive to the introduction of non-timber benefits. More
recent studies have included carbon sequestration benefits of forests, which have been
shown to have a significant impact on the length of timber rotation.12

In a recent paper, Reed (1993) builds on previous work by Clarke and Reed (1989) to
examine the decision to harvest or conserve old-growth forest under conditions of
uncertainty o f future timber and amenity values. The problem is expressed as a single
rotation, optimal stopping model, where the objective is to maximising the expected
present value o f the flow o f amenity services plus timber revenues up until the time of
destruction o f the stand, whether through timber harvesting or through a natural
catastrophe, such as fire, pest or disease. The uncertainty of future timber and amenity
values are assumed to follow an observable stochastic process, following geometric
Brownian motion.13 The optimal stopping rule depends on how the ratio of current
timber value to the current expected present value of amenity benefits foregone through
harvesting compares with some critical level. Reed (1993) shows that the failure to take
account o f uncertainty about future amenity and timber values may lead to premature
harvesting.14

We now extend the tropical timber production model to take account of environmental
benefits, based on the approach developed by Hartman (1976). Assume that there is a
continuous flow of non-timber forest benefits from the natural forest stand over time and
that they can survive felling. The flow of environmental benefits may be unrelated,

12 See for example, Englin 1990 and Englin and Callaway 1993.
13 Clarke and Reed (1989) develop an ongoing rotation model and show that the expected land
value from future timber rotations is also affected by uncertainty. The optimal rotation length under
uncertainty can be compared to that derived by the Faustmann formula when the discount rate is
replaced by an uncertainty adjusted discount rate. Adjustments to the Faustmann formula are examined
further in the following sections on changing prices and tenure insecurity.
14 Reed (1993) also notes that there are situations in which the risk of catastrophic loss could
change the optimal policy from conservation to harvest, for example if the ratio of timber value to
amenity value was sufficiently high.
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positively related or negatively related to the age of the forest stand. Therefore let B(r)
be the composite index of non-timber forest benefits measured in monetary units (S/ha)
that occur when the forest stand is age x. When T = 0, non-timber forest benefits are
given by B0. Let the flow o f non-timber forest benefits change with the age o f the forest
stand at an exponential rate 0:
B{x) = V Pt-

(3.17)

By assuming different values o f p, we can allow for the flow of non-timber forest
benefits to be unaffected, positively related or negatively related to the age of the forest
stand. If the flow o f non-timber forest benefits from the stand does not change with the
age o f the trees in the forest, then p = 0. For example, existence values may not be
related to the age o f the stand, but just attached to the maintenance of land as natural
forest. If non-timber forest benefits increase with stand age, then p > 0. For example,
carbon sequestration benefits, recreational benefits, and biodiversity benefits for species
that are best suited to old mature forests, may all increase with stand age. If non-timber
forest benefits decrease with stand age, then p < 0. For example, some wildlife species
are best suited to early successional forests and the water-catchment and filtration
qualities of the forest may decline as the age of the forest increases.

The maximisation problem for timber production and the continuous production of non
timber forest benefits from natural forest can now be defined as:
f TB(t)e ndz + (P - C)Q(T)e
MAXr V(T) = —
1 - e ~rT

(3.18)

The first order condition to this maximization problem with respect to T and rearranging
gives:
(P - Q Q T + B(T) = d (P - QQ(T) + V(D]

(3.19)

This is referred to as the Hartman solution. In comparison to the Faustmann solution
given in (3.12), the marginal benefits from postponing a harvest are derived from the
value o f an additional year's growth of timber and an additional year o f non-timber
forest benefits. The marginal opportunity costs from postponing the harvest are the
discounted opportunity costs of the interest on the value of the stock of timber and the
interest on the value o f the forest land for future timber and non-timberforest benefits.
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Depending on the whether p is equal to, greater than, or less than zero, the optimal
rotation length will be the same, longer, or shorter than that given by the timber only
model. If B0 is very large compared to the value of timber production benefits and p is
positive, then the optimal rotation length may extend to infinity. In this case, it will be in
the interest o f the private forester to leave the stand unharvested forever and conserved
for non-timber forest benefits only. These results are illustrated using our numerical
example, as shown in Table 3.5.

If the private forest manager does not take account of non-timber forest benefits, then
the privately efficient rotation length may be the same as, longer or shorter than the
socially optimal rotation length. One major concern is that if the non-timber forest
benefits are large and positively related to stand age then it may be socially optimal to
conserve the forest stand without harvesting. However, if the private forester does not
take the environmental benefits into account and harvests the stand, then important non
timber forest benefits may be irreversibly lost.

Imperfect Information about Changing Prices Over Time
In Chapter 2 we showed that timber prices have risen in the past and that tropical timber
prices are likely to continue to rise in the future. The impact o f a one-off change in
prices was examined in Section 3.6. Here we are interested in the implications of prices
changing over time on timber management decisions. This is particularly important
given that in many tropical forest regions there is imperfect information about current
and future timber prices, due to poorly formed markets in many frontier regions and
government intervention through centrally administered timber prices and timber trade
taxes and bans that mask market price signals. If the private forester bases forest land
decisions on imperfect information, then their privately efficient management regime may
not be socially optimal.

In this section, the tropical timber production model is extended to take account of
changing prices. If timber prices and costs depend on calender time and change over
time, then the length o f timber rotation may also vary over time. In order to examine
how the rotation length varies it is necessary to allow for flexible rotation lengths on an
individual stand. Clark (1976) expressed the Faustmann timber production model as an
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infinite series o f rotations. However, when prices and costs change at different rates
over time, relative prices and cost will also change over time and the forest manager is
unable to determine the optimal rotation length o f the first and consecutive rotations.
Therefore, there is no closed form representation of this model (Hardie et al. 1984).

One approach to deal with this problem is to allow all prices and costs to converge to
some steady state values, or to assume that discounting makes future revenue changes
negligible, by a particular date (Hardie et al. 1984). The former assumption is applicable
to the case of tropical hardwood timber, where in the short run prices are expected to
continue increasing given diminishing tropical timber stocks combined with increasing
demand, especially from domestic markets. However, in the long run one would expect
tropical timber prices to level off due to increased supply from investment in tropical
timber production combined with reduced demand from substitution to temperate timber
and non-wood substitutes. The latter assumption that discounting may make future
price changes negligible is also realistic because of the long rotation lengths for tropical
timber production and the time-frames under consideration.

The Hardie et al. (1984) variant o f the Faustmann model can now be explicitly solved.
For harvests after the steady state, the optimal rotation length can be determined and the
returns accruing from the steady state rotations can be derived. Once the terminal value
is known, the optimal rotation lengths prior to reaching the steady state can be
determined. An alternative approach to determining the optimal rotation length with
changing prices and costs is to assume that they increase at a constant exponential rate
over time (Newman et al. 1985). This is the approach that we take in this thesis and is
relevant to tropical timber prices which have been steadily increasing over time.

Let 7i represent the rate of change in timber prices and costs and normalizing the current
calender age to 0, then the price and costs of timber production are:
P(T) = P 0e " 7',

C(T) = C0e ”7',

S (l) = S0e*T

0 £ n < r

(3.20)

The forest manager needs to find the sequence o f harvest dates, beginning with the
present stand and continuing on to harvests in the future, which maximises the present
value o f the site. The maximisation problem can now be written as:
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( P ft -

M A X ' V(T) =

(3.21)

(3.21) is the standard Faustmann formula adjusted to account for a constant increase in
prices and costs, where the effective rate of discount is now (r-7r).15 As shown in
Section 3.5, a reduction in the discount rate leads to an increase in the optimal rotation
length and stand value. In our numerical example, assuming that tt = 0.025, then the
effective discount rate, (r-7i) is now 0.025. This gives an optimal rotation length, T, of
45 years and maximum value o f forest land, V(T), o f $6,049/ha. As in the case o f non
timber forest benefits, if the private forest manager does not take account o f changes in
timber prices, then there may be a significant divergence between the privately efficient
and socially optimal rotation length.

Insecure Forest Land Tenure
As discussed in Chapter 2, property rights are often incomplete or insecure at the
tropical forest frontier. This may be because of prohibitive costs o f establishment and
enforcement in remote frontier forest areas or through policy failure. If the private
forest manager is not able to ensure the exclusive rights to their forest land over time,
they may be threatened by the future loss of forest land, for example through settlement
by squatters or encroachment by illegal timber extractors. The lack o f security o f land
tenure may affect forest land use decisions and is particularly important in tropical forest
frontier regions (Deacon 1994; Bulte and van Soest 1995a,b). Under conditions of
insecure land tenure, forest management decisions by private individuals may diverge
from socially optimal land use.

We can extend the Faustmann timber production model to take account o f insecure land
tenure on natural forest land based on an approach developed by Mendelsohn (1994).
Assume that the probability of loss o f forest land occurs randomly over time at an
average rate of X each year, when 0 < X < 1. The probability of loss of forest land is
taken to be independent o f the age o f the stand and upon the loss o f the forest land
through eviction or squatters the individual forester receives no further benefits from the

15 (3.21) is also comparable to the Krutilla-Fisher model of wilderness preservation (Krutilla
and Fisher 1985).
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land. By defining e"81 = (1 - A)T, it follows that 6 = -log(l- X). Normalizing the current
time to be date 0, given that A is a function between 0 and 1, then 6 is positive and at
time T - 0, e'5T = 1. Assume that r > 6 > 0. Introducing insecure land tenure into the
analysis o f timber production in this way is just like operating with a higher effective
interest rate, which is the opposite of the case of constantly increasing prices.

As one would expect, tenure insecurity leads to a reduction in the optimal rotation
length and forest land value. At high levels of tenure insecurity, the rotation length may
decline to the point where timber production is no longer viable and the private forester
may have no incentive to manage the stand for long term timber production. Instead, as
is frequently the case at the tropical forest frontier, the stand may be cleared o f its
existing mature timber and then abandoned.

To summarise, Sections 3.2 to 3.5 have established a tropical timber production model
based on Faustmann (1849), and extended it following Hartwick and Olewiler (1998) to
include ecological factors that determine timber growth. Numerical analysis of natural
tropical timber production indicates that the optimal rotation length is not sensitive to
one-off changes in prices and costs, but is highly sensitive to changes in the discount rate
and key ecological parameters such as the intrinsic growth rate of tree species and the
carrying capacity of the forest stand. Drawing on the existing literature, the tropical
timber production model has been adapted to include non-timber forest benefits,
changing prices and costs and tenure insecurity. This review and numerical application
form the basis for the analysis in the following section of the decision to conserve forest
land or convert it to an alternative use, and how market and policy failures may cause a
divergence between the privately efficient and socially optimal land use choice.

3.6

Alternative Forest Land Use Options

So far in this chapter we have focussed on the management of natural forest for timber
production. Given that the main focus of this thesis is tropical deforestation, the forest
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management decision needs to be considered in the broader context o f stand allocation
between competing land use options, such as forest preservation for non-timber forest
benefits, natural forest management for timber and non-timber forest benefits, plantation
timber production, conversion to agriculture and abandonment. In this section we
briefly introduce the existing literature on optimal allocation of tropical forest land, and
use this to extend the tropical timber production model to account for alternative land
uses. We then discuss how well this basic forest land use options model helps to explain
the process and patterns o f deforestation experienced in the tropics.

The traditional Faustmann model assumes that timber production is the highest valued
land use now and in the future and does not take explicit account o f alternative land uses
(Faustmann 1849). In his reformulation o f the timber rotation problem, Samuelson
(1976) noted that in a competitive market for land, the stand value in forest use at the
optimum rotation age must equal the discounted rental payments, or opportunity costs,
o f the land. In recent years, there have been several studies of the optimal allocation of
forest land that take explicit account of alternative land use options.16 Several authors
have developed models of frontier agricultural expansion, including the decision to
abandon existing agricultural land and convert frontier forests to agriculture.17 Parks,
Barbier and Burgess (1998) provide a review of these studies and show that depending
on the present value returns to the alternative land uses, the stand may be allocated to its
highest valued use, such as preservation, joint management, conversion or abandonment.

Certain factors influencing tropical deforestation, such as increasing agricultural input
prices, timber output prices, tenure security, credit availability, and technological
progress tend to be determined by local conditions, such as the availability o f idle land,
open access frontier conditions and labour or capital constraints. For example, Ehui et
al. (1990) construct a two sector dynamic model for agriculture and forestry in a
developing country, which is used by Ehui and Hertel (1989) to estimate the socially
optimal steady state forest stock in Cote d'Ivoire. The long-run stock is negatively

16 For a range of analytical perspectives on the tropical forest land allocation problem, see
Barbier and Burgess 1997; Barrett 1993; Deacon 1994; Ehui etal. 1988; Hartwick 1992; Mendelsohn
1994.
17 See for example, Barbier 1998; Mendelsohn 1994; Schneider 1994; Southgate 1990.
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affected by the social rate of discount and the by technological change. In an extension
to this study, van Kooten et al. (1998) show that the inclusion o f preservation benefits
from forests would lead to much greater socially optimal forest stock.

Based on this literature, the tropical timber production model can be extended into a
more general alternative forest land use option model. First, it must be noted that we
continue to assume that all the underlying assumptions o f the timber production model
such as perfect markets, information and competition, and constant key parameters,
continue to apply. In addition, at the outset the forest stand is clear of any vegetation,
and once it has been allocated to one type of land use option, then it will be maintained
under this land use forevermore. That is, there will be no opportunity to switch between
alternative land uses after the initial allocation has been determined.

In this model, we do not take explicit account of the costs of converting between
alternative land uses. However, it should be note that because of the high costs and long
time frame required for re-establishing tropical natural forest once all the vegetation (not
just the commercially valuable timber) has been removed, tropical deforestation may
effectively be an unidirectional and irreversible process. Assume that there are now n
possible types o f land use characterised by n different tree/crop types. Agricultural
crops are considered to be a type o f very fast growing 'tree' where the rate o f biomass
growth is such that the crops are ready to harvest within a year. Let Ni(Ti) be the net
revenue function if the forester plants trees of type i:
N X T *) = ( P l - C i)Q i{T i)e -rI'i - S l

i = !,...,«

(3.22)

Let V(T) represent the net present value of the stand of forest land that is dedicated to
trees o f type i forever and uses the same rotation period T:
v

\

t

) =

N i(T i) = (p i ~ c i )Q l(Ti)e ~rTi - s i
\ - e~rTi
\ - e - rTi

(3.23)

A |

Let V be the maximum present value of profits on a stand from tree type i, by choosing
the optimal constant rotation period, T:
v ‘ = MAXr , V X T )
Now let T' be the optimum constant rotation period for tree type

(3.24)
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f ‘ = arg maxr V \ T l)

(3.25)

Let V be the maximum present value of profits on a stand by choosing the optimal tree
type and rotation period that will be implemented forever:
V = MAXt [V ‘ = V \ t ')]

(3.26)

Without loss o f generality, suppose that the first tree type, i - 1, provides the highest
valued land use and thus solves the previous problem. Then, for ally ^ 1:
y x - V l( f X) =

^
)
1 - e~rfl

The forester will allocate the stand to tree type 1. Condition (3.27) provides the basic
decision rule for determining the optimal allocation o f tropical forest land. This very
standard result states that the forest stand will be allocated to its highest valued use. For
example, if V 1 > Vj then the forester will allocate the stand to type 1 tree, whereas if
a

|

a

:

V - V then the forester will be indifferent between allocating the stand to type 1 or
type j tree. Given our assumptions about the inability o f the forester to switch between
alternative uses after the initial stand allocation has been made, the stand will be
maintained under this use forevermore.

Numerical Example
There are a growing number of empirically based studies that apply this decision rule to
compare a range o f tropical forest land use options. For example, Peters et al. (1989)
compare the net benefits of sustainable extraction of wild fruit and latex to the potential
returns from conventional timber harvesting and ranching. Southgate (1992) compares
three alternative timber plantation and agro forestry options to the ’price' at which
farmers report that they would be willing to sell their land. The latter is considered as a
rough proxy for the returns to the prevailing land use system of ranching and shifting
agriculture. Ruitenbeek (1989) compares the benefits o f the Korup Project for rainforest
conservation in Korup National Park, Cameroon to the returns from timber production.18

18 For more discussion and examples of the application o f this general rule to conservation,
development and preservation options for tropical forest land use, see Barbier (1992) and BED (1994).
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In our numerical example, we compare the returns to timber production under natural
forest management to plantation timber production. For the former land use option, the
numerical analysis established in Section 3.3 is utilized again here. For plantation timber
production, the ecological and economic data for the key parameters o f the timber
production model are based on several empirical studies.19 We assume that for timber
production from plantation forestry, the total carrying capacity of the forest stand in
terms o f commercially valuable trees, K1, is 700 m3/ha. This is considerably higher than
the carrying capacity of commercially valuable trees under natural forest management of
K \ o f 275 m3/ha.

The initial stock o f commercially viable timber biomass at the start of the rotation, Q1^ is
5 m3 which is the same as in the case of natural forest management. The intrinsic rate of
growth o f plantation tree species, ar7, is 0.15. This is slightly higher than in the case of
natural forest management where ar2, is 0.1, reflecting that fact the trees in a natural
forest system tend to grow more slowly than specially selected fast growing plantation
tree species. The total volume of timber in the plantation forest reaches approximately
400 m3/ha after 35 years, and the commercially valuable trees reach maturity at around
50-60 years o f age with a total volume of timber of about 650-690 m3/ha. As in the case
of natural forest management, assume that it costs a fixed amount, S1= $ 100/ha, to
undertake seedling planting in the initial year of the rotation and that the cost of timber
harvesting is C1= $25/m3. The stumpage price of timber from plantation forests is P1 =
$75 /m3, which is lower than the price of quality hardwood tree species from natural
tropical forests. The market rate of interest of r = 0.05 is used to discount the net
benefits from both types of timber management to their present value.

Using (3.22) we can establish the numerical value of the optimal rotation length and
maximum value o f forest land for both types of management regimes.20 For plantation
forestry, the optimal rotation length is 36 years and the maximum land value of
$4,13 8/ha. For natural forest management, the optimal rotation length is also 36 years,
and the maximum land value is $ 1,530/ha. The fact that the optimal rotation length of
19 Ross 1984; FAO 1997; Browder et al. 1996; Poore et al. 1989.
20

Full details of the data on timber production from both management regimes are provided in
Tables 3.2 and 3.7.
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both types o f timber is 36 years is purely a coincidence and a result of the key parameter
values chosen. In particular, the slower growth but higher value o f the hardwood trees
on the natural forest stand offsets the faster growth but lower value of the plantation
timber. Given these comparative stand values, we can see that plantation timber
production yields the highest land use value (as shown in Table 3.8). Therefore,
according to forest land allocation decision rule in (3.27), the forester will allocate the
forest stand to this land use option and maintain it under this use into perpetuity.

Market and policy failures affecting natural forest management, such as environmental
externalities, imperfect information about changing prices and insecure land tenure, may
bias land use decisions away from conservation of natural forest and towards conversion
to alternative uses, such as plantation timber, crop or livestock production. For
example, if the forester was able to capture the value o f the non-timber forest benefits
from the naturally managed stand and these were effectively internalised in his decision
making, then the returns to this land use may now exceed those from plantation forestry
(as shown in Table 3.8). In addition to affecting the overall land allocation choice,
taking account o f non-timber forest benefits may also change the optimal rotation age of
the forest stand.

Similarly, if the forester receives information on the increasing price of tropical
hardwood timber from naturally managed forests, then he would be able to base his land
use decision on expected rather than current prices. Once again, this would create an
incentive to allocate the stand to natural forest management, and to lengthen the optimal
rotation age. However, if tenure insecurity prevails on naturally managed forest land,
then this will depress the relative returns to this land use option. The establishment and
maintenance of secure property rights to this land use option is also critical for ensuring
appropriate land allocation decisions. In many cases removal of one of several market or
policy failures may be insufficient to alter the choice o f land allocation and management.
Instead, it may be important to remove all factors distorting the relative returns to the
alternative land uses.
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How Well Does the Forest Land Use Options Model Explain Tropical
Deforestation?
One question to be asked is: how well does this basic forest land use options model help
to explain the process and patterns of deforestation described in Chapter 2? According
to the approach established in this chapter, the decision to allocate forest land between
the alternative land uses would be made at the outset, and that forest land would then be
maintained under this management regime into perpetuity. Market and policy failures
affecting natural forest management may bias land use decisions away from conservation
o f natural forest and towards conversion to alternative uses, such as plantation timber,
crop or livestock production.

However, in practice, land at the tropical forest frontier is continuously being converted
from natural forest to alternative land uses over time. The tropical forest frontier is not
static, but is shifting with the expansion of land under crop and livestock production. In
order to explain the dynamic process of forest land conversion, it is necessary to extend
the forest land use options model to allow the individual to switch between alternative
management regimes over time. In the following Chapter 4, we consider several ways in
which forest conversion over time may arise.

First, one-off changes in the key parameters o f the model may change the relative
returns to the alternative land uses and create an incentive to switch between alternative
land uses. Second, the forester may initially be locked into one type of management
practice, for example due to tenure rights or concession arrangements, but is able to
switch to a higher valued management option in the future. Third, the situation may
exist where an evolving key parameter, such as constantly increasing timber prices,
creates an incentive for the individual to initially allocate the stand to its highest valued
use, but with the expectation of switching in the future to an alternative management
regime when it has increased in value. By extending the basic forest land use options
model to account for the conversion of forest land over time, Chapter 4 helps to explain
the process o f forest land conversion observed in the tropics.

An additional concern about the basic forest land use options model developed so far is
that it is focussed on decisions at the stand level. The basic stand level model is not
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sufficient to explain the patterns of tropical forest frontier expansion and fragmentation
at the forest, regional or national level. In Chapter 5 we examine the conditions under
which the stand level model can be aggregated to the forest level for independent
homogeneous and heterogeneous stands, and can be used to explain the spatial patterns
o f forest conversion observed at the tropical forest frontier. In addition, we explore how
positive and negative interactions (i.e. externalities) between neighbouring stands need
to be taken into account in forest land allocation decisions, and how forest fragmentation
may be contributing to the problem of tropical deforestation.

3.7

Conclusion and Policy Implications

This chapter has provided a review and numerical illustration of the economics o f
tropical timber production and forest land use decisions. The Faustmann model has been
applied to the case o f tropical timber production from the perspective o f a private profit
maximising individual managing a stand o f natural tropical forest land. Comparative
static analysis showed that the role o f key ecological parameters may be particularly
important in the tropical forest land use decisions, both in terms of the maximum value
of the stand and the optimal rotation length. In contrast, the optimal rotation length is
fairly insensitive to one-off changes in prices and costs. It was found that at high rates
of discount, timber production may not be feasible and may help to explain the ‘mining’
o f mature stands for their existing timber followed by land abandonment experienced in
the tropics.

At the international, national and local level tropical deforestation continues to be a key
concern. In order to look at the problem of tropical forest conversion, the timber
production model is extended to account for alternative land use options, such as
plantation timber or agricultural production. From the perspective of the private, profitmaximising individual, the basic decision rule is simply that the forest stand will be
allocated to that use which yields the highest net present value.

Market and policy failures, such as environmental externalities, imperfect information on
changing prices and tenure insecurity, may lead to a divergence between the privately
efficient and socially optimal forest land use decision. The inclusion o f non-timber forest
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benefits in the land use decision may drive up the value o f naturally managed forest to
the point where this becomes the preferred land use choice. Furthermore, when the flow
o f non-timber forest benefits is large and positively related to the age o f the stand, it may
be optimal not to harvest timber but to conserve the forest for non-timber forest benefits
forevermore. Consideration o f future price increases for tropical hardwood timber from
naturally managed forests, and the establishment and enforcement o f secure property
rights for naturally managed forest land at the forest frontier, may also raise the expected
present value returns to this land use option and encourage greater conservation of
naturally managed forest.

The insights from this review and numerical illustration can help to inform policy makers
about the potential impacts o f timber and related sector policies on forest land use
decisions. For example, the implications of policy options such as timber price controls,
timber certification and labelling schemes, timber trade taxes and bans, and concession
rights and arrangements can be examined within the framework developed in this
chapter.

However, whilst the analysis presented in this chapter provides some useful insights into
the decision to convert forest land, it is not sufficient to address some of the more
complex issues relating to the problem of tropical deforestation. For example,
deforestation has so far been analysed as a result o f one-off changes in the key
parameters, but there may be a more dynamic process o f forest conversion over time.
Second, forest conversion has only been considered at the level of the single stand,
whilst consideration of forest level land use decisions may have implications for the
choice o f framework for analysis. Finally, broader macro-economic factors, such as
increasing population density, growth in income per capita, and infra-structural
developments, may also put pressure on the demand for converting tropical forest land
to alternative uses. These issues are examined in the following chapters.

[word count: 13,015]
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Impact of Change in Key Parameters on Value of Forest
Stand

In this Appendix we examine the impact of a one-off change in the economic and
ecological parameters o f the timber rotation model on the value o f forest land. The
objective o f the forester is to maximize the net present benefits to the forest land through
the choice o f optimal length of timber rotation:
F(7) -

- V W e -; - 5
1 - e"rr

where V (T ; S, P, C, r, a, K, Q0) is the maximized value o f the stand and T is the
optimal rotation age. The first order condition to the maximizing problem is obtained by
differentiating V(T) with respect to T and setting the derivative equal to zero. This
yields the necessary condition for an efficient rotation age:
_ (1 - e - rT')[(P - Q Q r e 'r - re rT\ P - C)Q{T')]
0 - ^
_ re~rT\( P - C)Q (T')e rr~ - S] = Q

(A3.2)

(1 - e - rTy
In order to examine how the maximized value of the stand, V (f), changes with a change
in a key parameter of the model whilst holding the optimal value o f T fixed at T*, (A3.1)
is totally differentiated to give:
dV
dV a r
dV
— = -------------- + —
di
ST* di
di
for i = S, P, C, r, a, K, Q0

(A3.3)

We know that since T* is the choice o f T that maximizes V(7*)9then at the maximum
dV/dT = 0 (as in (A3.2)). Therefore using the envelope theorem, which states that the
total derivative of the value function with respect to a parameter is equal to the partial
derivative when the derivative is evaluated at the optimal choice, Varian (1992), we
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We can now look at the effect o f a one-off change in the key parameters o f the model,
whilst hold all other parameter values constant. From now on, for ease o f notation, * is
dropped.
Increase in Planting Costs, S
To determine the effect of an increase in planting costs on the maximized value o f the
forest stand, differentiate (A3.1) with respect to S to obtain:
dV
-1
— = -------- --- < 0
dS
l - ^

(A3.5)

The left-hand side o f (A3.5) is negative, so an increase in planting costs leads to a
reduction in the value of the stand.
Increase in Timber Price, P
To determine the effect of an increase in the price of timber on the maximized value o f
the forest stand, differentiate (A3.1) with respect to P to obtain:
o
dP

(A3.6)

l - e -'T

The left-hand side o f (A3.6) is positive, so an increase in timber prices leads to an
increase in the value o f the stand.
Increase in Cost of Harvesting,

C

To determine the effect of an increase in the cost o f harvesting on the maximized value
o f the forest stand, differentiate (A3.1) with respect to C to obtain:
*r
dC

- Q (l)e_rT < 0
1 - e -rT

(A3 7)

The left-hand side o f (A3.7) is negative, so an increase in harvesting costs leads to a
reduction in the value o f the stand.
Increase in Discount Rate,

r

To determine the effect of an increase in the discount rate on the maximized value o f the
forest stand, differentiate (A3.1) with respect to r to obtain:
dV = [(1 - e~rT)(-Te~rT)(P - C)Q(T)] - Te~rT\(P - QQ(T)e rT - S]
dr
(1 - e~rT)2
(A3.8)
-Te~rT
(P - C)Q(T) + V<D < 0
(1 - e~rT)
The left-hand side o f (A3.8) is negative, so an increase in the discount rate leads to a
reduction in value o f the stand.
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Increase in C arrying Capacity, K
To determine the effect o f an increase in the carrying capacity on the maximized value of
the forest stand, we need to rewrite (A3.1). First, recall from Section 3.2 that Q(T) is
given by:
K

Q(T) =
1 +

\ K - Q <o L

(A3.9)

-aT

2o
(A3.1) can be rewritten as:
-rT

M AX - V(T) _= (P ~ Q e
1 - e -rT

K
1 +

\k - a i

1 - e -rT

-a T

(A3.10)

In order to determine the effect of an increase in the carrying capacity, it is necessary to
derive QK\
Ke -a T

1
Qk =

1 +

(K - QAe

-aT

1 +

_

(K ~ Q0)e -a T-i

Q(T) 1 - Q(T)e
K

-aT

Qc

Qo
(A3.11)
Now differentiate (A3.10) with respect to K to obtain:
Q{T)e -aT
dV = (P - C)e ~rT t Q(T)
1 >0
dK
i - e -rT
K

(A3.12)

The left-hand side o f (A3.12) is positive, so an increase in the carrying capacity of the
stand leads to an increase in value of the stand.
Increase in Intrinsic Tree Growth Rate, a
To determine the effect o f an increase in the intrinsic tree growth rate on the maximized
value o f the forest stand, we need Qa:
K(K - Q„)Te -a T
Q. =
1 +

= Q (TfTe

-a l

(K - QQ)e-«T

_1
K\

(A3.13)

Now, totally differentiate (A3.10) with respect to dr to obtain:
dV _ (P - C)e-rT
• Q fJ fT e
da
i - e ~rT

-a l

>0

(A3.14)

The left-hand side of (A3.14) is positive, so an increase in the intrinsic tree growth rate
leads to an increase in the value o f the stand.
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Increase in Initial Tim ber Biomass, Q0
In order to determine the effect o f an increase in the carrying capacity it is necessary to
derive Qqo:
K

e-«T
Qo

Q eo

(K - Q0)e aT
2„ -aT
_ & X fe
1 +

a
(K ~ Q0)e -aT

(A3.15)
Qo

To determine the effect o f an increase in the initial timber biomass on the maximized
value o f the forest stand, differentiate (A3.10) with respect to Q0 to obtain:
dV

= CP - Q e rT m Q(T)2e -a T

Qo]

(A3.16)
> 0
dQ ~
1 KQ
Qo
The left-hand side o f (A3.14) is positive, so an increase in the initial timber biomass
1 +

leads to an increase in the value o f the stand.
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Appendix 3.2 Im pact of Change in Parameters on Rotation Age

This Appendix looks at the effects o f a change in the key economic and ecological
parameters on the optimal timber rotation age. In order to examine the comparative
static properties o f the equilibrium condition, we will use the first order condition of the
efficient rotation age, T :
dV (T ') _ (1 - e rT)[(P - C)QT.e r7" - r e rT\ P - C)Q(T')]
dT

(1 - e ~r7")2

(A3.17)

re rT\( P - C)Q(T')e rT' - 5] = Q
(1 - e~rry
which can be rewritten as:

Q r ~ rQ(T*)

r

. (.P - C)Q(T*)e r r - S

=

(P - Q

(! - e -rT')

(A3.18)

Note that as the value o f the forest stand, V(T), is maximized at T , then d V ( T ) /d f = 0.
To explore the comparative static properties o f the equilibrium condition the first order
condition given in Equation (A3.18) can be totally differentiated:

d[Qr . - r & T ’)]
d[Qr - rQ(T')]
---------------------- dT +
di
dT*
di

d

----- • F(7")

^ -

°>

L

<a 3 a 9 >

di

where: i = P, C, S, r, K, a, Q0
We will now look at the effect of a change, one at a time, in the parameters o f the model
on the optimal rotation age, whilst holding all other parameters constant. Once again, we
drop * for ease o f notation:
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Increase in Planting Costs, S
To determine the effect of an increase in planting costs, totally differentiate (A3.18) to
obtain:
(:Qrr - rQr)dT =

— !— L a

' rT\Y
(1 - e ~
'\

LCP - Q

(A3.20)

From the assumptions specified in Section 3.3, we know QT> 0 and Qjj < 0. Thus the
right-hand side is negative. The left-hand side is also negative, so:
-1
dT = UP - Q
(1 - e - rT)\
> 0
dS
(Qrr - 'Q t)

(A3.21)

Increase in Timber Price, P
To determine the effect of an increase in timber price, totally differentiate (A3.18) to
obtain:
(Qrr - rQTW
r
. Q(7)e ~rT ^
~rV(T)_ + ___________________
■(P - Q 2
rS

(P - Q

(1 - e ~rT)

(A3.22)

L(P - Q 2 1 - e - rTl
The left-hand side is negative and the right-hand side is positive, so we have:
rS

1

dT = L(/> - Q 2 (1 - e~rT)
<0
dP
(Qrr ~ rQr>

(A3.23)

Increase in Harvesting Cost, C
To determine the effect of an increase in harvesting cost, totally differentiate (A3.18) to
obtain:
(Qrr ~ rQr)dT
rV(T)
^
L(P - C f
-rS
L(P - C)1

. ~Q(T)e -rT
dC
(P ~ Q
(1 - e~rT)\
1
dC
1 - e -rT

(A3.24)
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The left hand side is negative and the right hand side is positive, so we have:
-rS

