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Chapter 8

Conclusions

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

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

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

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

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

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

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

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

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

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

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

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

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

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



233Conclusions

are brought under exploitation. Indeed, it has been shown that the forestry
sector responds to increased encroachment in two different ways. On the
one hand, the logging intensity in secondary forests increases (in other
words, the rotation period shortens); on the other hand, the rate at which
the primary forests are degraded into secondary forests decreases as
logging in those untouched forests is postponed.

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

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

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

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

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

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

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

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

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

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

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

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


