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Chapter 1

Introduction

1.1 Introduction
Over the last two decades, international concern about the destruction of
tropical rainforests has increased considerably: both policy makers and the
general public have become aware of the fact that tropical deforestation
carries high opportunity costs in terms of the different environmental and
economic benefits tropical forests render. For example, rainforests regulate
the climate (both at a local and global level), they are the natural habitat
for a wide variety of flora and fauna, and they contribute to the national
economy by producing not only timber but non-wood products as well.

However, despite the fact that awareness of the problem has
increased, the rate of deforestation is high: tropical forest cover decreased
from 1910.4 million hectares in 1980 to 1756.3 million in 1990, thus de-
clining at an annual rate of 0.8 per cent (FAO, 1993, p. 25). Moreover, the
rate of deforestation is observed to have increased over the 1980s: in the
first half of the decade 11.3 million hectares of tropical forests were lost
each year, whereas the average annual deforestation over the entire
decade was 15.4 million hectares (Lanly, 1982, p. 84, and FAO, 1993, p. 25,
respectively). Although the latest FAO figures suggest that in the first half
of the 1990s the rate of deforestation has decreased somewhat to an
annual loss of nearly 13 million hectares (FAO, 1997, pp. 17-18), the rate of
forest loss is still alarming.

The main aim of this study is to increase insight in the underlying causes
of deforestation and forest degradation by analysing the factors that
induce unsustainable land use. Several types of actors involved in the
deforestation process are taken into account: the decision-making pro-
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cesses of various economic agents are discussed, paying attention to the
factors that influence either directly or indirectly the way in which they
use the forests. The analysis may help to determine the responses of each
of the actors to policy measures aimed at reducing the rate of tropical
forest loss so that the effectiveness of these instruments can be assessed.

The first question to be answered is whether economic activities in
rainforest areas can be undertaken sustainably. This issue is addressed in
section 1.2. However, it can be argued that even if sustainable exploitation
is viable, it may not always be optimal from the point of view of indi-
vidual actors. Depending on which benefits and costs of deforestation the
various decision makers take into account, unsustainable exploitation may
be efficient in the sense that it maximises their welfare. Indeed, sustainable
exploitation may be optimal for some stakeholders, but not for others. This
issue is addressed in section 1.3 which identifies the main decision makers
in the deforestation process. In section 1.4, the structure of the overall
study is presented.

1.2 The feasibility of sustainable rainforest exploitation
As will be explained in more detail in the second chapter of this disserta-
tion, rainforests perform a wide variety of environmental functions that
are highly valuable to mankind. At first sight, the simplest way to pre-
serve these functions may seem to abstain from economic activities in
rainforest areas. However, the opportunity costs of fully abstaining from
forest exploitation are high as exploitation contributes considerably to the
gross domestic product of many developing countries: forestry activities
and related industries provide a substantial contribution to economic
development in terms of employment and exports, while agriculture and
mining in rainforest regions are very often important contributors to
national income as well (Amelung and Diehl, 1992, pp. 138-140; Barbier et
al., 1994, pp. 15-16; Gillis, 1988b, p. 317; Panayotou and Ashton, 1992, pp. 2
and 27).

Contrasting the environmental benefits of forest preservation and the
economic benefits of forest exploitation may suggest that economic activity
and forest conservation are incompatible. In a broader context, in the
1960s and 1970s the debate on development versus the environment
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focused on the question whether economic growth necessarily leads to
increased environmental damage. The general idea was that economic
development and (renewable) resource conservation are in inherent
conflict. In other words, the aim of ever-increasing incomes was expected
to be incompatible with preserving the environment at (or preferably
above) its minimum critical level (Lélé, 1991; Pearce and Warford, 1993, p.
7). However, the argument that economic growth and environmental
protection may be compatible increasingly gained weight in the 1980s. The
general feeling was that economic growth can be maintained if economies
are suitably managed, albeit that the necessity of keeping the stock of
renewable natural resources at a minimum critical level may impose limits
on the growth rate. It was even stated that if these natural resources are
conserved at a higher level, economic growth may increase rather than
decrease. Hence, the new question to be answered was how to make
economic development and environmental conservation compatible (Lélé,
1991; Pearce and Warford, 1993, pp. 8 and 10). The example in point of
this discussion is the so-called Brundtland report (WCED, 1987) which has
put the concept of sustainable development prominently on the agenda of
both policy makers and researchers. In this report entitled Our Common
Future, sustainable development is defined as ’development that meets the
needs of the present without compromising the ability of future gener-
ations to meet their own needs’ (WCED, 1987, p. 43).

The Brundtland definition triggered a vigorous debate as its interpre-
tations differ widely. At the core of the debate is the degree in which
natural assets and social capital (both physical and human capital) can be
seen as substitutes. If a stock of natural resources is considered to be just
one of many fungible assets, future generations can (at least in principle)
be compensated for the depletion of the natural stocks in the form of
social capital or improved technology (Toman, 1994). In essence, the
criterion is then non-declining consumption possibilities: if the benefits
arising from natural resource depletion are invested elsewhere in the
economy to accumulate (more productive) social capital, the adverse
effects of current natural resource depletion on future generations can be
compensated for in the sense that the consumption levels of future
generations are not negatively affected (Pearce and Warford, 1993, pp. 53-
54).
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However, if more attention is paid to the unique characteristics of the
environmental functions provided by natural resources, one tends to be
more pessimistic about the degree of substitutability. Many (renewable)
natural resources perform life support functions that are not served by
social capital (Pearce and Turner, 1990, pp. 48-52). Therefore, those who
emphasise the limitations with respect to the substitutability between
natural and social capital are likely to take a more conservationist stance
on the issue of natural resource use. Furthermore, it has been pointed out
that uncertainty with respect to the importance of natural resources in
terms of their life support functions calls for a prudent use of the resource;
this argument is especially important for those natural resources that can
be depleted beyond recovery so that resource degradation results in an
irreversible loss of their unique functions (Toman, 1994). The definition of
sustainability as proposed by Myers (1987, p. 4) is an example of such a
more rigorous view: according to him, sustainable development is the
’permanent process of generating economic benefits while maintaining the
natural resource base’.1

The discussion about the extent in which natural capital and social capital
are considered to be substitutes is of course extremely relevant with
regard to forest management. Of the many different functions of
rainforests, some can also be provided by social capital while others are
deemed to be unreplaceable life support functions. This would suggest
that the various rainforest functions should be treated differently; some
functions may be run down (thus replacing natural capital with social
capital) while other functions should be conserved. In practice, however,
the various functions cannot be separated as most of them are intricately
intertwined (Meijerink, 1995, p. 6). Many rainforest functions are associ-
ated with the amount of biomass at a hectare of forest land: for example,
erosion protection, storage of carbon dioxide and timber production are
closely related to the amount of biomass. With respect to these functions,
economic activities can indeed be undertaken sustainably in rainforests
given the forests’ strong regenerative capacity: when a parcel of previous-

1Again, of course, the problem of the degree of substitutability arises, although no longer
between natural and social capital but between different types of natural resources (Pearce
and Warford, 1993, p. 83).
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ly untouched forest is cleared, natural regeneration of the vegetation in
terms of biomass takes about 15 years (Johnson, 1977). Therefore, concern-
ing the rainforest functions related to biomass, economic activity can be
undertaken sustainably as long as forest regeneration is not hampered.

However, there are other forest functions that are not only associated
with the sheer amount of biomass, but also with the quality of the forests.
The main example is biodiversity conservation which is negatively related
to the degree of forest disturbance: human intervention in previously
untouched forests generally leads to a change in the composition of plant
species, the ecosystem becomes less diverse, and its structure and func-
tioning is different from an untouched forest’s ecosystem (Grainger, 1993,
p. 46; Myers, 1980, p. 19). Although not all human intervention in
rainforests results in permanent loss of biodiversity, it can definitely take a
very long time before human impact is reversed completely; estimates are
that complete regeneration in terms of species composition after human
disturbance may take as long as a century, or even longer (Myers, 1980,
pp. 19-20).2 Of course, the degree of forest disturbance is an important
determinant of the degradation in forest quality, and hence sustainability
in terms of those functions is much more exigent than sustainability in
terms of biomass.

On the basis of this discussion it will be clear that concerning the
damage inflicted upon the rainforests through economic activities, two
dimensions seem to be particularly important: the size of the forest area
brought under exploitation and the intensity of exploitation. The size of
the area in which economic activity is undertaken mainly determines the
extent of forest modification (which is defined as the conversion of
untouched forests into productive closed forests or other forms of land
use; Amelung and Diehl, 1992, p. 43). In the literature a distinction is
made between primary and secondary forests. Primary forests are forests
that have not been disturbed by human interference for at least several
decades, and sometimes for centuries. These forests have attained maturity

2Terborgh (1992, pp. 215-216) presents anecdotal evidence showing that even after more
than 1000 years of recovery, forest ecosystems may still not show the original level of plant
diversity: the forests surrounding the centre of Maya civilisation in Guatemala do not yet
resemble untouched forests even though they have been left largely undisturbed after the
civilisation disappeared around 900 A.D.
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in the sense that they are in dynamic equilibrium with the climate in
which they are situated, and they are extremely complex and rich in
species diversity (Myers, 1980, pp. 18-19). Secondary forests are generally
defined as forests that have been disturbed by human interference in the
(relatively) recent past and are therefore not in a state of full maturity.
After human intervention, the first vegetation types to develop are pioneer
tree species and low ground vegetation. After an initial period of biomass
restoration, the composition of species changes slowly; the pioneer vegeta-
tion is replaced by larger and longer-lived trees (Dvořàk, 1992; Myers,
1980, p. 19). As has already been stated, this process of restoring the
original characteristics of primary forests can take a very long time.3

Therefore, by definition every economic activity undertaken in untouched
forests results in forest modification: primary forests are degraded into
secondary forests.

The intensity with which economic activities are undertaken in the
forests is related to the amount of biomass present per unit of land: the
more biomass is removed and the shorter the time period the forests are
allowed to regenerate, the less these forests are able to perform their
environmental and production functions (Kaimowitz and Angelsen, 1997,
p. 13). Too intensive exploitation may even lead to permanent loss of forest
cover. The reason is that a large proportion of the ecosystem’s nutrients is
stored in the vegetation rather than in the soils: the tropical forests’ top
soil layer (consisting of decaying biomass) is very fertile but usually only
a few centimetres deep while the soil layers underneath are very poor in
nutrients (Grainger, 1993, pp. 30 and 32).4 This implies that the soils are
very vulnerable: if the vegetation is removed and the thin top soil layer is

3It is sometimes argued that economic activity can be beneficial in terms of biodiversity
because it can cause the number of species present to increase as compared to the situation
before human incursion. However, the increased number is not necessarily a sign that
biodiversity actually increases. Economic activity induces replacement of climax vegetation
by pioneer vegetation. Pioneer vegetation is widely available and usually of little value,
whereas the climax vegetation removed very often consists of highly valuable species (both
economically and ecologically). Indeed, the restoration in terms of climax species may not be
achieved within reasonable time horizons, and in some cases these species may even be lost
forever (Dudley et al., 1995, pp. 42-43).

4The soil types in rainforest areas that are more fertile, often have an alluvial or volcanic
nature and are therefore highly location specific (Grainger, 1993, pp. 30 and 34).
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lost, the soils themselves will not be able to regenerate so that the loss of
forest cover may be permanent. Therefore, in addition to the size of the
area exploited, the intensity of forest use is important as well.

From this discussion it is clear that in terms of the rainforests’ benefits
associated with biomass, economic exploitation can be sustainable as long
as the intensity of land use is sufficiently low: simply put, as long as the
forests are not over-exploited and are given enough time to regenerate,
these functions will be present not only today, but also in the future.
Indeed, for many of the economic and environmental functions of
rainforests, sustained-yield production techniques are sufficient to ensure
their future availability. The sustained-yield model of forest exploitation
aims at maintaining (or even increasing) the biomass: harvesting should
not disturb the ecosystem fundamentally, and the quantity harvested
should be less than or equal to timber regrowth (Dudley et al., 1995, p. 81;
Goodland, 1991, p. 27; Pearce and Turner, 1990, p. 24). However, forest
quality is also important: undisturbed (primary) forests contain the highest
diversity of plant species. Although damage in terms of biodiversity
depends crucially on the exploitation techniques applied, economic
activity will almost always cause at least some environmental damage.
Hence, from a sustainable development point of view, economic activities
can be undertaken in some rainforests as long as environmentally sound
techniques are applied, whereas other rainforests (those primary forests
that contain species that are highly endemic) should be fully preserved
(Dudley et al., 1995, p. 128; Lamprecht, 1989, pp. 209-210; Panayotou and
Ashton, 1992, p. 190; Rice et al., 1997).

1.3 The efficiency of sustainable rainforest exploitation
Having determined that rainforests can be exploited sustainably (at least
in principle), the next question is whether it is rational to pursue sustaina-
bility. In practice, sustainable renewable resource utilisation does not
always coincide with efficient resource utilisation. Efficient exploitation
can be defined as the level of economic activity that maximises net present
benefits for the economic actor. In aiming to maximise the net present
value of rainforest utilisation, the decision maker weighs the marginal
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costs of deforestation against its marginal benefits. However, in the
deforestation process there is not one single actor who takes the decisions
with respect to forest exploitation: several types of actors play a role. In
fact three main types can be identified. First, there are the actual exploiters
of the rainforests: the economic agents who are active in the forests.
Second, the governments of tropical forest countries affect forest use both
directly and indirectly. The third actor is the international community
which plays an indirect but (potentially) very important role.

The decision-making processes of these three (types of) actors differ
with respect to weighing the benefits and costs of deforesting an addi-
tional unit of land: some benefits and costs play an important role in the
decision-making process of one actor, whereas they are ignored by the
others. This implies that it is unlikely that sustainable use and efficient use
will coincide for all types of decision makers. This section will give a
quick sketch of the three types of actors in terms of their interests in
sustainable forest exploitation.

Concerning the actual exploiters of the rainforests, several sectors are
active in the rainforests such as the agricultural sector, the forestry sector,
mining industries and hydroelectricity producers (Amelung and Diehl,
1992, p. 17). These sectors are not equally responsible for the amount of
environmental damage inflicted upon the rainforests: forestry and agricul-
ture are the most important sectors, both in terms of forest degradation
and deforestation (Amelung and Diehl, 1992, pp. 118-120). However, these
sectors are far from homogeneous. The agricultural sector can be subdi-
vided into small-scale and large-scale agriculture. The latter type usually
has a permanent nature: forest land is cleared and converted permanently
to agricultural use; crop plantations are established, or land is cleared for
large-scale livestock keeping. Small-scale agriculture is a less controllable
type of land use: peasant households clear small parcels of land in order
to grow food crops (partly for their own consumption) and some cash
crops (such as coffee and cocoa). Because agricultural productivity falls
drastically in subsequent years of cropping and because peasant house-
holds do not have (sufficient) access to fertiliser inputs (caused by finan-
cial limitations or by insufficient knowledge of application methods),
shifting cultivation is the agricultural technique most often applied. The
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main characteristic of this technique is that, after a few years of cultiva-
tion, the parcel of land is abandoned to allow the soil to regenerate, while
a new parcel is cleared for cultivation.

Tropical forestry is generally a capital intensive industry. In order to
gain access to the forests and in order to be able to transport the logs to
the markets and ports, a road network has to be constructed. As road
construction and log transportation require heavy machinery, forestry
firms supplying to international timber markets are very often the first to
exploit previously untouched forests. In many tropical regions only the
most valuable tree species are harvested and extracted because of high
transportation costs. After the international forestry firms have finished
harvesting in a concession, the area is very often allocated to local firms
that supply mainly to local markets (producing both industrial timber and
fuelwood).

In general, the aim of forestry firms and peasant households is to
maximise profits or utility over the relevant time horizon. If this
characterisation is accepted, the reasons for unsustainable exploitation are
easy to identify. To start with, as long as these actual exploiters do not
receive financial compensation for the environmental benefits of forest
conservation accruing to others, they will tend to ignore these benefits.
Therefore, these benefits will neither be arguments in their profit function
nor in their utility function: this reduces the likelihood of their exploita-
tion techniques being sustainable. In the absence of financial compensation
for environmental benefits accruing to others, the best one can expect of
the actual exploiters is that they aim at sustained-yield techniques (Dudley
et al., 1995, pp. 80-81). However, the external conditions for forest
exploiters may be such that even these techniques will not be adopted; the
exploiters’ time horizon may be too short for sustained-yield exploitation
to be optimal because of its investment characteristics (see for example
Amelung and Diehl, 1992, p. 46; Pearce and Warford, 1993, pp. 97 and
240-241). By definition, sustained yield implies that the owner can profit
from forest exploitation not just today, but also in the future. Because of
the fact that the bulk of the benefits of sustained-yield exploitation very
often arises in the future while most costs have to be borne instantaneous-
ly, sustained-yield exploitation techniques only become profitable from the
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decision maker’s point of view if he has a sufficiently long time horizon
(see for example Barrett, 1991a; Pearce and Moran, 1994, p. 26).

The second type of actors are the governments of tropical forest countries,
who will hereafter be referred to as local governments. Most of these local
governments endeavour to make rational use of their natural resources.
Their aim is to maximise the net benefits of forest use which may imply
sustainable use. The fact that Tropical Forestry Action Plans were adopted
in many developing countries may serve as an indicator for the local
governments’ interests in sustainable forest exploitation. Such plans are
designed for individual countries in order to assist local governments in
protecting their forests and to achieve maximum net sustainable benefits
from them (Kolk, 1996, pp. 138-140).

In their decision-making process, local governments tend to include
all benefits of forest conservation (and, for that matter, of deforestation)
that arise at the national level. This implies that they will have a broader
view on the benefits and costs of forest conservation than individual
exploiters, as they are likely to take into account the interdependencies
between different sectors. As an example, sustainable (as opposed to
unsustainable) logging contributes to agricultural productivity by limiting
the extent of soil erosion and by preventing the groundwater level from
falling. These positive effects may well be ignored by the forestry sector,
but the local government will take them into account. However, it is
unlikely that all benefits of tropical forest conservation will be included in
the decision-making processes of local governments: unless compensation
takes place, there is a tendency to largely ignore the transboundary
positive effects (Kolk, 1996, p. 159).

A limited time horizon of the local government may also reduce the
incentives to achieve sustainable forest use: short-term problems are often
an important impetus for unsustainable use of forested land (Repetto,
1990). Examples of short-term considerations are immediate poverty
alleviation, relieving social pressures in the (rest of the) country5, debt
repayment obligations, or adverse developments in the terms of trade
undermining the scope for imports. If local governments are not able to

5For example, due to unequal distribution of land.
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relieve these short-term problems through, for example, borrowing, they
may turn to other means of obtaining financial resources such as (excess-
ive) forest exploitation (Kahn and McDonald, 1994, pp. 59-60; Panayotou
and Ashton, 1992, p. 209; Repetto, 1988, p. 16). To illustrate, at the United
Nations Conference on Environment and Development6 it was acknowl-
edged that (the lack of) sustainable forest use and the debt problem were
closely linked (Kolk, 1996, p. 158).

In many tropical forest countries, local governments aim to directly
affect land use changes. Indeed, most tropical countries have land use
plans indicating which rainforest areas should remain forested (either as
production forests in which logging activities are undertaken, or as nature
reserves) and which parts of the rainforest base should be allocated to
alternative land use such as agriculture (Côté, 1993; ITTO, 1991, p. 8;
Myers, 1994, pp. 34-35). A direct form of government intervention is via
issuance of logging concessions to international and local logging com-
panies; establishing large-scale agricultural plantations usually requires
prior consent from the government as well.

Although most tropical forests are government owned (Panayotou
and Ashton, 1992, p. 201), enforcement of land use plans is often difficult
as rainforest areas are vast and the monitoring government bodies are
often understaffed. This means that rainforests can to a large extent be
viewed as an open-access resource: a substantial part of the economic
activities is undertaken illegally so that the deforestation process common-
ly involves both planned and unplanned conversion to alternative uses
(Rietbergen, 1989, p. 41). Although the governments do not have direct
control over many of the small-scale activities, they are able to influence
them indirectly by intervening in prices, by stimulating agricultural
settlement through transmigration programmes, etcetera (Mahar and
Schneider, 1994, p. 160; Rudel, 1994, pp. 96-97).

The third actor is the international community (the governments of
developed countries and the general public). As a consumer of products
extracted from tropical rainforests (such as timber, cash crops and some

6This conference is popularly referred to as the Rio Conference, held in Rio de Janeiro in
1992.
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food crops), the international community benefits from forest exploitation.
However, it has become increasingly aware of the necessity to promote
forest conservation. In terms of the functions of by rainforests, the nega-
tive global environmental consequences of deforestation make the interna-
tional community a stakeholder as well.7 The first large conference on
environmental problems between North and South was the United
Nations Conference on the Human Environment (which was held in
Stockholm in 1972). Since then several initiatives have been developed of
which the most well-known are probably the Brundtland Committee
(officially labelled the World Commission on Environment and Develop-
ment that was established in 1983 and presented its report in 1987) and
also the United Nations Conference on Environment and Development
(UNCED, held in Rio de Janeiro in 1992).

The international community now struggles with the issue of how the
actual users of rainforests can be induced to switch to sustainable exploita-
tion techniques. In this respect it should be mentioned that the interna-
tional community tends to acknowledge that the developing countries are
the owners of the rainforests: the G-7 summits of 1989 and 1990
recognised the developing countries’ sovereign rights to use their natural
resources while UNCED made a similar statement (Kolk, 1996, pp. 144
and 159). The result is that somehow economic incentives must be pro-
vided to induce the various decision makers to apply sustainable tech-
niques (Pearce and Moran, 1994, p. 83).

Through the relationships with the actual users and the local govern-
ments, the international community can attempt to affect their decision-
making processes with respect to forest exploitation. Regarding the actual
users of the forests, international trade of rainforest products (both timber
and non-wood products) provides a direct link. Furthermore, at an
intergovernmental level local governments may be induced to shift their
priorities towards forest conservation.

7The international community may also have non-environmental interests. Myers (1987,
pp. 1-6) underlines the possibility that if economic growth in developing countries slows
down for example as a result of depletion of their natural resource base, this could result in
political and economic instability. See also Kolk (1996, pp. 21-22).
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1.4 Overview of the study
In this study a micro-economic framework is applied to the decision-
making processes of the various actors described above, identifying why
unsustainable land use may be efficient for them and how they can be
induced to ecologically improve their activities. Hence, for each of the
major actors that influence the use of forests, models are developed that
aim to increase insight in the actors’ responses to external changes.
However, the deforestation process is too complex to immediately start
addressing the main research questions. Therefore, in the first part of the
study an overview of the deforestation process is given, after which
attention shifts to analysing the actors’ decision-making processes.

The overview in the first part of the study is divided into two
chapters. Chapter 2 discusses the various aspects of the tropical deforest-
ation process on a global level: some of the relationships that have already
been discussed in the present chapter are addressed in more detail. First,
the functions of rainforests are presented, and a survey is given of
attempts to estimate the value of these functions so that it can be deter-
mined whether forest conservation is indeed desirable. Next, attention is
paid to the direct and underlying causes of deforestation, to the changes
in deforestation rates in the course of time, and to the relative importance
of the different sectors in the process. In the last section of chapter 2 an
overview is given of various previous statistical studies. Many studies are
based on cross-section country data: macroeconomic variables are used to
explain deforestation in a set of countries. The results seem to be mixed:
factors that are found to be important in some studies are insignificant in
others. Of course, some of the differences arise from methodological
problems (mainly availability of data), but others probably reflect specific
country characteristics. Although this problem is solved partly by discuss-
ing the results of studies undertaken at the within-country level, a more
detailed analysis is needed in order to gain insight into the mechanisms
underlying the deforestation process of a particular country. Therefore,
chapter 3 provides a case study of the situation in Cameroon. This Cen-
tral-African country is relatively well-endowed with rainforests that are
dwindling rapidly. An attempt is made to determine the main factors
underlying this deforestation process: statistical analyses are supplemented
by a discussion of the country’s recent experiences. On the basis of this
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case study, additional insight is gained into the decision-making processes
of the various actors.

The second part of this study addresses the responses of the various actors
with respect to exogenous factors. In chapter 4, the role of small-scale
agriculture is discussed. First, a general description is given of the rationa-
lity behind shifting cultivation, the agricultural technique most commonly
applied in rainforest areas. The question is addressed why this technique
is often so damaging in practice whereas it can be applied sustainably (at
least in theory). Most attention is devoted to the analysis of the response
of shifting cultivators to two important phenomena: price changes and
land right uncertainty. Analysing the individual peasant household’s
response to price changes is important because governments of tropical
countries quite often do not have the means to alter the behaviour of
peasants directly (for example, governments are not able to effectively
enforce their property rights on tropical forests). In order to be able to
affect the peasant household’s behaviour indirectly through intervention in
the price structure, its reaction should be predictable. Furthermore,
attention is paid to the response of shifting cultivators to land rights
uncertainty. In most rainforest areas, property rights are predominantly
customary land rights. Increases in the likelihood of land conflicts (arising
from population growth, especially if caused by an inflow of migrants) are
observed to induce individual peasants to keep their land cropped. The
reason for this response is that land claims on forest land under cultiva-
tion are easier to maintain than on forest land lying fallow. The increase in
the length of the cultivation period (at the expense of the fallow period)
may result in unsustainable land use. However, coping mechanisms are
available which may reduce the pressure. Therefore, a stochastic model is
constructed in order to analyse the environmental consequences of the
peasant household’s response to land right uncertainty.

In the chapter 5, attention shifts to the forestry sector. There are many
references in the literature to the fact that the forestry sector is not a major
cause of deforestation: because of the fact that very often only a few trees
are harvested per hectare, the forests are generally able to regenerate at
least in terms of biomass. However, logging activities are observed to act as
a catalyst to subsequent deforestation as they facilitate access for peasant
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households to the forests: conversion to agricultural land takes place
predominantly on forest land that has previously been logged over by the
forestry sector. Given the fact that in the conversion process potentially
valuable trees are destructed (that have not yet been harvested because
they were under age or because they were temporarily in low demand),
the forestry sector is likely to take the possibility of subsequent conversion
into account. Hence, the main focus of this chapter is to analyse the
forestry sector’s response to the threat of agricultural conversion of its
concession areas.

Up to this point in the study, the local government has not played a role
in the analysis. However, this actor is very important because its interests
may conflict with the interests of the actual exploiters of the forests. The
reason is that governments of tropical forest countries have a different
view on the benefits and costs of deforestation as compared to the individ-
ual exploiters, as has already been argued in section 1.3. First, local
governments may be faced with the necessity of exploiting forests in order
to solve short-term problems in their countries. Second, local governments
tend to have a broader view on the way in which forested land can be
used than individual exploiters: they take various types of land use into
account when drawing up their land use plans. The importance of these
differences can be seen most clearly in the case of trade measures taken by
the international community: although the individual exploiters’ response
to trade measures is relatively easy to predict, the local government’s
response may or may not be adverse. Chapter 6 discusses two types of
trade measures: policy instruments aimed at reducing international
demand for timber products indiscriminately, and policy instruments
aimed at stimulating sustainable exploitation and at the same time dis-
couraging unsustainable land use. Although the exploiters’ responses to
these policy measures are probably straightforward, the actual effect on
forest conservation may be less clear-cut: the short-term problems and the
broader view on alternative uses of forested land may induce local
government policy responses that are adverse to the international commu-
nity’s objectives.

In chapter 7, the focus is exclusively on the behaviour of local
governments as the effectiveness of using financial aid (either aid donation
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or debt relief) to combat deforestation is analysed. The general idea of
giving lump-sum financial aid is that supplying foreign transfers to
developing countries eases the immediate constraints with which the
country is confronted, so that the necessity to exploit rainforests is
reduced. In this chapter it is argued that the effectiveness of lump-sum aid
donation depends to a large extent on the assumption that a country can
sell its products at the international markets without any uncertainty with
respect to sales prices. If price uncertainty is explicitly taken into account,
the effectiveness of relieving a country’s foreign exchange constraint
through international transfers will be reduced: forest conservation is
improved by less than in the case of no price uncertainty. The next logical
step is to analyse the consequences of making international transfers
dependent on ecological indicators, i.e. to discuss environmental conditio-
nality. In general, the expected result of making foreign transfers depend-
ent on the degree of forest conservation is that the benefits of sustainable
land use are increased relative to its costs. However, as the international
community’s willingness to pay for forest conservation is likely to increase
as deforestation continues, local governments are able to affect the amount
of transfers received per unit of forest land. If local governments are
aware of this mechanism, the introduction of a conditional compensation
scheme will be less effective in improving forest conservation and may
even worsen it compared to the situation without environmental
conditionality. Therefore, this chapter explores how compensation schemes
should be designed to preclude strategic behaviour by local governments.

In the eighth and final chapter, the main conclusions and policy
recommendations of the previous chapters are summarised. Because the
models developed are based mainly on analyses of the decision-making
processes of the various economic actors in isolation, the interactions
between these actors are emphasised: the impact of policies aimed at one
actor on the other actors’ decisions is explored.



Chapter 2

The Tropical Deforestation Process:
An Overview

2.1 Introduction
In order to be able to appreciate why the loss of tropical forests is an
environmental problem worth addressing, insight must be gained into the
forests’ characteristics and their value for mankind. However, appreciation
of the magnitude of the problem does not give many clues about its
causes. Therefore, an analysis is also needed of the mechanisms that result
in forest loss. This chapter aims to provide an overview of these issues.

The setup is as follows. In the second section the location and
characteristics of tropical rainforests are described. Then, in section 2.3 the
environmental and economic value of rainforests are discussed more
elaborately. Based on a discussion of the various rainforest functions, an
overview is given of the value of these functions so that it can be decided
whether, from a global point of view, deforestation is indeed rational or
whether full forest conservation is desirable. Section 2.4 first provides an
overview of the rates of deforestation and then identifies the economic
sectors that cause forest loss. Furthermore, this section pays attention to
why deforestation takes place: the main factors that induce unsustainable
exploitation, are addressed. In section 2.5, attention is shifted to an
overview of empirical studies into the causes of deforestation, both
globally and at the level of individual countries. Finally, conclusions are
presented in section 2.6.
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2.2 The location and characteristics of tropical rainforests
Although the deforestation figures presented in the first chapter are the
ones cited most often in the literature, they reflect the loss of all tropical
forests rather than the loss of tropical rainforests. Tropical forests are
usually defined as ecosystems with a minimum of 10 per cent crown cover
of trees and/or bamboos, located within the tropical belt1 and generally
associated with wild flora, fauna and natural soil conditions and not
subject to agricultural practices (Singh, 1993, p. 14). However, the tropical
zone is far from homogeneous. Two main types of tropical forests can be
identified, namely open and closed forests. The distinction lies in the
density of crown cover: closed forests are forests with a high density of
trees and a closed canopy without continuous grass layer, whereas tree
cover is much more scattered in open forests (Barraclough and Ghimire,
1990, p. 5; Grainger, 1993, p. 34; WRI, 1990, p. 102). Of these two types of
ecosystems, the closed forests are much more valuable from an environ-
mental perspective.

Tropical closed forests are located predominantly within the humid
tropical region, covering parts of the tropical belt in Asia, Africa and
South America. This region is characterised by high rainfall and tempera-
tures: the average annual amount of precipitation lies between 1,800 and
4,000 mm while the temperature is high and constant between 24o and
28oC (Grainger, 1993, pp. 29-30). The tropical forests in this region are
referred to as tropical moist forests. However, a distinction can be made
between the permanently humid zone and the seasonal zone (Grainger, 1993,
pp. 30-38). In the latter zone, there is a pronounced dry period that can
last up to four months (with monthly rainfall of 60 mm or less). This dry
period causes a substantial proportion of the trees to shed their leaves;
therefore, the tropical moist forest type found in this part of the humid
tropical region is referred to as tropical moist deciduous forests. The
second type of tropical moist forests, the tropical rainforests, are located in
the permanent humid tropics (close to the equator) where rainfall is
distributed uniformly throughout the year: in this region the minimum
monthly amount of rainfall is 100 mm (in any month for at least two out

1That is, they are located between the Tropics of Cancer and Capricorn, 23o north and
south of the equator.
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of every three years; Myers, 1980, p. 11). Rainforests are characterised by
the fact that there are several more or less distinctive strata present:
Sanchez (1976, p. 21) states that the canopy usually consists of three
layers, the highest at about 30 metres overlying two shorter layers at
about 22 and 14 metres (see also Myers, 1980, pp. 10-11). Rainforests can
again be subdivided into evergreen rainforests and semi-evergreen
rainforests (Grainger, 1993, pp. 35-36). In semi-evergreen forests, up to a
third of the trees is deciduous, but they do not lose their leaves simulta-
neously. These forests are most common in Africa and Latin America; the
evergreen rainforests are located almost exclusively in Asia.

Although the abundant vegetation may suggest otherwise, soils in the
humid tropical zone are generally not very fertile. Over the centuries they
have lost their nutrients through leaching and weathering; the fertile top
soil layer (consisting of decaying biomass) is usually only a few centi-
metres deep (Jones and O’Neill, 1993). Sanchez (1976, pp. 68-75) states that
63 per cent of the grounds in the humid tropics are either oxisols or
ultisols. These soil types have a low natural fertility: they are highly
acidic, with very low concentrations of major plant nutrients and high
concentrations of aluminium and manganese (Grainger, 1993, p. 32).2 Of
course, there are also more fertile types in rainforest areas but they are
often of an alluvial or volcanic nature and therefore highly location
specific (Grainger, 1993, pp. 30 and 34). Thus, often a relatively large
proportion of the nutrients of the rainforest ecosystem is stored in the
vegetation rather than in the soil itself (Grainger, 1993, p. 30; Sanchez,
1976, p. 404). This implies that forest ecosystems in the humid tropical
zone are very vulnerable: if the vegetation is removed and the thin top
soil layer is lost, the soil itself will not be able to regenerate and perma-
nent deforestation may occur.

2Alfisols are the third most common soil order in the humid tropics. These soils are richer
in basic nutrients than oxisols and ultisols but are not very common in rainforest areas: they
are found mainly in the seasonal zone (Grainger, 1993, p. 34).
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2.3 The functions of rainforests and their valuation
Tropical rainforests perform a wide variety of functions which may be of
high direct or indirect value to mankind. In the first subsection the forests’
functions themselves are discussed while in the second subsection atten-
tion is paid to the function valuation in order to determine whether or not
it is desirable to protect the rainforests.

2.3.1 The functions performed by rainforests
Basically, three function categories can be discerned, namely habitat
functions, regulatory functions, and production functions. Each category is
discussed briefly in the subsequent subsections.

2.3.1.1 The habitat function
Tropical forests are the natural environment of both human beings and
flora and fauna. It is estimated that currently some 300 million people
depend directly on the forests for their daily needs (Lamprecht, 1992;
Myers, 1991). To these rainforest peoples, the forests are an integrated part
of their economic, social and cultural life: not only do the forests enable
them to meet their basic needs, their culture and religion are also closely
related to their natural environment. Furthermore, on a global scale about
half of the species identified so far can be found in the rainforests, many
of which are endemic (Pearce and Brown, 1994, p. 3; Rice et al., 1997); the
rainforests may even prove to contain up to 90 per cent of the earth’s
biodiversity (Reid and Miller, 1989; Rice et al., 1997). Given the fact that
tropical rainforests cover only about 7 per cent of the earth’s surface, it is
clear that these forests are extremely rich in biodiversity. The disappear-
ance of rainforests causes the extinction of species; Pearce and Brown
(1994, pp. 5-6) present a survey of the literature on the rate of species
extinction in which they come to the conclusion that the current loss of
biodiversity is estimated to be about 1-11 per cent per decade, caused
almost exclusively by the disappearance of tropical forests (see also Pearce
and Moran, 1994, p. 10). Over the next century 20 to 50 per cent of the
world’s species may be lost, representing an extinction rate which is 1000
to 10,000 times higher than the background (or normal) rate of extinction
(Leakey and Lewin, 1995, p. 244; Wilson, 1988, cited in Pearce and Moran,
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1994, p. 10); Grainger (1993, p. 151) presents figures that state that up to 16
species are lost each day.3

The habitat function of rainforests is valued for different reasons.
First, the fact that rainforests provide a habitat for such a large diversity of
indigenous peoples and animal and plant species implies that they have
an intrinsic value: people attach value to the diversity of cultures and
species. Second, the diversity of species offers a pool of genetic material
which can be used by pharmaceutical industries for the development of
new drugs4 or in biotechnology for crop improvement. In this respect, the
knowledge of indigenous peoples is also valuable: the pharmaceutical and
biotechnological industries are to a large extent dependent on the their
knowledge of the characteristics and potential usefulness of animals and
plants present in the rainforests (Posey, 1993, p. 60).

2.3.1.2 The regulatory function
Rainforests also have a climate regulatory function, both regionally and
globally. Starting with the global climate regulation function, rainforests
help to regulate the world’s climate by keeping stored greenhouse gases
such as carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O); see
Houghton (1993, p. 28). Net emissions of greenhouse gases cause the
earth’s temperature to increase as the reflection of solar radiation from its
surface is reduced. The results of the increase in temperature are, among
others, changes in the frequency of extreme events (such as droughts and
hurricanes), increased sea levels, and changes in agricultural productivity
throughout the world (Pearce et al., 1996; Schneider, 1992). Although forest
conservation itself does not lead to actual net sequestration of greenhouse

3According to Leakey and Lewin (1995, p. 241), this implies that the current rate of
extinction is easily comparable with the big five biological crises that have occurred before,
the main difference being that the current loss of species is caused by humans rather than by
external developments.

4According to the Netherlands Ministry of Agriculture, Nature Management and Fisheries
(1992, p. 75), 20 per cent of today’s drugs originates in rainforests.
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gases5, destruction of forests by fire and decay of biomass contribute to
global warming mainly through the release of carbon stored in the
vegetation. Houghton (1993, p. 36) estimates that tropical deforestation is
the cause of 22 to 26 per cent of all greenhouse gas emissions in the 1980s.

At the regional level, rainforests regulate the local climate, mainly via
evaporation. Moisture evaporating from rainforests results in precipitation
and reduces the variability in temperature. Lean and Warrilow (1989)
present evidence for the Amazon basin: deforestation reduces rainfall by
about 20 per cent and raises the average temperature by 2 to 3°C (see also
the Netherlands Ministry of Agriculture, Nature Management and Fish-
eries, 1992, p. 74).

2.3.1.3 The production function
The last category of functions to be discussed is the production function.
Of course, trees produce timber such as tropical hardwoods (used locally
and internationally as industrial wood) and firewood (mainly used
locally). Next, non-wood products can also be obtained from trees, plants
and animals living in forest areas such as tropical fruits, groundnuts, bush
meat, rattan, latex, kapok and bamboo (Netherlands Ministry of Agricul-
ture, Nature Management and Fisheries, 1992, p. 77). In addition, the
proximity of tree cover contributes to agricultural yields by preventing or
reducing soil erosion (especially if caused by excessive rainfall), by
regulating the groundwater level and by accelerating soil formation.6

Fisheries also depend on forests, both directly for nutrients and breeding
grounds and indirectly via soil and groundwater regulation (Panayotou
and Ashton, 1992, p. 115). Finally, tourist services can also be an important
product of rainforests.

5Contrary to popular belief, rainforests are not the ’green lungs of the earth’: undisturbed
forests are generally thought to be CO2 neutral, releasing approximately as much oxygen (O2)
as they are absorbing carbon dioxide (CO2). Basically, young trees absorb carbon as they are
growing while decaying biomass releases carbon. Since net biomass accumulation of a fully
grown forest is zero, there is no net sequestration of CO2 (Meijerink, 1995, p. 19).

6Trees enhance soil regeneration by shedding organic matter onto the cleared land so that
the nutrient content of the soil layer is increased (Ehui et al., 1990).
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2.3.2 Valuation of the various rainforest functions
Having discussed the functions of rainforests, the question remains
whether indeed all types of forest exploitation are undesirable or whether
it is optimal from the point of view of the international community to
undertake at least some economic activity in rainforests. In order to
answer that question, one would like to compare the marginal benefits of
forest exploitation (which may result in forest degradation or even defor-
estation) with the marginal costs of doing so in terms of the rainforests
functions thereby lost. Unfortunately, there are several problems associ-
ated with measuring those marginal benefits and costs.

First, determining the actual opportunity costs of an activity can be
very troublesome if knowledge of the ecological processes involved is
insufficient or uncertain. Probably the best example to illustrate this is the
case of logging versus biodiversity conservation. The logging technique
most often applied in tropical rainforests is selective logging. This tech-
nique is characterised by the fact that only a few trees (of high commercial
value) are extracted per hectare: from a hectare that can be endowed with
on average 280 m3 of timber, about 6 to 33 m3 are extracted per round
(Thiele and Wiebelt, 1993); often only as little as one to three trees are
taken (Grut, 1990, p. 59; Panayotou and Ashton, 1992, p. 49). The environ-
mental damage arising from selective logging is that the forest structure is
changed when the canopy is disturbed and that the species composition is
affected. It can be argued that even sustained-yield logging damages the
ecosystem which results in loss of biodiversity. But if the exploitation area
is left undisturbed to recover, the ecosystem can be expected to regenerate
and hence the loss in species diversity in this area may only be temporary
(Grainger, 1993, p. 46; Meijerink, 1995, p. 8).7 Thus, it is difficult to assess
the extent of actual damage inflicted.

Second, many of rainforests’ services are not marketed: especially for
the habitat and regulatory functions, no prices are available to value their
benefits as many of these functions are not traded. The main reason is that

7Myers (1980, p. 8) states that highly selective timber extraction causes some alteration in
terms of relative densities of tree populations and in the quantity of timber stocks, but that it
does not necessarily cause a qualitative change in the species present. Grut (1990, pp. 59-60)
even asserts that selective logging is ’a regime not much more interventionist than the regime
of nature itself’.
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most ecological benefits of forest conservation have public good character-
istics: it is not possible to exclude people from benefitting and therefore
the market at which these benefits could be traded, fails to exist. In these
cases the value of these functions has to be determined indirectly, which
may lead to wide variations in the estimates.8

Third, if goods are marketed and hence prices are available, it may
not be appropriate to use these prices as estimates of the marginal value
of forest conservation. A good example is the calculation by Peters et al.
(1989) of the value of non-timber products which can be harvested on one
hectare in the Peruvian Amazon. For an area close to the markets, they
valued the inventory of non-timber forest products by using the prices
prevailing at these markets. With respect to the prices used, this study
was criticised on two points. Firstly, the study area was close to the
markets so that transportation costs did not erode the net value by much;
the marginal value found for a more remote forest region would be much
lower. Secondly, it was argued that if non-timber products were harvested
in all rainforests, their prices would be driven to zero as a result of a
downward-sloping demand function. Therefore, at the margin the value of
non-timber forest products is much lower than the prices currently reflect:
the prices used in the Peters et al. study are probably an overestimation of
the true marginal value (Pearce and Moran, 1994, pp. 95 and 122).

Fourth, the various estimates may not be transferable from one area
to another. Valuations are always undertaken in specific rainforest areas,
and using the resulting figures for other regions is highly questionable
(Pearce and Moran, 1994, p. 95). This means that simply extrapolating the
results from a single area to the entire forest may result in important
biases.

Although we acknowledge these valuation problems, it is still useful to try
and compare the net benefits of different land use options in order to
derive their relative desirability. Basically, in rainforest areas three differ-
ent forms of land use can be compared: total preservation (i.e., abstention
from all economic activity in rainforests), sustainable conservation (i.e.,

8For an overview of valuation techniques available, see Pearce and Turner (1990, pp. 141-
158).
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sustainable harvesting of timber and non-timber products), and unsustain-
able exploitation (i.e., destructive use of the forests or even conversion to
alternative forms of land use).9 Table 2.1 gives an overview of the results
of the valuation studies most often cited in the literature.

Table 2.1: Summary of the results of the valuation studies discussed

Type of land use Net present value (in US$)

Unsustainable land use

Plantation forestry 2,926

Agriculture 3,000 - 6,000

Preservation

Regulatory functions

Global regulatory functions

Marginal damage caused by carbon emission 1,300

Regional regulatory functions

Watershed protection 54

Prevention of soil loss 8

Flood prevention 23

Habitat function

Existence value 90

Genetic resources 2 - 420

Sustainable use of the production function

Sustainable logging 230-850

Non-timber forest products 136 - 6,330

Tourism 13 - 1,250

To briefly sketch the opportunity costs of total preservation of the forests, the
value of unsustainable land use options can be presented. Pearce and

9The terminology of preservation and sustainable conservation is due to Pearce and
Warford (1993, p. 118).
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Warford (1993, pp. 119-120) provide financial profitability figures of
forestry alternatives as calculated by Pearce (1987). Applying a discount
rate of 6 per cent, the most profitable forestry option in Indonesia turns
out to be to remove the natural forest cover and to subsequently install
plantations of fast-growing trees species for pulp production; these planta-
tions yield a net present value of US$ 2,926 per hectare.10 Permanent
agriculture may even have a higher net present value: agricultural activ-
ities in rainforest areas of South America are estimated to have an annual
return per hectare of about US$ 150-300 (Pearce and Moran, 1994, pp. 118-
123), resulting in a net present value between US$ 3,000 and $6,000
(applying a 5 per cent discount rate).11 These figures show that (unsus-
tainable) exploitation of the forest land yields a net present value of at
least US$ 3,000. Hence, the preservation option is only socially desirable if
the rainforests’ environmental functions are valued at a net present value
greater than or at least equal to that amount.

To determine the preservation value of the rainforests, their environmental
functions must be valued. The two main types of environmental functions
are the regulatory functions and the habitat functions. The benefits of
conserving one hectare of forest land in terms of its regulatory functions are
very difficult to measure. One of the global regulatory functions for which
estimates are available, is the carbon storage function. If a hectare of forest
land is burnt, some 100 tons of carbon are released into the atmosphere in
the first year (Pearce and Warford, 1993, p. 130). Using Tol’s (1995)
estimate that the release of one ton of carbon currently results in a damage
of US$ 13 (in 1995 dollars), the damage inflicted in the first year of

10This is the amount in 1986 dollars. In this case, the 6 per cent discount rate is critical: for
higher rates pulp plantations remain the most profitable form of forestry exploitation; for
lower rates selective logging (in which the forest ecosystem remains largely intact) is more
profitable.

11Note that actual prices are used, which may be strongly biased as a result of govern-
ment intervention in the markets (see also Jepma, 1995, pp. 17-21). Therefore, these figures
reflect financial profitability, not economic returns. A good example of this distinction is
livestock holding in South America: without government intervention, the returns on this
type of land use yields negative (or at best very modest positive) rates of return. Only
because of subsidisation by the government, the financial return on these activities becomes
such that livestock keeping is actually undertaken at a large scale (Pearce and Moran, 1994,
pp. 123-124; Pearce and Warford, 1993, pp. 121-123).
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deforestation is about $1,300 per hectare (see also Pearce and Warford,
1993, p. 130). On the one hand, this is an underestimation because of the
subsequent release of carbon in the following years: there is still a net
release of carbon in the first four years after clearance, albeit at a lower
rate (Pearce and Warford, 1993, p. 130). On the other hand it could also be
an overestimation. Depending on the way in which land is used after-
wards, the quantity of carbon subsequently sequestered can differ substan-
tially: if forests are allowed to regrow, they will contain 20 to 100 times
more carbon than when the land is used for agricultural purposes (Pearce
and Warford, 1993, p. 128).12

The valuation of the damage arising from emitting an additional ton
of carbon at US$ 13 seems to be a reasonable estimate: although the
current marginal damage costs presented in an overview by Pearce et al.
(1996, p. 215) lie between US$ 5.3 and $124, most studies cited present
figures below $20. However, estimates can differ widely if other valuation
methods are used. Meijerink (1995, p. 20) represents figures produced by
Price and Willis (1993), Barrett (1991b) and FACE (1994) reflecting esti-
mates based on the impact of gross world production of reduced carbon
consumption ($6.5-385.0), extra costs of carbon-free fuel ($200) and the
costs of removing carbon dioxide ($0.27-8.0). In an overview by Hourcade
(1996), estimates are presented that fall roughly in the same ranges as the
figures presented above; only the upper bound of the costs of removing
carbon dioxide is much higher according to this study.

As for the regional regulatory functions, Ruitenbeek (1989) has
calculated the benefits of forest conservation in terms of agricultural
productivity and protection of fisheries for Korup National Park,
Cameroon. Conservation of watershed functions protecting fisheries yields
a net present value of US$ 54 per hectare; avoidance of soil loss is esti-
mated to have a net present value of US$ 8 per hectare while flood
prevention has a net present value of $23 per hectare (Ruitenbeek, 1989,
cited in Pearce and Moran, 1994, pp. 86-87).

Attempts have also been made to estimate the value of the rainfo-
rests’ habitat function. Concerning the intrinsic value of the forests, accord-

12Myers (1990) gives an estimated average annual carbon sequestration rate of 10 tons per
hectare when tropical forests regenerate.
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ing to Pearce and Warford (1993, pp. 131-132), the existence value can be
estimated to be about US$ 8 per adult in Australia, Western Europe and
North America. This boils down to an annual value of $4.5 per hectare,
resulting in a net present value of $90 (Van Kooten and Bulte, 1997). The
estimation ranges of the value of biodiversity as a basis for drug develop-
ment vary from per hectare net present values of US$ 4-14 (Ruitenbeek,
1989, cited in Pearce and Moran, 1994, p. 109) to values of US$ 2-420
(Pearce and Moran, 1994, p. 109). According to Pearce and Moran (1994, p.
110), estimates up to US$ 400 per hectare seem most realistic. However, a
recent estimate is actually very low: according to Simpson et al. (1996) the
net present value of biodiversity is only $20 per hectare. The main reason
for this low result is that the researchers explicitly take the redundancy of
genetic resources into account: finding a pharmaceutical compound for the
second time generates little additional value and hence the marginal value
of individual species is very small (see also Barbier and Aylward, 1996).

Adding up the benefits of the various environmental functions, the
environmental value of rainforests seems to be less than US$ 2,000 per
hectare. This suggests that, given the present size of the forests, full
preservation is not optimal: the net present value of unsustainable forest
exploitation is higher than the net present value of the stream of environ-
mental benefits rendered by the rainforests.

The next step is to compare the net present value of the unsustainable
exploitation option with the sustainable conservation option: sustainable
conservation implies that many of the environmental functions are con-
served while additional benefits are derived from utilisation of the rainfo-
rests’ production functions. First, consider the net present value of
sustainable logging. According to Pearce and Moran (1994, p. 125), selective
logging techniques generally generate a net present value between US$
1,000 and $2,500 per hectare, while a figure of $1,500 is thought to be most
realistic. Unfortunately, selective logging may not be sustainable. Vincent
(1990a) has calculated the net present value of a hectare with sustainable
logging, giving an upper estimate of US$ 850 (using a 4 per cent discount
rate, assuming high yields and low extraction costs). However, his esti-
mate of US$ 230 per hectare for a somewhat less favourable situation
(assuming less beneficial circumstances with respect to extraction costs
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and growth rates, and applying a discount rate of 6 per cent) is likely to
be more realistic and is also more in line with the per hectare net present
value of US$ 490 (using a 5 per cent discount rate) presented by Peters et
al. (1989). Although these results are of course highly location-specific (in
other countries the relative profitabilities may differ substantially), the
overall conclusion is that sustainable forest exploitation is financially far
less profitable than unsustainable exploitation: the per hectare net present
value of unsustainable forestry exceeds its sustainable net revenue by
about US$ 1,000 per hectare.

