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Abstract

This paper studies the dynamic extraction problem of an exhaustible common-pool
resource. We build on classical closed-economy growth models with intertemporally max-
imizing, infinitely lived dynasties exhibiting a constant population growth rate. Utility
is obtained from periodic consumption based on the fixed-rate capital and the extrac-
tion of the resource, and from the amenity values derived from the standing resource
stock. The resource contributes to both consumptive and amenity utilities, while different
generations are interconnected by intergenerational altruism. Dynamic allocation of the
natural resource is determined by a benevolent social planner. This allows us to examine
intra-generational inequity issues in combination with the intergenerational concerns. We
demonstrate how the optimal allocation of the resource depends on the population growth,
wealth level, inequality, ecological vulnerability of the resource and rivalry on the amenity
value. Our results highlight the trade-offs between reducing the degree of inequality and
preserving the ecological values of the resource.

Keywords: dynamic optimization; intra-generational altruism; public goods; resource vulnerability; social
planner; tropical forests
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1. Introduction

There has been a long-standing tension in many emerging and developing countries
between protecting primary rainforests on the one hand and using the land for eco-
nomic development on the other. While there are several factors that contribute to the
dynamic relationship between these two competing land uses, some typically identified
challenges are associated with inequality, population growth, and ownership arrange-
ments (e.g., Leblois et al., 2017; SantAnna, 2017; Ceddia, 2019; Balboni et al., 2023).
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The reason for concern, and the motivation for a large body of research, is the high
rates of deforestation observed in the tropics and the associated risks imposed on bio-
diversity and the climate. Building economic models capable of capturing these critical
elements, which contribute to deforestation processes, helps us to better understand the
mechanisms behind these drivers and to design better policies to mitigate deforestation
problems while at the same time enabling the improvement of livelihoods.

This paper makes a contribution by presenting an analytical model of the depletion
of non-renewable resources with in-situ amenity values, such as primary tropical rain-
forests. The model integrates the effects of ownership structures, population growth
and income inequality with the use of the resource. The model is based on util-
ity maximization over an infinite time horizon, utility being derived both from the
consumption as well as from in-situ externalities of the resource. We illustrate a
common-pool resource with community ownership. This ownership class is fairly
commonly applied for forestland worldwide.

The structure of the model presented here draws on some classical models of
economic growth. Ramsey (1928), Cass (1965) and Koopmans (1963) analysed closed-
economy growth models with intertemporally maximizing, infinitely lived dynasties
exhibiting an assumed population growth rate. These dynasties were egalitarian,
accounting for the utilities of each generation according to their size. With such
growth models, it is possible to study, for example, the intergenerational aspects of the
consumption and savings problem. In the present study, we also assume egalitarian
dynasties and that the generations are interconnected by intergenerational altru-
ism. Furthermore, we incorporate in our model intra-generational wealth inequality
together with the decision to extract the common-pool resource and divide the rev-
enues among the members. The social planner’s solution to the model enables us
to study both intra-generational inequity and inter-generational properties of the
common-pool extraction problem.

Koopmans (1963) introduced the endogeneity of resource flows to the problem of
best allocation of exhaustible resources over time by operating with an exogenous ini-
tial stock of resources. In his continuous-time model, the total utility flow is obtained
from a flow of consumption of a good produced with the use of capital stock along
the lines of the Ramsey (1928) model, and a flow arising from the rate of depletion
of an exhaustible stock. The model structure used here is related to Koopmans model
combining capital and an exhaustible resource, but with a constant interest rate. In the
discrete-time model presented here, the resource contributes to both consumptive and
amenity utilities.

We examine the case where a natural resource, such as a tropical forest with exter-
nality values, is a common-pool resource owned by a regional or local government or
by a communal group. While a private actor is concerned about her own and her off-
spring’s utilities and excludes the utility of other community members, we introduce
a social planner’s problem, where there is a concern over the utility of all community
members. The members of the community are thus the dynasties whose combined
utilities the benevolent social planner is maximizing.

Our research also contributes to the literature modelling the dynamics of defor-
estation in tropical countries (e.g., Amacher et al., 2009; Wolfersberger et al., 2022).
Our research differs from these in that we focus on modelling the common property
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aspects of the resource together with trying to better understand the impacts of wealth
inequalities in the communities on optimal resource extraction plans as defined by
a benevolent planner. Community lands, such as forests, as an ownership class are
found both in the developed and in the developing countries. According to Agrawal
and Angelsen (2009), communities have the control rights on nearly 10 per cent of
the global forest cover, and they provide livelihood to more than a billion people
worldwide. In developing countries, their significance is even greater, as community
management covers 25 per cent of the forest area (Bluffstone et al., 2020).!