1____ '

dT_ = t (P - Q 2 (1 - e ' rT)
> 0
dC
(Q rr ~ rQ T)

(A3.25)

Increase in Interest Rate, r
To determine the effect o f an increase in interest rate, totally differentiate (A3.18) to
obtain:
[Q rr - rQ JdT

Q(T)
r

+

1
V(T) *
(P - Q
. [(1 - e r7)(-T e rT)(P - C)Q(T)} - Te rT[(P - C)Q(T)e rT - 5 ]L .

(P -- Q
O
=

Q(T) 1 - - rT? : T L
(1 - e - ' T) \

(1 - e~rT)2
rTe -rT
+
n T ) 1, - -------------U
1ar
(P - QL
(i - e -rT)

y

—

(A3.25)
The left hand side is negative and the right hand side is positive, so:

dT
dr

Q(D

rTe

-rT

V(T)

(1 - e~rT)l

(Q

(P - QL
tt

t'Q r )

1

rTe -rT
-

(1 - e rT)i

<0

(A3.26)
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Increase in C arrying Capacity, K
In order to determine the effect of an increase in the carrying capacity it is necessary to
derive QT, Q ^, QK and QTK.
K

OUT) =

(K - Q0)e~aT

(A3.27)

Qo
K(K - Q0)ae ~aT
= Q i T f a e - ^ i- l-

Qt =

(K - Q(i)e ^

1

+

a

a

(A3.28)

^

K(K - Q0)a2e ~aT

K ( K - Q j W e - a7) 2

2-

Q tt

(K - Q0)e -“r ;

1

+

a

a

1

(A- - Qa)e -“H
+

-aT, 1

= 2 (7 )2ae “ r( - L - 1 )
Qo
k
=

- h

Qo

Q-fi- 2 Q (D e -'T( 4 - - h

(A3.29)

1

- 1

_ ocn 1

a:*? -ar

Qk =

x + (K - Q0)e -a T

a

K

r + ( K - Qo)e - ^

Qo

J

Qo

Qo

QkT)e -a T
-

(A3.30)
(K - Q„)a(e “ T)
-

Q tk

1

2

A(A - Q ,M e -aI):
-

(A - Q0)e ^

(.K - Q0)e -»r l

+

Qo

Qo
Kae ~aT

l +

Qo

Qo

(A-e^-n2
a
Qo
J
Q(T)2ae “ r
- a 2e(7>-“r(A- e0)
KQ0
*
^a

(A3.31)

,

-J-

-

1

We can now totally differentiate Equation (A3.18) to obtain:
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Q(T)2a e ° -T( ± - - ± ) [20(7)oce -“r( - L - ! ) - « CA
K
Q0
K
Qo
Q(T)2a e -‘ K - Q a 2Q(T)ae “ r(K - Qa)
K

(1

Qo

r]W
J

(A3.32)

KQ0
KQo
re 'rTQ(T)e

+

+ G W [i . Q(T)e ~«T +

K
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- e ' rT)

Q0( \ - e rT)

Numerical analysis shows us that an increase in the carrying capacity o f the forest land
leads to a lengthening o f the timber rotation.
dT =
dK
Q(T)2ae ~'xT K - Q0 + 2Q(T)ae - r(* - Q0) _
K

K

KQ,

I
Q {T fa e *T( 4 - - 4-) [lQ(T)ae
K'
-a T

\
K

Qc

-rT

(A3.33)

re -rT,
rlQ{T)e-*T^

_

(1 - e~rT)

Q J l - e ~rT)

Q(T)2a e - aT( - L - 1 ) [2Q(T)ae ~aT(J Qo
K
Qo

> 0

- a

K

Increase in Intrinsic Tree Growth Rate, a
In order to determine the effect of an increase in the intrinsic tree growth rate it is
necessary to derive Qa and QTa:
K(K - Q0) T e “T
Qa =
1 +

= Q(T) Te - a l

(K - Q0)e

\_

■Qo

j
K\

(A3.34)

Qo

K(K - Q0)2a(e ^ t)2T
Qt« = 21 +

K(K - Qa)e -“r

(K - Q0) e ^

1 +

Qo

(K - Qn)e - a r t
Qo

Qo
K(K - Qn)aT e-“r
1 +

(K - Q0)e - a T

Qo

(A3.3 5)

■

Qo
_i_
= Q(T)2ae “ T( - L K.
Qo

Qo

K + -1 - T
2Q(T)Te -an
“'(-11- - -2.)
Qo

K

«
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We can now totally differentiate Equation (A3.18) to obtain:
J _ _ J_
Q (T fa e “r( 4 - - 4 ) [2Q(T)ae »r( - L - h
O.tx
K
Qo " k

- a - r \lT
J

a,

Q iT fa e ^ i - L - ± ) [2Q(T)Te °-T{ - L - 1 ) + I - T * —
Qo
K
Q0
K
a
a

rTe-~ -]]\la
(i - e rT)a i

(A3.36)
Numerical analysis shows us that an increase in the rate of tree growth leads to a
reduction in the optimal length o f timber rotation.

dT_
da

_L - _L
"

[2Q(T)Te “ r(— - - L ) + i a
Qo
K
[2Q(T)ae -a T ,

rTe -rT
r + — a
(1 - e ~rT)a

< o (A3.37)

1

1
- ±.)
- a - r]
Qo
A.

Increase in Initial Biomass, Q0
In order to determine the effect o f an increase in the carrying capacity it is necessary to
derive: Qqo and Qtqo.

4

e - “T

(K ~ Q0)e «T]

-

Qt

Q QO

1. +

_ Q kTfe -a T

Qo
(K - Q0)e

1 +

m

K - Q,

(A3.38)

Qo

Qo
-an

e -T

(K - Q0)e

a
QtQo

2‘

i +

Qo

(K - Q0)e -*T

Qo

Qr

Kae -a T

K(K - Q,)ae

. (K - Q0)e “7'12
Qo
Qo
Q(T)2e 'aT\2(K - Q

J

1 +

-aT

Qo

(A3.39)

(K - Qa)e -°T-

Qo

Qo
2(K - Q0f e ~«T
-

KQo

-aT

.
1

K - Qr
-

Qc

We can now totally differentiate Equation (A3.18) to obtain:

Qr
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]_
a - r]\lT
Q(T)2ae aT( 4 r ~ - ) [2Q(T)ae'*T‘
K
'
K
Qo
Q,
-aT
2(K - Qn)2e ~*T

r

KQo

£ - Qo

rQ( T fe

(i + ------- ^

KQo

Qo

Qo

'

Qo

+

1-

-rT

(K - Q0)e

e~rT

Qq{\ - e~rI)

] (A 3 -4 0 )

Numerical analysis shows us that an increase in the initial timber biomass leads to a
reduction in the optimal length o f timber rotation.
dT =
dQo

~

6 (7 )W
KQc

( *

- Qp)e-aT

2(K - Q0f e

Qo

,
K - Q0
- 1 Qo

Qo

\_
Q(T)2ae aT( 4 - - —) [2Q(T)ae “ r( 4 - - r]
K.
K
Qo
Qo
-rT
(K
- Qo)e ~rT
rQ(T)2e-*T + K - Qp +
KQo

Qo

1 - e rT

Qn(l - e~rT)
< 0

Q(T)2ae “r( 4 - - —) [2Q(T)ae -“r( 4 - - -^) - a - r]
K
K'
Qo
Qo

(A3.41)

Table 3.1: Tropical Timber Silvi-cultural Systems
Plantation
timber production

Monocyclic
(Shelterwood)
timber production

Polycyclic
(Selection)
timber production

Proportion of trees in a stand
that are commercially valuable

All trees

Small proportion

Small proportion

Age distribution of the
commercially valuable trees

Even-aged trees

Even-aged

Uneven-aged

Proportion of stock of
commercially valuable trees
extracted at each harvest

All trees at
periodic harvest

All trees at
periodic harvest

Small proportion of
trees annually

Use of artificial regeneration

Complete artificial
seedling
regeneration and
establishment

Mainly natural
regeneration, some
enrichment
planting

Mainly natural
regeneration, some
enrichment
planting

Intrinsic
C h a n g e in
p la n ted Tree Gro C arrying T im ber
T im ber
Timber
S e e d lin g R ate
C a p a city B io m a s s B io m a s s Price

____________-

q

1
2
3
4
5
6
7
8
g
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275
275

5.00
5.52
6.08
6.71
7.39
8.15
8.98
9.89
10.89
11.98
13.18
14.49
15.93
17.50
19.21
21.07
23.10
25.31
27.70
30.30
33.10
36.12
39.38
42.88
46.62
50.62
54.88
59.41
64.20
69.25
74.56
80.11
85.91
91.92
98.14
104.54
111.09
117.77
124.55
131.39
138.26
145.12
151.95
158.71
165.37
171.89
178.25
184.42
190.39
196.13
201.64
206.89
211.88
216.61
221.08
225.28
229.23
232.92
236.36
239.56
242.54
245.29
247.84
250.19
252.36
254.35
256.18
257.86
259.40
260.81
262.09
263.27
264.34
265.32
266.21
267.02
267.76
268.44
269.05
269.60
270.11

0.49
0.54
0.59
0.65
0.72
0.79
0.87
0.95
1.05
1.15
1.25
1.37
1.50
1.64
1.79
1.95
2.12
2.30
2.49
2.70
2.91
3.14
3.37
3.62
3.87
4.13
4.39
4.66
4.92
5.18
5.43
5.68
5.91
6.12
6.31
6.48
6.62
6.73
6.81
6.86
6.87
6.85
6.80
6.71
6.59
6.45
6.27
6.07
5.86
5.62
5.38
5.12
4.86
4.60
4.33
4.07
3.82
3.56
3.32
3.09
2.86
2.65
2.45
2.26
2.08
1.91
1.75
1.61
1.47
1.35
1.23
1.12
1.02
0.93
0.85
0.77
0.70
0.64
0.58
0.53
0.48

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

H arvesti Planting
C o st
co st

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

Rate
o fIn te r e
r

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100'
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
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Table 3.3 Impact of an Increase in the Parameters on Forest Stand Value
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Table 3.4 Impact of an Increase in the Economic Parameters on Rotation Length
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Table 3.5 Numerical Dlustration of Effect of a Change in Key Parameters
T

V(T)

S = 100, r = 0.05.

36 years

SI ,530/ha

50% increase in ar to 0.15

28 years

$3,597/ha

50% increase in K to 412.5

41 years

$1,830/ha

50% increase in Q0to 7.5

30 years

$2,005/ha

50% increase in P to 150

36 years

$2,630/ha

50% increase in C to 37.5

36 years

$1,255/ha

50% increase in S to 150

36 years

$ 1,470/ha

25% increase in r to 0.0625

30 years

$895/ha

50% increase in r to 0.075

NA

NA

Scenarios
Base Case: Qo = 5, a = 0.1, K = 275, P = 100, C = 25,

Table 3.6 Inclusion of Non-Timber Forest Benefits

P

B0

T

V(T)

Base Case: $0/ha

0

36 years

$1,530/ha

$25/ha

0

36 years

$2,048/ha

$25/ha

-0.04

35 years

$ 1,866/ha

$25/ha

0.04

40 years

$2,485/ha

$75/ha

0.04

49 years

$4,526/ha

Table 3.8 Numerical Illustration of Alternative Forest Land Use Options
T

V(D

36 years

$4,138/ha

36 years

$1,530/ha

- with non-timber forest benefits (B0 = $75, P = 0.04)

49 years

$4,526/ha

- with changing prices (ti = 0.025)

45 years

$6,049/ha

- with tenure insecurity (6 = 0.0125)

30 years

$895/ha

Scenarios
Base Case Plantation: (Q0 = 5, a = 0.15, K - 700, P =
75, C = 25, S = 100, r = 0.05)
Base Case Natural Timber Production: (Q0 = 5, a =
0.1, K = 275, P = 100, C = 25, S = 100, r = 0.05)
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Figure 3.4
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FOREST CONVERSION OVER TIME

Introduction

Aims and Contribution
This chapter aims to extend the basic forest land use options model developed in
Chapter 3 to allow for the conversion o f forest land between alternative land use options
over time. In Chapter 3 we examined how a private, profit maximising individual
allocates a stand o f forest land between alternative management options. It was
assumed that at the outset the individual chooses the management option that yields the
highest net present value and then maintains the stand under this land use forevermore.
For example, this approach would suggest that if agricultural production is the highest
valued land use, then forest land should be immediately converted to this use and there
are no further changes in land use over time. Market failure and policy failure, such as
environmental externalities, imperfect information on increasing prices and insecure land
tenure, were shown to lead to a divergence between the privately efficient and socially
optimal forest land allocation and management decision.

One concern raised about this basic forest land use options model is that it does not
adequately explain the conversion over time of natural tropical forest land to alternative
uses experienced in the tropics. Therefore, in this chapter we revisit the basic forest land
use options model and extend it to allow for switching between competing land uses at
some point in the future.

First, we restate the basic forest land use options mode developed in Chapter 3. We
then extend this model to allow for the situation where the private forester is not
committed to a single management regime over time. We show that under conditions of
perfect information, perfect markets and constant key parameters, even when the
forester has the opportunity to switch between land uses over time, he chooses to
maintain the stand forever under the management option that yields the highest value.
Therefore, the optimal choice o f land use does not differ from the basic forest land use
options model and the rotation age can be determined by the conventional Faustamnn
formula. This result is expected and is an obvious outcome o f the underlying
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assumptions o f the model. Simply allowing the possibility o f switching does not change
the foresters choice of optimal tree type and rotation age. However, the main reason for
establishing this framework is so that we can examine two cases o f switching over time
in the following sections.

We then extend the theoretical approach further to examine our first case of forest land
use switching over time. We assume that the forester initially allocates the stand to one
management regime, but this is not his preferred long term land use option and he
converts the stand to the highest valued land use at the end o f the first rotation. This
case is relevant to the situation where there are initial constraints on forest land use, for
example due to concession agreements or property right requirements. This case also
applies to the situation where, after the initial tree crop has already been established, a
one-off change in input or output prices creates an incentive to switch to an alternative,
higher valued land use option at the end o f the first rotation period.

We show that it is in the interest o f the forester to harvest the lower valued tree crop
sooner than predicted by the standard Faustmann model in order to get access to the
stand for replanting with the higher valued tree crop. Thus, switching to an alternative
higher valued tree type in the second period effects the choice o f length o f timber
rotation in the initial period. The difference between this model and the standard
Faustmann model is that the initial optimal rotation age is not influenced by the long
term value o f forest land under that management regime, but the optimal management
regime.

We then examine our second case o f forest conversion over time where tree prices
change at different constant exponential rates. Under these conditions, the relative
prices o f the various types of trees change over time and the underlying problem is nonstationary. Therefore, it could be optimal for the individual to switch between land uses
on an equilibrium path. We show that to fully solve this land allocation problem we have
to take two steps. First, we need to work out for each tree type the length o f the first
rotation that will maximise the first rotation value function. Second, we need to choose
the tree type which has the greater maximum value in the second rotation and thereafter.
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Thus, in order to determine the optimal choice o f tree types and rotation lengths the
forester needs to consider a combination o f land allocation options. This differs
significantly from the basic forest land use options model and the conventional
Faustmann formula. We also discuss the conditions under which the individual switches
when it is not optimal to do so, and does not switch when it is optimal to switch. The
decision to convert forest land along an equilibrium path has not been covered by the
existing literature and this topic provides an important contribution to our understanding
o f the dynamic process o f deforestation.

Prevailing market and policy failures, such as environmental externalities, imperfect
information on expected timber prices and the lack o f secure land tenure, also mean that
private land use decisions are often biased towards the conversion o f tropical natural
forest. The policy insights from this chapter suggest that if we expect the benefits from
natural forests to continue to be highly valued in the future, then government
intervention may be required to create appropriate incentives for individuals to conserve
natural tropical forest land today even if alternative land use options, such as plantation
forestry and agricultural conversion, currently offer higher private present value returns.

Structure of Chapter 4
In Section 4.2 we restate and extend the basic theoretical forest land use options model
developed in Chapter 3 to allow for the situation where a private forest manager is able
to switch between alternative land uses over time. In Section 4.3 we examine our first
case o f land use switching due to initial land use constraints or a one-off change in a key
parameter. In Section 4.4 we examine our second case o f forest conversion over time
due to prices evolving at different rates across tree types. Both o f these extensions help
to explain the ongoing process o f deforestation experienced in the tropics. Section 4.5
discusses the implications for policy and the role for government intervention.

4.2

No Commitment to Tree Type

In this section we briefly revisit the basic forest land use options model developed in
Chapter 3 and adapt it to explore the situation where the forester has the opportunity to
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switch between alternative forest land use options over time. We then discuss the
implications o f the opportunity to switch on the forester's land allocation decision.

Forest Land Use Options Model without Switching
Using the basic forest land use options model established in Chapter 3, we again assume
that the objective o f the private individual is to maximize the present value of a stand o f
forest land by choosing the optimal tree type and rotation period. All the standard
assumptions about perfect information, perfect markets and constant key parameters
continue to apply. We also assume that there are no costs associated with converting
forest land between alternative land uses. For now we assume that once the stand has
been allocated to a land use option at the outset it will be maintained under this use
forever.

Assume that there are n possible types o f land use characterised by n different tree types.
Once again, agricultural crops are considered to be a type o f very fast growing 'tree',
where the rate o f biomass growth is such that the crops are ready to harvest within a
year. Let N (T ) be the net revenue function if the forester plants trees o f type i:
N l( T l) = (/>' - C i) Q i( T i)e rTi - S l

i = 1,...,«

(4.1)

Let V(T) represent the net present value o f the forest stand land that is dedicated
forever to tree o f type i and uses the same rotation period T forever:
V ‘( T ‘) =

Ni(T>) = {P< ~ C ‘)Q i(-T ">e 'rV - S '
1 - e ' rT
1 - e - rT
rp i

71/

\

*

/

Let V 1 be the maximum present value of profits on a stand from tree type i, by choosing
the optimal constant rotation period, T 1:
V ‘ = M AXt , V lCn

(4.3)

Let T 1 be the optimum constant rotation period for tree type i:
= arg maxr V \ T l)

(4.4)

The first order condition for the optimal rotation period is found by differentiating (4.2)
with respect to f ‘ and setting equal to zero:
( P ‘ - C ‘)Q i,e-r t' = re~rf‘( P ‘ - C ‘) Q ‘( f ‘) + r e ' ^ V X t )

(4.5)
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This is the conventional Faustmann formula and states that the forest stand should be
harvested at the age when the rate o f change in the present value o f the timber harvest
with respect to time is equal to present value interest on the stock o f timber and the land.
This optimal rotation age maximizes the value o f the stand under tree type i.

Now let V be the maximum present value of profits on a stand by choosing the optimal
tree type and rotation period that will be implemented forever:
V = MAXt [V 1 = VX T ) ]

(4.6)

For example, suppose that the first tree type, / = 1, provides the highest valued land use
and thus solves the previous problem. Then, for ally + 1:
v' = V'(f') = —
t > VJ = VJ( f J) = N>^ J)
^
1 - e~r t'
1 - e~rtJ
As we discussed in Chapter 3, the basic decision rule for determining the optimal
allocation o f tropical forest land states that the forest stand should be allocated to its
highest valued use at the outset and be maintained under this use forever. For example,
when the value o f the stand under tree type 1 is greater than the value o f the stand under
all other tree types, that is V 1 > VJ, the forester will allocate the stand to type 1 tree. If
the value o f the stand under tree type 1 is equal to the value o f the stand under all other
tree types, that is V 1 = Vj , the forester will be indifferent between allocating the stand
to type 1 or the alternative type j tree types.

Therefore in the basic forest land use options model, the private forester simply allocates
the forest stand to the tree type that yields the highest net present value and maintains
the stand under this tree type forever. As we discussed in the previous chapter, market
and policy failures, such as environmental externalities, imperfect information on
changing prices and tenure insecurity, may lead to a divergence between the privately
efficient and socially optimal forest land use decision and lead to economically excessive
tropical deforestation.

Forest Land Use Options Model with Switching
We now adapt the basic forest land use options model to allow for the possibility o f
switching between alternative tree types over time. Let us assume that the forester is no
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longer committed to grow one type o f tree forever. Now there is nothing to stop a
forester who has just planted one tree type from switching to another tree type once the
first tree crop has been harvested.

Let V(t) represent the present value o f profits if the forester has just planted trees/crops
o f type i for the first rotation period, and the forester plans to harvest them after f
years and switch to the optimal use thereafter. It is important to notice that in this
definition, t is just the length o f the first rotation. Then:
v '( 0 = N \t* ) + ve rt‘ = CP' - C i) Q i( t i)e -rt‘ - S* + ve~r‘‘

(4.8)

Let v ' be the maximum present value o f profits if the forester starts by planting trees o f
type /, by choosing the optimal length o f the first rotation:
v ' = MAX{1 v l( t ')

(4.9)

Now let t 1 be the optimum first rotation period for tree type i\
V - arg max,, v '( 0

(4.10)

Let v be the maximum present value o f profits on astand clear o f any commercially
valuable vegetation by choosing the optimal tree/crop type and rotation periods, where
the possibility of switching exists. Given this, then v will be determined by choosing
the optimal type o f tree for the first rotation period:
v = MAX( v '

(4.11)

In order to illustrate this general approach, let us assume that the first tree type, i = 1,
provides the highest valued land use for the first rotation period. Then:
1 A1
v = N \ V ) + veV - v =

= v'(p)

(4.12)

1 - e~” '
Rewriting the left-hand side o f (4.12) in full:
v = (P ' -

- S' + v

e

(4.13)

we can derive the first order condition for t 1 by differentiating (4.13) with respect to t 1
and setting equal to zero:
(P l - C ' ) Q } , e = re ~ " \ p 1 - C' ) Q' ( i ' )

+r e " v

(4.14)

By comparing (4.5) and (4.14) we can see that this implies that the first optimal rotation
Aj

length, t , will be the same as the optimal rotation length for all consecutive harvests,

Economics of Tropical Forest Land Use

J. Burgess

110

Chapter 4

f 1, that is t 1 = f l . This in turn implies that the maximum present value o f profits on a
stand where the possibility o f switching exists, v, is the same as the maximum present
A J

value o f profits on a stand where there is no opportunity for switching, V , and the
A |

optimal tree type and rotation period will be implemented forever, that is v = V .

Therefore even when the forester has the opportunity to switch to an alternative tree
type in the future, the choice o f optimal tree type and rotation period in the first timber
harvest will be identical to the choice o f optimal tree type and rotation period in all the
following timber harvests. This result is to be expected given our underlying
assumptions o f perfect information, perfect markets and constant key parameters.

Notice that for all tree types where j + 1, then:
V i v> = N '( i J) + ve ~”J > N \ f J) + ve ~rP

(4.15)

This states that the value o f the stand under the optimal tree type and rotation age, v, is
greater than or equal to the value of the stand if it is allocated to type j tree for the first
rotation period with a rotation age t J, and then converted to the the optimal tree type
thereafter. Here the first rotation age, t J, is determined assuming that after the initial
rotation the stand will be allocated to its highest valued use. Furthermore, if the rotation
age, T J, prior to the switch is determined by the conventional Faustmann formula, then
the stand value, v; , is in turn greater than or equal to the value o f the stand if it is
allocated to type j tree initially with a rotation age f \ and then converted to the optimal
tree type thereafter.

It follows from this that the value o f the stand allocated to tree type 1 forever with an
optimal constant rotation length is greater than or equal to the value o f the stand
allocated to tree type j with an optimal constant rotation length:
v' = V a

W ( f J) = Vj(fJj = y i
(4.16)
1 - e~ri"
As we established previously, the forest stand should be allocated to its highest valued
use and be maintained under this use forever. For example, when the value o f the stand
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under tree type 1 is greater than the value o f the stand under all other tree types, that is
V 1 > VJ, the forester will allocate the stand to type 1 tree. If the value of the stand
under tree type 1 is equal to the value o f the stand under all other tree types, that is
V 1 = V \ the forester will be indifferent between allocating the stand to type 1 or the
alternative type j tree types.

This result indicates that even when the forester is able to switch between land uses over
time the optimal choice o f tree type and rotation age is exactly the same as when there is
no opportunity to switch. This is a very obvious outcome o f the underlying assumptions
o f the model. Thus, given no initial land use constraints or changes in the key parameter
o f the model then there is no reason to expect the forester to have an incentive to switch
between tree types over time. Simply allowing the possibility o f switching will not
induce any difference in the foresters choice of optimal tree type and rotation age. In
this case, the optimal choice o f tree type can be determined by the basic forest land use
options model developed in Chapter 3, and the choice of constant rotation age can be
determined by the conventional Faustmann formula. Although this result does not in
itself provide a case for switching, we have now established an appropriate framework
to enable the analysis o f switching more fully in the following sections.

Numerical Illustration
We can illustrate this theoretical model using the numerical example that was developed
in Chapter 3. Recall that the net present value from allocating the stand to natural forest
management forever is $ 1,530/ha, with a constant optimal rotation length o f 36 years
and the net present value from allocating the stand plantation timber production forever
is $4,138/ha, with a constant optimal rotation length o f 36 years.

Table 4.1 Comparative Returns to Plantation and Natural Forest

Base Case:
plantation forest
natural forest

Optimal Rotation Length, T

Maximum Value of Forest
Stand, V /T)

36 years for plantation forest
36 years for natural forest

$4,138/ha
$ 1,530/ha
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The returns to plantation timber production are clearly greater than the returns to natural
forest management and the stand will be allocated to plantation timber production at the
outset and maintained under this land use forever. There is no incentive for the forester
to either start with natural forest management and then switch to plantation forestry or
vice versa, as this would not maximise the returns to forest land use over time. In this
case, the forest land would be allocated to plantation timber production at the outset and
there would be no further change in land use over time.

4.3

Case 1: Initial Allocation Constraint or a One-Off Change in Key Parameter

In this section we establish our first case o f switching between alternative forest land use
options over time. We now assume that the forester initially allocates the stand to one
management regime, but this is not the preferred long term land use option. Therefore,
there is an incentive to switch to the highest valued land use at the end o f the first
rotation. This case is relevant to the situation where there are initial constraints on
forest land use, for example due to concession agreements or property right
requirements. This case also applies to the situation where, after an initial tree crop has
already been established, a one-off change in a key parameter, such as timber price,
harvesting cost or rate o f interest, creates an incentive to switch at the end o f the first
rotation period to an alternative management regime that is now higher valued. The
analysis could also be extended to include payments for public goods, such as carbon
sequestration, biodiversity benefits, that are effectively channelled to private individuals.

Let us assume the forester is not committed to any tree type forever and that the present
value o f the stand under tree type 1 exceeds the value o f the stand under all other tree
types, such that V x > Vj . If a tree type j is already established in the initial period,
then the forester has an incentive to switch to the more valuable tree type 1 at the start
of the second rotation. The forester would then wish to maintain the stand under this
higher valued tree type forevermore. The maximum present value of the stand if it is
initially allocated to tree type j is given by:
v j = (P j - C i ) Q \ t j)e -rV - S J + v e 'r'J

(4.17)
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Differentiating (4.17) with respect to t J and setting equal to zero gives the first order
condition:
(P J - C ^Q ije ~rV = re -rV{Pj - C * )Q \tj) + r e '^ v

(4.18)

We can compare the optimal first rotation age given by (4.18) to the optimal
constant rotation age given by the conventional Faustmann formula in (4.5). If the
opportunity cost o f holding onto the stand in terms o f its optimum stand value, v, is
greater than the value o f the stand if it is allocated to type j crop forever, VJ, then the
forester will harvest the initial tree type sooner than usual in order to get access to the
stand for replanting with the higher valued tree type from then on. Thus, when v is
greater than or equal to the value o f the stand if it is allocated to type j crop forever, VJ,
the optimal first rotation length, t J, will be less than or equal to the optimal constant
rotation length, f \ as determined by the conventional Faustmann formula. That is
V < T \ with a strict inequality if Vj < v.

Therefore, switching to an alternative higher valued tree type in the second period
effects the choice o f length o f timber rotation in the initial period. The optimal length of
the first rotation is not influenced by the value o f forest land under the initial
management regime but the optimal management regime. This result differs from the
standard Faustmann formula and needs to be taken into account when the forester plans
to switch between alternative uses over time.

If the forester does not, or is unable to, modify the decision making framework from the
standard Faustmann model, then the choice o f ‘if and when’ to switch may be privately
inefficient. First, the forester may demonstrate a lack o f flexibility to respond to
changes in market conditions, which undermines his ability to maximize the private
returns to forest land. For example, the forester may fail to modify his initial choice of
rotation length and land allocation choice after a change in timber prices, costs and/or
rate o f interest. Second, the forester may show a lack o f foresight and base his land
allocation choice on current rather than expected market values. For example, the
forester may need to switch between land uses based on expected changes in the relative
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returns to the alternative uses, even when this change is seemingly non-optimal based on
current relative returns.

Finally, the forester may fail to take account of the costs o f conversion between
alternative land uses. In the case o f natural forests, the costs of re-establishing natural
forest land are likely to be highly significant, given the fragile nature o f tropical forest
soils, complex forest ecosystem, and slow rates o f growth o f tropical tree species.
Under these conditions, the costs o f re-establishment may be so high that the loss o f
natural forest is effectively irreversible. Thus, it may be optimal for the forester to
maintain the land under natural forest right from the outset rather than to try to re
establish it at the end o f the first rotation, if it is expected to become relatively more
valuable in the future.

Numerical Illustration
By extending our previous numerical illustration we examine the decision to switch
between land uses over time for the case o f natural and plantation timber production.
We determine the optimal time to switch, and the maximised returns to land use with
switching.

Let us assume that the forest land is allocated at the outset to the lower valued natural
forest management regime. The forester will want to switch at the end o f the first
rotation to the higher valued plantation timber production. The optimal first rotation
length for natural forest management is derived using (4.17) and the new value o f the
forest stand is then determined. As shown in Table 4.2, the optimal time to switch from
natural forest management to plantation forestry is after 32 years. As the theory
predicted, this is shorter than the previous optimal rotation length o f natural forest
management o f 36 years.

Once the forest land has switched from natural forest management to plantation timber
production, the optimal constant rotation length increases to 36 years, which maximises
the returns to plantation timber production thereafter. The new maximum present value
o f the forest stand with switching is $2,009/ha, which is greater than the value o f the
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stand allocated forever to natural forest management but less than the value o f the stand
if it had been allocated to plantation timber production from the outset.

Table 4.2 Natural Forest Established in Initial Period

Case 1: Established in
Initial Period
initial rotation o f natural
forest, then switch to
plantation forest

Optimal Rotation
Length, T

Maximum Value of
Forest Stand, Vj(T)

32 years for natural forest
for initial rotation then
36 years for plantation
forest thereafter

$2,009/ha for initial
rotation o f natural forest
then switch to plantation
forest

Empirical Evidence
In many tropical regions timber production is directly related to deforestation because
the timber is harvested from forests earmarked for conversion to agriculture (Barbier et
al. 1994). The process o f ’timber mining' and forest conversion to agriculture is
particularly prevalent in tropical forest frontiers where the value o f land under
agriculture is relatively high compared to forest management. For example, over 40% of
the total production forest area o f 836,000 km2 o f South East Asia was designated as
conversion production forest, and during the 1970's and 1980's much o f this conversion
forest area was clear cut for timber and converted to agriculture (Barbier and Burgess
1997).

In the past there has been very little sustainable management of production forests in the
tropics (Poore et al. 1989). This is in part due to policy failure in the forest sector, such
as inappropriate concession terms and forest regulations (Repetto 1988). The lack o f
sustainable timber production suggests that the long term benefits o f maintaining forest
land in timber production may have been underestimated or ignored in land allocation
decisions. Failure to take account o f the full value o f timber production has biased
private land use decisions towards forest conversion. Recent efforts to establish timber
certification or labelling schemes based on the sustainability of timber supply may help to
offset this problem.
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In addition, market and policy failures such as environmental externalities, imperfect
information on changing prices, and tenure insecurity in many tropical forest countries
have worked against the control o f timber stand degradation, encroachment, and
premature abandonment (van Kooten et al. 1998; Barbier et al. 1994; Hyde et al. 1991).
Following the approaches developed in Chapter 3, the forest land use options model
with switching can easily be extended to include such market and policy failures, and to
show how they create an incentive for economically excessive tropical deforestation.
The impact o f government intervention, such as establishing property rights and
providing subsidies for sustainable natural forest management, on the incentives for
improved forest conservation can also be examined in this framework.

Finally, timber production may be an indirect source o f forest conversion to agriculture,
by 'opening up' previously inaccessible forest regions and providing infrastructure such
as roads. Forest sector investments have resulted in improved access and lower costs of
transporting agricultural goods to and from markets. This has indirectly increased the
relative returns to agricultural production and encouraged further deforestation. For
example, Amelung and Diehl (1992) provide evidence to show that commercial logging
often acts as a catalyst for the conversion of tropical forest land to agriculture.