However, sustainable logging is not the only type of sustainable
exploitation: the benefits of sustainable logging can be enhanced by
allowing for other economic activities such as harvesting of non-timber
products and tourism. According to Peters et al. (1989), gathering fruits
and latex yields a per hectare net present value13 of US$ 6,330. However,
apart from the fact that the price they used in their study was severely
criticised (see above), the revenues of non-wood product gathering are
also said to be overestimated because of the fact that they assume that 75
per cent of the entire inventory is harvested annually: Pearce and Moran
(1994, p. 95) state that the sustainably harvestable quantity may be much
less. What is more, Padoch and De Jong (1989, p. 110) argue that the actual
flow may be as little as three per cent of the inventory because of the
difficulties associated with marketing of perishable produce. Ruitenbeek
(1989) has estimated the value of sustained harvesting of non-timber
products, correcting his figures for the distance between habitation and
forest: according to him, the annual return is US$ 6.8 per hectare per year,
resulting in a net present value of only US$ 136 per hectare (see Meijerink,
1995, p. 28). Balick and Mendelsohn (1992) calculated the net present value
of harvesting of medicinal plants in Belize; the per hectare value is found
to be as high as US$ 726-3327. The estimates of the value of tourism again
differ widely. Ruitenbeek (1989, cited in Meijerink, 1995, p. 26) gives an
estimate of the tourism value of Korup National Park in Cameroon of US$
0.65 per hectare, which results in a per hectare net present value of US$
13; De Groot (1992) estimates the annual tourism value in the Galapagos

13In the remainder of this section a discount rate of 5 per cent will be applied, unless
indicated otherwise.
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Islands at US$ 26 per hectare (in 1988 dollars), leading to a net present
value per hectare of US$ 520 while the travel cost valuation approach
applied to tourism by Tobias and Mendelsohn (1991) yields a per hectare
net present value of US$ 1,250 for Costa Rica.

Given the uncertainty about the figures presented and the associated
methodological problems (both reflected in the wide range of results
obtained by different studies), it is clear that it is difficult to derive
definite statements about the global desirability of total preservation,
sustainable conservation or changes in land use. However, on the basis of
this short overview, the general conclusion is that although full forest
preservation is probably not optimal from the international community’s
point of view, it is likely that sustainable exploitation is: adding up the
values of the environmental functions and the values of the benefits of
utilising the production function sustainably, the net present value of
sustainable exploitation is likely to be higher than the net present value of
unsustainable land use.14

This conclusion is supported by the overview presented by Pearce
and Moran (1994, pp. 86-87) in which they calculated the ratio of
sustainable benefits to their opportunity costs in terms of other forms of
land use for several studies. All ratios presented turn out to be larger than
1. On the basis of local medicine plant harvesting only, Balick and Men-
delsohn (1992) find a ratio of 1.04; Tobias and Mendelsohn (1991) find a
ratio for a Costa Rican park of 12.5 (using the highest estimated price of
land outside the park to reflect opportunity costs); Ruitenbeek (1989, cited
in Pearce and Moran, 1994, p. 87) finds a ratio of 1.94 from the perspective
of Cameroon, and the ratio presented by Peters et al. (1989) is 6.82. From
these ratios it can be concluded that from a global perspective, sustainable
land use is likely to be desirable (see also Pearce and Moran, 1994, p. 148).

14Uncertainty with respect to the valuations makes it even more likely that sustainable
conservation is optimal, especially if deforestation results in permanent loss of some of the
rainforest functions. As Albers et al. (1996) have shown, uncertainty about the value of forests
is important if irreversible damage can be inflicted: the possibility that in later periods new
information can become available about the benefits of sustainable land use, gives an
incentive for postponing infliction of irreversible damage.
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Thus, the sustainable conservation option seems to be most desirable if all
benefits and costs of forest conservation are taken into account. Of course,
this conclusion should be seen as a general rule rather than as an absolute
truth. In some areas, species diversity may be such that the habitat
function alone is sufficiently valuable to make full preservation the
optimal type of land use; in other areas, soil fertility may be such that
conversion to agriculture is optimal. But as a general rule, sustainable
exploitation seems optimal.

2.4 The global rate of tropical deforestation and its causes
In order to be able to measure the rate of deforestation and to identify its
causes, the term ’deforestation’ needs to be defined. As rainforests are
highly complex ecosystems, a vigorous debate has emerged on how to
define deforestation. As a result of economic activity in rainforests, some
of the functions may be lost while others are still available. Depending on
which functions one takes into account when defining of deforestation, the
forest area is said to be deforested or not. Of course, the choice of the
definition applied has important consequences to both the rate of deforest-
ation and the relative importance of its causes. With respect to the causes
of deforestation, the analysis is complicated even further because a
distinction can be made between the direct and underlying causes. The
direct causes are the activities of various economic sectors that actually
result in forest degradation or even deforestation, whereas the underlying
causes are the factors that determine these sectors’ levels of economic
activity and the way in which they are undertaken.

In this section, the importance of the choice of the deforestation
definition is analysed. In section 2.4.1, different definitions of deforestation
are discussed. In section 2.4.2 decompositions of the deforestation process
in terms of direct causes are presented and the underlying causes are
discussed in section 2.4.3.

2.4.1 The definitions of deforestation and the resulting deforestation
estimates

The importance of the choice of the deforestation definition can be dis-
cussed using table 2.2 in which estimates of the annual amounts of forest
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loss are presented for different types of tropical forests, derived from the
sources most often cited in the literature.

Table 2.2: Overview of annual deforestation as measured in millions of hectares

FAO definition of deforestation Extended
FAO

definition

Forest
degra-
dation

Lanly
(1982)

1980-1985

FAO
(1993)
1980s

FAO
(1997)

1990-1995

Myers
(1991)
1980s

Myers
(1980)
1970s

Tropical forests 11.3 15.4 12.9

Tropical moist forests [7.5]a 10.7 14.2 24.5

Tropical rainforests 4.6

aArea of closed forests lost.

The main source of deforestation figures is the Food and Agricultural
Organization (FAO). This organisation made the first thorough survey of
the tropical forest resource base in 1980 for the Global Environmental
Monitoring System of the United Nations Environment Program, of which
the results are presented by Lanly (1982); a second assessment was held
for 1990 (see FAO, 1993). The third assessment is scheduled for the year
2000, but an intermediate report has been published analysing the devel-
opments over the first half of the 1990s (FAO, 1997). The deforestation
definition used by FAO in these studies is the following: an area is said to
be deforested if a change of land use has occurred with depletion of tree
crown cover to less than 10 per cent (FAO, 1993, p. 10).15 On the basis of
table 2.2 it can be concluded that tropical deforestation peaked in the
second half of the 1980s: the number of hectares lost in all tropical forests
was highest in this period. Unfortunately, data availability on deforest-
ation in tropical moist forests and tropical rainforests is very scarce: the
FAO 1980 assessment does not give a figure for the annual loss of tropical

15Therefore, deforestation includes conversion of natural forests to (a) nonforest cover
such as grassland, nontree agriculture and wasteland; (b) perennial tree-crop agriculture
(rubber, oil palm, cacao, fruit trees, spices, coffee) and (c) artificial forestry plantations for the
production of wood products such as timber, paper pulp and fuelwood (Panayotou and
Ashton, 1992, pp. 20-21).
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moist forests. The only figure that may give an indication of the deforest-
ation trend over time is the size of closed forests lost (i.e. including broad-
leaved, coniferous and bamboo forests), which do occur in the dry zone
but are mainly found in the humid tropics (Grainger, 1993, p. 34). This
figure is 7.5 million hectares for the first half of the 1980s (Lanly, 1982, p.
97).

The FAO definition of deforestation has been criticised as being too
strict: according to this definition only clearfelling and changes in land use
result in deforestation. This implies that a lot of damage inflicted by
especially the forestry industry is not included in the deforestation figures:
Myers (1991) states that logging activities may result in such a decline in
biomass and in such a loss of the ecosystem’s services that the remaining
forest no longer resembles a natural forest. In his words, ’[t]here are
certain instances [...] where the forest biomass is so severely depleted [as a
result of overlogging] that the remnant ecosystem is a travesty of natural
forest as properly understood’ (Myers, 1991, p. 4). Therefore, he argues
that severe overlogging must be included in the deforestation definition.
The result of broadening the definition is that the annual loss of tropical
moist forests in the 1980s amounts to 14.2 million hectares (Myers, 1991, p.
3) rather than the FAO figure of 10.7 million hectares.

However, even Myers’ (1991) estimate mainly reflects the loss of
timber values while the loss of genetic value is still largely ignored (that
is, it concentrates on biomass rather than on biodiversity; Panayotou and
Ashton, 1992, p. 20). If the genetic value of forests is to be assessed, forest
degradation should also be taken into account. Grainger (1993, p. 46)
defines degradation as a temporary or permanent deterioration in the
density or structure of vegetation cover or its species composition. If this
definition is applied, in the 1970s the annual loss of tropical moist forests
may already have been as high as 24.5 million hectares per annum (Myers,
1980, cited in Panayotou and Ashton, 1992, p. 20).16

16Note that a broader definition does not necessarily yield a higher estimate of deforest-
ation. For example, if the definition encompasses all forest disturbance, agricultural conver-
sion in secondary forests would not be included in the definition. If only very few hectares of
primary forests are brought under exploitation while extensive land use change occurs in
secondary forests, the FAO definition would yield a higher deforestation figure than the
definition applied by Myers.
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The result of applying different deforestation definitions is of course
not only that the estimates of annual deforestation in hectares vary, but
also that the annual rate of deforestation differs as the denominator is
affected by the choice of the definition: the broader the definition applied
(that is, the more forms of degradation are included in the deforestation
definition), the smaller the estimate of the size of the tropical forests. On
the basis of his broader definition of deforestation, Myers (1991, p. 3)
estimates that tropical moist forests covered almost 800 million hectares at
the end of the 1980s, whereas FAO gives an estimate of 1,305 million
hectares using its narrower definition (FAO, 1993, p. ix). Given the fact
that the numerators for broader definitions are observed to be higher
whereas their denominators are necessarily smaller, Myers’ rates of
deforestation are higher than the FAO estimates. According to Myers
(1991), the rate of deforestation is 1.8 per cent annually whereas the FAO
(1993) estimate is approximately 0.9 per cent.

On the basis of this discussion, it can be concluded that the rate of tropical
deforestation is high although the estimates vary widely as a result of
differences in the deforestation definition applied and the types of forests
considered. However, even if there was a consensus about the deforest-
ation definition, it would still be difficult to agree on the recent rates of
deforestation. The main reason for this is that measuring techniques differ
as well: different estimation techniques yield different estimates. Until
recently, most studies were based on forest inventories and sampling
rather than on accurate measurement (Pearce and Brown, 1994, pp. 7-8).
As better (remote sensing) techniques have become available, deforestation
rates can be reassessed, leading to higher estimates. WRI (1990, pp. 101-
102) presents data on how the FAO deforestation estimates for the first
half of the 1980s should be revised. Annual deforestation in eight coun-
tries has been re-estimated for roughly the same period (mainly between
1975 and 1985), using improved techniques: the FAO (1988) number of
hectares annually deforested should be multiplied by a mere 1.05 (in the
case of Thailand) up to a startling 10.2 (in the case of India). As an
example, the Brazilian rate of deforestation should be revised upwards
from 1.48 million to 8 million hectares. WRI concludes that if the new
studies are accurate, the estimate of the extent of tropical deforestation
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should be corrected from the original estimate of 11.3 million to 20.4
million hectares per year (WRI, 1990, p. 102).

2.4.2 The decomposition of tropical deforestation
The next step is to analyse which human activities are the main causes of
deforestation; to be able to reduce the rate of deforestation (or even to
stop the deforestation process), its causes must be determined. As can
easily be conceived on the basis of the first part of this section, the results
of such a deforestation decomposition analysis depend to a large extent on
the deforestation definition applied. The analysis is complicated even
further by the fact that forests are (typically) used by different economic
sectors before actual deforestation occurs. These points are addressed in
this subsection.

The discussion on whether the deforestation definition should reflect
mainly the timber values of forests or whether the ecosystem’s quality
should also be included, crucially affects the relative importance of the
various economic sectors in the deforestation process. In table 2.3, four
decompositions are presented that are based on definitions reflecting only
the timber value criteria.

Table 2.3: The direct causes of worldwide tropical deforestation (in % of total
deforestation)

EK
(1990)

1981-1985

Brünig
(1989)

1980-1988

Amelung
and Diehl

(1992)
1981-1990

Myers
(1991)
1980s

Forestry 10 10 2-10 21

Agriculture:

Shifting cultivation 40 60 41-49 61

Permanent agriculturea

Mining, hydropower generation
and other industriesb

50

0 } 30
45

4b } 18

aIncluding pastures; bincluding road construction.
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This table clearly shows that the two main economic sectors causing
tropical deforestation are forestry and agriculture. However, these sectors
are not equally responsible for forest degradation and deforestation. The
first three sources (Amelung and Diehl, 1992; Brünig, 1989; and EK, 1990)
use the FAO definition of deforestation. Due to the definition used, these
three sources conclude that the forestry sector is not a major cause of
deforestation: up to 10 per cent of the forest area lost annually is
destructed by this sector. The reason for this low figure is that the logging
technique most often applied is selective logging, which means that only a
few trees are extracted per hectare. This does not mean that ecological
damage may not be substantial but because forest cover is usually not
depleted to less than 10 per cent, according to the FAO definition no
actual deforestation occurs; the forestry sector only causes deforestation if
clearfelling is applied. The higher share of the forestry sector in annual
deforestation presented by Myers (1991, p. 18) arises because this author
does not accept the rigid FAO definition: in his approach, deforestation
can also occur as a result of overlogging. Indeed, carelessly applied
selective logging may damage up to 50 per cent of the standing stock
(Lamprecht, 1992, p. 214; Terborgh, 1992, p. 219).

Furthermore, table 2.3 indicates that agricultural conversion is an
important direct cause of deforestation when the FAO definition is used:
the agricultural sector is indicated to be responsible for the bulk of
deforestation simply because agricultural activities generally require
removal of the forest cover. With respect to the relative importance of
permanent agriculture versus shifting cultivation as a source of deforest-
ation, the figures presented by the various studies differ mainly because of
the problem of determining what is meant by ’land under cultivation’.
Shifting cultivation is a technique in which a parcel of forest land is
cleared and burnt, cultivated for a few years and then left lying fallow so
that the natural productivity can be restored by allowing the forest to
regenerate. This means that a typical shifting cultivation household has
several fields in different stages of the cultivation cycle, and that in every
period a parcel has to be cleared. Of course, a parcel of forest may have
been used previously (i.e., fallow land is again cultivated) or new land
may be cleared. In the first case, the question is whether re-using fallow
land can be defined as ’new deforestation’, or whether this parcel is
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perceived as being an integral part of the land area already under cultiva-
tion. Therefore, the estimates of the role of shifting cultivation in the
deforestation process can differ substantially (see also Angelsen, 1995).

Finally, all sources cited indicate that forest damage through other
economic activities such as mining is relatively unimportant: the bulk of
deforestation is caused by the forestry and agricultural sectors.

Although Myers’ decomposition already takes some of the quality of the
forests into account (as opposed to the strict timber values), some authors
reject the FAO definition even stronger. If, for example, virtually every
human incursion into rainforests is considered to be detrimental, the
importance of logging as a cause of environmental damage increases
considerably. According to Amelung and Diehl (1992, pp. 119-120) the
forestry sector is responsible for more than two thirds of all forest modifi-
cation, which is defined as the conversion of primary forests into produc-
tive closed forests or other forms of land use. As selective logging does
inflict changes upon the forests, application of the ecologist’s definition of
deforestation implies that the forestry sector is by far the most important
cause of deforestation.

In addition to the deforestation definition applied, two additional factors
can be identified that complicate the decomposition analysis even more.
First, a parcel of forest land can be used by more than one sector. This
implies that allocating the responsibility for the ecological damage
inflicted becomes problematic. One example to consider is forest land that
is designated to be cleared for alternative use such as permanent agricul-
ture or mining. It may be argued that previous clearfelling by the forestry
sector should not be counted as the cause of deforestation; indeed, conver-
sion would have taken place regardless of whether or not forestry is
undertaken first.

Second, activities of one sector may induce destructive activities by
another. In practice, agricultural conversion by shifting cultivators often
depends on the activities of other sectors: the agricultural sector seldom is
the first user of primary forests because it is very difficult for small-scale
farmers to get access to them. In this respect, farmers depend on other
sectors that have the equipment for road construction, such as logging and
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mining industries. Furthermore, road networks also increase the attractive-
ness of undertaking agricultural activities in the rainforests by increasing
their profitability. Because the roads can be used to transport agricultural
surpluses to local and regional markets, expected (money) income is
increased (Barbier et al., 1994, p. 26; Mahar and Schneider, 1994, p. 161). In
the specific case of activities by logging industries, an additional factor
enhances the attractiveness of agriculture. For shifting cultivators, it is
almost impossible to convert primary forests into agricultural land since
many trees are simply too big to be cut down with tools like machetes.
Furthermore, primary forests do not burn easily because of the moisture
and the very limited ground vegetation. Selective logging decreases the
conversion costs as some of the largest trees are removed and the result-
ing gaps in the canopy allow the logging debris (damaged trees and
vegetation) to dry, thus facilitating burning of the logged-over land
(Panayotou and Sungsuwan, 1994, p. 198).17

The importance of the logging industry can be illustrated using
Amelung and Diehl’s (1992, p. 120) forest modification figures which
indicate that 71 per cent of the area of degraded primary forest land is
exploited first by the forestry sector. Moreover, according to FAO (cited in
Sun, 1995) deforestation rates due to agricultural conversion are eight
times higher in logged-over forests than in undisturbed forests. With
respect to the role of mining in providing access to the forests, Ecuador is
a good example: here the oil sector is the main sector to construct road
networks (Bilsborrow and Okoth Ogendo, 1992; Jepma, 1995, p. 13; South-
gate et al., 1991).

Concludingly, if indeed the forestry and mining sectors’ activities are
considered to be necessary for agricultural conversion, these sectors’
estimated contribution to worldwide tropical deforestation should be
increased relative to the figures presented in table 2.3. Conversely, if a
parcel of forest land is designated to be converted for alternative use,
previous activities on this parcel should not be considered the cause of
deforestation.

17From the fact that tropical rainforests are closed forests it can be derived that they do
not burn easily. The FAO definition of closed forests is that these forests "do not have a
continuous grass layer allowing [...] spreading of fires" (see Barraclough and Ghimire, 1990,
p. 5).
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Summarising, decomposition analyses of the deforestation process are
very difficult and any result can easily be criticised on the basis of either
an inappropriate deforestation definition or unduly attribution of deforest-
ation to a particular sector due to the fact that insufficient attention has
been paid to the interaction between the different sectors. However, the
two most important sectors in the deforestation process are undoubtedly
the forestry sector and the agricultural sector. The forestry sector is mainly
responsible for forest modification resulting in loss of biodiversity and for
inducing subsequent agricultural conversion by opening up closed forest
areas; the (small-scale) agricultural sector is mainly responsible for the
destruction of biomass.

2.4.3 The underlying causes of deforestation
Listing the estimated values of the various rainforests’ functions suggests
that, at least from the point of view of the international community,
forests should be exploited sustainably. However, the actual decisions
about the use of rainforests are not taken by the international community
but by individuals active in the rainforest area and by governments of
tropical forest countries. Their decision whether to allocate forest land to
alternative use or to apply sustainable production techniques is the
outcome of a decision-making process in which the (discounted) net
benefits of exploiting a unit of land sustainably are weighed against the
(discounted) net benefits of unsustainable exploitation. At the level of
individual exploiters, two fundamental factors reduce the likelihood that
sustainable exploitation techniques will be applied: (i) the existence of
externalities and (ii) uncertainty of property rights.

First, externalities are associated with forest conservation (and, conversely,
with deforestation). Externalities arise when one agent’s activities affect
another agent’s utility without compensation in any form (Pearce and
Turner, 1990, p. 61); the size of the externality can be measured as the
difference between the optimal level of activity from the individual’s point
of view and that from society’s point of view (Pearce and Moran, 1994,
pp. 33-36). As is clear from the description of the functions of rainforests,
externalities are inextricably linked with rainforest exploitation: many of
the benefits of rainforest conservation do not (only) accrue to the individ-
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ual exploiter but to other individuals living in or near to the rainforests
(e.g., in the form of the positive influence of sustainable forest use on
agricultural productivity) and to the international community (e.g. in the
form of conservation of biodiversity and storage of greenhouse gases).
Because sustainable forest exploitation yields regional and even global
benefits while there is no mechanism (for example by law or through
markets) that forces those who benefit to pay, the agents in the forest area
do not include these external benefits in their decision processes. This
implies that individual agents undervalue the benefits of forest conserva-
tion (or, conversely, the costs of deforestation) from a global point of view.

Therefore, in order to arrive at a globally optimal level of forest
conservation, the external effects should be internalised in the decision-
making process of the individual actually exploiting the forest. Depending
on one’s view of ownership rights, the individual actor should be compen-
sated for the extra costs associated with sustainable use if the actor is
considered to have full ownership rights on a parcel of forest land, or he
should compensate the international community for the loss associated
with unsustainable production if one feels that the services provided by
the forests are owned by all inhabitants of the world.

The second fundamental factor that increases the likelihood of unsustain-
able exploitation by individual agents is uncertainty of property rights.
Property rights are important because sustainable use of rainforest land
has distinct investment characteristics, mainly because sustainability can
only be achieved if current land use intensity is kept low so that forest
regeneration is not threatened. This implies that sustainable production
techniques usually require forgoing revenues in the present period so that
the flow of services provided by forests is available not just today but also
in the future (see for example Barrett, 1991a; Pearce and Moran, 1994, p.
26). Hence, given the fact that the benefits of sustainable use arise in the
future while most of the costs have to be borne today, the decision maker
must have a sufficiently long time horizon for sustainability to become
profitable from his point of view. Two important factors that cause
individual exploiters to display myopic behaviour are the finiteness of the
duration of their tenure rights and outright uncertainty with regard to
their property rights.
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Both the agricultural sector and the forestry sector are faced with
uncertain property rights. In the case of forestry, the concession period is
often too short to induce logging firms to apply sustainable techniques.
Sustainable selective logging usually requires a rotation period of at least
25 years and preferably even 40 years or more (depending on the type of
forest), whereas most concessions are awarded for 20 years or less (Jepma,
1995, p. 61). Amelung and Diehl (1992, p. 46) even state that the contract
period is rarely longer than 10 years and that even contracts for one or
two years are quite common. As long as the forestry firm is not reasonab-
ly certain that it will receive a new concession contract for the same forest
parcel after the current one expires (either because the likelihood of
renewal is low, or because the firm expects that it will be awarded a new
concession elsewhere), the incentive to manage the concession sustainably
is reduced.

In the agricultural sector, tenure rights are also of crucial importance
to the adoption of sustainable production techniques. Uncertainty of land
rights can arise because of conflicts between customary land rights and
formal land rights. Although most of the land in rainforest areas is under
customary tenure, governments of tropical forest countries very often do
not respect these customary land rights and give predominance to formal
land rights. Uncertainty can also arise due to temporary land rights (for
example, if land is rented). Finally, institutional design of land rights can
be such that investment in sustainable techniques is discouraged. For
example, in tropical Africa access to land is often controlled by kinship
groups: members of such groups are given the right to cultivate a parcel
of land. However, very often village authorities retain the right to
reallocate farm parcels: typically, a farmer loses land control as soon as
cultivation ends (see for example Dorner and Thiesenhusen, 1992; Lawry
and Stienbarger, 1991; Stienbarger, 1990).

Uncertainty of property rights and the existence of externalities are the
main underlying causes of deforestation. In the literature, two additional
factors are often mentioned that exacerbate their effects: government
policy failure and population pressure.

As for government policy failure, governments very often intervene
in the economy in order to achieve certain policy objectives. In principle,
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government intervention is needed to correct the market failure resulting
from the externalities associated with forest exploitation: the external costs
associated with unsustainable use should be internalised, for example by
levying taxes on the consumption of the products of unsustainable exploi-
tation or by setting the price of the resource at the appropriate level. In
practice, however, governments of tropical countries tend to do the
opposite: they tend to keep resource prices low, mainly because low prices
are thought to encourage industrial and agricultural activity, thus leading
to higher rates of economic growth (at least in the short run); see Cleaver
(1985, p. 4) and Pearce and Warford (1993, p. 175). For example, govern-
ments of many tropical forest countries fail to tax logging firms sufficient-
ly, thus granting logging firms to capture a substantial part of the rents.
According to Pearce and Warford (1993, p. 188), the government of
Indonesia captured only about a third of the forestry rents through
taxation in the early 1980s: the government’s objective was to stimulate
forestry activities rather than to maximise its tax revenue (see for more
examples Grut et al., 1991; Panayotou and Ashton, 1992, p. 4; Pearce and
Brown, 1994, p. 14; Repetto and Gillis, 1988). Furthermore, agricultural
conversion can also be stimulated by financial government policies. For
example, until recently food crop production and livestock development in
the rainforest areas of Brazil were stimulated through subsidised credits;
also income tax exemptions could be obtained by corporations if they
invested in Amazonian development (Amelung and Diehl, 1992, p. 86;
Pearce and Warford, 1993, pp. 185-186). Repetto and Gillis (1988) give
many examples of subsidisation of conversion of forested land into
alternative uses such as plantation agriculture or cattle ranching (see also
Amelung and Diehl, 1992, pp. 85-91; Pearce and Warford, 1993, pp. 181-
188; Repetto, 1990). Protection against international competition has been
used too as an instrument to stimulate forest conversion: for example, live-
stock production in Indonesia and Thailand were highly protected (Ame-
lung and Diehl, 1992, p. 87).

Governments of tropical countries also stimulate (unsustainable)
forest exploitation directly. For example, agricultural activity in tropical
forests is sometimes stimulated to reduce social pressures in urban and
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traditional rural areas18: rainforests are used as a safety valve for pres-
sures elsewhere in the country (Amelung and Diehl, 1992, pp. 80-87;
Bilsborrow and Okoth Ogendo, 1992; Jepma, 1995, p. 21; Repetto, 1990;
Repetto and Gillis, 1988). Human settlement in rainforest areas is facili-
tated by the construction of infrastructure (like roads) and even of entire
villages. Another example of direct government intervention is the stimu-
lation of (inefficient) domestic processing of tropical timber by banning the
export of logs. Thus, employment is created and domestic value added is
increased, but this is achieved at high costs as domestic processing often
requires more log inputs to produce the same quantity of processed
timber than processing abroad (Pearce and Warford, 1993, p. 188). Some
calculations indicate that various developing countries would have been
better off without log export bans: for example, according to Gillis (1988a,
cited by Pearce and Warford, 1993, p. 188), the lost rents due to the ban in
Indonesia amounted to US$ 136 million per year.

The impact of government intervention as described above is that the
private marginal costs of undertaking economic activities are reduced even
more relative to the social marginal costs of economic activity in the
rainforest areas, thus resulting in too much activity and deforestation (see
also Pearce and Moran, 1994, pp. 33-34).

Concerning population pressure, it is clear that population growth leads to
stronger competition for space between man and other species: the
demand for rainforest products is likely to increase so that either new
lands must be brought under cultivation or land use intensity must go up
(for a given technology); see for example Pearce and Brown (1994, p. 12).
With respect to the first option, primary forests are likely to be degraded
in order to satisfy the demand for forest products of the growing popula-
tion (Pearce and Moran, 1994, p. 36; Pearce and Warford, 1993, p. 149).
The consequence of intensified land use in rainforest areas is that the
agricultural productivity of the soil decreases, which may trigger a
poverty-land degradation cycle: the current need to satisfy the basic needs
of the growing population leads to too intensive resource use, resulting in
resource degradation (e.g. a fall in agricultural productivity) so that the

18This has been the case in, among others, Indonesia, Ecuador, Malaysia and Brazil.
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population is forced to exploit the land even more intensively (Jepma,
1995, pp. 89-91; Kolk, 1996, p. 43). Of course, this will start a process of
further degradation and decreasing productivity. Thus, the marginal
private benefits of forest exploitation (leading to degradation of primary
forests and unsustainable exploitation that results in higher instantaneous
productivity) are increased compared to the benefits of forest conservation,
resulting in tropical forest degradation or even deforestation.

However, population growth can also increase land use intensity
indirectly, by reducing the security of property rights. In many rainforest
areas, land rights are customary rather than formal. Customary land rights
usually arise from first clearance by the farmer or his ancestors. These
traditional land rights are usually well-respected, at least if the social
environment is stable. However, in areas with social instability (areas in
which population pressure increases, especially when caused by a substan-
tial inflow of migrants from outside the rainforest area), the social struc-
ture may collapse and customary land rights may no longer be fully
enforceable. In the absence of an effective tenure system (either traditional
or formal), land claims can be maintained by keeping land cropped:
ownership rights on cultivated land are easier to defend than on land
lying fallow, especially as migrant farmers are likely to have difficulty in
distinguishing land that has been lying fallow for some five years or more
from unoccupied forest land (Padoch and De Jong, 1989, p. 105). Increased
population pressure may therefore have an additional effect on land
intensity as the incentive for continuous cropping increases.

2.5 Statistical analyses of the deforestation process
The statements concerning the tropical deforestation process presented in
the previous section can (at least partly) be tested empirically. Ideally,
statistical analyses should be based on sufficiently long time series data at
a disaggregate geographical level: macroeconomic causes could be tested
by analysing the deforestation process over time, whereas the factors
resulting in intensive land use could be tested using the geographical
component. Unfortunately, reliable geographically disaggregate observa-
tions on forest cover are usually available for just one or two years; time
series data are generally available only on the size of a country’s entire
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forest area. Thus, the empirical evidence concerning the deforestation
process consists of studies focusing at the macro level using country data
and studies aiming to explain land use intensity using regional (within-
country) data.

In this section an overview is given of empirical studies that analyse
the deforestation process either at the macro level or at a more disaggre-
gate level, and that use (predominantly) the FAO definition of deforest-
ation. In the first subsection the results of statistical studies focusing at the
aggregate level are discussed whereas in the second subsection the
findings of the within-country analyses are presented.

2.5.1 Studies analysing deforestation at the aggregate level
Table 2.4 summarises the main results of studies that aim to explain
deforestation using observations on the size of various countries’ forest
areas. Of the studies presented, only two analyse the deforestation process
by using time series data for one particular country (Chakraborty, 1994,
and Lombardini, 1994); the other studies compare the characteristics of
different countries in a cross section setting. As is clear from this table,
evidence on the role of various factors in the deforestation process is
typically mixed.

The role of logging in the deforestation process is analysed in several
studies. The variables used are either the quantity of timber extracted (for
domestic use or for timber exports) or its price. The change in per capita
wood production is found to be positively related to deforestation in the
analysis by Burgess (1992), but other studies do not find a strong relation-
ship. According to Allen and Barnes (1985), per capita wood production is
only a significant variable if cumulative deforestation is to be explained
whereas it is found to be insignificant in the analysis of annual deforest-
ation. Their explanation is that timber harvesting has a lagged effect on
the rate of deforestation: if harvesting takes place without replanting,
timber shortage will only arise after five to ten years (Allen and Barnes,
1985, pp. 177 and 178). Rudel (1994) does not find a significant relation-
ship between wood exports and deforestation. The time series analysis by
Chakraborty (1994) reveals that timber harvesting seems to be compatible
with forest conservation, but that fuelwood gathering is much more
destructive.



Table 2.4: Results of statistical studies at the aggregate level

Study Analysis Period Dependent variable Independent variables
significant not significant

Allen and
Barnes
(1985)

panel

cross
section

1968-1978

1968-1978

annual change in
forest area

[areat - areat-1]

total change in
forest area

[area1978 - area1968]

annual population growth rate (-)

per capita wood production (-)
logarithm of percentage forest cover (+)
percentage land under plantation crops (-)

annual change in area of land
cultivated

annual growth rate of per capita
GNP

annual change in per capita
wood production and exports

GNP per capita
population density

Burgess
(1992)

cross
section

1980-1985 total change in closed
forest area

[area1985 - area1980]

percentage forest cover (+)
population density (-)
industrial roundwood production per capita (-)
real GNP per capita (+)

agricultural yield



Table 2.4: Results of statistical studies at the aggregate level (continued)

Study Analysis Period Dependent variable Independent variables
significant not significant

Capistrano and Kiker
(1995)

cross
section

1967-1971

1972-1975

1976-1980

1981-1985

forest area industrially
logged

log export value index (+)

per capita GNP (+)
agricultural export price index (0/+)
debt service ratio (-)
cereal self-sufficiency ratio (+)
population size (+)

per capita GNP (+)
real devaluation rate (+)
cereal self-sufficiency ratio (+)
log export value index (0/-)

real devaluation rate (+)
arable land per rural capita (+)

Chakraborty (1994) time series
(India)

1951-1990 size of reserved forest area net national per capita income (-)
number of livestock units (-)
percentage urban population (+)
regenerated and reforested area (+)
production of timber, etc. (+)
production of firewood, charcoal (-)
net revenue receipts of the Forest

Department (-)

agricultural productivity



Table 2.4: Results of statistical studies at the aggregate level (continued)

Study Analysis Period Dependent variable Independent variables
significant not significant

Deacon (1994) cross
section

1980-1985 rate of deforestation lagged population growth rate (+)
revolutions and guerilla warfare,

current and lagged (+)
executive is not a premier (+)
per capita GDP growth rate (-)

current population growth rate
constitutional changes
executive belongs to the military

Kahn and McDonald
(1994)

cross
section

1981-1985 size of area
deforested19

size of the forested land area (+)
size of the labour force (0/+)
relative debt service (+)

population size
change in population size

Lombardini (1994) time series
(Thailand)

1967-1984 percentage forest
cover

size of forest cover

per capita GDP (-)
share of agricultural labour

force (+)

population size
real value agricultural exports
price of logs
size of road network
agricultural productivity

[F-test: the hypothesis that all
coefficients simultaneously equal
zero, could not be rejected]

19All variables are scaled by either the country’s population size or its GDP.



Table 2.4: Results of statistical studies at the aggregate level (continued)

Study Analysis Period Dependent variable Independent variables
significant not significant

Rudel (1994) cross
section

1976-1980 average area annually
deforested

size of the forest area (+)
per capita GNP (+)
lagged increase in population size (+)
lagged increase in rural population size (+)

value wood exports
value agricultural exports

Shafik (1994)20 panel 1962-1986 area annually
deforested

investment share in GDP (+)
electricity tariff (-)
trade share in GDP (-)
market distortions (-)
political indicators (+)

per capita GDP, also squared
and cubed

growth rate per capita GDP
time trend
debt per capita

Southgate (1994) cross
section

1982-1987 average increase in
agricultural land area

annual population growth (+)
annual real growth agricultural exports (+)
average annual increase in crop yields (-)
dummy closure agricultural frontier (-)

20Shafik also presents the regression results of a cross-section model using cumulative deforestation over the time period under consideration. All variables
proved to be insignificant; only by adding extra variables some coefficients became significant.
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With respect to the role of timber prices in the deforestation process,
Capistrano and Kiker (1995) find that increasing timber prices can both
encourage and reduce deforestation: price changes may have positive and
negative effects on the extent of logging activities. In the period 1967-1971,
timber price increases (measured by the log export value index) spurred
harvesting activities as profitability of logging increased, while in the
period of relatively tight international credit and financial conditions
(which is how the authors characterise the period 1976-1980) price decreases
resulted in enhanced logging, probably in order to maintain import
levels.21 Lombardini (1994) does not find a significant relationship.

Exchange rate developments are also thought to affect the rate of
deforestation because they affect the profitability of economic activities in
rainforests. Capistrano and Kiker (1995) conclude that devaluations
stimulate deforestation because they increase the financial return on
forestry and agriculture. This result is supported by the analysis of Shafik
(1994). In his study, the variable ’market distortions’ is mainly an indicator
of the degree to which the exchange rate is overvalued. The negative
coefficient for this variable implies that an overvalued exchange rate
diminishes profitability of economic activity in rainforests so that deforest-
ation rates become lower than they would have been otherwise.

In the previous section it was stated that agriculture is the single most
important direct cause of deforestation. Some macro studies give empirical
support to this statement: increases in the area of land cultivated are
generally correlated positively with deforestation (Allen and Barnes,
198522; Capistrano and Kiker, 1995).23 Chakraborty (1994) concludes that

21Capistrano and Kiker (1995) present the estimation results of two models: in the first
model common intercepts and slope coefficients are used for all countries, whereas in the
second model the intercepts are allowed to differ between geographical regions, income
groups and level of indebtedness. In the estimation period 1976-1980, the log export value
index was found to have a significant negative sign in the second model, but was found to be
insignificant in the first model.

22In the regression equation using annual deforestation as a dependent variable, agricul-
tural land does not seem to be correlated with deforestation. However, it is found that the
relationship is indirect: population growth results in increased demand for arable land, which
in turn leads to deforestation (Allen and Barnes, 1985, p. 177). In the regressions, the area of
land under plantation crops is explicitly found to be positively related to deforestation.
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increases in the number of livestock causes deforestation. Also the volume
of agricultural exports is found to be either positively related to deforest-
ation (Southgate, 1994) or is not found to be significant (Lombardini, 1994;
Rudel, 1994). The relative profitability of alternative uses of land plays a
role as well: the more profitable land conversion, the more deforestation is
likely to take place. Indeed, agricultural export price increases are found
to encourage deforestation (Capistrano and Kiker, 1995). A final variable
which may reflect the demand for agricultural land is the share of the
agricultural labour force, but Lombardini (1994) finds an unexpected sign
for which no straightforward explanation is available.

As such, increases in agricultural activities are an important indicator
of the increasing competition for land between mankind and the environ-
ment. However, this is also reflected by other variables. Population
variables are expected to have a positive relationship with deforestation as
increments in population size result in increased demand for forest
products. Indeed, the coefficients of the population variables have the
expected sign in some studies (Allen and Barnes, 1985; Burgess, 1992;
Capistrano and Kiker, 1995; Deacon, 1994; Rudel, 1994; Southgate, 1994)
but not always: population density is not found to be important in Allen
and Barnes (1985), Kahn and McDonald (1994) and Lombardini (1994). In
Deacon (1994), lagged population growth is found to be significant whereas
current population growth is not; Deacon’s explanation is that the level of
economic activity and the demand for forest products increase when
children grow older, so that deforestation rates are expected to increase
only with a lag. Government policies can also increase the competition for
land between mankind and forests: the aim of self-sufficiency in food
consumption is found to encourage forest depletion (Capistrano and
Kiker, 1995).

23However, if all land is already brought under cultivation, agricultural land area will not
increase. Therefore, Southgate (1994) includes a variable to denote whether there is still
unclaimed land available; this dummy variable is indeed found to be significant. The size of
the rainforest area itself can also be an indicator for land availability. The results are
inconclusive: some studies find a positive relationship between forest size and deforestation
(Kahn and McDonald, 1994; Rudel, 1994) but Allen and Barnes (1985) and Burgess (1992) find
a negative sign.
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Some exogenous changes can be expected to reduce the competition for
land, such as improvements in agricultural yield, price decreases of
alternative fuels and changes in technology. Increases in agricultural
output per unit of land can be expected to result in less deforestation
because less land is needed to satisfy current demand for agricultural
output. This hypothesis is at least partially supported as Southgate (1994)
finds the expected sign, although Burgess (1992), Chakraborty (1994) and
Lombardini (1994) do not find a significant effect. Contrary to what one
would expect, deforestation increases when electricity prices fall in Shafik
(1994); his explanation is that electricity prices are likely to be severely
biased and hence should be interpreted as indicators of price distortions
or market orientation rather than as prices of alternatives to wood fuel
use.

Technology is also likely to be an important factor in the deforest-
ation process, although it is difficult to measure. Of course, developments
in technology are an important factor if investments are used as an
explanatory variable in the deforestation process (see Shafik, 1994, p. 92).
On the one hand, high investment rates may increase demand for forest
products such as industrial roundwood, but on the other hand these
investments may result in machinery that uses natural resources more
efficiently. On the basis of his empirical analysis, Shafik concludes that
forest resources are complementary to physical investment. Technology is
also associated with the role of international trade. The more open a
country is (i.e., the higher the trade share in GDP), the more likely it is to
specialise in the production of goods in which it has a comparative
advantage. This is likely to result in increased forest exploitation. But
more frequent interactions with the international markets may also be
expected to have a positive effect on the state of technology used in the
developing country: production techniques may become more efficient,
which may reduce the rate of deforestation. Shafik finds that as a country
is more open, less deforestation occurs. Time trends can also be inter-
preted to reflect technology improvements but were not significant in the
Shafik model.

However, improvements in technology are also used as a somewhat
ad hoc explanation of unexpected regression results. One example is the
study by Kahn and McDonald (1994). These authors argue that short-term
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considerations are important in the deforestation process: per capita
consumption should exceed a certain minimum level. Therefore, they
hypothesise that variables that contribute to the production of GNP reduce
deforestation, whereas variables that compete for the use of GNP increase
deforestation. Thus, the size of the labour force (divided either by the total
population or by GNP) is expected to contribute to per capita income and
hence deforestation is expected to be negatively correlated with this
variable. As is clear from table 2.4, this is not the case: if variables are
scaled by population size, the labour coefficient is not significant while it
has the wrong sign if GNP is used as a scaling factor. The explanation
provided by Kahn and McDonald is that the labour force variable may be
a proxy for technology or development, with lower values implying
higher states of development or more sophisticated technologies (Kahn
and McDonald, 1994, pp. 64-65).24

For some explanatory variables, it is difficult to predict the sign of their
relationship with deforestation as they reflect more than one underlying
cause of deforestation; models are thus said to be underidentified. A good
illustration is the interpretation of the sign of income variables. This
variable type has a close relationship with the demand for the different
rainforests functions, i.e. the production function (supplying both wood
and non-wood products) and the environmental functions. On the one
hand, an increase in the level of income will lead to increased demand for
forest products (see for example Capistrano and Kiker, 1995).25 Also,
higher income levels can be seen as an indicator of increased wealth that
is used to finance capital-intensive activities that degrade the forests, such

24Another explanation may be that scaling the labour force with GNP yields a variable
that is likely to have a close (negative) correlation with the inverse of GNP per capita (that is,
GNP scaled with the total population). If these two variables are indeed closely related, the
regression result can be summarised as follows: the lower the ratio of the labour force to
GNP, the higher GNP per capita is and the less deforestation occurs. Then the sign of the
coefficient is as expected: the higher GNP per capita, the less binding short-term constraints
are likely to be and the necessity to deforest will be lower.

25This will be the case for most forest products such as food and timber. An example of a
forest product for which the income elasticity of demand is negative, is fuelwood. In most
tropical countries, wood is perceived as the ’poor man’s fuel’, and substitutes like kerosene
are preferred.
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as forestry and large-scale plantation agriculture (Rudel, 1994, pp. 99-100).
On the other hand, higher per capita income levels may result in a higher
demand for forest conservation, causing deforestation to decrease (Barbier
and Rauscher, 1994; Deacon, 1994). Furthermore, if deforestation is caused
by ’shifted cultivators’ who migrate to rainforest areas as a result of a lack
employment opportunities elsewhere26, increasing levels of income may
reflect increased availability of alternative employment opportunities (in
the secondary and tertiary sectors), which reduces the necessity for people
to earn a living in rainforest areas (Myers, 1991).

The expected sign of the relationship between deforestation and
income variables is therefore indeterminate. This statement is supported
by different studies. Capistrano and Kiker (1995), Chakraborty (1994),
Lombardini (1994) and Rudel (1994) find a positive relationship between
income variables and deforestation, whereas Burgess (1992) and Deacon
(1994) find a negative relationship. However, there are also studies that do
not find a significant relationship (Allen and Barnes, 1985; Lombardini,
1994; Shafik, 1994). Urbanisation figures may also be interpreted as
reflecting either demand for forest products or the availability of alterna-
tive forms of employment. Chakraborty (1994) is the only one to have
tested this variable, and he finds support for the latter interpretation.

Furthermore, cross section country data allow assessment of the
importance of the impact of a country’s financial situation on the rate of
deforestation. High debt burdens are expected to stimulate forest
depletion as the resulting debt service reduces current consumption
possibilities. If consumption is close to the minimum acceptable level, high
debt service requirements make it hard to meet short-term consumption
needs; rainforests can then be used as an escape valve (Kahn and
McDonald, 1994, p. 59). Furthermore, high debt ratios may also reflect
myopic behaviour of governments in general if they are the result of

26Myers (1991) draws attention to the problem that peasant migrants from outside the
rainforest area have insufficient knowledge of rainforest soils in order to be able to undertake
sustainable agriculture. In principle, shifting cultivation is a sustainable agricultural technique
if the cultivation period is short enough and the fallow period long enough. As a result of
insufficient knowledge, migrant farmers’ exploitation techniques are much more damaging so
that natural productivity of the soil is permanently damaged, the result being that every
period new lands must be brought under cultivation. See also Bilsborrow and Okoth Ogendo
(1992, p. 41).
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excessive borrowing for expenditures on consumption goods. If this is the
case, high debt ratios can be expected to be positively related to deforest-
ation (Deacon and Murphy, 1992; cited in Kahn and McDonald, 1994, p.
60). Indeed, Kahn and McDonald find a positive sign, using the ratio of
total debt service to export earnings (i.e., relative debt service) as a
measure of debt burden. However, Capistrano and Kiker (1995) surpris-
ingly find a negative relationship. Their explanation is that high debt
service ratios reflect the country’s easy access to credit, so that the finan-
cial pressure to deplete forest stock may be absent. In Shafik’s (1994)
study, however, debt is not found to have a significant impact at all.27

An ambiguous relationship is also found to exist between political
indicators and deforestation. Deacon (1994) focuses on security of property
rights in the deforestation process. Given the investment characteristics of
sustainable forest exploitation, political events that reduce legal security
are expected to foster forest depletion. Indeed, he finds that indicators of
political instability are positively associated with the extent of deforest-
ation. However, Shafik (1994) finds the opposite: more democratic coun-
tries are observed to experience higher deforestation rates. His explanation
is that governments in democratic countries are subject to pressure by
lobbying groups and may therefore be less inclined to enforce forest
protection.

2.5.2 Studies analysing deforestation at a disaggregate level
The main disadvantage of the various studies using data on countries’
entire forest areas, is that they cannot test the spatial component of the
deforestation process. Only the time series analysis by Lombardini (1994)
has a geographical dimension: her study includes the degree to which
forests are opened up to small-scale peasant households. Of course, the
spatial component deserves to be given ample attention as intensity of
land use is one of the most important factors determining whether a
specific parcel of land will become deforested: if economic activities are
undertaken in such a way that forests are given enough time to recover,

27In relation to this, the degree in which government control is able to generate income
may be an important variable in explaining deforestation. Chakraborty (1994) finds that there
is indeed a negative relationship between the net revenue receipts of the forest department in
India and forest conservation.
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deforestation (in terms of forest cover lost permanently) can be avoided.
Several analyses have been made at a disaggregate level to explain the
causes of deforestation in specific countries. In table 2.5, the main results
of these studies are presented.

As is clear from this table, the country analyses differ in their choice
of dependent variables, in the level of geographical aggregation, in the
types of data used, and in the choice of explanatory variables. Just like in
the studies at the aggregate level, the results of the analyses are mixed.
Although it is likely that some of the differences in signs can be contrib-
uted to country specific differences, more fundamental criticism applies.
Two main reasons can be put forward for the differences in results, which
can be traced back to the limited availability of data. Basically, the differ-
ences occur because of underidentification of the underlying estimation
model and because the choice of the dependent variable proves to be
crucial.

Since the problem of underidentification has already been discussed
in section 2.5.1, we now focus on the choice of the dependent variable.
Very often there is little choice: for many countries only one observation
of forest cover is available at the disaggregate level; per geographical unit
(often coinciding with some kind of administrative unit) the area forested
is known for a particular year. If indeed only one observation of remain-
ing forest cover is available, percentage forest cover (or percentage defor-
ested) is used as a dependent variable: the share of land deforested is then
assumed to be equal to one minus the share of land under forest cover. In
their paper, Kummer and Sham (1994) point out that this is not an appro-
priate indicator of deforestation: they state that the dependent variable
should be the decrease in the size of the forest cover over time. This
difference is important for two reasons. First, the validity of comparing
percentages of remaining forest cover depends highly on the (often tacit)
assumption that all regions originally had the same percentage of forest
cover. If the initial percentage of forest cover varies widely between
different regions, regression analysis will not reveal the actual deforest-
ation mechanism. Second, whereas the absolute change in forest cover
reflects the actual process of deforestation over a short period of time,
percentage forest cover basically measures the result of the whole history
of deforestation.



Table 2.5: Results of disaggregate statistical studies on the causes of tropical deforestation

Author Country Administra-
tive level

Year Analysis Dependent
variable

Independent variables
significant not significant

Kummer and
Sham (1994)

Philippines provinces 1957,1970,
1980

1970,1980

cross
section

panel

amount of
forest cover

area of
forest cover

lost

road density (-)
population density (-)
change in road length (+)

annual allowable cut (+)
change in agricultural area (+)

agricultural land area

change in road length
change in population

size
distance from capital

Osgood
(1994)

Indonesia regions 8 years,
between
1972 and

1988

panel percentage
forest cover

estate crop production (-)
non-estate crop production (+)
log production (-)
peanut production (-)

other crop production
size of road network
transmigration figures
reforestation
national external debt
exchange rate vs US$
net capital flows

Panayotou
and Sungsu-
wan (1994)

Thailand
(Northeast)

provinces 1973,
1976,1978,

1982

pooled percentage
forest cover

population density (-)
wood price (-)
aggregate provincial income (+)
distance from capital (+)
road density (-)
rice yields (+)
crop price (-)
price of kerosene (-)

irrigation infrastructure



Table 2.5: Results of disaggregate statistical studies on the causes of tropical deforestation (continued)

Author Country Administrative
level

Year Analysis Dependent variable Independent variables
significant not significant

Reis and
Guzmán
(1994)

Brazil municipalities 1985 cross
section

percentage
deforested

size of road network (+)
distance to local markets (-)
quantity of wood logged (-)
agricultural clearing (+)
crop output (+)
cattle herd (+)
rural population (+)

urban population
size

distance to national
markets

Southgate,
Sierra and
Brown (1991)

Ecuador cantons early
1980s

cross
section

- change in land use
between 1977 and 1985

- size of agricultural
labour force

- size of agricultural labour
force (+)

security of tenure (-)

- urban population size (+)
soil quality (+)
size of road network (+)
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Thus, defining deforestation as the percentage of land no longer under
forest cover does not only take recent deforestation into account, but also
deforestation that has taken place maybe a hundred years ago. The
validity of using contemporary independent variables to explain cumulat-
ive deforestation, is therefore questionable. On the basis of these consider-
ations, Kummer and Sham (1994, p. 148) argue that cross section analyses
will not yield meaningful results if the following conditions are not met:
the original percentage of forest cover should be equal in the different
regions, and the deforestation processes should have started at the same
time and preferably quite recently. Kummer and Sham demonstrate the
relevance of their point: they present the results of two regression analyses
using both percentage forest cover and the decrease in forest size over
time as dependent variables (see table 2.5). The choice of the dependent
variable affects the statistical significance of (potential) explanatory
variables: independent variables that are found to be significant if the
dependent variable is percentage forest cover, lose their significance if the
absolute loss of forest cover is inserted as dependent variable, and vice
versa. Of the cross section studies discussed in this section, the paper of
Reis and Guzmán (1994) is quite vulnerable to this criticism. Southgate et
al. (1991), however, use a correct dependent variable in their cross section
analysis for Ecuador as they calculate the absolute loss of forest cover per
canton on the basis of two observations (1977 and 1985). Although Pana-
yotou and Sungsuwan (1994) and Osgood (1994) have data on the remain-
ing forest cover in several years, they decided to use percentage forest
cover as dependent variable rather than estimating the model in first
differences (i.e. the area of forest lost). However, because of extensive use
of dummy variables, the authors do not have to satisfy the assumption
that all provinces initially have the same percentage of forest cover
because the dummies allow for differences in the intercept.