Introducing both inter- and intra-generational preferences will result in the deple-
tion of the resource to depend on the population size and its growth rate as well as
on intra-generational inequity rate. Furthermore, depletion will be dependent on the
population-driven ecological impacts on the common-pool resources. For example,
empirical literature on deforestation dynamics has found that population pressures
have contributed to deforestation in the tropics (e.g., Barbier, 2004; Leblois et al., 2017).

Like public good resources, common-pool resources are non-exclusive among
the community members. However, unlike public good resources, common-pool
resources exhibit rivalry. We show that the optimal allocation of the resource becomes
dependent on population growth, wealth level, wealth inequality, ecological vulnerabil-
ity of the resource and rivalry on the amenity value of the resource. We further illustrate
the dynamic path of the resource extraction using several numerical scenarios.

The rest of the study is structured as follows. In section 2, we first introduce the
amenity valuation function of the resources and show how the population size and
rivalry enter this valuation. In sections 3 and 4, we then present the social planner’s
problem of the extraction of the forest resource. The optimal consumption and extrac-
tion rules are derived using logarithmic utilities. In section 5, we introduce a measure
for income inequality within the community. This is then used for the first-order con-
ditions. In section 6, numerical examples are used to illustrate the model solutions.
Finally, in the last section, we discuss our results and provide conclusions.

2. Rivalry over the common-pool resources and the amenity function

Unlike pure public goods, common-pool resources face problems of congestion or
overuse, because they are subtractable. This is typical, for example, in the case of tim-
ber and many non-timber benefits generated by common-pool forests. Additionally,
the non-tangible externality values of a forest resource may face rivalry, and this needs
to be taken into account in the model. However, rivalry over a resource may start from
a certain resource-specific threshold level of population, below which level there is no
rivalry or, on the contrary, population growth may induce improvements in the quality
of the resource. This phenomenon is closely related to the concept of local public goods
with congestion, discussed by, e.g., Greenberg (1978) and Buchanan (1965).

lCommunity lands are sometimes also referred to as communal forests, collective forests, joint forests or
social forests. Management of common-pool resources is also found in the case of grazing lands (Wiersum,
2004). In other contexts, amenity values within resource context have been incorporated into the models by,
e.g., Krautkraemer (1985), Gerlagh and Keyzer (2004), and D’Autume and Schubert (2008).
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For numerical purposes, we will specify the amenity utility function in such a way
that it accounts for the impact of population pressure on the resource externalities.
We do this through a rivalry function o (N, /ﬁ) which measures the rivalry over the
amenity values of the common-pool resource, as a function of the population pressure
N, /N (with population N, > 1 and a reference or saturation population size N). The
rivalry function is defined so that when N < N = & (N, / N) < 1 (co-operation exists),

whenN=N = o (N, /N) = 1 (neither co-operation nor rivalry exists), and when
N>N=o (Nt / N) > 1 (rivalry exists). Therefore, a higher value of o0 means greater

rivalry.
The forest amenity value, A’, for an individual member i is then specified as
follows:
. — log (Q
A7 (Q NN = 208(@) M
o (N,/N)

where Q; is the stock of the resource and +y is a scaling parameter. The amenity function
is thus a combination of a concave function of the resource quantity and the rivalry
function. We furthermore choose the following quadratic specification for o (Nt /N ):

2
a(Nt/N)=1—I§+(I§> : @)
N N

By combining (1) and (2), it can be seen that the amenity value experienced by an
individual member for a given level of the resource stock improves with population size
(i.e., o becomes smaller) until N = N /2, at which level the amenity function reaches
its maximum and decreases thereafter since rivalry over amenity values is becoming
more intense. We will use these in the social planner’s problem.

Figure 1 illustrates the effect of the community’s population size on the amenity
utility experienced by an individual. With the non-linearity of expressions (1) and (2),
the amenity utility first increases and is at a higher level up to a point determined by the
reference population level N (which can be understood as an ecological vulnerability
point of the resource), and then begins to decrease relative to the starting point, thus
exhibiting the crowding impact on the amenity value of the forests.