Adverse changes in these market and policy failures over time have continued to create
further incentives for tropical deforestation. However, recent policy efforts, such
removing existing distortionary policies, creating markets through certification and
labelling o f sustainably produced timber, and the internalisation o f global environmental
benefits such as carbon storage, are aimed at reversing this previous trend (Panayotou
1996, Warford et al. 1997).

The first case o f forest land use switching that we have developed helps to explain the
process o f forest conversion experienced in the tropics. That is forest conversion over
time due to initial allocation constraints or to a change in the relative returns to land
uses, resulting from a one-off change in market or policy conditions. However, this case
does not help to explain the case where it is optimal for an individual to determine at the
outset an 'equilibrium path' o f land use switching. This second case o f switching is the
focus o f the next section.
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Case 2: Prices Evolving at Different Rates Over Time

In this section we establish our second case o f switching between alternative forest land
uses over time. We examine the situation where the forester has an incentive to change
from one land use to another at some point in the future because the tree prices change
at different constant exponential rates. Under these conditions, the relative prices o f
the various types o f trees change over time and it could be optimal for the individual to
switch between land uses on an equilibrium path. This case differs from the case
developed in Section 4.3 in that the switch is not in response to an initial land use
constraint or to a one-off change in a key parameter, but is because the underlying
problem specified is non-stationary and this gives rise to a dynamic land allocation
decision. The existing literature has not fully addressed this problem and this section
aims to contribute to the current theory o f deforestation.

Once again, let us assume that there are n possible types o f land use characterised by n
different tree types. We now introduce the possibility that for tree type z, all prices and
costs grow at a constant rate, nt, but the rates of price and cost increases differ across
tree types. Under these conditions, the relative returns to the different tree types will
change over time and the underlying problem is non-stationary. That is, it could be
optimal to plant one type o f tree initially and then switch to another tree type when it
becomes more valuable at a later date.

Differences in the rate o f timber price increases across different tree types may be on the
basis o f quality o f timber, the establishment o f timber certification or labelling schemes
based on the sustainability o f timber supply or the sustainability o f broader forest
benefits such as biodiversity maintenance, and subsidies to sustainable natural forest
management. For example, the price o f tropical hardwood timber from naturally
managed forests has been steadily increasing over time and is predicted to continue
increasing in the future. In contrast, the price of softwood timber from plantation forests
is expected to remain fairly stable over time due to adequate supplies in temperate
regions and competition from non-wood substitutes (Barbier et al. 1994b).
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We assume that at the outset the stand o f forest land is clear and the forester can plant
whatever type o f tree he wishes in the first rotation. The forester can also plant
whatever type o f tree he wishes in the second rotation. The type o f tree planted in the
second rotation may be different to that planted in the first rotation, but whatever type o f
tree is planted in the second rotation must then be planted in all subsequent rotations.
These assumptions imply that from the second rotation period onwards there is no
further change in forest land use and a steady state is reached. This effectively reduces
the model to two periods: before and after the second rotation.

We can revisit the modified Faustmann rule that we established in Chapter 3 when prices
and costs increase at a constant rate,

Let V \ T ') be the present value o f profits at

date zero if the forester plants trees o f type i forever and uses the same rotation period
T forever. Then:

• .
CPo - c J )Q i(T i)e~<r~’'i)7" - S0‘
V ( T ‘) = — -------0
1 - e

-

(4.19)

Let V ‘ be the maximum present value o f profits on a stand o f tree type i by choosing the
constant optimal rotation period that will be implemented forever:
V 1 = M AXt , F '( r ')

(4.20)

Let f l be the optimum constant rotation period for tree type i\
T l = arg maxr V^T*)

(4.21)

Suppose now that at date zero, the forester plants trees of type j and harvests them after
t J years. As in Section 4.3, the notation used is such that t j denotes the length o f the
first rotation only. If at date t j the forester switches to tree type i forever more, then
the maximum present value o f profits that he will make at date t j will be V' e n‘tJ.

So, to determine which tree type to switch to after the end o f the first rotation, the
forester will choose the value o f i which maximises V ‘e

. Notice that in general the

tree type that achieves this maximisation will depend on the length o f the first rotation
period. Thus, the choice o f tree type after the first rotation could depend crucially on
how long this first rotation lasts. Let:
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V(tJ) = MAX{ V le**

(4.22)

be the maximum present value o f the stand at date t j if type i tree is established at the
end o f the first rotation period.

Having determined what happens at the end o f the first rotation, we can now let v j(tJ)
be the present value o f profits at date zero if the forester initially plants trees o f type j
and harvests them after t j years:
v JUJ) * (P i - Ci)QJ(tJ)e' ir~"'),J - S i + V(tl)e~n‘

(4.23)

Let v j be the maximum present value o f profits on a stand o f tree type j for first rotation
by choosing the optimal rotation age, t j :
v j = MAX(j v \ t j)
A

(4.24)

j

and let t be the optimum rotation length o f the first rotation if tree type j is chosen
initially:
V = arg max,, v j(tj)

(4.25)

We can derive the first order condition for t J by differentiating (4.23) with respect to
t J. However, it is important to note that the function V(tj) is not always differentiable
if t j is a critical value at which the forester switches from one type o f land use to
another at the end o f the first rotation. In this analysis, we assume that t J is not such a
critical value.
(P i - C i ) Q y ir^ )P = (r-7T.)e

- C i) Q \; j) + r e -^ V d f)

(4.26)

This result shows that the optimal length of rotation in the initial period occurs when the
increase in value from current harvesting of tree type j is just equal to the incremental
cost o f delaying the harvest. On the left-hand side, the benefits of delay consist o f the
gain in the present value o f the net benefits from the additional timber volume growth
from delaying the harvest one period. This is discounted at the effective rate o f interest
(r - 7Tj) which takes account o f the constant rate o f change in prices and costs o f tree

type/
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On the right-hand side, the opportunity cost o f postponing the harvest consists two
components. First, the 'effective' interest forgone from not being able to invest the
present value proceeds from harvesting the trees. Once again, this is discounted at the
effective rate o f interest (r - 7t]) which takes account o f the constant rate of change in
prices and costs o f tree type j. Second, the interest lost from deferring the revenue from
the present value o f future rotations once the steady state is reached. Unlike the other
components o f (4.26) this is not discounted at the effective rate o f interest (r - ^), but
just r. However, it should also be noted that V(t^) is the maximum present value o f the
stand at date t J when type i trees are planted forevermore and from (4.22) we know
a

|

that the value o f V is increasing at the constant exponential rate tt,- over time.

The final step o f this problem is to choose the type o f tree to be grown in the first
rotation. This is simply the value o f j that maximises present value o f profits on a stand
o f trees for the first rotation, v j .

We have now developed a case for switching along an equilibrium path. This occurs
when it is in the interest of the forester to plant a tree type that is initially more valuable,
but to switch to an alternative tree type at the end of the first rotation because its value
is rising relatively more rapidly over time. In order to maximise the returns to forest
land use over time, the forester needs to base his land use decisions on expected timber
prices and costs and consider the returns to the forest stand under a combination o f land
allocation choices. In the case o f switching along an equilibrium path, the forester is
unable to rely on the standard, unadjusted Faustmann timber rotation model.

If the forester does not, or is unable to, modify the decision making framework from the
standard Faustmann model, then the choice o f ‘if and when’ to switch may be privately
inefficient. As in the previous case o f switching, the forester may demonstrate a lack o f
flexibility, a lack o f foresight, or fail to take account o f the costs o f conversion. In
addition, in this case o f switching the forester needs to consider all combinations o f
forest land values and rotation lengths to determine the optimal choice. If there are a
substantial number o f land use types then the time and effort required to fully consider
all outcomes may be prohibitive. If the forester fails to implement the appropriate
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decision making framework, then the choice o f land use and rotation length may not
maximise the private returns to forest land.

Numerical Illustration
In our following numerical illustration, we examine the decision to switch between land
uses over time for the case o f natural and plantation timber production. We determine
the critical length o f the first rotation at which forester is just indifferent between the two
tree types after first period. Through sensitivity analysis we also examine when
switching will and will not take place.

We can numerically illustrate this case of switching by adapting our plantation and
natural forest management examples. Let us assume that the prices o f both plantation
timber and naturally managed timber now increase at a constant exponential rate over
time, but the price o f plantation timber increases at a lower rate o f 0.001 whilst the price
o f naturally managed timber increases at a higher rate o f 0.02.

As shown in Table 4.3, with these rates of price increases the net present value o f
plantation timber production with no switching increases to $4,326/ha with an optimal
rotation age o f 36 years, whilst tThe net present value o f natural forest management with
no switching increases to $4,383/ha with a much higher optimal rotation age o f 43 years.
Therefore, if the forester does not switch between the alternative management regimes
over time, then the forest stand would be allocated to its highest value land use, which is
now natural forest management.

However, we can also examine the land use decision when the forester has the
opportunity to switch at the end o f the first rotation. As shown in Table 4.3, it is not in
the forester's interest to initially allocate the stand to natural forest and then switch to
plantation forest, as the returns to this regime amount to only $3,719/ha. Under this
pattern o f land allocation, the optimal length of the first rotation increases to 45 years, as
the forester holds onto the land under its higher valued use for longer before converting
the stand to the lower valued plantation forest.
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Table 4.3 Evolving Prices and Switching Between Plantation and Natural Forest
Optimal Rotation
Length

Maximum Value of
Forest Stand

36 years for plantation forest

$4,326/ha for plantation forest

43 years for natural forest

$4,3 83/ha for natural forest

45 years for natural forest for
initial rotation, then
36 years for plantation forest

$3,719/ha for natural forest
then plantation forest

35 years for plantation forest
for initial rotation, then
44 years for natural forest

$5,076/ha for plantation forest
then natural forest

Plantation Forest with
Increasing Prices (annual rate
of price increase 0.001)

Natural Forest with
Increasing Prices (annual rate
of price increase 0.02)

Natural Forest then
Plantation Forest with
Evolving Prices natural forest
for initial rotation, then switch
to plantation forest

Plantation Forest then
Natural Forest with Evolving
Prices plantation forest for
initial rotation, then switch to
natural forest

In contrast, the forester has an incentive to initially allocate the stand to plantation
timber production and then switch to natural forest management at the end o f the first
rotation. This yields the highest returns o f $5,076, assuming that the forester harvests
the plantation timber after 35 years in order to switch to natural forest management
sooner.

By looking at the present value o f the alternative land uses for different initial rotation
ages we can determine the critical length o f first rotation at which forester is just
indifferent between two types o f forest land use after the first rotation. For the
parameter values used in this numerical analysis, the critical value is 38 years. That is,
up to 38 years, the present value o f the stand from allocating it to plantation timber after
the initial rotation is greater than from allocating it to natural forest management,
whereas after 38 years the reverse is true.
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Table 4.4 Evolving Prices and Switching Between Plantation and Natural Forest

Optimal Rotation
Length

Maximum Value of
Forest Stand

36 years for plantation forest

$4,326/ha for plantation forest

40 years for natural forest

$2,498/ha for natural forest

37 years for natural forest for
initial rotation, then
36 years for plantation forest

$2,616/ha for natural forest
then plantation forest

Plantation Forest with
Increasing Prices (annual rate
of price increase 0.001)

Natural Forest with
Increasing Prices (annual rate
of price increase 0.01)

Natural Forest then
Plantation Forest with
Evolving Prices natural forest
for initial rotation, then switch
to plantation forest

Plantation Forest then
Natural Forest with Evolving
Prices plantation forest for
initial rotation, then switch to
natural forest

36 years for plantation forest
for initial rotation, then
40 years for natural forest

$4,176/ha for plantation forest
then natural forest

Table 4.5 Evolving Prices and Switching Between Plantation and Natural Forest
Optimal Rotation
Length

Maximum Value of
Forest Stand

36 years for plantation forest

$4,326/ha for plantation forest

47 years for natural forest

$8,702/ha for natural forest

52 years for natural forest for
initial rotation, then
36 years for plantation forest

$5,855/ha for natural forest
then plantation forest

Plantation Forest with
Increasing Prices (annual rate
of price increase 0.001)

Natural Forest with
Increasing Prices (annual rate
of price increase 0.03)

Natural Forest then
Plantation Forest with
Evolving Prices natural forest
for initial rotation, then switch
to plantation forest

Plantation Forest then
Natural Forest with Evolving
Prices plantation forest for
initial rotation, then switch to
natural forest

33 years for plantation forest
for initial rotation, then
40 years for natural forest

$7,898/ha for plantation forest
then natural forest
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We can also show when it is not in the forester's incentive to undertake switching. Let
us assume that the rate o f plantation price increase remains unchanged at 0.001.
Through sensitivity analysis we can show that when the rate o f price increase for timber
from natural forests is less than or equal to 0.01, then the forester would allocate the
stand to plantation forest at the outset and maintain it under this land use forevermore.
We have already shown that when the rate o f price increase for timber from natural
forests is 0.02, then the forester would allocate the stand to plantation forest at the
outset and then switch to natural forest management. If the rate o f price increase for
timber from natural forests is greater than or equal to 0.03, then the forester would
initially allocate the stand to natural forest and maintain it under this land use into
perpetuity.

Empirical Evidence
There is empirical evidence that increases in tropical timber prices are creating incentives
for private decision markers to invest in the establishment o f timber plantations. For
example, FAO (1997) states that over the past few years there has been a rapid
expansion in tropical timber plantations, most notably India, Indonesia and Brazil.
Investors have also responded to increasing timber prices by planting industrial forests in
Chilie (Vincent and Binkley 1992) and Kenya (Scherr 1995). However, it is not clear to
what extent this involves reafforestation o f stands which did not previously carry forest,
reforestation o f land which previously contained natural forest, or replacement o f
indigenous tree species by new, exotic trees species.

Hyde et al. (1996) state that because o f the increasing wood scarcity, reflected in rising
timber prices, individuals are investing in growing trees on their private land holdings.
For example, in Malawi where the rate o f deforestation exceeds 3.5% annually, and fuel
wood prices have risen by more than 5% a year for the past decade, small farmers with
land holdings are planting trees on their own agricultural plots at a rate that may offset
all deforestation within ten years (Hyde and Seve 1993). However, in contrast to
plantation forests or tree growing on private land holdings, there is little evidence that
increasing tropical hardwood timber prices are creating incentives for investments in
maintaining and re-establishing natural tropical forests.
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There may be insufficient private investment in natural forests due to a range o f factors.
First, the costs o f re-establishing natural forest land may be so high that it is not
economically feasible to invest in re-establishing natural tropical forests, and tropical
deforestation is effectively an irreversible process. Second, individual land owners may
not be fully informed about expected timber price increases and base their land use
decisions on current rather than projected prices. Market price signals about the
increasing scarcity value o f tropical timber may also be distorted by government
intervention in timber pricing through forest sector and trade policies. Third, even if
forest land use decisions are based on expected timber prices, individuals may have very
high private interest rates which essentially reduce the effects o f future price increases.
This problem may be exacerbated by tenure insecurity at the tropical forest frontier
which increases the 'effective' interest rate further. Finally, in the case o f natural forest
management, forest level incentives in terms o f subsidies or compensation schemes to
private individuals for conservation o f external environmental benefits are not yet
sufficiently well established to encourage private investment.

4.5

Conclusions and Policy Implications

This chapter has extended the forest land use options model to allow for the possibility
o f switching between alternative types o f land use in order to explain the conversion o f
natural tropical forest land over time. We have identified two cases where the forester
would switch between land uses at some point in the future. In the first case the forester
switches to the higher valued tree type at the end o f the first rotation period in response
to initial allocation constraints or to a one-off change in a key parameter. In the second
case it is optimal for the forester to switch land uses on an equilibrium path because the
returns to the alternative land uses increase at different rates over time.

The analysis o f forest conversion over time has provided several important insights into
three issues. First, the need to modify the basic forest land use options model in order to
determine the optimum rotation length and land allocation. Second, the conditions
under which the forester may choose to switch when it is not optimal to switch, and vice
versa. Third, the impact o f market and policy failures on tropical deforestation over
time. We will discuss each o f these issues in turn.
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The forest land use options model developed in this chapter has confirmed that if it is
optimal to allocate land to just one type o f tree over time, then the optimal rotation
period and forest land value can be calculated based on the conventional Faustmann
timber production and forest land use options model. However, if switching between
land uses over time occurs, the choice o f land use and optimal rotation period cannot be
calculated using this standard approach.

In our first case o f switching the forester has an incentive to switch to a higher valued
tree type at the end o f the first rotation because o f initial allocation constraints or a oneoff change in a key parameter. The Faustmann formula for the optimal rotation length
prior to the switch needs to be modified so that the it is dependent on the value o f forest
land under the optimal, rather than the initial, management regime. This results in a
shortening o f the first rotation compared to that determined by the standard Faustmann
formula, which enables the forester to get access sooner to clear ground on which to
establish the more valuable tree type.

In our second case o f switching the forester has an incentive to switch to an alternative
tree type at the end of the first rotation because its value increases relatively rapidly over
time. In order to determine the optimal choice of land allocation and rotation age we
have to take two steps. First, we need to work out for each tree type the length o f the
first rotation that will maximise the first rotation value function. Second, we need to
choose the tree type which has the maximum value in the second rotation and thereafter.
Thus, in order to determine the optimal choice o f tree types and rotation lengths the
forester needs to consider a combination o f land use options. This approach differs
significantly from the basic forest land use options model and the conventional
Faustmann formula.

There are several reasons why the forester may not make a privately efficient choice of
‘if and when’ to switch. First, this may be due to a lack o f flexibility to respond to
changes in market conditions. For example, the forester may fail to modify his initial
choice o f rotation length and land allocation choice after a change in timber prices, costs
and/or rate o f interest. Second, the forester may show a lack o f foresight to take
account o f expected rather than current market conditions. For example, the forester
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may need to switch between land uses based on expected changes in the relative returns
to the alternative uses, even when this change is seemingly non-optimal based on current
relative returns.

Third, the forester may fail to take account o f the costs o f conversion between
alternative land uses. For example, it may be optimal for the forester to maintain the
land under its current use, if it is expected to become relatively more valuable in the
future and there are high costs associated with the re-establishment o f this land use.
Finally, in this case o f switching along an equilibrium path, the forester may fail to fully
consider all combinations o f forest land values and rotation lengths. This may be
because o f the high computation costs, in terms of time and effort required to implement
the modified framework o f analysis, if there are a substantial number o f land use types.

The analysis o f forest conversion over time has provided additional insights into the
process o f tropical deforestation. First, timber production has been directly related to
tropical deforestation because the timber is often harvested from forests designated for
conversion to agriculture. However, the lack o f sustainable timber production in the
tropics, due to inappropriate forest regulations and concession terms, suggests that the
long term benefits o f maintaining forest land in timber production may have been
underestimated or ignored in forest land allocation decisions (Poore et al. 1989, Barbier
etal. 1994, Repetto 1988).

In addition, market price signals about the increasing scarcity value o f tropical timber
has been distorted by government intervention in timber pricing through forest sector
and trade policies. Even if private forest land use decisions are based on expected
timber prices, individuals may have very high private interest rates, which is exacerbated
by tenure insecurity, which essentially reduce the effects o f future price increases on the
relative returns to forest management for timber production. Timber production may
also be indirectly encouraging forest conversion to agriculture, by 'opening up'
previously inaccessible forest regions and providing infrastructure such as roads
(Amelung and Diehl 1992). Finally, the environmental externalities associated with the
alternative land uses have not been taken into account in forest land use decisions
(Pearce et al. 1999).
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Adverse changes in these market and policy failures over time have continued to worked
against the control o f timber stand degradation, encroachment, and premature
abandonment (van Kooten et al. 1998; Barbier et al. 1994; Hyde et al. 1991). However,
recent policy efforts, such as providing secure property rights, creating markets through
certification and labelling o f sustainably produced timber, and the internalisation of
global environmental benefits such as carbon storage, are aimed at reversing this
previous trend (Panayotou 1996, Warford et al. 1997).
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FOREST LEVEL LAND USE

Introduction

Aims and Objectives
In Chapter 3 we developed a forest land use options model to examine the private
individual's decision to allocate a stand of forest land between alternative uses.
Concerns were raised about how well this basic model helps to explain the process o f
forest conversion over time and the spatial patterns o f tropical deforestation. In Chapter
4 the forest land use options model was adapted to allow the private individual to switch
between land use at some point in the future, due to initial tenure constraints, one-off
changes in prices or costs, or continuously evolving prices. This extension to the forest
land use options model provides a theoretical framework for the process o f tropical
forest conversion over time.

In a recent article, Deacon et al. (1998) state that the spatial dimension o f resource use
may turn out to be as important as the temporal dimension o f resource use, and that
further research is required on this topic, particularly for land use. The forestry
economics literature has tended to focus on the management o f a single stand with little
attention paid to broader forest level land use decisions. However, Bowes and Krutilla
(1989) note that the focus on a single stand may be a considerable weakness o f the
forest land use model, given that the provision of forest benefits often depends on the
setting o f a stand within a larger forest area. In particular, there is concern that the
expansion o f the tropical forest frontier and the fragmentation o f the remaining forest
land may have important impacts on the ecological functioning of the remaining tropical
forests and their ability to provide a wide range o f goods and services.

In this chapter we extend the basic stand level forest land use options model to the forest
level and explore the role of stand interactions. By stand interactions we mean the
situation where the returns to a single stand depend on the total stock o f land allocated
to that type o f land use. That is, there are externality effects between the individual
stands. Therefore, the type o f land use on neighbouring stands may impact on the choice
o f land use on the representative stand. We state the conditions defining three types o f
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stand interactions: zero, negative and positive stand interactions and provide examples o f
these interactions. Zero stand interactions simply imply that the per hectare returns to an
individual stand remain unaffected by changes in the size o f the total stock o f land
dedicated to that land use option. With negative stand interactions, the average per
hectare returns to a stand fall as more land is allocated to that land use option. The
reverse is true for positive stand interaction effects.

For the three types o f stand interactions we establish the social optimum land allocation
decision and compare this to the decentralised equilibrium land allocation choice by
private land owners. We discuss the extent to which the forest level land use model can
be used to explain the patterns o f forest land conversion observed in the tropics, in
particular the expansion o f the tropical forest frontier and increasing forest
fragmentation. We also discuss the situation when stand interactions may lead to
economically excessive tropical deforestation and the need for policy intervention to
ensure socially optimal forest land allocation.

Structure of Chapter 5
Section 5.2 presents a review of the existing studies of forest stand interactions. In
Section 5.3 the stand level forest land use options model is aggregated to the forest level
and extended to include stand interactions. The forest land allocation problem is
specified from the perspective o f the social planner and the private land owner. In
Section 5.4 the conditions defining the first case of zero stand interaction effects are
presented and the social optimum and decentralised equilibrium forest land allocations
decision are compared and contrasted. Sections 5.5 and 5.6 follow the same approach
as Section 5.4, but for negative and positive stand interaction effects respectively. In
Section 5.7 we discuss the conclusions and policy implications o f this chapter. In the
concluding Section 5.8, we summarise the contributions o f Chapters 3 to 5 to the
existing theory o f deforestation and the identify the additional underlying causes o f
economically excessive tropical deforestation raised in these chapters.
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Review of Studies of Aggregation from the Stand to Forest Level

This section provides a review o f the existing literature on forest level land use
decisions, with a particular focus on stand interactions. As noted previously, the vast
majority o f the forest economics literature has looked at the management o f a single
'isolated' stand with little attention paid to forest level land use and allocation decisions.
Reed (1986) notes that in the past those studies looking at forest level management
decisions tend to assume that all stands in the forest are homogeneous and independent.
Early research focussed on how the independent stands in the homogeneous forest can
all be allocated to the same use but managed so as to produce an even-flow of timber
into perpetuity (Anderson, 1976).

More recently, research has focussed on heterogeneous forest land, where stands are
allocated to alternative land uses depending on the relative returns at the stand level
(Parades and Brodie, 1989). In many forest regions, a limited number o f key stand
characteristics, such as distance to market or land quality, clearly differentiate stands
(Parks et al. 1998, Schneider et at. 1990, Reis and Marguilis 1991). When the quality o f
forest land varies in a single key parameter, such as access to market, and there is a
distribution function o f distance classes, then bid-rent curves for the returns to the
alternative management regimes can be derived (Randall and Castle 1985). Assuming
continuous and monotonically increasing distribution function o f distance classes, then a
'marginal' distance class may be observed where the private individual is indifferent
between two land use options. Such a margin between forest and agricultural land may
depict the tropical forest frontier (Hyde and Sedjo 1992, Parks et al. 1998).

Recently, there have been several studies o f stand age interactions on the optimal time
to harvest a representative stand in a larger forest setting. For example, Brazee and
Mendlesohn (1990) examine how the decision to harvest a single stand o f timber may
depend on the harvesting time o f other stands if timber prices and costs are a function of
the total volume o f timber harvested at any one point in time. Their study shows that
co-ordinating stand harvesting decisions, either to harvest the timber all at once or to
ensure an even flow o f timber over time, may improve the total returns to timber
production.
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Bowes and KrutiUa (1989) show how the capacity o f an individual stand to provide not
just timber but a range o f ecological goods, services and functions may depend upon the
use o f surrounding forest land. The jointness in production between related stands may
influence the choice o f optimal rotation length on the focal stand. Swallow and Wear
(1993) extend the work by Bowes and Krutilla (1989) to examine the spatial interactions
o f a single stand with neighbouring stands in a multiple-use forestry setting. Their
analysis shows that stand interactions may lead a forest managers to alter harvesting
schedules on an individual stand relative to the schedule on a neighbouring stand. In
addition, optimal management decisions may involve allocating stands different roles
over time, for example by varying the emphasis across individual stands on timber and
non-timber forest benefits. Swallow, Parks and Wear (1990) explore the problem o f
stand age interactions further and examine the problem of policy relevant non
convexities. They show that under certain conditions, policy makers may improve the
efficiency o f land use decisions by exploiting the relationship between the timber only
optimum and the global all-benefits optimum.

Whilst there have been several studies of stand age interactions, the forest economics
literature has not addressed the role of spatial interactions, such as between the stand
and forest level, on the choice o f stand allocation. However, this has been raised as an
important consideration by the forest ecology literature. For example, a study by
Holling et a l (1994) o f boreal forests in North America provides an example of a
hierarchial structure o f forests where each level o f the hierarchy has its own spatial scale
ranges. The functions and properties o f the forests differ at various space levels, such as
the patch, the stand, and the forest level, and there is interdependency between the
levels. Brown (1998) also notes that in tropical forests, climatic, natural and human
disturbances at different spatial levels have a significant impact on forest structure and
composition. In particular, biodiversity maintenance, watershed protection, soil erosion
and other ecological functions and services provided by individual stands cannot be
isolated from forest level land use.

Recent empirical work also indicates that scale and fragmentation o f the forest stock
may affect the decision to convert the remaining forest land. For example, the Food and
Agricultural Organisation (FAO) undertook an analysis o f forest fragmentation on
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deforestation in West Africa and the Amazon Basin using coarse resolution satellite data
(FAO 1993). A perimeter area index and an edge/core ratio index were developed to
quantify landscape variability and fragmentation. In both cases, the higher the
fragmentation o f the forest and the smaller the scale o f the remaining forest stock, the
higher the rate o f deforestation.1

To briefly summarise, the forest economics literature has tended to focus on the analysis
o f a single stand in isolation o f surrounding land uses. Early extensions from the stand
to the forest level looked at the timing of timber harvests to ensure an even flow of
timber over time. More recent extensions have examined the implications of stand age
interactions on the timing o f harvests and the mix of stand uses. The existing forest
economics literature has not adequately addressed the issue of spatial interactions on
stand level decisions, although the forest ecology literature and recent empirical studies
suggest that this is an important consideration in tropical forest areas. The topic of
forest level land use decisions and stand interactions is addressed in the rest o f this
chapter.

5.3

Forest Level Model of Alternative Forest Land Use Options

In this section we aggregate the stand level model to the forest level and extend it to
include the role of stand interactions. We look at the situation where there are
numerous stands within a given area, and assume that the returns to an individual stand
depend on surrounding land uses. We present the socially optimum forest land
allocation problem and compare this to the decentralised equilibrium problem where
private foresters determine the choice of land allocation at the stand level.

Let us assume that there is a large tract o f homogeneous forest land, where L represents
the total forest area in ha. The forest land consists of a number of individual stands,
where n represent an individual stand in the forest, where n — 1,..,TV and TVis the total

1 It would be interesting to incorporate measures of landscape variability such as the perimeter area
index and edge/core ratio index in an econometric analysis of deforestation. Although there have been
several recent studies of deorestation using spatially referenced data (see for example, Chomitz and Gray
1995), this topic warrents further research.
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number o f forest stands. The area o f the «th stand is given by L„. The total stock of
forest land, L, consists o f the sum o f the areas of the individual stands:
N

£ Ln = L

fo r n =

(5.1)

n=\

Forest land may be allocated to two types o f land use, i, either maintenance under
natural forest management for timber and non-timber forest benefits or conversion to
agriculture, where i = F, A respectively. Let V be the total land under land use i:

E

ne

Ln = L '

f°r

i = F, A

(5 2 )

i

We assume that the land use types are grouped together as a continuous block rather
than fragmented and dispersed. Therefore, islanding is explicitly ruled out. In practice
this may be reflected by land use planning and ‘zoning’ land use types together and may
also involve the creation o f ‘corridors’ to join otherwise fragmented and dispersed forest
land areas together.

The per hectare returns to an individual stand o f forest or agricultural land are assumed
to be a function o f the total amount o f land dedicated to that land use. Let V(L') be the
return per hectare to land use type i, when the total area o f land dedicated to that land
use is given by L‘. The relationship between the returns from a stand and the total stock
of forest land allocated to the same management option may arise through biological
interactions between the individual stand and the broader forest ecosystem. Although
the ecological functioning of an individual stand may also depend on the allocation o f
surrounding land to alternative land management regimes, we focus only on stand
interactions within the same type o f land use.

In this chapter we also assume that the optimal length o f rotation has already been
determined and for ease o f notation the optimal rotation age is not included in the
following model. However, the optimal rotation length o f a stand may change in
response to changes in the total amount o f land dedicated to that land use option.

Let <fi(L‘) represent the total returns to all land under type i land use, which is simply the
returns per hectare to that land use type time the total amount o f land under that land
use option:
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(5.3)

where:2
4>f(0) = 0

(5.4)

In order to determine the nature o f the functional relationship between the returns to
land use and the size o f the total management stock one can examine how the returns to
land vary whilst holding all other inputs constant. By deriving the first and second order
partial derivatives o f the returns to land management with respect to the size o f the total
land stock, the relationships between the total, average and marginal returns to land can
be determined. The first and second order derivatives o f the total returns to land with
respect to the stock o f land are:
= y i(L)+ Lid m i
dL1

W )
dL1

( 5 .5 )

V ‘(L Q
Q = 2 dTW) + L &VXL
( d L l) 2

dL'

(5.6)

( dL')2

where d(p(L')/d(L') represents the marginal returns to natural forest land.

In the following sections we establish three special cases o f stand interaction effects:
zero stand interactions, negative stand interactions and positive stand interactions
effects. By zero stand interaction effects we mean that the per hectare returns to an
individual stand remain unaffected by changes in the size o f the total stock o f land
dedicated to that land use option. Negative stand interaction effects imply that the per
hectare returns to a stand fall as more land is allocated to that land use option. The
reverse is true for positive stand interaction effects. It is considered that all three cases
are physically possible for the wide range of forest benefits that exist. Before we look at
examples and the conditions determining these three cases, we first set up the forest land
allocation problem from the perspective of a social planner owning the entire forest
estate and a private forester owning a single forest stand in the forest estate. This will
enable us to compare and contrast the social optimal and decentralised equilibrium
allocations under the three different types of stand interactions.

2

••

There may be a minimum total viable stock, L' *, below which land use is not economically feasible.
This could be incorporated in the analysis by assuming that: <J>'(L'*) = 0.

Economics of Tropical Forest Land Use

J. Burgess

Chapter 5

136

Land Allocation Problem: Social Planner and Private Forester
The objective o f the social planner is to maximize the net present value of the entire
forest land, WL, over an infinite time horizon through the allocation of forest land
between natural forest management for timber and non-timber forest benefits and the
conversion o f forest land to agriculture:
W L = MAXLr

la

[4>f'( i / ) + § \ L y)]

(5.7)

subject to:
L

f

+ LA <L

If the returns to forest land use are greater than zero, then management of the forest land
is an economically viable land use option and the first step of the decision process is
solved. From now on, let us assume that the net present value o f the stand is positive,
that is W1 > 0. We also assume that the marginal returns to land under forestry and
agriculture are positive, that is d<t>F/3LF > 0 and 3<|>A/dLAis > 0. The second step o f the
decision process is to determine which type o f land use to allocate the stand to. We will
examine this step for each o f the three types o f stand interactions in the following
sections.

