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Chapter 5

Forestry and Tropical Deforestation

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

5.4 The impact of encroachment on logging decisions2

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

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

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

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

where Pi, i = 1,2 indicates the net price3 of wood from primary and

(5.1)Π max
q1,q2 ⌡

⌠
T2

0

[P
1
(t) q

1
(t) P

2
(t) q

2
(t) ] e rt d t

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

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

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

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

(5.2)Ḟ
1
(t) q

1
(t)

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

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

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

In this equation, F2(t) is the stock of secondary forest measured in biomass

(5.3)Ḟ
2
(t) ϕq

1
(t) q

2
(t) ρF

2
(t) S (F

2
(t) )

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

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

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

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

(5.4)S (t) βF
2
(t)

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

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

In the Hamiltonian λ(t) and µ(t) are the costate variables that reflect the

(5.5)H (q
1
(t),q

2
(t),F

1
(t),F

2
(t),λ(t),µ(t) )

P
1
(t)q

1
(t) P

2
(t)q

2
(t) λ(t)q

1
(t) µ(t) [ϕq

1
(t) q

2
(t) (ρ β)F

2
(t) ]

logger’s marginal valuation of F1 and F2 respectively; in other words, they
are the current-value shadow prices of the associated state variables.
Invoking Pontryagin’s maximum principle and assuming an interior
solution, the following first-order conditions can be derived:

(5.6)P
1
(t) ϕµ(t) λ (t)

(5.7)P
2
(t) µ(t)

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

(5.8)λ̇(t) rλ(t)

(5.9)µ̇ (t) (r ρ β )µ(t)

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

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

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

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

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

Furthermore, by integrating (5.2) and (5.3) and evaluating the resulting

(5.10)P
1
(t) P

1
ϕP

2
e (r ρ β) (T1 T2 ) e r( t T1 ) ϕP

2
(t) 0

(5.11)P
2
(t) P

2
e (r ρ β) ( t T2 ) 0

equations at T1 and T2 respectively, two constraints can be derived:

(5.12)F
1
(0) ⌡

⌠
T1

0

q
1
(t)dt

8More generally, given the fact that the maximisation problem has a fixed terminal state
(i.e., the concession area should be depleted) while the terminal time is free, the transversality
condition is that the present-value Hamiltonian should have value zero at the terminal time. If
the depletion time T is optimal, the marginal benefits of increasing T should be equal to its
marginal costs. The marginal benefits of postponing depletion by one period are the
additional profits that can be earned over this period. This postponement is costly in the
sense that, given a fixed initial stock, extraction should be decreased somewhat in each
period up to T. Equating these marginal benefits and costs of postponing depletion can be
shown to boil down to the transversality condition that the present-value Hamiltonian should
be zero at time T (Chiang, 1992, pp. 177-182 and pp. 225-226; Hanley et al., 1997, pp. 186-188;
Léonard and Long, 1992, pp. 240-244).
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As primary forests do not grow whereas human activity turns them into

(5.13)e (ρ β)T2

⌡
⌠
T2

0

[ϕq
1
(t) q

2
(t) ] e (ρ β) t dt 0

secondary forests, equation (5.12) states that the total area harvested over
the depletion period should equal the initial area of primary forests.
Equation (5.13) is based on the assumption that initially the logger only
possesses primary forests; F2(0) equals zero. In each period, biomass in
secondary forests increases because primary forests are degraded into
secondary forests (ϕq1) and decreases because of timber extraction (q2). The
exponential terms describe the biomass changes in secondary forests
resulting from growth and agricultural conversion. The optimal depletion
times (T1 and T2) can now be derived by substituting the linear inverse
demand functions in (5.10) and (5.11) and solving for qi(t) (see appendix
5.1).

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

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

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

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

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

The main conclusion is that under the assumption that agricultural
conversion is confined to accessible logged-over forest areas, illegal
encroachment on concession areas induces the forestry sector to reduce the
rate at which primary forests are opened up while increasing logging
intensity in the secondary forests. This suggests that policy measures
aimed at reducing agricultural activity in the rainforest area may have
adverse consequences in terms of primary forest conservation: if the threat
of encroachment declines, the forestry sector’s costs of opening-up pri-
mary forests are lowered and hence logging activity in primary forests is
likely to speed up. This implies that policy measures aimed at combatting
actual deforestation may have adverse consequences in terms of forest
degradation. Therefore, forest conservation policy packages should not only
include measures to reduce the number of small-scale peasant households
undertaking agricultural activities in rainforest areas but should also
contain additional measures aimed at the forestry sector to protect biodi-
versity in primary forests.
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Obviously, the conclusions of this section depend crucially on the
assumption that forestry firms consider a second round of logging. If
loggers do not consider successive rounds of logging, for instance because
concession rights are defined for a short period, the ’natural brake effect’
will be negligible.

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

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

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

Furthermore, solving (5.13) yields:
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By simultaneously solving equations (A5.3) and (A5.4), the optimal
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depletion times of primary and secondary forests are determined.