Keeping in mind both the problem of underidentification and the point
made by Kummer and Sham, the results of the different studies can be
analysed. Again, just like in the case of the cross country analyses, the
sign of income variables can be interpreted in different ways. As an
explanation for the negative relationship found between deforestation and
income, Panayotou and Sungsuwan (1994) emphasise the role of the
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income variable as an indicator of the availability of alternative employ-
ment possibilities.

Several other variables reflect more than one potential underlying
cause of deforestation as well. As was argued in section 2.5.1, the size of
the urban population in or near rainforest areas can be interpreted as an
indicator of demand for agricultural output but also as an indicator of the
availability of alternative employment. Southgate et al. (1991) find support
for the first interpretation. Furthermore, the sign of the coefficient on
distance variables is theoretically indeterminate. A larger distance to
markets or urban areas is likely to result in lower potential agricultural
rents, thus leading to less deforestation in these areas as the attractiveness
of undertaking agricultural activities is reduced. However, increased
distance can also be interpreted to result in more deforestation as land
rights are likely to be less secure because of less enforcement by the legal
system (Kummer and Sham, 1994). Panayotou and Sungsuwan (1994) and
Reis and Guzmán (1994) conclude that the distance variable mainly
reflects decreased demand, whereas Kummer and Sham (1994) do not find
a significant relationship.

Some disaggregate studies have analysed the importance of logging in the
deforestation process. Osgood (1994) finds a positive sign for the relation-
ship between logging and deforestation, whereas Reis and Guzmán (1994)
could not find any statistically significant relationship. Also increases in
log prices are found to be positively correlated with deforestation (Pana-
yotou and Sungsuwan, 1994).

Furthermore, in section 2.4 it has been argued that some economic
activities induce subsequent deforestation by opening up the forests to
small-scale peasant households. The density of the road network may
therefore be included in the deforestation analysis as an additional
explanatory variable. In fact, several studies find a positive relationship
between both variables (Panayotou and Sungsuwan, 1994; Reis and
Guzmán, 1994; and Southgate et al., 1991). However, Osgood (1994) and
Kummer and Sham (1994) conclude that no significant relationship can be
found. Finally, recall that on the basis of her time series analysis, Lombar-
dini (1994) also states that the size of the road network is not an important
explanatory variable in the deforestation process.
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With respect to variables related to competition for land, the evidence on
population variables is again mixed. Kummer and Sham (1994) tend to
reject the idea that population density increases deforestation; they only
find this variable to be significantly correlated with percentage forest
cover and not with actual area deforested. The transmigration variable in
Osgood’s (1994) study is also not found to be significant. However,
population density is identified as a cause of deforestation by Reis and
Guzmán (1994), Panayotou and Sungsuwan (1994) and Southgate et al.
(1991). In addition to population pressure, tenure security is found to be
another explanatory variable of the size of the area deforested (Southgate
et al., 1991)

Direct analysis of alternative uses of forested land seems to reveal
that increased activity with respect to these uses results in enhanced
deforestation: agricultural land area (Kummer and Sham, 1994), estate
crop production and peanut production (Osgood, 1994), and cattle herd,
crop output and agricultural clearance (Reis and Guzmán, 1994) are all
positively correlated with deforestation. Also, the better the soil quality in
rainforests, the more attractive agriculture becomes and therefore the more
deforestation occurs (Southgate et al., 1991). However, not all indicators of
alternative use are found to have a positive effect on deforestation: non-
estate crop production seems to be compatible with forest conservation
(Osgood, 1994). Profitability of alternative land uses also plays a role:
increases in crop and kerosine prices are found to enhance deforestation in
the study by Panayotou and Sungsuwan (1994). Their study also includes
variables that tend to reduce the competition for land between nature and
mankind: it is found that increases in rice yield have a negative relation-
ship with deforestation but that increases in irrigation infrastructure have
not.

2.6 Conclusions
This chapter has given a survey of various aspects of the deforestation
process. After having discussed the location and characteristics of
rainforests, attention has shifted to their functions and value for mankind.
The valuation estimates are used to decide whether fully abstaining from
economic activity in rainforests would be optimal from the international
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community’s point of view, whether sustainable use would be preferable,
or whether at least some deforestation may be acceptable. The valuation
studies presented tend to come to the conclusion that sustainable land use
would be optimal.

However, in practice rainforests are not exploited sustainably. In
section 2.4 the rates of deforestation are discussed along with estimates of
the shares of the different economic sectors in the deforestation process.
Both are found to depend crucially on the deforestation definition applied.
If the definition emphasises the loss of biomass, the agricultural sector is
the most important cause of deforestation as it often requires clearance of
the vegetation; if the deforestation definition is such that any modification
inflicted upon the ecosystem is considered to lead to irreversible loss of
forest functions, the forestry sector is the main cause of deforestation since
it is often the first to exploit primary forests. In any case, the rate of
deforestation has been high and seems to have decreased only slightly
since the late 1980s; agricultural activities turn out to be the most import-
ant direct cause of actual forest loss, while the forestry sector is the most
important cause of forest degradation. Additionally, in terms of the loss of
biomass, the role of the forestry sector cannot be ignored as well because
its activities may induce subsequent conversion of forested land for
agricultural purposes.

In principle, identification of the main direct causes of deforestation is
useful but it does not provide insight into the reason why such destructive
exploitation techniques are applied whereas rainforests can also be
exploited sustainably. The main reasons why sustainable techniques are
less likely to be applied are externalities and uncertainty of property
rights: because of these two factors, the individual exploiter underesti-
mates the benefits of sustainable land use and is more likely to opt for
unsustainable techniques. The consequences of these underlying causes are
exacerbated by government intervention and population pressure. Govern-
ment policy often influences land use decisions of individual exploiters
both directly and indirectly. Due to the fact that local governments do not
take all benefits of forest conservation into account (they ignore the
transboundary externalities) and due to the fact that excessive forest
exploitation can solve their short-term problems, deforestation is often
stimulated by government policy measures. Population pressure also
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induces unsustainable land use: increased demand for forest products may
require excessive exploitation to satisfy current demand. Furthermore,
population pressure results in increased relative land scarcity which may
give rise to an increased chance of land conflicts which, in turn, may
induce increased intensity of land use as claims on cultivated land are
easier to enforce than on fallow land.

Finally, section 2.5 has presented an overview of the empirical
studies. Overall, the conclusions are mixed but some important relation-
ships can be derived. First, variables that can be interpreted to reflect
direct competition for land are found to be important (such as agricultural
production and livestock keeping). Second, variables that reflect the
attractiveness of undertaking these activities (e.g. prices, presence of a road
network) often have a significant positive relationship with deforestation.
Third, variables that reflect a limited time horizon are correlated negative-
ly with forest conservation: insecurity of land rights, current financial
problems (such as high levels of debt service) and political indicators are
(often) found to be significant.

This overview has been very general and intended basically to encompass
the many different deforestation processes that occur in the tropical belt.
The empirical relationships are often ambiguous. Partly, this ambiguity
may result from the fact that countries are compared which deforestation
processes differ substantially. Thus, in order to gain more detailed insight,
an analysis of a particular country is called for. Furthermore, the ambi-
guity of the findings suggests that theoretical analyses of the various
actors’ decision-making processes are required as well.



Chapter 3

Tropical Deforestation in
Cameroon: A Case Study

3.1 Introduction
In the previous chapter, the main characteristics of the typical deforest-
ation process have been described. However, as has become clear in
section 2.5, the underlying causes generally differ substantially for differ-
ent countries. Indeed, in the literature the importance of analysing the
deforestation process in a particular country is emphasised (see for
example Kaimowitz and Angelsen, 1997, pp. 60-61; Kummer and Sham,
1994, p. 158). Therefore, in this chapter attention shifts to the deforestation
process in one single country, Cameroon. This Central African country is
of approximately the same size as Spain. It is often referred to as ’Africa
in miniature’ as the continent’s main vegetation types are represented in
the country: the north is covered by Sudano-Sahelian savanna, the centre
by high altitude moist savanna, and the south by tropical rainforests
(Horta, 1991, p. 142; Tchoungui et al., 1995, pp. 22-23).

The choice of Cameroon is based on the consideration that its forest
area is highly valuable: it probably supports the richest flora and fauna in
continental tropical Africa with high levels of endemism while large areas
of forests are still undisturbed (Alpert, 1993, p. 44; Myers, 1988, p. 201;
Rietbergen, 1989, p. 45; Tchoungui et al., 1995, p. 13). Unfortunately, it is
increasingly threatened by unsustainable land use. Concerning the coun-
try’s rate of deforestation, the 1980s have shown an acceleration of the
deforestation process: over the first half of the decade the rate was 0.4%
(Panayotou and Ashton, 1992, p. 23) while at the end of the decade the
rate is reported to be 0.9% (Rietbergen, 1989, p. 45); the average rate of
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deforestation over the 1980s was 0.6% (FAO, 1993, annex 1, table 4a).1

However, the most recent estimates suggest that the rate of deforestation
is decreasing slightly: according to FAO (1997, p. 186), the average rate of
deforestation over the first half of the 1990s was 0.6%.

In this chapter, the Cameroonian deforestation process is analysed. In
section 3.2, an overview is given of the direct causes of deforestation in
this country. In general, agricultural conversion is found to be the main
cause of forest loss. In section 3.3, attention shifts to the underlying causes
of deforestation: attempts are made to explain the settlement pattern of the
rural population and to assess the importance of tenure rights. Although
the results should be interpreted with care, some evidence is found that in
the early 1980s both regional population pressure and uncertainty of
tenure rights can be identified as factors that are closely related to defor-
estation in Cameroon.

From the deforestation figures presented above, it is clear that in the
second half of the 1980s forest loss accelerated. This coincides with the
economy’s transition from a situation of economic boom into a deep
recession in 1986/87. Since this transition is widely considered to have
affected the deforestation rates, an economic analysis of this period is
called for. In terms of pressure on the forests, both the level of economic
activities and the intensity with which these activities are carried out are
important: the first factor determines the extent of forest degradation, the
second the degree in which economic activity is carried out sustainably. In
section 3.4, an analysis is provided of the relationship between the econ-
omic crisis and (changes in) the level of economic activity: first, the
developments in Cameroon’s economic situation are described, and next
their consequences in terms of the extent of forest exploitation are analy-
sed. Section 3.5 discusses the changes in the intensity with which econ-
omic activities are undertaken. Finally, in section 3.6 the main conclusions
are summarised, paying special attention to the roles played by the
various actors.

1On the basis of his wider definition of deforestation, Myers (1994, p. 30) states that at the
end of the 1980s, the deforestation rate may already be as high as 1.4% (see also the
discussion about definitions of deforestation in section 2.4.1).
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3.2 The direct causes of deforestation in Cameroon
Compared to other countries, a large proportion of the Cameroonian
rainforests is still primary: it is estimated that by the end of the 1980s
about half of the forests had not yet been subject to economic activity
(Lewis, 1989, p. 2008; Tropenbos Foundation, 1992). The only activity that
has penetrated the tropical forests to a large extent is the harvesting of
trees. Indeed, the forestry sector is generally indicated to be the main
source of forest degradation in Cameroon. According to Amelung and
Diehl (1992, p. 120), 98% of the primary forests that are degraded into
secondary forests, have been first exploited by the forestry sector. In terms
of biomass the damage inflicted by the forestry sector is quite limited: this
sector is responsible for about 10% of the annual loss of biomass (Ame-
lung and Diehl, 1992, p. 120). The reason is that logging is extremely
selective, mainly because transportation is very expensive: only trees with
the highest market value are extracted, which means that on average only
one tree per hectare is logged. Although there are about 300 species with
commercial potential in Cameroon, about 30 are actually exploited while
just 15 make up 86% of the timber harvested (Business International, 1990;
Jepma and Kamphuis, 1994, p. 6).

However, the reduction in vegetation quantity caused by the forestry
sector is only temporary: regrowth is generally sufficient, at least in terms
of biomass. The sector that is responsible for the actual deforestation in
Cameroon is the agricultural sector, in particular small-scale agriculture:
according to Amelung and Diehl (1992, p. 118), shifting cultivators are
responsible for about 79% to 95% of deforestation2, while the agricultural
sector as a whole is responsible for all deforestation in the 1980s.

On the basis of these figures, it can be deduced that other types of econ-
omic activity play a minor role in the Cameroonian deforestation process.
Indeed, cattle ranching for example does not take place on a considerably
large scale: although no exact figures are available, Lele and Stone (1989,
annex 1, table 8, p. 43) indicate that cattle ranching in the Cameroonian
rainforest area is negligible in comparison to other parts of the country

2Following Amelung and Diehl’s (1992) references, the lower figure is derived from
various issues of the FAO Production Yearbooks, and the higher figure is reported by
FAO/UNEP in Tropical Forest Resources Assessment Project, Technical Report 1-3, 1981.
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(see also Amelung and Diehl, 1992, pp. 54 and 69). Locational factors, such
as diseases, prevent the expansion of livestock production into the tropical
forests.

Another activity which may have affected the Cameroonian forest
area is the construction of dams in order to utilise the hydropower
capacity of the rainforests. Only one dam is located in the forest area,
which was built in 1953. Hence, dam construction has not been an impor-
tant economic activity in the forests in the recent past (Amelung and
Diehl, 1992, pp. 110-112).

Furthermore, industrial activity is not likely to take place in forests
because of the distance to the commercial centres, except if there is some
important resource located in the area. Apart from timber, mineral
resources are also present in the forest area of Cameroon. However, they
have not been exploited on a considerable scale yet because it is not prof-
itable to do so. Mining in forest areas is expensive because of topological
conditions and lack of infrastructure; therefore, the Cameroonian govern-
ment preferred to develop the mineral reserves outside the forest area
(Amelung and Diehl, 1992, pp. 99-100). Thus, mining is not likely to be an
important threat to the forests unless mineral prices will rise substantially.

As a conclusion it can be stated that forestry and agriculture are the key
sectors in the Cameroonian deforestation process. Logging activities are
the most important cause of forest degradation as the forestry sector is
usually the first to exploit primary forests. The main direct cause of
deforestation is agricultural activity carried out by shifting cultivators;
forestry activities do not result in actual forest loss (at least not directly),
while the role of mining and livestock keeping is negligible. Grut (1990),
Horta (1991) and Jolivald (1992) come to the same conclusions.

3.3 The underlying causes of deforestation: An analysis of the role of
the agricultural sector

One of the most important underlying determinants of deforestation is the
intensity of land use in rainforests. This means that the spatial component
is important in the deforestation process: it is not so much the overall level
of activity in the rainforest area that determines deforestation, but rather
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the intensity of land use of a particular parcel of forest land. In this
section, the spatial distribution of deforestation in Cameroon is analysed.
Given the fact that agricultural activities are the main cause of tropical
deforestation in this country, the focus will be on determining which
factors cause high levels of land use intensity in the agricultural sector.
The analysis is severely hampered by the limited availability of data.
Therefore, most attention will be paid to the causes of deforestation for
which data are available: population density and the tenure right system.
Furthermore, as the only information on forest cover available is for 1985,
the analysis focuses on that year.

Increases in the level of population pressure on forest land decreases
sustainability of shifting cultivation simply because there are more mouths
to be fed: the present demand for food crops increases. Given the fact that
in 1985 the average rural population density in the Cameroonian rainforest
area was about 8 inhabitants per square kilometre3, there was no real
necessity for fallow cycles to shorten: there is no evidence of land shortage
(yet) that may have necessitated a reduction in fallow periods since
population densities of up to 20 persons per km2 are estimated to be
sustainable.4 However, the population was not distributed evenly over the
forest area; some areas were densely populated, whereas other areas were
(practically) uninhabited. Therefore, although aggregate population pres-
sure on the forest lands in Cameroon was not very high, local population
pressure was: increased rural population pressure in certain parts of the
Cameroonian forest area led to a decrease in fallow periods and thus to a
gradual loss of forest cover (Quan and Foy, 1994, p. 4; Tonye et al., 1994,
p. 269).

The tenure system is also an important potential factor determining
deforestation: both the type of contracts under which land is cultivated
and their security are important because sustainable use of forested land
can be seen as an investment. Less intensive use of forest soils implies that

3Calculated on the basis of figures presented by Lele and Stone (1989, p. 41) and
Toornstra et al. (1994, p. 3).

4According to Quan and Foy (1994, p. 4), an average family of shifting cultivators in
Cameroon (consisting of five persons) needs about 6.2 hectares of forest land in a ten year
fallow regime. This means that five persons need about 25 hectares in a forty year fallow
cycle.
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current agricultural yields are forgone in order to secure higher revenues
in the future (Barrett, 1991a). Therefore, the larger the share of land
cultivated under temporary contracts rather than under permanent land
rights, the more deforestation one would expect. Furthermore, the degree
in which land rights are respected affects land use sustainability. In this
respect, it can be hypothesised that there is a difference in enforceability
between formal land rights and customary land rights. Customary land
rights can be very secure, at least as long as the social situation is stable.
However, in immigration areas customary land rights can become uncer-
tain: migrants are not familiar with the distribution of land and hence
land disputes may arise (Southgate and Pearce, 1987, p. 4). As can easily
be conceived, it is easier to defend claims on land under cultivation than
on land lying fallow (Lawry and Stienbarger, 1991, p. 24; Southgate et al.,
1991; Westphal et al., 1981, p. 53). Thus, if ownership rights are not likely
to be respected, the cultivation period will probably be increased at the
expense of the length of the fallow period; in other words, land use
intensity is likely to increase. Assuming that in case social pressures arise
formal land rights are more likely to be enforceable than customary land
rights, the share of land cultivated under formal land rights (as opposed
to customary land rights) can be used as an explanatory variable of
deforestation (see Southgate et al., 1991).

If local rural population density is found to be important, it is interesting
to analyse which factors influence the settlement pattern of the rural
population in the rainforest area. Taking into account the regional data
available, several types of variables may be tested in order to determine
their relationship with the settlement pattern. An obvious variable is
potential agricultural income: generally, the agricultural population is
likely to settle where rural income is expected to be high.

Another determinant which is often included in econometric analyses
is distance to local and national markets. The main reason for this is that
the presence of a large city in the area increases potential agricultural
income. However, according to Kummer and Sham (1994, p. 154), it can
also be interpreted as a measure of the lack of control over the forest area:
the larger the distance to the major urban areas, the weaker legal enforce-
ment and therefore the shorter the fallow period is likely to be.
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A third type of variable often mentioned is the density of road and
river networks. A dense network of roads and rivers increases the attract-
iveness of an area of forest land in several ways. First, a dense network of
roads and rivers increases the accessibility of the forest area: it facilitates
travelling into the rainforests. Second, it increases potential agricultural
rents because products can be transported at lower cost to regional,
national and international markets (Barbier et al., 1992a, p. 19; Horta, 1991;
Lamprecht, 1992, p. 214). Third, the presence of roads may stimulate
settlement because of the following reasoning. Road networks are built
mainly by the forestry sector: the roads are used to transport the logs to
mills, markets and ports. The fact that these roads are located within
concession areas facilitates conversion of forested lands into agricultural
lands: because the forestry sector has already removed some of the largest
trees, the peasants’ costs of converting forest land into agricultural land
are decreased (Panayotou and Sungsuwan, 1994, p. 198).

It is obvious that these three types of factors which may determine
the settlement pattern of the rural population are not likely to be entirely
independent. All three types will reflect the influence of (expected) income
on the settlement pattern. But the road density variable and the distance
to urban areas are probably correlated as well: the greater the distance to
the big cities, the lower the road density is likely to be. Therefore, it
should be checked whether or not these exogenous variables are indepen-
dent.

Hence, in this section the deforestation pattern in Cameroon is
analysed, using (predominantly) 1985 data. Basically, the regression
analysis is undertaken in two steps. First, an attempt is made at explaining
deforestation using both population density and the various types of land
rights as explanatory variables. Next, the population settlement pattern is
analysed by explaining differences in local population pressure. Before we
are able to do this, the available data are described in section 3.3.1; the
regression results are presented in section 3.3.2.

3.3.1 Description of the data
In order to test the importance of rural population density in the defore-
station process in Cameroon, three data sources are used. First, geographi-
cal information is used which has been collected in a Geographical
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Information System format by the World Conservation Monitoring
Centre.5 Spatial information about remaining forest cover (defined as
areas with at least 30 per cent crown cover), the road network, the rural
population’s settlement pattern, the location and size of urban areas and
the river network are available for the year 1985. Second, socio-economic
data are presented by Lele and Stone (1989, annex 1, table 5, p. 41). In this
table, agricultural income data for the year 1985 are presented on a
departmental level. Total agricultural income is disaggregated into income
earned with the production of cash crops and food crops. Lele and Stone
also present rural population sizes per department.6 Finally, data on
tenure rights are derived from the Agricultural Census 1984, conducted by
the Department of Agricultural Statistics of Cameroon.

Given the fact that only one observation of forest cover is available
for every department, the dependent variable of the regression analysis is
percentage forest cover: in each department the area of forested land is
divided by the total land area. This makes the analysis vulnerable to the
point raised by Kummer and Sham (1994) that percentage forest cover
measures cumulative deforestation rather than just recent deforestation
(see the discussion in section 2.5.2). Therefore, in the present analysis
those departments are included that are still fairly densely forested, of
which it is quite certain that their original forest cover must have been
close to 100% and in which the deforestation process is likely to have
started only quite recently so that there will be reasonable correspondence
between the percentage deforested and contemporary levels of explanatory
variables. Unfortunately, the consequence of this selection is that only data
for 13 departments can be used in the regression analysis, and hence the
number of degrees of freedom is quite small. This implies that the results
of the statistical tests should be interpreted cautiously.

The data derived from the Geographical Information System are
summarised in table 3.1: high deforestation areas are characterised by

5A Geographical Information System is a set of digital maps that contain spatial informa-
tion. I am grateful to the World Conservation Monitoring Centre, Cambridge, for graciously
putting the maps at my disposal.

6Following the reference in Lele and Stone (1989), the income data presented are obtained
from the BCEOW Inventory of Feeder Roads, 1985, while the rural population sizes are
calculated from the Sixth Plan.
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higher levels of road density and are located in the vicinity of urban areas;
river density does not seem to have a straightforward relationship with
observed deforestation percentages.

Table 3.1: Geographical characteristics of areas with high, medium and low
percentages of deforestationa

Classification of
departmentsb

Average
percentage
deforestedc

Average
road

densityd

Average
river

densitye

Average distance
to major urban

areasf

High deforestation 54.98 0.111 0.023 58.0

Medium deforestation 29.65 0.090 0.026 108.0

Low deforestation 13.98 0.049 0.025 198.8

aCalculations based on the WCMC data; bdepartments with high percentages of forest cover
removed are Fako and Moungo; medium deforestation areas are Nyong et Kelle, Sanaga
Maritime, Ntem, Meme, Dja et Lobo; low deforestation departments are Ocean, Manyu, Haut
Nyong, Nkam, Ndian, Boumba et Ngoko; ccalculated as the area of land with less than 30%
crown cover divided by total land area, per department; ddefined as the number of kilo-
metres of paved or unpaved roads per square kilometre; edefined as the number of kilo-
metres of rivers per square kilometre; fdefinition: smallest distance from the centre of each
department to either Yaoundé or Douala, the two largest urban areas in the vicinity of the
rainforest area, measured in kilometres.

3.3.2 Statistical analysis of the role of agricultural activity in the tropi-
cal deforestation process

The approach taken in this subsection is that first an attempt will be made
to explain the percentage of forest cover left using population density and
type of land rights as independent variables; next an attempt will be made
to explain the settlement pattern of the rural population in the rainforest
of Cameroon. Both equations have been estimated using ordinary least
squares. Furthermore, for each equation two specifications have been
tested, a regression in levels and a regression in log-linear form. As the
latter performed best, only these results are presented.

In the regression equation used to explain deforestation, percentage
forest cover (perfc) is the dependent variable while the two explanatory
variables are rural population density (pdens) and the share of land under
temporary land rights (stlr, as opposed to permanent land rights). The
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result of the regression analysis is presented below (the t-values are
presented in parenthesis):

This regression equation suggests that population density and the type of

(3.1)

ln(perfc) 0.2244 ln(pdens) 0.0533 ln(stlr)

( 7.264) ( 2.180)

n 13 R 2 0.71 F statistic 30.026

land rights are correlated with loss of forest cover: the higher population
pressure and the larger the share of land cultivated under temporary land
rights, the more forest cover is reduced.7

In addition to this regression, another was run to test the tenure
security hypothesis. Like in the Southgate et al. (1991) study, we have
tested whether there is a negative relationship between the area deforested
and the area of land formally adjudicated (rather than under customary
ownership), since there may be a difference in the degree in which each
type is respected. Thus, in the regression equation the share of land
adjudicated was included next to the population density variable. How-
ever, the share of land under formal land rights was not found to have a
significant relationship with percentage forest cover. Therefore, in 1985
customary land rights seemed to have been well-respected in as far as
peasant households were not induced to reduce the fallow periods for this
reason.

Having found a possible relationship between remaining percentage forest
cover and rural population density, it is interesting to analyse the regional
dispersion pattern of the rural population. The question is which factors
influence the settlement pattern of the rural population in the rainforests
of Cameroon. On the basis of the regional data available, three types of

7The most notable feature of this equation is that no intercept is included. Running the
regression which includes an intercept term, the resulting constant is not found to differ
significantly from zero. A variable addition test shows that this term can safely be excluded.
Exclusion of the intercept slightly worsens the performance of the land right variable: its two-
tail significance drops from 0.0316 to 0.0518; therefore, this variable fails to be significant only
just at the 95% confidence interval. The rural population density variable is significant even
at the 99% confidence interval.
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variables may be included in the regression analysis: variables that reflect
the accessibility of a department (road density, rdens; and river density,
rivdens), least distance from the two major cities in the south of Cameroon
(Yaoundé and Douala, dist), and rural per capita income variables (that is,
total rural per capita income, tpci, and its divisions into per capita income
from production of food crops and from production of cash crops). The
individual significance of these variables has been tested by regressing
each of the explanatory variables on the dependent variable, rural popula-
tion density. The result is that the factor river density can be safely
ignored in the analysis because it proved to have no significant relation-
ship with population density. Furthermore disaggregation of income into
rural income earned by cultivation of cash crops and food crops was
found to be futile: the total income variable proved to perform better.

The next step was to test the degree of interdependency between the
three remaining explanatory variables: as has already been hinted in the
introduction of this section, these three variables may be interrelated.
Calculation of correlation coefficients will yield some insight into the
interdependence of these explanatory variables, see table 3.2:

Table 3.2: Correlation coefficients between the explanatory variables

Explanatory variables Correlation coefficients

ln(rdens), ln(dist) -0.8265

ln(rdens), ln(tpci) 0.2877

ln(dist), ln(tpci) -0.2915

The conclusions that can be drawn on the basis of these correlation coeffi-
cients are that there is a fairly high correlation between the road density
and distance variables, and a fairly low correlation between either of these
two variables and the income variable. Therefore, the income variable
should be included in the regression equation, whereas either the road
density variable or the distance variable should be added.

The result of the regression analysis aimed at explaining the regional
distribution of the rural population is presented in equation (3.2):
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The rural population density in the rainforest area (pdens) is found to

(3.2)

ln(pdens) 1.5244 ln(rdens) 0.5756 ln(tpci)

(5.0542) (7.7369)

n 13 R 2 0.70 F statistic 28.653

correlate with the density of the road network (rdens) and the total per
capita rural income (tpci). The t-values of the coefficients are again pres-
ented in parenthesis; both coefficients prove to be significant at the 99%
confidence interval.8

3.3.3 Conclusions
The agricultural sector is generally indicated to be the main cause of
deforestation in Cameroon. Whether the agricultural sector inflicts perma-
nent damage on a particular parcel of forest land strongly depends on the
intensity with which cultivation is carried out: the longer the fallow cycle
and the shorter the cultivation period, the more likely it is that agriculture
will be sustainable. However, it is observed that in some regions in the
rainforest area agricultural activities are carried out more intensively than
in other areas. To explain this, studies should be conducted at a
disaggregate level.

In this section, the deforestation process in Cameroon is examined
statistically. Using (predominantly) 1985 data, the deforestation analysis is
done in two steps. First, remaining forest cover is examined: it is indicated
that a large part of the variance in remaining forest cover is explained by
the variance in rural population density and by the variance in the share
of land under temporary tenure rights (rather than under permanent land

8Again, in this specification no intercept term is included. Estimation of an extended
equation which includes a constant term, the income variable and the road density variable,
yields insignificant results for both the constant and the income variable. In order to be able
to choose between specifications in which either the income variable or an intercept is
included, a variable addition test is again applied; the result is that null hypothesis of no
difference could not be rejected. Because of the fact that the specification using the income
variable has a better performance, this equation is presented.
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rights). Second, an analysis is presented of variables that influence the
spatial distribution of the rural population; road density (which mainly
reflects accessibility of the rainforest area) and total per capita agricultural
income are found to correlate positively with rural population density.

Given the methodological problems arising from the limited availabil-
ity of data, the results can only be indicative. The fact that only one
observation of forest cover is available implies that the results are vulner-
able to the criticism that if percentage forest cover is used as dependent
variable, cumulative deforestation is analysed rather than current deforest-
ation (Kummer and Sham, 1994). To reduce the likelihood that this
criticism applies to the analysis presented in this section, only those
departments are included in the analysis for which the deforestation
process has started only recently (accepting the fact that making this
selection has a cost in terms of the number of observations). Furthermore,
the fact that cross section data are used implies that causality may be
questionable.

3.4 Analysis of the factors determining the level of economic activity in
the rainforests

The previous section indicates that deforestation is positively correlated
with (regional) population pressure on the forests and the duration of the
tenure rights. However, the analysis is somewhat outdated as it is based
on observations around 1985. Since the rate of forest loss was lower in the
first half of the 1980s than either in the period 1985-1990 or in the period
1990-1995, it is important to determine which factors have affected the level
and intensity of economic activity in the rainforests after 1985.

One of the main determinants of the level of agricultural activity in
rainforest areas is the size of the population living in the forests. In this
respect, the first observation is that the country’s overall rate of population
growth is high: comparison of the results of the two most recent popula-
tion censuses (held in 1976 and 1987) reveals that the Cameroonian
population grows at a rate of 2.9% annually (Statistisches Bundes-
amt/Eurostat, 1993, p. 32). Because of the demographic characteristics of
the population, the rate of population growth is expected to remain high
for a long period of time: the population size will increase from about 13
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million in 1992 to a stationary size of 53 million people in about a century
(Myers, 1994, pp. 36-37). However, national population growth does not
result in deforestation per se; actual pressure on the forests does not
necessarily increase if the economy is not dependent on the forests. This
subsection explores the linkages between the Cameroonian economy and
deforestation process: the main hypothesis is that the economic crisis
which dominated the second half of the 1980s increased the necessity to
exploit the forests. Therefore, in this subsection the recent economic
developments are presented first and next their consequences are analysed
in terms of the level of economic activity in the forests.

3.4.1 A description of the general socioeconomic background
In the period 1960-1980 real gross domestic product per capita grew at a
rate of 2.8% per year. Until 1979 Cameroon was largely dependent on
agriculture. Over the period 1975-1979 the primary sector (mainly small-
holder agriculture) accounted for about 30% of GDP, the secondary sector
for 18% and the tertiary sector for 52% (World Bank, 1993, pp. 160-161).

At the end of the 1970s the Cameroonian economy transitioned into a
boom period mainly as a result of the almost simultaneous discovery of
oil reserves and strong increases in the oil prices: oil export revenues
increased at annual rates of more than 30% (Statistisches Bundesamt/Eu-
rostat, 1993, table 17.2, p. 143). As a result, the Cameroonian economy
experienced annual real growth rates of about 8.6% over the period 1979-
1985 (World Bank, 1993, pp. 160-161). The oil boom caused strong shifts in
the shares of the different economic sectors: the primary sector’s contri-
bution to GDP decreased from 31.3% in 1978 to 23.2% in 1984, the share of
the tertiary sector fell in the same period from 52.7% to 36.1%, whereas
the contribution of the secondary sector increased from 16.0% to 40.7%
(World Bank, 1993, pp. 160-161). These sectoral changes were the result of
the way in which the oil revenues were spent by the Cameroonian gov-
ernment: they were invested in new (parastatal) companies and in the
agro-industrial sector (GATT, 1995, p. 3; Lele, 1989, p. 26; Wautelet, 1991,
p. 80). The industrial sector experienced the highest rates of growth: it
increased by 15.5% per year (World Bank, 1993, pp. 160-161). The decrease
in the contribution of the primary sector was caused by the crisis in the
agricultural export markets: after a period of price increases, world prices
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of cocoa and coffee plummeted in 1979 (Wautelet, 1991, pp. 78 and 80). In
this period of high rates of economic growth, only the value of per capita
agricultural production decreased: agricultural production grew at a rate
of 2.2% per year while the population grew at 2.9% per annum (World
Bank, 1993, pp. 160-161 and Statistisches Bundesamt/Eurostat, 1993, p. 32,
respectively).

As can be conceived on the basis of these figures, Cameroon was
Africa’s economic success story in the first half of the 1980s. Then, in 1986,
the country plunged into a severe recession caused by a steep fall in the
prices of its main export product, oil, while the prices of its other impor-
tant export products, coffee and cocoa, were still quite low because of
structural global overproduction and even suffered a substantial decrease
again around 1985/86 (Wautelet, 1991, pp. 78 and 82). As a result, Came-
roon’s terms of trade deteriorated by 45% between 1985 and 1987 (Busi-
ness International, 1990; Horta, 1991). Furthermore, the oil reserves of
Cameroon that could be recovered profitably at that time, were found to
be close to depletion: it is estimated that Cameroon will become a net oil
importer around the year 2000, and oil production will probably cease
entirely not much later (IPD/AC/UNICEF, 1994, p. 45; Jua, 1990; O’Con-
nor, 1992; Wautelet, 1991, p. 82).

The consequences of these adverse developments were harsh indeed:
over the period 1986-1993 real GDP fell with about 23.7%; given the rate
of population growth of 3% the corresponding decrease in real per capita
income was 38% (DIAL/DSCN, 1994, pp. 46 and 68). The sector with the
highest rate of decline was the tertiary sector which fell at a rate of 8.9%
per year over the period 1986-1990 while the secondary sector contracted
at a rate of 4.1% per year. In the second half of the 1980s only one sector
experienced positive growth rates: the primary sector grew at a rate of
0.5% per year mainly due to increased forestry revenues (World Bank,
1993, pp. 160-161). However, in 1989 the government was forced to
abandon agricultural producer price support which caused the primary
sector to contract as well. In the first half of the 1990s negative growth
rates persisted in Cameroon. The average rate of growth of GDP over
1990-1994 was -4.4% (Clément et al., 1996, p. 30; GATT, 1995, p. 4). The
economic crisis seemed to have hit rock bottom in 1991, when the econ-
omy contracted with 7.3% in real terms.



79Tropical deforestation in Cameroon

In general, the economic crisis adversely affected the population both in
urban and in rural areas. In 1993, unemployment rates in Cameroon were
among the highest in Africa (Ngassam and Roubaud, 1994, p. 49). Between
1983/84 and 1993, the general observation was that Cameroonian unem-
ployment figures in the urban areas increased rapidly. Over the period
between 1988/89 and 1992/93, many urban based economic sectors
experienced negative or only weakly positive profit rates (MEF, 1994 and
1995). Therefore, in the second half of the 1980s, many people were fired
in the private sector while the public sector was forced to revise its
expenditures on personnel in the first half of the 1990s (Ngassam and
Roubaud, 1994, pp. 87-88). Unfortunately, no reliable data are available at
the national level, but a detailed survey undertaken in the capital Yaoun-
dé, is very elucidating. In this city, the number of people actually unem-
ployed9 in 1993 was 68,000 while the number of people who had a job
either in the formal or in the informal sector was 207,000 (DIAL/DSCN,
1994, p. 33). Hence, the 1993 unemployment rate was 24.7%, whereas the
reported rates were 7.3% and 14.7% in 1983-84 and 1987 respectively
(DIAL/DSCN, 1994, p. 70). These figures are even more disturbing when
’discouraged workers’ are taken into account: these people would like to
have an occupation, but have given up hope that they will find a job
given the current economic situation and are therefore not actively looking
for one. In 1993, the number of discouraged workers in Yaoundé totalled
166,000 (DIAL/DSCN, 1994, p. 33). Hence, if the numbers of unemployed
and discouraged people are compared with the number of people who
have a job, the employed are actually a minority in the Cameroonian
capital.10 The compression in the formal sector resulted in an increase in
the informal sector’s share in total employment (Ngassam and Roubaud,
1994, p. 51). To illustrate, the percentage of people receiving wages (rather
than being self-employed) of the total active population dropped from
61% in 1983 to 37% in 1993 (DIAL/DSCN, 1994, pp. 70-71). Unemploy-
ment rates continued to increase in 1994 as in April of that year a lay-off

9People were considered to be unemployed if they stated that they did not have a job and
were actively looking for an occupation.

10The situation is even worse than these figures suggest: of those who have an occupation,
62,000 feel that they would like to work more (DIAL/DSCN, 1994, p. 33).
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of 20,000 civil servants was announced (while the World Bank even
thought that 40,000 would be more appropriate; Ngassam and Roubaud,
1994, p. 88). Since the crisis decreased the demand for the informal sector’s
output, employment possibilities in the informal sector were reduced as
well (DIAL/DSCN, 1994, p. 37).

Of course, these lay-offs had important financial consequences for
those who lost their jobs. However, purchasing power of those still
employed deteriorated substantially as well. In 1993, the salaries of civil
servants were cut twice (in January and November), resulting in a nom-
inal loss of income of about 50-65% (Ngassam and Roubaud, 1994, pp. 87-
88).11 Furthermore, purchasing power of all citizens decreased as a result
of the devaluation of the Franc CFA in January 1994: in that month the
exchange rate vis-à-vis the French Franc devalued from FCFA 50 to FCFA
100 for a French Franc (Ngassam and Roubaud, 1994, p. 88; Tchoungui et
al., 1995, p. 41).

The consequences for the living conditions in urban areas were that
poverty increased substantially. According to the World Bank, households
are defined to be poor if they are located in the lower 40% range of the
country’s per capita consumption distribution. In 1983, this corresponds to
an annual income of FCFA 78,000 per household member (Ngassam and
Roubaud, 1994, p. 3). An elaborate survey held in 1983/84 reveals that less
than 2% of households in the large urban areas had a per capita income
lower than that amount. Recalculating this income threshold for 1993, the
percentage of poor urban households had risen to more than 20% in
Yaoundé and even more than 30% in Douala (Ngassam and Roubaud,
1994, pp. 56 and 72). Over the period 1983-1993, the per capita consump-
tion levels of households whose head was active in the formal sector in
Yaoundé decreased with 20-30%, in the informal sector with 40%, and the
unemployed were hit most severely as their per capita expenditures fell
with about 60% (Ngassam and Roubaud, 1994, p. 58). The median con-

11Over the period 1989-1992, civil servants’ allowances had already been cut several times
(Ngassam and Roubaud, 1994, p. 88).
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sumption level was reduced by about 33% over the time period under
consideration (Ngassam and Roubaud, 1994, p. 56).12

The rural sector was also hit by the recession. In the second half of
the 1980s the international prices of cash crops such as coffee and cocoa
plummeted. At first the peasant households were protected from these
adverse developments by guaranteed prices which were not reduced until
1989 (GATT, 1995, p. 3). Still, life in the rural areas became more difficult
as subsidisation schemes (especially for fertiliser use) and production
support schemes (diffusion of new technologies) were abandoned. When
after 1989 the prices of cash crops declined at rates ranging between 40%
in the case of cocoa and 60% in the case of coffee robusta, the peasant
households’ response was to turn to food crop production both for
autoconsumption and for the local and national markets (GATT, 1995, p. 6;
Statistisches Bundesamt/Eurostat, 1993, p. 73). Unfortunately, the
recession in Cameroon reduced the demand for food crops considerably
and hence producer prices for food crops also fell. The developments can
be summarised by stating that the real value of total agricultural produc-
tion decreased from FCFA 540 billion in 1984 to FCFA 354 billion in
1992/93 (measured in 1984 prices), resulting in a negative annual rate of
growth of 5.2% (Ngassam and Roubaud, 1994, p. 81-85). Of course,
production per capita fell even more as a result of population growth.

Thus, on the basis of these figures it can be inferred that the economic
crisis hit both the urban and the rural areas. However, Eloundou-Enyegue
(1992, p. 7) states that the consequences in rural areas were less harsh
since the decrease in monetary income had a less severe effect on rural
households than on urban households. Basically, rural households in
Cameroon do not depend on monetary income for their survival: they can
rely on switching to subsistence agriculture so that a decrease in monetary
income results mainly in strong cuts in the funds available for various
types of investments (not only in physical capital, but also in health and
education). On the contrary, in the urban areas a fall in monetary income
affects all expenditures including food consumption and housing.

12Note that the choice of this time period somewhat obscures the actual consequences of
the recession as the economy experienced positive growth rates up to 1985/86.
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3.4.2 The consequences of the economic crisis in terms of pressure on
the forests13

The effects of the onset of the economic crisis on deforestation are difficult
to establish due to the lack of data. For example, the latest data on
regional population density are for 1987. However, on the basis of indirect
and anecdotal evidence, an analysis can be provided of the importance of
the economic situation in Cameroon for the deforestation process. In the
period of the economic boom, the increase in the pressure on the forests
arising from high rates of natural population growth seems to have been
limited. As a result of the high rates of economic growth (fuelled by the
oil revenues), the necessity to exploit the rainforests was reduced. The
government of Cameroon used the oil revenues to invest in communica-
tion, transport, agro-industrial production, and human capital (GATT,
1995, p. 3; Lele, 1989, p. 26). Also the role of the government as an
employer gained in importance: the number of civil servants doubled
during the boom period (Quan and Foy, 1994, p. 20). The consequence of
these developments was that the urban areas were very attractive especial-
ly to rural adolescents because of the education possibilities and of the
high demand for labour, which resulted in good employment prospects
and high wages. It is estimated that 140,000 new jobs were created in the
modern sector (private and public) between 1976 and 1986, and real wages
increased at a reasonably high rate (for example minimum wages
increased by about 17.7% between 1978 and 1985 in Douala; see Lele, 1989,
p. 26 and Wautelet, 1991, p. 81). Indeed, less than 1% of the inhabitants of
Yaoundé were considered to be poor in 1983, while the situation was only
slightly less flourishing in Douala as the percentage in this city was about
2% (Ngassam and Roubaud, 1994, pp. 56 and 72). Moreover, unemploy-
ment rates were relatively low: a little over 7% of the workforce in
Yaoundé was unemployed in 1983, which is thought to be close to the
natural rate of unemployment (DIAL/DSCN, 1994, p. 69). As a result, the
rate of urbanisation was very high in the period 1970-1985: the urban
population grew 2.1 times faster than the national population (Statistisches
Bundesamt/Eurostat, 1993, table 3.6, p. 42).

13This subsection draws from Hoogeveen, J.A.M. and D.P. van Soest (1993), "Tropical
Rainforest Degradation in Cameroon and Ecuador: A Socio-Economic Approach", Development
and Security no. 41, University of Groningen, Groningen.
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The Cameroonian government’s response to the rural exodus was to
improve living conditions in the rural areas as it recognised the potential
danger of unequal regional development. One of the main aims of the
government was to maintain national self-sufficiency in food consumption;
the efforts were concentrated on increasing the absorption capacity of the
rural areas (De Jong and Harts-Broekhuis, 1997, p. 212; Sikod, 1996, p. 11;
Statistisches Bundesamt/Eurostat, 1993, p. 41). Indeed, industrialisation
efforts in Cameroon have been moderate compared to other countries, and
a substantial share of government expenditures benefitted the rural areas,
either directly or indirectly. An example of indirect stimulation is the fact
that substantial investments were made in agro-industrial sectors (Lele,
1989, p. 26). More directly, the use of fertilisers by smallholder agriculture
was subsidised and producer prices for cash crops were kept artificially
high (GATT, 1995, p. 65). These measures were supported further by
regional stimulation projects. Parastatal organisations played an important
role in achieving a more equal development pattern by means of initiating
projects aimed at improving agricultural production (although they were
not all equally successful; Lele and Stone, 1989, p. 32; Timnou, 1993, pp.
68-69). The main tasks of these parastatal organisations were to increase
the peasant households’ access to inputs (such as fertilisers, pesticides, and
irrigation techniques), to disseminate information on improved agricul-
tural techniques, and to make the external situation more stable for
peasant households by setting guaranteed prices (GATT, 1995, pp. 65 and
67; Jean, 1992, pp. 35-38; Lele and Stone, 1989, pp. 31-35). The result was
that the absorption capacity of the traditional rural areas was increased
and also that land could be used less extensively in the rainforest areas.

However, despite these efforts massive urbanisation occurred. The
exodus from the rural areas was such that the rate of rural population
growth was only 1.5% over the period 1975-1985, which is about half of
the rate of national population growth (Kamdoum, 1996; Statistisches
Bundesamt/Eurostat, 1993, p. 42). Emigration occurred not only from the
rural areas outside the forests but also from the forest areas, thus dampen-
ing the increase in population pressure on the rainforests.

Since 1985/86, the country suffers from a deep economic crisis. The main
consequence of the economic downturn was a strong decrease in the
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absorption capacity of both the urban and the rural areas outside the
rainforest area. Whereas over the period 1981/82 to 1984/85 the oil export
revenues increased at annual rates of more than 30%, the growth rate was
negative in the period 1984/85 to 1989/90: revenues declined with 19.1%
each year (Statistisches Bundesamt/Eurostat, 1993, table 17.2, p. 143). As a
result of the recession, the balance of government budget deteriorated in
1987 when it changed from a surplus of 0.6% of GDP to a 3.2% deficit and
has worsened almost continuously, at least until 1994: in this year, the
budget deficit was 9.5% (GATT, 1995, p. 4). Furthermore, government debt
became a real burden. External debt reached a level of some 60% of GDP
in 1992 which means that it had doubled since 1986; internal debt (mainly
arrears in salaries) is estimated to have been about a third of GDP in 1992
(GATT, 1995, p. 7). Therefore, the government was forced to revise its
expenditures substantially and to aim to increase its non-oil revenues.

In the previous subsection, the consequences of the decrease in
government expenditures have already been outlined. The decrease in
government expenditures and economic activity in the private sector
resulted in salary cuts and massive lay-offs. Therefore, the urban areas
became less attractive. Although net urbanisation was still positive, in the
first six years of the crisis its magnitude appears to have been lower than
in the previous fifteen years: the rate of growth of the urban population
decreased from 6.9% over the period 1970-1985 to 5.9% in the period 1985-
1991, whereas the rate of growth of the rural population increased from
1.3% to 1.7% (Statistisches Bundesamt/Eurostat, 1993, table 3.6, p. 42).
Therefore, the urban population grew 2.1 times faster than the national
population over the period 1975-1985, whereas in the period 1986 to 1991
the ratio fell to 1.78 (Statistisches Bundesamt/Eurostat, 1993, table 3.6, p.
42).

In terms of population pressure on the rainforests, the economic crisis has
three effects. First, emigration from the rainforests is decreasing in magni-
tude, which implies that population pressure is increasing as the natural
rate of population growth is dampened to a lesser extent.

Second, people who have migrated from the rainforests to the urban
areas during the economic boom, are considering remigrating to their
areas of origin. Therefore, although there is still net migration to the urban



85Tropical deforestation in Cameroon

areas (especially of young people wanting to receive higher education),
remigration is slowly gaining in importance: unemployed people start to
return to their villages of origin (Bergsma, 1997, p. 199; De Jong and
Harts-Broekhuis, 1997, pp. 212 and 216; Gubry et al., 1996, p. 76; ONADEF,
1993, p. 4). Indeed, there are references that people remigrate to the
rainforest areas to undertake agricultural activities. For example, in the
department of Nyong and So’o, the flow of young people to urban areas
has slowed down and seems to be reversing (Quan and Foy, 1994, p. 22).
In the Centre province, a survey reveals that the number of remigrants is
even observed to be substantial (De Jong and Harts-Broekhuis, 1997, pp.
216-217).

Third, a new migration trend to the rainforests is developing, albeit
slowly (Horta, 1991; Lewis, 1989, p. 2008; ONADEF, 1993, p. 4; Toornstra
et al., 1994, p. 9; Verhagen and Enthoven, 1993, p. 6; Zama, 1995, p. 265).
Of course, not only urbanised people originating from the rainforest
region are considering to return to their villages: a remigration trend is
observed to be developing towards the savannah areas as well. However,
the cut-backs on the expenditures on rural development (for example,
subsidisation of fertilisers) decreased the absorption capacity of those
areas that were already densely populated in the period of economic
boom (mainly the Western Highlands in the west of the country, and the
northern region; Balépa et al., 1992). Reduction in agricultural yield
(caused by decreases in productivity as fertiliser input is no longer
subsidised, and by a fall in producer prices) combined with the abolition
or privatisation of the parastatal organisations aiming to improve the
regional situation, led to a reduction of the absorption capacity of those
savannah regions in terms of the number of people that can be sustained
on the land available (De Jong and Harts-Broekhuis, 1997, p. 215; Jean,
1992, p. 35; Lele, 1989, p. 35; Quan and Foy, 1994, p. 20). Indeed, Kelo-
djoue (1989, p. 93) states that in the Western Highlands land is no longer
distributed to young people, an observation that supports the view that
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land is becoming scarce. As a result, a migration flow (albeit still quite
small in magnitude) is observed to develop towards the forests.14

Concerning the relative importance of these three sources of increased
population pressure on the forests, the first (natural population growth
combined with reduced emigration rates) is the most important one; the
majority of the shifting cultivators in Cameroon’s tropical forests is still
indigenous (Amelung and Diehl, 1992, p. 77). Thus, it can be concluded
that the economic crisis in combination with increasing land scarcity in the
densely populated areas of the country has resulted in increased pressure
on the forests, mainly because the natural growth of the number of forest
dwellers is dampened less and less by emigration, while (albeit to a lesser
extent) both remigration of people originating from the forests and
immigration of people foreign to the area also play a role.

Stating that the situation worsened in urban and rural areas outside the
rainforests is not a sufficient explanation of the increase in population
pressure; the situation in the rainforests may have deteriorated even more.
For example, if land had become scarce in the rainforest areas as well,
emigration rates would still be very high. However, the quantity of land
available in the rainforests increased during the economic crisis as a result
of increased forestry activities. As is already suggested in section 3.3, the
forestry sector increases the attractiveness of agricultural activities by
opening up closed forests, thus increasing the cultivatable land area.
Indeed, in Cameroon the construction of logging roads is often followed
by agricultural settlement at road sides, not only by migrants but also by
the forest population itself, who needs additional land (Besong, 1992, p.
37; Gartlan, 1992, p. 142; Mission d’Orientation, 1993, p. 18; Quan and Foy,
1994, p. 48; Rietbergen 1989, p. 44; Verhagen and Enthoven, 1993, p. 3).