3. Common-pool resources: the problem

Common-pool forestry is practiced in such a way that the private agents, families, keep
their financial assets, or capital, under individual private ownership, while the natural
resources form a jointly-owned asset. Financial assets can be broadly considered to
consist of farmland, financial wealth, or the capital value of labour skills. The income
from the common-pool resource is divided evenly among the community members.?
Thus, nobody is excluded from the monetary benefits. However, the initial financial
wealth does not need to be evenly distributed among the community families/dynasties

*Local fisheries in Apesteguia and Maier-Rigaud (2006) and Gaspart and Seki (2005) provide an example
of this.
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Figure 1. The crowding effect on the amenity value of forest resources.

and their proceeds are kept under private ownership. The community takes the pro-
duction function of the financial assets as given; thus the interest rate is given to the
community. We apply Benthamian utility structure: the joint social welfare of the com-
munity is sought to be maximized assuming that the total communal utility is the sum
of the utilities of community members (Bentham, 1948).

We assume an altruistic social planner to maximize the utility of current and future
population (Ramsey, 1928; Koopmans, 1963). The current population at time ¢ is N,
and the given population growth rate is #. In each period, the planner decides the extent
of resource extraction measured in land area units, or as the share of the current land
area that is harvested. The deforested area is allocated to alternative land uses, such as
agriculture. The problem can be written as follows:

0 3l o) RS ST ESACR )P

{ s+17 et Ws+l

(3a)
s.t.
0o 1 s—t

> (1+r) ¢ < wi+LVi(x,) fori=1,..,N, (3b)
wi = (1+r)(w—cl) fori=1,..,N, (3¢)
Q, = gx; (3d)
Qs+1 = (1 - as) qxs (36)
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LVt"(x)zzOo ( ! )Stl% {(pq%—%m—k) as—l—m(l—as)] X, (3f)

s=t \1+4+r

N, =N,/(1+n)" (3g)

s = 1y (3h)

where u (-) is a strictly concave utility function of the period s consumption ¢! of fam-
ily (dynasty) i. Function A (-) is the amenity utility function of the periodic volume of
the forest resources, Q,, and the population pressure is measured by N, /N. The peri-
odic extraction is measured by a,qx, where a is the percentage share [0,1] of cutover
area of the current available land area of the forests, x,, and q is the per hectare vol-
ume of the resource, such as forests, assumed constant over time. Parameter p is the
time preference rate of the social planner. Variable w! is the non-forest assets owned by
family i and r is the interest rate. LV denotes the land value measured in present value
terms where m is an in-situ rent generated by the existing resource which represents,
for example, a periodic value of the non-timber product flows obtainable from stand-
ing forest (extractable fringe units, e.g., fruit crops). Parameter rent is an annualized
land rent from alternative land uses such as agriculture and it is assumed to flow per-
petually after deforestation. Finally, p is the unit price of the resource and k is a possible
harvest cost of the resource per area.

Equation (3b) is the lifetime consumption constraint, whereas equation (3c)
describes how the external, non-forest assets evolve over time. Equation (3d) repre-
sents the standing volume of forests at the beginning of period s, whereas equation (3e)
describes the equation of motion of the land area allocated to standing forests. Equation
(3f) gives the land value measured in present value terms, and equation (3g) describes
the population growth. Observe also that the boundedness of (3a) is determined by 7,
pand n.

The problem thus describes the behaviour of an intertemporally maximizing social
planner concerned about the utility of infinitely-lived members of the community.
The social planner is assumed to be egalitarian, giving weight to the consumption and
amenity utilities of each generation in proportion to its size. In this respect, the model is
related to Ramsey, Cass, and Koopmans (cf. Obstfeld and Rogoft, 1996). In Koopman’s
model, the dynasties are identical. The difference here, besides the aspect of the natural
resource, is that in the current model, there are N; non-identical families (or ‘dynas-
ties’), whereas in their model the dynasties are identical. This property in fact makes
it possible to study in the present context the intra-generational equity issues, besides
the inter-generational aspects. In this sense, the social planner in the present model
plays the role of an emperor over the dynasties, using the terminology of the relevant
literature. Note, however, that we are normalizing the s = ¢ size of each dynasty to be
unity. Relaxing this would not change the analysis.