The private forester's land allocation problem is to maximise the per hectare present
value returns to a single stand, WL", over an infinite time horizon by choosing to
allocate the stand to either forestry or agriculture. We assume that the forester
determines the allocation of this stand independently of all other private land owners, but
does take account of the impact o f the total stock o f land allocated to each land use
option:3
W L" = MAX, V ' ( L ')

(5.8)

Again, we assume that the returns to the stand are greater than zero, such that
WLn > 0. Thus, it is in the interest o f the forester to manage the stand. In the
following sections, the private foresters land allocation decision is examined. The

We could adapt the model to assume that an individual ignores, or has imperfect information about
land use decisions by other land owners, and only takes stand level factors that are under their direct
influence, i.e. V l( L n‘) , into consideration in their land use decision.
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decentralised equilibrium outcome is compared and contrasted to the social optimum
land allocation decision for each o f the three types of stand interactions.

5.4

Zero Stand Interactions

Zero stand interactions mean that the average per hectare returns to an individual stand
are unaffected by changes in the size o f the total stock o f forest land dedicated to that
land use option. This is the standard case o f no externality effects. The benefits o f
adding an additional stand are the same as the average value o f these benefits on existing
forest land. Most forest level land use studies implicitly assume zero stand interactions,
and this is expected to be applicable to plantation timber production and agricultural
production benefits. There is no strong evidence to suggest that plantation timber
production or agricultural production at the stand level is dependent on surrounding land
use. However, timber production under natural forest management systems may not fall
into this category, as natural regeneration at the stand level is dependent on the
neighbouring forest for the provision o f seed trees and natural seed dispersal mechanisms
(Brown 1998). Furthermore, if ecological goods, services and functions are also taken
into consideration in the land use decisions, then the assumption of zero stand
interactions may not be appropriate. Non-zero stand interactions are examined in
Sections 5.5 and 5.6.

Underlying Assumptions
The conditions defining the case o f zero stand interaction effects are:
d V l{L*)
n
—
= 0
dL1

a2F '(L ')
-----------Z = 0
( d L 1)2

(5.9)

which implies that:

a2T~
<(AL. ,')
(dL f

n

s 0

(5.10)

Under the conditions specified in (5.9) and (5.10) the average returns to forest land use,
V(L'), do not change with an increase in the stock o f land, and the marginal returns to
land, d(ft(L‘) /d(L‘) are also constant with increases in the total land stock, V. Figure 5.1
shows that the total returns to land use, $ 0 ) , are an increasing linear function o f Ll and
that the average returns to forest land use, V(L’) , are a linear and horizontal function o f
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L \ Therefore, under conditions o f constant marginal returns to the factor land, adding
an additional stand to the existing total land stock does not change the average value of
that land stock.

Social Optimum
From the social planner’s perspective, in a situation o f zero stand interactions the
allocation o f forest land simply depends on whether the per hectare value o f allocating
the land to natural forest management is greater than, less that or equal to allocating the
land to agricultural production:
o

(5.12)

V f( L f ) = V A(L A)

■* L F i 0,

o

(5.13)

II

II

LA =L

■4

- L F = 0,

<1

t*.

V ^ L * ) < V \ L A)

0 > VA(L A)

t

(5.11)

v f(l

Al

Thus, if (5.11) holds then this implies all land will be maintained under forest
management for timber and non-timber forest benefits, whilst if (5.12) holds then forest
land will be converted to agricultural production. If (5.13) holds then the social planner
would be indifferent to allocating all land to forest management, I f = L, all land to
agricultural production, i f = L, or some mix between these two extremes, that is, i f > 0
and Lc > 0. This result is that same as that derived for the stand level forest land use
allocation model developed in Chapter 3.

Decentralised Equilibrium Optimum
The private forester will allocate the stand to its highest valued use. Thus, conditions
(5.12), (5.13) and (5.14) apply again, and the private individual will allocate the stand to
forestry, agriculture or be indifferent between the two land use options respectively.

As one would expect in the case o f zero stand interactions, the decentralised equilibrium
optimum allocation o f stands by numerous private individuals results in the same
outcome as the social planner’s optimum land allocation decision. Therefore, there is no
divergence between the decentralised equilibrium and social planner’s land allocation
decision with zero interaction effects. This is the standard case assumed in the literature.
In the following two sections, we examine the cases where negative and positive stand
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interaction effects prevail, and explore the implications for private and social land use
decisions.

5.5

Negative Stand Interactions

Negative stand interactions are taken to mean that the average per hectare value o f an
individual stand will decline with an increase in the size o f the total stock o f land
dedicated to that land use option. Now the benefits o f adding an additional stand are
less than the average value o f these benefits on existing forest land. For example, adding
an additional stand o f forest to a given watershed may have a negative impact on the
average value o f water run-off, due to a decline in the overall quality and quantity o f
water run-off from the watershed. Similarly, if pesticides and fertilizers are being used
excessively on agricultural land, adding an additional stand of agricultural land may
further exacerbate the overall problem o f environmental degradation.

Underlying Assumptions
The conditions defining our case o f negative stand interaction effects are:
0
dL1

f l M . O
(dL f

(514)

where V(L') is a decreasing and convex function o f V * In order to assume that the total
return function is concave, we assume that:
V f (L 0 = $ (L F)-*, 4> > 0, 0 < <j> <1

(5.15)

V A( L A) = A ( L AY (t, A > 0, 0 < a <1
This implies that the average value functions are decreasing and convex, whilst the total
value function is increasing and concave. Thus,
32<t>‘a ' 1 a
yv. / < 0
(dL f

(5.16)

4 Note, we could have assumed that V(V) is a decreasing and concave function ofZ,', which would
have implied that the total returns function is definitely concave. However, for negative stand interactions
such as water quality and quantity in a given watershed, it is more appropriate that the per hectare benefits
of adding more land to forest decline rapidly as the initially small forest stock increases, but that this decline
trails off for large forest stocks as the capacity o f the forest to absorb water from the watershed reaches
saturation.
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Under the conditions specified in (5.14) to (5.16), the average returns to land, V(L%
decrease and the marginal returns to land, dtffLydfL'), diminish with increases in land,
V . Figure 5.2 shows that the total returns to land, ififL'), are an increasing and concave
function o f L and that the average returns to forest land are decreasing and convex.
This implies that the per hectare value of adding one more stand to the total land stock is
less than the average per hectare value of all existing stands. Therefore, under
conditions o f negative stand interactions, adding an additional stand to reduces the
average value o f land.

Social Optimum
In the case o f negative stand interactions, the objective function, that is the revenue
function, is concave and we are able to use calculus to look at forest level land use
decision from the perspective o f a social planner and to determine a single unique
solution. In order to solve the social planner's problem specified in Section 5.3, the first
order conditions with respect to the total stock of forest land are derived, where X
represents the price or opportunity cost o f forest land:

c sA

dLF

) < A

*o

(5.17)

LAi 0

(5.18)

I

V

8La

’

There are three potential outcomes to this problem. First, two boundary solutions can
be determined by substituting (5.17) into (5.18), or vice versa, and eliminating X:
8<K(L)
d<tA0)
arr * “ t ttdLt
dLA

a<i>F(0)
=1 *
dL

d^(L)

V
dL

*

l

=l

f

T rA

=>L=L

(5.i9)

(5.20)

Thus, if (5.19) holds then this implies all land will be maintained under forest
management for timber and non-timber forest benefits, LF- Z, whilst if (5.20) holds
then forest land will be converted to agricultural production, LA = L. If the marginal
benefits from an increase in the amount of natural forest land are always greater than or
equal to the marginal benefits from allocating more land to agriculture for the entire
stock o f land available, then this implies that all land will be allocated to natural forestry.
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This situation is depicted in (5.19), and the reverse case in (5.20). These two boundary
solutions are equivalent to the ‘bang-bang’ solutions observed in the previous case of
zero stand interactions.

One implication o f this solution is that even if the vast majority of forest land is already
dedicated to forestry, the marginal benefits o f increasing land under this land use option
may still exceed the marginal benefits from allocating some land to agricultural
production. This situation can arise under conditions of negative stand interactions if the
total benefits from forestry production are significantly greater than the total benefits
from agricultural production and the average value o f forest land declines very slowly
with increases in total stock o f forest land.

If neither condition (5.19) nor (5.20) is satisfied, then a third outcome occurs. This is an
interior solution to the forest land allocation problem, which arises when it is optimal to
allocate some land forest and some to agriculture:
6<t)F( I Q = d t f ( L A)
dLF

=> L F > 0,

LA> 0

(5.21)

dLA

(5.21) indicates that forest land will be allocated to forest management up to the point
where the marginal returns to natural forest land is exactly equal to the marginal returns
to agricultural conversion land. This case is depicted most frequently in the literature on
'marginal land' at the tropical forest frontier (Parks et al. 1998).

Therefore, with negative stand interactions there may be an incentive to allocate land to
both types o f land use options, even for homogeneous forest land.

This is a significant

departure from the case o f zero stand interactions whereby by forest land is allocated to
either forestry or agriculture in a bang-bang solution, but not to both. Therefore,
although the comer solutions may still arise in the case o f negative stand interactions, we
now also have the possibility o f an interior solution.

Decentralised Equilibrium Optimum
In order to maximise the returns to the forest stand, the private individual will allocate it
to its highest value. However, it is not immediately clear as to whether this will lead to
the same allocation as the social planner, or whether it will result in too much or too
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little land being allocations to forestry. This is because there are negative externalities
associated with both types o f land use and it is not clear in general as to whether the
‘mistake’ will be greater for agriculture or forestry.

~ F

For example, assume the social optimum amount o f land allocated to forests, L

is

characterised by:

4>(1 - <t>)(ZV = A( 1 - a)(L

- L Fy a

(5.22)
~ F

The equilibrium amount o f land allocated to forests, L , is then characterised by:

& (£ Fy * = A(L - £ Fy*

(5.23)

This implies that:
r~ F

L

>

f F

—L

«

,

<

<J> — a

,

(5.24)

Thus, the equilibrium and optimum solutions are the same if the negative interaction
effects are the same across both types of land use, that is (j) = a. This is because then
the ratio o f the marginal to the average return is exactly the same in each type o f land
use and therefore the 'extent o f the mistake' is the same in both cases.

On the other hand, decentralised decision making will produce too little forest land if the
negative interaction effects are greater for forestry than for agriculture, that is <p> a„
and vice versa. There is little empirical evidence currently available to indicate whether
the negative interaction effects for forestry are likely to be the same, greater or less than
for agriculture. Therefore, until further research is conducted, we cannot say with any
certainty whether decentralised decision making in the presence o f negative stand
interaction effects as been a cause o f excessive tropical deforestation.

5.6

Positive Stand Interactions

Positive stand interactions are taken to mean that the average per hectare value o f an
individual stand will increase with an increase in the size of the total stock of land
dedicated to that land use option. Now the benefits of adding an additional stand are
greater than the average value o f these benefits on existing forest land. There are
numerous examples o f positive stand interactions from natural forest management with a

J. Burgess

Economics of Tropical Forest Land Use

Chapter 5

143

watershed, such as improved species diversity, protection o f soil fertility and microclimatic maintenance (Pearce et al. 1999).

Underlying Assumptions
The conditions defining the case o f positive stand interactions are:
f M
dL 1

> 0

. 0

(5.25)

(<3L ¥

which implies that:
d2# ( L ') ^ A
/ > 0
(dL l)2

(5.26)

Under the conditions specified in (5.25) and (5.26), the average returns to land, V(L%
increase and the marginal returns to land, dtftfij/dfL'), also increase with increases in
land, L‘. Figure 5.3 shows that the total and average returns to land use, (p(L‘) and
V(L% are an increasing and convex function o f L‘. This implies that the per hectare
value o f adding one more stand to the total land stock is greater than the average per
hectare value o f all existing stands. Therefore, under conditions o f positive stand
interactions, adding an additional stand always increases the average value o f land.

Social Optimum
In the case o f positive stand interactions, given the convex nature o f the total revenue
function we are not able to use calculus to look at forest level land use decisions from
the perspective o f a social planner and thus determine a single unique solution. This is
because comparing local relatives, such as the marginal returns to land, will not define
the solution to the social planner's problem and cannot be used. Instead, we need to
look at the global extremes from allocating the entire land stock to the two alternative
management options in order to determine the optimal boundary solution. However, by
examining the global extremes, we cannot draw any conclusions about any other points
away from these specific extremes.

The allocation o f a given stock o f land, L, will depend on whether the total benefits from
forest land use, <jf(L ) (calculated assuming that all the land is allocated to forestry, L F=
L) are greater, less than, or equal to the total benefits from agricultural land use, <$>A(L)
(calculated assuming all the land is allocated to agriculture, LA = L). Therefore, the
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social planner will compare the total returns to the two land use options for the total
amount o f land available:
4>F(L) > t f ( L )

- LF =L

LA=0

(5.27)

<&F(L) < $ A(L)

- LF=0

LA =L

(5.28)

<m =<m

2l f : lo

(5-29)

Conditions (5.27) and (5.28) indicate that the entire stock o f land will be allocated to
that land use option that leads to the highest value, being maintenance for forestry
management and conversion to agriculture respectively. If (5.29) holds, then for the
total amount o f land available the returns to both land use options are equal and the
social planner will be indifferent between the two alternative land use options. If this
occurs, then all land will be allocated to either forestry or agriculture. Unlike the case of
zero stand interactions, the social planner will not be indifferent to allocating some land
to forest management and some to agricultural production, as (5.29) only holds for the
global extreme, where either I f = L, or LA = L, and does not apply to the case where L f
> 0 and L a > 0.

Looking at the marginal benefits from allocating additional land between the alternative
land use options will not necessarily define the optimal solution to the social planner’s
land allocation problem. This is because with positive stand interactions there will
always be an incentive to keep adding to the existing land use option. For example, for a
given land area it may hold that <|f(L ) > $ A(L) and all land will be allocated to forestry.
With a marginal increase in the total land area to L*, the social planner would need to re
evaluate the entire land stock under the alternative uses. If the social planner looked at
the relative returns to allocating the additional land to the alternative uses, then the land
would always be allocated to the existing land use option, which in this case is forestry.
However, for the new area o f land, L*, the total returns to forestry may now be less than
the total returns to agriculture, $ F(L *) < § A(L*), and it is optimal to convert the total
land stock to agriculture. In the case o f positive stand interactions, the social planner
needs to examine the total, rather than the marginal, returns in order to determine an
optimal land allocation decision.
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Decentralised Equilibrium Optimum
Once again, the private forester will allocate the stand to its highest value use. There are
three possible solutions that may arise:
•

if 1^(0) > F*(£), then the unique equilibrium is i f = L\ LA = 0. This is also the
social optimum;

•

if F*(0) > Jf(L), then the unique equilibrium is i f = 0; LA = L. This is also the
social optimum;
if 1^(0) < r*(L), and VA(G) < ^(L), then both LF= 0 \L A=L and LA= 0;LF= L
are locally stable equilibria. In this case, there is a possibility that the economy
could get locked into the wrong equilibrium.

In the first two cases, the per hectare value of an isolated forest (or agricultural) stand is
greater than or equal to the per hectare value of an agricultural (or forest) stand, even
when all the land is allocated to agriculture (or forestry). Under these conditions, the
private individual will have an incentive to allocate all land to forestry (or agriculture)
and the decentralised equilibrium corresponds with the social optimal land allocation.

In the third case, the per hectare value of an isolated stand under forestry (or agriculture)
is less than the per hectare value o f an agricultural (or forest) stand when all the land is
allocated to agriculture. The private individual will have an incentive to allocate the
stand to either type o f land use and both result in locally stable equilibrium. However,
this may not correspond with the socially optimal equilibrium.

One concern is that there is a tendency for the private individual to perceive that 1^(0) <
F*(L), and then allocate all land to agriculture, such that LF =0 ; LA = L. For example,
this may occur at the tropical forest frontier if an individual expects other settlers to
come in and clear the existing forest land for agricultural production, and the returns to a
single stand o f isolated forest are less than the returns to a stand o f agricultural land if all
the forest estate is converted to agriculture.

This case provides a new insight into the situation at the tropical forest frontier where
individual land use decisions result in piecemeal forest conversion and fragmentation,
which further exacerbates the incentive for forest clearance. Although this results in a
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locally stable equilibrium, it may not coincide with the socially optimal allocation o f
forest land if § F(L) > § A(L). Therefore, with positive stand interactions and F^(0) <
K*(X), decentralised decision making may bias the allocation o f forest land towards
excessive conversion to agriculture.

There are several market and policy responses that could be undertaken to address this
problem. First, individual forest land owners may have an incentive to come together to
coordinate their land use decisions, so long as all land owners benefit from this action.
For example, Barnes and Jager (1996) undertook a study of the increase in wildlife
numbers and diversity on private land in Namibia. The aggregate economic value of
wildlife use on private land has risen by approximately 80% in real terms between 1972
and 1982. A comparison o f the private returns from trophy hunting and wildlife viewing
and to ranching on land holdings in Namibia shows that there are financial incentives for
private landholders to group together to form large scale conservancies for wildlife
production rather than undertake ranching on their individual land holdings (Barnes and
de Jager 1996).

However, the high costs of establishing and maintaining this coordination, due to a lack
o f information, spatially dispersed land holdings and poor communication infrastructures
may undermine this market-based response in many tropical developing countries.
Under these conditions, government intervention may be required to ensure socially
optimal land allocation. The actual type of government intervention may take several
forms.

First, if private land owners simply lack information on forest wide land use benefits,
then establishing means o f communication amongst these private individuals may be
important. For example, in the Namibia case study the Ministry o f Environment and
Tourism currently supports both the use of wildlife and the development o f wildlife
conservancies on private land (Barnes and de Jager 1996).

Second, if the problem is the coordination and spatial distribution o f current land uses,
then land use planning strategies may play an important role in the establishment o f
designated zones for natural forest management. When the non-timber forest benefits
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are also externalities, then appropriate compensation may be required to first o f all to
make sure that these benefits are taken into account, and second to ensure that stand
interactions effects are incorporated into land use decisions.

Finally, under certain conditions, state management and control o f forest land through
the maintenance o f existing and establishment o f additional national parks, buffer zones
and corridors may be required to ensure the socially optimal allocation o f forest land for
a range o f ecological goods, services and functions (Wells and Brandon 1994).
However, as noted by McNeely (1993) and Southgate and Clark (1993), government
managed conservation schemes are not without their own problems.

5.7

Conclusion and Policy Implications

The existing forest economics literature shows that if the forest land consists of
numerous independent homogeneous stands, then one would expect all the forest land to
be allocated to the same land use option. When the land is heterogeneous rather than
homogeneous, then there may be a mix o f land uses and a frontier forest 'margin'
between alternative land uses may be observed. Whilst this literature goes some way
towards explaining the patterns o f deforestation observed in the tropics, it does not
adequately explain the impact o f forest conversion and fragmentation on land use
decisions.

In this chapter we examine this problem further by exploring the role of stand
interactions on forest land use decisions. If the returns to a stand are dependent on
surrounding land uses then the basic forest land use options model needs to be adapted
to take these externality effects into account. In order to illustrate this, three cases of
zero, negative and positive stand interactions are examined in detail. For each o f these,
the conditions defining the case are stated, and the social optimum land allocation
decision is compared to the decentralised equilibrium land allocation decision.

In the case o f zero stand interactions, the average per hectare returns to an individual
stand are not affected by a change in the size o f the total management stock. This is the
standard case of no externality effects that is assumed in most of the literature. Both the
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social planner and the private individual will allocate land to the use that provides the
highest per hectare value. For example, if the per hectare returns to timber production
are greater than, less than or equal to the per hectare returns to crop production, then
the land would all be allocated to forest, agriculture or some mix between these two
extremes respectively. As one would expect, there is no divergence between the social
optimum and decentralised equilibrium optimum for zero stand interactions.

In the case o f negative stand interactions, the average per hectare returns to an
individual stand decline with an increase in the size o f the total stock o f land. Negative
externality effects may occur in forestry when trees adversely affect the water quality
and quantity within a watershed, and may prevail in agriculture due to the excessive use
o f fertilizers and pesticides. The social planner will allocate the land on the basis o f the
marginal returns to land, which may result in two patterns o f land use. First, if the
marginal benefits from one management regime are always greater than those from the
competing land use option, then a boundary solution occurs and the land will be
allocated to a single highest valued use. Second, if an interior solution exists, then the
social planner will allocate land up to the point where the marginal returns from one land
use are exactly equal to the marginal returns to the alternative land use. This will result
in a mix o f land uses, even for homogeneous forest land.

Under conditions of negative stand interactions, the private individual will allocate the
stand to its highest value, but whether this will lead to the same allocation as the social
planner is not immediately apparent. This is because there are negative externalities
associated with both types o f use and it is not clear in general as to whether the misallocation will be greater for agriculture or forestry. For example, if the negative
interaction effects are greater for forestry than for agriculture, then the private individual
may allocate too little land to forestry. However, there is little empirical evidence to
suggest that the presence o f negative stand interactions has been a cause o f excessive
tropical deforestation.

In the final case o f positive stand interactions, the average per hectare returns to an
individual stand increase with an increase in the size o f the total stock o f land. Positive
externality effects may occur in forestry for ecosystem benefits such as species diversity,
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soil fertility protection and micro-climatic maintenance. In order to determine the
optimal land use, the social planner will compare the total returns to the alternative land
use options for the total amount o f land available (i.e. the global extremes). If there is a
single highest valued use, then the entire stock o f land will be allocated to this type o f
use. If the total returns to the alternative land uses are equivalent, the social planner will
allocate it just a one type o f land use rather than a mix o f land uses. If the social planner
just looks at the marginal benefits from allocating additional land, there will always be an
incentive to keep adding to the existing type o f land use, but this will not necessarily
define the optimal solution.

With positive stand interactions, the private individual will allocate the land to its highest
value use. This will correspond with the social optimum if the per hectare value o f an
isolated stand under, say, forestry, is always greater than the per hectare value o f a stand
under agriculture, when all the land is allocated to agriculture. However, if the per
hectare value o f an isolated forest stand is less than the per hectare value o f an
agricultural stand with all land allocated to agriculture, then the private individual will
allocate the stand to agriculture. Although this is a locally stable equilibrium, it may not
correspond with the socially optimal equilibrium. This is a particular concern at the
tropical forest frontier where an individual may anticipate the arrival o f settlers who will
clear the existing forest land for crop production. If the returns to stand o f isolated
forest are less than the returns to a plot of crop land when all the forest estate is
converted to agriculture, then private land use decisions may result in the piecemeal
conversion and fragmentation o f forest land. If the returns to forestry when all the land
is dedicated to forestry exceed the total returns to agriculture when all the land is
converted to agriculture, then the decentralised equilibrium will not correspond with the
social optimum land allocation decision.

5.8

Summary of Chapters 3, 4 and 5

Chapters 3 to 5 have looked at the existing economic theory o f forest land use change
and extended it to make it more applicable to the problem o f tropical deforestation.
Here we provide a brief summary o f the main results and discuss the policy implications.
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In Chapter 3 we developed a basic forest land use options model, based on the standard
Faustmann timber production model. It was shown that if a stand o f forest land is
owned or managed by a private, profit-maximising individual, then the stand will be
allocated at the outset to its highest valued use and the optimal rotation length will be
constant over time. Market and policy failures affecting natural forest management,
such as environmental externalities, imperfect information about changing prices and
insecure land tenure, can easily be incorporated into this model. They can be shown to
lead to bias land use decisions away from conservation o f natural forest and towards
conversion to alternative uses, such as plantation timber, crop or livestock production.

In Chapter 4 we ask: how well does the basic forest land use options model help to
explain the ongoing process o f deforestation in the tropics? A major concern about the
basic forest land use options model is that the decision to allocate forest land between
the alternative land uses is made at the outset, and that forest land is then maintained
under this use into perpetuity. Therefore, after the initial allocation, there would be no
further change in land use over time. However, we know from Chapter 2 that land
allocation at the tropical forest frontier is not static, but is continuously being converted
from natural forest to plantation or agricultural land uses over time.

In order to explain the dynamic process of forest land conversion, Chapter 4 extended
the forest land use options model to allow the individual to switch between alternative
management regimes over time. Two cases were identified where the individual may
allocate forest land to one use at the outset and then convert to an alternative use at
some point in the future. However, it was noted that because of the high costs and long
time frame required for re-establishing tropical natural forest, tropical deforestation may
effectively be an unidirectional and irreversible process.

The first case illustrates the situation where an individual is initially locked into one type
of management practice, for example due to tenure rights or concession arrangements,
but is able to switch to a higher valued management option in the future. This case was
also used to illustrate the situation where an individual initially allocates the stand to its
highest valued use, but due to a one-off change in a key parameter, such as prices or
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costs, the individual may have an incentive to switch to an alternative, now higher
valued, land use at some point in the future.

The second case o f switching between alternative land uses over time developed in
Chapter 4 looked at the situation where an evolving key parameter, such as constantly
increasing timber prices, creates an incentive for the individual to initially allocate the
stand to its highest valued use, but with the expectation o f switching in the future to an
alternative management regime when it has increased in value. Therefore, the individual
switches between land uses on an equilibrium path, due to evolving prices over time.

In both cases o f switching there is a need to modify the basic forest land use options
model in order to determine the optimum land allocation and rotation lengths. In the
first case o f switching, the Faustmann formula for the optimal rotation length prior to
switching needs to be modified so that it is dependent on the value o f forest land under
the optimal, rather than the actual, management regime. This results in a shortening of
the first rotation in order for the forester to get access sooner to clear ground on which
to establish the more valuable management regime. In the second case o f switching, we
need to undertake two steps. First, we need to work out for each management regime
the length o f the first rotation that will maximize the first rotation value function. Then
we need to choose the management regime which yields the maximum value in the
second rotation and thereafter. In order to determine the optimal choice o f management
regimes and rotation lengths, the individual needs to consider a combination o f land use
options. This is a significant departure from the basic forest land use options model and
the standard Faustmann formula. By extending the basic forest land use options model
to account for the conversion o f forest land over time, Chapter 4 helps to explain the
process o f forest land conversion observed in the tropics.

In Chapter 5 a further question is asked: to what extent can the stand level model be
used to explore patterns o f land use at the forest, regional or national level? In
particular, can this model be used to explain the forest frontier and forest fragmentation
that were identified in Chapter 2? This chapter examined the case o f zero, negative and
positive stand interactions. In the case of zero stand interactions, the average per
hectare returns to an individual stand are not affected by a change in the size o f the total
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management stock. The social planner and the private individual allocate land to its
highest valued use per hectare, and there is no divergence between the social optimum
and decentralised equilibrium optimum for zero stand interactions.

In the case o f negative stand interactions, tthe average per hectare returns to an
individual stand decline with an increase in the size o f the total stock o f land. The social
planner will allocate the land on the basis of the marginal returns to land, which may
result in a boundary or interior solution. The private individual will allocate the stand to
its highest value, but this may diverge from the socially optimal allocation. For example,
if the negative interaction effects are greater for forestry than for agriculture, then the
private individual may allocate too little land to forestry.

In the case o f positive stand interactions, the average per hectare returns to an individual
stand increase with an increase in the size o f the total stock o f land. The social planner
will allocate the entire land to the use that gives the highest value. The private
individual’s allocation will correspond with the social optimum if the per hectare value of
the stand under that use is always greater than the per hectare value o f the alternative
use. However, if this does not hold, then the privately efficient allocation may not
correspond with the socially optimal equilibrium.

In short, in Chapters 3 to 5 we have examined the existing framework for examining the
allocation o f forest land between competing land use options, and have addressed the
process o f forest conversion over time and the pattern o f frontier forest conversion and
fragmentation. We have also identified the underlying causes for a divergence between
the privately efficient and socially optimal allocation o f forest land. First, in the basic
forest land use options model tropical deforestation may be economically excessive
because o f the standard market and policy failures of environmental externalities,
imperfect information on changing prices and tenure insecurity.

Second, tropical deforestation may be economically excessive when there is forest
conversion over time. For example, a private individual may demonstrate a lack of
flexibility in responding to a change in market conditions and show a lack o f foresight
and consider current rather than expected market conditions. The individual may also
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fail to take account of the costs o f conversion between alternative land uses, even
though tropical deforestation may effectively be irreversible. In the case o f switching
over time along an equilibrium path, the individual may also fail to fully consider all the
land use combinations due to the significant time and effort required, and may not
implement the appropriate framework of analysis to determine the optimal allocation o f
forest land.

Finally, tropical deforestation may also be economically excessive when stand
interactions within the broader forest landscape occur. In the case o f negative stand
interactions, decentralised decision making may lead to too much deforestation if the
adverse externality effects are greater for forestry than for agriculture. There is
insufficient empirical evidence to indicate whether this is a real problem in the tropics.
With positive stand interactions, decentralised decision making may lead to too much
deforestation if the returns to an isolated forest stand are less than the returns to
agricultural land when all the forest estate is converted to agriculture. This may be a
significant problem at the tropical forest frontier, because natural forest management at
the stand level is highly dependent on beneficial externalities from the surrounding
forest, whilst frontier forest land is rapidly being converted and fragmented.

In the following chapters we use the theoretical insights derived from Chapters 3 to 5 to
inform two empirical analyses o f tropical forest land conversion. In Chapter 6 we
undertake an analysis o f deforestation across all tropical forest countries. In Chapter 7
we present an empirical analysis o f the expansion o f crop and livestock land at the
expense o f forest land in Mexico. In the concluding Chapter 8 we discuss the issues for
policy that have been raised by the theoretical and empirical analyses. We also discuss
the established and innovative policy options that could be implemented to address the
underlying causes o f economically excessive deforestation.

[word count: 8,923]
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EMPIRICAL ANALYSIS OF TROPICS WIDE
DEFORESTATION1

6.1

Introduction

Aims and Contribution
Chapters 3 to 5 have looked at the economics o f tropical timber production and the
conversion o f forest land to alternative land uses. They help to explain the pattern of
tropical forest land use, in terms o f tropical forest frontier and fragmentation o f forest
land, and the process o f forest conversion over time in terms of comparative static shifts
and switching along an equilibrium path. In Chapters 6 and 7 we use this theoretical
framework o f deforestation as the basis for two empirical analyses o f tropical forest land
conversion. In this chapter we undertake an analysis o f deforestation across all tropical
countries. In Chapter 7 we present an empirical analysis of the expansion o f crop and
livestock land at the expense o f forest land at the country level for Mexico. We use the
insights from the theoretical and empirical analyses to inform our policy discussion in the
concluding Chapter 8.

Over the past ten years there has been increasing interest in examining the underlying
and proximate causes o f tropical forest land use change. For example, Kaimowitz and
Angelsen (1998) provide a review o f 150 economic models o f tropical deforestation,
90% o f which have been produced since 1990. Of these 150 economic models, over half
are regression analyses and the rest are analytical and simulation models. Using the
theoretical framework developed in Chapters 3 to 5 we discuss the type of empirical
analyses that have been undertaken. In particular, we discuss whether the studies are at
the micro or macro level, look at the level or change in the forest area, use time series or
cross sectional data, and take a comparative static or dynamic approach.

1 This chapter draws on two publications by Burgess (1993, 1995), which is updated in Barbier
and Burgess (1997). The authors made an equal contribution to Barbier and Burgess (1997). The
empirical analysis from Barbier and Burgess (1997) is used in Section 6.3, with the remaining material
being research being new for this thesis.
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We then use our theoretical framework of deforestation as the basis for an empirical
analysis o f forest conversion at the macro level using cross sectional data for all tropical
forest countries. In our discussion o f the empirical results, we examine the role o f the
key market and policy failures that we have previously addressed. These are
environmental externalities, insecure land tenure and changing prices and costs. We
discuss the implications for policy coordination across all tropical forest countries.

Structure of Chapter 6
Section 6.2 provides a review o f existing literature on empirical analyses of tropical
forest land use change. In Section 6.3 a new empirical analysis of the driving forces
behind tropical deforestation is developed for all tropical forest countries. Section 6.4
examines the choice o f functional form for the empirical model and presents a number o f
specification and diagnostic tests. In Section 6.5 the main results o f the empirical model
are presented. The implications for policy at the national and international level are
discussed in Section 6.6, with consideration given to the key market and policy failures
identified in Chapter 2.

6.2

Review of Empirical Analyses of Tropical Deforestation

In this section we review the relevant empirical analyses o f deforestation. Previous
reviews have been undertaken by Kaimowitz and Angelsen (1998) and Brown and
Pearce (1994). In our review, we use the theoretical analyses of forest land conversion
developed in Chapters 3 to 5 as a framework for our discussion. In particular, we look
at the types of analyses in terms o f whether they are undertaken at the micro or macro
level, analyse the level or change in forest area, use time series or cross sectional data,
and take a comparative static or dynamic approach.

Micro Level Studies
Few empirical studies o f the causes o f tropical deforestation have focussed on the agents
o f forest land clearing for crop, livestock or other economic activities at the micro level.
For example, o f the 77 regression analyses o f deforestation reviewed Kaimowitz and
Angelsen (1998), only 9 were at the farm or household level, with the rest at the country
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or multi-country regional level. Most o f the micro level studies use cross sectional data
only and take a static approach.