Since the economic crisis induced the Cameroonian government to
stimulate forestry activities, the area of accessible forest land increased. In
response to the fall in foreign exchange earnings caused by the decrease in
oil revenues, the government of Cameroon aimed to increase exports of

14Note that there are obstacles to migration that are probably largely responsible for the
fact that the magnitude of the migration flow is still limited. For example, the presence of
diseases in rainforests discourages people to migrate to those areas. Furthermore, strong
cultural differences hampers migration as the forest population may be hostile to migrants.
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tropical timber products (Evans, 1990, p. i; GATT, 1995, p. 74; Horta, 1991,
pp. 142-143; Toornstra et al., 1994, p. 4). The volume of wood removed
from the forest areas grew at a moderate rate over the 1980-1986 period:
the volume of roundwood extracted in 1980 was 2.196 mln m3 and 2.770
mln m3 in 1986, which means an average increase in the quantity of wood
removed of 3.9% per year. Over the period 1988-1990, when the oil
revenues were falling rapidly, this rate increased to 9.7% resulting in a
production volume of 3.276 mln m3 in 1990 (Statistisches Bundesamt/Eu-
rostat, 1993, table 7.10, p. 76; see also Foteu Kameni, 1995). Export values
increased from on average US$ 45 mln between 1981 and 1986 to on
average US$ 120 mln between 1986 and 1992 (GATT, 1995, p. 72). This
trend is expected to continue in the future as the government has
announced plans to meet falling oil revenues by increasing forestry
production to 4 million m3 by the year 2000 and even 5 million m3 by the
year 2010 (Evans, 1990, p. i; Toornstra et al., 1994, p. 4).15

Thus, the forestry sector’s activities increased the area of accessible
land in the rainforest area so that the increased population could be
accommodated. Additionally, the forestry activities also increased popula-
tion pressure directly. The forestry sector provides between 35,000 and
40,000 jobs (GATT, 1995, p. 71). As the majority of these employees are not
hired locally, there is an inflow of people which results in increased
pressure on the forests as the forestry employees’ families start undertak-
ing agricultural activities (SNV-EP, 1993, pp. 9-10; Toornstra et al., 1994, p.
9-10; Tchoungui et al., 1995, p. 91; Van Dorp, 1994; Verhagen and Entho-
ven, 1993, p. 6).

3.5 Analysis of the factors determining agricultural intensity in the
rainforest region

The increase in the level of economic activity (both forestry and agricul-
ture) has resulted in increased forest degradation. However, in terms of
actual deforestation, the intensity with which agricultural activities are
performed, is important. Shifting cultivation can be a sustainable forest

15The quantity of timber extracted as fuelwood increased as well: while the rate of growth
of production was 2.5% in the first half of the 1980s, it increased to an average of 4.1% in the
second half (Statistisches Bundesamt/Eurostat, 1993, table 7.10, p. 76)
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management system if the rotation period is long enough and if the
period in which the land is cultivated is short enough, so that the soil is
not totally exhausted.

As is already argued in section 3.3, factors that affect land use
intensity are population density, the type of tenure rights and the degree
in which these rights are respected. This section aims to determine
whether these factors indeed affect sustainability of agricultural activities
in the rainforest areas of Cameroon. In section 3.5.1, attention is paid to
the tenure system. Section 3.5.2 analyses the degree in which this tenure
system is respected. In section 3.5.3, a statistical analysis using household
data is carried out in order to test whether indeed population pressure
and the land right system have an impact on agricultural sustainability.

3.5.1 The system of land rights in the Cameroonian rainforests
Officially, in Cameroon law, formal land rights prevail over customary
land rights while all ’unoccupied’ land (that is, land that is not formally
adjudicated) is officially government-owned since the German colonial
period (Lawry and Stienbarger, 1991, p. 14; Tchoungui et al., 1995, p. 29).
A prerequisite for obtaining formal land rights is the ’mise en valeur’ of
forests, that is forests must be cleared for cultivation purposes before legal
land titles can be obtained (Horta, 1991, p. 144; Tchoungui et al., 1995, p.
29). In practice, land rights are predominantly customary rather than
formal: in 1984 only 4% of the land was cultivated under formal land
rights.16 The main reason for this is that formal land rights are quite
costly to obtain, not only in terms of money but especially in terms of
time (Horta, 1991, p. 144; Lawry and Stienbarger, 1991, pp. 14 and 16;
Ngwasiri and Nje, 1995; Tchoungui et al., 1995, p. 29).

In most areas in Cameroon, customary land right systems are based
on kinship relationships. The allocation of land to individual members of
kinship groups is in the hands of the lineage authorities: land may be
revoked and redistributed on the basis of generally recognised rules.
However, kinship members’ use rights on specific land parcels are often
very secure: in some instances, rights to particular parcels of land are even

16Calculation based on the 1984 Agricultural Census of the Cameroonian Department of
Agricultural Statistics.
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inheritable. Therefore, kinship members usually enjoy more or less
permanent occupation rights and have a strong discretion over how their
land is used; these rights are usually referred to as primary land rights
(Lawry and Stienbarger, 1991, pp. 10-11).

Of course, not all land is cultivated under primary land rights: subject
to mutually agreed conditions, land can also be used by a third person
who has secured agreement from a primary right holder. These land
rights are referred to as secondary land rights or tenancies and are usually
short-term use rights. Common forms are rental and share-cropping
agreements with a limited duration, which may even be less than a year
(Lawry and Stienbarger, 1991, pp. 11-12 and 15).

In practice, most land is cultivated under permanent tenure: between
1984 and 1992 the percentage has been more or less constant at 85%; the
remaining land is cultivated under temporary land rights.17

3.5.2 Land right security in the rainforest region
Apart from the type of contract under which land is cultivated, the actual
security of land rights is important as well. In the analysis presented in
section 3.3.2, a regression has been run to test whether there is a distinc-
tion in deforestation between departments with high shares of formal land
rights rather than customary land rights. It was found that making this
distinction did not yield statistically significant results. The explanation is
that the time period of the regression analysis was characterised by a
strong migration flow from the rural areas (including the rainforest area)
towards the urban areas because of the economic boom. This means that
actual land right uncertainty is not likely to have been important in this
period: for customary land right systems to be stable, all parties involved
should be familiar with the system; in areas with no immigration this
condition is likely to be fulfilled.

Since the onset of the crisis, however, the frequency of land conflicts
seems to be increasing. The inflow of people from outside the forest areas
combined with reduced emigration results in increased competition for
land. For several departments there are references that land disputes are

17Calculation based on the 1984 and 1992 Agricultural Surveys of the Cameroonian
Department of Agricultural Statistics.
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becoming more frequent, such as in Lekié (Kelodjoue, 1989, p. 98; Lösch et
al., 1991, p. 52), Moungo (Kelodjoue, 1989, p. 92; Lösch et al., 1991, p. 81)
and Meme (Lösch et al., 1991, p. 70). Furthermore, there are references
about departments in which immigration flows are observed to occur.
Close to the urban areas, migration takes place from the already high
population pressure areas (such as Lekié) and from the urban areas
towards less densely populated areas such as Mbam (De Jong and Harts-
Broekhuis, 1997, p. 219; Lösch et al., 1991, pp. 48 and 52), and Nyong et
So’o (Bergsma, 1997, p. 199; Quan and Foy, 1994, p. 30). Indeed, in the
area south of Yaoundé (in the department of Nyong et So’o, Centre
province) people break decisively with the traditional ways of cultivation
under pressure of the economic crisis: young urban remigrants clear land
for commercial food production without authorisation of the village
elderlies (Quan and Foy, 1994, p. 30). But there is also a migration flow
(although still quite small) of people from outside the rainforest area
towards the forests in the Centre-South provinces; sometimes these people
are clearing unused or fallowed forests without consent of the customary
land owners (Lösch et al., 1991, pp. 48 and 52; Quan and Foy, 1994, p. 30).

In the more remote areas, the forestry sector induces migration by
facilitating access (Mission d’Orientation, 1993, pp. 7 and 12). This is
especially the case in the departments of Kadey and Haut-Nyong in the
East province, in which the forestry sector is active in the (primary) forests
and attracts migrants (ONADEF, 1993, p. 4; SNV-EP, 1993, p. 46; Verhagen
and Enthoven, 1993, p. 6). Again, some of these people are remigrants
(SNV-EP, 1993, p. 46; Toornstra et al., 1994, pp. 9-10); others are foreign to
the region and migrate from the west and north of the country towards
the eastern part of the rainforest area (Horta, 1991, p. 144; Ngoma, 1994,
pp. 73-78 and 86-87). Although the magnitude of the migration flow to the
east is still fairly limited, it may gain in importance if the economic crisis
continues (Quan and Foy, 1994, p. 48). Probably the main motivation is the
hope to find a job in the logging industry. As the number of jobs is quite
limited, many of the migrants turn to agriculture for a living (Toornstra et
al., 1994, p. 9). In absolute terms, population density in the East province
is quite limited: about 1 inhabitant per square kilometre. However, actual
population pressure is much higher since the population tends to settle
along roadsides. Not only migrants prefer to cultivate land along road
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sides; the indigenous population gives up traditional shifting cultivation
and occupies land along the roads (Mertens and Lambin, 1997). Hence,
population pressure is much higher than suggested by the density figure
presented while traditional communal ownership rights are breaking
down (SNV-EP, 1993, p. 35).

3.5.3 The effects of the economic crisis on agricultural productivity
In this subsection, an attempt is made to determine whether indeed
agricultural sustainability has been affected (negatively) by the develop-
ments arising from the economic crisis. The main hypothesis is that
increased population pressure, higher percentages of short-term contracts
and increasing insecurity of land rights induce peasant households to
cultivate their land more intensively by increasing the cultivation period at
the expense of the fallow period. Unfortunately, no reliable data are
available on the length of the fallow cycle. Therefore, the focus will not be
on the length of the fallow period compared to the length of the cultiva-
tion period, but rather on agricultural productivity. Indeed, theory pre-
dicts that if land is used unsustainably for some time, agricultural produc-
tivity is likely to fall. In order to test the hypothesis, the 1984 and 1992
agricultural surveys of the Cameroonian Department of Agricultural
Statistics can be used, which contain a wide range of data at the level of
individual peasant households.

Agricultural productivity is operationalised as the ’shift parameter’ in
a peasant household’s Cobb-Douglas production function:

In this equation, qt is output, Lt is quantity of labour used, and At is area
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of land cultivated, all in the current period. Agricultural productivity is
represented by θt. Hence, the main hypothesis is that the θt coefficient will
be lower if land is cultivated under temporary rather than permanent land
rights, if the land rights are likely not to be fully respected, and if popula-
tion pressure is observed to be increasing.

With respect to the duration of land rights (permanent or temporary),
observations are directly available: the data sets contain a dummy variable
that indicates whether the parcel of land is cultivated under permanent
land rights (Landown = 1) or under temporary land rights (Landown = 0).
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Unfortunately, there are no direct observations available of the degree
in which land rights are respected: the questionnaires did not contain a
question on perceived tenure security in terms of land take-overs. The
distinction between formal and customary land rights cannot be used
either, since this distinction is not made in the 1992 data set. Therefore, we
have to resort to a more indirect measure. The likelihood that traditional
land right systems break down increases if land scarcity increases. This
means that increased population pressure is likely to have two effects:
apart from the fact that increased population pressure decreases sustaina-
bility of agricultural production since more mouths are to be fed, it may
also result in disrespect of customary land rights. On the basis of the data
available, it is not possible to discriminate between these two effects:
neither data on land right security are available, nor recent population
data at a sufficiently disaggregate level. Thus, the best we can do is to
assign a dummy variable to departments in which there are signs of
increasing turbulence (Socturb = 1) which includes areas where immigra-
tion takes place or where land conflicts are observed to occur as presented
in section 3.5.1; all other departments are assigned a value 0. Controlling
for the area of land used and the quantity of labour applied, one would
expect output to be lower for peasants who do not have permanent
(customary) land rights and who live in the turbulent areas.

Finally, agricultural productivity is likely to be influenced by other
factors as well. First, not all crops require a fallow period to maintain
agricultural productivity. Basically, this is the difference between perennial
crops and annual crops: agricultural productivity of perennial crops does
not depend on fallow cycles whereas productivity of annual crops does.
Unfortunately, although the quantities produced are available for each
crop, no information is available about the allocation of the production
factors land and labour over these crops. Therefore, we must make a
short-cut by analysing total production, correcting for the share of peren-
nial crops in production. Second, the use of inputs such as fertilisers and
pesticides is expected to have a positive effect on agricultural productivity;
dummy variables are available that indicate whether or not the peasant
households applied fertilisers or pesticides.
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Thus, the variables used in the regression analysis are the following. To
derive an index for agricultural production per household, the quantity of
each crop type produced is multiplied by the average national price level
for that particular crop. Hence, the dependent variable is in fact agricul-
tural revenue (Rev).18 With respect to the production factors, the area of
land cultivated (Land) is directly available in the data sets and the quantity
of labour used is the number of people (both household members and
hired workers) that have worked at least 30 days in the past year (Lab).
Furthermore, to correct agricultural productivity for crop types that do not
need a fallow cycle, the share of perennial crops in total revenue is used;
this variable is labelled Shpcrin. The main coefficients are of course the
coefficients on the variables Socturb and Landown.

Running the regression for the information available in 1992, the
results are (the t-values are presented in parenthesis):

The regression results are as expected. Estimation of the Cobb-Douglas

(3.4)

ln(Rev ) 9.402 0.274ln(Land ) 0.530ln(Lab ) 0.452Shpcrin
(24.782) (5.233) (10.182) (2.251)

0.455Landown 0.436Socturb
(3.471) ( 4.403)

n 485 R 2 0.30 F value 42.179

function in a log-linear form yields a decreasing returns to scale produc-
tion function. In the equation, no dummy variables are shown that reflect
the use of fertilisers and pesticides. The reason is that they were found to
be rather closely correlated with the share of perennial crops in output so

18Note that revenue thus derived is similar to a quantity index. For example, an appropri-

ate quantity index for the production of peasant household A is: , inq
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which i denotes the household numbers in the data set, j indicates the different crops and Pj

is the national average price for crop j (see for example Van Ark, 1988, p. 91). As the
denominator is the same for each household, this quantity index basically is the revenue
variable used in the regression analysis divided by a constant term. Hence, using the revenue
variable or the quantity index yields the same results except that the intercept term will
differ.
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that either the pesticide and fertiliser dummies should be included in the
regression equation, or the Shpcrin variable. As the latter option performed
best whereas the coefficients on the other variables in the regression
analysis were not affected in qualitative terms, the specification including
the share of perennial crops is presented. Regarding the variables that are
the actual subject of the analysis, Socturb and Landown, it is found that
their coefficients differ significantly from zero and have the expected
signs. This means that indeed agricultural productivity is found to be
lower in the departments in which either immigration takes place or
where land disputes occur, whereas permanent land rights are positively
correlated with agricultural productivity.

However, this regression is not fully convincing in terms of the effect
of social turbulence: many reasons can be put forward why assigning
dummy variables to these departments results in a negative sign. For
example, it may be the case that soil productivity is structurally lower in
these departments than in departments for which the dummy variable was
assigned the value zero. Therefore, the same equation was also tested for
1984. The results are presented in equation (3.5):

Indeed, controlling for the area of land cultivated and the quantity of

(3.5)

ln(Rev ) 8.891 0.353ln(Land ) 0.563ln(Lab ) 1.638Shpcrin
(34.078) (10.752) (10.048) (13.908)

0.291Landown 0.020Socturb
(3.623) (0.275)

n 1160 R 2 0.43 F value 180.075

labour used, the type of landownership (permanent or temporary) is still
found to be a determinant of agricultural productivity but the social
turbulence indicator no longer is. This implies that in the immigration
areas and in the areas where land conflicts are observed to occur, agricul-
tural productivity is indeed found to have decreased.

3.6 Conclusions
Having analysed the deforestation process in Cameroon, the roles of the
various actors can be assessed. Of the actual exploiters of the rainforest
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areas, agriculture and forestry were found to be the most important
sectors active in the forests.

The agricultural sector is generally indicated to be responsible for the
actual deforestation in Cameroon. As for the level of agricultural activities,
the number of people carrying out agricultural activities seems to have
increased in response to the economic crisis. While there was a strong
emigration trend from the rainforest areas towards the urban areas in the
boom period, net emigration has fallen since the onset of the crisis as the
attractiveness of settling in urban areas decreased. Although still limited
in magnitude, a (re-)migration trend is even observed to be developing
towards the forest regions as a result of the worsening situation in the
urban and rural areas outside the rainforests. As regards the sustainability
of the agricultural techniques applied, the duration of land rights is found
to be important: land under permanent land rights is more likely to be
cultivated in a sustainable manner than land under temporary land rights.
Furthermore, the combined effect of increased population pressure and
rising insecurity of land rights (indicated by observations of immigration
and land conflicts) is determined to be a threat to sustainability: agricul-
tural productivity is found to be lower in departments in which immigra-
tion occurs and/or in which land conflicts are observed to arise.

As for actual deforestation, the forestry sector seems to play a minor
role at least directly: the logging technique applied is very selective in the
harvested tree species; about one tree is logged per hectare. This does not
imply that the forestry sector does not cause any environmental damage:
the felling of a tree and its removal inflict damage upon the standing
stock, resulting in a reduction in both biomass and biodiversity. However,
the reduction in biomass is only temporary as the vegetation regenerates
fairly quickly. In terms of the loss of biodiversity, the role of forestry is far
more important: in virtually all cases, this sector is the first to degrade
Cameroon’s primary forests into secondary forests. Furthermore, the sector
acts as a catalyst of subsequent deforestation as it opens up closed forest
areas for agricultural settlement: people tend to settle along the roadsides.

In the analysis, the general economic situation in the country is
observed to have affected the deforestation process. Since the fall in oil
revenues was the main cause of the economic crisis, the government has
played an important role in setting the stage for the increase in deforest-
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ation. Indeed, the fall in oil revenues forced the government to reduce
spending on the one hand and increase non-oil revenues on the other
hand. The reduction in expenditures caused the absorption capacity of
both the urban areas and the traditional rural areas to fall. During the
boom period, employment possibilities in the urban areas increased (for
example because the government expanded in terms of its number of civil
servants and because it stimulated the agro-industrial sector), while the
rural areas benefitted from government policy aiming to sustain agricul-
tural productivity (both in terms of prices and fertiliser input) and dilution
of improved technologies. When government expenditures were cut, living
conditions in both areas deteriorated, inducing a reduction in the net
urbanisation trend and even (albeit at a small scale) migration towards the
forest areas. Government policy also resulted in increasing the attractive-
ness of agricultural activities in the forest area. In an attempt to dampen
the fall in income resulting from the reduction in oil revenues, the govern-
ment stimulated forestry activities, which resulted in an increase in the
area of land accessible to small-scale peasant households.

Thus, the case of Cameroon shows that government intervention can
have (unintended) consequences in terms of deforestation. Although
migration into the tropical forest areas was not government-induced in the
sense that the administration planned the colonisation of tropical forest
areas on a large scale as it did in many other countries (see Amelung and
Diehl, 1992, p. 80), government policy has resulted in increased (unsus-
tainable) use of the country’s tropical rainforests.

On the basis of this chapter, several research questions arise. First, more
attention should be paid to the response of shifting cultivators to changes
in prices (which is an indirect way of affecting households’ behaviour as
direct instruments are not available) and to tenure uncertainty. Second, the
role of the forestry sector in the deforestation process needs to be
addressed more thoroughly, especially with respect to its interaction with
shifting cultivators. Finally, the local governments themselves should be
subject to closer examination as ways should be found to induce them to
improve forest conservation.



Chapter 4

Shifting Cultivation
and Tropical Deforestation

4.1 Introduction
Throughout the tropical belt, conversion of forest land into agricultural
land is the most important direct cause of deforestation (Amelung and
Diehl, 1992, p. 118; Myers, 1991; UNEP, 1992). Since the bulk of the
agricultural activities in rainforests is small-scale agriculture, in this chap-
ter an attempt is made to analyse the decision-making process of the peas-
ant household. The focus will be on the intensity of land use, as this
variable largely determines whether or not agriculture is undertaken
sustainably. In general, the longer the fallow period and the shorter the
cultivation period, the less the soil is depleted and the longer the vegeta-
tion is allowed to regenerate, and hence the better forests are able to
perform their environmental functions (especially those related to
biomass); see for example Herrera et al. (1981, p. 113). In terms of agricul-
tural productivity, a long fallow cycle allows the soil to recover, thus
restoring soil productivity. Therefore, sustainability requires a reduction in
current output in order to achieve higher output in the future (Barrett,
1991a; Deacon, 1994). In the deforestation literature, attention is paid to
factors that affect the peasant household’s decision-making process with
respect to sustainability. The literature focuses mainly on two phenomena:
the role of tenure rights and the role of prices.

Regarding the prices of agricultural outputs, there has been a strong
debate about whether or not higher prices for agricultural products
improve the sustainability of agriculture: on the one hand it can be argued
that higher prices increase the profitability of soil conservation, but on the
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other hand higher prices may also increase the profitability of current soil
mining. The question therefore is whether indeed it should be attempted
to increase agricultural output prices in order to stimulate soil conserva-
tion, or whether this policy measure would be counterproductive.

Regarding the role of tenure rights, peasant households are likely to
invest in soil conservation only if it is reasonably certain that they them-
selves will benefit from the higher agricultural revenues in later periods.
Thus, the tenure system is an important factor in land use decisions.
Conceptually, a distinction can be made between the nature of tenure
rights and their security. First, the nature of the tenure rights themselves
may discourage sustainable agricultural use: if land rights are not perma-
nent but only of a temporary nature (with or without predetermined
length), the tenant is not stimulated to apply sustainable production
techniques. Second, tenure rights can be permanent but may not be fully
respected. Although the consequences of the first type of tenure insecurity
are relatively straightforward, the consequences of the second type are
more complex as peasant households do not have to accept land take-
overs as they come.

In this chapter, both problems are addressed. To analyse the decision
problem of peasant households in the right setting, the main characteris-
tics of the practice of small-scale agriculture in rainforest areas are dis-
cussed first in section 4.2. It will be made clear that the current practice is
to a large extent determined by the low agricultural potential of rainforest
soils for permanent agriculture combined with the peasant household’s
limited access to the various markets. The latter is caused mainly by the
fact that distances in rainforests are long, especially because of lack of
transportation; transaction costs can be such that it is not profitable for
peasant households to participate. This phenomenon is found to have
important consequences for sustainability of agriculture, both in the case
of determining the effects of changing the agricultural output price and in
determining the effects of land uncertainty. In section 4.3, the effect of
changes in the prices of agricultural outputs on soil conservation are
analysed. In section 4.4, the effects of uncertainty of land rights on the
intensity of land use are discussed. Finally, conclusions are drawn in
section 4.5.
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4.2 The practice of small-scale agriculture in rainforests
Most agricultural activities in rainforest areas are carried out by small-
scale peasant households applying shifting cultivation. As has already
been explained in section 1.3, this is an agricultural technique in which a
parcel of cultivated for only a limited period of time, after which the plot
is left lying fallow to recover while the peasant household clears and
cultivates another parcel of land. Therefore, agricultural practice in
rainforest areas is very land extensive. In this section, it will be argued
that this technique is well-adapted to both the agricultural potential of
rainforests and the degree of integration of peasant households in the
(inter)national economy.

Regarding their agricultural potential, it can be stated that rainforests
are not suited for permanent cultivation of most crops. In spite of the
presence of abundant vegetation, the agricultural potential in these forests
is limited: generally, soil productivity in the first few years of cultivation
is very high but falls drastically over the cultivation period. Basically, five
reasons can be identified. First, natural fertility of rainforest soils is
generally low because of adverse structural characteristics. These soils
have only very low concentrations of major plant nutrients since they are
severely weathered: they are not very deep and generally lacking in major
plant nutrients. During the cultivation period, nutrient depletion can
therefore take place quite quickly (Grainger, 1993, p. 30; Jones and O’Neill,
1993; Ruthenberg, 1980, pp. 23 and 25). Second, rainforest soils are gen-
erally acidic and characterised by high concentrations of aluminium and
manganese (Grainger, 1993, pp. 30-32; Herrera et al., 1981; Quan and Foy,
1994, p. 6). Third, the physical soil characteristics of land under cultivation
tend to deteriorate as a result of erosion caused by excessive rainfall
(Gijsman, 1992, p. 2). Fourth, weed competition increases as the natural
revegetation process takes place, resulting in reduced agricultural produc-
tivity (Dvořàk, 1992; Sanchez, 1976, p. 383). Fifth, incidence of pests and
diseases increases over the cultivation period, especially in continuous
monoculture systems (Grainger, 1993, p. 50; Sanchez, 1976, p. 379).

In response to decreases in soil productivity over the cropping
period, several options are available. First, in order to cope with the
decreasing nutrient content of the soils, peasant households adapt their
cropping sequence (Sanchez, 1976, pp. 376-378): in the first year of cultiva-
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tion crops are planted that are most demanding in nutrients (such as grain
crops), whereas in subsequent years less demanding crops are planted
(such as cassava). The choice of crops is also adapted in response to
increasing weed infestation: in subsequent years of cultivation crops with
a higher canopy are chosen. Furthermore, multicropping can limit the
incidence of pests and diseases.

Second, the decline in fertility as a result of nutrient depletion can be
counteracted by the application of fertilisers. Indeed, inorganic fertilisers
have been found to have a positive effect on soil productivity in rainforest
areas (Sanchez, 1976, pp. 395-399). However, in practice this type of
fertilisers is rarely used. The reasons are that they are expensive and often
require skilled application so that they are generally beyond the reach of
small-scale peasant households (Grainger, 1993, p. 34; Quan and Foy, 1994,
p. 8; Ruthenberg, 1980, p. 60; Sanchez, 1976, pp. 383 and 399). Organic
fertilisers (such as manure) are generally more readily available. However,
the possibility of livestock keeping in rainforest areas is often limited
because of the presence of diseases (such as sleeping sickness caused by
the tsetse fly). Although this applies to a lesser extent to Latin-America, it
is an important limiting factor for livestock keeping in Africa (Amelung
and Diehl, 1992, pp. 54-55; Sanchez, 1976, pp. 386 and 400).

Therefore, for most crops (especially food crops) permanent agriculture is
not viable in rainforest areas. The traditional agricultural technique
applied in rainforest areas is shifting cultivation, which is well-adapted to
the agricultural conditions in rainforests. By burning the vegetation,
nutrients are released into the soil (Jones and O’Neill, 1993, p. 122). As
often a large proportion of the nutrients is stored in the vegetation, topsoil
fertility increases substantially (Grainger, 1993, p. 30; Ruthenberg, 1980, p.
45). Furthermore, fallowing is an integral part of the cropping system as it
allows the forest to recover. Forest regeneration results in restoration of
nutrients availability (both in the soils and in the vegetation), in improved
control of the spreading of weeds, pests and diseases and in improved
protection of the soils from erosion (Grainger, 1993, p. 50).

For these reasons, traditional shifting cultivation is based on cropping
periods of only one to two years while subsequent fallow could be as long
as eight to twenty years, and even longer (Gillis et al., 1987, pp. 492-493;
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Grainger, 1993, p. 50; La-Anyane, 1985, p. 3; López and Niklitschek, 1991;
Sanchez, 1976, p. 348). Because of the length of the fallow cycle, shifting
cultivation used to be itinerant: peasant households resettled, abandoning
their houses near the old parcels and constructing new ones in the vicinity
of the newly cleared plots. Depending on the local situation, this agricul-
tural technique can sustain a population density of about 20-50 persons
per km2 with guaranteed subsistence (Geertz, 1963, p. 26).1

Regarding the economic environment in which shifting cultivation is
carried out, traditional agriculture was aimed at satisfying the needs of the
household. However, since the colonial era rainforest areas have become
increasingly integrated into the (inter)national economy: nowadays, pure
subsistence agriculture is rare (Jones and O’Neill, 1993; Ruthenberg, 1980,
p. 30; UNESCO/FAO/UNEP, 1978, p. 429). In rainforest areas, the alloch-
tonous population sells (part of) its agricultural produce at the regional
and national markets, but the indigenous population also has increasingly
become involved in market transactions. One of the main changes arising
from this integration as compared to the subsistence situation is that new
crops were introduced. Increased exposure to the needs of the national
and international markets stimulated the production of so-called cash
crops such as coffee, cocoa, rubber and palm oil. Their introduction has
induced small-scale peasants to become sedentary because most cash crops
are perennial crops. Thus, shifting cultivation in the traditional sense has
been abandoned and replaced by sedentary long-fallow cropping systems:
agriculture takes place in the neighbourhood of permanent housing. The
construction of road networks has also affected the pattern of shifting
cultivation: the desire of living close to the roads also resulted in perma-
nent settlement.2

1Assuming that 0.3 hectares per capita are needed for subsistence and assuming a
cultivation period of two years and subsequent fallow of fifteen years, about 39 persons can
be supported per square kilometre if land is used evenly (see also Ruthenberg, 1980, p. 62).

2Therefore, shifting cultivation in the traditional itinerant sense has almost become extinct:
currently, the technique most often applied in rainforests would more appropriately be
described as sedentary long-fallow systems. However, in the literature the term shifting
cultivation is still widely used, and therefore the term will also be used throughout this
study.
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The fact that cash crops are very often perennial tree or bush crops,
has environmental implications. For these crops, soil productivity is nearly
constant over time: given a certain per hectare input of labour devoted to
weeding and maintenance, output per hectare does not change much over
time as permanent tree crops establish their own closed nutrient cycle
(Pearce and Warford, 1993, p. 34; Sanchez, 1976, pp. 402-403). From an
environmental point of view, these crops are preferable to food crops as
they provide continuous canopy and root structure and are better capable
of preventing soil erosion (Amelung and Diehl, 1992, pp. 87-88; Barra-
clough and Ghimire, 1990, pp. 15-16; Pearce and Warford, 1993, pp. 190-
191; Repetto, 1989, p. 89; Sanchez, 1976, pp. 378-379; Southgate and Pearce,
1987, p. 12). Food crops are still produced by means of fallow systems:
root and grain crops (such as cassava, peanuts, sorghum, and millet) are
erosive (Hamilton and King, 1983, pp. 13-21; Pearce and Warford, 1993, p.
34; Repetto, 1989, p. 89).

From the increased integration into the national and even international
economy it may be inferred that peasant households in rainforest areas
have perfect access to all markets for inputs and outputs. However, this is
generally not the case: households may be discouraged to participate in
markets, for example due to prohibitive transaction costs (arising from
travel costs, mark-ups by merchants or search costs), the shallowness of
local markets or the existence of price risk and risk aversion (Padoch and
De Jong, 1989, p. 110; Sadoulet and De Janvry, 1995, p. 149; Singh et al.,
1986, pp. 52-54).3 Missing markets are actually a widespread phenomenon
in developing countries (De Janvry et al., 1991; Ellis, 1993; Githinji and
Perrings, 1993; Sadoulet and De Janvry, 1995). Although peasant house-
holds in rainforests may produce for the national and international
markets, food crop production is predominantly for autoconsumption:
food markets are highly underdeveloped in developing countries (De
Janvry et al., 1991; Griffon and Ribier, 1996, p. 5; Koopman, 1992, pp. 3
and 5; Sadoulet and De Janvry, 1995, p. 154; World Bank, 1990, p. 60). In
rainforest areas, travel costs are high, which implies that farmgate prices

3Market failure, therefore, is not commodity specific but rather household specific (De
Janvry et al., 1991, p. 1401).
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for the household’s output are low while the purchase prices (for manu-
factured goods or for food products) are high. The price band that arises
between purchase prices and sales prices induces peasant households to
rely on self-sufficiency in food production (Andreae, 1980, p. 157; Koop-
man, 1992, p. 5; Padoch and De Jong, 1989, p. 110). Furthermore, as most
households in rainforest areas are essentially in the same situation vis-à-
vis access to inputs whereas there is not much scope for specialisation,
local food markets are also not likely to develop. In most tropical coun-
tries, marketing of cash crops is much easier because of the existence of
parastatal organisations. Cash crops are an important source of foreign
exchange, and hence governments of tropical countries recognise the
importance of facilitating the marketing of these crops (La-Anyane, 1985,
pp. 80-81). Therefore, cash crop production is the main activity to generate
monetary income: by selling cash crops, income is earned that is needed to
purchase manufactured goods. However, even though cash crop produc-
tion often yields higher returns to land and labour, the introduction of
these crops has not resulted in abandoning food crop production alto-
gether because of various types of risks associated with cash crop produc-
tion (such as price risks and production risks). Therefore, ’smallholder
producers make a conscious effort to maintain subsistence food produc-
tion alongside the ... cash crops’ (Von Braun, 1994, p. 62).

Regarding the peasant households’ access to production factors, the
two main inputs are still land and labour. In areas with low population
densities, labour is the factor that determines the size of the land area
under cultivation. Generally, labour markets are underdeveloped in
rainforest regions: to a large extent the peasant household can only
mobilise its own labour (De Janvry et al., 1991; Kaimowitz and Angelsen,
1997, p. 11; Koopman, 1992, p. 3; Sadoulet and De Janvry, 1995, p. 154;
World Bank, 1990, p. 60). Most labour is dedicated to clearing and weed-
ing, and therefore the decision how much land is to be cleared depends
crucially on the amount of labour available for these activities: the deci-
sion to leave a plot lying fallow and to clear a new parcel of land is based
on comparisons of the marginal productivity of labour devoted to either
weeding or land clearing (Dvořàk, 1992).

As shifting cultivation is a very extensive production technique, in
more densely populated areas not only the amount of labour available is
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important but also the land constraint can become binding. As has already
been stated, most rainforest soils can sustain a population of 20 to 50
persons per square kilometre. However, this figure is derived under the
assumption that land is used evenly. In practice, shifting cultivators have
a strong preference for carrying out their agricultural activities alongside
or at least near roads, so that output can be marketed more easily. This
implies that even in rainforest areas that appear to have a low population
density on average, actual pressure on the land can be very high.

In areas with perceived scarcity of land, labour is used to foster forest
regeneration. In general, peasant households can undertake several
activities that enhance natural soil regeneration (Ruthenberg, 1980, pp. 61
and 71; Southgate, 1990). For example, ridge and mound cultivation are
labour demanding but soil conserving agricultural techniques. Further-
more, natural regeneration can be enhanced by planting specific species on
land that is left fallow. Also, soil depth can be enhanced by mulching and
by spreading manure and household refuse over the fields under cultiva-
tion (Jepma, 1995, p. 92; Ruthenberg, 1980, p. 48; Sanchez, 1976, pp. 380-
387; Southgate, 1990; Southgate and Pearce, 1987, p. 3).

From this analysis it is clear that shifting cultivation is a technique well-
suited for rainforest areas with low and medium levels of population
density and with limited access to agricultural inputs. Given the import-
ance of fallowing in this technique, it can be concluded that sustainable
land use has distinct investment characteristics to it. Typically, the cultiva-
tion period should not be too long (the soils must not be depleted too
much) and land should be left in fallow over a long enough period to
allow it to revert to natural vegetation and to enable soil fertility and
productivity to build up sufficiently to support adequate crop growth later
(Barrett, 1991a; Jepma, 1995, pp. 86-87; La-Anyane, 1985, p. 3; Pearce and
Warford, 1993, p. 149; Quan and Foy, 1994, p. 6; Ruthenberg, 1980, p. 25).
Furthermore, as has already been explained above, peasant households
can take several activities to enhance soil regeneration. Of course, as these
measures can be seen as an investment, land right security plays an
important role. In many rainforest areas customary land rights prevail;
formal property rights are usually too expensive to obtain (Amelung and
Diehl, 1992, p. 91; Lawry and Stienbarger, 1991; López and Niklitschek,



105Shifting cultivation and tropical deforestation

1991). Customary land rights are typically based on a claim of first
settlement (Lawry and Stienbarger, 1991, pp. 10-11). As Angelsen (1995, p.
1717) states: ’... a common feature in many areas is that forest clearing
gives the farmer claims to the cleared land...’. These rights can be very
secure, but increased population pressure may diminish social cohesion
and customary land rights may no longer be respected, especially if
immigration occurs (Cleaver, 1992, p. 70; López and Niklitschek, 1991;
Mahar and Schneider, 1994). However, not all land is vulnerable to such
invasions: land claims on cultivated land are usually secure.

4.3 The effects of prices on land use sustainability4

One of the most obvious indirect instruments to affect economic activity is
intervention in the price structure. Direct government intervention in the
price structure is not uncommon in developing countries: in many of these
countries the prices of primary products (such as agricultural products
and natural resources) have been set at an artificially low level in order to
stimulate industrialisation and urbanisation, as an important part of a
country’s development strategy (see for example Ahmed and Mellor, 1988,
p. 2; Krishna, 1967, p. 498; Pearce and Warford, 1993, pp. 189-191).

Intervention in the price structure of a country can be a powerful
instrument in the battle against deforestation, at least if the response of a
peasant household to price changes is known. As for the prices of agricul-
tural outputs, there has been a strong debate about whether higher prices
for agricultural products will improve sustainability of agriculture, or not.
On the one hand, it can be argued that higher prices will result in higher
returns on conservation, thus stimulating peasants to improve sustaina-
bility of their agricultural activities (see for example Pearce and Warford,
1993, pp. 189-190; Repetto, 1989; Southgate, 1990). On the other hand,
higher prices may result in increased environmental degradation as the
profitability of (current) soil mining increases (Lipton, 1987).

4This section is based on Bulte, E.H. and D.P. van Soest (1997b), "A Note on Soil Depth,
Failing Markets and Agricultural Pricing", University of Groningen, Groningen, mimeo.
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In order to analyse the effect of price increases on sustainability, a
model is constructed to represent the decision-making process of a
smallholder household. It is attempted to include the main characteristics
of smallholder agriculture in the model. One of the features that can have
pervasive effects on price responses is that peasant households may not
trade at all markets for inputs and outputs. In the first subsection, the
reasons why higher prices for agricultural outputs may or may not result
in improved sustainability are discussed in more detail. Next, the peasant
household’s price response is addressed in the case in which the house-
hold is assumed to face a complete set of markets (in section 4.3.2) and in
the case in which one market is assumed to fail (in section 4.3.3).

4.3.1 Agricultural pricing policies and soil management
In the literature, both high and low prices for agricultural products have
been proposed as measures to promote sustainable development. How-
ever, in a lucid paper Barrett (1991a) reconciled such conflicting claims by
demonstrating that agricultural price reform will have only modest effects
on soil conservation because the new price, either higher or lower than the
old one, will affect both the marginal benefits and costs (in terms of
forgone current production) of soil conservation proportionally. Hence,
high prices will encourage current soil mining but will also provide an
extra incentive to build up soil depth and fertility to increase future
revenues. This finding implies that policies aimed at altering prices for
agricultural output will have little impact on sustainable development in
rural areas.

As acknowledged by Barrett, this result depends crucially on three
assumptions: (i) farmers consider the new price to be permanent; (ii) the
household produces one single crop; and (iii) the technical rate of substitu-
tion between nutrient extraction and soil conservation is constant. As
regards the first point, when prices are expected to decline over time,
supply will be concentrated in the period of high prices, hence short-run
soil mining will be enhanced at the expense of future productivity. The
second point pivots around the notion that if there are multiple crops that
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differ in their impact on the soil, changes in the relative prices of these
crops will affect the crop mix and consequently soil conservation.5

The third assumption is crucial to this analysis. In general, the
technical rate of substitution between nutrient extraction and soil depth is
not constant as peasant households can affect the rate of soil regeneration.
For example, peasant households do influence soil regeneration by
levelling, terracing or irrigating their land (Repetto, 1989, p. 71), by
mulching (Barbier, 1990; Tiffen and Mortimore, 1994) or by planting soil
improving vegetation when land is left fallow (Quan and Foy, 1994, p. 8).
In section 4.3.2, production is modelled under the assumptions that (i)
peasant households can invest in soil regeneration and (ii) that there is a
complete set of markets for inputs and outputs. It is, however, widely
recognised that some markets are ’missing’ to certain households in
developing countries: as has been argued in section 4.2, it may be benefi-
cial for households not to participate in every market. Therefore, the
assumption of a complete set of markets is relaxed in section 4.3.3.

4.3.2 The basic model with investment in soil conservation and a
complete set of markets

In this section the basic Barrett model is extended in two modest ways.
First, rather than assuming profit maximising behaviour, this section
analyses the decision-making process of a representative utility
maximising peasant household that acts both as a producer and as a
consumer. Second, it is assumed that the household is able to combat soil
erosion by investing in soil conservation. These investments consist of
labour intensive measures (e.g., mulching or building dams to capture run-
off and stimulate on-site sedimentation). The peasant household is
assumed to maximise the net present value of utility derived from con-
sumption of (purchased) goods (cG) and leisure (cL). The model reads as
follows:

5An additional issue, not discussed by Barrett, concerns the observation that the discount
rate may be a function of the ’wealth’ of a household (where the standard assumption would
be that this discount rate becomes lower when income or wealth increases; see for example
Ghatak, 1995). An increase in agricultural prices will result in more wealth, and thus in a
lower discount rate which, ceteris paribus, will result in a thicker topsoil.
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In (4.1), U is the instantaneous utility function and r is the farmer’s
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discount rate. The utility function is assumed to have the usual character-
istics: the first derivatives of this function with respect to either argument
(denoted as UG and UL) are nonnegative, whereas the second derivatives
with respect to each argument (UGG and ULL) are negative. Equations (4.2)
to (4.4) are the constraints the peasant household faces, where P is the
price of the agricultural good produced; q is agricultural output which is a
function of labour directly employed in the production process (LD), soil
depth (S, for example measured by the amount of nutrients stored in the
soil) and the amount of nutrients extracted from the soil (R); LH is the
quantity of labour hired at the prevailing wage rate ω; L is the time
endowment of the household itself; and LI is the quantity of labour used
in soil conservation. Finally, Ṡ denotes the change in soil depth (S) over
time while Z is the soil regeneration function.6 Equation (4.2) states that
all net income (i.e., after having paid the wage sum) is used for goods
consumption. Consistent with Barrett, agricultural production is assumed
to be a function of the soil depth (S) and the amount of nutrients extracted
from the soil during cultivation (R), with qR, qS > 0 and qRR, qSS < 0. By
choosing the appropriate technique or by selecting the appropriate crop
variety, the peasant household is able to determine the nutrient extraction

6Throughout this study, fx denotes the first derivative of function f with respect to variable
x; fxx denotes the second derivative of function f with respect to variable x, and ẋ indicates the
time derivative of x.
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(R) from the soil. In addition, labour is considered an input in the produc-
tion function: LD denotes direct labour (qL > 0 and qLL < 0). Equation (4.3)
is the ’labour budget constraint’: the available quantity of time (consisting
of the peasant household’s time endowment L and the quantity of labour
hired) is allocated to leisure and labour used either directly in the produc-
tion process (LD) or indirectly to improve soil quality (LI). Finally, equation
(4.4) describes the development of soil depth over time (Ṡ). In each period,
an amount of nutrients Z is added to the soil, which, in contrast to
Barrett’s model, is subject to labour devoted to conservation activities
(with ZL > 0 and ZLL < 0). However, as a result of cultivation an amount of
soil R is lost.

The current-value Hamiltonian of this maximisation problem reads as
follows (suppressing time notation):

where λ is the costate variable associated with the equation of motion.
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This variable is akin to the Lagrange multiplier in a static optimisation
problem and can be interpreted as the shadow price of a unit of soil
depth: it reflects the marginal value of the state variable (S) at each
moment t (see for example Kamien and Schwartz, 1981, pp. 151-153).

Upon applying Pontryagin’s maximum principle and assuming an
interior solution7, the necessary conditions for an optimum solution are:
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7Interior solutions are those solutions in which the nonnegativity constraints are not
binding.
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Combining equations (4.6) and (4.7) yields the usual result that labour is
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applied in the production process up to the point where its value marginal
product equals the wage rate. Equation (4.7) defines that for an optimal
solution the marginal utility of leisure should be equal to the marginal
utility of consumption of goods earned by working an extra unit of time.
Similarly, the interpretation of (4.8) is that the increase in utility derived
from consuming one extra unit of time in the form of leisure should be
equal to the value of devoting this unit to soil regeneration. Equation (4.9)
states that the immediate gain in utility of extracting an additional unit of
soil should be equal to the marginal costs in terms of the forgone profits
of extracting it currently rather than at a later point in time (λ); see also
Dorfman (1969).

Equation (4.10) requires somewhat more explanation. Basically, the
equation is an intertemporal nonarbitrage condition dictating that, for an
optimal solution, no gain in utility can be achieved by reallocating extrac-
tion from one period to another. It indicates when the decision maker is
indifferent between extracting an additional unit of soil depth and post-
poning extraction. In a simple mining model, the quantity extracted in
each period should be such that the present value of a unit extracted is
equal in each period, and hence the current-value shadow price (λ) should
increase at discount rate r. This result is known as the Hotelling rule
(Hotelling, 1931). The second term on the RHS of equation (4.10) arises
from the benefits the decision maker derives from keeping an additional
unit of soil depth: deeper soils result in increased agricultural productivity
and hence increased consumption possibilities. Therefore, to be indifferent
between extracting an additional unit of soil depth now rather than in the
future, extraction should be such that the current-value shadow price of
soil depth increases at the discount rate reduced by the marginal utility
derived from soil depth.

Usually, intertemporal optimisation models are closed by adding a
transversality condition to the first-order conditions. Transversality
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conditions are needed to specify end-point constraints (such as constraints
that determine whether or not the stock should be depleted, whether the
depletion period is fixed or free, etcetera). The transversality condition
associated with problems in which there are only nonnegativity con-
straints on the size of the stock is that either the stock should be depleted
in terminal period T or the present-value shadow price of the stock in this
period (µ(T)) should be zero. Indeed, if µ(T) is positive, extracting an addi-
tional unit would still be optimal and hence the stock would be depleted
(S(T) equals zero); if the soil is not depleted (S(T) is larger than zero), the
decision maker apparently does not attach a positive value to an extra unit
of soil so that µ(T) is zero (Blanchard and Fischer, 1993, p. 43; Léonard
and Long, 1992, pp. 22-23). In terms of the current-value shadow price
(λ(T)=µ(T)erT) evaluated at infinity, the transversality condition is (Léonard
and Long, 1992, pp. 229-235):

Therefore, either the soil should be depleted or its present-value shadow

(4.11)lim
T→∞ S (T)λ (T)e rT 0

price should equal zero.
The model can be solved using the conditions (4.6)-(4.11) and the

equation of motion (4.4). The steady state is defined as the case in which
all variables have become constant: the time derivatives Ṡ and λ̇ are set
equal to zero (Kamien and Schwartz, 1981, p. 88). The optimum thus
found satisfies the transversality condition: because the soil depth and the
current-value shadow price λ become constant when the steady state is
reached whereas the exponential term goes to zero as time goes to infinity,
the transversality condition is met. The implications are that Z(LI) is equal
to R (see equation 4.4) and that rqR equals qS (from combining equations
4.9 and 4.10).

Having derived an implicit expression for soil depth in equilibrium,
comparative static analysis can be used to derive the effects of (exogenous)
changes in P on equilibrium values of S. Under the assumption that all
second cross derivatives are equal to zero, the comparative statics around
the equilibrium situation are as follows (see appendix 4.1):
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In this equation, DC is the determinant of the Hessian of the system
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describing equilibrium in the case of a complete set of markets (the
subscript C refers to ’complete’). Appendix 4.1 shows that the sign of the
determinant is strictly negative. On the basis of the fact that all first
derivatives are positive and all second derivatives are negative, it can be
concluded that dSC/dP is positive: an increase in the price of agricultural
products results in thicker soils. The reasoning behind this is simple. On
the one hand, raising the price of agricultural output increases the mar-
ginal productivity of all inputs and hence the farmer’s demand for all
inputs. Thus, the peasant household would like to devote more labour to
soil conservation. On the other hand, as a result of the fact that income is
increased, demand for both consumption goods and leisure increases. In
case of a complete set of markets, the increased demand for both (soil
conserving) labour and leisure do not conflict as the household is able to
reduce its own working hours (and increase its consumption of leisure)
while increasing total labour input by hiring additional labour (at the
current wage rate). Therefore, soil depth increases unambiguously in
response to an increase in the price of agricultural output.

4.3.3 Investing in soil conservation assuming a failing labour market
We now consider the case in which labour markets fail so that the peasant
household is not able to hire extra labour. This means that the peasant
household faces a strict time constraint: given its time endowment L,
increased consumption of leisure can only be achieved at the cost of an
equal decrease in the amount of time spent on either soil conservation or
production. In the model, this implies that LH is set equal to zero. Hence,
for an optimum solution with a failing labour market, equations (4.2) and
(4.3) should be replaced with cG = Pq(R,S,LD) and L = cL + LD + LI, respect-
ively.

Analogously to section 4.3.2, the model is solved by deriving the first-
order conditions, setting all time derivatives equal to zero and applying
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Cramer’s rule to the system of equations thus derived. Then, the impact of
a change of the price level on long-run soil depth is (see appendix 4.2):

where the subscript F refers to ’failing’ and ηG is the elasticity of marginal
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utility of the consumption of goods with respect to quantity consumed
(that is, ηG = (cGUGG)/UG < 0). Although the sign of the denominator is
known (the determinant of the system is strictly positive, see appendix
4.2), the effect of price changes on soil conservation is now ambiguous. As
is clear from the numerator, an increase in the price of agricultural output
can result in an improvement or reduction in soil depth depending on the
value of the elasticity of marginal utility of the consumption of goods with
respect to quantity consumed. If the absolute value of ηG exceeds 1, the
sign of dSF/dP is negative whereas the reverse applies if the absolute
value is smaller than unity.

The interpretation is as follows. Again, an increase in the price of
agricultural products implies an increase in the demand for both labour
and leisure. However, the peasant household is not able to relieve this
tension by hiring additional labour: it has to clear its own market for
labour and leisure. In this case, the environmental consequences of a price
change depend on which demand function shifts out most: the demand
for labour or the demand for leisure. If the absolute value of the elasticity
of marginal utility of consumption goods is greater than unity (that is, an
increase in the quantity of goods consumed results in a more than propor-
tional decrease in marginal utility), marginal utility UG falls substantially if
goods consumption is increased in response to the agricultural output
price increase. To restore equilibrium, marginal utility of leisure UL must
also decrease, which can only be achieved by taking more time off (ULL <
0). This implies that more leisure must be consumed at the cost of hours
spent on soil conservation and production.8 Hence in equilibrium, Z (and,
by definition, R) should fall. A reduction in R implies an increase in qR

8It is easily verified that the sign of dLI/dP is positive (negative) when the absolute value
of ηG is smaller (greater) than unity.
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(because qRR < 0). Since in equilibrium r = qS/qR must hold, equilibrium is
restored by increasing qS as well, i.e. by running down soil depth (because
qSS < 0).

However, if the absolute value of the elasticity of marginal utility of
consumption goods is less than unity (that is, an increase in consumption
of goods results in a less than proportional decrease in marginal utility),
marginal utility UL falls only slightly and hence the demand function for
leisure shifts out only marginally. Then the number of hours worked will
increase at the cost of amount of time consumed as leisure, and soil
conservation will be improved.

4.3.4 Conclusions
In this section the effects of increases in agricultural prices on soil conser-
vation have been analysed using a model that describes the decision-
making process of a peasant household. Since missing markets are fairly
common in rural areas in developing countries, the peasant household’s
response has been analysed under the assumption that it faces a complete
set of markets and under the assumption that it is not able to hire addi-
tional labour (i.e., the labour market is assumed to be missing). The
conclusion is that in a model in which soil regeneration can be enhanced
by applying labour, higher prices will unambiguously contribute to thicker
soils when agricultural producers face a complete set of markets for their
inputs and outputs; additional labour will be hired to enhance soil conser-
vation. However, when the restrictive assumption of access to all markets
is relaxed, raising prices can have both positive and negative effects on
soil depth, depending on the elasticity of marginal utility of purchased
consumption goods. The adverse effect can occur if the absolute value of
the elasticity of marginal utility of goods consumption with respect to the
quantity consumed is large (i.e., if it is larger than unity). Then, the
increased consumption of goods (enabled by the increase in output prices)
leads to a substantial fall in marginal utility of goods consumption. This
implies that marginal utility of leisure should also fall substantially,
resulting in a strong increase in demand for leisure. As the peasant
household is not able to hire additional labour, time spent on soil conser-
vation is reduced.
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From a policy point of view, it is concluded that using prices of
agricultural output as an instrument to increase sustainability is hazard-
ous: unless peasant households are fully integrated in the market econ-
omy, undesired results may be obtained.