The monetary capital structure represents the simplest possible production struc-
ture, namely a pure capital model, in which output is a fixed proportion of wealth,
through the fixed constant interest rate (Dasgupta, 2008). The natural resource can be
freely transformed into monetary capital, but the latter cannot be transformed into
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the natural resource. In this respect, it is the natural resource capital, the forests in the
present model, that represents the ‘cake’ in the cake-eating characterization of Gale
(1967) and Romer (1986). Since we have the A utility function along with the u utility
function, the case here would be a combined ‘cake-eater and cake-preserver’

The flow of non-timber products is an indication that the forest can generate
resource rents which are an important aspect of forest use in tropical countries. For
example, Vedeld et al. (2004) carried out a meta-analysis of 54 studies undertaken
across the tropical world and found ‘forest environmental income’ (largely fuelwood,
wild foods and fodder for animals) made an average contribution to rural household
incomes of 22 per cent.

4. Optimal consumption and extraction

Under logarithmic utilities, the optimal path for the periodic consumption of the
families is given by the following rule:

; <<1+r)<1+n)>”.

qd- L+p

9

= (4)

The above rule is the standard consumption solution found in dynamic contexts
(Obstfeld and Rogoff, 1996) augmented with the population growth rate n. This con-
sumption rule incorporates the social planner’s altruism. The population growth term
tilts the consumption pattern from current consumption toward future consumption.
The ruler of the dynasties (emperor) is forward-looking and weighs the utility of future
generations in making today’s consumption and resource use decisions. When the
dynasty emperor expects more progeny (higher #), it provides for the future gener-
ations by reducing current consumption today (cf. Obstfeld and Rogoff, 1996). When
the impatience rate, p, equals the capital growth rate, r, the consumption develops with
the population growth rate »n. Thus, in this case, the per capita consumption remains
constant over time.

Utilizing the optimal consumption rule recursively and assuming an interior solu-
tion where a part of the resources is used (and using logarithmic utilities) yields the
following optimal rule for the use of the resources for s = t (see the appendix):

o (14+n\"" vgN, N, l{l ( rent >
_Zg:t<l—|—p> USQt+1+Zi:1)\t N, pq+ ” —k—m

(5 )%}zo, (5)

L+7r) X

where \! are the Lagrange multipliers. For convergence, n needs to be smaller than p
in the first term on the left-hand side.

To untangle the role of income inequality in determining the extent of the resource
extraction, we use in the next section the fact that, in equation (5), the following
condition holds:

N, . N, 1
i:l)\;zz i

i=1 Ci ’
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5. Characterizing the solution and the role of inequality

Next, we introduce our concept of income inequality used in the model. This will help
in clarifying the role of population in the first-order condition for the resource (forest)
clearance in equation (5). We also compare our inequality measure to the commonly
used Gini coefficient.

Denote the average consumption within the community with C,. In the case of
perfectly equal income distribution, the communal marginal utility of consumption

Zf\il L will be given by =. Then, define the following expression as a measure for the

Communal marginal utility of consumption relative to the ‘perfect equality’ case:

N, 1
il s
[

Note that 1 takes its minimum value 1 with the perfect equality case. Therefore,
it can be considered to measure the stringency of the communal budget constraint
(shadow prices A in equation (5)) relative to the case where wealth and thus income is
evenly distributed among the community members. We use this measure of inequality
in the model because of its analytical consistency in the context of the optimal solution
of the utility maximation problem. In other words, it has a utility driven interpretation.

When compared to the Gini index, the most commonly used measure of unequal
income distribution, it can be shown that while the Gini index reacts linearly when
inequality increases, our measure in (6) increases non-linearly. Thus, p increases at
a greater rate the higher the prevailing inequality. In this sense, our measure reflects
the social planner’s increasing aversion towards exceedingly unequal income distribu-
tions, whereas the Gini index can be viewed as an arithmetic measure characterizing
the income distribution.

