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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.



19Overview of the tropical deforestation process

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.



22 Chapter 2

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.



41Overview of the tropical deforestation process

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.



51Overview of the tropical deforestation process

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



60 Chapter 2

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.