4.4 The effects of tenure security on land use sustainability9

In many tropical forests fallow periods are shortened mainly because of
increased population pressure (Pearce and Brown, 1994, pp. 12-13).
Population pressure increases because of natural population growth but
often net migration into the rainforest area is also a factor. Although the
underlying causes of migration may differ between countries, the main
reason is economic hardship in other regions of the country: either
overpopulation in the rural areas outside the rainforest areas forces people
to migrate to the forests in search for arable land, or economic crises
reverse the urbanisation trend and stimulate people to remigrate to the
rural areas (Myers, 1980, p. 24; Panayotou and Ashton, 1992, p. 57; Repet-
to, 1990).

The increase in population density in rainforest areas affects land use
sustainability in two ways. First, increasing pressure to meet the needs of
the current generation results in increases in land use intensity (Jepma,
1995, p. 127). A growing population implies that the demand for agricul-
tural products increases. The first response will be expansion of the area
exploited, but if this is not possible land is likely to be used more inten-
sively. Second, increased population pressure (especially if caused by a net
inflow of migrants) may result in an increased frequency of land disputes,
especially if customary land rights prevail. Customary rights can be very
secure, but increased population pressure may reduce social cohesion so
that these land rights may no longer be respected (Cleaver, 1992, p. 70;
López and Niklitschek, 1991; Mahar and Schneider, 1994, p. 163; Pearce
and Warford, 1993, p. 254).

9This section is based on Van Soest, D.P. and V.C. Hoogenveen (1997), "A Parameterisa-
tion of a Shifting Cultivator’s Response to Uncertainty of Land Rights", University of
Groningen, Groningen, mimeo.
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In this section the effect of land right uncertainty on the peasant house-
hold’s decisions is analysed. In principle, the peasant household is able to
signal land claims by keeping its land under cultivation. If a parcel of land
is cultivated, there is no doubt that it is owned by someone. As Southgate
(1990, p. 94) states: ’...[peasant households] realize they risk losing land
not in use for crop [...] production...’. Indeed, it is more difficult to uphold
land claims on land lying fallow, especially in the last years of recovery: if
forest regeneration is allowed to continue up to the point where regrowth
starts to resemble (secondary) forests again, migrants may not be able to
recognise that the parcel of land is already owned by someone else and
may therefore decide to clear it for their own use. This means that an
increased chance of land conflicts will stimulate the peasant household to
increase the area of land under cultivation relative to the land area lying
fallow, resulting in cultivation practices that may be too intensive from a
sustainability point of view (Lawry and Stienbarger, 1991, p. 24; Pearce
and Warford, 1993, pp. 31 and 254; Rudel, 1983; Schneider, 1992, pp. 23
and 27; Southgate, 1990; Southgate et al., 1991; Westphal et al., 1981, p. 53).
Thus, the main coping mechanism identified in the literature is a reduc-
tion of the fallow period: since land claims on cropped land are easier to
defend than on land lying fallow, peasant households are willing to accept
a reduction in soil productivity in order to uphold their land claims.

The point of reducing the fallow periods in response to insufficiently
enforced tenure systems has received some attention in the literature. The
main focus has been on the consequences of treating forested land as an
open access resource rather than as a privately owned resource. The result
is that the shadow price of soil fertility (the marginal costs of nutrient
extraction now in terms of future profits forgone) is largely ignored:
mainly the instantaneous marginal costs and benefits of increases in land
use intensity are taken into account by the decision maker (see for
example López and Niklitschek, 1991). More specifically, Southgate (1990)
analyses the consequences of the possibility to uphold land claims by
keeping land cultivated; he finds that such a tenure mechanism does not
only induce peasant households to clear more land but also to invest less
in conserving soil fertility on existing farm land than would be the case
under secure property rights (see also Southgate and Pearce, 1987). Thus,
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it is found that resource degradation can be the rational outcome of a
peasant household’s decision-making process.10

However, peasant households do not have to simply accept a decline
in agricultural productivity; they tend to adapt the choice of crops to soil
fertility (Amelung and Diehl, 1992, p. 74; Angelsen, 1995; López and
Niklitschek, 1991; Pearce and Warford, 1993, pp. 159-160). The response is
that peasant households switch to crops that depend less on fallow cycles
to retain productivity. For example, cash crops (such as coffee, cocoa and
oil palm) are perennial crops: they are better able to conserve soil fertility
and are far less erosive than most food crops (see section 4.2). This implies
that if peasant households are not constrained in the range of crops they
have to produce, all land can be allocated to cash crops. In such case, the
peasant households are able to prevent actual land invasion by allocating
their land to cash crop production without the adverse consequences of
reduced agricultural productivity.

Unfortunately, in reality peasant households are often confronted
with constraints on the types of crops they grow. As has been argued in
section 4.2, food markets are underdeveloped in many tropical forest
countries: most peasant households are self-sufficient in food consump-
tion. For example Koopman (1992, p. 5), who has studied the situation of
peasant households in Southern Cameroon (Lekié department), states that
’... markets for basic food items are vastly underdeveloped: rural house-
holds would encounter unacceptably high risks of severe undernutrition if
most ... were to abandon food production in order to allocate their labor to
more renumerative activities’.

This section analyses the response of a peasant household to the existence
of land uncertainty, taking into account the fact that households can adapt
the allocation of their land to different types of crops and emphasising the
role of missing markets. In section 4.4.1, a model is presented which
captures the main effects: the decision-making process of a peasant

10Although, in general, yields decline over time if land is used too intensively under
pressure of tenure uncertainty, this may not be the case for plots cultivated by migrants who
have settled only recently in a rainforest region. As these migrants may not be familiar with
rainforest cultivation techniques at the time of arrival, their yields may go up over time
because of learning-by-doing effects (Schneider, 1992, pp. 6-7).
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household is modelled under the assumptions that it aims to maximise
utility, that it forms expectations about the future in a rational way and
that food and labour markets are missing. Since the model cannot be
solved analytically, it is solved numerically using a technique developed
by Den Haan and Marcet (1990). Section 4.4.2 analyses and discusses the
results.

4.4.1 The model
Just as in section 4.3, the model that is used in this section aims to capture
the main characteristics of shifting cultivation as described in section 4.2.
The common features are that the peasant household is assumed to
maximise expected discounted utility derived from consumption of
manufactured goods, food and leisure while the labour market is assumed
to be missing. However, this section’s model differs from the one in
section 4.4.1 in several respects, three of which are worth emphasising.
First, the size of the land area that is owned is explicitly included in the
analysis: the household is assumed to be faced with a limited supply of
land. The reason is that if land were available in sufficient amounts,
uncertainty of land rights would not be an issue. Second, the allocation of
land is also explicitly modelled in this section: we distinguish between
food crops and cash crops because of the difference in dependency on
fallow. Third, not only the labour market is assumed to be missing but the
food market as well. As has been described in section 4.2, food production
is carried out mainly to satisfy the needs of the household itself while cash
crop production is the main source of monetary income. The model in this
section is based on the extreme assumption that all food produced is
consumed by the household, whereas manufactured goods can only be
bought with the revenues of cash crop sales.

The model used in this section is as follows:
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Equation (4.14) represents the peasant household’s maximisation objective:
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the household aims to maximise the present value of the future stream of
utility derived from consumption of food crops (cF), manufactured goods
(cM) and leisure (cL). Furthermore, t reflects time, Et the expectation held at
time t, and ρ the peasant household’s discount factor (which is less than
1). Equation (4.15) represents self-sufficiency in food consumption: the
quantity of food consumed is equal to the quantity of food produced (qF)
in each period. The production of food crops is determined by soil fertility
(St), the amount of labour (LFt), and the area of land used (AFt). Basically, a
unit of land is cultivated for just one period, after which it is abandoned
to fallow. Equation (4.16) represents the assumption that manufactured
goods can be bought only by selling cash crops (qC is the quantity of cash
crops produced, while PC is the exogenous relative price of cash crops
with respect to manufactured goods). Only two arguments are included in
the cash crop production function, labour (LCt) and land (ACt). Because
cash crops are perennial crops that establish their own closed nutrient
cycle, soil productivity can be assumed constant. Output is therefore
determined by the amount of time spent on maintenance and harvesting
and by the area of land (Sanchez, 1976, pp. 402-403). Equation (4.17) shows
that the amount of time consumed as leisure is by definition the house-
hold’s time endowment (L) minus the time spent on production of cash
crops and food crops: the labour market is again assumed to be missing.
Finally, equation (4.18) states that the total area of land available to the
peasant household is either cultivated (with food crops or cash crops), or
lying fallow. In this equation, At is the total area of land available to the
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peasant household at time t while Bt is the area of land lying fallow in the
same period.

Up until now, the model is fully deterministic. Uncertainty of land
rights can be introduced by letting the fallow area be vulnerable to land
claims by migrant peasants: in each period there is a chance that part of
the fallow land is invaded. However, it would not be realistic to assume
all fallow land to be vulnerable to such invasions: only fallow land in
advanced stages of recovery is liable to land take-overs by newcomers.
Simplifying matters, it is assumed that the area vulnerable to take-overs is
the area of land which has been lying fallow for more than one period.
Thus, the entire area lying fallow in a particular period is vulnerable to
land take-overs except for the area cultivated in the previous period: in
period t the land area vulnerable to hostile land claims is Bt−AFt-1. There-
fore, the total area of land available to the peasant at time t is assumed to
be given by the following equation:

Hence, it is assumed that the area of land currently available to the
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peasant household is equal to its land area in the previous period minus
the part that is taken over by competitors for land. The fraction taken
away from this area is represented by a stochastic parameter µt. It is
assumed that at the end of each period the value of µt becomes known to
the peasant so that he can calculate how much land is available to him at
the beginning of the next period. Hence, At is given and known at the
beginning of period t when the land allocation to fallow, cash crops and
food crops has to be determined (see equation 4.18).

Regarding expectation formation, farmers in developing countries
have been observed to respond reasonably prompt to changes in their
environment: for example, rotational techniques were adapted relatively
quickly to exogenous changes (Grigg, 1985; Jones and O’Neill, 1993).
Therefore, in line with Jones and O’Neill (1993) farmers are assumed to
have rational expectations about the likelihood and size of land take-overs.
This implies that farmers do not make systematic, expectational errors.
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In order to be able to solve the model, the utility function, the production
functions and the stochastic process have to be specified. The utility
function is assumed to have the following form:

The main properties of this function are that there are decreasing marginal

(4.20)U (c
Ft

,c
Mt

,c
Lt

)










c 1 τ
Ft

1 τ

c 1 τ
Mt

1 τ

c 1 τ
Lt

1 τ
0 < τ < 1

utilities with respect to the different consumption goods and that the
function is additively separable in its arguments. Therefore, this specifica-
tion has the same properties as a log-linear utility function (with equal
weights on its arguments). The reason for using the specification as
presented in (4.20) is that it substantially facilitates the solution procedure.

The production functions are assumed to be of the Cobb-Douglas
form. The cash crop production function is specified as follows:

in which θC represents constant soil productivity.
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As has already been stated, food crop production depends on fallo-
wing to restore soil fertility. Soil productivity is assumed to be positively
related to the length of the fallow cycle as measured by the current
period’s ratio of land lying fallow to the area of land under food crops.11

Hence, soil productivity is modelled as follows:

In this equation θF is exogenous (natural) productivity. Furthermore, soil
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productivity is assumed to be subject to decreasing returns to scale

11The correct way to model soil productivity is to determine the fallow length of each
parcel of land. However, mathematically this approach is extremely cumbersome. A second
best description of reality would be to let current soil productivity depend on the rotation
length in the past. Unfortunately, time interdependency increases and the model can no
longer be solved. Therefore, we have to resort to the strong simplification of letting soil
productivity depend on the current rotation period.
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(Dvořàk, 1992). Inserting this specification into a Cobb-Douglas production
function (which also includes land and labour), the following food crop
production function can be specified:

Finally, the stochastic process is modelled as follows: in each period,
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the share of land vulnerable to land take-over by migrants (µt) is expected
to have a value µ~ with probability P; µ~>0 and 0≤P≤1.

Now the decision problem of the peasant household can be solved. The
household has to allocate its land optimally to three uses, taking into
consideration that land lying fallow is vulnerable to take-overs but also
that it contributes to food crop productivity. Deriving an unconstrained
maximisation function by inserting the constraints into the objective
function (4.14) and taking the first derivatives with respect to the control
variables, the following first-order conditions can be found (see for
example Blanchard and Fischer, 1993, pp. 98-100)12:
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12For the sake of notational convenience, new parameters α, β and γ are introduced to
denote a(1-τ), b(1-τ) and c(1-τ), respectively. Furthermore, for computational simplicity it is
assumed that given the values of the other variables in the production functions, the
coefficients on labour are the same in both cash crop and food crop production as it
substantially reduces the nonlinearity of the model without affecting the general results. In
other words, c is set equal to the sum of a and b.
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The first-order conditions with respect to land allocation (4.24 and 4.25)
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reflect that current decisions are affected by the stochastic term because
current land allocation decisions influence the extent of future land
invasion. As the allocation of the household’s time endowment over its
three different uses does not have direct consequences for the future,
labour (used in either cash crop production or food crop production) and
leisure only depend on current period variables (see 4.26 and 4.27).
However, these equations must still be solved simultaneously with the
land allocation problem. Hence, the model is complicated and analytical
solutions cannot be derived.

Therefore, a numerical solution method is applied as developed by
Den Haan and Marcet (1990) and applied by Den Haan (1990). The
method is based on reiteratively approximating the nonlinear first-order
conditions by polynomials. These functions are referred to as the para-
meterisation functions; they describe the land allocation decisions using
explanatory variables such as the area of land lost and the remaining area
of land (current or lagged). In the solution method, the coefficients of the
parameterisation functions are adapted so that these functions start
replicating the optimising behaviour as represented by the model’s first-
order conditions. In essence, the approach can be summarised as follows.
First, a series of land invasions (µ) are drawn and coefficient values are
chosen for the parameterisation functions. Through simulation, the
parameterisation functions yield time paths for all variables, which are fed
into the RHS of the first-order equations (4.24-4.27) so that values for the
variables on the LHS can be calculated. Thus, new ’observations’ are
found for these variables. On the basis of a regression analysis using these
new observations, the coefficients of the parameterisation functions are
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adapted so that new time series can be calculated for the various variables
through simulations. The resulting series are fed into the RHS of the
model’s first-order conditions, so that again a new set of ’observations’ can
be calculated for the variables on the LHS, after which the parameterisa-
tion equations are re-estimated on the basis of another regression analysis.
The procedure is repeated so that the fit of the regression improves.
Eventually, when the time series produced by the parameterisation
functions start to approximate the paths derived from the first-order
conditions, the parameterisation equations’ coefficients are adapted only
slightly. The procedure stops when the sum of the absolute differences
between the coefficients found in the current and previous run is less than
a certain predetermined small value. This solution procedure is described
in more detail in appendix 4.3.

4.4.2 The results
Now the effects of land uncertainty on the allocation decisions of the
peasant household can be analysed. However, as this model is a simula-
tion model based on a stochastic process of land invasion, it is not poss-
ible to give one single solution: the results differ between runs because of
differences in the occurrence of invasions. For example, if the µ series
turns out to be such that the occurrences of land invasion are heavily
concentrated in a particular period (e.g. in the first few years of the
planning horizon) the approximation results are different than when the
occurrences of land take-over are equally distributed over the entire
planning horizon. Other factors that affect the outcomes in quantitative
terms are the choice of the parameter values of the model and the initial
endowments of time and land. However, the responses are reasonably
stable especially in terms of direction. Therefore, as an illustration, a
representative run of the simulation model is discussed.

As regards the peasant household’s response to land uncertainty, a
distinction can be made between the adaptations in the allocation of land
and time to the threat of land invasion and these adaptations when land
invasion actually occurs. Given the fact that rational expectations are
assumed, the introduction of the possibility that the household may lose
land is likely to induce it to reconsider the length of the fallow cycle and
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the choice of crops. By reducing the fallow cycle the area of potentially
invadable land is reduced, while adaptations of the choice of crops limits
the subsequent reduction in agricultural productivity. When land is
actually lost to migrant peasants, the peasant household will reconsider its
land allocation given the fact that land becomes increasingly scarce. A
representative outcome of the model’s land allocation predictions is
depicted in figure 4.1.

Figure 4.1: Land allocation over time (P=0.5 and µ~=0.2)

Parameter values: A0=100, L=100, ρ=0.9, PC=1, θC=1, θF=3, a=0.3, b=0.1, c=0.4, τ=0.5.

In this figure, in the first four periods the allocation of land is depicted
under certainty. In the fifth period, land uncertainty is introduced: the
jumps between the fourth and fifth period therefore reflect the adaptations
in land allocation the peasant household makes under the threat of poss-
ible land invasion by competitors for land; the household is confronted
with a fifty per cent chance of losing twenty per cent of its old fallow land
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in each period. After the fifth period, land invasion can actually occur: the
top line in the figure depicts the area of land still available in each period.

The differences in the peasant household’s response to the threat of
land invasion and to actual land invasion are discussed in the following
two subsections.

4.4.2.1 The peasant household’s response to the introduction of land
uncertainty

Confronting a peasant household with the possibility of losing land to
migrant peasants induces a reallocation of the land area over its different
uses, as can be seen from the jumps that occur between the fourth and
fifth period in figure 4.1. The peasant household reacts to the threat of
land take-over by reducing the area of fallow land and by increasing the
area of cultivated land. Furthermore, from the first-order conditions (4.26)
and (4.27) it can be derived that these changes in land allocation induce an
increase in the number of hours worked compared to the case under
certainty. The main adaptations are summarised in table 4.1:

Table 4.1: The initial values of land allocation and quantity of time consumed
before and after introduction of land uncertainty (P=0.5 and µ~=0.2)

Fallow land
(B)

Food crop area
(AF)

Cash crop area
(AC)

Leisure
(cL)

Certainty 54.2 19.5 26.3 40.0

Uncertainty 47.3 22.8 29.9 22.3

Parameter values: A0=100, L=100, ρ=0.9, PC=1, θC=1, θF=3, a=0.3, b=0.1, c=0.4, τ=0.5.

Thus, in line with one’s expectations, exposing the peasant household to
land uncertainty induces it to decrease the area of land lying fallow; as
cropped land is fully protected from land take-over, the peasant house-
hold decides to increase the area of land cultivated. Furthermore, as food
crops require fallowing whereas cash crops are perennial crops, the
peasant household is induced to increase cash crop production. However,
the fact that the food market is assumed to be missing, the peasant
household is not able to fully insure itself against land take-over: although
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it is willing to accept a decrease in land productivity by reducing the area
of land lying fallow, some land must always be abandoned to allow the
soil to regenerate.

Therefore, independent of whether or not the peasant household faces
a complete set of markets, the threat of land invasion induces it to increase
the area of land cultivated at the expense of the area of land lying fallow,
while the resulting decrease in soil productivity induces a shift towards
cash crop production. However, the magnitudes of the shifts are affected
by the missing markets assumption: in case of missing food markets, the
increase in land allocated to cash crops is smaller and the decrease in the
length of the fallow cycle is larger than under the assumption of a com-
plete set of markets.

The revisions with respect to land allocation also affect the peasant
household’s allocation of its labour time. The increase in the cultivated
land area implies that the peasant household spends less time as leisure
(cL) and spends more time working. As for time spent on cash crop
production, the increase in the area of land allocated to cash crops produc-
tion implies that labour productivity on these parcels is also increased,
and hence more labour is devoted to cash crop production. In terms of the
quantity of labour applied in food crop production, the model predicts
that the increase in this variable is substantial. The reasoning behind this
is the following. The fall in food crop productivity resulting from the
reduction in the fallow cycle implies that output falls and hence that
marginal utility with respect to food consumption increases. By increasing
the quantity of labour in the production function, the fall in food produc-
tion can be limited. In other words, the increase in land cultivated results
in a decrease in land productivity in food crop production, and the
peasant household therefore increases the number of hours worked in this
respect.

Therefore, the conclusion is that the threat of land invasion induces a
peasant household that is self-sufficient in food production to increase the
area of land allocated to cash crops but also to accept a strong reduction
in the length of the fallow cycle (resulting in reduced agricultural produc-
tivity in food crops production), whereas the number of hours worked is
increased.
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4.4.2.2 The peasant household’s response to actual land loss
If old fallow is actually lost to competitors for land, the peasant household
is likely to adjust its allocation decisions for its endowments of both land
and time. In the case of complete markets, land loss will induce the
peasant household to shift allocation even more towards cash crop
production (if land has not already been fully allocated in response to the
threat of land invasion). Indeed, land loss leads to increased scarcity of
land, resulting in a stronger bias against food crop production. Initially, a
small area of land lost to migrant farmers does not affect the peasant
household’s utility very much: if the initial amount of land is relatively
abundant, the peasant household can easily cope with the consequences of
land loss. However, as land invasion continues, the peasant household’s
survival may come under threat: if land becomes relatively scarce, addi-
tional losses of land will have severe consequences for the peasant house-
hold’s welfare. Thus, as land loss becomes increasingly more expensive in
terms of its effect on utility, the relative profitability of food production
vis-à-vis cash crop production increasingly declines when land invasion
takes place. Therefore, if a peasant household is assumed to be confronted
with a complete set of markets, cash crop production will gain in import-
ance at the expense of food crop production.

In case of missing food markets, this may not be the case. In figure
4.1 the peasant household’s response to actual land loss is shown from
period 5 onwards. However, the figure is not very enlightening in terms
of changes in land allocation over time. Therefore, we turn to the
regressions underlying figure 4.1 (and table 4.1). Because the first-order
conditions of the theoretical model are approximated by a regression
model (the parameterisation functions), the regression results give insight
into the behaviour of the peasant household especially over time as land
invasion occurs. The explanatory variables in these two equations are both
the (negative) changes in land area and the very size of the land area. If
old fallow is lost to migrants (dAt = At - At-1), the peasant household will
reconsider its allocation of the remaining land to the three uses. As has
already been argued, the household is also likely to respond to the actual
size of the available land area (At).

The regression results are as follows (the t-values of the coefficients
are presented in parenthesis):
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Thus, these two equations give the ratio of the area of land lying fallow to
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the area of land allocated to food production (equation 4.28) and the ratio
of land under food crops over land under cash crops (equation 4.29). On
the basis of these two regression equations, the allocation of the available
land area can be calculated, and then the allocation of time to its three
different uses can be found. The t-values show that the variables included
in the analysis are indeed able to explain the peasant household’s
response to land uncertainty as reflected by the first-order conditions.
Although the value of the coefficients and their level of significance differ
for different realisations of land invasion (i.e. different series of µt), the
coefficients presented are always significant (at least at the 10% level) and
have the same sign.

The main conclusion that can be drawn on the basis of these two
parameterisation equations is that some of the adaptations that are
observed initially (i.e., when the threat of land uncertainty was intro-
duced), continue whereas others are (at least partially) reversed. The
mechanism that continues is that if land invasion occurs, the area of land
lying fallow is decreased in order to reduce the area of land vulnerable to
land invasion in the future. However, this corrective mechanism is more
important in the first periods than in the later periods: the fall in land area
reduces the fallow area but less so in the later periods as the sign of the
coefficient of At is negative in equation (4.28): fallowing becomes increas-
ingly more important as a means to secure sufficient food production.
Furthermore, in order to keep the fall in food production limited, the
initial increase in land area under cash crops is at least partly reversed: as
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land productivity falls in response to land loss, the share of land allocated
to cash crop decreases in favour of food crop production (see also figure
4.1). Furthermore, given these developments in land allocation over time,
the first-order conditions (4.26) and (4.27) indicate that the initial increase
in the number of hours worked is (at least partially) reversed: as less land
is available, labour productivity falls and it becomes more efficient to
increase consumption of leisure.

4.4.3 Conclusions
This section presents an analysis of a utility maximising peasant house-
hold’s response to land uncertainty in the case of perfect access to all
markets and in the case that certain markets fail to exist. As the house-
hold’s response is reasonably easy to predict if it is able to trade at all
markets, the focus is on the decision-making process of a household that
is assumed not to be able to hire additional labour and, more importantly,
that is assumed to be self-sufficient in food production. In such case, the
main decision problem the household is faced with is that on the one
hand a longer fallow cycle results in increased land productivity for
annual crops (mainly food crops) whereas on the other hand a larger area
of (old) fallow results in a larger expected area of land lost to migrants.

The model shows that a distinction must be made between the
peasant household’s response to land uncertainty and its response to
actual land invasion. Faced with emerging land right insecurity, the
peasant household aims to reduce actual land loss by allocating more land
to crop production and by reducing the land area lying fallow. Because
decreasing the fallow cycle results in a decline in soil productivity of land
under food crops, the land area allocated to cash crop production
increases more than the land area allocated to food crop production.
Furthermore, the number of hours worked is increased: more labour is
applied in cash crop production because an increase in the area of land
under cash crops implies that marginal labour productivity is increased;
the fall in land productivity in food crop production is such that more
labour is dedicated to food crop production in order to limit the fall in
food crop production (and hence food consumption). Furthermore, the fact
that the labour market is assumed to be missing affects the peasant
household’s decisions: if additional labour could be hired, the increase in
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the area of land cultivated would induce an even stronger increase in
labour input in both cash crop and food crop production as the peasant
household would still be able to consume somewhat more leisure by
hiring extra labour. So far, the peasant household’s response is similar to
the situation with food markets do exist, albeit that the magnitude of the
shifts in allocation of both land and labour time to cash crop production is
reduced as compared to the case in which labour and food markets do
exist, whereas the decrease in the length of the fallow cycle and the
increase in labour input in food production are higher.

The response to actual land loss is noticeably different under the
assumption of failing markets as compared to the complete markets case.
Assuming a missing food market, the main result is that the initial shift
towards cash crop production is at least partially reversed as the fall in
food crop production must be compensated for by increasing the share of
land under food crops compared to the share of land under cash crops.
The model also predicts that the fallow cycle decreases as land invasion
occurs, but less so when the land area becomes smaller and smaller. The
reason is that fallowing land becomes increasingly more important as a
means to keep up food production. Thus, in the case of actual land loss,
the assumption of a missing food market results in an unexpected
response: the initial shift towards cash crop production is (at least partial-
ly) reversed as the importance of limiting the decline food production
becomes increasingly more important.

Therefore, the main conclusion is that the environmental conse-
quences of land uncertainty are more serious if the peasant household is
not able to supplement its own food production by buying extra food.
Faced with the possibility of land loss, the shift of production from food
production to cash crop production is reasonably small, whereas the
reduction in the size of land lying fallow is considerable. When actual
land loss occurs, additional adaptations are even more damaging in terms
of soil exhaustion: the production of cash crops is even reduced in favour
of food production.

These results are to a large extent driven by the fact that food markets are
assumed to be missing. Apart from these assumptions which are based on
the actual practice of shifting cultivation, there are several other strong
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assumptions that are needed to be able to solve the model. First, it is
assumed that land lying fallow contributes to agricultural productivity
currently rather than in the future. Of course, it would be more realistic to
let future productivity depend on current fallow. However, the investment
characteristic is maintained by letting fallow land be vulnerable to land
invasion. In general, it is not likely that a modification of this assumption
will result in an important change in results.

A second (implicit) assumption is that land under cash crops becomes
productive as soon as land is allocated to that use. In practice, many cash
crops need at least some years before they become productive; therefore,
in reality the shift to cash crops takes time. However, the model predicts
that this consideration is only important in the initial situation when the
peasant household reallocates its land from the optimal allocation under
certainty to the optimal allocation given the degree of uncertainty it is
confronted with. As land take-over occurs, the area of land under cash
crops is decreased rather than increased.

4.5 Concluding remarks
In this chapter, a general description is given of the behaviour of peasant
households involved in small-scale agriculture. Shifting cultivation is the
agricultural technique that is most often applied in rainforest areas. The
reason is that soil productivity drops substantially over the cultivation
period: although productivity can be high in the first year of cultivation,
the soil becomes exhausted fairly quickly as the fertile topsoil is usually
shallow. Because shifting cultivators very often do not have easy access to
inputs such as fertilisers, fallowing is very important as a means of
restoring soil fertility.

One of the main characteristics of the setting in which peasant
households take their decisions is that peasant households do not gen-
erally trade on all markets: missing markets are a widespread phenom-
enon. The relevance of taking into account that peasant households may
not be trading at all markets is analysed with respect to two phenomena.
First, the effects of output price changes on the soil depth are addressed.
In general, a price increase is likely to stimulate investments in soil
conservation as the marginal productivity of labour-intensive soil regener-
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ation will be increased. However, if the peasant household is not able to
hire additional labour, the effect of increasing the price of agricultural
products may be perverse: the income effect may be such that more
leisure will be consumed, resulting in reduced investments in soil conser-
vation. Second, the effects of uncertain land rights on the behaviour of
peasant households are analysed. In the literature, land uncertainty is
widely recognised as one of the major causes of unsustainable land use:
the threat of losing land to others induces peasant households to increase
the area cropped at the expense of the size of the fallow land. The reason
for this is that land claims on cultivated land are easier to defend than
those on fallow land. Thus, the intensity of land use is increased, which
may result in soil depletion and possibly in deforestation. However, not
all crops are dependent on fallow cycles in order to maintain agricultural
productivity: cash crops are very often perennial crops that establish their
own nutrient cycle. Therefore, the response of a peasant household that is
able to buy food at the regional markets, is to increase the area of land
dedicated to cash crop production at the expense of land used in food
crop production (either cultivated or fallow). However, if the peasant
household does not have access to food markets, it has to produce its own
food. The model based on this assumption shows that the threat of land
invasion induces the peasant household to increase cash crop production,
but that food crops are still produced. Therefore, the peasant household is
not able to fully protect itself against land invasion as food crop produc-
tion requires a fallow period. The consequence is that land use intensity
increases substantially: the area under food crops is increased at the
expense of the size of the fallow area; the household is willing to accept a
strong reduction in agricultural productivity in order to reduce the size of
the area vulnerable to land invasion. The situation is even worsened when
the peasant household’s response to actual land loss is analysed. Rather
than increasing the area of land under cash crops, the initial shift in
allocation is reversed: land allocated to cash crop is returned to food crop
production, in which the fallow cycle is much shorter than would be the
case in the absence of land uncertainty.

The analysis of the effects on the environmental and economic environ-
ment in rainforest areas on the behaviour of shifting cultivators reveals
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that the increases in prices of agricultural output and in land uncertainty
may result in enhanced soil depletion, as compared to the case in which
households are able to trade on all markets. In terms of the price response
of peasant households confronted with missing markets, an increase in the
prices of its agricultural outputs may or may not result in enhanced soil
conservation whereas under the assumption of a complete set of markets
the response is unambiguously positive. This suggests either that pricing
polices should be introduced with care or that the peasant households’
access to markets should be improved. In terms of the negative environ-
mental consequences of land uncertainty, missing markets (especially if
the food market is missing) are found to induce only a small shift towards
the production of perennial crops (which do not result in soil depletion)
whereas actual land loss even reverses the shift. This implies that increas-
ing tenure security should be even higher on the agenda of policy
measures to combat deforestation, at least if the access to markets cannot
be improved.
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Appendix 4.1: Comparative statics analysis in the case of a complete set
of markets

In case in which the peasant household has access to all markets, the
system of equations describing equilibrium can be represented as fol-
lows13:

To derive the impact of a change in price P on the equilibrium soil depth,
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Cramer’s rule is applied (see for example Chiang, 1984, pp. 107-110). This
means that the determinant of the system (A4.1) must be determined:

Because all first derivatives are positive whereas all second derivatives are
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negative, the determinant DC is strictly negative.
Furthermore, it must be established whether the equilibrium is stable.

Stability can be determined by analysing the dynamic system consisting of
the differential equations of the state and control variables (Hanley et al.,

13Note that all cross second derivatives are set equal to zero. That is, UGL=ULG=0 and
qRS=qSR=0. Although this assumption is not unusual for the utility function (the function is
then said to be additionally separable), it is not common for production functions. We have
applied the assumption for expositional reasons, as it facilitates the mathematics without
changing the results qualitatively.
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1997, pp. 193-196). Stability is indicated by the eigenvalues of this (lineari-
sed) system’s Jacobian (i.e. the matrix of partial derivatives), evaluated in
the steady state solution. Given the fact that there are four control vari-
ables and one state variable, a fifth degree polynomial must be solved.
Because it is not possible to derive an analytical solution, the problem of
determining the stability of the steady state will be ignored for the
moment; in chapter 6 this problem will be readdressed.
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Appendix 4.2: Comparative statics analysis in the case of a missing
labour market

Equilibrium in the case in which a labour market does not exist, is
described by the following system:

The determinant of this system is:
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The determinant of this system is strictly positive as all first derivatives
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Appendix 4.3: The parameterisation procedure
Due to the nonlinearity, time interdependency and uncertainty in the
model, land allocation and allocation of time cannot be solved analytically.
Therefore, the model results are approximated by parameterising the first-
order conditions with a polynomial that contains known variables at time
t that are expected to affect the peasant household’s decision-making
process concerning the allocation of land at time t. The procedure used
has been developed by Den Haan and Marcet (1990).

In this application, not the actual land areas allocated to each type of
land use are parameterised but the land ratios Bt /AFt and AFt /ACt. The
reason for this is simply that it facilitates convergence of the parameterisa-
tion functions to the first-order equations. These equations are parame-
terised as follows:

In the parameterisation equations, Di is the lag operator of the juxtaposed
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variable, i indicating the number of lags used; dAt is the change in land
area between periods t and t-1; δ and φ represent the parameter vectors
and the e-terms are the error terms of the regression equations. The
elements of δ and φ are denoted by δj, j=1,2,...,m and φk, k=1,2,...,n where m
and n are the numbers of explanatory variables in the functions ξ and ψ.
The successive steps of the parameterisation procedure are as follows.
1. A series is drawn for the stochastic µ-term. As has been explained in

section 4.4.1, µt is determined as follows: parameter µt is unequal to
zero with a certain probability (P) whereas the magnitude of the
jump equals µ~ .

2. Initial values are chosen for land and time allocation (AF0, AC0, B0, LF0,
LC0, cL0) and for the parameterisation functions’ coefficient vectors (δ0

and φ0).
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3. Given the values of the parameter vectors δ and φ, the quantity of
land available (At), the quantity of time available (L) and the µ series,
land allocation and time allocation series are calculated by using the
parameterisation functions.

4. The series generated in step 3 are used to generate series with the
model’s first-order conditions for land allocation (4.24) and (4.25). The
series from the parameterisation functions are used for the expected
variables on the RHS of the first-order conditions; thus the model
values of AF, AC, B, LF, LC, and cL can be calculated in each period.

5. The series generated by the first-order conditions are in turn used in
a regression to find new coefficient values for the parameterisation
functions (δ̂ and φ̂). If the sum of the absolute differences between the
vector elements δ and φ and the estimated coefficients (δ̂ and φ̂) in an
iteration is less than a certain (very small) value (implying that the
parameter vectors have almost fully converged), the procedure is
ended. Otherwise the procedure continues with step 6.

6. New parameter vectors for the parameterisation functions are calcu-
lated by choosing values between the old values and the newly
estimated values:

where δj and φj are the jth element of the parameter vectors δ and φ, δ̂i
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and φ̂i are the estimated parameter vectors from the regression of
iteration i, and λ is the adaptation parameter. Then the procedure
returns to step 3.

Note that the labour/leisure allocation is not parameterised: as there is
neither uncertainty nor time interdependency, the optimal allocation of the
time endowment can be calculated given the land allocation in each
period. Once land allocation has been determined by the parameterisation
functions, the values for LF, LC , and cL follow automatically given the level
of L via the first-order conditions (4.24) and (4.25).
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Various specifications of the parameterisation functions have been tested.
For example, the level of the total land area, the percentage change in land
area, and the realisations of the jump variable (µ) have all been used as
explanatory variables, taking both current and lagged values. In general,
the resulting reaction paths are comparable. Therefore, we have chosen the
specification using percentage changes in total land area, both current and
lagged. Furthermore, several functional forms of the parameterisation
functions ξ and ψ have been tested; the exponential form turned out to
have the best fit. The explicit specifications of the parameterisation func-
tions (A4.5) and (A4.6) are as follows:
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Chapter 5

Forestry and Tropical Deforestation

5.1 Introduction
As has already been stated in chapter 2, timber harvesting is not the main
direct cause of the loss of tropical forests: its contribution to actual defor-
estation is usually estimated to be less than 10%. However, in many
tropical countries the forestry sector does play a crucial indirect role in the
process of ecological impoverishment of rainforests as its activities result
in forest degradation and induce subsequent deforestation by other actors
in the process.

Both the direct and indirect damage inflicted by the forestry sector
are addressed in more detail in this chapter. After discussing the practice
of timber harvesting in rainforests in section 5.2, an assessment is given of
the environmental damage resulting from timber harvesting in section 5.3.
This section emphasises the distinction between the direct and indirect
impact of forestry. Regarding the direct ecological impact of forestry
activities, attention is paid to why the damage inflicted is very often
disproportionally high compared to the quantity of timber extracted. As
for indirect damage, the catalyst role of the forestry sector in the deforest-
ation process has received ample attention in the literature in the sense
that the question why shifting cultivators are dependent on the forestry
sector in getting access to closed forest regions, has been widely
addressed. However, the forestry sector’s decision-making process is also
likely to be influenced by the fact that logging activities are often followed
by agricultural conversion. Therefore, in section 5.4 the forestry sector’s
decision-making process is modelled, taking induced agricultural conver-
sion explicitly into account. Finally, conclusions are drawn in section 5.5.
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5.2 The practice of logging in rainforests
The forestry technique most often applied in rainforests is selective
logging, whereby only a few trees are removed per hectare (Amelung and
Diehl, 1992, p. 37; Grainger, 1993, pp. 46 and 69; Lamprecht, 1992, p. 214).
In general, from a hectare of primary forests endowed with on average
280 m3 of timber, only about 8 to 33 m3 are extracted per harvest if
selective logging is applied (FAO, 1993, p. 52; Rietbergen, 1989, p. 47;
Thiele and Wiebelt, 1993). As for the number of trees taken per hectare,
Grainger (1993, p. 69) reports that between two and ten trees are extracted
out of a total of more than 350 trees, whereas according to Grut (1990, p.
59) the number of trees felled usually lies between one and three. Obvi-
ously, within the tropical belt there are strong regional differences in
logging intensity. In Africa and Latin America logging is highly selective,
whereas timber harvesting in Asia is generally more intensive: at the latter
continent the logging intensity can be such that 40% of the trees is logged
and extracted, and sometimes even clearfelling is applied (Amelung and
Diehl, 1992, pp. 118-119; Grainger, 1993, p. 81; Rice et al., 1997; Rietbergen,
1989, p. 47).

There are two main factors to determine the intensity with which
logging takes place. The first factor is the share of marketable species per
hectare: if there are only relatively few species that can be marketed,
logging intensity will be low. Generally, in Africa and Latin America
demand is very species-specific so that the number of marketable trees per
hectare is quite small; in Asia there is demand for a wide variety of
species, and hence in some instances even eighty or ninety trees are
extracted per hectare (Grainger, 1993, p. 81; Myers, 1980, p. 40; Rice et al.,
1997). Transportation costs are the second important factor determining
logging intensity. These costs depend crucially on the mode of transport:
the costs of road transport can be up to six times higher than the costs of
river transport (Grainger, 1993, p. 84). Therefore, harvesting is generally
much more intensive in logging concessions that are close to the urban
areas and ports or that are accessible by rivers that can be used for log
transport, than in remote areas that are accessible only by roads; in the
latter areas only those trees with the highest value are worth transporting
(Grainger, 1993, p. 84; Jepma, 1995, p. 50; Rietbergen, 1989, pp. 46-47).
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Commercial logging in the tropics typically involves a contract between
the government as the owner of the resource and a private firm (Amelung
and Diehl, 1992, p. 44; Grainger, 1993, p. 82). The firm is granted the right
to harvest in a certain parcel of forest land for a specific period of time, a
’concession’. In principle, the concessionaire has the exclusive right to use
the resource during the concession period. Concession periods are gen-
erally very short: almost all concessions are awarded for periods up to 25
years but many have a duration of less than 10 years (Amelung and Diehl,
1992, p. 46; Grainger, 1993, p. 83; Panayotou and Ashton, 1992, p. 206).
Given the fact that a sustained-yield rotation length is usually about 30-40
years1, sustainable management would require each parcel to be logged
just once per concession period (Grainger, 1993, p. 70; Rietbergen, 1989, p.
54). In practice, however, forests are often logged several times during the
concession period.

Usually, concession contracts contain regulations such as minimum
cutting requirements (in terms of stem diameters), maximum number of
trees to be harvested in the concession, and minimum time intervals
between harvests (Amelung and Diehl, 1992, p. 45; Grainger, 1993, p. 82).
Since recently, concession contracts also include additional requirements
as minimum degrees of local processing to attain local employment
objectives, etcetera (Amelung and Diehl, 1992, p. 46; Repetto and Gillis,
1988; Rietbergen, 1989, p. 53). However, monitoring of these regulations
by governmental forestry departments is notoriously weak: in most
tropical forest countries the forestry departments are understaffed and
underequipped especially with respect to transport (Repetto and Gillis,
1988).

5.3 The environmental consequences of timber harvesting
In discussing the environmental damage caused by logging activities, two
main distinctions should be made. First, damage can be evaluated in terms
of biomass and in terms of biodiversity, i.e. the impact of logging activities
on either the quantity or the quality of the vegetation. Second, a distinc-

1Panayotou and Ashton (1992, p. 25) even state that it takes at least 40 years before the
same species can be logged again.
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tion should be made between direct and indirect damage: not only the
damage that results directly from logging is important, but also the
induced destruction should be discussed. This section first analyses the
direct environmental damage, paying attention to both biomass and
biodiversity, and then discusses the indirect damage.

5.3.1 The direct damage resulting from timber harvesting
Due to the fact that logging is very often highly selective and due to the
strong regenerative capacity of the forests, timber harvesting generally
does not inflict permanent damage upon the forests in terms of biomass
(Amelung and Diehl, 1992, pp. 118; Barbier et al., 1992a, p. iii; Grainger,
1993, p. 70; Lamprecht, 1992, p. 214; Myers, 1994, pp. 32-33). In the felling
process, biomass reduction consists of the trees extracted plus the vegeta-
tion damaged beyond recovery. During felling many trees are damaged,
including both non-marketable and commercially valuable species. Often
about 50% of the standing stock is damaged (Burgess, 1993, p. 140;
Grainger, 1993, p. 84; Myers, 1980, p. 40). Whitmore (1990) states that for
every tree logged, generally one is damaged beyond recovery and another
is damaged but will survive. One of the main causes for this disproportio-
nally high share of damage is that trees are linked by lianas and vines
(Myers, 1980, p. 40; Panayotou and Ashton, 1992, p. 163). However, in
most cases the forests are able to regenerate so that hardly any actual
deforestation occurs. As has been described in chapter 1, biomass regener-
ation is very fast: young trees are ’waiting’ for extra light to trigger the
growth process, and hence biomass reduction is reversed fairly quickly.

The most damaging aspect of the timber harvesting process is the
construction of roads: damage could be limited to clearing 10-14% per
hectare, but it may be as much as 50% (Grainger, 1993, p. 84-85; Myers,
1980, p. 40). Subsequent soil compaction and erosion can hamper forest
regeneration severely so that permanent deforestation may result (Pana-
yotou and Ashton, 1992, p. 9). However, this is most likely to occur for
roads that are used frequently, such as the main roads. In general, the
skidding tracks and feeder roads usually revert to forests after they have
been abandoned (Rietbergen, 1989, p. 56).

Hence, it can be stated that, in general, selective logging does not
cause much permanent deforestation and that most reductions in biomass
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are reversed quite quickly. However, damage inflicted upon forests
increases substantially if the area is logged over again too soon, that is if
forest regeneration has not taken place sufficiently (Panayotou and
Ashton, 1992, p. 54). The reason is that after the trees have been removed,
their seeds sprout. If logging damage is again inflicted before the seed-
lings have grown and have become fertile themselves, the young trees are
killed while the stock of seeds on the forest floor has already been
depleted. Hence, restoration of the forest ecosystem both in quantity and
in quality can be reduced substantially if the rotation length is shortened
too much.

In terms of disruption of the ecosystem and loss of biodiversity, the role
of the forestry sector is much more important. Logging activities result in
forest degradation: the forest structure is temporarily changed and the
species composition is affected (Grainger, 1993, p. 46). Although natural
regeneration is generally sufficient in terms of biomass, regeneration of
commercial tree species is not always guaranteed (Grainger, 1993, p. 39;
Panayotou and Ashton, 1992, pp. 53 and 166). Damage in terms of forest
quality rises disproportionally with increases in the share of destroyed
canopy: if the canopy is reduced only slightly, regeneration occurs quickly
whereas if more than 50% of the canopy is destroyed, the negative impact
remains present much longer (Rice et al., 1997; Terborgh, 1992, pp. 219-
221). As a (large) gap occurs in the canopy, pioneer tree species are the
first to establish themselves. They are very fast-growing and usually short-
lived (some 15 to 40 years). From a commercial perspective, these trees are
not very valuable: their timber is very soft. When the canopy closes up
again, climax species are still able to grow. The light hardwood type
benefits from small to moderate gaps and grows reasonably fast, while the
heavy hardwood type develops when the canopy gap has closed up again.
The latter type grows slowly and is very long-lived, producing the highest
quality timber (Panayotou and Ashton, 1992, pp. 41-43).

Therefore, (selective) logging activities in rainforests do inflict dam-
age upon the forests in the sense that they are impoverished in terms of
species composition. Although these changes may not be permanent as
most changes will probably be reversed over time (if logging is not too
intensive and if the rotation period is long enough so that forests can
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regenerate), the ecosystem may remain impoverished for a very long time
(Grainger, 1993, p. 46; Lugo et al., 1993, p. 107; Rietbergen, 1989, pp. 40-
41).

5.3.2 The indirect damage resulting from timber harvesting
Although direct environmental damage is generally fairly limited (at least
in terms of biomass), in practice forestry activities are often the first step
in the process of deforestation: the forestry sector induces changes in land
use mainly by making agricultural activities in rainforest areas more
attractive to peasant households. There are two reasons for this.

First, the presence of a road network increases the attractiveness of
the rainforests to shifting cultivators. The forestry sector builds roads in
order to be able to transport the logs to the mills and ports. The presence
of a road network increases the attractiveness of undertaking agricultural
activities in the forests because it improves the accessibility of the forests,
thus facilitating travelling. Furthermore, the road network also enables
peasant households to transport agricultural surpluses to the markets, thus
increasing potential rents (Amelung and Diehl, 1992, p. 38; Barbier et al.,
1992a, p. 19; Chomitz and Gray, 1996; Grut, 1990; Grut et al., 1991; Horta,
1991; Lamprecht, 1992, p. 214; Panayotou and Ashton, 1992, p. 39; Rudel
and Roper, 1997; Southgate et al., 1991).

Second, encroachment on logged-over concession areas is attractive
because of lower land clearing costs: the forestry sector has already
removed some of the larger trees while the resulting debris facilitates
burning (see Panayotou and Sungsuwan, 1994, p. 198).

Indeed, many observations suggest that if forestry activities are not a
necessary condition for deforestation caused by shifting cultivators, they
are at least a catalyst in the deforestation process. Worldwide, over 70% of
the primary forest areas brought under exploitation is first degraded by
the commercial logging sector (Amelung and Diehl, 1992, p. 120). How-
ever, in many countries this percentage is even higher; sometimes it is
even close to 100%. This statement is supported by Barbier (1994, p. 67),
who has found that in six West African countries, about half of the forest
area that has been logged is subsequently deforested, whereas hardly any
deforestation takes place in untouched areas. Furthermore, according to
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FAO (cited in Sun, 1995), deforestation rates due to agricultural conversion
are eight times higher in logged-over forests than in undisturbed forests.

5.4 The impact of encroachment on logging decisions2

The role of logging in increasing the attractiveness of undertaking agricul-
ture in rainforest areas, has been elaborately addressed in the literature
(albeit in qualitative terms mainly). However, the (threat of) agricultural
conversion of logged-over land is also likely to affect the decision-making
process of the forestry sector. This section attempts to analyse the conse-
quences of encroachment on logging in both primary and secondary
forests. In order to do so, a model of the forestry sector’s decision-making
process is presented in section 5.4.1 which takes the effects of encroach-
ment into account. In section 5.4.2, the model is solved numerically to
illustrate the relationship between encroachment and harvesting in
primary and secondary forests.

5.4.1 The model
In order to highlight the effect of encroachment on logging activities in
primary and secondary forests, a model is built to describe the decision-
making process of an individual logging firm. The focus will be on the
optimal depletion times of the primary forest (T1) and of the secondary
forest (T2), since extending the depletion period is considered to be
beneficial because society can enjoy the stock and flow services provided
by the forest for a longer time. Likewise, reducing the optimal depletion
periods corresponds with a less desirable situation.

In this model, a representative logger is assumed to pursue profit
maximisation by choosing optimal harvesting rates in both the primary
and secondary forests in his concession area while taking agricultural
encroachment into account. The logger’s objective is to maximise the net

2This section is based on Bulte, E.H. and D.P. van Soest (1996a), "Tropical Deforestation,
Timber Concessions and Slash-and-Burn Agriculture: Why Encroachment may Promote
Conservation of Primary Forests", Journal of Forest Economics, 2(1), pp. 55-66; see also Bulte,
E.H. and D.P. van Soest (1996b), "A Note on High Discount Rates and Depletion of Primary
Forests", Journal of Agricultural and Resource Economics, 21(2), pp. 341-350.
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present value of timber harvesting (Π) in both primary and secondary
forests:

where Pi, i = 1,2 indicates the net price3 of wood from primary and
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secondary forests respectively in period t, and qi(t) represents the quantity
harvested in forest type i in that period. In the model, harvesting of
primary forests is expressed in hectares while harvesting in secondary
forests is measured in units of biomass. The reason for this is that the
habitat function (i.e. conservation of biodiversity) is predominantly
associated with the area of primary forest, whereas the other rainforest
functions are more closely related to the quantity of biomass and hence
secondary forests are measured in units of biomass; furthermore, incorpor-
ating the growth potential of secondary forests also makes it more logical
to represent this stock in terms of biomass. Apart from the fact that P1 is a
price per hectare and P2 is a price per unit of biomass, prices for wood
from primary and secondary forests may also differ due to, for instance,
differences in species composition (Grainger, 1993, p. 82). The timber
markets are assumed to be characterised by perfect competition: although
the sector faces a downward-sloping demand function, prices are given to
the individual logger. The discount rate r is assumed constant.

The equations of motion of the model are explained next. With
respect to harvesting in primary forest (in which net growth is negligible),
the model is an extension of the standard mining model (Dasgupta and
Heal, 1979, pp. 153-167; Hotelling, 1931). In line with actual practice, all
harvesting is assumed to take the form of selective logging. Furthermore,
forestry is always assumed to be the first type of activity to be carried out
in primary forests. In other words, encroachment does not take place in
primary forest areas; previous logging is assumed to be a necessary

3By stating that prices are net prices, it is implicitly assumed that there are no fixed costs
associated with harvesting.
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condition for agricultural conversion.4 Thus, the equation of motion of the
stock of primary forest is simply:

where F1(t) is the stock of primary forest in period t, measured in hectares,

(5.2)Ḟ
1
(t) q

1
(t)

and q1(t) is the area of primary forest logged selectively in period t, also
measured in hectares.