Now, using 4, the communal marginal utility of consumption can be expressed as
follows:

N1 N,
E = = (7)
i=1 C Ct

When (7) is used in (5), the optimal resource use at s = ¢ will follow (see appendix):

oo (14 n>H N, C, rent < 1 ) LV},
=pg+ = —k—N, =l s
ZS=f (1 +p Oty Qpy1 M=t NL+r) x4 ®)

In the case of forest resources, the left-hand side of (8) represents the marginal costs
of deforestation, whereas the marginal benefits of deforestation are on the right-hand
side of the equation. The marginal benefits consist of net revenues from timber cut-
ting and of the rental value of cleared forest, both being exogenously given to the
landowner. The marginal cost of deforestation on the left-hand side of (8) can also
be thought of as the marginal benefits of maintaining the forest resources. These con-
sist of two parts, the monetary value of in-situ forest benefits m, and the second part
with the discounted periodic flow of the relative amenity values of the standing forest,

Zoo <1+n>57t ~gN,C,
s=t !

I+p oot Qrp1
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The implications of the non-monetary externalities for the use of the resource can
now be seen more easily. By introducing a positive term for the marginal benefits
of standing forests, the valuation of the externalities tends to lead to greater preser-
vation of forests, as does an increase in the non-timber rents m of the forest. The
relative amenity valuation part now links the monetary wealth of the landowner with
the deforestation decision. The larger the consumption level, the smaller the extent
of deforestation. However, higher inequality leads to increased resource extraction. In
particular, the higher the term y;, the smaller the amenity valuation of the standing for-
est. This impact results from the concave (logarithmic) utilities, as the social planner
benefits from using the income from forest extraction to increase the consumption util-
ity of the poorest households in particular. In other words, while all households receive
an equal share of the deforestation income, that income will generate a greater increase
in utility for the poorest, which then ultimately contributes more towards increasing
the total utility.

From equation (8), it can also be observed that the population size has two effects on
the optimal deforestation decision. First, there is a direct positive effect on the amenity
value of the forest resources, as the social planner counts each member’s amenity utility.
Second, there is the indirect effect through the rivalry function which tends to decrease
the amenity value for all members. We will leave the investigation of these effects for
the numerical illustrations.

Finally, we note that expression (8) assumes an interior solution, meaning that some
of the existing resources are deforested while a part of them is left standing. However,
an optimal depletion could also exhibit corner solutions, meaning no deforestation or
total deforestation in the current period. More precisely, marginal benefits of defor-
estation could be larger than the marginal costs of deforestation for all feasible choices,
thus leading to a total cutover of the existing forests. Or alternatively, the marginal
benefit of deforestation could be smaller than the marginal cost of deforestation for all
feasible choices, thus leading to full preservation of the forests, at least in the current
period. The decision to preserve all standing forests could change in the subsequent
periods.

6. Numerical illustrations

In this section, we use numerical methods to solve the model and to illustrate the
impacts of the key variables and parameters on deforestation. Numerical analysis is
based on the Karush-Kuhn-Tucker theorem and is solved using AMPL and Knitro
optimization software. Parameter values are given in table 1. We conduct sensitivity
analysis with respect to the interest rate, initial wealth level, reference population level,
and the extent of wealth inequality. Due to potential non-convexities, we use 30 starting
points to increase the probability of finding the global optimum.

Figure 2 illustrates the three possible paths of consumption based on equation (4).
When the numerator and the denominator are equal, the optimal consumption path
is such that the consumption of the family is constant, as exhibited by the red dashed
line in figure 2. The green solid line represents a decreasing consumption path, whereas
the dash-dot black line represents an increasing consumption path. The former occurs
when the planner has a high degree of impatience (high p) relative to the population
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Table 1. Parameter values for numerical analysis unless otherwise stated (t = 0)

Parameter Value Definition
N, 500 Initial population
N 1500 Reference population level
r 0.02 Interest rate
p 0.05 Time preference rate
Wo 5000 Community’s average initial wealth
X0 100 Initial forest area
pg-k 17500 Net timber income per area unit
rent 300 Land rent level from cleared land
n 0.01 Population growth rate
m 30 In-situ rent generated by existing resource
y 0.3 Amenity scaling parameter
500 ;
7

> 400 /

E e

5 /

2 300 4 /

5 -

B -

g 200 N

g =

& 100 -

0
0 50 100 150 200
Time, years

(1+r)(1+n) < (1+p)
— — — = (1+r)(1+n) = (1+p)
— == (1#r)(1+n) > (1+p)

Figure 2. Optimal consumption paths.
Notes: For green (solid), red (dashed) and black (dash-dot) lines, r is respectively set to 0.01, 0.02, and 0.03,
while n =0.01 and p = 0.03.

growth and the return on wealth (i.e., the interest rate), and the latter occurs in the
opposite case.