The choice o f dependent variable in the household or farm level studies o f the decision
to deforest is usually the amount o f forest cleared over a given period o f time, which is
often a year given the time-frame o f the survey.2 The amount o f forest cleared,
however, is dependent on the remaining stock o f forest area, with the potential for large
amounts o f forest being cleared in areas where forests are relatively intact but only low
levels in areas where forests have already been converted to alternative uses. In
addition, the absolute area o f forest cleared may depend on the scale o f the household,
farm or village unit, with higher levels o f deforestation viable in larger scale units.

An alternative choice o f dependent variable is the amount o f land under forest, often
measured as a percentage o f total land.3 Forest cover, however, reflects recent and
earlier deforestation, as well as the percentage o f land originally covered by forests and
in this way is not a particularly good proxy for deforestation. An additional problem
affecting the choice o f dependent variable is that there are often wide variations in the
definition o f forest area and change in forest area, as well as the measurements o f these
variables. This results in deforestation data this is non-comparable and/or unreliable. O f
course, poor quality deforestation data seriously undermines the empirical analysis of
tropical forest land conversion.

The explanatory variables in the household or farm level studies have typically included
household level variables such as wage rates, off-farm employment, size o f household
and land holding. The few dynamic models that have been conducted have also included
evolving key parameters, such as changes in biomass growth, family age distributions,
livelihood opportunities, savings investment or debt over time.4 Several studies also take
account o f village and higher level variables, such as average village income, cost o f
transport to market, and population density. For example, Lopez and Nicklitschek

2 See for example, Holden et at. 1997 and Godoy et al. 1997.
3 See for example, Munoz 1992.
4 See for example, Bluffstone 1995, Holden and Simanjuntak 1995.

Economics of Tropical Forest Land Use

J. Burgess

Chapter 6

163

(1991) model the role o f natural biomass (vegetation cover) in tropical agricultural
production at the farm level, and include the influence o f property rights and
international trade. This is then examined empirically by Lopez (1995 and 1997) in Cote
d’Ivoire and Ghana.

The results o f the micro level studies generally confirm our expectations that reduced
transport costs increases deforestation, whilst increases in wages and off-farm
employment reduce the pressure on deforestation. There have been mixed results about
the impact o f changes in crop input and output prices, credit availability, income level
and population density on deforestation (Kaimowitz and Angelsen 1998).

Macro Level Studies
There have been numerous macro level studies using national data to look at the driving
forces behind deforestation within and across tropical forest countries. We will look in
more detail at the country level and multi-country level studies below.

In both cases, a wide variety o f proxies for deforestation have been used. First, the level
o f forest area has been represented by several measures: the percentage o f land under
forest, amount o f wood production, logged area, estimated biomass and area in national
forest reserves. Second, the change in forest area has been represented by the absolute
and percentage decline in forest cover over time, and expansion o f land under agriculture
over time. As we discussed previously for micro-level studies, some of the variables
representing the level and change in forest area are poor proxies for deforestation, and
may be influenced by historic and current patterns o f land use. The choice o f proxy for
deforestation will influence the interpretation of the regression results and may restrict
the ability o f current independent variables to adequately explain deforestation.

At the country and multi-country level a further consideration is that there may be a
wide variation in the quality o f converted and remaining forest land. It may not be
appropriate to considered forests as a homogeneous stock, and the accessibility and
productive potential o f the forest land are particularly relevant attributes. Some recent
advances have been made to address this problem through the use o f spatially referenced
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forest data which is analysed against geophysical and socioeconomic information.5
However, spatial auto-correlation is frequently a problem with the geophysical data and
needs to be addressed in the estimation o f spatial regression models (Chomitz and Gray
1996).

At the country level, all analyses use cross-sectional data from the provincial, county or
state level, and several studies also use data across several time periods. Most studies
take a comparative static rather than a dynamic approach and look at different levels,
rather than changes, in the explanatory variables over time. The main independent
variables tested are agricultural input prices, crop yields, timber output prices,
population growth, transport costs, income level, tenure security, credit availability and
land quality. However, regional price and wage data at the provincial, county or state
level is generally unavailable or o f poor quality, which restricts detailed analysis o f the
returns to the alternative land uses.

Recent country level studies generally indicate that increases in agricultural output
prices, tenure insecurity, population growth, accessibility and land quality to market are
correlated with increasing deforestation, whereas an increase in off-farm wages and
employment are often correlated with reduced deforestation.6 The role o f crop yields
and income levels is less certain. For example, Barbier and Burgess (1996) and
Panayotou and Sungsuwan (1994) show for Mexico and Thailand respectively that
deforestation increases with higher agricultural prices. Road building and deforestation
appear to be highly correlated in Belize (Chomitz and Gray 1995) and Brazil (Reis and
Guzman 1994). Tenure insecurity appears to be a major factor in Ecuador (Southgate,
Sierra and Brown 1991), and across tropical countries generally (Deacon 1995). There
is also empirical evidence that increases in rural wages and off-farm employment reduces
the pressure on forest clearance (Barbier and Burgess 1996; Boyd 1994; Bluffstone
1995).

5See for example, Chomitz and Gray 1996 and Nelson and Hellerstein 1997.
6 See for example, Barbier and Burgess (1996), Kaimowitz and Angelsen (1998), Larson
(1991), Mendelsohn (1994), Schneider (1994) and Southgate (1990).
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index o f food production per capita and agricultural exports as a percentage o f national
income, whilst the role o f logging has been reflected by roundwood production
(absolute, per capita or per hectare), timber exports and timber export prices.
Population pressure has been reflected by population total, density, growth, for all,
urban or rural areas (Kaimowitz and Angelsen 1998).

The results o f the multi-country studies generally indicate that an increase in agricultural
production is associated with higher levels o f deforestation, whilst for logging the effects
are more uncertain when using timber production data, but are generally lead to more
deforestation when using timber export prices. Population pressure has been found to
be a major contributory factor to deforestation, but the evidence on rising income per
capita leading to an increase in deforestation is more mixed.8 Recent efforts to
demonstrate an environmental ‘Kuznets’ curve, that is an inverted ‘U* shaped curve
between increasing income per capita and increasing deforestation have also provided
mixed results.9

Deacon (1995) has shown that government instability and lack of accountability may
also affect deforestation. There is more limited evidence o f the role of economy-wide
foreign debt, macroeconomic policies and trade policies in influencing forest
conversion,10 although Reid (1996) identifies a strong debt-deforestation relationship by
testing for differences between the sub-samples o f constrained and unconstrained
debtors. Rudel and Roper (1997) and Allen and Barnes (1985) also note that ecological
conditions, in particular the size of the remaining forest stock, may affect the rate o f
deforestation and the relative importance of other key driving forces.

Although there are numerous studies o f the driving forces behind tropical deforestation,
there are few studies attempting to explicitly model the link between theoretical and

8 See for example, Barbier and Burgess (1997), Cropper and Griffiths (1994), Deacon (1995),
Southgate (1994), Rudel and Roper (1997).
9 For an overview, see for example, de Bruyn and Heintz (1999); Stern et al. (1996). Relevant
empirical studies include: Shafik (1994a,b), Cropper and Griffiths (1994), Shafik and Bandyopadhyay
(1992) and Panayotou (1993).
10 Capistrano 1994; Kahn and MacDonald 1994; Shafik 1994a; Rudel and Roper 1997.
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empirical analysis. Exceptions include Reid (1996) and Kahn and McDonald (1994,
1995) who focus on the role o f external indebtedness on deforestation. O f the few
dynamic models, Ehui, Hertel and Preckel (1990) construct a two-sector model for
agriculture and forestry in a developing country in order to determine the optimal stock
o f tropical forest land. This is then used by Ehui and Hertel (1989) to estimate the
socially optimal steady-state forest stock in Cote d'Ivoire. The long-run stock is
negatively affected by the social rate o f discount and by technological change. The
analysis ignores positive forest stock externalities, such as preservation o f genetic
diversity and climatic benefits, but the authors suggest that these environmental
externalities could dominate the commercial timber benefits of the forest and favour a
larger forest stock in the long run. Van Kooten et al. (1998) extend the Ehui and Hertel
(1989) analysis to include non-timber forest benefits which they argue may add
approximately 35% to the value o f a hectare o f sustainably managed forest. As
expected, this leads to a significant increase in the socially optimal steady-state forest
stock in Cote d'Ivoire.

6.3

Empirical Analysis of Tropical Deforestation

This section develops a new empirical analysis of the driving forces behind tropical
deforestation at the multi-country level in light o f the theoretical insights from Chapters
3-5 and existing empirical studies. We have shown that the private land owner's decision
to convert forest land will be determined by the returns to the alternative forest land
uses, and may be influenced by environmental externalities, imperfect information on
changing prices, and tenure insecurity. In addition, we have learnt from existing studies
o f deforestation that broader macro-economic factors such as population pressure and
income level may influence the overall demand for forest land conversion at the country
level (Kaimowitz and Angelsen, 1997; Brown and Pearce, 1994). The relevance of
including other variables, such as income per capita squared and the debt service ratio,
will also be examined and tested later. Unfortunately, due to data constraints it is not
possible to test the role o f tenure security, credit availability or access to markets, but
some o f these factors will be examined in the following chapter in the country level
model.
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We anticipate that higher forest benefits will increase the relative returns to forest
conservation and reduce the incentive to convert forest to agriculture. However,
environmental externalities, tenure insecurity and imperfect information on timber prices
may undermine this. In contrast, higher agricultural benefits will reduce the relative
returns to forest conservation and increase the incentive to convert forest land to
agriculture. However, higher agricultural yields may also reduce the demand for new
agricultural land to meet ‘land hunger’ requirements (Bromley 1999). We anticipate that
the effect o f higher returns to agriculture will outweigh the effect o f reducing land
hunger requirements, thus leading to greater forest conversion.

Increasing population pressure may have several effects. First, it is expected to lead to
an increase in land hunger and the demand for converting forest land. Second, it will
also increase the demand for agricultural goods. Third, increasing population pressure
may also increase the demand for forest land benefits. We anticipate that increasing
population pressure will raise the demand for agricultural goods and land greater than
the demand for forest benefits, and result in an overall increase in the demand for forest
land conversion.

The impact o f increasing income per capita on the forest land conversion is less certain.
In terms o f the demand for agricultural land, on the one hand an increase in income may
be expected to increase the demand for agricultural products as a large proportion o f the
population in developing countries are 'poor' and experience calorie intakes well below
the daily recommended rates. On the other hand, an increase in income may be
associated with a reduction in the reliance on subsistence farming and primary
production, reflecting a shift towards manufacturing and service industries within a
developing country. In terms o f the opportunity cost o f forest land, an increase in
income may also lead to an increase in demand for the foregone timber and non-timber
benefits from forest land. However, rising income levels may also lead to an increase in
the demand for more processed timber products or other manufacturing goods and
services rather than raw logs. Therefore, the overall effect o f increasing incomes on
deforestation is unclear.
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We use the following theoretical framework for our empirical analysis. Let D t represent
forest conversion, that is the change in tropical closed broadleaved forest cover over a
period o f time in the various tropical forestcountries, /:M
D, = f f F B , ABP P„ F)
where: FB

(6.1)

= the benefits from maintainingthe land under forest for timber
production

AB

= the benefits from converting the forest land to agricultural production

P

= population pressure

Y

= per capita income level

We anticipate that:
dD/dFBj < 0, dDJdAB, > 0, dDJdP, < 0 and dD/dY; *0

The empirical estimation o f (6.1) is based on a cross-sectional analysis o f 53 tropical
forest countries, where i = 53. We explain the measures used for the dependent and
explanatory variables in turn.

Dependent Variable
The change in tropical closed broadleaved forest cover over 1980-85 (in '000 ha) is the
dependent variable for forest conversion, Z), used in our analysis. As we discussed
previously, the change in forest area may be influenced by the scale of the remaining
stock o f forest area, with the potential for large amounts of forest being cleared in areas
where forests are relatively intact but only low levels in areas where forests have already
been converted to alternative uses. However, other proxies for deforestation are
considered to have more serious problems.

The data on changes in tropical closed broadleaved forest area are derived from the
Global Forest Resource Assessment exercise conducted every ten years by the FAO and
supplemented by interim assessments.12 Unfortunately, the most recent forest area data
derived in the 1990 FAO Assessment and thereafter were estimated from a combination
o f actual forest area data and population and ecological data. This makes it

11 We assume that the supply of converted forest land is held constant.
12 FAO and UNEP (1982), FAO (1988, 1993) and Schmidt (1990).
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inappropriate to employ such data in an empirical analysis o f deforestation, especially if
population is considered to be important explanatory variables o f changing forest cover
(Cropper and Griffiths 1994, Rudel and Roper 1997). However, previous FAO data on
forest area for 1980 and 1985 can be used to estimate a five-yearly change in forest
cover for tropical countries. In this empirical analysis we do not use the FAO
Production Yearbook data on forest land, because we want to focus on closed tropical
broadleaved forest and due to its unreliability.

It is possible to specify the dependent variable in two different ways. First, the five-year
change in forest cover can be represented by the logarithm o f the closed forest area in
1985, lnLF85, minus the logarithm o f the closed forest area in 1980, lnLF80. This gives
two possible functional forms o f the basic model, log-linear (i.e. log-log, or double log),
and log-lin (i.e. semi-log), given in (6.2) and (6.3) respectively:
lnZ,^55 - InL™° = a 0 + a l\nFBi + a 2lnABi + a 3lnP. + a AlnYi + u.

(6.2)

InL F85 - InL F8° = a 0 + a lFBi + a2ABi + a3Pi + a4Y. + u.

(6.3)

Second, the change in forest cover can be represented by the ratio o f forest area in 1985
to forest area in 1980. This gives two further functional forms o f the basic model, linear
and lin-log, given in (6.4) and (6.5) respectively:
L F8S

L F85
fgQ

= a 0 + a lFBi + a^ABl + a 3P. + <x4T. + ut

(6.4)

= an
+ a,lnFB.
+ a,lilAB.
+ a,lnP.
+ aJnY.
+ u.i
0
1
/
2
i
3
i
4
i

(6 5)

Li

As a check on these versions o f the model, we also ran another linear specification o f the
regression equation using the percentage change in forest area (i.e. the change in closed
forest area from 1980 to 1985 divided by closed forest area in 1980) as an alternative
dependent variable. This specification yielded virtually the same results as the linear
regression with the ratio o f 1985 to 1980 closed forest areas as the dependent variable.
Thus it appears that using the latter ratio as the dependent variable is a good
approximation o f the half-decade rate o f deforestation. It follows that the log o f this
ratio will also serve as a good approximation.
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Explanatory Variables
All the explanatory variables chosen are for the year 1980 and are used to explain forest
conversion over the following five year period, that is 1980-85. Choosing an
appropriate measure for forest benefits was complex. First, even if we wanted to include
the full opportunity costs o f forest conversion, that is foregone timber and non-timber
forest values, insufficient data exist across tropical countries. However, many non
timber forest benefits are external to the private individual’s forest land use decision. An
alternative might be the actual price o f converted forest land as an indicator o f changes
in rental value. However, once again data on land prices for converted tropical forest
land are difficult to obtain. The existence o f environmental externalities, imperfect land
markets, tenure insecurity, land speculation and open access in 'frontier' forest regions
also means that land values do not reflect the full opportunity cost o f forest conversion.13

Nevertheless, it is reasonable to presume that the benefits of tropical forest land are not
zero. Even if environmental benefits o f the forest are ignored, FB should reflect long
term sustainable timber production benefits. Ideally, this could be approximated by
actual tropical timber stumpage values, or even better expected timber stumpage prices,
but unfortunately the data for tropical countries do not exist or are poor approximations.
An alternative may be to use border-equivalent export prices for wood production, but
these may be misleading given that only around 11% o f roundwood production in
developing countries is actually exported, and the widespread prevalence o f bans and
prohibitive taxes on logs has distorted export price data for many tropical countries
(Barbier et al. 1994b). Despite this limitation, Cropper and Griffiths (1994) employed in
their deforestation analysis international prices for forest products adjusted for the
average mid-year exchange rates for each country as one possible proxy for w.

A more reliable 'proxy1measure o f forest production benefits for which data are readily
available across tropical countries may be the level o f industrial roundwood production,
which could be expressed in per capita terms to indicate the relative importance o f these
benefits to the whole population. However, with this measure it is not possible to
distinguish between timber extraction that arises during forest conversion to agriculture

13 See for example, Barbier (1993), Deacon (1995), Mendelsohn (1994), Schneider et al.
(1990) and Southgate, Sierra and Brown (1991).
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from those benefits derived from the long-term sustainable management o f forests for
timber production.

Therefore, we employ two alternative measures for FB. Following Cropper and
Griffiths (1994), we use international roundwood export prices for the three main
tropical forest regions (Latin America, Africa and Asia) adjusted by country exchange
rates, which effectively become industrial roundwood export unit values expressed in
terms o f domestic currencies in 1980 (FAO 1994). As an alternative, we also use
domestic industrial roundwood production per capita in 1980. The data for industrial
non-coniferous roundwood production are taken from FAO Yearbook o f Forest
Products (FAO 1992b), and were expressed in per capita terms (m3/total population) in
the model.

Data for the other explanatory variables was more straightforward. For our measure o f
agricultural benefits, AB, we use agricultural yields. This represents the per hectare
returns to agricultural land. The indicator for agricultural yields is approximated by
cereal output per unit o f cereal production area in 1980 (mt/ha) and is based on data
from FAO (1992c). The data for real gross national product (GNP) per capita in 1980
(in US$/1000) is derived from the World Bank (1992). Population pressure is measured
by population density in 1980 (people/1000 ha). Three alternative measures o f
population pressure were also tested: total population, total rural population and rural
population density. The population data is derived from the World Bank (1992).
Finally, because deforestation rates have been lower in Latin America over the 1980-85
period than in other tropical regions, and production and exports o f timber products
have been generally less significant for Latin America, a dummy variable for Latin
America (given by dumla) is included in the model. Dummy variables were also tested
for Africa and S.E. Asia.

6.4

Specification and Diagnostic Tests

The main results o f the empirical analyses of forest land use change are presented in
Tables 6.1-6.4. In this section we examine the results several specification and
diagnostic tests that were conducted to examine the overall fit of the model, the
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statistical significance o f individual coefficients, the presence o f omitted or redundant
variables, and residual and stability tests. The tests are described fully in Appendix 6.1.

Overall Fit
The relevant indicators o f the overall fit o f the regression are R2 (and adjusted R2), the Fstatistic and the associated p- value test. The coefficient o f multiple determination, R2, is
defined as the proportion o f the total variation in the dependent variable ‘explained’ by
the regression o f the dependent variable on the explanatory variables. The adjusted R2
takes into account the reduction in degrees of freedom as additional explanatory
variables are added. It is important to note that when comparing two models on the
basis o f the R2 that the sample size and dependent variable must be the same (Gujarati
1995, Greene 1990). In this case, all models have the same number o f included
observations (i.e. 53 countries), but the first pair o f models (6.2) and (6.3) have a
different dependent variable to the second pair of model (6.4) and (6.5). Therefore, we
can examine the R2 within pairs, but not across pairs. In order to choose across the two
pairs o f models, we can apply a test proposed by MacKinnon, White and Davidson
(1982), which is known as the MWD test between the linear and log-linear regression
models (see Appendix 6.1).

First, the results indicate that, on the basis of the R2, within the first pair o f models the
semi-log model provides a slightly better fit than the double-log model, and within the
second pair o f models the linear model appears to be superior to the lin-log model. In
all models the R2 is low, (i.e. less than 0.25), but this is usual for cross-sectional analysis
o f this type.

Second, in order to test the hypothesis that the true model is linear we follow steps 1 to
4 o f the MWD test in Appendix 6.1 to obtain the regression presented in Table 6.5.
Since the coefficient o f Z; is not highly statistically significant (i.e. the p value o f the
estimated t is 0.095), we do not reject the hypothesis that the true model is linear at this
level o f significance. Second, to test if the true model is log-linear, we follow steps 5
and 6 o f the MWD test in Appendix 6.1 to obtain the regression presented in Table 6.6.
Once agin, the the coefficient o f Z2 is not highly statistically significant (i.e. the p value
o f the estimated t is 0.084), so we cannot reject the hypothesis that the true model is log-
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linear at this level o f significance. These results are fairly inconclusive. We cannot
firmly reject either version o f the model, although the linear model is a slightly better fit
compared to the log-linear version. This is fairly typical o f cross-sectional analyses o f
this kind, for which there are substantial differences between countries. What is more
critical is the theoretical expectations and results o f the model, in terms o f signs and
statistical significance o f the coefficients of the variables (Gujarati 1995).

A further test o f the overall significance o f a multiple-regression can be conducted using
the F-statistic. The F-statistic tests the hypothesis that all o f the coefficients in the
regression are zero except the constant (see Appendix 6.1). The F-statistics (and
associatedp - values) for the linear and semi-log models are 2.9 (0.029) and 2.7 (0.021)
respectively. Since the calculated values o f F exceeds the tabular value o f F = 2.41 at
the 5% level o f significance, we can reject the null hypothesis that the true slope
coefficients are simultaneously zero.

Individual Coefficients
The standard errors of the regression coefficients, the /-statistic and its related
probability provide tests o f the statistical significance o f the individual coefficients.
Examination o f the correlation matrix of the independent variables in the models did not
indicate any problems o f multi-collinearity between any pairs o f variables. The standard
errors measure the statistical reliability of the regression coefficient, where the larger the
standard error the more statistical noise infects the coefficient. The /-statistic tests if a
coefficient is zero, by comparing the ratio of the coefficient to its standard error. If the
/-statistic exceeds 2 in magnitude, it is at least 95% likely that the true value o f the
coefficient is not zero. The probability o f the /-statistic indicates if the hypothesis that
the true coefficient is zero can be rejected or accepted. Generally, a probability lower
than 0.05 is taken as strong evidence o f rejection o f that hypothesis. In addition,
through further use o f the F-statistic, we can also test the extent to which an explanatory
variable is ‘redundant’ in terms o f their incremental contribution to the model (see
Appendix 6.1).14

14 Note that there is a close relationship between the /-statistic and the F-statistic given in
Appendix 6.3, such that t2 = F (Gujarati 1995).
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The statistical significance o f the individual coefficients will be discussed with reference
to the results o f the two main models, that is, the semi-log and the linear regressions,
displayed in Tables 6.2 and 6.3. The results o f testing for redundant variables are
presented in Table 6.7.

Employing industrial roundwood export unit values expressed in terms o f domestic
currencies as a proxy for w proved to be highly insignificant in the regression, with tstatistics o f - 0.5227 and - 0.4756 in the semi-log and linear regressions respectively.
Employing industrial roundwood production per capita proved significant, with tstatistics over - 2 in both the semi-log and linear regressions versions o f the model. The
F tests for the marginal contribution o f this variable were 4.3 and 4.2 in the semi-log and
linear regressions respectively, which exceeded the critical value o f F at the 5% level o f
4.05. Therefore, only the latter proxy variable for forest benefits is included in the
regression results. The regression results indicate that industrial roundwood production
was positively associated with forest clearance in the tropics for the 1980-85 period, i.e.
increasing levels o f industrial roundwood production per capita lead to higher rates of
forest loss. Both the semi-log and linear regressions yield similar elasticities for this
explanatory variables, and suggest that a 1% increase in per capita roundwood
production across tropical countries in 1980 increased the level o f forest area converted
over the 1980-85 period by around 0.016% to 0.018%.

Population density was found to be statistically significant in both versions o f the model,
with ^-statistics approximately - 3 and F tests for the marginal contribution o f this
variable around 9. The model was also run using in turn total population, total rural
population and rural population density as alternatives measures to overall population
density. In both regressions total population and total rural population proved to be
highly insignificant. Although rural population density was significant, inclusion o f this
alternative variable made real GNP per capita insignificant and reduced substantially the
significance o f industrial roundwood per capita in the linear regression, and reduced the
significance o f real GNP per capita in the semi-log regression. In neither version o f the
model was the overall explanatory power improved by the inclusion o f rural population
density as an alternative for overall population density. The regression results indicate
that increasing population density was associated with higher rates o f forest clearance in
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the tropics over the 1980-85 period, and the estimated elasticities indicate that a 1%
increase in population density led to a 0.028% to 0.03% rise in forest clearance over the
1980-85 period.

Agricultural yield and real GNP per capita are both statistically significant according to
the /-statistic and F-tests. However, in contrast to the previous variables, income per
capita and agricultural yields are both negatively associated with forest conversion. That
is, improvements in overall economic development and agricultural performance appear
to reduce the demand for more forest clearance. A 1% increase in real GDP per capita
across tropical forest countries in 1980 appears to have reduced the level o f forest
conversion by around 0.02% to 0.021% over the 1980-85 period. A 1% increase in
agricultural yields reduced deforestation by about 0.055% to 0.057% over this period.

The dummy variable for Latin America is statistically significant according to the /statistic and F-tests. The regression results indicate that Latin America was associated
with higher rates o f forest clearance over the 1980-85 period than in other tropical
regions, which reflects the relatively more substantial role o f agriculture compared to
forestry in this region compared to the tropics as a whole. Dummy variables for Africa
and S.E. Asia were also tested in turn, but were found to be statistically insignificant.

As we expected, increased population density increases forest clearance whereas rising
income per capita reduces deforestation. However, despite being our 'proxy1for forest
benefits, increasing industrial roundwood production is positively correlated with
increasing forest conversion whereas agricultural benefits, represented by agricultural
yields, is negatively correlated with increasing forest conversion. These results do not
confirm the predictions o f our theoretical model. There are several possible reasons for
these results.

First, these ‘odd’ results could be due to a mis-specification of the model. However, on
the basis o f the statistical tests conducted above, this is not considered to be a problem.

We had predicted that higher agricultural benefits would increase the relative returns to
forest conversion and thus increase the incentive to convert forest land to agriculture.
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However, our proxy o f agricultural yields may be reflecting technological change on
existing agricultural land, such as investments in irrigation and seed types. In this case,
an increase in the returns to existing agricultural land may be associated with investment
in more intensive land use rather than expansion onto new land. This may be particularly
relevant at the tropical forest frontier where there are high costs o f opening up new
forest land for agricultural conversion, and the security o f land tenure is very poor.
Furthermore, as we have previously noted, an increase in the returns to agricultural land
may reduce the need for new agricultural land to meet ‘land hunger’ requirements, thus
leading to lower levels o f forest conversion. These factors would suggest that the
negative relationship between increasing agricultural yields and forest clearance may be a
valid empirical estimate.

We had also predicted that higher returns to forest would lead to less deforestation.
However, over the 1980-85 period much industrial non-coniferous roundwood
production was being supplied from forests earmarked for conversion to agricultural,
particularly in the major tropical timber producing countries (Barbier et a l 1994b; Poore
et a l 1989). For example, over 40% o f the total production forest area o f 835,921 km2
o f South East Asia has been designated as conversion production forest, and during the
1970s and early 1980s much o f this conversion forest area was clear cut for timber and
converted to agriculture. Moreover, the data to distinguish between industrial
roundwood production from permanent production forest as opposed to conversion
forests in tropical countries over this period do not exist. As a result, the positive
relationship between increasing log production and forest clearance estimated in our
model is possibly reflecting the prevalent role o f conversion forests in providing
industrial roundwood across tropical countries over 1980-85. In this way, the industrial
roundwood production variable is not a good proxy for the opportunity costs of
converting forest land.

Although timber production from permanent forests may not be the major direct source
o f tropical deforestation, there is ample evidence that forestry operations have led
indirectly to deforestation through 'opening up' previously inaccessible forest regions to
conversion activities, in particular agriculture (Amelung and Diehl 1992). Part o f the
problem may have been that to date there has been very little sustainable management o f
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production forests across tropical countries, which suggests that the long-term prospects
o f maintaining forest land in timber production have been ignored (Poore et a l 1989).
Certainly, forest regulations, concession terms and pricing policies in most tropical
countries have worked against the control o f timber-stand degradation, encroachment
and premature abandonment (Barbier et a l 1994b; Hyde et a l 1991). Thus it is likely
that during the 1980-85 period even roundwood production from permanent forests in
tropical countries may have been correlated with forest land clearance.

The above caveats would suggest that a positive relationship between increasing
industrial roundwood production and forest clearance may be valid empirical estimates.
Over this period clearing forests for agriculture and timber production may well have
been joint-products on forest land, although perhaps inadvertently so for permanent
production forests. This result also implies that if aggregate industrial roundwood
production does reflect the foregone production benefits arising from forest clearance,
and thus is a 'proxy1for forest benefits, then recent forest conversion in tropical countries
may be far from optimal. Not only have foregone production and environmental benefits
from sustainable forestry been ignored in tropical forest land use decisions, but recent
forestry practices and policies have directly and indirectly encouraged forest conversion.
O f course, this result can only be confirmed by a more direct estimation o f the
relationship between the demand for converted forest land and the price or opportunity
cost o f conversion, in terms o f foregone forest production and/or environmental benefits.
Unfortunately, such estimation will have to wait for better data to construct a more
accurate indicator o f forest benefits.

Omitted Variables
Several previous studies o f tropical deforestation have looked at the possibility o f an
environmental Kuznet’s curve and tested the impact o f debt on deforestation. The
empirical analyses presented above were extended to test for the role o f income per
capita squared and the debt service ratio. Further tests were conducted to determine
whether these omitted variables make a significant contribution to the explanation o f the
dependent variable in the linear and log-linear regression analyses. The basic approach
taken to test whether a relevant variable had been omitted is similar the redundant
variable test presented in Appendix 6.1. First, the variables were added in turn to the
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existing equation and the analysis rerun. The relevance o f the variables was then
assessed on the basis o f the /-statistic and the F-tests for the marginal contribution o f this
variable and its associated probability.

Adding income per capita squared to the semi-log and linear regressions was statistically
insignificant in both cases, with /-statistics o f less that 0.65. As expected given the /statistics, the F-values were very low, at around 0.4 with a related probability o f about
55%. Whilst the inclusion o f this additional variable had little impact on the sign and
significance o f other unrelated variables, it did undermine the /-statistic for income per
capita, reducing it below - 0.1 in both analyses. High standard errors for these two
coefficients indicates that they are not estimated with precision or accuracy, and when
combined with high pair-wise correlations (above 0.9), suggests that multi-collinearity is
a serious problem between these two regressors.

The inclusion o f income per capita squared was statistically significant (/-statistics above
2) when the related income variable was dropped from the analyses. There was no
significant change in the explanatory power o f other explanatory variables, and the
overall fit o f the regression was not changed significantly. Given these results, the
omission o f the income per capita squared variable from the basic model appears
appropriate if the related income per capita variable is to be included.

Information on the debt service ratio in 1980 was derived from World Bank data sources
(World Bank 1992). The inclusion o f this previously omitted variable in the semi-log
and linear versions o f the model proved to be statistically insignificant. The results
indicated very low /-statistics o f less than -0.1, and extremely low F-tests o f less than
0.001, with related probabilities o f over 0.93. The inclusion of this variable slightly
reduced the statistical significance o f some o f the other explanatory variables, but did not
change their signs. Given these results, the omission o f this variable is not considered to
undermine the results o f the analyses presented in Tables 6.1-6.4.

Residual Tests
The analysis o f cross sectional data involving a range o f different countries often suffers
the problem o f heteroscedasticity (i.e. when the assumption that the variance in the error
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term is constant for all values o f the independent variable does not hold). In Ordinary
Least Squares analysis, heteroscedasticity leads to unbiased but inefficient estimates o f
the standard errors and thus incorrect statistical tests and confidence intervals. White’s
general heteroscedasticity test was applied to detect the extent o f the problem in the
linear and semi-log models (as shown in Appendix 6.1).

Applying White’s heteroscedasticity test to the linear and semi-log models gave nR2
values o f 22.00 and 22.76 respectively with 19 degrees o f freedom. The 5% critical chisquared value for 19 df is 30.14, the 10% critical value is 28.7.20, and the 25% critical
value is 22.72. Given that the actual chi-squared values do not exceed the critical chisquared value at the chosen levels o f significance, the conclusion on the basis o f White’s
test is that there is no significant heteroscedasticity.

In cross-sectional analysis, auto-correlation refers to the correlation between members of
series o f observation measured over space rather than time as in time-series analysis. In
order for spatial auto-correlation to make sense in cross-sectional analysis, the ordering
o f the data must have some logic or economic interest. In this analysis, the country level
data were grouped by regions. The Durbin-Watson test of auto-correlation, the dstatistic, is the ration of the sum o f squared differences in successive residuals to the
regression sum o f squares (RSS). Unlike some o f the previous tests, because the exact
sampling or probability distribution o f the ^-statistic is difficult to derive, there is no
unique critical value that will lead to rejection or acceptance o f the null hypothesis that
there is no first-order serial correlation in the disturbances. However, if there is no serial
correlation, d is expected to be about 2. The closer d is to 0, the greater the evidence of
positive serial correlation. In both the linear and semi-log models, the ^-statistic was
close to 1.979, indicating that serial correlation is not a problem in this analysis.