In the specification of the equation of motion describing the changes
in quantity of biomass present in secondary forests over time, a translation
must be made from the area of primary forests to the quantity of biomass
in secondary forests. Assuming that the harvested quantity in the first
round of logging is constant per hectare (either by law or by custom), the
quantity of biomass on a hectare that has just been logged over is found
by multiplying the area harvested in primary forests by a factor ϕ.5

Furthermore, to incorporate encroachment, agricultural conversion is
represented as a destructive process beyond the control of the forestry
sector that depends on the size of the forest area opened up by the
forestry sector (i.e., the size of the secondary forests). Finally, secondary
forest biomass increases because of natural growth. The second equation
of motion of the model then is:

In this equation, F2(t) is the stock of secondary forest measured in biomass
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units still present in period t. Depleting the stock of primary forest implies
accumulating a stock of secondary forest biomass as is evident from the
first term on the right hand side of (5.3). Next, q2(t) is the quantity of
biomass harvested in the secondary forest per unit of time and ρ is the

4This assumption is perhaps somewhat heroic, but it facilitates the formal analysis.
Modelling encroachment differently does not affect the results in qualitative terms, at least if
we assume that there is a difference in the speed at which shifting cultivators encroach upon
primary and secondary concession lands.

5The constant is derived as follows. Assuming that the biomass per hectare of undis-
turbed forests equals ψ1 units and assuming that the quantity extracted in the first round of
logging is restricted to ψ2 units, ϕ is given by (ψ1-ψ2).
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(constant) growth rate of secondary forest biomass.6 The last term on the
RHS of (5.3) represents the amount of secondary forest biomass lost due to
illegal agricultural conversion (S). This encroachment damage is modelled
as follows:

Thus, shifting cultivators are assumed to destroy a share β of the stock of

(5.4)S (t) βF
2
(t)

biomass present in secondary forest in every period, with β < 1. Obvious-
ly, it is not very realistic to assume that agricultural damage has a linear
relationship with the size of the secondary forests. However, the qualitat-
ive results of the model do not change when this assumption is replaced
by a nonlinear relationship, as long as S is a positive function of F2. As the
assumption of a linear relationship facilitates the mathematics consider-
ably, specification (5.4) is chosen.

The model can be solved by maximising the current-value Hamiltonian of
the decision problem:

In the Hamiltonian λ(t) and µ(t) are the costate variables that reflect the
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logger’s marginal valuation of F1 and F2 respectively; in other words, they
are the current-value shadow prices of the associated state variables.
Invoking Pontryagin’s maximum principle and assuming an interior
solution, the following first-order conditions can be derived:

(5.6)P
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6The assumption of a fixed growth rate is made in order to be able to solve the model.
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The interpretation of (5.6) is that the marginal benefits of harvesting a unit

(5.8)λ̇(t) rλ(t)

(5.9)µ̇ (t) (r ρ β )µ(t)

of primary forest, measured as the sum of direct revenues and its value as
a secondary forest, are equal to the marginal costs of current harvesting in
terms of the future benefits forgone (i.e., its shadow price λ). Similarly,
equation (5.7) states that marginal timber benefits from secondary forest
should equal its shadow price (µ).

Equations (5.8) and (5.9) are nonarbitrage conditions. Equation (5.8) is
simply the Hotelling rule: it is an intertemporal condition dictating that,
for an optimal solution, no gain in profits can be achieved by reallocating
harvesting in primary forests from one period to another. As primary
forests do not grow, the problem is a simple mining problem: the rate of
extraction in each period should be such that the present value of a unit
extracted is equal in each period, and hence the current-value shadow
price should increase at discount rate r (Hotelling, 1931). However, in the
case of harvesting in secondary forests (equation 5.9), changes in the stock
over time should be taken into account: by postponing extraction by one
period, the stock will have grown at rate ρ, but a share β will have
disappeared as a result of encroachment. In order to be indifferent to
harvesting biomass in secondary forests now or in the future, the ’net rate
of return’ should be used: as secondary forests regenerate at rate ρ but are
also reduced by encroachment at rate β, the decision maker is only
indifferent to harvesting an extra unit of secondary biomass now or in the
future if the shadow price increases at r-ρ+β. Hence, equation (5.9) is an
extension of the Hotelling rule.7

Regarding the demand function for each type of timber, the forestry
sector is assumed to face linearly downward-sloping inverse demand
functions, i.e. Pi(t) = Pi - θi qi(t), i = 1,2, where Pi is the backstop price for
wood extracted from forest type i. Basically, it is assumed that there is a

7Note that it is crucial that r-ρ+β exceeds zero. If not, the net rate of return on conserving
timber in situ (ρ-β) would be higher than the rate of return on financial assets (r) so that
postponement of harvesting is always beneficial.
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substitute for each type of timber. Therefore, the backstop prices reflect
the maximum price that can be obtained for each timber type; further
price increases would result in complete substitution of timber by alterna-
tives materials such as aluminium, temperate timber or plastics (Pearce
and Turner, 1990, p. 275). Given the fact that the shadow prices of primary
and secondary forests should increase over time (equations 5.8 and 5.9)
and given the connection between shadow prices and timber prices
(equations 5.6 and 5.7), harvested quantities must fall as depletion is near.
Therefore, harvesting goes to zero and the timber prices approach their
backstop levels. This implies that the backstop prices will be reached at t =
Ti because by definition at time Ti, forest type Fi must be depleted and
subsequently qi(Ti) will equal zero (Hanley et al., 1997, pp. 229-230).8

After substituting (5.6) and (5.7) in (5.8) and (5.9) and solving the
differential equations, the following equations can be found:

Furthermore, by integrating (5.2) and (5.3) and evaluating the resulting
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equations at T1 and T2 respectively, two constraints can be derived:
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8More generally, given the fact that the maximisation problem has a fixed terminal state
(i.e., the concession area should be depleted) while the terminal time is free, the transversality
condition is that the present-value Hamiltonian should have value zero at the terminal time. If
the depletion time T is optimal, the marginal benefits of increasing T should be equal to its
marginal costs. The marginal benefits of postponing depletion by one period are the
additional profits that can be earned over this period. This postponement is costly in the
sense that, given a fixed initial stock, extraction should be decreased somewhat in each
period up to T. Equating these marginal benefits and costs of postponing depletion can be
shown to boil down to the transversality condition that the present-value Hamiltonian should
be zero at time T (Chiang, 1992, pp. 177-182 and pp. 225-226; Hanley et al., 1997, pp. 186-188;
Léonard and Long, 1992, pp. 240-244).
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As primary forests do not grow whereas human activity turns them into
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secondary forests, equation (5.12) states that the total area harvested over
the depletion period should equal the initial area of primary forests.
Equation (5.13) is based on the assumption that initially the logger only
possesses primary forests; F2(0) equals zero. In each period, biomass in
secondary forests increases because primary forests are degraded into
secondary forests (ϕq1) and decreases because of timber extraction (q2). The
exponential terms describe the biomass changes in secondary forests
resulting from growth and agricultural conversion. The optimal depletion
times (T1 and T2) can now be derived by substituting the linear inverse
demand functions in (5.10) and (5.11) and solving for qi(t) (see appendix
5.1).

5.4.2 The results
The model is complicated, and solving it analytically in order to illustrate
the relation between Ti and β proves to be extremely cumbersome. There-
fore, the model is solved numerically by choosing parameter values. The
results are presented in figure 5.1, in which the relationship between the
rate of encroachment and the length of the depletion periods for both
primary and secondary forests are depicted. The following observations
can be made. First, high discount rates (r) correspond with enhanced
depletion of both primary and secondary forests. As can be seen in figure
5.1, optimal depletion periods for a high discount rate are always smaller
than for a lower discount rate (i.e., the Ti curves for r = 12.5% are located
below the Ti curves for r = 10%).

More important, however, is the trade-off between conservation of
primary and secondary forests as encroachment increases: the higher β,
the higher T1 and the lower T2: the T1 path is an upward sloping function
of β whereas the T2 path is downward sloping. The interpretation is that
concessionaires want to avoid losing part of their stock to shifting cultiva-
tors. Encroachment can thus be considered as a kind of property tax on
’owning’ logged-over forest areas. Cutting back on encroachment losses
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can be achieved in two ways. First, the area lost to encroachment in each
period can be limited by reducing the ’supply’ of secondary forest by
harvesting less primary forest. Encroachment effectively acts as a ’natural
brake’ on the rate of harvesting in primary forests: supply is postponed
such that encroachment damage is discounted (hence, ∂T1/∂β > 0). Second,
by intensified logging in secondary forest areas the forestry sector reduces
the quantity of secondary timber species burnt by shifting cultivators.
Indeed, taking the first derivatives of the initially logged area in primary
forests and the initially extracted quantity of biomass from secondary
forests with respect to the encroachment parameter (see equations A5.1
and A5.2 in appendix 5.1), it is found that the initial logging effort in
primary forests decreases with increased encroachment, whereas the
logging effort in secondary forests increases.

Figure 5.1: Optimal depletion times of primary and secondary forests (T1 and T2)
as a function of encroachment (β), for two different discount rates
(r=10% and r=12.5%)

Parameter values: F1(0) = 400, P1 = 40, ϕ = 2, P2 = 20, ρ = 0.05, θ1 = 0.3, θ2 = 0.15.
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Thus, the effects are twofold. First, during the depletion period of the
primary forest the remaining area of this forest type will be larger if the
threat of encroachment exists than if it is absent. During this period
amenity values will be higher and biodiversity greater than when logging
would not be constrained in order to limit encroachment damage. The
second effect is that the quality and quantity of secondary forest areas will
deteriorate when more shifting cultivators move to the area. The shifting
cultivators themselves will cause more direct damage and in addition the
forestry sector will respond by increased harvesting. This may cause a
change in species composition and will reduce biomass per hectare.

5.4.3 Conclusions
Encroachment by shifting cultivators on tropical forest concessions is
generally considered a primary cause of deforestation. In the literature
drastic measures have been proposed to reduce the number of people
migrating to the forests to carry out agricultural activities. In this section,
attention is drawn to the consequences of preventing (or at least limiting)
agricultural encroachment in rainforest areas in terms of the conservation
of primary and secondary forests.

The main conclusion is that under the assumption that agricultural
conversion is confined to accessible logged-over forest areas, illegal
encroachment on concession areas induces the forestry sector to reduce the
rate at which primary forests are opened up while increasing logging
intensity in the secondary forests. This suggests that policy measures
aimed at reducing agricultural activity in the rainforest area may have
adverse consequences in terms of primary forest conservation: if the threat
of encroachment declines, the forestry sector’s costs of opening-up pri-
mary forests are lowered and hence logging activity in primary forests is
likely to speed up. This implies that policy measures aimed at combatting
actual deforestation may have adverse consequences in terms of forest
degradation. Therefore, forest conservation policy packages should not only
include measures to reduce the number of small-scale peasant households
undertaking agricultural activities in rainforest areas but should also
contain additional measures aimed at the forestry sector to protect biodi-
versity in primary forests.



156 Chapter 5

Obviously, the conclusions of this section depend crucially on the
assumption that forestry firms consider a second round of logging. If
loggers do not consider successive rounds of logging, for instance because
concession rights are defined for a short period, the ’natural brake effect’
will be negligible.

5.5 Concluding remarks
The main direct impact of forestry activities in the tropics on the rainforest
ecosystem is impoverishment of biodiversity while its main indirect
impact is that it can induce subsequent conversion to agricultural land.
The extent of forest degradation caused by the logging sector can be
limited by modification of forestry laws and by strengthening the super-
vising government bodies. For example, the profitability of investments in
sustainable logging can be enhanced by increasing the concession period,
the tax structure could be adapted so that incentives are given that
promote sustainability, etcetera. However, it is inevitable that at least
some damage is inflicted on the forest stand, and hence logging in pri-
mary forest areas will always result in at least some loss of biodiversity.

The necessity to improve the sustainability of forestry activities
becomes even more important if policy measures are implemented aimed
at reducing agricultural conversion in the rainforests. Exploring the
consequences of the fact that agricultural conversion takes place predomi-
nantly on logged-over forest land, we find that the threat of encroachment
reduces the rate of logging in primary forests. Therefore, if policy
measures are implemented to reduce encroachment without paying
attention to the forestry sector’s response, conservation of secondary
forests is likely to be improved at the expense of an increased rate of
primary forest degradation. Given the importance of biodiversity conser-
vation for mankind, this latter result is undesirable: the lower the rate at
which primary forests are logged, the better. Therefore, policies aimed at
reducing agricultural activity in rainforest areas should be accompanied
by measures to limit the adverse effects of timber harvesting on species
diversity.
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Appendix 5.1: Solution of the model
From the first-order conditions combined with the demand functions for
each type of timber, the optimal extraction paths q1(t) and q2(t) can be
determined:

The two equations that simultaneously determine T1 and T2 are derived by
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solving equations (5.12) and (5.13), using the optimal extraction paths
(A5.1) and (A5.2). Solving (5.12) yields:

Furthermore, solving (5.13) yields:
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depletion times of primary and secondary forests are determined.



Chapter 6

Trade Measures to
Combat Tropical Deforestation

6.1 Introduction
In the previous two chapters, several issues related to the individual
rainforest exploiters’ behaviour have been discussed. The models devel-
oped in these chapters reflect the main reasons for unsustainable land use:
none of the positive externalities of rainforest conservation were included
in the decision-making processes of the individual exploiters, and also
uncertainty of property rights was found to result in increased intensity of
land use. If governments of tropical forest countries take all benefits and
costs of rainforest degradation and deforestation into account, they will
attempt to correct the market failure resulting from the externalities and to
improve the security of property rights as well. In practice, however,
many local governments tend to do the opposite and stimulate deforest-
ation both directly and indirectly. They are actively involved in the
deforestation process as they allocate concession areas to forestry firms
and develop land use plans in which part of the forests is designated to be
converted to agricultural use (Dudley et al., 1995, pp. 14-15; Panayotou
and Ashton, 1992, p. 26). But they affect deforestation also indirectly, for
example by intervening in the prices of natural resources and agricultural
output.

Unsustainable land use is stimulated by local governments because
forest degradation and even deforestation may be welfare-enhancing from
their point of view. The two main reasons are the absence of compensa-
tion for the transboundary positive externalities of forest conservation and
short-run considerations. As for the existence of externalities, local govern-
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ments tend to take into account only the national benefits and costs of
deforestation rather than all benefits and costs, unless they receive com-
pensation for the extra conservation efforts (e.g., Ehui and Hertel, 1989).
Hence, as long as the positive transboundary externalities are not
internalised through compensation in one way or another, the opportunity
costs of allocating forested land to alternative use (such as permanent
agriculture or cattle ranching) are estimated to be lower for local govern-
ments than for the international community: allocation of forest land to
alternative forms of land use may be welfare-enhancing from the country’s
perspective whereas it decreases welfare from a global perspective (Von
Amsberg, 1994; see also chapter 2).

Furthermore, short-term considerations can induce local governments
to stimulate unsustainable forest use. For example, the perceived necessity
to achieve high rates of economic growth in order to improve the welfare
of the current generation and to catch up with developed countries can
result in excessive exploitation of the country’s natural resources. As
unsustainable use yields higher benefits in the short run, governments are
inclined to stimulate unsustainable exploitation. To illustrate, in many
tropical countries prices of natural resources are deliberately kept low in
order to stimulate economic activity (Pearce and Warford, 1993, pp. 174-
175; Repetto, 1988, pp. 37-39). Also, foreign exchange constraints (possibly
exacerbated by high debt burdens) are identified as an impetus to liqui-
date natural assets: there is some evidence that high debt service ratios
stimulate excessive rainforest exploitation (see section 2.5.1, but also
Dudley et al., 1995, p. 13; Pearce and Warford, 1993, p. 17; Rietbergen,
1989, p. 64; Schreckenberg and Hadley, 1991, p. 63; Singh and Tabatabai,
1993, pp. 6-7). Furthermore, in some cases forests are used as a safety
valve for (social) pressure elsewhere in the country. For example, in some
countries colonisation of rainforests is stimulated by the local governments
to absorb people who are pushed out of the rural areas outside the
rainforest region as a result of increasing land scarcity, caused by either
high rates of population growth or by unequal distribution of land
(Panayotou and Ashton, 1992, p. 209).

On the basis of this discussion, it can be concluded that both the
individual exploiters of the rainforests and the local governments are
inclined to use land unsustainably as they underestimate the benefits of
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sustainable land use, either because they ignore the (transboundary)
externalities or due to short-term considerations. Given its interests in
forest conservation, the international community contemplates how to
create adequate incentives for the actual exploiters and the local govern-
ments to improve forest conservation. The two main types of instruments
available to the international community are trade measures and foreign
aid. The issue of donating aid in order to improve forest conservation is
addressed in chapter 7; trade measures are discussed in this chapter.

Since international trade in tropical timber provides a direct link between
the international community and the deforestation process, trade measures
have received a substantial amount of attention as a potential instrument
to combat deforestation. Roughly, a distinction can be made between trade
policy measures that aim to reduce the level of economic activity in the
rainforests and measures that aim to affect the way in which rainforest
exploitation takes place. The first type are instruments that aim to reduce
demand and hence profitability of logging activity; examples are trade
bans, import levies, etcetera. Demand-reducing policies lead to depressed
(producer) prices at the international tropical timber markets, and there-
fore it is expected that the level of forestry activities will be reduced.1 The
main aim of the second type of instruments is to make sustainably pro-
duced products discernable from unsustainably produced products while
aiming to increase the relative profitability of sustainable exploitation.
Examples of this type of instruments are preferential taxation of sustai-
nably produced timber and import bans on unsustainably produced
timber.

This chapter analyses the effectiveness of trade measures in
combatting tropical deforestation. Specific attention is paid to the way in
which trade measures affect the decision-making process of both individ-
ual logging firms and the local government. In order to assess the poten-
tial impact of trade measures, the role of international timber trade in the
deforestation process is discussed in section 6.2. Next, the effectiveness of
both demand-reducing and discriminative trade measures are analysed in

1For example, Barbier et al. (1995, p. 417) state that Indonesia’s log production fell over
the period 1979-1982 as a result of the depressed world prices for timber products.
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sections 6.3 and 6.4, respectively. In these sections, the focus is mainly on
the local government’s land use decisions: the government is assumed to
be able to effectively enforce its land use policies. In order to describe the
local government’s decision process, land allocation models are developed
that reflect the two main reasons why deforestation may be welfare-
enhancing from the local governments’ point of view, whereas it is not for
the international community: the existence of (uncompensated) transboun-
dary externalities and short-term considerations (such as foreign exchange
constraints).

6.2 Tropical deforestation and the international timber trade
In the literature, there is considerable doubt about whether trade measures
are indeed able to substantially affect the rate of tropical deforestation. As
has been discussed in chapters 2 and 5, it is a well-established fact that
logging activities are not an important direct cause of tropical deforest-
ation: the forestry sector barely inflicts any permanent damage upon the
forests in terms of biomass; most reports state that the forestry sector is
responsible for less than 10 per cent of global tropical deforestation. The
alleged ineffectiveness of trade measures in combatting deforestation is
exacerbated by the fact that only a very small part of the tropical timber
produced is traded internationally. Bourke (1992, cited in Barbier et al.,
1994, pp. 8-11) estimates that only about 17 per cent of the logs extracted
from non-coniferous forests (which are mainly located in the tropical zone)
is used as industrial wood; the other 83 per cent is used as fuelwood for
cooking and heating purposes. Of the 17 per cent that is not burnt, about
31 per cent is traded internationally2, whereas the rest is used locally. On
the basis of these percentages, it can be calculated that only about 6 per
cent of the tropical timber extracted enters international trade (for compar-
able figures see Amelung and Diehl, 1992, pp. 22-30; Burgess, 1993, p. 137;
Jagels, 1990, p. 33).

Combining the fact that only 6 per cent of the output of the tropical
forestry sector is traded internationally and the fact that the forestry sector

2Vincent (1994, p. 300) also comes to the conclusion that about a third of the developing
countries’ industrial roundwood production enters international trade but adds that a large
part of the tropical timber exports is traded between developing countries.
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is responsible for less than 10 per cent of deforestation, it can be con-
cluded that international trade in tropical hardwoods is directly respon-
sible for less than one per cent of tropical deforestation. Thus, trade
measures will not have much direct impact on the rate of deforestation.

This does not mean that trade measures do not matter at all. First, as
has been argued in chapter 5, forestry activities may have important
indirect effects on the rate of deforestation as they induce subsequent
deforestation by opening up the forests. This applies most prominently to
the activities of forestry firms that produce timber for the international
markets: these firms have heavy equipment at their disposal which is
needed to gain access to primary forests, and therefore they are often the
first users of this land. Second, environmental damage resulting from
logging activities may be substantial. Carefully applied selective logging is
estimated to affect less than 15 per cent of the vegetation, but current
logging practices often damage up to 50 per cent (Grainger, 1993, p. 84;
Myers, 1980, p. 40).

Therefore, if logging firms could be induced to protect their conces-
sions from encroachment and to apply selective logging more carefully,
the extent of deforestation and forest degradation due to timber harvesting
would be reduced. Thus, trade measures could be useful instruments to
achieve those aims.

6.3 The effectiveness of demand-reducing trade measures in improving
forest conservation

The main aim of affecting international timber consumption is to reduce
pressure on tropical forests through less production for international trade.
Several initiatives to reduce the demand of developed countries for
tropical timber have been considered and in some cases even imple-
mented. Governments of consumer countries have considered increasing
the level of import duties on tropical timber. Furthermore, in some of
these countries (like the Netherlands) local councils prohibit the use of
tropical hardwood in new houses. Private initiatives have also been
developed to reduce tropical hardwood consumption voluntarily: environ-
mentalist organisations have initiated campaigns to persuade Western
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consumers to abstain from buying tropical hardwoods (Bulte and Van
Soest, 1995; ESE, 1992, pp. 75-92).

In this section, the impact of these trade measures on the decision-
making processes of the main stakeholders in the tropical countries are
analysed. First, attention is paid to the effects on the decisions of logging
firms and next on the local governments’ land use decisions.

6.3.1 Effects on logging
As a result of reductions in international demand for tropical timber, the
producer price of tropical timber will decrease. Obviously, this will result
in reduced profitability of logging activities, and therefore (assuming
profit maximising behaviour) the extent of logging will decrease. How-
ever, it is not likely that the trade flow will decrease much in size. The
effectiveness in discouraging timber production will be reduced consider-
ably because the destination of exports would be substituted towards
other consumer countries: especially intra-South trade is expected to
increase (a trend which is already discernable; see Barbier, 1994, p. 63;
Jepma, 1995, p. 23; NEI, 1989; Panayotou and Ashton, 1992, p. 4).

6.3.2 Effects on land allocation
The ’desired response’ of demand-reducing policies is that the decrease of
timber export prices results in a larger equilibrium size of the forests. The
line of argument is that abstaining from forest exploitation becomes
relatively cheap as the opportunity costs of non-exploitation are reduced.
Assuming that governments aim to maximise welfare consisting of both
income earned with forestry activities and the size of the forests, the
desired effect of reduced international demand is that local governments
are induced to allocate less forest land to logging activities so that forest
conservation improves.

However, this argument may be flawed in two respects. In the first
place, logging activities may not be decreased as a result of trade
measures. This flaw is addressed in the first subsection in which a model
developed by Barbier and Rauscher (1994) is presented; this model
underlines the fact that excessive forest exploitation is sometimes inevi-
table in order to meet (short-term) constraints. In the second place,
deforestation may not be reduced, as is argued in the second subsection on
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the basis of a model developed by Ehui, Hertel and Preckel (1990). This
model emphasises that tropical forest countries generally tend to ignore
transboundary externalities while they do take alternative forms of forest
use into account. The models presented here are not the original ones but
have been slightly modified, the reason being that the modified versions
will be used later on (in section 6.4 and in chapter 7).

6.3.2.1 The Barbier and Rauscher model
Barbier and Rauscher (1994) have developed a model to assess the effects
of a trade ban on the optimum forest size. The tropical forest country’s
government is assumed to maximise the present value of future welfare,
which consists of the welfare derived from the domestic consumption of
timber, from the consumption of imported goods and from the size of the
forest stock. The forest stock is an argument in the tropical forest country’s
welfare function to reflect the domestic benefits of forest conservation
(such as watershed protection, genetic diversity and microclimatic func-
tions; Barbier and Rauscher, 1994, p. 77). The country is assumed to face a
foreign exchange constraint: in each period the value of the imports
should be equal to the value of exports. Tropical timber is assumed to be
the country’s single export commodity; international timber trade is the
only source of foreign exchange. Furthermore, logging is assumed to be
the only type of economic activity in the rainforests. Environmental
damage is caused as harvesting can take place at an excessive rate (i.e., the
harvested quantity exceeds regrowth).

On the basis of their model, Barbier and Rauscher are able to analyse
the effectiveness of trade bans in combatting deforestation. Here, a sim-
plified version of their model is presented in this respect that domestic
consumption of timber is ignored as it complicates the model without
yielding additional insights. Therefore, the tropical forest country is
assumed to maximise the present value of welfare derived from consump-
tion of imported goods and from forest conservation, while imports must
be paid for by timber sales. Therefore, the country must find the optimal
harvesting rate in each period to maximise its objective function:

(6.1)W max
q ⌡

⌠
∞

0

U (c(t),F(t) )e rt d t
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In this model, q(t) is the quantity of timber harvested in period t

(6.2)s.t. c(t) Pq(t)

(6.3)Ḟ (t) g (F(t) ) q(t)

(measured in biomass), c(t) is the consumption of imported goods, F(t) is
the size of the forest (as measured in biomass), r is the country’s discount
rate, P is the relative price of timber products with respect to imported
goods (and hence, in this simple model it is the terms of trade), Ḟ(t) is the
rate of change of the forest biomass over time (i.e. the time derivative of
the forest stock) and g(F(t)) is the regeneration function of forest biomass.
The utility function in the objective function (6.1) has the normal charac-
teristics: the first derivatives of this function with respect to either argu-
ment (Uc and UF) are positive whereas the second derivatives with respect
to each argument (Ucc and UFF) are negative. For the sake of mathematical
simplicity, the utility function is assumed to be additively separable, i.e.
the second-order cross derivatives are zero. Equation (6.2) is the embodi-
ment of the assumption that in each period imports must be paid for with
the receipts from timber exports (the foreign exchange constraint). Equa-
tion (6.3) is the equation of motion that reflects the rate of change of the
forest stock: biomass accumulates through (re)growth but is decreased by
timber extraction. The growth function (g(F)) is assumed to be a logistic
function, which has the properties that its first derivative (gF) may either
be positive or negative but its second derivative (gFF) is strictly negative.

In order to derive the optimal long-run size of the forest area, the
model must be solved by taking the appropriate first derivatives of the
current-value Hamiltonian:

In this equation, λ is the costate variable associated with the equation of

(6.4)H (q (t),F (t),λ (t) ) U (Pq (t) ,F (t) ) λ (t) [g (F (t) ) q (t) ]

motion: it reflects the marginal value of the state variable (F) at each
moment t.

Applying Pontryagin’s maximum principle and assuming an interior
solution, the necessary first-order conditions for an optimum solution are
(suppressing time notation):
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The interpretation of equation (6.5) is that the marginal value of extracting

(6.5)PU
c

λ

(6.6)λ̇ (r g
F
)λ U

F

a unit of timber should be equal to its shadow price. Equation (6.6) is an
extended version of the Hotelling rule (Hotelling, 1931), stating that the
rate of change of the shadow price should equal the opportunity costs of
holding on to a unit of forest (r-gF)λ minus the marginal social value of
this unit (UF).

The steady state is defined as the situation in which all variables have
become constant: the time derivatives are set equal to zero (Kamien and
Schwartz, 1981, p. 88).3 Hence, the steady state is determined by:

Note that, given the assumption that Uc and UF are both nonnegative (the

(6.7)(r g
F

)PU
c

U
F

(6.8)q g (F )

non-satiation assumption), (r-gF) must be positive for a steady state to
exist. Basically, gF indicates how the rate of forest growth changes with
respect to the forest biomass: it can therefore be interpreted as the direct
return on retaining the marginal unit of forest biomass. Thus, the condi-
tion that gF is allowed to be smaller than the discount rate r can be
interpreted as follows: given the fact that the decision maker derives
utility from the existence of forests (UF > 0), he is willing to accept an
’own rate of return on the forest’ that is less than the discount rate r.
Indeed, if the forest stock were not an argument in the utility function, the
rate of return on forest assets should be equal to the discount rate (see for
example Hanley et al., 1997, pp. 181-182).

3Just like the model presented in section 4.3, this is a renewable resource problem with an
infinite terminal time. This problem’s transversality condition is therefore similar to the one
discussed in section 4.3.2. Setting the time derivatives of the state and control variables (and
hence the time derivative of the current-value shadow price) equal to zero yields an optimum
that satisfies the transversality condition.
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Now the effects of indiscriminate trade measures can be analysed. A trade
ban, voluntary consumer action and an import tax on tropical timber in
consumer countries will reduce the terms of trade (Barbier and Rauscher,
1994, p. 81). Therefore, in order to analyse the effectiveness of indiscrimi-
nate trade measures, the impact of a change in the terms of trade (P) on
the equilibrium forest size (F*) must be analysed. The comparative statics
are the following4:

In this equation, ηc denotes the elasticity of marginal utility of the con-

(6.9)dF
dP

(r g
F

)U
c

(1 η
c
)

D

sumption of imported goods with respect to quantity of imports con-
sumed (that is, ηc = (c Ucc)/Uc < 0) and D is the determinant of the equilib-
rium system consisting of equations (6.7) and (6.8). As is shown in appen-
dix 6.1, the determinant is unambiguously negative. Hence, given the fact
that r-gF is always nonnegative, the sign of the first derivative depends
crucially on the value of the elasticity of marginal utility of the imports
consumption (ηc).

The interpretation of this result is as follows. As can be inferred from
equation (6.7), keeping all other variables fixed, a reduction in the terms of
trade implies that UF

* can also be reduced (that is, the equilibrium forest
size can be increased): a declining terms of trade makes forest conserva-
tion cheaper compared to consumption of imported goods. However,
keeping all other variables fixed is not appropriate: reduced consumption
of imported goods implies that the marginal utility of consumption (Uc

*)
will increase. If the absolute value of ηc is less than one (that is, a decrease
in consumption of imported goods results in a less than proportional
increase in marginal utility), the desired result is achieved: a deterioration
of the terms of trade results in a higher equilibrium forest stock. But if the
absolute value of the elasticity is larger than one5, the LHS of equation
(6.7) actually increases so that the marginal utility of forest conservation
must also increase. This implies that the forest stock must be reduced: a

4The necessary steps to be taken to derive this result are presented in appendix 6.1.

5This situation is labelled by Barbier and Rauscher (1994) as ’import dependency’.
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deterioration of the terms of trade implies that more timber has to be
exported to earn a sufficient amount of foreign exchange in order to limit
the fall in consumption of imported goods. Therefore, the long-run
equilibrium forest size may or may not increase as a result of demand-
reducing policies in the importing countries.

6.3.2.2 The Ehui, Hertel and Preckel model
One of the most important assumptions of the Barbier and Rauscher
model is that timber exploitation is the only type of economic activity in
rainforests. However, forests can also be converted to alternative forms of
land use, such as agriculture. If an alternative form of land use is intro-
duced, the case for trade bans becomes even weaker as is forcefully
demonstrated by Ehui, Hertel and Preckel (1990). They developed a model
which takes alternative uses of forest land into account, and which has
been empirically applied to the Ivory Coast by Ehui and Hertel (1989). In
the Ehui, Hertel and Preckel model (subsequently referred to as the EHP
model), by choosing the optimal rate of deforestation in each period the
social planner maximises the net present value of the aggregate benefits of
forest use, consisting of the benefits rendered by forested land (in the form
of timber revenues and benefits yielded by other forest functions) and the
benefits of agricultural conversion. In the empirical application by Ehui
and Hertel (1989), only the domestic economic benefits of deforestation and
forest conservation are taken into account; in this model forests contribute
to national income by producing timber and via their positive effect on
agricultural productivity.

In order to analyse the effects of a trade ban on land allocation, a
simplified version of the EHP model is used here. The tropical forest
country aims to maximise the net present value of forest exploitation by
choosing the optimal rate of deforestation in each period. Net revenues
arise from logging the entire forest area selectively (which does not lead to
deforestation) and from agriculture (which causes deforestation as forest
land has to be cleared). Thus, not all environmental functions are taken
into account; only the domestic economic benefits are included in the
decision-making process of the local government. Other modifications are
that the use of agricultural inputs is ignored, that the timber demand
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function is assumed to be downward sloping6, and that all equations are
specified. Thus, the land use decision process of the local government is
modelled as follows:

Equation (6.10) reflects the assumption that the government maximises
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⌠
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total discounted profits of forest exploitation Π by choosing the optimal
rate of deforestation (D, measured in units of land) in each period; profits
in each period (π(t)) are discounted at rate r. Depletion of the forest stock
is represented by equation (6.11), the equation of motion: the size of the
forest stock (F, measured in units of land) falls over time at the rate of
deforestation D. As can be inferred from equation (6.12), profits7 are made
in each period because of two activities: forestry and agriculture. Profits
earned from forestry activities equal PMqM. Here, PM is the net value of the
quantity of commercially valuable timber per unit of land. Thus, the unit

6Barbier et al. (1994, p. 43) present evidence that the own price elasticity of demand for
tropical timber is quite low, so that the demand function can be assumed to be downward
sloping.

7As production costs are ignored, profit maximisation coincides with revenue
maximisation.
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of measurement is the entire stock of commercially valuable timber
present on a unit of land, and hence qM is the quantity of timber extracted
in terms of this unit of measurement. Equation (6.13) shows that timber is
extracted by selective logging and by clearfelling. In line with actual
practice, selective logging is assumed to be more profitable than clear-
felling (if only the timber revenues are compared). Indeed, selective
logging is the technique most often applied in rainforests; Amelung and
Diehl (1992, p. 19) state that clearfelling is only commercially profitable if
land is to be converted to alternative uses. Thus, the entire forest area is
assumed to be logged selectively; γM is a constant that reflects the average
fraction of trees that is harvested per unit of land in each period under a
selective logging regime.8 However, forestry activities take place excess-
ively on land that is to be converted into agricultural land in the same
period (which is denoted by D(t)). The quantity of commercially valuable
timber still present on such a unit of land is the fraction that has not yet
been removed under a selective logging regime (1-γM).9 As is shown by
equation (6.14), the timber demand function is assumed to be downward
sloping.

Returning to equation (6.12), the second source of income is agricul-
tural production: agricultural revenues can be calculated by multiplying
the monetary yield per unit of land (the price of agricultural products PA

times the average per-unit land productivity Z) by the area of land
allocated to agriculture (F0-F(t)). As is shown in equation (6.15), land
productivity is not fixed. On the one hand, current deforestation (D)
contributes to average soil productivity as burning of the forest cover
increases average soil productivity because of the release of nutrients
(Hecht, 1985; see also section 4.2). A newly deforested area is very fertile
in the short run, but it can be cultivated for only a limited period of time

8This does not imply that an area is logged every year: the average quantity of trees which
is harvested per year can be calculated as the total quantity of timber removed in a rotation
cycle divided by the length of the rotation period.

9Alternatively, equation (6.13) can be written as qM=γM(F-D)+D. Taking the entire stock of
commercially valuable timber on a unit of land as the unit of measurement, the total quantity
of timber harvested is the quantity of timber extracted from the area of land that is to be
converted to agricultural use (D) and the selectively harvested timber in the rest of the forest
(F-D).
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as soil productivity falls quickly during cultivation because of nutrients
depletion (Herrera et al., 1981; López and Niklitschek, 1991; OTA, 1984);
therefore only current deforestation contributes to average soil productiv-
ity. On the other hand, the proximity of forest cover increases average soil
productivity because it prevents erosion and accelerates soil formation by
shedding organic material onto the fallow land (Ehui et al., 1990). Hence,
cumulative deforestation (F0-F) has a negative effect on average soil pro-
ductivity.10 Finally, the agricultural sector is assumed to be confronted
with a fixed price for the agricultural yield per unit of land (PA).11

In order to derive the optimal long-run (equilibrium) size of the forest
area, the model must be solved by taking the appropriate first derivatives
of the current-value Hamiltonian of this model:

In this equation, λ is again the costate variable. Assuming an interior
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solution, maximisation of the Hamiltonian yields the following first-order
conditions:

On the basis of the equation of motion (6.11) and the first-order conditions
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(6.17) and (6.18), together with the inverse demand function for timber
(6.14) and the timber supply function (6.13), the model can be solved. The
equilibrium size of the rainforest area can be found by setting the time

10Obviously, it is a crude simplification to use average agricultural productivity, especially
when marginal deforestation decisions will be analysed subsequently. However, this approach
is mathematically simple, while the final conclusions will not be altered qualitatively if soil
productivity is modelled in a more sophisticated way. For the importance of using marginal
productivity in determining the long-run forest size, see Bulte et al. (1997).

11This assumption does not affect the conclusions of this model but facilitates the
mathematics.
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derivatives (Ḟ and λ̇) equal to zero.12 The resulting equilibrium forest size
(FM

* ) is presented in equation (6.19):

Although this equation may appear to be messy at first sight, the interpre-
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tation is straightforward. The numerator of the second term on the RHS
basically reflects the net present value of converting the first unit of forest
land: the present value of the economic benefits of deforesting the first
unit of land are weighed against the present value of the economic
benefits of selective logging, as can be seen by rewriting the numerator as
follows:

The discounted benefits of selective logging are γMPM(0)/r while the
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discounted benefits of deforesting are the one-shot timber revenues
resulting from conversion logging (1-γM)PM(0) plus the present value of the
agricultural revenues PAZ/r. Furthermore, as the timber demand function
is assumed to be downward sloping, the effects of the decision whether or
not to deforest on the sales price should be taken into consideration. On
the one hand, deforesting the first unit of forest land implies that in the
future there will be less supply of selectively logged timber, resulting in a
price increase: the discounted benefits of deforesting the first unit of land
arising from the price increase are γM

2θMF0/r. On the other hand, the
additional timber extracted from a unit of land that is to be converted to
agriculture results in a decrease in the price at which total timber supply
can currently be sold: the price falls with (1-γM)γMθMF0. Thus, the numer-
ator determines whether at least some deforestation is desirable, or not.

12Given the fact that the time horizon is infinite while there are no constraints on the size
of the stock (except that it is nonnegative), the transversality condition associated with this
dynamic optimisation problem is similar to the one presented in section 4.3.2. Again, the
equilibrium size of the forest thus found satisfies the transversality condition.
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The denominator basically acts as a multiplier. In the EHP model, it
is crucial that 2β exceeds rα; otherwise, equation (6.19) does not provide
an optimum for the planning problem. Hence, if the increase in agricul-
tural yield from current deforestation (α) is very large compared to the
present value of the contribution of the forest stock to agricultural yield
(β) given the discount rate (r), the model collapses. In their empirical
application of this model, Ehui and Hertel (1989) find that in the case of
Ivory Coast the denominator is positive. In the model used in this section,
the fact that the demand function for timber is downward sloping (θM is
positive) implies that it is even more likely that the denominator is
positive.13

The EHP model demonstrates that demand-reducing policies may not
have a beneficial effect on forest conservation. If international demand is
reduced, the demand function for timber shifts to the left, and hence the
vertical intercept of the function is reduced. Thus, in order to determine
the consequences of implementing demand-reducing policies, the first
derivative of FM

* with respect to PM should be calculated. As is clear from
equation (6.19), this derivative has a positive sign, which means that a
decrease in the price of timber results in a smaller long-run forest size.
The interpretation is that a leftward shift of the demand function for
timber decreases the value of the forest as a producer of timber, so that
alternative uses of forested land (agriculture in this model) become
relatively more profitable. In other words, demand-reducing policy
measures may well reduce the local benefits of forests (that is, by reducing
timber revenues) and lead to a lower equilibrium size of forest land as
viewed by governments of tropical countries. The same argument has
been put forward by various authors, such as Barbier et al. (1994), Burgess
(1993), ESE (1992, p. 37) and Vincent (1990b).

13The assumption that initially the entire forest area is logged selectively rather than that
clearfelling takes place, implies that the discounted profits of selective logging (γMPM(0)/r)
exceed the one-shot profits of clearing the residual stand ((1-γM)PM(0)). Consequently, the
term (γM - r(1-γM)) is positive.
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6.3.3 Conclusions on the effectiveness of demand-reducing policies
In this section, the two main arguments concerning the (in)effectiveness of
demand-reducing policies have been presented. The general idea behind
implementation of demand-reducing policies is that they decrease the
profitability of forestry activities in rainforest areas, so that the level of
logging activity will be reduced. In terms of the incentives to individual
firms, this line of argument is probably valid; if (profit maximising)
forestry firms were the only actors to decide, less forest activity would
take place. However, governments are also stakeholders in the process.
The general result of reducing international demand for tropical timber is
that allocating land to forestry activities becomes less profitable, so that
either more forest biomass is conserved (Barbier and Rauscher) or more
land is allocated to alternative forms of land use (EHP). Therefore, forest
conservation may go either way. Furthermore, Barbier and Rauscher draw
attention to the fact that if governments are faced with an import con-
straint, a reduction in international timber prices may stimulate logging
activities rather than discourage them if the country is import-dependent.

Obviously, this discussion is rather crude in the sense that it is not
appropriate to state that trade bans, voluntary consumer action and an
import tax on tropical timber will have the same result. The reason is that
rents will occur as a result of these policy measures, but that the recipient
of these rents differs. In the case of a reduction of timber demand result-
ing from an import ban or voluntary consumer action, demand for timber
substitutes (such as plastics, aluminium or temperate timber) will be
stimulated. In the case of an import tax, governments of consumer coun-
tries capture the rents. Depending on the way in which this extra govern-
ment income is spent, additional incentives can be given to the local
governments to improve forest conservation: pressure on the forests can
thus be relieved (see for example Jepma, 1995, p. 44).
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6.4 The effectiveness of selective trade measures in improving forest
conservation14

Apart from trade measures that aim to reduce the level of economic
activity in the rainforests, measures have been developed that aim to affect
the way in which rainforest exploitation takes place. Currently, only a very
small percentage of the wood extracted from rainforests is produced
sustainably: from a total of 828 million hectares of the tropical forests
under production in 1985, less than 1 million hectares were logged under
a sustainable management regime (Poore et al., 1989, p. 196; see also Rice
et al., 1997). Indeed, in the present situation there is not much incentive to
apply sustainable techniques, mainly because sustainably produced timber
cannot be distinguished from unsustainably produced timber. If such a
distinction can be made, an appropriate incentive structure may arise
which effectively results in improved forest conservation. Several types of
instruments have been developed. Trade bans on unsustainably produced
timber may be implemented so that only sustainably produced timber
enters South-North trade. Furthermore, selective import duties can be
envisaged: sustainably produced timber may be imported duty-free while
a levy is placed on unsustainably produced timber. Finally, consumer
preferences may already be sufficient to give appropriate incentives: if
consumers in developed countries prefer sustainably produced tropical
hardwoods to unsustainably produced hardwoods, a price premium arises
on sustainably produced timber (ESE, 1992).

Obviously, at the intergovernmental level, trade measures aimed at
improving the environmental situation in exporting countries are political-
ly very sensitive. Still, several attempts have been made to develop such
instruments. For example, in the early 1990s the Dutch government
decided that after 1995 all unsustainably produced tropical timber would
be banned. As this was a unilateral decision, the Netherlands were
confronted with harsh criticism from exporting countries (Bulte and Van
Soest, 1995; Kolk, 1996, p. 161). The ban has not been implemented
because of two reasons. First, it may not be possible legally to install a
unilateral trade ban on environmentally unsound products: the precedent

14This section is based on Van Soest, D.P. and C.J. Jepma (1997), "Certification and
Tropical Deforestation: Micro Monitoring without Macro Conditions?", Mitigation and
Adaptation Strategies for Global Change, 2(4), in press.
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of the ’non dolphin-safe tuna’ conflict between the US and Mexico sug-
gests that such a ban may not be implementable within the GATT frame-
work (ESE, 1992, pp. 49-50). Second, it may even contravene EU regula-
tions (Barbier et al., 1994, pp. 119-120). An example of multi-lateral trade
negotiations at the governmental level is the ITTO Year 2000 target.
Members of the International Tropical Timber Organization (a forum of
tropical timber producing and tropical timber consuming countries) have
signed an agreement that from the year 2000 onwards, an import ban will
be established on all unsustainably produced tropical hardwoods (Barbier
et al., 1992a, p. iii; ITTO, 1992).

With respect to private initiatives, several examples can be given.
First, environmental NGOs have cooperated in constructing a certification
scheme, the Forest Stewardship Council’s certification scheme (see Dudley
et al., 1995, pp. 145-150; ESE, 1992, p. 102). Furthermore, industry self-
regulation has emerged in the sense that some companies have made a
commitment to secure timber only from sources where sound forest
management is applied (ESE, 1992, pp. 75-92).

In this section, the effects of introducing discriminative trade measures on
the decision-making process of both the forestry sector and the local
government are analysed. The focus is on the long-run size of the forest
area and on the speed at which deforestation occurs, because the introduc-
tion of a certification regime will not only have consequences for cumulat-
ive deforestation but also for the rate of deforestation. The reason is that
segmenting the timber market may give incentives for the local govern-
ments to increase the rate at which rainforest land is converted to agricul-
tural use. The importance of not only analysing the long-run situation but
also the depletion path towards it, stems from the fact that the actual loss
of a tropical forest ecosystem is to a large extent irreversible (Kolk, 1996,
p. 129). If forests are cleared and converted to (permanent) agricultural
use, the ecosystem is destroyed. Although regeneration of the forests in
terms of biomass may still be possible, it is likely to be very costly and the
damage in terms of biodiversity will largely be irreversible (that is, it will
take a very long time before biodiversity is fully restored; see also Albers
et al., 1996). Hence, the longer conversion of a parcel of forest land is
postponed, the better: if in the (near) future developments take place that
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reduce the necessity of deforestation, the larger the forest size, the better
(see also Dudley et al., 1995, p. 3).

The consequences of introducing a certification regime for individual
firms and the effects on the local government’s land use decisions are
discussed in the following two subsections.

6.4.1 The decision-making process of individual logging firms
The main characteristic of the selective trade measures mentioned above is
that the producer price for sustainably produced timber increases relative
to the producer price of unsustainably produced timber. However, this
does not necessarily imply that forestry firms will switch to sustainable
production techniques as these are generally more costly.15 Basically,
individual firms that are confronted with a certification regime compare
the net present value of sustainable logging (referred to with subscript S)
to the net present value of unsustainable logging (denoted with subscript
U). The firm faces the following maximisation problem:

The firm’s choice depends on variables such as the difference between the
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per-unit price at which certified timber can be sold (PS) and the price of
unlabelled timber (PU), and also on the difference between the per-unit
costs involved in sustainable logging (CS) and unsustainable harvesting
CU). Furthermore, the decision has investment characteristics: for example,
meeting certain criteria (such as minimum stem size requirements) implies
that some harvesting must be postponed while there are also genuine
investment expenditures to be made that are smaller (or even absent) if
logging is undertaken unsustainably (IS exceeds IU). This implies that the
firm’s time horizon plays a role as well: variables like the firm’s discount
rate, the duration of the concession contract and expectations about the
likelihood of renewal are also important to the outcome.

Thus, if the costs of meeting the sustainability requirements are more
than compensated by the difference between revenues of certified and

15According to Ferguson and Munoz-Reyes Navarro (1992), meeting the sustainability
criteria as formulated by ITTO increases production costs by US$ 0.3-1.5 bn. See also Myers
(1980, p. 40) and Varangis et al. (1995).
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nonlabelled tropical timber (given the time horizon of the logging firm),
individual firms will have a distinct incentive to apply sustainable produc-
tion techniques.

6.4.2 The decision-making process of the local government
As can be easily conceived, the introduction of a certification regime may
not be able to stop deforestation: even if sustainable logging is optimal for
individual loggers, conversion to alternative forms of land use may still
take place. Indeed, the local government does not only compare the
benefits of sustainable logging and unsustainable logging: the contribution
of agriculture to GDP is also taken into account. Hence, in drawing up its
land use plans, the government of a tropical forest country compares the
benefits of (sustainable) forestry activities with the benefits of agricultural
conversion.

By making a distinction between sustainably and unsustainably
produced timber, the international community is able to affect the local
government’s land use decisions. In order to analyse the effects of intro-
ducing a certification scheme in terms of short- and long-run forest
conservation, a model is built that can be compared with the situation
without a certification regime. Given the fact that certification aims to
internalise the transboundary external effects of sustainable land use into
the decision-making process of the various actors, the Ehui, Hertel and
Preckel (EHP) model as presented in section 6.3.2.2 is used as a bench-
mark. First, in section 6.4.2.1, the EHP model is adapted to include
segmented timber markets. Subsequently, in section 6.4.2.2 the resulting
long-run equilibrium size of the forest is derived which can be contrasted
with the long-run equilibrium size of the forest in the absence of a certifi-
cation regime, as given by equation (6.19). In section 6.4.2.3 the depletion
paths are presented for both segmented and unsegmented markets.
Application of comparative statics to these long-run equilibria and corre-
sponding depletion paths shows that a market situation can arise in which
the long-run forest size increases after the introduction of a certification
regime but in which the instantaneous rates of deforestation increase as
well. The conditions under which this trade-off occurs are presented in
section 6.4.2.4 together with evidence on its likelihood in reality. Finally,
conclusions are drawn in section 6.4.2.5.
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6.4.2.1 The model
In order to illustrate the argument, the EHP model is extended by distin-
guishing between sustainable and unsustainable logging. Regarding the
desirability of sustainable logging for individual firms, it is assumed that
the resulting market situation after the introduction of a certification
regime is such that sustainable logging becomes more profitable than
unsustainable logging. Thus, each individual logging firm would like to
switch to sustainable forestry techniques; the certification scheme is
assumed to be very effective. However, when the local government
decides that a forestry firm’s concession area is to be converted into
agricultural land, the concession is not renewed and therefore the forestry
firm will decide to extract all commercially valuable timber still present in
the concession area; in other words, it will then switch to unsustainable
exploitation.

Assuming that the local government can effectively determine land
use, its decision process is modelled as follows:

Comparing this model with the modified EHP model presented in section
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6.3.2.2, the main distinction is that the market for timber is now seg-
mented into a market for sustainably produced timber and a market for
conversion timber. The main changes are embodied in equations (6.24) to
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(6.26). The profit function (6.24) reflects the assumption that sustainable
logging is assumed to be more profitable as the first term on the RHS
shows that profits are earned by sustainably logging the entire forest area
(F(t)). If it is assumed that γS is the fraction of commercially valuable
biomass that can be harvested sustainably per unit of land in each period
(γS < 1)16, the net revenue of sustainable logging per unit of land is γSPS,
where PS denotes the price per unit of land at which this type of timber
can be sold at the international markets. Unsustainable logging takes place
on hectares that are to be converted into agricultural land. Because the
quantity of commercially valuable timber still present on such a unit of
land is the fraction that has not yet been removed under the sustainable
logging regime (i.e., 1-γS), the net revenues earned by excessive logging
per unit of land are (1-γS)PU. The two separate demand functions with
which the tropical country’s forestry sector will therefore be confronted,
are shown in equations (6.25) and (6.26). Again, the inverse demand
functions are assumed to be linear and downward sloping, and Pi denotes
the maximum price while θi is the coefficient that reflects the amount with
which the price falls if quantity supplied is increased by one unit (for i =
S,U).