In what follows, we focus on investigating the case with a decreasing consump-
tion path. In figure 3, the impact of discounting on the forest resource extraction is
demonstrated by varying the interest rate while holding other parameters constant
(note p = 0.05). Interestingly, the interest rate has a dual effect on the optimal
extraction path. Initially, a higher interest rate leads to a higher amount of forest
land to be cleared. This is the substitution effect. Later in time, a higher interest rate
indicates a slower pace of deforestation as compared to a lower interest rate. This is
the income effect: with a higher interest rate, the community eventually has a higher
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Figure 3. Effects of the interest rate on the optimal extraction of forest resources.

100 — o=1
— — — g=nomal

Forest area

0 50 100 150 200

Time

Figure 4. The impact of rivalry in amenity values on the optimal extraction path.
Note: r =0.02, p=0.05.

income level, implying that it also values the amenity utilities of the forests more than
a poorer community (when assuming otherwise identical communities), as indicated
by equation (8).

As discussed earlier, population growth influences forest extraction in two different
ways. To explore and compare these effects, we solve the optimal extraction path when
assuming that there is no rivalry and hence no congestion in the amenity values gen-
erated by the forests. In other words, we let ¢ = 1 in the amenity function presented
in equation (1).

Figure 4 illustrates the effects together with the benchmark extraction path. As can
be seen from the figure, when rivalry is present (red dashed line), the area of the for-
est cover starts from a slightly higher level than in the case with no rivalry (black
line). However, during the planning horizon, the optimal extraction path with rivalry
depletes the forest stock more quickly than without rivalry. This result highlights the
fact that as population grows, congestion reduces the in-situ values of the forests and
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Forestarea

Time, years

Wy=500 —.—. w,=10000
— — Wy=5000 ——— w,=50000

Figure 5. The effects of initial wealth on optimal forest clearing.
Note: r = 0.02, p = 0.05.

hence reduces the benefit of postponing harvesting. The planner responds to this by
accelerating forest extraction. But initially, when the population size is still relatively
small, population growth contributes positively to amenity valuation (equation (2)).
This explains why the starting point of the forest cover is slightly higher when the
rivalry function is included. Conversely, when o = 1, both the positive and the negative
effects from population growth on amenity valuations are absent.

Figure 5 illustrates the direct impacts of the wealth level on the extraction of the
forest resources. As expected, a higher income level implies a higher forest area being
protected from clearing. But given the decreasing consumption path, there is a point in
time after which deforestation begins, as can be seen from the figure. The wealthier the
community, the later in time this transition point occurs. Note that if the consumption
path were increasing, then it might be optimal to never deforest after the initial period.
However, congestion and rivalry associated with the common-pool resource could still
deteriorate the amenity values enough so that deforestation commences at a later point
in time even with an increasing consumption path.

In Figure 6, we illustrate the impact of income distribution on forest extraction.
The three cases we study vary with how initial wealth is distributed in the population.
In the first case the distribution is equal, with all families starting with 5,000 units of
wealth. In the second case, the richer half of the population starts with 14,000 units,
and the poorer half with 1,000 units of initial wealth. And in the final case, the richer
half starts with 50,000 units, and the poorer with 500 units of wealth. These cases cor-
respond to Gini index values of 0, 0.25 and 0.34, respectively, when the Gini index is
computed using the resulting consumption levels (recall that revenue from forest clear-
ing is equally divided among members). Hence, the first case reflects a community with
perfect equality, whereas the second can be considered as a modest case of inequality,
and the last one as a more severe case of inequality. Note that the underlying wealth
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Figure 6. Effect of inequality on forest area development.

Notes: pvalues 1, 1.34, and 2.7. correspond to Gini-index values 0, 0.25, and 0.34, respectively. Respective
initial wealth levels for richer and poorer halves of population are (5000;5000), (14000;1000), and
(50000;500).

inequality in these scenarios is even more severe than the resulting consumption-based
Gini index values tend to suggest.

Figure 6 shows that the higher the inequality within the community, the more immi-
nent the extraction of the forest resources. This results from the social planner utilizing
the revenues from forest extraction to reduce the inequalities in consumption utility in
the community. This occurs even when the average wealth in the community is higher
in the more unequal scenarios. Thus, from an ecological perspective, the actions of the
benevolent planner might not be as desirable as they might seem from the social and
economic perspective. The planner’s goal of reducing the differences in consumption
utilities comes at the expense of greater deforestation. There are naturally several ways
in which the outcome could be improved upon also from the ecological perspective.
We provide a discussion of some of these possibilities next in the final section.