Specification Tests
There are a number o f specification errors that may arise in econometric modelling, such
as omitting a relevant variable, including an unnecessary or irrelevant variable and
choosing the wrong functional form o f the model. Whilst these issues have been
addressed individually above, through the use o f a number o f diagnostic statistics, such
as R2, t, F, and d statistics, there is also a general test of specification error known as the
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Ramsey regression specification error test (RESET), as shown in Appendix 6.1. The
results o f the Ramsey RESET for the linear and semi-log models were F-statistics o f
1.023 and 0.539 with associated probabilities o f 0.316 and 0.466 respectively. Given
that the F value is not particularly significant, and that there is no clear evidence of
model mis-specification according to the Ramsey RESET test results.

6.5

Conclusions and Policy Implications

In this chapter we have looked at the empirical analysis o f tropical forest conversion for
agricultural production. The review o f existing empirical analyses o f tropical
deforestation showed that there are an increasing number o f studies looking at the
allocation of forest land at the tropics wide and country level. These studies indicate
that although the analyses o f stand and forest-level decisions to maintain or convert
forest land are important, factors determining the overall demand for forest land
conversion at the country or regional level, such as population growth, income growth
and technical change, are also critical to the problem o f tropical deforestation.

We have undertaken a cross sectional analysis for 53 tropical countries o f forest
conversion over the 1980-85 period. This analysis was based on our theoretical model
o f deforestation and additional insights from the existing empirical studies. The main
explanatory variables tested were forest benefits, agricultural benefits, population
pressure and income level. A number o f functional forms were tested, and although we
could not firmly reject the linear or log-linear versions of the model, the linear model
proved to be a slightly better fit.

Two proxies were used to represent forest benefits, and per capita industrial roundwood
production proved to be significant in both versions o f the regression. This variable was
positively and not negatively correlated with forest clearance over 1980-85. This could
nonetheless be expected given that during this period much timber production in tropical
countries was actually from conversion forest land, and timber operations on permanent
forest land may be indirectly responsible for subsequent land clearing. Increasing
agricultural yields were found to reduce forest conversion, which may reflect more
intensive rather than extensive land use and the reduction in land hunger requirements.
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We also found that increased population density increases forest clearance, whereas
rising income per capita reduces the demand for converted land. These results are fairly
consistent with those from previous studies, as discussed in Section 6.2.

In conclusion, in this chapter we have used the forest land use options model as a basis
for empirical investigation o f tropical deforestation. The empirical analysis provides
some evidence to support the hypothesis that tropical deforestation has been excessive in
many countries, because the potential rents that cleared land could have yielded as a site
for long-term sustainable forestry has been neglected. The result that deforestation
appears to be positively correlated with timber production indicates not only that
foregone production and environmental benefits from sustainable forestry have been
ignored in tropical forest land use decisions, but also that recent forestry practices and
policies may have encouraged even greater forest conversion. Although our estimation
o f the demand for converted forest land across tropical countries provides some
interesting results, improving on this analysis will require both improved data on forest
clearance as well as on the relevant indicator of the shadow value, or opportunity cost,
o f converted forest land.

[word count: 9,468]

Table 6.1

Statistical Analysis of Forest Clearance in Tropical Countries, 198085: Log-Linear (i.e. Log-Log) Regression *1

Dependent variable: Five-year change in closed forest area (log forest area 1985 - log forest area
1980)
Explanatory variable

Estimated coefficients
(t statistic)

constant

-0.1975
(- 1.650)
- 0.0346
(- 3.299)
-0.0131
(- 1.442)
0.0054
(0.297)
0.0575
(2.043)
- 0.0503
(- 1.514)

a , Log Population density 1980
a 2 Log Roundwood production per capita 1980
a 3 Log Real GNP per capita 1980
a 4 Log Agricultural yield 1980
a s Dummy Latin America

R2:
0.212
S.E o f Regression: 0.080

Table 6.2

F Statistic:
No of observations:

2.53
53

Statistical Analysis of Forest Clearance in Tropical Countries, 198085: Log-Lin Regression * /

Dependent variable: Five-year change in closed forest area (log forest area 1985 - log forest area
1980)
Explanatory variable

Estimated coefficients
(t statistic)

constant

- 0.0958
(- 3.945)
- 0.0524
(- 2.974)
- 0.0772
(- 2.076)
0.0209
( 1.9150)
0.0381
(2.0693)
- 0.0629
(- 2.2042)

a , Population density 1980
a 2 Roundwood production per capita 1980
a 3 Real GNP per capita 1980
a 4 Agricultural yield 1980
a 5 Dummy Latin America

R2:
0.227
S.E o f Regression: 0.080

F Statistic:
No of observations:

Estimated
elasticities

- 0.0285
-0.0177
0.0212
0.0574
- 0.0226

2.76
53

Notes: */ As the dependent variable is negative, the positive coefficients for a 3 and a 4
indicate that forest conversion is decreasing with a unit change in these variables
whereas the negative coefficients for a „ a 2 and a 5indicate that forest conversion
is increasing with a unit change in these variables.

Table 6.3

Statistical Analysis of Forest Clearance in Tropical Countries, 198085: Linear Regression */

Dependent variable: Five-year change in closed forest area (forest area 1985/forest area 1980)
Explanatory variable

Estimated
coefficients
(t statistic)

constant

0.9122
(43.4299)
- 0.0468
(-3.071)
- 0.0657
(- 2.041)
0.0188
( 1.9858)
0.0334
(2.0968)
- 0.0564
(- 2.2828)

a, Population density 1980
a z Roundwood production per capita 1980
a 3 Real GNP per capita 1980
a 4 Agricultural yield 1980
a 5 Dummy Latin America

R2:
0.239
S.E of Regression: 0.069

Table 6.4

F Statistic:
No of observations:

Estimated
elasticities

- 0.0298
-0.0163
0.0208
0.0547
- 0.0220
2.96
53

Statistical Analysis of Forest Clearance in Tropical Countries, 198085: Lin-Log Regression */

Dependent variable: Five-year change in closed forest area (forest area 1985/forest area 1980)
Explanatory variable

Estimated
coefficients
(t statistic)

constant

0.1035
(7.9101)
- 0.0307
(- 3.3832)
-0.0107
(- 1.3625)
0.0057
(0.3619)
0.0502
(2.0624)
- 0.0456
(- 1.5876)

a, Log Population density 1980
a 2 Log Roundwood production per capita 1980
a 3 Log Real GNP per capita 1980
a 4 Log Agricultural yield 1980
a 5 Dummy Latin America

R2:
0.225
S.E of Regression: 0.069

F Statistic:
No of observations:

Estimated
elasticities

2.73
53

Notes: */ As a fall in the dependent variable is associated with a greater change in closed
forest area, the positive coefficients for a 3 and a 4 indicate that forest conversion
is decreasing with a unit change in these variables whereas the negative
coefficients for a,, a 2, and a 5 indicate that forest conversion is increasing with a
unit change in these variables.

Table 6.5

MWD Test - Statistical Analysis of Forest Clearance in Tropical
Countries, 1980-85: Linear Regression

Dependent variable: Five-year change in closed forest area (forest area 1985/forest area 1980)
Explanatory variable

Estimated coefficients
(t statistic)

constant

0.9123
( 44.2976)
- 0.0530
(- 3.4483)
-0.1013
(- 2.6764)
0.00002
( 2.62422)
0.0396
(2.4722)
- 0.0735
(- 2.8037)
- 0.6621
(-1.7036)

a , Population density 1980
a 2 Roundwood production per capita 1980
a 3 Real GNP per capita 1980
a 4 Agricultural yield 1980
a 5 Dummy Latin America
a 6 Z,

R2:
0.284
S.E o f Regression: 0.067

Table 6.6

F Statistic:
No of observations:

3.04
53

MWD Test - Statistical Analysis of Forest Clearance in Tropical
Countries, 1980-85: Log-Linear (i.e. Log-Log) Regression

Dependent variable: Five-year change in closed forest area (log forest area 1985 - log forest area
1980)
Explanatory variable

Estimated coefficients
(t statistic)

constant

-0.1888
(- 1.6113)
- 0.0439
(- 3.8073)
-0.0176
(- 1.9043)
- 0.0004
(- 0.2336)
0.0703
(2.4701)
- 0.0779
(- 1.5387)
- 0.7796
(- 1.7661)

a , Log Population density 1980
a 2 Log Roundwood production per capita 1980
a 3 Log Real GNP per capita 1980
a 4 Log Agricultural yield 1980
a 5 Dummy Latin America
a 6 Z2

R2:
0.262
S.E o f Regression: 0.079

F Statistic:
No o f observations:

2.73
53

Table 6.7

Testing Redundant and Omitted Variables

Variable

Linear Model
F-statistic (p value)

Log-Lin Model
F-statistic (p value)

Population density

9.429 (0.0035)

8.846 (0.0046)

Roundwood production

4.165 (0.0469)

4.311 (0.0433)

GNP/capita

3.943 (0.0529)

3.667 (0.0616)

Agricultural yield

4.396 (0.0414)

4.282 (0.4404)

Dummy Latin America

5.211 (0.0270)

4.859 (0.0324)

(GNP/capita)2

0.361 (0.5506)

0.407 (0.5268)

Debt service ratio

1.95E-05 (0.9964)

0.007 (0.9327)

Notes: Base models shown in Tables 6.2 and 6.3 were run and then redundant variables
tested using the method outlined in Appendix 6.1. In order to test for omitted
variables, that is (GNP/capita)2 and debt service ratio, the models were rerun and
retested including these variables in turn. If F value is greater than 1 then the
adjusted R 2 will increase through the inclusion of this variable in the regression
model. Therefore, a broad ‘rule o f thumb’ is to include the variable if the F value
o f greater than 1.
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where n is the number o f observations and k is the number o f parameters estimated.
Note that there are other, equivalent, formulations o f F. If F is greater than the critical
value o f F at a given level o f significance then H0 can be rejected. Alternatively, if the p
value o f F is sufficiently low, one can reject Hp

3.

Testing for Redundant Variables: The Incremental Contribution of an
Independent Variable

Given a

variable regression model:

Yt = a , + a A

+ « A

+ ... + aJCh + u,

To test the incremental contribution o f an independent variable, e.g. a2:
H q: a2 = 0
Compute:
F = ^R”ith ~ R^thou^ number ° f dr°PPed regressors)
(i -

(= « -

KJ

where n is the number of observations, k is the number of parameters estimated and d f is
the degrees for freedom. Note that there are other, equivalent, formulations o f F.

If F is greater than the critical value o f F at a given level o f significance then H 0 can be
rejected. Alternatively, if the p value o f F is sufficiently low, one can reject H& Note
that adjusted R2 increases only if the F value of that variable exceeds 1.

4.

White’s General Heteroscedasticity Test

Assuming the following three variable regression model:
Y, = a x *

<*2*2, + “A

+

Ui

1.

Given the data, estimate the above equation and obtain the residuals, w,

2.

Run the following regression and obtain the new R2:

af

= p, + P A + P A + P X + P ^ + P6^ A , +
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Under the null hypothesis that there is no heteroscedasticity, it can be shown that
the sample size (n) times the new R2 asymptotically follows the chi-squared
distribution with degrees o f freedom (df) equal to the number o f regressors
(excluding the constant term) in the new equation.

4.

If the chi-squared value exceeds the critical chi-squared value at the chosen level
o f significance, the conclusion is that there is heteroscedasticity. If it does not
exceed the critical chi-square value, there is no heteroscedasticity, that is in the
new equation:

P2 = P3 = P4 = P5 = P6 = 0

5.

Ramsey’s RESET Test

Assume:
Yt

=

a i

+

“

2X i + M3 /

1.

Obtain the estimated

2.

Rerun the old regression, introducing additional regressors, such as P 2:

Yt = P, +
3.

+ P3I? - ut

Let the R2 from the new regression be R2newand the R2 from the old regression be
R1old* then use the F test:
(R^ew ~ RoidV(number o f new regressors)
(• - R l j d f (= n - kmJ

4.

If the computed F value is significant at a given level, one can accept the
hypothesis that the old model is mis-specified.

Source: Gujarati (1995)
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concludes by examining the need for additional investment programmes and policies to
complement policy liberalization in Mexico in order to reconcile economic development
with improving the incentives for forest management and limiting deforestation.

Structure of Chapter 7
This chapter is structured as follows. Section 7.2 provides a review o f the relevant
literature on country level empirical analyses of deforestation. Section 7.3 provides
background information on the Mexico case study, in particular current rates o f
deforestation and the impact o f crop and livestock sector policies on forest conversion.
Section 7.4 provides the results o f the empirical analyses o f planted crop area and beef
cattle head in Mexico. Based on this empirical analysis, Section 7.5 looks at the impact
o f specific crop and livestock policies on the incentive to expand crop and livestock
production. Section 7.7 discusses the results of these empirical analyses and the boarder
implications for policy in Mexico given policy liberalisation and Mexico's commitment to
NAFTA.

7.2

Review of Literature on Country Level Empirical Analyses of Deforestation

In Chapter 6 we provided a review of micro and macro level empirical analyses o f
deforestation. In this section we review additional literature on country level empirical
analyses o f deforestation from Latin American. It is relevant to distinguish between
those studies that analyse the direct impacts on deforestation of key socio-economic
and policy variables and those that analyse the indirect impacts, for example through
the influence o f these variables on the demand for agricultural land which is considered
to be the main source of deforestation. We discuss studies that analyse the direct
impacts on deforestation first.

Direct Impacts on Deforestation
Reis and Margulis (1991) analyse the relationship between the spatial density o f major
economic activities and the share o f deforested areas across 165 municipalities in the
Brazilian Amazon. The model examines the densities o f population, cattle, logging, crop
area and roads as major factors in the deforestation process. The highest value o f the
elasticity o f deforestation is 0.40 in relation to the density o f crop areas, although
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elasticities for road density and population density are also relatively high. However, the
elasticity o f deforestation with respect to cattle density is nearly one third the value for
crop area, and the coefficient on logging density is not statistically significant. With
respect to cattle raising, the authors argue that although one interpretation may be that
its role in deforestation is grossly overstated, it is the process o f cattle raising following
crop expansion that has made forest conversion irreversible in the Brazilian Amazon.
The results o f the model may be affected, unfortunately, by collinearity problems
between some independent variables, which the authors note.

Southgate et al. (1989) examine the causes o f agricultural colonization and deforestation
in eastern Ecuador in the early 1980s. They analyse the statistical significance o f rural
population pressure, local demand for agricultural commodities, infrastructure
development and tenure security as factors explaining forest land clearing across 20
cantons. First, the area's agricultural labour force, a proxy for rural population pressure,
is regressed against the factors thought to determine agricultural rents - urban
population (increased demand), soil quality (productivity constraint) and roads (market
accessibility and opening forest areas). Second, the extent o f land clearing is regressed
on the rural population pressure variable and an index o f relative tenure security. The
results o f the analysis support the hypothesis that the incentive to capture agricultural
rents is the main driving force behind forest conversion, and is further induced by tenure
insecurity. The study emphasizes the role o f population pressure in encouraging
deforestation, directly through an increasing rural labour force and indirectly through
rising urban food demand, but also emphasizes the role of misguided government
policies over land tenure arrangements and extending the road network into forested
areas.

In Mexico, a cross-sectional analysis o f forest cover and agricultural intensity for 434
rural 'productive' units (e.g. holdings by ejidatarios and others) was conducted by Munoz
(1992). The basic source o f land use data was the 1980 Censo Agropecuario y Ejidal
(Rural Census). The independent variables explaining the changes in the percentage o f
land area per holding under forest or agriculture included climatic conditions, road
density, population density, size o f plot, type o f property and measures o f rural poverty.
The results o f the analysis indicate, as expected in a logit model, that explanatory
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Higher aggregate real prices may have a slightly positive influence on the demand for
crop land, and thus increased forest clearing. However, this direct effect may be
counteracted by the indirect impact o f higher crop prices on raising the productivity of
existing land and increasing the cultivation o f previously idle land, thus reducing the
demand for new land from forest clearing.

Changes in relative prices also influence the demand for new crop land by affecting the
relative profitability o f land-saving as opposed to land-extensive cropping systems.
Finally, the relative returns to land-saving cropping systems can also be affected by the
relative costs o f inputs (e.g., fertilizer, seed, credit, irrigation, agrochemicals, etc.) where
these differ between land-saving and land-extensive systems. Presumably, then, the
relative prices o f crops to inputs would also affect the comparative returns o f landsaving as opposed to land-extensive systems.

Comparative analysis o f 24 Latin American countries also highlights the strong but
indirect relationship between population pressure and frontier expansion and thus forest
clearance - increasing numbers o f urban consumers raise the demand for domestic
production and hence for crop land - and the countervailing role o f increased crop
productivity and yield growth in slowing crop expansion (Southgate 1991). On the one
hand, the growth in crop yields may to intensification o f land, and reduce the pressure on
forest conversion to meet ‘land hunger’ requirements, on the other hand, an
improvement in crop yields may lead to more extensive crop land use as the returns to
this land use rise compared to alternative land uses. In general, empirical evidence
indicates that an improvement in crop yields tends to be associated with less forest
conversion. An important addition o f this analysis is the inclusion o f a land constraint
variable (for countries with low potential agricultural land availability). Where there is
little appropriate land available for conversion then the growth in arable land, and
thereby forest clearance, is significantly reduced.
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planted area and livestock numbers have increased - although the latter have started to
decline in recent years. By assuming that increasing crop expansion and livestock
grazing have been the principal proximate causes o f deforestation in Mexico, and the
factors determining crop and livestock expansion are thus the underlying causes o f
forest conversion and degradation, it is possible to conduct an indirect analysis o f the
factors influencing forest conversion in Mexico. This will be undertaken in Section 7.4.

Government Policies in the Crop and Livestock Sector
Policies in Mexico's livestock and crop sector indirectly affect deforestation through
influencing the incentives to convert forest land for these economic activities as opposed
to maintaining the forest for timber production, harvesting o f non-timber products,
tourism, watershed protection and other uses. Although the main focus o f our analysis
is on crop and livestock policies that affect deforestation in Mexico, it is important to
note that they are only one o f a variety o f economic policies that can potentially
influence forest conversion and degradation. In general, sectoral policies may have the
most immediate and visible impacts on deforestation, but many broader fiscal, monetary
and international policies can also have important effects (Repetto 1988).

Mexican crop, livestock and trade sectors have been the target o f extensive intervention
by the Government o f Mexico (GoM) over the past few decades. Interventions have
taken the form o f price controls, guarantee prices, input subsidies, trade restrictions and
subsidized imports. GoM parastatals have also developed an important role in
marketing, storage and processing. In more recent years, the GoM has undertaken
reforms in the crop and livestock sectors which are aimed at reducing the role o f the
government in marketing, storage and processing. The objectives o f these reforms are
to improve the efficiency and competitiveness o f these sectors and reduce the heavy
financial burden o f extensive intervention.

An important economic strategy o f the Mexican government since 1950 has been to
keep the price o f key industrial inputs and basic foods low at the consumer level to
encourage industrial growth and economic development. In addition, the GoM has also
attempted to maintain high producer prices to bolster production in the crop and
livestock sectors, with the particular objective o f achieving crop self-sufficiency in basic
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grains and cereals. These two conflicting objectives have resulted in a complex array o f
policy interventions in the Mexican crop and livestock sectors over the past 30-40 years.
The GoM's pricing policies have included establishing guarantee producer prices (with
or without state purchasing activity), administering prices for products that are
purchased by semi-government agencies and direct subsidies to private and parastatal
processors.

In recent years, all commodity guarantee prices, except for maize and beans, have been
eliminated as part o f the liberalization drive given Mexico's commitment to the North
American Free Trade Agreement (NAFTA). However, the GoM's objective o f
maintaining low urban food prices has often over-ridden the objective o f higher producer
prices; as a result, farmgate prices were allowed to decline in the late 1980s, particularly
in real terms, as a means o f eliminating the consumer-producer price differential. For
sorghum, soybeans, rice and wheat, agreement prices are now in place. Except for
credit subsidies, all input subsidies have been eliminated. Over the period 1983-87, crop
and livestock lending represented on average 57% and 28% respectively o f total lending
by the main financial institutions, although lending to these sectors appears to have
declined more recently (Barbier et al. 1993). Finally, the basic legal and regulatory
framework affecting forestry, crop and livestock production in Mexico is currently
undergoing major revision, which could have important implications for the incentive to
convert forest land to alternative uses.

Overall Effect of Policy Change on Deforestation
The theoretical analyses o f alternative forest land use options undertaken in Chapters 3
to 5 and the review o f existing empirical analyses of deforestation in Section 7.2 suggest
that the comparative returns gained from converting forests to crop and livestock
production are the major factors determining deforestation. Changes in market
conditions and government policies are likely to affect deforestation through influencing
the comparative economic returns to forest versus crop and livestock land uses.

However, it is very difficult to determine the overall effects o f policy changes on
deforestation because it is likely that a given policy change will have both positive and
negative impacts on the incentives for forest conversion and degradation. For example,
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by affecting the returns from crop and livestock activities, product and input price
changes may influence the choice o f crop and livestock inputs and outputs, production
systems, land investments and the scale and extent o f production. These production
choices in turn determine the rate and scale o f resource use, including forest land
conversion, and investments in land improvements and management. However, these
latter implications are clearly second-order and indirect. Thus, although increasing crop
and livestock prices may translate into higher returns from increased production, the
resulting expansion o f output does not necessarily lead to greater forest conversion - it is
the way in which the extra cultivation is carried out that is the key factor .3

In Mexico, an important consideration is that the expansion o f planted crop and pasture
land in recent years may have been achieved by the conversion o f forest land but also
from bringing previously unused or fallow land into cultivation. Almost one quarter o f
crop land is idle, perhaps proportionately more on larger farms. Any aggregate increases
in production from improved returns to crop production in Mexico could come from
increased production on existing planted land, new production on land that was
previously fallow, or conversion o f additional forest land to crop land. The net effects
on deforestation are not always readily apparent.

The situation is illustrated in Figure 7.1. Total crop land consists o f existing crop land
and any additional frontier crop land, if it is worthwhile to bring the latter into
production through conversion o f forest land. For example, if the returns to cultivating
frontier land were zero, then existing crop land area OD would represent the total crop
land in production. However, suppose as actually shown in Figure 7.1, curve AH
depicts the returns per hectare (ha) on existing crop land, and curve BG the returns that
could be earned on frontier crop land if it is brought into production. Thus area OC o f
existing land is under production, and the remaining CF ha o f existing crop land is
fallow. Additional crop production would therefore come from area CG o f converted
forest land on the frontier. Note that DF ha o f fallow land would be idle because they

3 For further discussion and examples, see Barbier and Burgess (1992). For a good case study example
o f the complex relationship between agricultural crop prices, the relative returns from different crops and
the demand for land, see Phantumvanit and Panayotou (1990).
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are economically unproductive. However, CD ha would be idle because they could not
compete with the returns from frontier crop land.

To reduce the impacts o f frontier crop expansion on forest land, an 'ideal' policy would
be to raise the returns on existing crop land so as to bring previously idle land into
production as a substitute for additional production from frontier crop land. As shown
in Figure 7.1, suppose that such an 'ideal' policy exists. For example, targeted land or
irrigation improvements on existing crop land. Then the comparative returns on this
land would increase, from AH to A'F. As a result, previously idled land becomes more
attractive to cultivate, and the area o f fallow land falls to EF. In addition, the
comparative returns to exploiting frontier crop land are less attractive, and consequently,
the forest area that would be converted falls to EG ha .4

However, in practice, most crop and livestock policies are difficult to 'target' as in the
case o f the 'ideal' policy depicted in Figure 7.1. Most sectoral policies in Mexico have
had the overall objective o f raising production o f key crop and livestock products and
are indiscriminate in terms o f whether this increased production comes from existing or
frontier crop land. Although not shown in Figure 7.1, it is easy to indicate with this
diagram that if the returns to both existing and frontier land increase (i.e. curves AH and
BG both shift out) then there will be little change in the amount o f forest land converted
to crops. In fact, there are a number o f existing and proposed crop, livestock and other
economic policies in Mexico that may actually encourage even further deforestation by
making the returns to frontier crop cultivation comparatively more attractive.

Policy analysis is further complicated by consideration o f the comparative returns
between crop and other forest land uses on the frontier. This situation is illustrated in
Figure 7.2. For simplification, it is assumed that there are three competing uses o f forest
land - forestry, crop and livestock production. Forestry yields the highest returns (curve

4Alternatively, correcting the market failures and policy distortions that effectively'subsidize' the returns
to frontier land and thus contribute to excessive distortion would be represented by a decrease in the curve
BG in Figure 7.1. This 'ideal' policy would also increase the comparative returns to existing crop land, thus
leading to a substitution o f idle for frontier land. However, as a maximum o f CD hectares could be
cultivated economically, production and efficiency losses would occur if the comparative returns to frontier
crop production fell sharply.
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AE), but only on a limited amount o f forest land. The amount of forest land retained for
permanent wood production is OD hectares. Where crop production yields higher
returns (curve BG), forest land is converted to crops. This amounts to DF hectares.
However, some forest land will yield higher returns under livestock production (curve
CH), and thus FH hectares o f forests should be converted to pasture land.

An increase in the comparative returns to crops on forest lands (from BG to B'G') could
lead to crop expansion at the expense o f permanent forest production (OD decreases)
and substitution from livestock to crop production on the frontier (FH decreases). The
net effect on deforestation depends on the comparative returns to forestry and crops,
and not on the substitution o f crop for livestock production on frontier land. The latter
effect is simply the substitution o f one conversion activity for another. Moreover, there
is an overall welfare gain as the returns to converted forest land in general are increased.
If property rights are well defined, access to additional areas o f unexploited forests is
costly and the returns to the converted land can be maintained, then farmers may not
have the incentive to expand frontier cultivation further. Finally, if as shown in Figure
7.2 the returns to forestry are fairly high on land allocated to permanent forest
production, then very little net additional deforestation will occur through substituting
crop for forestry activities. The increased crop production activity would be largely
confined to forest land demarcated for conversion anyway.5

Figure 7.2 again clearly represents an ideal situation. Forestry, crop and livestock
production are being influenced by a variety o f policies simultaneously. It is difficult
enough to determine the implications for the comparative returns o f the three frontier
activities, let alone the net effects on forest land conversion. The conditions determining
the extent to which these different forest land uses compete with each other also vary
significantly across the different forest regions of Mexico. Finally, the basic legal and
regulatory framework affecting forestry, crop and livestock production in Mexico is
currently undergoing major revision, which could have important implications for private
incentives to further exploit frontier forest land.

5Although not shown in Figure 7.2, presumably some timber harvesting would also occur on forest land
converted to crop and livestock production.
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Empirical Analyses of Crop and Livestock Expansion in Mexico

As we discussed in Section 7.3, we are prevented from estimating the relationships
represented in Figures 7.1 and 7.2 directly due to a number o f data limitations. In
particular, time series data on tropical forest area and conversion trends are not yet
sufficiently disaggregated or complete to conduct a direct analysis o f deforestation in
Mexico. Although forest clearance for crop and livestock production is prevalent
throughout Mexico, data on total crop area and pastoral land are also insufficient and
unreliable. However, there is data on the increases in crop planted area and beef cattle
numbers disaggregated by state and over time to enable an indirect analysis o f the
factors influencing forest conversion in Mexico.

The key assumption is that increasing crop expansion and livestock grazing have been
the principal proximate causes o f deforestation in Mexico over the previous two and a
half decades, and the factors determining crop and livestock expansion are thus the
underlying causes o f forest conversion and degradation. Over 1970 to 1991, as forest
area has fallen, crop planted area and livestock numbers have increased - although the
latter have started to decline in recent years.6 This supports the hypothesis that crop and
livestock expansion are proximate factors influencing deforestation in Mexico.
However, it is important to stress that this assumption remains only a hypothesis which
cannot at this time be statistically proven. More importantly, the exact magnitudes o f
the relationships between increasing crop and livestock expansion and deforestation
cannot be reliably estimated.

By taking this (untested) hypothesis as our starting point, we focus on the underlying
causes o f forest conversion by analysing the factors behind increases in crop planted area
and beef cattle head in Mexico. We examine how an increase in the returns to one type
o f land use leads to an expansion in amount o f land dedicated to that use, as shown in
Figure 7.1. We also look at how an increase in the returns to a competing land use
activity negatively impacts on the amount o f land under the alternative use, as shown in
6 As the decline in more recent years is substantial and registered across all states, it could be due to
calculation errors or statistical adjustments. However, this has proved difficult to verify. Any such
adjustments or errors may have introduced an element of bias in the subsequent analysis of beef cattle head
discussed below.
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Figure 7.2. In the following analyses we were able to examine the hypothesis that crop
and livestock production are competing activities on the frontier by including livestock
and maize prices in the regressions for planted crop area and beef cattle numbers
respectively. Finally, we know from the existing literature that additional socioeconomic
variables such as population, income and roads are also expected to influence the
decision to convert forest land to alternative land uses. Therefore, we also include these
variables in our empirical analyses o f planted crop area and number o f livestock.

Empirical Analysis of Planted Crop Area
There is strong evidence to suggest that the increase in land under crop production in
Mexico over recent decades has been achieved mainly through the conversion o f forests,
particularly tropical forests. Unfortunately, the analysis o f the expansion in crop
agricultural area in Mexico over 1970-85 could not be disaggregated sufficiently to
distinguish between new production on 'idle' land as opposed to on converted forest
land. The analysis uses aggregate planted area only and there is insufficient information
to determine how much o f the increase in planted area has come from forest conversion.
However, a constant proportion o f crop land - almost one quarter - has remained idle or
fallow during this period. This suggests that the expansion o f planted area is mainly
through bringing additional land into cultivation rather than utilizing the existing stock o f
arable land. The extent to which planted area increases in each state should therefore
provide a good indicator o f forest land conversion for crop production.

Based on the insights from our theoretical analyses in Chapters 3 to 5, we anticipate that
an increase in the returns to crop production, represented by an increase in the price of
maize, a fall in the price o f fertilizer or an increase in the ratio o f maize to fertilizer
prices, will increase the comparative returns to crop production thus the demand for
crop land. If crop and livestock production are competing land uses, then an increase in
the price o f livestock will reduce the comparative returns to crop production and thus
demand for crop land. Based on the existing empirical literature, we also anticipate that
an increase in the population level will increase 'land hunger' and the demand for
products from crop land. An increase in road density will reduce the cost o f transporting
goods to and from the market, and is expected to increase the relative returns to crop
production. The expected impact o f an increase in income per capita is less certain. On
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the one hand, rising incomes may be associated with an increase in the demand for crops
and crop land, whilst on the other may be associated with a reduced demand for crop
land due to less reliance on the primary sector and a shift towards manufacturing and
service sectors.

Let the demand for crop land at the state level, i, over time, t, be given by:
MAAPit = D it(MGMPit, MFP„ MLPit, MPi(i MRDW, MYC.)

( 7. 1)

where: / = state level, for the 31 states o f Mexico plus the Federal District
t = time, for 1970, 1980 and 1985
MAAP = Mexico crop area planted, state level, '000 ha
MGMP = Mexico guaranteed maize price, national level, constant N$/tn .7
MFP = Mexico fertilizer price, national level, constant N$/tn
MLP = Mexico livestock price, state level, constant NS/kg
M P - Mexico population, state level, number
MRD - Mexico road density, state level, km/ha
MYC = Mexico income per capita, state level, constant N$/ha
and we expect that:
dMAAP.,

dMAAP.,

dMGMPit
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dMAAP.,

- > 0,
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- >

0,

dMRD

< 0,
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<
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The panel analysis o f longitudinal data for planted crop area was conducted across the
31 states o f Mexico plus the Distrito Federal (Federal District), and over the 1970, 1980
and 1985 time periods. Several explanatory variables were examined, including real
guaranteed maize prices, real fertilizer prices, income per capita, population levels and
road density. In addition, real livestock prices were also included to determine the
extent to which this variable may influence crop land expansion. Full details on the
variables and their sources are indicated in Table 7.1.

In the original panel analysis o f the demand for crop land ordinary least squares (OLS)
regressions were employed (Barbier et al. 1993). However, OLS provides consistent

7 Prices are in constant 1980 pesos (N$).
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A F-test for the null hypothesis o f zero individual effects across states was performed.
The hypothesis is soundly rejected in both versions o f the regression, which suggests
that the fixed effects (LSDV) estimator is preferred to the OLS estimator. The BreuschPagan LMj test is also performed for the null hypothesis o f zero random effects, which is
distributed as Xi2- This null hypothesis is also rejected for both regressions, which
suggests that the random effects (FGLS) estimator is preferred to the OLS estimator.
Finally, a Hausman test was performed with %k degrees o f freedom for the null
hypothesis o f no difference between the FGLS random effects and the LSDV fixed
effects estimators. The statistic was significant at the 5% level for the regression
without livestock prices and at the 1% level for the regression with livestock prices.