In order to derive the optimal long-run (equilibrium) size of the forest
area and the path towards this equilibrium, the model must be solved by
taking the appropriate first derivatives of the current-value Hamiltonian of
this model (suppressing time notation):

Maximising this Hamiltonian yields the following first-order conditions
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16As was also the case in section 6.3.2.2, this does not imply that an area is logged every
year: the average quantity of trees harvested per year can be calculated as the total quantity of
timber removed in a rotation cycle divided by the length of the rotation.
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The interpretation of (6.29) is as follows. The RHS reflects the benefits of
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deforesting a unit of forested land, which are equal to the sum of the
direct revenues of deforestation in terms of timber sold and the increased
agricultural productivity arising from deforesting this extra unit of land
minus the loss in revenues resulting from the decrease in price of non-
labelled timber (because the demand function is assumed to be downward
sloping). As usual, these (net) marginal benefits of current deforestation
should equal its marginal costs in terms of future benefits forgone (λ).
Equation (6.30) is nothing but an extension of the intertemporal non-
arbitrage condition as stated by Hotelling (1931). In order to be indifferent
between deforesting a unit of land now or in the future, the shadow price
of the forest stock should increase at rate r, reduced with the net marginal
value of forest conservation as perceived by the decision maker. This net
marginal value equals the marginal benefits of forest conservation minus
its marginal costs. The marginal returns on forested land are equal to the
revenues that can be earned by logging a unit of forest land sustainably
(γSPS) and the forests’ contribution to average soil productivity (βPA(F0-F)).
The opportunity costs of keeping the marginal unit of land forested are
the revenues earned by having an extra unit of land under cultivation
(PAZ) and the increase in revenues of sustainably produced timber
(because of the increase in its price resulting from the decrease in supply;
θSγS

2F).

6.4.2.2 The long-run equilibrium size of the forest
On the basis of the equation of motion (6.23) and the first-order conditions
(6.29) and (6.30), together with the inverse demand functions for timber
(6.25) and (6.26), the model can be solved. The equilibrium size of the
rainforest area can be found by setting the time derivatives (Ḟ and λ̇)
equal to zero. The resulting equilibrium forest size under a certification
regime (FC

* ) is presented in equation (6.31)17:

17In the steady state, the transversality condition associated with this problem is met; see
section 6.3.2.2.
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Analysing this equation, it becomes clear whether a certification regime
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will have a positive influence on the equilibrium size of the rainforest
area. It is likely that the denominator of the second term on the RHS of
(6.31) is positive: even if β is very low relative to α18, the fact that the
demand function for sustainably produced timber is downward sloping
implies that the denominator is likely to be positive (θS > 0).

The numerator of the second term on the RHS of (6.31) reflects the
weighing of the benefits of deforesting the first unit of land and the
benefits of managing it sustainably. This can be clarified by rewriting the
numerator as follows:

As it is assumed that sustainable logging is more profitable for individual
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firms than unsustainable logging, the present value of sustainable logging
(γSPS(0)/r) exceeds initially the one-shot revenues of unsustainable logging,
(1-γS)PU. However, the government also takes into account the present
value of alternative uses of land (PAZ/r) and the present value of the effect
of deforesting the first unit of land on the price of sustainably produced
timber (γS

2θSF0/r). It is likely that the addition of these two terms results in
a positive value of the numerator.

Thus, the equilibrium size of the rainforest area (FC
* ) is less than its

initial size (F0), even though switching to sustainable production tech-
niques is profitable for all individual firms.

It is generally argued that a necessary condition for rainforest conservation
is that the economic benefits of tropical rainforest conservation should be
increased relative to the economic benefits of deforestation (see for

18That is, if the negative effect of cumulative deforestation on average soil productivity is
very small compared to the positive influence of current deforestation on average soil
productivity.
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example Barbier et al., 1994; Burgess, 1992; Vincent, 1990b). Equation (6.31)
suggests that this argument is indeed valid: a decrease of the vertical
intercept of the inverse demand function for unsustainably produced
tropical timber (PU) or an increase of the vertical price intercept of sus-
tainably produced timber (PS) leads to a larger long-run forest area.
Although the optimal forest size is difficult to compare with the optimal
size in the case of unsegmented timber markets (see equation 6.19)
because the elasticities are likely to differ, the comparative statics analysis
suggests that market segmentation indeed results in improved long-run
forest conservation.

Thus, if forestry firms find it profitable to switch to sustainable
logging techniques, the long run forest size will improve after the intro-
duction of a certification regime. Additionally, the quality of the remaining
forest also improves as sustainable logging is less degrading in terms of
forest quality than selective logging.

6.4.2.3 The optimal depletion path towards the long-run equilibrium
size of the forest

Having determined that it is likely that at least some deforestation is still
desirable from the point of view of the local government, the question is
how the depletion path is affected by the introduction of a certification
regime. The depletion path can be calculated by taking the time derivative
of the costate variable λ (6.29), inserting the result together with the
equation of motion (6.23) into (6.30) and solving the resulting second-
order differential equation (Apostol, 1967, pp. 322-328)19:

Depending on the parameter values of the inverse demand functions

(6.33)
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under certification compared to those without, the rate of deforestation

19These calculations yield a linear second-order differential equation. By calculating the
roots of the system’s discriminant, a positive and a negative root are found. This means that
the equilibrium is again a saddle point. Equation (6.33) gives the saddle point path towards
the long-run equilibrium size of the forest (see also Blanchard and Fisher, 1993, pp. 77-78).
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can increase or decrease. Although it does not play a role in determining
the long-run equilibrium size of the rainforest area under a certification
regime, the price elasticity of the demand function for unsustainably
produced timber does affect the rate at which forests are depleted. Taking
the first derivative of equation (6.33) with respect to θU, a positive relation-
ship is found: the lower θU (that is, the higher the price elasticity of
demand20), the lower the forest stock in each period (FC(t)). The intuition
behind this result is that if the elasticity is high, a sharp increase in the
quantity of timber sold does not lead to a large fall in its price. In other
words, the higher the demand elasticity, the lower the cost of increasing
current supply of unsustainably produced timber (in terms of the decrease
in the price at which the entire stock of this type of timber can be sold).
Thus, if the price elasticity of demand for unsustainably produced timber
turns out to be high enough after the introduction of a certification regime
compared to the elasticity before the introduction of the certification
regime (that is, if θU is small enough relative to θM), it becomes profitable
for governments of tropical countries to increase the instantaneous rate of
deforestation.

The obvious question is how this result compares with the depletion
path without a certification regime. The depletion path that can be calcu-
lated by means of the model in 6.3.2.2 is the following:

Just like in the case of the long-run equilibria, the depletion paths with
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and without certification are difficult to compare. However, the results can
be shown graphically; see figure 6.1.

20The price elasticity of demand is (see for example Varian, 1992, p. 253).dy
dP

P
y

Hence, in general, the lower θ, the higher the price elasticity of the demand function.
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Figure 6.1: Comparison between the optimal depletion paths with and without
certification for high and low elasticities of the demand function for
unsustainably produced timber (θU=0.1 and θU=1.1 as compared to
θM=1)

Parameter values: PS=60, θS=1.1, PU=35, PM=50, θM=1, PA=22.5, γS=0.4, γM=0.5, r=0.15, α=0.3,
β=0.04, Z=1, F0=24.

In this figure three depletion paths are depicted. In addition to the
depletion path in the absence of a certification regime (derived by insert-
ing equation 6.19 into 6.34), two depletion paths have been drawn which
can occur after the introduction of a certification regime. These paths
differ as a result of differences in parameter θU. One path (marked with
pluses) is drawn for a very high price elasticity of demand for unsustaina-
bly produced timber relative to the elasticity in absence of the regime
(depicted as the straight line): θU is 0.1 while θM equals 1. The other path
(characterised by diamonds) is drawn under the assumption that the
unsustainable market turns out to be less elastic than with an unseg-
mented market: θU equals 1.1.
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As is clear from this figure, if the price elasticity of the demand for
conversion timber turns out to be lower than without a certification
regime (θU > θM), a certification regime is unambiguously preferable from
the point of view of the international community: in each period the size
of the forest area is larger under a certification regime than without.
However, if the elasticity of the demand for unsustainably produced
timber is high enough (θU << θM), the long-run equilibrium forest area
under a certification regime still exceeds the equilibrium forest size
without such a regime, but in the short and medium run deforestation
rates may be higher.

6.4.2.4 Analysis of the conditions under which the trade-off occurs and
their likelihood

Thus, the adoption of a certification regime ensures that the size of the
rainforest area is increased in the long run relative to the situation without
segmentation, although it may cause the instantaneous rates of deforest-
ation to increase in the short and medium term.21 Of course, the actual
occurrence of the depletion trade-off depends on the relative magnitudes
of the price elasticities (θM, θS and θU) and on the size of the ’green
premium’ (i.e., the difference between PS and PU).

First, consider the influence of the relative magnitudes of the price
elasticity of the demand function before certification and the price elastic-
ities of demand for sustainably and unsustainably produced timber. Table
6.1 gives the number of periods after which the forest size under a
certification scheme is larger than in the absence of certification, for
different values of θS and θU. In other words, the number of periods is
calculated at which the depletion path under a certification regime inter-
sects the depletion path that occurs without such a regime, as depicted in
figure 6.1.

21In terms of quality of the remaining forest in each period, the certification regime is
beneficial since sustainable logging techniques rather than selective logging techniques are
applied.
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Table 6.1: Number of periods for which FC(t) is less than FM(t), for different
combinations of the price elasticity of demand for sustainably produced
and unsustainably produced timber (with θM = 1)

θU θS=0.9 θS=1.0 θS=1.1

0.1 1.22 1.49 1.88

0.3 0.79 1.17 1.67

0.5 0 0.1 0.89

0.7 0 0 0

Parameter values: PS=60, PU=35, PM=50, θM=1, PA=22.5, γS=0.4, γM=0.5, r=0.15, α=0.3, β=0.04,
Z=1, F0=24.

As is clear from table 6.1, an adverse short-term result will only occur if
the demand function for unsustainably produced timber turns out to be
more elastic than the demand function in the absence of a certification
regime. The higher the elasticity of demand for nonlabelled timber (i.e. the
lower θU), the larger the benefits of current deforestation, because an
increase in deforestation D leads only to a small fall in PU. However, the
price elasticity of the demand function for sustainably produced timber
also plays a role: the more inelastic the demand function for sustainably
produced timber (i.e. the higher θS), the more the benefits of current
deforestation increase because the resulting decrease in supply of sustai-
nably produced timber leads to a sharp increase in PS. Therefore, the more
inelastic the demand function for sustainably produced timber and the more
elastic the demand function for unsustainably produced timber, the more
likely it is that the depletion trade-off will occur.

The second important precondition for the occurrence of the
depletion trade-off is that the green premium should not be too high.
Basically, two premia can be discerned (see also Varangis et al., 1995).
First, there is the difference between the maximum price of sustainably
and of unsustainably produced timber (PS-PU). Second, there is the
difference between the maximum price of sustainably produced timber
and the maximum price at which timber was sold before the adoption of
certification (PS-PM). Table 6.2 gives the number of periods for which
short-term deforestation is higher under certification than without certifi-
cation for different values of the vertical intercepts of the inverse demand
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functions while the location of the original inverse demand function PM is
fixed (at PM = 50).

Table 6.2: Number of periods for which FC(t) is less than FM(t) for different
combinations of PS and PU (with PM=50)

PU PS=60 PS=65 PS=70

40 2.65 1.02 0.50

35 1.88 0.88 0.41

30 1.52 0.76 0.31

Parameter values: θS=1.1, θU=0.1, θM=1, PA=22.5, γS=0.4, γM=0.5, r=0.15, α=0.3, β=0.04, Z=1,
F0=24.

The results show that for both definitions of the green premium, an
increase in the premium will reduce the likelihood of a trade-off. The
reason is that an increase in both price gaps increases the optimal long-run
size of the rainforest area by raising the benefits of forest conservation
relative to deforestation. The larger this increase is, the smaller desired
cumulative deforestation becomes; this implies that the resulting rate of
deforestation in each period will necessarily be smaller. Summarising, the
higher the price of sustainably produced timber relative to the price before
certification and also the higher the price of sustainably produced timber
relative to the price of unsustainably produced timber, the shorter the
period in which short-run deforestation rates will be higher with certifi-
cation than without.

Thus, it can be concluded that if the green premium is relatively small and
if the elasticity of the demand function for uncertified timber is large
enough, a trade-off can occur between long-run and short-run forest
conservation. The question is how likely this situation is after the intro-
duction of a certification regime. The main stimulus for sustainability
created by the introduction of a certification regime is the positive price
gap between sustainably and unsustainably produced timber. The extent
of this gap will be limited by the possibilities of substitution (Varangis et
al., 1995, Annex 1). If for a particular type of use there are many alterna-
tives for tropical timber (such as temperate timber, plastics or aluminium),
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a substantial price increase is not likely to occur after the introduction of a
certification regime because demand will shift to alternative materials;
unsustainably produced tropical timber will generally be sold in markets
with a high elasticity of demand. A survey by Barbier et al. (1994, pp. 52-
53) confirms this hypothesis: manufacturers believe that there is scope for
a price premium only in the high quality product markets (such as the
markets for quality joinery and furniture), whereas in markets with many
close substitutes for tropical timber (such as the construction industry
where temperate timber and non-wood products can be used) they do not
see much room for a premium.

There is also some evidence on the size of the price gap resulting
from the introduction of a certification regime. Surveys of research
presented by Barbier et al. (1994, pp. 55-56) and Varangis et al. (1995)
indicate that there is no unambiguous evidence that the price gap between
the price of sustainably produced timber and the price of timber before
the adoption of a certification regime will be sizeable. Several surveys
indicate that consumers will only be prepared to pay a moderate premium
for sustainably produced timber: in most cases this premium is less than
10 per cent while the majority of the respondents would be prepared to
pay a premium between 1 and 5 per cent (FOE, 1992; Mattoo and Singh,
1994; Milland Fine Timber Ltd., 1990; MORI and WWF, 1991; Rice et al.,
1997; Varangis et al., 1995; Winterhatter and Cassens, 1993; see also ESE,
1992 and Haji Gazali and Simula, 1994). However, there is some evidence
that consumers in Western countries may be willing to abstain from
purchasing non-certified timber, thus leading to an increase in the differ-
ence between the price of sustainably and unsustainably produced timber
(Barbier et al., 1994, p. 52).

6.4.3 Conclusions and policy recommendations
This section has presented an analysis of the consequences of the introduc-
tion of a certification regime for the long-term size of the rainforest area
and for the depletion path. The main result is that, if the certification
regime is successful in the sense that all logging firms switch to
sustainable production techniques, long-run forest conservation will be
improved (not only in terms of quality, but also in terms of quantity), but
that the depletion path along which this higher equilibrium forest size is
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reached can become steeper, leading to faster deforestation in the short
run. This depletion trade-off may occur if the price elasticity of demand
for unsustainably produced timber turns out to be high compared to the
price elasticity of the original demand function and relative to the price
elasticity of demand for sustainably produced timber, and if the green
premium turns out to be small.

Surveys among consumers and producers indicate that there is
indeed reason for concern. Although the price of sustainably produced
timber is likely to exceed the price of unsustainably produced timber, the
possibility of an increase in short-run rates of deforestation cannot be
excluded beforehand: the price elasticity of demand for unsustainably
produced timber is likely to exceed the price elasticity of demand for
certified timber, and the gap between the price of certified timber and the
original timber price is not likely to be substantial.

The policy implication is that apart from monitoring the activities of
individual firms, the decisions of the government of a tropical forest
country should also be included in the certification regime. For instance,
the price received by individual logging firms for sustainable timber can
be made dependent on the overall rate of deforestation in this country,
thus inducing its government to decrease the rate at which forested land is
allocated to alternative use.

Hence, the overall conclusion of this section is that under the assumption
that sustainable logging proves to be more profitable than unsustainable
logging, introducing a certification regime is advisable in the long run and
also in the short run if appropriate incentives are given to the local
governments not to speed up the deforestation process. However, before-
hand it is not obvious that the assumption will be met in reality. Given
the estimates of the size of the green premium presented above, it cannot
be ruled out in advance that the market situation may be such that it is
not be profitable to switch to sustainable logging for individual firms:
sustainable logging techniques can be much more expensive than less
careful harvesting (Myers, 1980, p. 40; Rice et al., 1997; Varangis et al.,
1995). If timber producers consider it not to be profitable to start sustaina-
bly managed timber production, they will opt out and concentrate on
selling at noncertified markets only. The prices at these markets are likely
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to be lower than the prices at the unsegmented markets before the intro-
duction of the certification regime. This implies that the indiscriminative
demand-reducing trade measure models presented in section 6.3 again
apply: the final impact of a certification regime may well be that the
countries supplying the non-certified timber markets will increase their
supply in order to at least keep up with the traditional level of foreign
exchange received by selling their timber abroad, or that there is an
additional incentive to allocate more forested land to alternative use.

6.5 Conclusions
This chapter has analysed the effectiveness of trade policy as an instru-
ment to combat tropical deforestation. Two major types of trade policy
measures have been addressed: policies that aim to affect the level of
forestry activities and trade policy measures that aim to affect the way in
which forests are exploited. The first type of measures are demand-
reducing trade measures like tropical timber import bans and tariffs. The
second type of measures distinguishes between sustainably and un-
sustainably produced timber: consumption of unsustainable produced
timber is discouraged by selective import bans or tariffs, whereas con-
sumption of sustainably produced timber may be encouraged through
subsidisation.

The results of the land use models developed in this chapter indicate
that trade policies should be implemented carefully: the desired effects are
not always achieved. Demand-reducing policy measures aim to reduce the
profitability of forestry activities so that their level will be reduced. These
measures are only effective if there are no alternative types of land use for
the forest regions, and if there are no short-run considerations that
necessitate forest exploitation. If rainforest areas can be allocated to
alternative types of land use (such as agriculture), depressing the profit-
ability of forestry activities decreases the benefits of forest exploitation
compared to the benefits of conversion to alternative land uses. Short-run
considerations can also result in adverse results. For example, if a country
is faced with a foreign exchange constraint and if it is highly dependent
on import goods, a reduction in the profitability of forestry activities will
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result in increased harvesting in order to maintain the level of consump-
tion of imported goods.

Also discriminative trade measures should be introduced carefully. In
principle, these measures aim to increase the profitability of sustainable
forestry relative to unsustainable exploitation, thus increasing the benefits
of forest conservation: by making sustainably produced timber discernable
from unsustainably produced timber through certification, the price of the
former can be increased while the price of the latter can be depressed.
However, although in the long run forest conservation will be improved,
the resulting market segmentation may give incentives to increase the
current rate of deforestation. The reason for this is that price increases are
only viable in markets where the price elasticity of demand for timber
products is limited. This implies that certified timber is likely to be sold at
the high-quality markets, while unsustainably produced timber will be sold
at markets with little room for price increases mainly because of easy
substitution towards alternative materials (such as temperate timber and
plastics). The combination of fairly inelastic demand for sustainably
produced timber and a considerably higher elasticity of demand for
unsustainably produced timber gives incentives to increase the current
rate of deforestation. The underlying mechanism is that the high price
elasticity of the latter type implies that its current supply can be increased
without important negative effects on the price at which it is sold, while
the resulting reduction in the supply of sustainably produced timber will
cause a substantial price increase in the certified timber markets.

The general conclusion of this chapter is that trade measures may be
used to stimulate forest conservation, but that positive results cannot be
guaranteed: adverse results may be obtained in the short and long run if
insufficient attention is paid to the resulting market situation and the
decision-making processes of the actors involved.
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Appendix 6.1: Comparative statics analysis of the adapted Barbier and
Rauscher model

The long-run equilibrium system (consisting of equations 6.7 and 6.8) can
be represented as follows (suppressing the asterisks that denote equilib-
rium):

The required comparative statics result of demand-reducing policies can
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be found by applying Cramer’s rule (Chiang, 1984, pp. 107-110). To do
this, the sign of the determinant of the Hessian matrix (D) must be
determined first:

The sign of this expression appears to be ambiguous. However, by
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analysing equation (6.7) it is clear that a necessary condition for an
equilibrium to exist is that (r-gF) must be positive given the fact that
consumption and forest size both contribute positively to utility (Uc and
UF are both nonnegative). This means that the curve q̇ = 0 is positively
sloped in the (q,F) space:

Assuming an interior solution, the equilibrium is located at the point
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where the q̇ = 0 curve cuts the Ḟ = 0 curve from below; see also Barbier
and Rauscher (1994). In mathematical terms, the condition is:

Calculating the slope of the Ḟ = 0 curve yields:
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Combining (A6.4) and the results of (A6.3) and (A6.5) proves that D is

(A6.5)dq
dF

Ḟ 0

g
F

negative.
Finally, it must be established whether the equilibrium is stable.

Stability can be determined by analysing the dynamic system consisting of
the differential equations of the state and control variables, Ḟ and q̇
(Hanley et al., 1997, pp. 193-196). Totally differentiating (6.2) and (6.5) with
respect to time and inserting the resulting expressions into (6.6) yields
(suppressing time notation):

The differential equation of the state variable is simply the equation of
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motion (6.3):

Linearisation of both equations in the neighbourhood of the steady state

(A6.7)Ḟ g (F ) q

gives the following system:

The matrix containing the first derivatives in (A6.8) is referred to as the
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Jacobian matrix. Calculating the eigenvalues of this matrix, one positive
and one negative eigenvalue are found. This implies that the equilibrium
is a saddle point.



Chapter 7

Aid as an Instrument
to Combat Deforestation

7.1 Introduction
Given the direct and indirect influence local governments exert on tropical
forest use, they themselves may become an object of the international
community’s policy intervention. In the previous chapter, the existence of
transboundary externalities and short-term considerations were identified
as the two main reasons why local governments’ optimal deforestation is
likely to be higher than the international community’s. Apart from trade
measures, the international community can also improve forest conserva-
tion by aid donation so that the welfare of both parties is increased. As for
the short-run considerations, foreign transfers can ease the necessity for
excessive forest exploitation: lump-sum donation enables the country to
cope with problems that require immediate attending to, so that the
necessity to exploit the forests is reduced. As a solution to the problem of
local governments tending to ignore the transboundary benefits of forest
conservation, the international community can induce the local govern-
ments to internalise these externalities by making the amount of foreign
transfers dependent on the recipient countries’ efforts to protect the
forests.

The potential effectiveness of both lump-sum and conditional aid
donation are explored in this chapter. In order to emphasise the effects of
short-term considerations and the under-estimation of the benefits associ-
ated with forest conservation, two separate models are developed.
Although these models differ in their setup, the underlying mechanism is
the same. The local government is assumed to maximise an intertemporal
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objective function by choosing optimal rates of forest exploitation in each
period. Through donating foreign transfers, the international community
tries to increase the local government’s marginal benefits of forest conser-
vation relative to its marginal benefits of excessive exploitation so that
forest conservation is improved.

The effectiveness of lump-sum aid donation is analysed in section 7.2.
The model developed by Barbier and Rauscher (1994) is used to analyse
the effect of aid donation on forest conservation. The starting point of this
model is that the local government aims to maximise welfare derived
from, on the one hand, the consumption of goods bought at the interna-
tional markets in exchange for forest products, and, on the other hand, the
benefits provided by forest conservation. The country is assumed to
produce only one exportable commodity, timber. Hence, in order to be
able to import goods, the forests must be exploited. This implies that
international transfers ease the stringency of the foreign exchange con-
straint so that the necessity to exploit the forests is reduced, resulting in
improved forest conservation. However, the effectiveness of lump-sum aid
donation is overestimated because timber price uncertainty is ignored.
This section aims to extend the model of Barbier and Rauscher (1994) by
allowing for uncertainty with respect to future timber prices and a risk-
averse local government. The result of this modification is that lump-sum
aid donation becomes less effective as an instrument to improve forest
conservation than in the Barbier and Rauscher case of no uncertainty.

Thus, in the above approach, foreign transfers are viewed as a
’passive’ instrument in the sense that they induce forest conservation
indirectly by reducing the necessity to exploit the forests. Of course, aid
donation can also be used more actively by making the amount of trans-
fers dependent on ecological indicators (such as forest size) in the recipi-
ent country. However, if the governments of recipient countries are able to
affect the amount of money received per unit of forest land conserved, the
effectiveness of conditional aid donation can become smaller; it may even
have adverse consequences in the short and in the long run. The issue
discussed in section 7.3 is what compensation scheme is able to correct the
flaws associated with simple compensation schemes. Finally, in section 7.4
conclusions will be drawn.
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7.2 Lump-sum aid donation and the long-run forest size1

Barbier and Rauscher (1994) do not only analyse the effectiveness of trade
bans (see section 6.3.2.1 for a discussion) but also of lump-sum aid
donation. These authors argue that, to conserve tropical forests, interna-
tional (lump-sum) capital transfers are to be favoured over trade interven-
tions. More specifically, they assert that ’a direct international transfer will
increase the long run equilibrium forest stock unambiguously’ (Barbier
and Rauscher, 1994, p. 82). The driving mechanism in their model is that
imports must be paid for with foreign exchange, earned by selling tropical
timber. Aid donation then enables the local government to increase the
country’s consumption of imports, which reduces the marginal utility
from imported goods. Because the forest size is also assumed to be an
argument in its welfare function, in equilibrium the marginal utility of
forests must fall as well, leading to a larger steady state forest cover. This
result of aid donation can be referred to as the ’freeing-up effect’, as
international transfers ease the stringency of the foreign exchange con-
straint.

This section extends the model of Barbier and Rauscher (1994) by
allowing for uncertainty with respect to future timber prices, assuming the
local government to be risk-averse. Wood prices have fluctuated highly in
the past (World Bank, 1991), and risk aversion is the rule rather than the
exception.

7.2.1 The model with and without price uncertainty
In order to illustrate the argument why lump-sum transfers can be an
effective instrument in promoting forest conservation in countries facing a
binding foreign exchange constraint, a model has been constructed that is
very similar to the original Barbier and Rauscher (1994) model but that
has been simplified in order to be able to subsequently show the effect of
introducing price uncertainty into the model. Because explicit solutions of
the model are needed, the model in this section differs from the Barbier

1This section is based on Bulte, E.H. and D.P. van Soest (1996c), "International Transfers,
Price Uncertainty and Tropical Deforestation", Environment and Development Economics, 1(3),
pp. 281-287.
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and Rauscher model in two respects. First, domestic use of timber is again
ignored (see also 6.3.2.1). Second, the utility function of the tropical forest
country and the growth function of forest biomass are explicitly specified.

The model is as follows:

The objective function (7.1) states that the government of a tropical

(7.1)W max
q

E ⌡
⌠
∞

0

U (c ( t ),F( t ) )e rt d t

(7.2)s.t. P(t)q(t) a c(t)

(7.3)Ḟ (t) g(F (t) ) q (t)

country aims to maximise the present value of the flow of (expected)
utilities derived from consumption of imported goods (c) and the size of
its forest area (F, measured in biomass) by choosing the optimal mount of
biomass to be harvested in each period (q). As is clear from equation (7.2),
imports must be paid for either with foreign exchange, earned from sales
of timber products at the international markets at price P (using the value
of imported goods as a numeraire2), or with international capital transfers
(a), received in a lump-sum fashion. In the equation of motion (7.3), g(F)
represents growth of the forest stock. Logging takes place excessively up
to the point where the equilibrium size of the forest is reached; after that,
the quantity harvested in each period equals natural growth.

Given the fact that uncertainty plays an important role in the analy-
sis, the country’s attitude towards risk must be addressed. An agent can
be said to be risk-averse if the absolute value of the marginal increase in
utility resulting from an increase in wealth is smaller than the absolute
value of marginal decrease in utility resulting from an equal decrease in
wealth. Thus, if the local government is risk-averse, the utility function
must be concave (i.e., Ui > 0, Uii < 0, for i=c,F). A specification that satisfies
these requirements is:

2In this simple model, P is more accurately labelled as the terms of trade.
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It is assumed that α and β are positive and that their sum is smaller than

(7.4)U (c,F ) c α F β

or equal to 1. Of course, it is interesting to know what happens to the
decision maker’s degree of risk aversion when wealth increases. An
indicator of risk aversion that is widely used is the Arrow-Pratt measure
of absolute risk aversion, which is equal to -Uii/Ui. An important feature
of the current specification is that -Uii/Ui = -(ν-1)/i (with ν=α for i=c and
ν=β for i=F) which implies that the Arrow-Pratt measure of absolute risk
aversion is declining in the arguments of the utility function (Blanchard
and Fischer, 1993, p. 44; Varian, 1992, p. 189): increases in the arguments
of the utility function result in decreasing absolute risk aversion (DARA).
There are also other specifications that may be chosen: some utility
functions exhibit constant and even increasing absolute risk aversion; these
functions are usually referred to as CARA and IARA functions. However,
it is counterintuitive to argue that increased wealth makes governments
more risk-averse, as implied by IARA functions. Indeed, the DARA
function is generally indicated to be the specification most likely to match
reality (Blanchard and Fischer, 1993, p. 44), and therefore the analysis is
based on the utility function as specified in (7.4).

First, consider the case of deterministic prices (as in the Barbier and
Rauscher model).3 For simplicity, the price is assumed to be given: P(t) =
P, t ε [0, ∞]. Ignoring time notation, the current-value Hamiltonian of this
maximisation problem is:

In this Hamiltonian, λ is again the costate variable. Applying the maxi-

(7.5)H (q
d
,F

d
,λ ) (Pq

d
a)α F β

d
λ [g(F

d
) q

d
]

mum principle and assuming an interior solution gives the following
necessary first-order conditions:

3In this section, subscript d denotes the value of variable in the deterministic case while
subscript s reflects variable values under stochastic prices.
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Condition (7.6) states that the utility derived from extracting (and selling)

(7.6)λ αPc α 1
d

F β
d

(7.7)λ̇ (r g
F
)λ βc α

d
F β 1

d

one additional unit of timber today should be equal to its value in terms
of the future timber revenues forgone. Condition (7.7) is an extension of
Hotelling’s rule, stating that the rate of change in the shadow price is
equal to the difference between the opportunity costs of holding on to a
unit of forest land (r-gF)λ and the marginal social value of that unit as
standing stock (∂U/∂F). The transversality condition of this problem is
that either the present-value shadow price (λ(t)e-rt) or the stock of forest
biomass should approach zero when t goes to infinity.

Setting all time derivatives equal to zero, equilibrium is described by
the following system:

The steady state satisfies the transversality condition. On the basis of this
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system that describes the long-run equilibrium, the effect of foreign
transfers (a) on the equilibrium forest stock (Fd

*) can be derived (see
appendix 7.1):

As is shown in this appendix, the sign of this derivative is positive

(7.11)
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β
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] βPg
F

> 0

because the denominator is positive: lump-sum aid donation unambigu-
ously improves forest conservation.
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In order to introduce price uncertainty, the model is adapted by assuming
that substantial unpredictable short-run fluctuations in international
timber demand can occur so that future timber prices become uncertain.
The resulting prices are assumed to be drawn randomly from a stationary
distribution. For mathematical convenience the price distribution is
assumed to be adequately represented by a uniformly distributed density
function, defined as:

where Pl and Pu are the lowest and the highest wood price feasible,

(7.12)f (P)
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respectively.
Using this price function, the model becomes stochastic. The corre-

sponding first-order conditions are:

The interpretation of these first-order conditions are similar to the inter-
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pretation of conditions (7.6) and (7.7), except that (7.13) and (7.14) are in
expected terms.

The expected marginal utility of harvesting a unit of timber can be
derived to be as follows (see Bain and Engelhardt, 1987, pp. 81-83):

Furthermore, expected marginal utility of the forest stock is given by:
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Solving (7.15) and subsequently substituting the result into (7.13) yields:
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Obviously, cu and cl correspond with Pu q + a and Pl q + a, respectively.
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Now the equilibrium relationship associated with equation (7.14) can be
found by substituting (7.17) and (7.16) into (7.14), and setting all time
derivatives equal to zero. Then, the following implicit relationship
between the equilibrium stock size and the equilibrium harvesting rate can
be found (suppressing the asterisks that denote equilibrium values):

In order to be able to determine the actual equilibrium values of FS and qS,
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the equation of motion is again used: in equilibrium, the forest size
becomes constant and hence its time derivative should be set equal to
zero; see equation (7.3). Therefore, the second equilibrium equation is:

The effect of an increase in the amount of the international transfers

(7.19)q
S

g (F
S
)

on the equilibrium size of the forest area can be found by comparative
static analysis (see appendix 7.2):

in which Ds is the determinant of the system. When this result is com-
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pared to the result under the assumption of deterministic prices as
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presented in equation (7.11), it is clear that the solution becomes much
more complex if prices are stochastic.

7.2.2 A comparison
Analytically comparing equations (7.11) and (7.20) proves to be cumber-
some. Therefore, the two outcomes are compared numerically.4 Represen-
tative results are provided in tables 7.1 and 7.2, where Pu = γPl, with γ > 1.
Table 7.1 presents the consequences of price uncertainty on the long-run
forest size.

Table 7.1: Steady state forest stocks for deterministic and stochastic scenarios

F* γ = 2.5 γ = 5 γ = 7.5 γ = 10

Stochastic 268.1 213.6 184.8 165.9

Deterministic 261.9 200.0 168.0 147.7

Parameter values: Pl = 2, α = 0.25, β = 0.75, r = 0.10, ρ = 0.05, K = 10,000.

Table 7.1 shows that the steady state forest stock under uncertainty always
exceeds the steady state forest stock with deterministic prices. The reason
is that price uncertainty reduces expected marginal utility of consumption
for any risk-averse policy maker. In equilibrium, marginal utility of
conservation must also fall, which corresponds with a larger forest stock.
Table 7.1 also illustrates that by increasing γ the steady state stocks for the
deterministic and for the stochastic variant decrease. The reason is that
increasing γ while keeping Pl fixed increases the expected price, which
tends to enhance forest exploitation.5

4In order to be able to derive numerical solutions, the growth function is assumed to be
logistic, commonly specified as g(F) = ρF(1-(F/K)).

5In section 6.3.2.1 it has been derived that the effect of price changes on the equilibrium
forest stock is ambiguous: the sign depends on the elasticity of marginal utility of the
consumption of imported goods with respect to the quantity consumed (i.e., ηc = (c Ucc)/Uc);
see equation (6.9). In the specification applied in this model, the absolute value of the
elasticity is less than one, so that a price increase will lead to a decrease in the equilibrium
forest size.
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The main question to be answered is whether donation of aid is still
an effective instrument in promoting forest conservation, given the current
forest size. The comparative statics for both the stochastic and the deter-
ministic case are given in table 7.2.

Table 7.2: Changes in steady state forest stocks resulting from international
transfers for deterministic and stochastic scenarios

dF*/da a = 20 a = 35 a = 50 a = 65

Stochastic 6.8 6.4 6.1 5.8

Deterministic 6.9 6.6 6.3 6.1

Parameter values: Pl = 2, γ = 10, α = 0.1, β = 0.9, r = 0.10, ρ = 0.05, K = 10,000.

From table 7.2 it is clear that, given a steady state F* in the absence of
transfers, the marginal gains from providing international transfers in
terms of additional hectares protected are smaller with stochastic prices
than with deterministic prices. The larger the range of prices (γ) and/or
the higher the decision maker’s preference for forest conservation (the
smaller α relative to β), the greater the difference will be; eventually, the
marginal gain in steady state forest stock approaches zero.

The interpretation of the results is as follows. It is well documented
that with stochastic prices, risk-averse decision makers harvest less than
under conditions of deterministic prices (in a different context, this has
been discussed by, for instance, Lewis, 1977; Leland, 1972; Sandmo, 1971;
Robison and Barry, 1987). The reason is that the (expected) marginal
utility of exploitation is reduced when prices fluctuate. This ’brake’ on the
harvesting process is partly offset by international transfers: when a
government becomes wealthier, it is willing to gamble a little more on
timber revenues by increasing exploitation. Or, as Robison and Barry
(1987, p. 76) put it: ’the total purchases of the risky asset increase [...] with
increases in initial wealth as there is decreasing [...] risk aversion’. This is
the ’wealth effect’ or ’income effect’ of international transfers.

Thus, the freeing-up effect of aid donation is at least partially offset
by its wealth effect. This counteracting effect only occurs with a declining
absolute risk aversion (DARA) specification. If risk aversion is of the
CARA type (i.e., constant absolute risk aversion), the degree of risk
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aversion is not affected by transfers, and transfers unambiguously increase
the optimal stock size, as indicated by Barbier and Rauscher (1994). With
IARA (increasing absolute risk aversion), the wealth effect even reinforces
the freeing-up effect, and increased transfers improve forest conservation
even more than predicted by Barbier and Rauscher (1994).

7.2.3 Conclusions
If resource prices fluctuate and resource owners are risk-averse of the
DARA type, which are two reasonable assumptions, international capital
transfers to developing countries aimed at reducing tropical deforestation
are a less effective instrument to combat deforestation than previously
thought. The reason is that, due to their increased wealth, local govern-
ments become less prudent in their decisions with respect to forest
exploitation. This wealth effect weakens the freeing-up effect of easing the
foreign exchange constraint which allows the country to increase con-
sumption of imported goods and to increase the long-run forest size as the
necessity to exploit the forests is reduced. In addition, under conditions of
stochastic prices, the steady state of the forest stock is larger than when
prices are deterministic. This implies that the international community’s
marginal benefits of additional conservation are less in case of stochastic
prices. Combining these effects leads to the conclusion that the attractive-
ness of international transfers as an instrument to combat deforestation
with stochastic prices is reduced.

7.3 Conditional transfers and tropical deforestation6

In the previous section, lump-sum aid donation results in a larger equilib-
rium forest size as the necessity to exploit the forest resource is reduced,
albeit that price uncertainty can reduce its effectiveness. But since lump-
sum donation is a rather passive way to use the instrument of foreign
transfers, the international community contemplates conditioning foreign
aid donation or debt reduction on the efforts of developing countries’

6This section is based on Van Soest, D.P. and B.W. Lensink (1997), "Foreign Transfers and
Tropical Deforestation: What Terms of Conditionality?", SOM Research Report no. 97C26,
University of Groningen, Groningen.
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governments to improve forest conservation (Jepma, 1995; Kahn and
McDonald, 1994; Kolk, 1996, pp. 129 and 144). However, introducing
conditionality may induce strategic behaviour by the recipient countries: if
they can affect the financial compensation per unit of forest land by
adapting their land use decisions, forest conservation may not be
improved by the introduction of conditional aid. This point has been
explored in two recent papers by Stähler (1996) and Mohr (1996).

Stähler (1996) draws attention to the fact that the specification of the
compensation function is of crucial importance. He starts by proving that
by paying a fixed price per unit of forest conserved, long-run forest
conservation is improved unambiguously. He then argues that it is not
very convincing to assume a fixed compensation per unit of forest land as
it is likely that the smaller the forest area becomes, the more the interna-
tional community is willing to pay to prevent the conversion of an
additional unit of forest land. If tropical forest countries suspect this
mechanism, they will realise that they have ’market power’ in the sense
that they are able to influence per-unit compensation through their
behaviour with respect to deforestation. Stähler proves that introducing a
nonfixed compensation price can have adverse effects in the sense that the
long-run size of the forest area may turn out to be lower than if no
compensation is introduced.

More or less the same line of reasoning is presented by Mohr (1996)
with respect to the actual rate of deforestation. He constructs a bargaining
game between North and South in which North tries to induce South to
switch from an unsustainable development path to a sustainable one. In
the negotiation phase, both the donor and the recipient try to maximise
the present value of utility which depends on the ecological benefits
rendered by rainforests and on the amount of money paid/received. Mohr
finds that by increasing the instantaneous rate of deforestation, tropical
forest countries can affect the amount of compensation paid per unit of
forest land. This increase in the instantaneous rate of deforestation is
clearly undesirable: given the fact that the loss of rainforest ecosystems is
irreversible to a large extent (at least in terms of species diversity), the
slower deforestation takes place, the better (Dudley et al., 1995, p. 3; Kolk,
1996, p. 129).
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The credibility problem about whether the donor community is indeed
’hard-nosed’ in the sense that the per-unit compensation price is not
increased when the forest area decreases, arises because of the fact that the
international community’s policy can not gain in credibility but by being
consistent over time. It is likely that the evaluation of the recipient coun-
tries’ performance takes place only once in a while, say on a yearly basis.
If the donor countries do not increase per-unit compensation over several
years while deforestation continues, information is signalled that indeed
they stick to their fixed per-unit compensation. However, during these
years the recipient countries may have incentives to increase deforestation
as long as they are not sure that the donor community is in fact hard-
nosed.

This section aims to analyse how a conditionality scheme should be
designed to preclude strategic behaviour by the tropical forest countries.
In order to give strong signals, it may be advantageous to let the compen-
sation function depend negatively on the current rate of deforestation as
the recipient countries are then confronted directly with the consequences
of their land use decisions. Combining the focal points of both Stähler’s
and Mohr’s analyses, this section addresses the strategic behaviour that
may lead to adverse results either in the short run or in the long run. In
order to do this, section 7.3.1 will present a model that can be used to
derive both the optimal long-run forest size and the optimal depletion
path from the point of view of a tropical forest country. In section 7.3.2
the model is solved, thus deriving the long-run forest size and the corre-
sponding depletion path. In section 7.3.3 the consequences of the choice of
the compensation function specification are explored. In section 7.3.4 the
insights gained are summarised and the results are combined to derive a
specification that reflects best the international community’s stance on
forest conservation while excluding the possibilities for strategic behaviour
on the part of the recipient countries.

7.3.1 The model
In order to analyse the consequences of introducing environmental
conditionality of aid, the land use model by Ehui, Hertel and Preckel
(1990) is adapted. In this model, the government of a tropical forest
country maximises the net present value of forest exploitation by choosing
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the optimal rate of deforestation in each period (see also section 6.3.2.2). In
order to be able to derive a compensation scheme that is credible and
improves forest conservation in the long and in the short run, this model
is modified by taking into account the fact that conversion timber can be
sold, by specifying all equations explicitly, and by adding a conditional
transfer function. The model is as follows:

In this model, the net present value W is maximised by choosing the
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optimal rate of deforestation (D, measured in units of land) in each period
(equation 7.21); revenues7 in each period (denoted by R(t)) are discounted
at rate r. Depletion of the forest stock is represented by equation (7.22), the
equation of motion: the size of the forest stock (F, also measured in units
of land) falls over time at the rate of deforestation.

7It is assumed that all production processes are costless: including costs would only
complicate the mathematics without yielding additional insights. Hence, the terms revenues
and net revenues can be used interchangeably.
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Equation (7.23) shows that revenues are derived from forestry
activities, agricultural production and foreign transfers. Forestry revenues
in each period are equal to the quantity of timber supplied in this period
(q) multiplied with the current price in this period (P). The timber price is
normalised to reflect the value of the timber stock present per unit of land.
The timber demand function is assumed to be linear; see equation (7.24).
Given the fact that P is the value of timber per unit of land, the unit of
measurement is the stock of commercially valuable timber present on a
unit of land and hence q is the quantity of timber extracted in terms of
this measurement unit. Timber is produced using both selective logging
techniques in the entire forest F (which inflict some damage on the forest
but do not cause a permanent reduction in biomass) and clearfelling on
the land area that is to be converted to agriculture D, extracting all
remaining commercially valuable stems. Equation (7.25) presents the
quantity of timber harvested in each period. Under selective logging, only
a fraction of the timber is extracted, which is reflected by parameter γ,
with γ < 1. If land is to be converted, the remaining fraction (1-γ) of timber
originally present per unit of land is harvested.8

The second term in equation (7.23) represents agricultural revenues
which results from multiplying the monetary yield per unit of land with
the entire area of land under cultivation (F0-F(t), F0 being the initial size of
the rainforest area). All deforested land is converted to agricultural land
that is assumed to become productive instantaneously. The monetary yield
consists of the price of agricultural products (which is assumed to be fixed
at PA)9, multiplied by the average per-unit land productivity Z. Land
productivity depends positively on current deforestation (because of the
release in nutrients), but negatively on cumulative deforestation (because
of reduced prevention against soil erosion and reduced accumulation of
organic material); see also section 6.3.2.2.

8Alternatively, equation (7.25) can be written as q = γ(F-D) + D, that is: all commercially
valuable timber is removed from the area that is to be converted to agricultural land (D),
while the rest of the forest (F-D) is logged selectively.

9The assumption of a fixed price for agricultural produce facilitates the mathematics
without changing the results.
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The third source of revenue in equation (7.23) is a foreign transfer
(A). In Stähler’s (1996) model, the compensation function depends only on
the forest stock (F) in each period. However, given the potential flaw that
rewarding forest conservation can induce strategic behaviour, a useful
extension may be to let the amount of transfers donated depend negative-
ly on the rate of deforestation (D) as well.

The equilibrium size of the forest area is found by solving the current-
value Hamiltonian of the model:

Applying the Pontryagin’s maximum principle and assuming an interior

(7.28)H (D(t),F(t),λ(t)) P(t)q(t) P
A

Z(t) [F
0

F(t)] A (D(t),F(t)) λ(t)D(t)

solution results in the following first-order conditions:

The interpretation of equation (7.29) is that in each period the costs of

(7.29)λ(t) (1 γ)P(t) αP
A

[F
0

F(t)] θ (1 γ)q (t) A
D

(7.30)λ̇(t) rλ(t) γP(t) βP
A

[F
0

F(t)] A
F

P
A

Z (t) γθq (t)

deforesting an extra unit of forested land now rather than in the future
(i.e. the current-value shadow price λ) are equal to the (net) benefits of
currently deforesting that extra unit. These benefits consist of four parts.
The first term on the RHS reflects the direct revenues of deforestation in
terms of timber sold. The second term represents the increased agricul-
tural revenues arising from the positive effect of current deforestation on
agricultural productivity. The third term is the effect of a fall in the price
at which the entire timber supply is sold as a result of the extra timber
extracted from the deforested unit of land. The last term on the RHS is the
loss in revenue caused by the conditionality of transfers on the rate of
deforestation (AD < 0).

Equation (7.30) is a straightforward extension of the Hotelling rule
(Hotelling, 1931): it is an intertemporal nonarbitrage condition which
dictates that for an optimal solution, no gain in profits can be achieved by
reallocating deforestation from one period to another. This implies that the
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current-value shadow price of the forest stock should increase at rate r,
reduced with the net benefits of keeping an additional unit of land
forested. These net benefits are equal to the marginal return on forest
conservation reduced with the opportunity costs of holding on to the
marginal unit of forested land. The marginal return on forest conservation
equals the sum of the revenue that can be earned by logging this unit of
forest land selectively (γP), the value of the contribution of forest conser-
vation to soil productivity (βPA(F0-F)), and the return in the form of
transfers resulting from conditionality on changes in forest size (AF). The
opportunity costs of conserving an additional unit of forest land are the
revenues earned by having an extra unit of land under cultivation (PAZ)
and the consequent price increase (γθq), which benefits the tropical forest
country as the price at which its entire timber supply can be sold,
increases.

7.3.2 Derivation of the long-run size of the forest area and the depletion
path towards it

On the basis of the equation of motion (7.22) and the first-order conditions
(7.29) and (7.30), the model can be solved. The equilibrium size of the
rainforest area can be found by setting the time derivatives (Ḟ and λ̇)
equal to zero. The resulting equilibrium forest size (F* ) is presented in
equation (7.31)10:

The numerator of the second term on the RHS of equation (7.31) repre-

(7.31)F F
0













P
A

Z [γ r (1 γ)] [P(F
0
) θγF

0
] rA

D
A

F

P
A

[2β rα] 2γθ [γ r (1 γ)]

sents whether or not deforesting the first unit of land is desirable: in the
initial situation, the present value of the stream of the marginal revenues
of deforestation is compared with the present value of the stream of
marginal revenues derived from forest conservation. This can be seen by
rewriting the numerator as:

10Just like in section 6.3.2.2, the steady state solution of this model satisfies the transversa-
lity condition that either the forest stock or its present-value shadow price should go to zero
as time goes to infinity.
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On the LHS of (7.32), the present value of the marginal revenues of

(7.32)(1 γ) [P (F
0
) θγF

0
]

P
A

Z

r
≥? γ

r
[P (F

0
) θγF

0
] A

D

A
F

r

deforestation consists of the one-shot revenues of excessive logging (taking
into account the effect on the price due to the downward-sloping demand
function) and the present value of the future revenues arising from the
conversion into agricultural land. On the RHS, the present value of the
marginal costs of deforestation are given. The first term reflects the
benefits of selective logging that would be lost (consisting of the sales
price and the effect of not deforesting a unit of land on the sales price).
The second and third term occur because the donation function is
assumed to be conditional. If the scheme depends on current deforestation
only, there are one-shot losses in terms of the reduction in foreign trans-
fers. If the scheme depends on cumulative deforestation, deforesting a unit
of land does not only have financial consequences now but also in the
future. If the present value of the marginal revenues stream of deforest-
ation (LHS) exceeds the present value of marginal revenues generated by
forest conservation (RHS), at least some deforestation is desirable: the
equilibrium size of the rainforest area (F* ) is less than the initial size (F0).
The denominator of the second term on the RHS acts as a multiplier to
determine optimal cumulative deforestation and is necessarily positive to
ensure the existence of an optimum (see section 6.3.2.2).

In order to be able to derive the depletion path, the transfer function
needs to be explicitly specified. The general specification of the transfer
function used in the rest of the section is:

On the basis of this compensation function and redoing the maths as

(7.33)A (t) aF(t)
b
2

F(t)2 cD(t)
d
2

D(t)2

described above, the following long-run equilibrium size of the rainforest
can be found:
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The depletion path towards the long-run equilibrium can be calculated by

(7.34)F F
0
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taking the time derivative of the costate variable λ (7.29), inserting the
result together with the equation of motion (7.22) into (7.30) and solving
the resulting second-order differential equation (Apostol, 1967, pp. 322-
328):

In the remainder of this section the effects of changes in the parameters of
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the compensation function on the long-run equilibrium forest size are
considered, as well as on the forest size during the adjustment period.

7.3.3 The consequences of the choice of the compensation function
The analysis starts by considering the effects of conditioning transfers on
the remaining stock of the forest area. In general, rewarding forest conser-
vation gives an incentive to achieve a higher size of the forest area in the
long run and in the short run, as can be seen by calculating the first
derivatives of F* and F(t) with respect to a:

Equation (7.36) shows that if a tropical forest country receives a certain
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amount of money for each unit of forest land left, forest conservation is
improved in the long run: the equilibrium forest size is increased. The
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donation of a fixed amount of money per unit of forest land also affects
the instantaneous rate of deforestation: equation (7.37) shows that increas-
ing a results in an increase in forest cover in each period. This result arises
exclusively from the fact that increasing a decreases the optimal quantity
of cumulative deforestation (F0-F

*), which implies that the area deforested
in each period should also be lower. Hence, if the compensation function
is linear in F (i.e., A = aF), per-unit compensation is fixed and forest
conservation is improved both in the long and in the short run. The
interpretation is straightforward: by donating a fixed compensation per
unit of forest conserved, the benefits of forest conservation are increased
so that the RHS of (7.32) increases compared to the LHS. Thus, by com-
pensating the tropical forest country for conserving its forests, (part of) the
positive transboundary externalities are internalised in the decision-
making process of the recipient country.

However, as Stähler (1996) convincingly argues, such a linear com-
pensation scheme is not credible as it is likely that the international
community’s marginal utility of forest conservation decreases if the forest
size increases. In other words, tropical forest countries will expect b to be
positive in (7.33), reflecting decreasing marginal utility associated with
increased forest conservation. The long- and short-run consequences of
changes in b are as follows:

Equation (7.38) replicates the Stähler result: the more the international

(7.38)∂F
∂b

F
∂F
∂a

< 0
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r 2
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d 2θ (1 γ)2

< 0

community’s marginal willingness to pay for forest conservation is
decreasing in forest size, the smaller the long-run equilibrium forest size
becomes. Furthermore, forest depletion takes place faster because of two
reasons. First, the higher b, the lower the equilibrium forest size and hence
the larger cumulative deforestation, which implies that the area deforested
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in each period should also go up; this is reflected by the first term in
equation (7.39). Second, the path becomes steeper as well since parameter
b also affects the magnitude of the exponential term: the importance of
this effect is represented by the second term on the RHS of (7.39).