7. Discussion and conclusions

In this paper, we have contributed to the literature studying the dynamic problem
of natural resource extraction with common-pool features by integrating ecological,
demographic and social features into the model. We demonstrated how population
pressure on the amenity value of the resource, and intra-generational inequity between
community members, can have considerable impacts on the dynamic path of the
extraction of the resource. Furthermore, we contributed to the deforestation modelling
literature by explicitly operating with a common-pool forestland ownership which is
commonly observed in many parts of the world.

The numerical results show that higher economic growth rates can be associated
with higher initial losses in amenities generated by forests but lower losses in the long
run when compared to the case with lower economic growth rates. Thus, countries
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with weak economic performance might initially perform better in terms of ecologi-
cal integrity, but in the long run the gradual deterioration of the amenity producing
resources leads to an even lower level of the resource base. This highlights the chal-
lenges and contradictions associated with economic development, especially when
short-term losses in ecological assets are exchanged for better long-run economic and
ecological performance. However, the degree of inequality and the planner’s com-
mitment to reducing relative inequalities in the community could still result in an
ecologically unsustainable outcome, as illustrated by our numerical results.

Our results also highlight several important observations relevant to tropical coun-
tries attempting to balance social, economic and ecological goals. The social and
economic objectives of reducing relative income inequalities through resource extrac-
tion could lead to deleterious impacts on the ecosystems. Hence, using other means
of reducing inequalities associated with income and wealth, such as progressive taxa-
tion, could contribute to reducing pressures to convert forest land to alternative uses,
thus alleviating ecological deterioration of primary forest resources. Also, under cer-
tain conditions, ensuring that the economy can grow at a pace that sustains increasing
consumption may help to reduce the pressures to convert primary forests to alterna-
tive uses. However, this type of sustainable outcome necessitates that the community
assigns a high enough utility value to the amenities generated by standing forests. It
also requires, among other things, that the planner is patient enough and hence val-
ues the utility of the future members enough to ensure that consumption increases in
time. Moreover, this comes at the expense of current consumption, which might not be
a popular policy outcome among the current members of the community or society.

There are some important limitations with our model when it comes to capturing
complex ecological, social, and political economy aspects associated with common-
pool resources. Our model does not incorporate or assess the role of amenities
generated by secondary forests, as is done for example in Wolfersberger et al. (2022).
Our model assumes that there is no potential for substitution of primary forests with
secondary forests, since amenity values are lost once the forest is cleared for alterna-
tive uses. Furthermore, the role of international trade in agricultural goods has been
found to be a driver of forests losses in the tropics (e.g., Abman and Lundberg, 2020).
In our model, increasing the relative value of agricultural goods would be captured by
the increasing land rent parameter which would also increase the rate of deforestation
in our model.

Furthermore, institutional environments in many tropical countries could also chal-
lenge any plans to protect primary forest areas. Such impediments include the culture
of corruption, insecure property rights, and special interest groups (e.g., Kuusela and
Amacher, 2016). However, it is also possible for communities to overcome the conges-
tion and rivalry problems associated with common-pool resources by devising norms
and institutions to govern the use of the resources (e.g., Ostrom, 2008). Additionally,
there is evidence showing that institutions and individual behaviours interact in the
context of community resource management. For example, Bluffstone et al. (2020)
find that more cooperative individuals are likelier to contribute to the management of
common forests in Nepal. Our analysis abstracts from behavioural and game-theoretic
considerations. Future research could explore how altruistic and strategic behaviour
could affect the use of common-pool resources in our dynamic extraction model (e.g.,
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Dragicevic, 2019). Finally, in future work, the model presented in this paper could
also be extended to include ecosystem dynamics and natural hazards, hence allow-
ing a more comprehensive analysis of the issues surrounding the use of exhaustible
common-pool resources, such as primary tropical forests.
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Appendix. Deriving the optimal conditions for the consumption and extraction
paths (interior solutions)
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Consumption path:
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where the first term can be written as:
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and the second term can be written as:
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Hence, combining the above two expressions, we get:
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Using Zf\il A= Zﬁl Cl—; = ,ut% and that LV is the same for all families:
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