Thus, in both versions the null hypothesis can be rejected. The value o f 0 for the FGLS
regressions, the F-test statistic, the Breusch-Pagan LM, statistic and the Hausman Xk2
statistic are indicated in Table 7.2. The results o f these diagnostic test results suggest
that FGLS is the preferred estimator in both versions o f the regression. In Table 7.2a
the t-tests for the FGLS regression for planted crop area show that the only significant
explanatory variables are relative maize-fertilizer prices and population. Real income per
capita and road density are not significant. In Table 7.2b t-tests for the FGLS
regression indicate that only population is fully significant, as the two-tailed t-statistic for
the coefficient on relative maize-fertilizer prices is no longer significant at the 5% level.
The other variables in the regression, including real livestock prices, are highly
insignificant.9 These results imply that the hypothesis that livestock prices should
influence planted crop area is rejected by the model. This suggests that maize and
livestock production are not subsitutes. Of the two versions o f the model, FGLS
without livestock prices in Table 7.2a is the preferred estimator.

As Table 7.2a indicates, the only significant explanatory variables in the FGLS
regression are relative maize-fertilizer prices and population. Real income per capita
and road density are not significant. Table 7.3 summarizes the resulting elasticities for

9 Both versions of the model were also run with real rural wages included, but this variable also proved
to be insignificant. Moreover, its inclusion did not alter substantially the coefficients o f the other variables
nor affected their significance. A F-test and log-likelihood test were performed on the null hypothesis that
the rural wage is a redundant variable. The tests indicated that the variable is highly insignificant and we
omitted rural wages in both the versions o f the model in Table 7.2.
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the two significant variables. Relative maize-fertilizer prices have the larger impact on
crop planted area. A 1% increase in this price ratio will lead to a 0.32% change in
planted area. As this is an output-input price ratio, it is an approximation o f the returns
to planting maize and related crops. In addition, any change in the returns to maize and
similar crops would have an important influence on the allocation o f forest land among
competing uses, the comparative returns to existing versus frontier crop land, and the
incentive for frontier crop expansion. Thus, one would expect that an increase in the
relative returns from this major crop would have an important influence on the total
crop area planted across Mexico, and therefore possibly on forest clearance.

The other significant variable, population, should also be associated with increased
crop area. There are essentially two reasons. First, a higher population could mean
that the agricultural sector has to absorb more workers and subsistence farm families,
thus putting more pressure on the land base, including forests. Second, higher
populations create this pressure indirectly through demand for food, fuel, fodder and
other consumptive goods. In our analysis, a 1% increase in state populations leads to a
0.28% rise in crop area planted.

A surprising result o f the analysis is that road density is not significant, as road building
in Latin America is generally considered to be associated with the opening up forest
area for crop land expansion (Chomitz and Gray 1995; Mahar and Schneider 1994;
Reis and Margulis 1991). However, a distinction should be made between an increase
in the road network as represented by the absolute number of road kilometres built and
road density as represented by the number of road kilometres built per square km of
total state area. Deforestation usually results from the extension o f the road network
into previously remote areas. Thus, as discovered by Southgate (1991), the absolute
number of road kilometres built can be a significant factor in land clearing. However,
increasing road density at the state level may actually be reflecting rapid urbanization
and modem-sector development. As argued above, this would reduce pressures on crop
land expansion and forest clearing. The inconclusiveness of our analysis may be due to
a combination o f these two effects.

To summarize, if increasing planted crop area is correlated with deforestation, then the
results o f our analysis reveal some important factors underlying forest conversion in
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Mexico. Increasing the relative returns to maize production, as reflected in the maize
price ratio, leads to further pressure on the forest. Rising populations at the state level
also have a positive impact on forest conversion. However, neither income per capita
nor road density seem to be significant in affecting crop planted area. The hypothesis
that livestock prices should influence planted crop area is also rejected by the model.

Empirical Analysis of Number of Livestock
Beef cattle production is a highly land-extensive process. There are limits on the
number o f cattle that can be grazed on a given plot of pasture land before it is
irrevocably degraded. Degradation o f pasture land, in any case, can lead to the
abandonment o f that land in favour of new pasture formation. Moreover, legally each
farmer is restricted to a maximum o f 500 head o f cattle (Maddison and Associates
1992). Consequently, as the number of cattle in a region or state increases, then it is an
indication that new farms and pastures are being established. Increases ini the number
o f beef cattle at the state level are therefore a good approximation o f the extent of
pasture land expansion in Mexico.

As for crop land, we anticipate that an increase in the returns to livestock production,
represented in this case by an increase in the price o f livestock or credit disbursed to the
livestock sector, will increase the comparative returns to livestock production thus the
demand for livestock. If crop and livestock production are competing landl uses, then an
increase in the price o f maize is expected to reduce the comparative returns to livestock
production and thus the demand for livestock. Once again, we anticipate tlhat an
increase in population levels and road density will have a positive impact oin the demand
for livestock, whilst the impact o f an increase in income per capita is less ceertain.

Let the demand for livestock at the state level, i, over time, t, be given by:
MLHit = Dit{MLPit, MCit, MGMPit, MP„ MRDi(, MYCit)
where: M C = credit in the form o f loans to the livestock sector
We expect that:

(7.3)
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0

Thus an additional panel analysis o f longitudinal data for beef cattle numbers (i.e.
livestock head) was also conducted across the 31 states o f Mexico plus the Federal
District, and over the 1970, 1980 and 1985 time periods. Several explanatory variables
were examined, including real beef prices, income per capita, population levels, road
density and real credit disbursement. Real guaranteed maize prices were also included to
determine the extent to which the expansion in beef numbers is explained by this
variable. Details on the relevant variables and sources are indicated in Table 7.1. The
same two-step procedure for panel analysis o f longitudinal data described above for
planted agricultural area was also employed to derive the estimators o f number o f
livestock.

Table 7.4 depicts the OLS, LSDV and FGLS regression results for cattle numbers.
Table 7.4a depicts the regression results without real maize prices included as an
explanatory variable; Table 7.4b shows the results with maize prices. As before, the
coefficients o f the relevant explanatory variables are depicted, with the absolute values
o f the t-test statistics indicated in parentheses below each coefficient. The value o f 0 for
the FGLS regressions, the F-test statistic, the Breusch-Pagan LM, statistic and the
Hausman Xk statistic are also indicated.

A F-test for the null hypothesis o f zero individual effects across states was performed.
The hypothesis is again soundly rejected in both versions o f the regression, which
suggests that the fixed effects (LSDV) estimator is preferred to the OLS estimator. The
Breusch-Pagan LM, test is also performed for the null hypothesis o f zero random
effects, which is distributed as Xi2- This null hypothesis is also rejected for both
regressions, which suggests that the random effects (FGLS) estimator is preferred to the
OLS estimator. Finally, a Hausman test was performed with Xk degrees o f freedom for
the null hypothesis o f no difference between the FGLS random effects and the LSDV
fixed effects estimators. However, for both regressions with and without maize prices
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As in the case o f planted crop area expansion, an increase in population at the state is
also a significant factor in determining a greater number o f cattle. A 1% rise in
population causes cattle numbers to increase by 0.11%. As in the case o f planted area,
rising populations mean more direct pressure on the land base, including the forest, for
establishing farms and ranching operations, and more indirect pressure through
increased demand for beef and other livestock products.

Income per capita also appears to be positively correlated with greater livestock
numbers over the 1970-85 period. A 1% increase in per capita income at the state level
leads to a 0.09% increase in beef cattle. There may be two reasons for this positive
relationship. Cattle production is generally a commercial activity that may be
associated with a state's agricultural development from subsistence to commercial
agricultural activities. In general one would expect a state's average per capita income
also to increase with such agricultural developments. In addition, rising per capita
income is also associated with increasing demand for meat, which may be reflected in
increased demand for cattle numbers. Finally, as with the case of planted crop area, a
surprising outcome of the analysis o f the demand for livestock head is that road density
is not a significant variable. It is assumed that this is for the same reasons as discussed
above for crop land.

To summarize, if increasing beef cattle numbers in Mexico are correlated with forest
conversion to pasture, then several factors appear to play an important role. The most
significant influence appears to be the returns to cattle operations, as reflected in the
price of beef. Increasing credit disbursements population levels and, to a lesser extent,
rising income per capita are also important factors underlying forest conversion for
cattle raising. However, road density does not seem to be significant in affecting cattle
numbers. The hypothesis that maize prices should influence the number o f cattle is
also rejected by the model. Together with the similar result for the effect o f livestock
prices on crop area planted, this suggests that over the 1970-85 period livestock
production and crop expansion may not be competing for land on the forest frontier in
states across Mexico. Nevertheless, as the overall demand for land in Mexico can be
expected to increase, especially with rising population, the result may be greater
competition between livestock and crop activities for frontier land.
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Analysis of Specific Crop and Livestock Policies

The major policies affecting Mexico's crop and livestock sectors were described in
Section 7.3. In recent years, these policies have been undergoing major changes as part
o f the transition to a more outward development strategy and as the Government o f
Mexico (GoM) has tried to reduce government expenditures. Much o f the economic
reform towards increased liberalization has been part o f the transition to Mexico's
participation in the North American Free Trade Agreement (NAFTA). As a
consequence, some sub-sectors in crop and livestock have been undergoing reductions in
subsidies and other support programmes to improve competitiveness.

Analysing the impacts o f these sectoral policy changes on deforestation in Mexico poses
many problems because o f the complex linkages involved. A further difficulty is that the
process o f internal economic reform and liberalization for many sub-sectors (e.g. maize)
in Mexico is slow and only just beginning. However, in the previous sections the
analyses o f the demand for crop land and cattle expansion in Mexico indicated that
certain policy variables may have important effects on forest conversion. We therefore
focus the analysis o f this section on the effect o f policy changes on these variables:
•

maize and fertilizer prices as determinants o f the returns to crop production and
thus expansion o f planted area

•

beef prices as a determinant o f the returns to cattle raising and thus expansion of
livestock numbers, and

•

rural credit disbursements as a determinant o f the returns to cattle raising.

We utilize the statistical analyses and results derived in Section 7.4 as the starting point
in examining these relationships.

Maize Prices
Maize prices in Mexico are beginning to and expected to continue to be liberalized as
part o f Mexico's membership in NAFTA. Maize is a key agricultural sub-sector in
Mexico as it is the major staple crop and its cultivation provides much rural employment.
GoM maize policies have essentially maintained a divergence between producer and
consumer prices - with the former generally above and the latter generally below the
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border-equivalent international price for maize. Given the strategic importance o f the
crop, efforts to liberalize the maize sub-sector are proceeding slowly.

We focus here on the potential effects o f price changes for maize on the returns to its
cultivation and thus forest conversion. As discussed above, the latter impacts are the
result o f changing maize prices affecting the comparative returns to existing as opposed
to ’frontier’ crop land, the comparative returns to maize cultivation on forest land and the
motivation for ’rent seeking' through extending cultivation and forest conversion.
Because maize accounts for over half the crop area harvested in Mexico, these effects of
changing maize prices could be extremely important in determining forest conversion.

Table 7.3 indicated that an increase in the maize-fertilizer price ratio - our proxy for
returns to crop production - has a strong and positive impact on the area o f land planted
in Mexico. In Table 7.6, the elasticities estimated in our model are used to calculate the
potential impact o f various increases in maize prices on crop planted area, using 1990
values as the base case reference point.11 For example, a 10% decrease in maize prices
would lead to a 3.23% fall in area planted. Such 'instantaneous' effects, particularly for
large price movements, represent approximate 'order o f magnitude' indicators rather than
predictors o f actual responses.12

Due to the GoM policy o f supporting the rural producer price well above the world
price o f maize, liberalization o f the maize market would cause the price to fall
considerably. For example, using 1989 values as their base case reference, Levy and van
Wijnbergen (1991a) suggest that 'instantaneous' liberalization would lead to a 50%
reduction in the rural producer price o f maize. As indicated in Table 7.3 a, such a large
price response to 'instantaneous' liberalization would translate into a major impact on
agricultural area planted (i.e. a 16% decline as an 'order o f magnitude'). The resulting
impacts on the entire rural sector, particularly employment o f subsistence and landless

11 In Tables 7.3 and 7.6, because real values are expressed in constant 1980 prices, the unit o f account
is 'old' rather than 'new1pesos.
12 Moreover, as indicated in Table 7.2, these elasticities were calculated around the means o f the panel
data and small (per unit) effects. Applying these elasticities to much larger changes will invariably increase
inaccuracy.
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workers, would be severe. Moreover, a fall in the price o f maize would not conform to
the 'ideal' policy described above as it would affect indiscriminately the returns to crop
production on both existing and frontier crop land. That is, there is little incentive for
substituting previously idled land for converted forest land.

The effects o f falling producer prices on the returns to maize cultivation and contraction
o f planted area will also be determined by the effects of other liberalization policies on
the comparative returns to competing economic activities on forest land. Although our
analyses suggest that competition between livestock and crop production activities for
converted forest land may not be that significant, this may not necessarily hold for large
and very rapid relative price movements. For example, protection o f the forestry sector
in Mexico has been generally much less than for crops, particularly maize. As a
consequence, liberalization o f the maize market could conceivably reduce significantly
the comparative returns o f maize cultivation to permanent forestry operations on the
frontier. If this is the case, deforestation may be reduced.

On the other hand, the production o f livestock is also protected in Mexico. As discussed
below, as this sector has also been liberalized recently, the resulting impacts on the
comparative returns to maize and cattle raising are less certain. It could be that when
maize prices are eventually liberalized the returns to maize fall relative to that o f cattle
production. As a result, the decline in planted area on the forest land may be at the
expense o f expansion in cattle grazing. Because one conversion activity is essentially
being replaced by another, the net effects on deforestation are more marginal.

Finally, if displacement o f rural workers and subsistence farmers does occur as a result
o f liberalization, then there may be a 'second order' effect on deforestation. Some o f the
displaced workers and farmers may migrate to the frontier and convert additional forest
land. Increased rural unemployment could also reduce real wages, which may make
employment o f labour for forest conversion and crop expansion much less expensive.

On balance, it may be better for Mexico to forego instantaneous liberalization o f its
maize market for a more gradual liberalization coupled with a large-scale programme for
land improvements for existing rainfed crop land. The programme could be targeted to
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benefit particularly farmers with smaller holdings or the subsistence producers. It is
particularly urgent to include in this investment programme improved research and
extension support to reach those subsistence and low-income rainfed farmers in states
with high rates o f deforestation. Research and extension could reduce deforestation
through the combination o f improving yields on existing crop land and disseminating
knowledge o f land-saving rather than land-using farming systems and techniques. In
addition, it is important to coordinate the liberalization policy for maize with
liberalization o f other sectors that also affect forest land use. Such a strategy would
conform more closely to the 'ideal' maize policy for controlling excessive forest
conversion rather than a policy o f more rapid liberalization on its own.

Fertilizer Prices
Over the period 1989-91 Mexico reduced substantially its subsidies in fertilizer. For
example, country-level real prices for urea, ammonium nitrate and ammonium sulphate
increased by 58%, 74% and 60% respectively. As a result, the price of fertilizer at the
railhead and thus to farmers has also risen sharply. Fertilizer prices in Mexico may rise
further in the near future if they follow the generally upward recent trends in world
prices. If the policy o f maintaining a constant fertilizer price across the country is also
abandoned, then fertilizer costs would most certainly rise for those farmers in more
remote areas.

In our model, fertilizer price changes also affect expansion o f planted area through the
maize-fertilizer price ratio variable. Thus an increase in fertilizer prices would have
similar impacts as to the fall in the price of maize discussed above, mainly by reducing
the returns to crop production. Table 7.6b indicates the effects o f an increase in the
fertilizer price on the maize-fertilizer price ratio and thus planted area. For example, a
10% increase in fertilizer prices would lead to an 11% decrease in crop area planted. As
noted above, fertilizer prices increased by around 50-70% in real terms over 1989-91 as
a result o f liberalization. Our model indicates that, other things being equal, such
substantial price changes may have a dramatic impact on reducing planted area and thus
deforestation.13

13 The simulated impacts on planted area for 50-70% reductions in fertilizer prices in Table 7.6b must
be viewed as approximate 'orders o f magnitude'. First, as noted above, applying elasticities calculated
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However, the actual implications o f the recent rise in fertilizer prices on deforestation in
Mexico would be subject to the same considerations discussed above with regard to
liberalization o f the maize market. Much would depend on the impacts o f increased
fertilizer prices on the comparative returns to maize and other frontier crops as opposed
to other forest land use activities, particularly if liberalisation brings large and very rapid
relative price movements. In addition, as the rising fertilizer prices may have reduced
the returns to maize cultivation in the short term, any resulting loss o f rural employment
opportunities and fall in wages could lead to 'second order' deforestation impacts
through increased migration to the frontier and cheaper labour for conversion activities.

Finally, rising fertilizer prices also affect returns on both frontier and existing crop land.
Although more remote and thus frontier areas have presumably experienced a greater
increase because o f increased transportation costs, the rapid and large rise in fertilizer
prices would certainly have affected farmers on existing crop land as well. The burden
may have fallen disproportionately on the poorer, mainly rainfed farmers, who may be
discouraged from using fertilizer or reduce its use to sub-optimal levels. Any resulting
impact on yields and productivity would also be detrimental in terms of encouraging
deforestation, as the alternative to increased production through yield increases is to
expand cultivated area. For example, in an analysis across 24 Latin American countries,
Southgate (1991) found that increased agricultural productivity and yield growth lead to
less agricultural expansion. Thus, if in the short run the recent steep rise in fertilizer
prices has drastically curtailed yield and productivity growth o f crop production in
Mexico, then the results may be counter-productive for controlling forest conversion.

In sum, there were clearly strong reasons for eliminating fertilizer subsidies in Mexico on
fiscal and efficiency grounds alone. Liberalization may also have had a secondary impact
in reducing pressure for deforestation by reducing the incentives for crop land
expansion, but it is clearly a blunt, and far from ideal, policy tool for this purpose. Our

around the means of panel data and small (per unit) effects to much larger changes invariably increases
inaccuracy. Second, such elasticities reflect 'instantaneous' changes. Although the fertilizer price rise in
Mexico was fairly rapid, it did occur over a two year period. Finally, liberalization in Mexico has been
occurring across several sectors, which may make it difficult to distinguish the actual impacts on planted
area of any single factor, such as rising fertilizer prices. Note that these same qualifications also apply to
the simulations of beef prices and credit discussed below.
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main concern is that the policy does not become counter-productive, particularly in the
short term, through discouraging fertilizer use by farmers, especially poorer households
and those with small holdings. Any resulting reduction in aggregate productivity and
yield growth in the Mexican crop production sector would encourage crop land
expansion and thus be detrimental to limiting deforestation. Such second-order effects
could be mitigated somewhat by a national programme o f land improvement investments
to maintain and enhance productivity. Small-holders and subsistence farmers should be
targeted as the main beneficiaries o f the investment programme.

Beef Prices
Cattle raising and beef production are generally less protected in Mexico than the maize
market. Nevertheless, there have been substantial subsidies, particularly in terms o f
credit and feed prices. However, the GoM has recently curtailed substantially its
support for the producer price o f beef over the 1989-91 period, although the actual
impacts on real prices is less well documented.

Our analysis shows that the recent liberalization in beef prices may influence the
expansion o f cattle numbers in Mexico substantially by affecting the returns to cattle
operations - as reflected in the beef-labour price ratio (see Table 7.7a). According to
our simulations, a 10% decrease in prices would cause beef cattle to fall by around 4%.
If real beef prices have fallen by around 50-70%, then there may be an even more
dramatic effect on cattle numbers. As discussed in Section 7.4, because there are limits
on the amount o f beef cattle held per farm, an increase in the number o f farms and thus
pasture area would be a likely outcome - unless there is sufficient investment in research
and extension to improve productivity.

The analysis would therefore suggest that the recent reduction in beef prices may have
reduced pressure on forest conversion to pasture. However, as discussed above, a
crucial issue is how fast and to what degree liberalization has affected the comparative
returns to cattle raising as opposed to other activities at the forest frontier. To the
extent that pasture area would decline at the expense o f increased crop land expansion,
the net effects on forest conversion would be minimal.

Economics of Tropical Forest Land Use

J. Burgess

Chapter 7

217

Credit
The livestock sector in Mexico, particularly cattle raising, has benefited in the past from
subsidized loans. In more recent years, the overall level o f loans to both crop
production and livestock activities has declined substantially, mainly as a result o f
increasing fiscal constraints on the GoM. However, the precise level of credit subsidies
for cattle raising is very difficult to determine.

Our analysis has shown that credit disbursements in general are an important determinant
o f cattle expansion (see Table 7.7b). For example, a 10% decrease in loans would lead
to a 1.4% fall in the number o f beef cattle. Thus, the elimination o f all credit subsidies
for pasture formation and cattle raising should have a significant influence on the
conversion o f forest land for pasture. Whether overall deforestation is reduced would
depend on whether cattle raising on the frontier is replaced by crop production or other
land uses, such as permanent forestry operations or ecotourism, that would not depend
on whole-scale conversion.

The elimination o f subsidies for cattle raising could be an important policy for
controlling conversion o f forest for pasture in Mexico. Studies in other countries have
indicated the extent to which subsidized cattle ranching has contributed to deforestation,
particularly in areas o f concentrated development. For example, in Brazil subsidies
accounting for 54% o f livestock project development costs made uneconomic operations
profitable in financial terms for the private investor (Mahar and Schneider; Repetto
1988). In Mexico, removal o f all subsidies from cattle raising and ensuring that the price
o f beef is maintained on a par with world prices are essential to ensuring that the
livestock sector is not only efficient but also minimizes unnecessary deforestation.

7.6

Conclusions and Policy Implications

Previous studies o f deforestation suggest that crop land expansion and pasture
formation are two major causes o f forest conversion. Evidence presented in this
chapter indicate that this is also the case for Mexico. The factors determining increases
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in the land under crop production and pasture would also be the underlying causes of
deforestation.

However, unlike in some statistical analyses of deforestation, our analysis was unable
to examine the relationships influencing deforestation directly. Instead, a more indirect
approach was taken o f using panel analyses to estimate relationships for crop planted
area and beef cattle at the state level in Mexico over the 1970-85 period. We believe
such an approach gives strong indication o f the factors underlying forest conversion, as
both increases in land under crop production and beef cattle numbers seem to be
correlated with loss o f forest area.

In the case o f increased planted area as a proxy for forest conversion to crops,
increasing the relative returns to maize production, as reflected in the maize price ratio,
leads to further pressure on the forest. Rising populations at the state level also have an
impact on forest conversion. In the case of rising beef cattle numbers as a proxy for
forest conversion to pasture, the most significant influence appears to be the returns to
cattle operations, as reflected in the price of beef. Increasing credit disbursements,
population levels and, to a lesser extent, per capita income are also important factors
underlying forest conversion for cattle raising. Surprisingly, road density was not
significant in either analyses. In addition, livestock prices did not influence the demand
for agricultural nor did maize prices affect the demand for cattle. This suggests that
over the 1970-85 period at least livestock production and agricultural expansion may
not be competing for land on the forest frontier in states across Mexico. Nevertheless,
as the overall demand for land in Mexico can be expected to increase, especially with
rising population, the result may be greater competition between livestock and crop
production activities for frontier land.

The crop land and cattle numbers analyses provide some indication o f the key policy
and socioeconomic variables that may be influencing deforestation in Mexico. To
utilize these results in policy analysis, we concentrated on the role o f maize and
fertilizer prices in affecting the returns to crop production and thus the expansion of
planted area; beef prices affecting the returns to cattle raising and thus the expansion of
cattle numbers; and credit disbursement affecting cattle operations.
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still the comparative returns to cattle ranching as opposed to other frontier activities.
Another factor is the extent to which the costs o f production are still being subsidized
through credit loans and other input subsidies. Thus, a more important policy initiative
would be the removal o f these subsidies. In particular, the elimination o f credit
subsidies for cattle raising ought to make this activity more efficient and reduce
perverse incentives for deforestation.

In conclusion, this chapter began by examining other studies of deforestation that are
relevant to the factors influencing forest conversion in Mexico. The results o f this
policy analysis are in turn relevant to future studies of the economic causes of
deforestation in other countries where rapid frontier forest conversion is prevalent. In
particular, the approach developed here may be applicable for examining the extent to
which changes in government policies are likely to affect deforestation through
comparative economic returns to different economic activities competing for forest
land. The approach developed here also enables us to examine the extent to which such
policy changes also affect the comparative returns to economic activities on existing as
opposed to frontier land. These are clearly important issues not only in Mexico and
Latin America but also across all tropical forest countries.

[word count: 12,755]
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Table 7.1

V ariable

Definition and Sources of Data for Analysis of Crop Area Planted and
Numbers of Livestock

Definition and D ata Sources

MAAP

Crop Area Planted (state level, '000 ha). Crop area planted data derived from:
SARH (1988). 'Estadisticas Basics 1960-1986 para la Planeacion del Desarollo
Rural Integral'. Tomo 1, Sector Agropeuario Forestal.

MLH

Livestock Head (state level, '000 head). Livestock numbers derived from SARH
(1988). 'Estadisticas Basics 1960-1986 para la Planeacion del Desarollo Rural
Integral'. Tomo 1, Sector Agropeuario Forestal; and, INEGI (1992). 'Estados
Unidos Mexcanos Resulta dos Prelimin areas', VII Censo Agropecuario 1991.

MGMFP

Ratio o f Guaranteed Maize Prices to Fertilizer Prices (national level, constant
N$/tn). Maize and fertilizer price data derived from: SARH (1988). 'Estadisticas
Basics 1960-1986 para la Planeacion del Desarollo Rural Integral'. Tomo 1, Sector
Agropeuario Forestal.

MLP

Real Livestock Prices (state level, constant N$/kg to constant N$). Livestock
price data derived from: SARH (1988). 'Estadisticas Basics 1960-1986 para la
Planeacion del Desarollo Rural Integral'. Tomo 1, Sector Agropeuario Forestal;
and, Robles, R. (1992). 'La decada perdida de la agriculture Mexican'. E l
Cotidiano (50): 169-185.

MYC

Income per Capita (state level, constant N$/population). Income data derived
from: SARH (1988). 'Estadisticas Basics 1960-1986 para la Planeacion del
Desarollo Rural Integral'. Tomo 1, Sector Agropeuario Forestal. Population data
derived from: SARH (1988). 'Estadisticas Basics 1960-1986 para la Planeacion del
Desarollo Rural Integral'. Tomo 1, Sector Agropeuario Forestal; INEGI/SPP.
'Sistema de Cuentas Nacionales de Mexico. Estructura Economica Regional
Produsto Intemo Bruto por Entidad Federative.

MP

Population (state level, number). Population data derived from: SARH (1988).
'Estadisticas Basics 1960-1986 para la Planeacion del Desarollo Rural Integral'.
Tomo 1, Sector Agropeuario Forestal; INEGI/SPP. 'Sistema de Cuentas
Nacionales de Mexico. Estructura Economica Regional Produsto Intemo Bruto
por Entidad Federative.

MGMP

Real Guaranteed Maize Prices (national level, constant N$/tn). Maize price data
derived from: SARH (1988). 'Estadisticas Basics 1960-1986 para la Planeacion
del Desarollo Rural Integral'. Tomo 1, Sector Agropeuario Forestal.

MRD

Road Density (state level, km/ha). Road and state area data derived from SARH
(1988). 'Estadisticas Basics 1960-1986 para la Planeacion del Desarollo Rural
Integral'. Tomo 1, Sector Agropeuario Forestal.

MC

Credit (state level, constant N$ mn). Credit represented by loans made by FIRA
and BANRURAL, data derived from SARH (1988). 'Estadisticas Basics 19601986 para la Planeacion del Desarollo Rural Integral'. Tomo 1, Sector Agropeuario
Forestal.
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Table 7.2 Mexcio - Regression Results for Crop Area Planted (MAAP)
a. Without Real Livestock Prices (N = 32, T = 3, K = 4)
MGMFP

MP

MRD

MYC

OLS

342.18
(1.83)

.000087**
(4.08)

- 66.385*
(2.14)

- 0.02073**
(3.10)

LSDV

131.58
(1.48)

.000070*
( 2 . 11)

- 0.472
( 0.02)

0.00533
(1.08)

FGLS

167.49*
( 1.86)

.000077**
(3.13)

-13.676
(0.52)

0.00087
(0.18)

6 = 0.733226
F n - i , n t -n -k = 14.66**
Breusch-Pagan LM, (Xi2) = 48.77**
Hausman (xK2) = 10.88*
* Statistic significant at 5% level
** Statistic significant at 1% level

b. With Real Livestock Prices (N = 32, T = 3, K = 5)
MGMFP

MLP

MP

MRD

MYC

575.24**
(2.53)

- 86.727
(1.76)

.000085**
(4.06)

-82.271**
(2.58)

- 0.02244*
(2.35)

LSDV

112.13
(0.93)

6.866
(0.24)

.0000740*
(2 .01)

- 0.258
(0 .01)

0.00548
(1.09)

FGLS

184.04
( 1.86)

- 4.543
(0.16)

.000077**
(3.00)

-15.583
(0.58)

0.00029
(0.06)

OLS

6 = 0.717463
F n - i , n t -n -k = 13.88**
Breusch-Pagan LM, (Xj2) = 42.65**
Hausman (xK2) = 29.57**
* Statistic significant at 5% level
** Statistic significant at 1% level
Notes:

OLS = ordinary least squares; LSDV = least squares dummy variable; FGLS =
feasible generalized least squares.
MGMFP = ratio o f guaranteed maize prices to fertilizer prices; MP = population;
MRD = road density; MYC = income per capita; MLP = livestock prices. For
more details see Table 7.1.
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Table 7.3

Mexico - Calculation of Elasticities for Planted Crop Area

Planted Crop Area (*000 ha)
Variable

Coefficient

MAAP

Mean

Elasticity

532.84

MGMFP

167.49

1.0267

0.3227

MP

0.000077

1.986.278

0.2882

Notes:

For variable definitions, see Table 7.1.

Source:

From the FGLS regression in Tables 7.2a. Only the significant variables from
these regressions have been included in this table.
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Table 7.4 Mexcio - Regression Results for Livestock Head (MLH)

a. Without Real Guaranteed Maize Prices (N = 32, T = 3, K = 5)
MLP

MRD

MP

MYC

106.504*
(2.17)

0.9958**
(6.23)

- 0.01303
(1.19)

.000037
(1.42)

- 12.941
(0.62)

0.3573**
(7.37)

0.00923**
(2.59)

.000051*
(3.13)

-24.315
(1.14)

0.3765**
(7.41)

0.00865*
(2.29)

-26.712
(0.40)

.000111**
(3.12)

LSDV

41.328**
(2.67)

FGLS

43.425**
(2.67)

OLS

MC

-

0 = 0.886253
F N-l, NT-N-K =

8O ?Z .U
O 3S * *

Breusch-Pagan LM, (Xi2) = 884.22**
Hausman (xK2) = 1.74
* Statistic significant at 5% level
** Statistic significant at 1% level

b. With Real Guaranteed Maize Prices (N = 32, T = 3, K = 6)
M LP

M GM P

MP

MRD

MC

MYC

-79.948
(0.84)

-0.9132
(0.79)

.000114**
(3.18)

- 108.672*
(2.20)

0.9803**
(6.07)

-0.01292
(1.18)

LSDV

18.005
(0.61)

-0.2776
(0.92)

.000038
(1.43)

- 5. 086
(0.23)

0.3427**
(6.72)

0.00956**
(2.65)

FGLS

24.620
(0.79)

- 0.2266
(0.71)

.000052*
(2.02)

- 18.474
(0.81)

0.3652**
(6.84)

0.00888*
(2.34)

OLS

0 = 0.886106
F n - i , n t -n - k = 81.29**
Breusch-Pagan LM, (Xi2) = 855.99**
Hausman (xK2) = 2.10
* Statistic significant at 5% level
** Statistic significant at 1% level

Notes:

OLS = ordinary least squares; LSDV = least squares dummy variable; FGLS = feasible
generalized least squares.
MLP = livestock prices; MP = population; MRD = road density, MC = credit; MYC =
income per capita; MGMP = guaranteed maize prices. For more details see Table 7.1.
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Table 7.5

Mexico - Calculation of Elasticities for Beef Cattle

Beef Cattle (f000 head)
Variable

Coefficient

MLH

Mean

Elasticity

958.05

MLP

43.425

9.2548

0.4195

MP

0.000051

1,986,278

0.1062

MC

0.3765

347.06

0.1364

MYC

0.00865

10,280.77

0.0928

Notes:

For variable definitions, see Table 7.1.

Source: From the FGLS regressions in Table 7.4a. Only the significant variables from these
regressions have been included in this table.
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Table 7.6 Mexico - Effects of Changes in Key Policy Variables on Planted Crop Area

A. M aize Prices (nominal 1990 MEXS618,000/ton)

Percentage C hange
Base Case
Value

-10%

-50%

-70%

Real M aize Prices
(MEX$/ton)

3,471

-347

-1,736

- 2,430

M aize-Fertilizer P rice R atio

1.31

-0.13

-0 .6 6

-0.92

P lanted A rea (’000 ha)
(% change)

19,261

-622
(- 3.23%)

-3,108
(- 16.14%)

-4,351
(- 22.59%)

Effect on:

B. F ertilizer Prices (nom inal 1990 MEXS471,000/ton)

Percentage Change
Base Case
Value
Effect on:

10%

50%

70%

R eal F ertilizer Prices
(MEX$/ton)

2,645

265

1,323

1,852

M aize-Fertilizer P rice R atio
(% change)

1.31

-0.12
(- 9.09%)

-0.44
(- 33.33%)

-0.54
(-41.18% )

Planted A rea ('000 ha)
(% change)

19,261

-565
(- 2.93%)

- 2,072
(- 10.76%)

- 2,599
(- 13.29%)

Notes:

All Base Case values are for 1990. Real values are in constant 1980 pesos (N$). Elasticity measures
are derived from Table 7.3.