The interpretation of the effects of parameter b on the long-run
equilibrium forest size (7.38) and on the size of the forest in each period
(7.39) are similar to the interpretation provided by Stähler (1996) and
Mohr (1996), respectively. A fixed per-unit compensation scheme (b is
zero) would unambiguously increase the long-run equilibrium size.
However, from the international community’s point of view there are
decreasing marginal benefits associated with forest conservation. This may
have a strong impact on the equilibrium forest size: the more the interna-
tional community is willing to pay for resource conservation if the forest
size decreases (that is, the higher b), the more the recipient country’s
government can affect the per-unit compensation for the remaining forest
stock by deforesting an additional unit of land. This implies that introduc-
ing conditional aid may actually increase the local government’s marginal
benefits of deforestation in the steady state. This is the Stähler result.
Furthermore, as can be seen in (7.39), the local government may increase
the instantaneous rates of deforestation in order to increase the per-unit
compensation in future periods. This implies that there is an extra incen-
tive to deforest in addition to the usual benefits of deforestation. The
incentive to increase the rate of deforestation under the prospect that it
will induce a higher return is one of the main results of Mohr’s (1996)
analysis.

When do these undesired results occur? The long-run forest size (F*)
proves to be smaller than the equilibrium forest size without compen-
sation (FN

*) if the first derivative of the compensation function with respect
to the forest size (evaluated in the optimal forest size in the absence of a
compensation scheme), is negative: AF FN* < 0. In other words, if the
compensation function is thought to be such that in the original steady
state (FN

*) there is still a net incentive to deforest as additional forest
depletion increases the total amount of compensation received (AF < 0),
introduction of such a compensation function actually decreases the long-
run size of the forest; see also equation (7.32). The depletion path is
steeper than in the absence of a compensation scheme not only because of
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the increase in desired cumulative deforestation, but also because the
incentive to increase total compensation by reducing the forest size is
present along the depletion path.

A point of criticism on this approach is that the specification used is
continuous whereas in practice revision of the amount of transfers is likely
to take place only once in a while (for example each year). If tropical
forest countries believe that the compensation price will be increased as
forest size decreases over time, they may have an incentive to increase the
current rate of deforestation above the rate that would occur without
compensation. Furthermore, cumulative deforestation may be increased as
well. In other words, strategic deforestation pays if the fixed per-unit
compensation scheme announced is not fully credible. Only if per-unit
compensation is not changed for at least several years (or maybe as long
as a decade), recipient countries will become convinced that transfers
depend linearly on the size of the forest area.

This analysis suggests that compensation functions would be more
effective if tropical forest countries are confronted directly with the
consequences of their behaviour. A specification that is quite credible is
one that periodically reduces per-unit compensation depending on the rate
of deforestation; either c or d can be set at a positive value in equation
(7.33). In this scheme, parameter c reflects that the international commun-
ity does not appreciate a reduction in the forest size, while a positive d
reflects that the community considers the costs of deforestation to be
larger when deforestation takes place faster.

Concerning the short- and long-run effects of introducing a positive c,
the comparative statics results are as follows:

Hence, increasing c implies that the long-run equilibrium size is increased

(7.40)∂F
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∂F
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r
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> 0

whereas the short-run rates of deforestation are reduced only because total
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cumulative deforestation is reduced. As is clear from (7.40), rewarding
forest conservation will have a larger positive impact on the long-run
equilibrium forest size than conditioning on the rate of deforestation:
increasing parameter c by one unit results in an increase in long-run forest
size that is only a fraction r of the improvement achieved by increasing
parameter a by one unit (see also equation 7.31). The reason is that
deforesting a unit at a certain moment only has a one-period impact in
case of conditioning on the flow indicator whereas the negative effect lasts
forever if conditioning is based on the stock variable. Equation (7.41)
shows that the depletion path is improved only because cumulative
deforestation is reduced; see the interpretation of (7.37).

As for introducing a mechanism that reflects the fact that the interna-
tional community’s dislike of deforestation increases with the rate of
deforestation, a compensation function can be introduced with a positive
d: a higher rate of deforestation results in an increasingly larger reduction
in compensation received. The comparative statics results with respect to
parameter d are as follows:

From equation (7.42) it is clear that d does not affect F*: letting transfers
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depend negatively on the rate of deforestation in a nonlinear way does not
have an effect on long-run forest conservation (at any rate, it does not
have an adverse effect). The reason is that by definition deforestation is
zero in the steady state. However, ’punishing’ quadratically on current
deforestation does affect the path directly by changing the value of the
exponential term in (7.35); see equation (7.43). The result that the forest
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size is increased in every period as d is increased, arises because the
marginal reduction of transfers increases with the rate of deforestation so
that the recipient country has an incentive to flatten the depletion path
over time. Thus, the international community’s dislike of high instan-
taneous rates of deforestation flattens the depletion path while it has no
effect on the steady state. These results can be illustrated graphically; see
figure 7.1.

Figure 7.1: The consequences of introducing linear negative conditionality on
current deforestation (c=25,000) and quadratic negative conditionality
on current deforestation (d=200)

Parameter values: P=40,000, θ=20, PA=100, γ=0.15, r=0.1, Z=250, α=0.1, β=0.1, F0=10,000.

As can be derived from this figure, letting transfers depend negatively on
D results in improved long-run forest conservation compared with the
situation without any compensations (and thus in improved short-run
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conservation), while conditioning on D2 reduces short-run deforestation as
compared with the case without conditionality.

7.3.4 Derivation of the preferred specification
On the basis of the comparative statics analysis in section 7.3.3, two main
conclusions can be drawn. First, long-run forest conservation can be
improved either by rewarding forest conservation using a fixed per-unit
compensation price or by reducing transfers for every unit of converted
land. Second, it has been argued that the international community’s
marginal willingness to pay is decreasing with forest size which implies
that strategic behaviour of recipient countries may effectively undermine
the success of the compensation policy. This can occur when donor
countries periodically examine the success of the previously announced
fixed compensation price and reconsider this compensation price when the
effect of the compensation policy falls short of expectations. Recipient
countries expecting this behaviour may then decide to anticipate by
deliberately increasing the rate of deforestation, in order to receive ulti-
mately a higher compensation price per unit of forest land. In practice, it
is quite likely that this occurs so that the success of a policy of financial
compensations for preserving a forest stock primarily depends on the
signals that are given by the donor community. Donors should try to
avoid signalling their implicit willingness to increase the compensation
price when the forest stock declines. A possibility to do this is to make
clear that a reduction in the forest size is not appreciated by explicitly
stating that the amount of transfers received by tropical forest country will
be reduced when the rate of deforestation is positive: it may be sensible
for the international community to signal its increasing dislike of deforest-
ation by giving parameter d a positive value.

On the basis of the above considerations an explicit compensation
function can be proposed in which developing countries are linearly
rewarded for having a positive stock of forest, whereas the amount of
donations is, at an increasing rate, negatively related to the rate of defor-
estation. This means that the international community’s objectives are
achieved best by a donation function of the following form (Â):



220 Chapter 7

If the donor community signals that the amount of transfers will be

(7.44)Â (t) aF(t)
d
2

D(t)2

reduced quadratically when the rate of deforestation is positive (and of
course sticks to its announcement when revision takes place), the tropical
forest country will have no incentive to act strategically by increasing the
rate of deforestation. In terms of forest conservation, this compensation
scheme improves forest conservation in the long run as well as during the
adjustment path. This is shown in figure 7.2

Figure 7.2: The consequences of conditioning aid using a fixed per-unit compen-
sation function (a=2500) and using the preferred compensation
function (a=2500, d=200)

Parameter values: P=40,000, θ=20, PA=100, γ=0.15, r=0.1, Z=250, α=0.1, β=0.1, F0=10,000.
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In this figure, the consequences of introducing the preferred transfer
policy are compared with the results of a policy of rewarding only on the
basis of the stock of forest and of a policy without conditionality. The
policy of rewarding on the basis of the forest stock is the preferred policy
when long-term forest conservation is aimed at, whereas a policy of
’punishing’ quadratically on the rate of deforestation is very effective
during the adjustment period. A combination of the two serves both
objectives.

7.4 Conclusions
In this chapter, the effectiveness of aid donation as an instrument to
combat deforestation has been assessed. In section 7.2, the usefulness of
lump-sum transfers has been analysed. In the (adapted) Barbier and
Rauscher model, lump-sum aid donation is effective as it reduces the
necessity to exploit forests in order to earn foreign exchange needed for
consumption goods imports. In general, if transfers are received, the
foreign exchange constraint is eased so that more imports can be bought.
The resulting fall in marginal utility of imported goods consumption
implies that the marginal utility of forest conservation must also be
reduced, which can be achieved by increasing the equilibrium size of the
forest. However, if resource prices fluctuate and resource owners are risk-
averse, the effectiveness of international transfers is reduced. The reason is
that under price uncertainty, risk-averse decision makers will harvest
more conservatively, and hence the equilibrium size of the forests is
typically larger. The result of donating aid is that the recipient countries’
wealth increases, and if that increase results in reduced risk aversion,
governments become less prudent in their harvesting decisions. Therefore,
the effect of an increase in wealth on risk aversion reduces the effective-
ness of lump-sum aid donation.

In section 7.3, an analysis is presented of the consequences of making
aid dependent on forest conservation in order to reduce the attractiveness
of deforestation from the point of view of tropical forest countries. It is
shown that giving a fixed per-unit compensation increases forest conserva-
tion unambiguously both in the short and in the long run. However, it is
likely that the international community’s marginal willingness to pay
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decreases with forest size. If recipient countries expect that the interna-
tional community is indeed willing to pay more per unit of forest land
when the forest area shrinks, they have an extra incentive to deforest.
Even if the international community does not intend to increase per-unit
compensation as deforestation continues, it is difficult to convey this
signal to recipient countries: the only way these countries can be con-
vinced that they cannot increase per-unit compensation by increasing the
rate of deforestation is when after several years the compensation price
remains fixed while deforestation continues. This implies that until then
tropical forest countries will have deforested at a higher pace than without
a compensation scheme. It is therefore preferable for the international
community to explicitly state a compensation function that closely follows
developments in the recipient countries. It is derived that if the compensa-
tion function reflects the international community’s preference for forest
conservation but also its increasing marginal dislike of deforestation, forest
conservation is improved both in the short and long run.
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Appendix 7.1: Comparative statics analysis of the adapted Barbier and
Rauscher model under certainty

The equilibrium situation in the deterministic Barbier and Rauscher model
is given by equations (7.8)-(7.10). The system can be reduced to two
equations by substituting equation (7.10) into (7.8). Totally differentiating
the system thus obtained, the following expression is derived (suppressing
the asterisks that denote equilibrium values):

The determinant of the system is:
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The sign of this expression is positive because of the following. Analysing

(A7.2)D
d

P [α (r g
F

g
FF

F
d
) βg

F
]

equation (7.8) it is clear that a necessary condition for an equilibrium to
exist is that (r-gF) must be positive. This means that the curve q̇d = 0 is
positively sloped in the (q,F) space:

Because (r-gF) is positive and gFF is negative, the q̇d = 0 line is indeed
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upward sloping. Assuming an interior solution, this curve intersects the
curve Ḟd = 0 from below (see also Barbier and Rauscher (1994) and appen-
dix 6.1):

The slope of the Ḟd = 0 curve is as follows:
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Combining (A7.4) and the results of (A7.3) and (A7.5), it is derived that Dd

(and hence the denominator in equation 7.11) is positive.
Stability of the equilibrium can be determined by analysing the

dynamic system describing the rates of change of the state and control
variables over time: stability is indicated by the eigenvalues of the Jaco-
bian of this system (evaluated in the equilibrium situation). Since one
eigenvalue is found to be positive while the other turns out to be negative,
it can be concluded that the equilibrium is a saddlepoint.
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Appendix 7.2: Comparative statics analysis of the adapted Barbier and
Rauscher model under price uncertainty

Long-run equilibrium under price uncertainty is described by equations
(7.18) and (7.19). Totally differentiating these equations, the following
system can be derived (suppressing the asterisks that denote equilibrium
values):

where:
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derived by applying Cramer’s rule: dFs/da = C/Ds, where Ds is the deter-
minant of the Hessian matrix in equation (A7.6):

The sign of this expression can be determined as follows. A necessary
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condition for a unique solution in the (q,F) space is that the curve q̇s = 0 is
positively sloped and cuts the curve Ḟs = 0 from below (see appendix 7.1):

Hence, B/A > gF. This means that the sign of the determinant Ds is the
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same as the sign of the term -B. Therefore, it is found that:
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As can be seen in equation (7.17), the sign of this term is positive because
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expected marginal utility of consumption is nonnegative.
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Conclusions

8.1 Introduction
Over the last twenty years, international concern about tropical deforest-
ation has steadily increased: the disappearance of rainforests has become
one of the main environmental issues of the present time. Currently, about
0.8 per cent of the tropical forests disappear annually. By analysing the
marginal benefits and costs of excessive forest exploitation from the
perspective of the various stakeholders in the deforestation process, this
study aimed at increasing insight into the reasons why forests are lost. On
the basis of this analysis, the effectiveness of instruments aiming at
improving forest conservation could be assessed.

This final chapter summarises the main conclusions and policy
recommendations of the previous chapters. In this study, the focus has
been on how individual decision-making processes of the various types of
actors can be affected to improve forest conservation. However, it is likely
that the proposed policy measures will not only affect the decisions of
those actors they were aimed at, but also of others. As these side-effects
may have important environmental consequences, they are also addressed
in this chapter. In section 8.2, the efficiency of different types of land use
is discussed from the perspective of the various types of decision makers.
In section 8.3 and 8.4, policy measures aimed at improving forest conser-
vation at the level of individual exploiters and at the level of tropical
forest countries’ governments are discussed respectively. Section 8.5
provides some final remarks and suggestions for further research.
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8.2 The efficiency of the various land use options
Generally, forests can be used in three different ways. The two extremes
are total preservation and unsustainable exploitation. Total preservation
implies that the forests are left untouched in order to fully preserve their
environmental functions. Unsustainable exploitation implies that commer-
cially valuable products in forests are extracted without paying (much)
attention to forest regeneration. The third option lies in between these two
extremes: forests can be exploited sustainably. This means that harvesting
rainforest products is carried out in such a manner that forest regeneration
is not hampered, thus retaining most of the forests’ environmental func-
tions. An economic valuation of these three options suggests that
sustainable forest use is likely to be preferred if all forest functions are
fully taken into account. Thus, in general, sustainable forest use is optimal
from a global point of view.1

Stating that in general sustainable exploitation is the preferred type of
land use leads us to the question of why deforestation takes place. The
two main underlying causes of unsustainable land use are the existence of
externalities and the limited length of time horizons of the actors involved.
As far as the externalities are concerned, forests render benefits not only to
the actual exploiter of the forests, but also to other individuals in the
region and even to the international community. However, usually there is
no mechanism that forces those who benefit from forest conservation to
pay for it as well; the forest exploiters therefore tend to undervalue the
benefits of sustainable forest exploitation from a global point of view.
Regarding the length of the time horizon, the shorter it is, the more likely
unsustainable land use becomes. The reason is that sustainability can be
viewed as an investment: current land use intensity has to be kept limited
in order to maintain the forests’ ability to regenerate. This implies that, for

1Obviously, rainforests are too diverse for such a general conclusion to be valid in every
region. For example, although the capacity of rainforest soils to sustain permanent agriculture
is generally very limited, there are regions that are well-suited for this type of land use: if
soils are of an alluvial or volcanic origin, soil productivity can be very high so that agricul-
tural conversion may be optimal. In other regions, the value of the environmental functions
alone may already be such that full preservation is considered the most appropriate option:
areas that are very rich in terms of species diversity should be left intact, especially if many
of these species are endemic to the region.
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example, uncertainty of ownership rights is an important impetus for
unsustainable land use.

The main implication of the above is that, from the perspective of
optimising global welfare, the benefits of forest conservation that are not
taken into account by the actual exploiters of the forests should be
internalised in one way or another.

8.3 Measures aimed at improving land use sustainability at the level of
the actual exploiters

Because the actual exploiters of the forests tend to ignore the benefits of
forest conservation that occur at the national and international level, both
local governments and the international community are stakeholders in
reducing the extent to which forests are exploited excessively; those
sectors active in the forests should be given appropriate incentives to
adopt sustainable exploitation techniques. In this study, the focus is on the
forestry sector and the (small-scale) agricultural sector, as they are the
main exploiters of forest regions. The environmental consequences of
logging activities are mainly (severe) degradation of the quality of forests:
the forestry sector is very often the first to exploit previously untouched
(or primary) forests, causing a change in species composition and a reduc-
tion in the volume of biomass, thus converting primary forests into so-
called secondary forests. However, if forests are given sufficient time to
regenerate, most changes are temporary rather than permanent, especially
in terms of biomass. In general, agricultural activities are much more
destructive since they often require total forest clearance. However,
agriculture can also be carried out sustainably in forest areas if the fallow
cycle is long enough.

As for combatting deforestation, the question is whether measures
can be designed to induce peasant households to improve the sustainabi-
lity of their land use. Given the fact that individual monitoring of peasant
household behaviour would be very expensive, indirect ways of affecting
peasant households’ decision-making processes should be explored. This
study has analysed two such policy instruments: intervention in the price
structure and strengthening of the legal system in the forest region. In a
simple dynamic optimisation model of the peasant household’s decision-
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making process with respect to soil depth, it is found that agricultural
output price increases generally enhance investments in soil conservation
if soil regeneration can be affected by the peasant household. Furthermore,
land use intensity is likely to increase when land rights fail to be fully
respected. Although in general customary land rights are sufficiently
secure in rainforest areas, immigration can undermine the social coherence
on which customary land right systems are based. As claims on cultivated
land are easier to defend than on fallow land, peasant households respond
to the likelihood of land loss to migrants by increasing the area of land
cultivated at the expense of fallow land. This leads to decreased agricul-
tural productivity and increased forest degradation. Therefore, improving
land right security seems to be imperative to foster sustainable land use.
However, peasant households can mitigate the productivity decrease by
switching from food crop production towards cash crop production: cash
crops are predominantly perennial crops of which agricultural productiv-
ity does not depend on fallowing. Such a switch limits the adverse
consequences of tenure insecurity in terms of soil depletion.

In the analysis it is shown that the effectiveness of these two policy
options depends on whether or not the peasant household is confronted
with a complete set of markets. The policy advice to intervene in agricul-
tural output prices may have adverse consequences if the peasant house-
holds are not able to hire additional labour. As an increase in output
prices tends to increase both the demand for leisure and the demand for
labour, a conflict arises between these two uses if no additional labour can
be hired. The peasant household’s response in terms of soil conservation
will then be ambiguous. It can be shown theoretically that, depending on
which demand function shifts out most, either more leisure is consumed
at the expense of labour time devoted to soil conservation, or vice versa.
The assumption of missing markets is also found to affect the environ-
mental consequences of land right uncertainty. If food markets are
assumed to be missing, the reallocation from food crops to cash crops
production (as predicted above) is limited in quantitative terms: although
the peasant household will be induced to reallocate some land to cash
crop production, the extent of this substitution is restrained by the house-
hold’s concern to satisfy its own demand for food crops. If actual land
invasion occurs, the peasant household’s response under missing markets
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is even the opposite of the result under a complete set of markets:
although the area of fallow land continues to shrink, land is reallocated
from cash crop production to food crop production so that the fall in food
production is dampened. Thus, land right uncertainty will have an even
more severe negative environmental impact in the case of missing food
markets as soil depletion cannot be mitigated by a shift towards cash crop
production. Thus, the absence of certain markets increases the need for
improved tenure security.

Therefore, the policy recommendation regarding agricultural sustainability
would be to improve market functioning simultaneously with raising the
agricultural output prices and improving tenure security. However, these
recommendations are based on partial analyses of decision-making pro-
cesses of shifting cultivators. The case study of Cameroon has shown that,
albeit not yet on a large scale, people tend to respond to changes in
incomes that can be earned in different regions of the country. The overall
economic situation turns out to play an important role in the deforestation
process: the onset of the economic crisis in 1986/87 is indicated to have
spurred forest exploitation, both by agriculture and by the forestry sector.

During the economic boom (fuelled by a sharp increase in oil rev-
enues), the incentives to carry out economic activities in the rainforests
were subdued simply because better employment opportunities were
amply available elsewhere in the country. This period was characterised
by a very high rate of urbanisation: as net emigration occurred from the
rainforest areas towards the urban regions, the increase in rainforest
population density arising from natural population growth was reduced.
Furthermore, the rural population outside the rainforests did not consider
the rainforests to be an attractive area to settle: the population absorption
capacity of the nonforest regions was high since per hectare agricultural
productivity in these areas was increased by government investments in,
for example, the use of fertilisers and the dispersion of improved agricul-
tural techniques. Furthermore, the urban areas were generally considered
to be much more attractive as an emigration destination than the
rainforest region.

The economic crisis resulted in increased economic activity in the
rainforest area. The fall in oil revenues forced the government to reduce
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its expenditures and to increase its non-oil revenues. The reductions in
government spending directly led to increased unemployment as civil
servants were fired, while cut-backs in government expenditures on
agricultural development reduced the absorption capacity of the rural
areas. The private sector felt the consequences of the crisis mainly in the
form of a strong decrease in demand for its output. As a result, the
emigration flow from rainforests to urban regions declined whereas an
immigration trend into the forest areas slowly started to develop.

So, although measures to improve market access and increase agricul-
tural prices in rainforest areas are likely to have positive effects on the way
in which agriculture is carried out by individual households, the level of
agricultural activity is also likely to be increased: these policy measures
probably reduce emigration from the forest region and stimulate immigra-
tion into this region. Therefore, the policy recommendations with respect
to soil conservation cannot be implemented without additional policy
measures to limit the increase in agricultural activities in rainforest areas.
The main issue is to reduce the incentives (or even the need) for migration
to rainforest areas, for example by creating additional employment oppor-
tunities outside rainforest regions.

However, even if the governments of tropical forest countries succeed in
improving agricultural sustainability in rainforests while simultaneously
reducing the level of agricultural activities, the environmental conse-
quences may not be unambiguously positive. Indeed, these policy results
are beneficial in the sense that the size and quality of the exploited forests
improve unambiguously. However, the rate at which primary forests are
brought under exploitation can increase at least in theory. The reason is
that the bulk of the agricultural activities takes place on forest land that
has previously been logged-over by the forestry sector (i.e. in secondary
forests). This means that parts of the forestry sector’s concessions are
destructed through encroachment, which implies a cost to the forestry
firms (at least if they consider a second round of logging, either in the
near or distant future). Because agricultural conversion takes place almost
exclusively in accessible secondary forests while hardly any encroachment
occurs in the closed primary forests, the threat of encroachment may give
incentives to the forestry sector to reduce the rate at which primary forests
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are brought under exploitation. Indeed, it has been shown that the forestry
sector responds to increased encroachment in two different ways. On the
one hand, the logging intensity in secondary forests increases (in other
words, the rotation period shortens); on the other hand, the rate at which
the primary forests are degraded into secondary forests decreases as
logging in those untouched forests is postponed.

Thus, efforts aimed at reducing the number of farmers in rainforest
areas should be combined with measures to improve sustainability of
forestry activities. Several options are available to the local governments
and the international community. For example, local governments can
adjust the forestry tax system in such a way that sustainability is stimu-
lated, they can increase the duration of the concession periods, or their
renewal can be made contingent on the sustainability of management
practices. In turn, the international community can also affect forestry
activities directly via the international timber trade. Generally speaking, a
distinction can be made between measures that aim to directly reduce the
level of economic activity in rainforest areas, and those that aim to affect
the way in which forests are exploited. Demand-reducing trade measures
(such as trade bans, import levies, and consumer boycotts) can be
expected to cause a fall in international timber prices, thus discouraging
logging activities. The way in which timber harvesting takes place can be
affected through trade measures by introducing a timber certification
scheme. Under such a scheme, sustainably produced tropical timber is
labelled so that it can be distinguished from unsustainably produced
timber. Then, trade in sustainably produced tropical timber can be stimu-
lated while trade in unsustainably produced timber is discouraged: for
example, import levy exemptions can be installed on the former, or trade
bans can be implemented on the latter. If switching to sustainable produc-
tion techniques turns out to be more profitable for the logging companies
than unsustainable logging, forest conservation will most likely be
improved.
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8.4 Measures aimed at increasing the involvement of tropical forest
countries’ governments in forest conservation

The analyses of the decision-making processes of the actual exploiters of
forests therefore suggest that policy measures aiming at reducing tropical
deforestation should take into account the various economic linkages
between shifting cultivators, forestry firms, and the national economy.
However, beforehand it is not obvious that tropical forest countries’
governments would like to stimulate sustainable use of their entire
rainforest region. The first reason is that, even if tropical forest countries
prefer to exploit their forests sustainably, short-term constraints may
prohibit the implementation of such policy measures and they may even
induce the local government to stimulate excessive forest use. In fact, the
example of Cameroon shows that financial constraints can induce the local
government to implement a policy package that ultimately increases
pressure on the forests.

Taking into account this reason for excessive forest use, the interna-
tional community should reconsider implementing demand-reducing
policy measures to reduce forestry activities. Such policy measures will
usually lead to lower timber prices. If governments of tropical forest
countries aim to maximise welfare derived from the consumption of goods
(bought with the revenues from forest exploitation) and from the forests
functions (approximated by their size), such a fall in international timber
prices may reduce the opportunity costs of forest conservation. However,
if any short-term constraints must be satisfied, the fall in international
timber prices may necessitate increased forest degradation in order to
maintain sufficient income from forestry.

If forest exploitation is (at least partly) driven by the necessity to
solve short-term problems, lump-sum donation of aid can be more effec-
tive in improving forest conservation than demand-reducing trade
measures depressing the international timber prices. This is because lump-
sum aid donation gives the tropical forest country room to avoid excessive
forest exploitation: increased wealth through aid donation enables a
country to buy more goods while forestry exploitation is reduced. Unfor-
tunately, in the literature the effectiveness of lump-sum aid donation is
overestimated because forest exploitation is modelled under the assump-
tion of certainty. In actual practice, timber prices fluctuate substantially.
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Price uncertainty generally leads to prudent utilisation of natural
resources: for risk-averse decision makers, the (expected) marginal utility
of forest exploitation is lower than in the case of deterministic prices. The
equilibrium forest size will therefore be larger under price uncertainty
than under deterministic prices: risk aversion results in improved forest
conservation. However, because the degree of risk aversion generally
decreases with increased wealth, aid donation will have two counteracting
effects: on the one hand, increased wealth enables the tropical forest
country to reduce forest exploitation as the necessity to exploit the forests
is reduced, but on the other hand the resulting reduction in risk aversion
will stimulate exploitation. Therefore, it is found that lump-sum aid
donation will always improve forest conservation in the recipient coun-
tries, but that this effect gets smaller if price uncertainty is taken into
account.

The second reason why tropical forest countries’ governments may be less
inclined to stimulate sustainable use of their rainforests than the interna-
tional community would like them to do, is the existence of transboundary
externalities. Although sustainable forest exploitation is probably optimal
if all benefits and costs are taken into account, some deforestation may still
be welfare-enhancing from the point of view of the tropical forest coun-
tries themselves if they are not compensated for the transboundary
benefits. Taking these externalities into account, demand-reducing trade
policy measures are even more likely to have undesirable consequences. If
only domestic economic benefits of forest conservation are taken into
consideration, decreases in tropical timber prices reduce the profitability of
forestry compared to, for example, agricultural activities. In the long run,
this increases the chance that forested land will be converted into agricul-
tural land (although in the short run deforestation rates may go down
because the rate at which closed forest areas are opened up to shifting
cultivators decreases).

Therefore, policy instruments that try to internalise the transboundary
benefits of forest conservation may be more effective. For example, the
international community can aim at improving forest conservation by
making either the international timber price dependent on the forestry
techniques applied, or by making the amount of transfers donated
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dependent on the local governments’ efforts to promote sustainable forest
use.

As has already been mentioned, certification can be the basis of trade
measures to promote sustainable forest use. Its success depends on
whether the price for sustainably produced timber will increase sufficient-
ly in comparison to the price of unsustainably produced timber so that
sustainable management becomes the most profitable option. If this is the
case, certification ensures that the benefits of forest conservation increase
as compared to the benefits of conversion. The conclusion of the analysis
is not unambiguously positive, though. In the long run forest conservation
is improved (that is, cumulative deforestation decreases), but depending on
the market situation after the introduction of a certification regime,
instantaneous rates of deforestation may increase rather than decrease.
This effect may arise due to the fact that unsustainably produced timber
will be sold at relatively price-elastic markets, whereas certified timber is
likely to be sold at more inelastic markets. The reason is that the high-
elasticity markets are markets where many alternative materials are
available and where, as a consequence, the potential for a ’green premium’
is very limited. At these markets a price increase shifts demand towards
the alternative materials. Starting from the assumption that the certifi-
cation regime is very effective in the sense that all forestry firms switch to
sustainable production techniques (see also section 8.3), the government
may have an incentive to increase the rate at which forests are converted
into agricultural land. Deforesting an additional unit of land has only a
small effect on the price at which unsustainably produced timber is sold,
while the increase in the certified timber price is relatively substantial. So
the ultimate result of certification may well be that although cumulative
deforestation will fall, the rate of deforestation goes up in the short run.
Since many of the environmental effects of the loss of rainforest ecosys-
tems are to a large extent irreversible (especially in terms of biodiversity),
additional measures are required to prevent the introduction of a certifi-
cation regime to result in increased short-term rates of forest conversion.

Making aid conditional on the local governments’ efforts to promote
sustainable forest use is also a way to promote the internalisation of the
transboundary externalities into the decision-making process of local
governments. Indeed, it is found that making aid conditional on forest size
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results in improved forest conservation if the recipient countries are not
able to affect the amount of transfers received for each unit of forest
conserved. In such case, the benefits of forest conservation are increased
unambiguously relative to the benefits of deforestation. The question is,
however, whether per-unit compensation cannot be affected by tropical
forest countries. In fact, the international community’s willingness to pay
for forest conservation is likely to increase as the forest area becomes
smaller. If developing countries believe that they can affect the per-unit
compensation, they have an incentive to increase deforestation: the
attractiveness of deforesting an additional unit of land may increase
because of its effect on the total amount of transfers received. This means
that the instantaneous rates of deforestation may increase and that the
long-run forest size may decrease relative to the situation in which no
compensation is offered.

Even if the international community does not consider increasing
average per-unit compensation if deforestation continues, developing
countries have an incentive to increase the rate of forest conversion as
long as they still perceive uncertainty with respect to the international
community’s behaviour. The international community only gains in
credibility if it keeps per-unit compensation fixed over a sufficiently long
period of time. Therefore, it may be preferable to design a compensation
function that responds directly to deforestation: if tropical forest countries
are rewarded for forest conservation but less so the higher the rate of
deforestation, no incentives are created to increase the current rate of
deforestation. It is shown that a transfer conditionality system that incor-
porates rewarding forest conservation but that also depends negatively on
the rate of deforestation, will improve forest conservation both in the short
run and in the long run.

Therefore, trade measures and aid donation can be used to internalise
the transboundary benefits of forest conservation into the local govern-
ments’ decision-making processes. However, these measures should be
implemented carefully as the resulting market situation or strategic
behaviour may yield adverse results.
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8.5 Final remarks
This study has shown that actual exploiters in rainforest areas are not
inclined to carry out their activities sustainably from an environmental
point of view: apart from the fact that they are not compensated for the
external benefits of sustainable forest use while still having to bear the
costs, other considerations (such as a limited time horizon due to, for
example, uncertainty of rights) also induce them to exploit the forests
unsustainably. From the perspective of the governments of tropical
countries, excessive forest use is not necessarily undesirable as well,
mainly for the same reasons why the actual exploiters apply unsustainable
techniques.

The international community can improve forest conservation by
providing financial compensation for sustainable forest use, either through
trade measures or through aid donation in such a way that all parties gain
in welfare. However, it has been argued that these measures should be
applied carefully; the international community must be cautious not to
speed up deforestation by giving adverse incentives. In general, the
various actors’ responses to policy measures are not clearcut; in some
circumstances policy measures have an unambiguous effect on forest
conservation, but in others the responses are difficult to predict. Moreover,
even if the appropriate incentive structure for sustainable land use were
known for each individual actor, stakeholders in the deforestation process
may still have conflicting objectives so that policy packages aiming at
affecting one type of actors’ behaviour may be ineffective or even have an
adverse effect if the entire complex of behavioral responses affecting
deforestation is taken into account.

Thus, designing policy measures that actually improve forest conser-
vation without triggering (severe) adverse behaviour by the various
individual agents, is a difficult task. In order to assist policy makers in
drawing up their policy strategies, models can be constructed that com-
bine these study’s models of individual actors’ behaviour in a larger
framework. Indeed, given the important role of the interactions between
the various actors directly or indirectly involved in the deforestation
process, a modelling approach is required which includes these different
elements. This study has been a modest attempt to provide a starting
point for such an approach.
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Samenvatting

Gedurende de afgelopen twintig jaar is de aandacht voor de snel voort-
schrijdende tropische ontbossing sterk toegenomen. Dit onderzoek is
gericht op het analyseren van de oorzaken van ontbossing en bosdegrada-
tie. Door het gedrag van individuele economische actoren te bestuderen,
wordt inzicht verkregen in de redenen waarom de bossen zo snel verdwij-
nen en kan de uitwerking van verschillende instrumenten gericht op het
stimuleren van bosbehoud, worden geanalyseerd.

Regenwouden vervullen diverse functies die van waarde zijn voor de
mensheid. Allereerst is er de habitatfunctie: regenwouden vormen de
natuurlijke leefomgeving van mensen, flora en fauna. Behalve dat de
diversiteit aan culturen en soorten als zodanig wordt gewaardeerd door
mensen, zijn bij voorbeeld (nog niet ontdekte) plantensoorten van waarde
voor de ontwikkeling van nieuwe geneesmiddelen. In de tweede plaats
zijn tropische regenwouden van belang voor het reguleren van het kli-
maat, zowel op lokaal niveau (via de invloed op de hoeveelheid neerslag
en het grondwaterpeil) als op wereldniveau (via het vasthouden van
broeikasgassen). Ten slotte produceren regenwouden grondstoffen (zoals
hout, maar ook bijvoorbeeld rubber) en voedsel.

Regenwouden kunnen op verschillende manieren worden benut. De
twee extremen van bosgebruik zijn volledige conservering en niet-duurza-
me exploitatie. Volledige conservering houdt in dat de bossen onaangetast
blijven zodat zij hun milieufuncties kunnen vervullen. Niet-duurzame
exploitatie betekent dat de productiefunctie van de bossen wordt benut
zonder aandacht te besteden aan de regeneratie van het ecosysteem. Een
derde manier van bosgebruik ligt tussen beide extremen in: bossen
kunnen duurzaam worden geëxploiteerd. Dit betekent dat regenwoudpro-
ducten zodanig worden geoogst dat regeneratie mogelijk is. Het ecosys-
teem wordt grotendeels in stand gehouden zodat de meeste milieufuncties
behouden blijven. Op basis van een literatuuroverzicht wordt in hoofdstuk
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2 de algemene conclusie getrokken dat, indien alle functies van het bos in
beschouwing worden genomen, duurzame exploitatie vanuit welvaarts-
oogpunt het meest wenselijk is. Uiteraard is deze conclusie te algemeen: in
sommige gebieden (bijvoorbeeld met zeer vruchtbare bodems) is conversie
van regenwoud naar permanente landbouw optimaal; in andere gebieden
die veel zeldzame flora en fauna herbergen, zal volledige conservering het
meest wenselijk zijn.

De stelling dat duurzame exploitatie het meest wenselijk is, roept de vraag
op waarom ontbossing dan toch plaatsvindt. De belangrijkste twee onder-
liggende oorzaken van niet-duurzaam landgebruik zijn het bestaan van
zogenaamde externaliteiten en een (te) korte tijdshorizon. Externaliteiten
ontstaan wanneer een handeling van een economische agent de welvaart
of het welzijn van derden beïnvloedt zonder dat daar enigerlei compen-
satie tegenover staat. Een aantal regenwoudfuncties is niet zozeer direct
van waarde voor de individuen die actief zijn in het bos, maar wel voor
derden. De meest voor de hand liggende voorbeelden zijn het in stand
houden van biodiversiteit en de opslag van broeikasgassen; men kan
stellen dat deze functies van grotere waarde zijn voor de wereldgemeen-
schap dan voor de individuele gebruiker van het bos. Aangezien er geen
mechanisme aanwezig is dat er voor zorgt dat, afhankelijk van de verde-
ling van de eigendomsrechten, de individuele gebruiker van het bos wordt
gecompenseerd voor de positieve externaliteiten die ontstaan als gevolg
van duurzaam landgebruik of dat er voor zorgt dat de individuele
gebruiker moet betalen voor niet-duurzaam landgebruik, worden de baten
van duurzame exploitatie (ofwel de kosten van niet-duurzame exploitatie)
onderschat.

Wat betreft de lengte van de tijdshorizon speelt het investeringskarak-
ter van duurzame exploitatie een belangrijke rol. Duurzaamheid vereist
meestal dat de huidige intensiteit van landgebruik laag wordt gehouden
om het regeneratievermogen van het bos niet aan te tasten. Dit betekent
dat als de gebruiker van het bos er onvoldoende zeker van is dat hijzelf
de vruchten zal kunnen plukken van een dergelijke investering, de kans
dat hij tot duurzame exploitatie zal overgaan, gering is.
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In de analyse van het ontbossingsproces zoals dat zich in het algemeen in
de tropische zone voltrekt, verdienen twee sectoren speciale aandacht: de
landbouwsector en de bosbouwsector. Over het algemeen kan worden
gesteld dat de (kleinschalige) landbouwsector de belangrijkste veroorzaker
van ontbossing is, terwijl de bosbouwsector vooral bosdegradatie veroor-
zaakt. De bosbouwsector is in veel gevallen de eerste gebruiker van (tot
dan toe) onaangetaste bossen: bosbouwactiviteiten veroorzaken op korte
termijn een zekere verandering in het ecosysteem en een afname van de
aanwezige hoeveelheid biomassa. Als de bossen echter voldoende tijd
wordt gegund om zich te herstellen, zijn de meeste veranderingen slechts
tijdelijk van aard: hoewel herstel van de kwaliteit van het bos (gemeten in
termen van biodiversiteit) lange tijd kan duren, benadert het bos relatief
snel zijn initiële hoeveelheid biomassa. De direct door de bosbouwsector
aangerichte schade is gering vanwege de zeer selectieve keuze van de
boomsoorten die worden gekapt en uitgesleept: over het algemeen worden
tijdens elke kapronde slechts enkele bomen per hectare geoogst (hoewel
de kapintensiteit sterk kan verschillen per regio). Derhalve resulteert
kapactiviteit op middellange termijn voornamelijk in een verarming van
de aanwezige biodiversiteit, terwijl de schade in termen van biomassa
relatief gering is. Landbouw wordt vaak bedreven in bosgebieden welke
eerst zijn gedegradeerd door de bosbouwsector. Om gewassen te kunnen
verbouwen dient meestal de aanwezige vegetatie te worden verwijderd.
Derhalve is de afname in biomassa als gevolg van landbouwactiviteiten
vaak aanzienlijk; bij een te lange cultivatieperiode en een te korte herstel-
periode kan zelfs permanente ontbossing optreden.

Om het inzicht te vergroten in de feitelijke werking van het ontbos-
singsproces, wordt in hoofdstuk 3 de situatie in Kameroen geanalyseerd.
Uit de studie komt naar voren dat duurzaamheid van landbouw in
belangrijke mate wordt bepaald door de zekerheid van eigendomsrechten,
terwijl de bosbouwsector een rol blijkt te spelen in het verhogen van de
aantrekkelijkheid van het regenwoud als landbouwgrond. Ten slotte wordt
de rol van de overheid in het stimuleren of ontmoedigen van ontbossing
benadrukt.

In de resterende hoofdstukken van dit proefschrift worden de inzichten
welke zijn verkregen op basis van de studie van het ontbossingsproces in



264 Summary

Kameroen, nader uitgewerkt. Daartoe worden voor de verschillende typen
economische actoren modellen ontwikkeld, die de besluitvormingsproces-
sen ten aanzien van duurzame exploitatie beschrijven. Gegeven het feit dat
de dimensie tijd onlosmakelijk verbonden is met begrippen als ontbossing
en duurzaamheid, worden voor de verschillende individuele economische
actoren (partiële) dynamische optimaliseringsmodellen ontwikkeld, die
niet alleen worden gebruikt voor de analyse van beleidsmaatregelen voor
het lange-termijn evenwicht, maar ook voor het pad naar dat evenwicht
toe.

Allereerst worden de twee belangrijkste sectoren besproken, die
daadwerkelijk actief zijn in het regenwoud: de landbouwsector en de
bosbouwsector. In hoofdstuk 4 wordt de rol van zwerflandbouwers in het
ontbossingsproces geanalyseerd. Aangezien regenwoudgrond in veel
gebieden niet geschikt is voor langdurige cultivatie, is kleinschalige
landbouw wijd verbreid in het regenwoud. Zwerflandbouw is de meest
toegepaste landbouwtechniek: een stuk grond wordt van zijn vegetatie
ontdaan en gedurende slechts enkele jaren verbouwd, waarna het boeren-
gezin die grond laat braakliggen en een nieuw stuk ontgint. Een belangrijk
kenmerk van die kleinschalige landbouw is dat het boerengezin zowel
producent als consument is van landbouwproducten. Verder hebben
boeren niet altijd toegang tot alle markten: vanwege transportkosten en
geringe ’diepte’ van de markt is het vaak niet winstgevend om op bepaal-
de markten actief te zijn. De twee markten die het meest frequent ’ontbre-
ken’ in het regenwoud zijn de arbeidsmarkt en de voedselmarkt. Hoofd-
stuk 4 toont aan dat het ontbreken van dergelijke markten grote gevolgen
kan hebben voor de reactie van boeren op veranderingen in de verkoop-
prijzen van hun producten en in de zekerheid van hun landrechten.

Zoals hierboven reeds werd gesteld, speelt de bosbouwsector een
belangrijke rol in het ontbossingsproces door het regenwoud aantrekkelij-
ker te maken voor landbouw. Ten eerste ontsluit de bosbouwsector het
regenwoud voor zwerflandbouwers door de aanleg van wegen: niet alleen
vergemakkelijkt het wegennetwerk het binnentrekken van het bos, maar
ook het vervoeren van landbouwoverschotten naar de markten buiten het
bos. Ten tweede vereenvoudigt de bosbouwsector de conversie van bos
naar landbouwgrond: enkele van de grootste bomen zijn reeds verwijderd
en de aangerichte schade aan de vegetatie vergemakkelijkt het platbran-
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den. In de literatuur wordt veel aandacht besteed aan de invloed van
bosbouwactiviteiten op de aantrekkelijkheid van het bedrijven van land-
bouw in het regenwoud. Hoofdstuk 5 analyseert de omgekeerde relatie,
namelijk de gevolgen van de aanwezigheid van zwerflandbouw voor het
beslissingsproces van de bosbouwsector. Immers, bij het bedrijven van
landbouw wordt de vegetatie gewoonlijk deels verwijderd, hetgeen
betekent dat potentieel waardevolle bomen (die bijvoorbeeld nog te jong
zijn, of waarnaar de vraag tijdelijk laag is) worden vernietigd. De belang-
rijkste conclusie van de analyse is dat de dreiging van illegale landbouw
op concessiegebieden de snelheid waarmee regenwoud wordt opengelegd,
kan verlagen maar de intensiteit van de houtkap in het reeds toegankelijk
gemaakte bos doet toenemen.

Overheden van tropische beboste landen hebben belang bij het beïnvloe-
den van de wijze waarop het land wordt gebruikt: economische activiteit
in het regenwoud kan in belangrijke mate bijdragen aan ’s lands welvaart.
Hoewel in de meeste ontwikkelingslanden de overheid niet in staat is het
tropische landgebruik volledig te bepalen, kan ze zowel direct als indirect
invloed daarop uitoefenen. Voorbeelden van directe maatregelen zijn de
allocatie van kapconcessies en kolonisatieprogramma’s, terwijl landgebruik
indirect kan worden beïnvloed via ingrijpen in de prijsstructuur en via
belastingmaatregelen. Gegeven het belang dat voor overheden van tro-
pisch beboste landen (hierna lokale overheden genoemd) gemoeid is met
ontbossing en gegeven het feit dat ze daadwerkelijk invloed uit kunnen
oefenen op het landgebruik in de regenwouden, is het duidelijk dat het
beslissingsproces van die overheden in ogenschouw genomen dient te
worden bij de analyse van eventueel beleid. De twee meest voor de hand
liggende beleidsinstrumenten die aan de internationale gemeenschap ter
beschikking staan, zijn handelsmaatregelen en internationale hulp. Deze
twee typen beleidsinstrumenten staan centraal in respectievelijk hoofdstuk
6 en 7.

In de discussie aangaande beschikbare handelsmaatregelen worden in
hoofdstuk 6 twee soorten besproken: maatregelen die de vraag naar
tropisch hardhout verminderen en maatregelen die, meer selectief, alleen
de vraag naar niet-duurzaam geproduceerd tropisch hardhout ontmoedi-
gen. Voorbeelden van de eerste soort zijn handelsboycots en verhoogde
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tarieven op de import van hout. De intentie van dit soort maatregelen is
de winstgevendheid van bosbouw in het regenwoud te verlagen, opdat er
minder bosbouw wordt bedreven en er dus meer bos onaangetast blijft.
Deze bedoeling kan echter om twee redenen worden gefrustreerd. Ten
eerste is het niet op voorhand duidelijk dat als er minder bosbouw wordt
bedreven, het bos niet op een andere manier zal worden geëxploiteerd.
Indien men ervan uitgaat dat overheden slechts geïnteresseerd zijn in de
economische baten van bosexploitatie, kan een verlaging van de winstge-
vendheid van bosbouwactiviteiten ertoe leiden dat er meer land zal
worden gealloceerd aan landbouw. Ten tweede is houtexport vaak een
belangrijke bron van buitenlandse valuta. Omdat in veel ontwikkelingslan-
den een dringende behoefte bestaat aan buitenlandse valuta, kunnen de
lokale overheden zelfs besluiten om bosbouwactiviteit te stimuleren om de
afname in inkomsten te beperken.

De tweede soort beleidsmaatregelen is gericht op het stimuleren van
duurzame exploitatie van het regenwoud: consumptie van duurzaam
geproduceerd hout wordt bevorderd ten koste van consumptie van niet-
duurzaam geproduceerd hout. Indien inderdaad de winstgevendheid van
duurzame houtexploitatie groter blijkt dan die van niet-duurzame kap,
kan er een prikkel ontstaan voor de bosbouwsector om over te gaan op
duurzame kap. Dit betekent echter niet noodzakelijkerwijs dat er geen
ontbossing meer zal plaatsvinden, omdat lokale overheden ook de moge-
lijkheid van het omzetten naar alternatieve vormen van landgebruik in
hun overwegingen meenemen. Indien de winstgevendheid van duurzame
kap ook stijgt ten opzichte van die van landbouw, zal de kwaliteit van het
bos toenemen en er op lange termijn minder bos worden gealloceerd aan
landbouw. Het gevaar bestaat echter, zoals modelmatig is afgeleid, dat op
korte termijn de ontbossingssnelheid zal gaan toenemen. Dit komt doordat
er prikkels kunnen ontstaan om zo snel mogelijk het land bestemd voor
landbouw, te ontdoen van de commercieel interessante bomen en om te
zetten naar landbouwgrond. Om zo’n proces te voorkomen dient de over-
heid van tropisch beboste landen voldoende prikkels te krijgen om ook op
korte termijn duurzaam bosbeheer na te streven.

Het tweede type instrument waarover de internationale gemeenschap
beschikt, is buitenlandse hulp. In hoofdstuk 7 worden twee vormen
onderscheiden: schenkingen ’om niet’ (zogenaamde lump-sum donaties) en



267Samenvatting

conditionele hulp. Indien een lokale overheid in principe bereid is het
regenwoud te conserveren maar tevens wordt geconfronteerd met een
gebrek aan buitenlandse valuta, kunnen lump-sum donaties zeer effectief
zijn omdat hierdoor de directe noodzaak tot het exploiteren van het
regenwoud wordt verminderd. Helaas wordt in de literatuur de effectivi-
teit van dergelijke hulp enigszins overschat omdat er wordt uitgegaan van
modellen zonder onzekerheid. In werkelijkheid fluctueren internationale
houtprijzen sterk. Indien overheden risico-mijdend zijn, is het gevolg van
die fluctuaties dat lokale overheden conservatief omgaan met hun regen-
woud: economisch gezien is het voor hen optimaal de kapactiviteit te
verlagen ten opzichte van de situatie van zekere houtprijzen. Het gevolg
van het geven van hulp is dan dat inderdaad de noodzaak tot kappen
afneemt, maar ook dat de overheid minder risico-mijdend wordt: hoe
rijker men is, hoe meer risico men bereid is te nemen. Het gevolg van het
geven van lump-sum hulp is dus dat bosbehoud op lange termijn toeneemt
vanwege de verminderde noodzaak van bosexploitatie, maar met minder
dan in de situatie van zekerheid omdat de overheid minder conservatief
om zal gaan met bosexploitatie als gevolg van de toename van haar
rijkdom.

Wellicht is dus conditionele hulp effectiever: de grootte van de inko-
mensoverdracht kan afhankelijk worden gemaakt van de mate waarin
lokale overheden bosbehoud nastreven. Het principe achter conditionele
hulp is dat de winstgevendheid van bosbehoud wordt verhoogd ten
opzichte van de winstgevendheid van het omzetten naar alternatieve
vormen van landgebruik. Indien de compensatie per eenheid bos constant
is, zal de optimale bosomvang ondubbelzinnig toenemen. Het lijkt echter
niet waarschijnlijk dat die vergoeding inderdaad constant zal zijn: de
internationale gemeenschap zal bereid zijn meer hulp te geven per een-
heid bos naarmate het bosareaal kleiner wordt. Dit zou ertoe kunnen
leiden dat er een extra prikkel ontstaat om meer te ontbossen; door de
afname van het areaal stijgt immers de compensatie per eenheid overge-
bleven bos. Derhalve wordt in dit proefschrift naar een oplossing voor dit
geloofwaardigheidsprobleem gezocht; de suggestie die aan donorlanden
wordt aangedragen is om inderdaad een bepaald bedrag per eenheid bos
over te dragen, maar dit bedrag te verlagen afhankelijk van de ontbos-
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singssnelheid. Het resultaat van een dergelijke strategie is verbeterd
bosbehoud, zowel op lange- als op korte termijn.

De algemene conclusie die kan worden getrokken op basis van de in dit
proefschrift ontwikkelde modellen, is dat de meeste beleidsmaatregelen
die kunnen worden gebruikt om duurzaam bosbeheer te stimuleren,
zorgvuldig dienen te worden ingezet. Gegeven de complexiteit van het
ontbossingsproces kunnen averechtse resultaten worden verkregen indien
onvoldoende aandacht wordt besteed aan de omstandigheden waaronder
de verschillende economische actoren hun beslissingen nemen. Verder
wordt in het concluderende hoofdstuk ook de interactie tussen de ver-
schillende actoren in ogenschouw genomen. Uit die analyse blijkt dat
maatregelen, die zijn gericht op het beïnvloeden van het beslissingsproces
van één van de typen actoren, een ander type actor er juist toe kunnen
aanzetten om over te gaan op niet-duurzame exploitatie. Dit betekent dat
er behoefte is aan het integreren van de beslissingsmodellen van de
verschillende typen economische agenten in een groter model, teneinde
die interacties nader te kunnen analyseren.