Source:

See references in Table 7.1.
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Table 7.7 Mexico - Effects of Changes in Key Policy Variables on Beef Cattle

A. Beef Prices (nominal 1990 MEXS9,000/kg)
Percentage Change

Effect on:

Base Case
Value

-10%

-50%

-70%

Real Beef Prices

26

-3

-13

- 19

32,054

- 1,345
(- 4.20%)

- 6,723
(- 20.98%)

-9,413
(- 29.37%)

(MEX$/kg)

Beef Cattle ('000 ha)
(% change)

B. Credit Disbursements (nominal 1990 MEX$21,389 billion)
Percentage Change

Effect on:

Base Case
Value

-10%

-50%

-70%

Real Credit Disbursements

120.13

- 12.01

-60.07

- 84.09

32.054

-437
(- 1.36%)

-2,186
(- 6.82%)

- 3,061
(- 9.55%)

(MEX$/ billions)

Beef Cattle ('000 ha)
(% change)

Notes:

All Base Case values are for 1990. Real values are in constant 1980 pesos (N$). Elasticity measures
are derived from Table 7.5.

Source:

See references in Table 7.1.
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Figure 7.1

The Comparative Returns on Existing and Frontier Land

A'
Returns
per ha
A

Existing
Agricultural Land

B

Frontier
Land

H

As the returns to existing agricultural land increase (from AH to A'F), the amount o f fallow land
decreases (from CF to EF) and less land is exploited on the frontier (from CG to EG).
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Figure 7.2

The Comparative Returns to Different Forest Land Uses

Returns
per ha
A

Forestry

B’
B
Agriculture
C

Livestock
O

D

E

F

G

G'

H

An increase in the comparative returns to crops on forest lands (from BG to B'G') could lead to
crop land expansion at the expense o f permanent forest production (OD decreases) and
substitution from livestock to crop production on the frontier (FH decreases). The net effect on
deforestation depends on the comparative returns to forestry and crops only.
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CONCLUSION AND POLICY IMPLICATIONS

Introduction

Aims and Contributions
In this chapter we summarise the contributions o f this thesis to our understanding o f the
problem o f economically excessive tropical deforestation. We also discuss the new
challenges that have been identified by Chapters 3 to 7 for policy makers at the national
and international level. In order to address these policy issues, we review the recent
policy initiatives in the forest and related sectors. We then discuss the need for
additional policy innovations to tackle some o f the underlying causes o f economically
excessive tropical deforestation that have been raised by this thesis.

Structure of Chapter 8
There are two main sections in this chapter. Section 8.2 provides a summary o f the main
contributions o f this thesis and discusses the policy issues that have been raised. Section
8.3 reviews recent major policy forest and related sector policy initiatives and discusses
the need for additional policy innovations.

8.2

Thesis Contribution and Policy Insights

In Chapter 1 we noted the significant concern for the continued degradation and
destruction o f tropical forests. This concern has arisen because o f the loss o f tropical
forest values at the local, national and international level. These include direct use
values (e.g. timber, non-timber benefits and recreation), indirect use values (e.g. carbon
storage and biodiversity maintenance), and non-use values (e.g. existence and bequest
values). In response to the concern about tropical deforestation there have been
substantial efforts to establish an international convention on forests, create new public
and private sources o f finance to support forest conservation objectives, and to reform
forest and related sector policies.

The effectiveness o f these policy efforts critically depends on the response o f those
individuals actually making forest land use decisions. In this thesis we have addressed
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the following question: how does economic theory and empirical application o f this
theory contribute to our understanding o f the incentives, and the impact o f policy
options on the incentives, offorest managers to conserve or convert tropical forest
land?

The background review in Chapter 2 showed that tropical forests continue to be
converted at a high rate. Between 1990-1995 annual tropical deforestation amounted to
12.6 million hectares (mn ha) at an annual rate o f 0.7%. In addition, there is increasing
fragmentation o f remaining natural forests which may undermine their ability to provide
important ecological functions, such as watershed protection and biodiversity
maintenance. Although there is increasing investment in the establishment o f plantations
in the tropics, especially in S.E. Asia, the current level o f establishment o f ‘tree crops’ o f
2.7 mn ha/yr is by far outstripped by the level o f deforestation. In addition, whilst
plantations may partially compensate for the loss o f timber supply, they are by no means
a perfect substitute for the wide range o f non-timber forest benefits provided by natural
tropical forests.

The process o f forest conversion over time that has been observed in the tropics involves
opening up the forest for timber extraction followed by forest encroachment for short or
long fallow agriculture. Tropical deforestation typically follows a pattern o f increasing
expansion o f the forest frontier and increasing forest fragmentation. Three key policy
issues were identified as central to the tropical deforestation problem: environmental
externalities, insecure land tenure, and imperfect information on the increasing scarcity
o f forest benefits, reflected by increasing prices.

In Chapter 3 we theoretically analysed the forest manager's timber production decision
and the choice o f forest land allocation. A Faustmann-type timber production model
was established to determine the optimal time to harvest timber so as to maximise the
present value o f a natural forest stand from an infinite series o f timber rotations. The
timber production model was extended to take account o f alternative forest land uses,
such as conversion to agriculture, and we showed that the stand would simply be
allocated to its highest valued use. If environmental externalities, imperfect information
on changing timber prices, and insecure land tenure effect the returns to timber
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production, then the privately efficient land use decision was shown to be biased towards
conversion to agriculture. We argued that whilst this basic forest land use options model
goes some way to establish an appropriate framework to address the problem o f
economically excessive tropical deforestation, it does not adequately explain the process
and patterns o f forest conversion observed in the tropics.

The review o f tropical timber production and forest land use in Chapter 3 provided no
new insights for policy. However, this chapter confirmed that the framework provided
by the forest land use options model can be used to examine if market and policy failures
lead to a divergence between the privately efficient and socially optimal forest land use
decision. This chapter also supported the general policy approach o f removing existing
distortions, for example through the provision o f payments for public environmental
goods, establishing and enforcing secure land tenure rights, and enabling market prices
to signal scarcity. Furthermore, this chapter highlighted the need to coordinate and
integrate policy responses because the correction o f one market or policy failure without
addressing other prevailing problems may actually create further distortionary incentives
to deforest. For example, in the absence o f secure land tenure, higher returns to timber
extraction may exacerbate the problem of timber mining complementing agricultural
conversion rather than encouraging forest conservation.

In Chapter 4 we looked at the reasons why forests may be converted at some point in
the future, rather than just at the outset. Our first case o f switching between alternative
land uses is due to initial land use constraints or to a one-off change in a key parameter.
The decision to convert forest land over time can be examined through a comparative
static approach, although the forest land use options model needs to be adapted to take
account o f the change in the future expected land values. Our second case of switching
between alternative land uses is due to prices evolving at different rates over time. The
decision to switch is made at the outset and generates an equilibrium path for
conversion. Here the framework for decision making needs to be significantly revised to
take account o f future expected land values as well as the initial choice o f timber type
and the optimal rotation length. In general, the costs o f switching between alternative
land uses need to be considered, which may imply that tropical natural forest conversion
is effectively irreversible.
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Chapter 4 provided several new insights for policy. We already know that forest and
related sector market and policy changes may alter the relative returns to alternative
forest land uses and induce a shift in land allocation. In order to respond to these
changes, the private individual needs to have sufficient flexibility, for example in terms
o f the timber concession agreement or rights o f land tenure, sufficient foresight to take
account o f expected rather than current conditions, and sufficient information on the
costs and benefits o f land use switching. In addition, in the case o f a one-off market or
policy change, the private individual needs to be able to adapt his framework fo r
decision making to take account o f future expected land values. In the case o f switching
along an equilibrium path due to evolving prices, the individual needs to be able to adapt
and implement the modified framework o f analysis, even though the computation costs,
in terms o f time and effort, may be substantial. A break-down in any o f these conditions
may undermine the private individual’s efficient land use decision and have important
implications for policy.

In Chapter 5 we extended the stand level model to the forest level and examined the
impact o f stand interactions (i.e. externality effects) on forest land use decisions. We
have shown that in the case o f zero stand interactions, stand level decisions will not
impact on neighbouring stands and the decentralised decision by a private individual to
allocate the stand to its highest value will correspond with the social optimum. With
negative stand interactions, the average per hectare returns to an individual stand decline
with an increase in the size o f the total stock o f land. If the negative interaction effects
are greater for forestry than for agriculture and an interior solution exists, then the
private individual may allocate too little land to forestry. In the case o f positive stand
interactions, the average per hectare returns to an individual stand increase with an
increase in the size o f the total stock o f land. The locally stable equilibrium determined
by a private land user may not coincide with the socially optimal equilibrium. For
example, if the per hectare value o f an isolated forest stand is less than the per hectare
value o f an agricultural stand when all land is allocated to agriculture, then the private
individual may dedicate the stand to agriculture even though allocating all the land to
forestry is socially optimum.
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A new policy insight provided by Chapter 5 is that in the presence o f positive or negative
stand interactions, under certain conditions decentralised decision making may lead to
too much deforestation. We anticipate that positive stand interactions are more likely to
affect tropical forest land use and require coordinated forest-level land use decision
making to ensure that excessive forest conversion and fragmentation does not occur.
This may take the form o f government intervention to ensure the provision o f
information to private decision makers, implement land use zoning, or undertake
management o f the entire forest estate.

In Chapter 6 we undertook a cross-sectional analysis o f deforestation from 1980-85 for
all tropical forest countries. As expected, increasing population density was positively
correlated with deforestation. However, increasing income levels and improved
agricultural yields were negatively correlated with forest conversion whilst timber
production was positively correlated with deforestation. Our empirical analysis indicated
that increasing returns to agricultural production through improved yields may not lead
to more agricultural conversion as predicted by our theoretical model, but to more
intensive use o f existing agricultural land and to a reduction in ‘land hunger’
requirements. Our empirical analysis also suggests that the timber production and
environmental benefits from sustainable forestry have been largely ignored in tropical
forest land use decisions, and recent forestry practices and policies may actually have
encouraged greater forest conversion.

Chapter 6 confirmed the policy insights raised in Chapter 3. First, market and policy
failures in the forest sector, such as environmental externalities, imperfect information on
future benefits from timber production, and insecure land tenure, tend to bias land use
decisions towards forest conversion. In addition, in the absence o f secure land tenure,
improving the benefits from timber extraction may create incentives for more timber
'mining' as a complement to agricultural conversion, rather than encouraging long term
productive management o f the forest estate in many frontier regions. These results
provide further support for the argument that removal of existing market and policy
failures is central to managing the problem of tropical deforestation, but that this needs
to be done in a coordinated and integrated fashion across the forest and related sectors.

Economics of Tropical Forest Land Use__________ J. Burgess

Chapter 8________________235

In Chapter 7 we undertook a panel analysis o f forest land conversion in Mexico at the
state level from 1970-1985. Due to forest data limitations, the factors directly
influencing deforestation could not be examined. Instead, we estimated the relationships
for planted crop area and beef cattle which seem to be strongly correlated with loss of
forest area. The results o f the analysis were then used to examine the likely implications
o f specific government policies in the crop and livestock sectors for deforestation in
Mexico. We concentrated on the role of removing maize and fertilizer price subsidies,
which affects the returns to crops and thus the expansion of planted area, and removing
livestock price and credit subsidies, which affects the returns to cattle production and
thus the expansion o f cattle numbers.

A general policy conclusion o f Chapter 8 is that as predicted by our theoretical model,
recent liberalization policies may have directly reduced incentives for forest
conversion. However, substantial and rapid liberalisation may lead to second order
effects. For example, the lack o f employment and income opportunities may induce
rural workers and subsistence farmers to migrate towards frontier forest areas, or to
convert remaining forest land available to them. These second-order effects could
outweigh the initial impacts of the reduction in incentives for forest conservation.
Therefore, there is a need for additional investment programmes and policies to
complement policy liberalization in Mexico in order to reconcile economic development
with improving the incentives for forest management and limiting deforestation.

8.3

Policy Issues and Options

In the opening chapter o f this thesis we stated the global, national and local concern for
the problem o f economically excessive tropical deforestation. In this section, we review
the major forest policy initiatives that have been undertaken to address this concern.
These include the establishment o f major international forest institutions and agreements,
approaches to generate new forms o f private and public sector finance for forest
conservation, and recent reforms and innovations o f forest and related sector policies.
We then discuss the need for further policy innovations in light of the new policy issues
identified in this thesis.

Economics of Tropical Forest Land Use

J. Burgess

Chapter 8

236

Establishment of Major International Forest Institutions and Agreements
An overview the establishment o f major international forest institutions and agreements
over the past two decades is presented in Table 8.1. As can be seen from this table,
there have been a substantial number o f international institutions established during this
period to address the concern for tropical deforestation. These institutions have
involved public/official sector bodies, such as the United Nations Conference on
Environment and Development (UNCED), World Commission of Forests and
Sustainable Development (WCFSD), and the Intergovernmental Panel on Forests (IPF)
(now the Intergovernmental Forum on Forests, IFF), private/industry sector ventures,
such as the International Tropical Timber Organisation (ITTO) representing the
producers and consumers o f tropical timber, and non-pro fit/non-govemmental
organisations such as the Centre for International Forestry Research (CIFOR) and Forest
Stewardship Council (FSC).

In the 1980's the main focus o f international forest initiatives was to voice both public
and private sector support for the concept of sustainable economic development and to
identify the proximate and underlying causes o f tropical deforestation. In the early
1990's, the attention shifted to defining what is actually meant by sustainable forest
management (Poore et al. 1989) and to examine the impact o f timber production and
trade on tropical forest land use (Barbier et al. 1994b). The ITTO continued to promote
its objective o f encouraging all trade in timber to be from sustainable sources by the year
2000, and in the renegotiation o f ITT A in 1994 three separate processes were
established to design and implement criteria and indicators for sustainable forest
management.

Throughout the 1990's there have also been several attempts to establish international
agreements on tropical forests. In 1992, although UNCED did not achieve an
international forest convention it did establish consensus on a ‘Forest Principles Accord’.
However, the Accord represents a political statement o f commitment rather than an
operational document. The Conventions o f Biological Diversity and Climate Change
were set up at this conference, and continue to have important impacts on both
international forest policy and financing mechanisms.
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Since then, two further international organisations have been established to look at
policies for promoting sustainable tropical forest. In 1994 the WCFSD was established.
It has recently completed its regional hearings and published ‘Our Forests, Our Future’,
which calls for direct involvement o f individuals and the private sector to promote
sustainable forestry (WCFSD 1994). The IPF was set up by UNCSD in 1995. Its 1997
report to UNCSD discussed the possibilities and problems o f institutionalized
intergovernmental cooperation on forestry, but made few substantial proposals. The IPF
has now been reconvened as the IFF and one o f its tasks is to reconsider the options for
an international forest convention.

Approaches to Generate New Forms of Private and Public Sector Finance
As demonstrated in Table 8.2, numerous innovative approaches have been designed and
implemented to generate new forms o f private and public sector finance for forest
conservation. These have involved public and private sector ventures and have been
induced by regulations and market conditions (Pearce and Steele 1997).

One o f the most significant public ventures was the establishment o f the Global
Environment Facility (GEF) in 1991 on the basis of a multilateral trust fund o f $1.3
billion (bn) to finance projects which protect the global environment (OECD 1995). The
GEF provides funds to meet the ‘incremental cost’ of implementing the objectives o f the
International Conventions on Climate Change and Biological Diversity. The
interpretation and measurement o f ‘incremental cost’ have been the subject o f much
debate, but are taken to include the additional cost incurred o f safeguarding global,
rather than domestic, public good benefits. The GEF has provided around $2.8 bn over
the 1991-96 period, about half o f which has been used for biodiversity conservation, and
has also been effective in acting as a leverage for private sector financing (Panayotou
1997).

National Environment Funds (NEF), such as conservation trust funds, endowments and
green funds, have been established in numerous tropical countries with the aim o f
channelling international and domestic financial payments to national conservation
schemes. Although these schemes have been effective in co-ordinating financial
payments, they have been criticized for addressing a narrow range o f environmental
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interests rather than national priorities (Pearce et al. 1997). The NEF also need to focus
more on removing prevailing domestic market and institutional failures that undermine
investment in environmental conservation (OECD 1995).

Other approaches that have been suggested to raise finance for forest conservation
involve establishing taxes or user charges and earmarking the revenue earned for forest
conservation schemes. As shown in Table 8.2, these may be implemented from
govemment-to-govemment, or by a single government. Some schemes are unrelated to
the forest sector, such as the proposed tax on international foreign exchange
transactions, carbon tax and air-travel tax, whilst others are related to the forest sector,
such as such as a tax on the timber trade, redirecting VAT on timber, tax on timber
concession and user fees for access to forest recreation sites.

In all cases, the revenue raised by the tax or charge needs to be considered in light o f the
direct and indirect impacts o f the tax on producer and consumer welfare. As with all
policy instruments, the efficiency, equity and trade impacts also need to be addressed, as
well as the political acceptability and costs o f establishing and implementing the tax. For
example, Barbier et al. 1994 calculate that the policy proposal o f halving VAT on timber
imports from 15% to 7.5% would raise $1.5 bn per annum and increase the capture of
economic returns from forestry in producer countries by 30-80%. However, the
estimated loss o f revenue to consumer countries o f $3.7 bn due to ‘leakages’ to other
sectors in the tropical timber trade, is much more than the revenue gain by producer
countries (Barbier et al. 1994b). Furthermore, consumer countries may want to monitor
how the money is spent on tropical forest conservation schemes which may raise
additional implementation problems.

Public sector ventures have also emerged in response to changing market conditions. As
shown in Table 8.2, governments and official organisations have been involved in debtfor-nature swaps and the establishment of timber certification schemes. Debt-for-natureswaps involve an agreement between a debt purchaser (e.g. donor, non-government
organsiation) and the debtor country for the cancellation o f debt in exchange for
environmental commitments by the debtor country. Although there have been numerous
debt swaps and these have often facilitated long-term conservation programmes, their
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effectiveness has depended on a favourable policy environment, institutional and
administrative capacity in the debtor country. The financial benefits o f buying down the
debt may also be offset by an increase in the price o f the remaining debt and the macroeconomic burden incurred by debtors (Anderson 1994).

Certification and labelling schemes have been suggested at the product, concession and
country level. One major concern about all o f these schemes is that they may be used, or
perceived to be used, as barriers to trade. However, Barbier (1999b) notes that ‘so long
as the schemes are non-discriminatory, transparent and justified, are agreed mutually
between trading partners or through multi-lateral negotiations, comply with
GATT/WTO rules and conform with internationally recognized guidelines, then their
potential use as trade barriers will be drastically reduced’.

Concession and product certification schemes are currently in operation, and may
provide market-based incentives to producers to improve forest management whilst at
the same time meet consumer demands for wood from well-managed forests. One
certification scheme has been established by the Forest Stewardship Council (FSC),
which operates a forest management standard, international accreditation programme for
certifiers, and a trademark for labelling (Bass and Heame 1997). At least eight buyers’
groups have been set up with commitments to buy only FSC-certified timber. An
alternative approach to certification is through the International Standardization
Organization (ISO) 14001 forestry initiative which offers a framework for the
certification o f environmental management systems, but does not specify management
performance standards and or offer product labelling (Richards 1999).

However, the effectiveness o f product and concession level certification schemes to
promote sustainable natural forest management has yet to be confirmed. The evidence
o f additional demand for certified wood is as yet uncertain and only in small ‘niche’
markets are customers willing to pay more for certified timber. The direct costs of
adopting and implementing product or concession certification schemes are substantial,
and the indirect costs o f certification through trade losses and diversion through
substitution to non-certified timber, and may reduce the potential for product and
concession level certification schemes to achieve their policy objectives.
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Country level certification requires commitment from both the producer and consumer
countries. In producer countries, national policies need to be adjusted so that existing
market and policy distortions are removed and positive incentives are established for
natural forest management. Producer country schemes could be easily monitored
through periodic inspections by internationally certified teams monitoring port traffic,
reviewing forest policy and management plans, and so on. Poorer producer countries
may also require additional financial assistance to design, implement and monitor, key
forest policy objectives (Barbier et al. 1994b). In the consumer countries, the removal
o f existing tariff and non-tariff barriers for timber imports into domestic markets is
required (Barbier 1999). Ghana is currently developing a national certification
programme and in Costa Rica a National Certification Commission has been set up to
develop national standards for natural forest management and to monitor and supervise
certification bodies (Richards 1999).

Market induced, private sector schemes include the purchase o f exotic capital and bio
prospecting deals, transferrable forest conservation and development rights (Panayotou,
1994). Private sector ventures that have been induced by international regulations
include joint implementation schemes to meet climate change objectives. The Kyoto
Protocol and the Clean Development Mechanism offer significant potential to raise
considerable sources o f finance through carbon offset deals from forest conservation,
reforestation and afforestation schemes (Pearce et al. 1998). For example, Costa Rica
established a carbon fixing project in 1995, with the objectives o f protecting carbon
sinks in important protected areas, increasing carbon capture in the buffer zone and
providing investment opportunities for foreign investors and land owners. A National
Fund for Financing Forestry (FONAFIFO) was set up within the Ministry o f
Environment to access non-government funds for forestry, and was followed by the
establishment o f a semi-autonomous Office o f Joint Implementation (OCIC) in 1996. By
selling certified tradable offsets, Costa Rica has been able to generate significant funds
for forest conservation schemes (Stuart and Moura Costa 1998).

Forest and Related Sector Policies
The previous discussion has focussed on the importance o f establishing a coordinated
global response to the deforestation problem, supported by public and private sector
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funds to ensure sufficient long term investment in forest conservation projects that
provide important local, national and international benefits. In order for these
approaches to be effective, it is essential that the domestic policy environment,
institutions and administrative capacity in the forest, agriculture and related sectors
provide an appropriate framework.

In this thesis we have focussed on the underlying causes o f economically excessive
deforestation. These are the factors that create an incentive for the private land owner
to convert forest land to alternative uses, such as agriculture, rather than conserve it as
forest for long-term conservation or productive use. The relatively low returns to forest
conservation are brought about by a mix o f market and policy failures, such as
environmental externalities, tenure insecurity and imperfect timber price information
affecting the forest sector. At the same time, the relatively high returns to agricultural
conversion are often boosted by government policies such as land conversion, input and
credit subsidies and inflated product prices.

In recent years there has been considerable progress in the design and implementation of
effective policies in the forest, agriculture and related sectors. As shown in Table 8.3,
the policy approaches can be categorised according to the use o f markets, creation o f
markets and use o f regulations (Panayotou 1996, Warford et al. 1997, World Bank
1997b). Several o f these policy measures have already been reviewed in the previous
discussion. However, Table 8.3 provides a useful structure to compare and contrast the
different policy options, and to consider how they fit in with our overall framework for
analysing the problem o f tropical deforestation developed in this thesis.

First, the removal o f existing forest, agriculture and related sector distortions, and the
establishment o f positive incentives, is critical to encouraging forest conservation. For
example, as shown in Table 8.3, using markets more effectively may include the use o f
market-based, rather than state determined, timber prices, timber certification and
labelling, auctions for timber concessions, user fees for forest recreational sites, and
targeted subsidies for national and global environmental public goods. Creating new
markets includes establishing secure land titles and concession rights, enabling bio
prospecting deals and the purchase o f exotic capital, as well as establishing transferable
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conservation and development rights and international offset schemes. Finally, in some
cases the use o f regulations, in the form o f land use zones and standards, and extraction
permits and quotas, may be required.

Implementation o f these policy options will help to address the key problems o f
environmental externalities, imperfect information on forest values, and insecure land
tenure that distort the private individual’s perception o f the relative returns to the
alternative forest land use options and lead to economically excessive deforestation.
However, a coordinated and integrated policy response across the forest, agricultural
and related sectors o f tropical forest countries is critical to ensuring that private land
owners receive appropriate signals about the long-term costs and benefits o f forest
conservation and conversion decisions.

In our theoretical analyses in this thesis, we have also shown that when deforestation
occurs over time due to changing market or policy conditions or evolving key
parameters, the private individual needs to have sufficient flexibility, for example in
terms o f the timber concession agreement or rights o f land tenure, sufficient foresight to
take account o f expected rather than current conditions, and sufficient information on
the costs and benefits o f land use switching. If stand interactions exist, that is where the
land use decision on the focal stand impacts on the returns to neighbouring stands, then
coordinated forest-level land use decision making may be required to ensure that
excessive forest conversion and fragmentation does not occur. This may take the form
o f government intervention to ensure the provision o f information to private decision
makers, implement land use zoning, or undertake management of the entire forest estate.

In our empirical analyses, we have also shown that rapid removal of existing policy
distortions and implementation o f new policies may lead to second order effects. These
second-order effects could outweigh the initial direct impacts o f the reduction in
incentives for forest conversion, and additional investment programmes and policies to
complement policy changes may be required to ensure the incentives for forest
conservation and management are not undermined. Finally, we have shown that
improvements in forest and related sector policies also need to be undertaken in light o f
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broader macro-economic issues, such as increasing population and income growth, and
their relationship to deforestation.
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Table 8.1 The Establishment of Major International Forest Institutions and
Agreements
Date

Event

Details

1980

World Conservation Strategy
published

Concept of sustainable development emerges in public
document

1985

Tropical Forestry Action Plan
(TFAP) launched at World
Forestry Congress

TFAP established to control deforestation, promote
sustainable use and conservation of forest resources
and increase aid to forestry sector

1985

International Tropical Timber
Agreement (ITTA) signed and
International Tropical Timber
Organisation (ITTO) established

An agreement in a class o f its own among commodity
agreements, concerned not only with timber trade but
resources upon which it depends, signed by main
producers and consumers of tropical timber

1987

Brundtland Report published

Defined sustainable development as development that
meets the needs of the present generation without
compromising the ability of future generaions to meet
their own needs

1988

ITTO report on sustainable
tropical timber production,
published as 'No Timber Without
Trees' by Poore et al. (1989)

Indicated that less than 1% of tropical timber came
from 'sustainable' sources

1991

ITTO establish definition and
criteria for sustainability

ITTO (1990) 'Guidelines for the Sustainable
Management of Natural Tropical Forests'.

1992

Centre for International Forestry
Research (CIFOR) established

A non-profit, autonomous scientific research
organisation established

1992

ITTO report on criteria and
indicators for sustainable forest
management

debate on the establishment and implementation of
reliable, repeatable standards continues

1992

United Nations Conference on
Environment and Development
(UNCED), established the global
'Forest Principles Accord'.
Chapter 11 o f Agenda 21:
Combatting Deforestation

Discussion on forestry at international level but no
convention o f forests agreed. Conventions on
Biological Diversity and Climate Change established,
both of which effect forests. Forest Principles indicate
a consensus on the global importance of forests but
represent a political statement rather than an
operational document.

1993

ITTO report on economic
linkages between the
international trade in tropical
timber and the sustainable
management o f tropical forests,
published as ‘Economics of the
Tropical Timber Trade’, by
Barbier et al. 1994b.

assessed how trade influences incentives for
sustainable management of tropical production
forests, and to evaluate alternative options for ITTO
to implement the ‘Year 2000 strategy’ to encourage
all trade in timber to be from sustainably managed
sources by 2000.

1993

Forest Stewardship Council

A non-governmental organisation industry alliance,
set up to combat problems faced by ITTO and focus
attentional on forest management at the local rather
than inter-govemmental level, promotes development
of standards and accredit forest certifiers
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Table 8.1 The Establishment of Major International Forest Institutions and
Agreements (continued)

Date

Event

Details

1994

World Commission o f Forests
and Sustainable Development
(WCFSD)

WCFSD set up to fill void of global framework for
action on forests

1994

Renegotiation o f ITTA:
- Pan-European Helsinki Process
- Non-European Montreal
Process
- Tarapoto declaration o f the
Amazon

Three separate processes emerged: Pan-European
Helsinki Process and Non-European Montreal Process
both focus on criteria and indicators for sustainable
management of boreal and temperate forests,
Tarapoto declaration o f the Amazon for principles
and criteria for the sustainable management of
Amazonian forest

1995

UN Commission on Sustainable
Development (CSD) sets up
Intergovernmental Panel on
Forests (IPF)

CSD session considers forestry: IPF is the highest
international body ever to consider forest issues,
created for generating concensus and to propose
actions for implementation o f UNCED’s forest-related
agreements at the national and international level

1997

IPF reports back to the CSD

IPF demonstrates the possibilities and problems for
institutionalized intergovernmental cooperation on
forestry: many ‘lowest common denominator’
proposals made. Main decision is to reconvene as the
Intergovernmental Forum on Forests with forest
convention on its agenda for debate

1997

WCFSD completes regional
hearings

‘Our Forests, Our Future’ focusses on civil society:
calls for direct involvement o f poor people and
business, tackling inequity and corruption

Source:

Adapted from Poore (1995), ODI (1996) and Mayers and Bass (1998).
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Table 8.2 Private and Public Sector Finance for Forest Conservation
Regulation Induced

Spontaneous Market

- g o v e r n m e n t-to -g o v e r n m e n t

- g overn m en t

s c h e m e s to d ir e c t f u n d s f o r f o r e s t

m a r k e t v e n tu r e s

c o n s e r v a tio n

e.g. debt-for-nature swaps, timber
certification schemes

e.g. Global Environment Facility
- d o m e s ti c g o v e r n m e n t s c h e m e s
Public and
Official
Ventures

in v o l v e m e n t in

to d i r e c t f u n d s f o r f o r e s t
c o n s e r v a tio n

e.g. National Environmental
Funds (conservation trust funds,
endowments, green funds, etc)
- g o v e m m e n t-to -g o v e r n m e n t
s c h e m e s to r e d ir e c t/e s ta b lis h
n o n - f o r e s t r e la t e d t a x e s f o r
f o r e s t c o n s e r v a tio n

e.g. the Tobin tax on international
foreign exchange transactions,
carbon taxes, air travel taxes
- g o v e r n m e n t-to -g o v e r n m e n t
s c h e m e s to r e d ir e c t/e s ta b lis h
ta x e s f r o m tim b e r tr a d e f o r f o r e s t
c o n s e r v a tio n

e.g. timber trade tax, earmarking
VAT on tropical timber, area
dependent payments to forest
management units
- d o m e s ti c g o v e r n m e n t s c h e m e s
to r e d ir e c t/e s ta b lis h ta x e s a n d
u s e r f e e s f o r f o r e s t c o n s e r v a tio n

e.g. concession tax, differential
land use tax, user fees for forest
recreational sites, performance
bond, deposit refund system
Private
Sector
Ventures

- p r iv a te jo in t

i m p le m e n ta tio n

s c h e m e s to e x p l o i t

s c h e m e s to m e e t c l i m a te c h a n g e

m a r k e t c o n d itio n s

o b je c tiv e s , a s e s ta b l i s h e d b y th e

e.g. purchase o f exotic capital and
bio-prospecting deals,
transferable forest conservation
and development rights

K y o t o P r o t o c o l a n d t h e C le a n
D e v e l o p m e n t M e c h a n is m

e.g. forest projects to offset
carbon emissions

Source:

- p r iv a te

Adapted from Pearce and Steele (1997), Richards (1997).

247

Table 8.3 Tropical Forest and Related Sector Policies
Approach

Policy
Tool

Forest Sector

Agriculture Sector

market
price/user
fee

- market driven timber prices,
rather than government
determined
- market segmentation for
sustainably produced timber,
via labelling and certification
schemes
- auctions for timber
concessions
- user fees for national parks
- bioprospecting deals, purchase
of exotic capital

- market driven agricultural
prices, rather than government
determined
- market segmentation for
sustainably producer
agriculture, via labelling and
certification schemes

subsidy

- targeted subsidies for
environmental benefits from
National or Global
Environment Funds
- credits for reforestation

- remove land conversion
subsidies
- remove credit subsidies

tax

- differential land use tax
- timber trade tax

- differential land use tax
- charges on pesticides and
fertilizers

performance
bond/
deposit
refund

- for reforestation and
sustainable forest management

property
rights

- land titling
- community usufruct rights
- concession terms
- community usfruct

tradeable
permits/
rights

- transferable conservation and
development credits
- tradeable reforestation credit

international
offsets

- tradeable carbon offset credits
- tradeable conservation credits

standards

- land use zones and standards
- logging regulations and
standards

- land use zones and standards

bans

- logging in environmentally
sensitive areas
- log exports

- agriculture in environmentally
sensitive areas
- fertilizers and pesticies

permits/quot
as

- logging permits and quotas

Using
Markets

Creating
Markets

Use of
Regulations

Source:

- land titling

Adapted from Panayotou (1996), Warford et al. (1997), World Bank (1997), and Richards
(1999).
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