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Abstract

Deforestation is a global issue and recently has been given much attention by governments
and international institutions. The present paper aims to present a simple theoretical model on
the relationship between corruption and deforestation. To model such relationship, we used
differential games. Our model suggests that corruption increases deforestation. Moreover, the
salary paid in the public sector may be an important tool to fight deforestation in
development countries.
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1. Introduction

The relationship between corruption and tropical deforestation is not a new global issue,
many empirical works highlights this relationship, see for instance Koyunen and Yilmaz
(2009), Damania (2002), Pellegrini and Gerlagh (2006a), and Amacher (2006). Pellegrini e
Gerlach (2006a) analyzed the impact of the entrance of new countries in the Europe union on
the environmental policies. They found that the corruption is the main responsible for the
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effectiveness of the environmental policies in these countries. Koyunen e Yilmaz (2009)
analyzed, in 100 countries, the impact of corruption in the deforestation. They found a strong
correlation between both variables. Pellegrini (2006b) analyzed the impact of corruption
and democracy on deforestation. He found that corruption was a significant variable to
explain the different deforestation rate between the countries. Mendes and Porto (2012), used
data from Brazilian municipalities to show that that corruption is a significant variable, and
therefore should not be neglected by the Brazilian government.

Recent study from UNEP (2012) highlights the direct impact of organized crime and
corruption on the illegal deforestation. According with this institution, organized crime has
been responsible for more than 90% of all deforestation occurred in many countries. Despite
the huge amount of empirical studies on the relationship between corruption and
deforestation, we didn’t find any theoretical work that shows how this relationship works.
Thus, this paper aims to fill this gap in the literature on deforestation.

The paper is organized as follow: the following section provides the core assumptions used to
build the model. In the third section we derive the Stackelberg equilibrium, and, finally,
section fourth concludes.

2. The model

To model the relationship between corruption and deforestation, we used stackelberg
differential game®. We suppose that there are two players in the game: the landowner and
the official from the government. The roles of the game, namely the salary system, penalty
function, and the surveillance of the land, are controlled by the government. However, there
is no auditing, in the field, on the official’s work. The governmental official (GO) earns a

constant salary, in eacht e[O,T]. Besides the GO, the other player is the landowner, whose
objective is to find the optimal way for his profit.

The informational structure used to solve this model is open-loop equilibrium a la
stackelberg. We suppose that the leader in this game would be the landowner and the follower
would be the GO. It is plausible to suppose this structure, considering that in this kind of
illegal behavior we expect that the landowner will interact with the official to see the amount
of bribe to give; therefore he is the leader. To keep the explanation of the model simple we
decided to list the main assumptions used:

Assumptions-1: Monetary penalty function : F(t) = f ({)Q(t)E(t),

Assumption-2: The Kinematic equation is supposed to be: X ) =-Q(t) +rX(t),

Definition-1: The inverse demand function is defined as: P(t) = p—6Q(t)

! The differential game has been used to model the phenomenon of deforestation, see for instance Fredj et al
(2004), and Herran et al. (2006). However, none of the previous work has highlighted the impact of corruption
on deforestation.
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We suppose a linear penalty function, where f (t)denotes the penalty rate, defined by the

government, for eacht e[O,T]. If we suppose that the government is a passive agent in the
relationship, therefore, we must also suppose that the penalty rate is constant over time, i.e.,
f(t)=f (initially the government announces its penalty policy, and this policy will remain

until the final period®). Q(t) denotes the quantity of timber logged. According with the penalty
function, the higher the quantity arrested, Q(t), the higher is the monetary value of the fine
(adjusted by the penalty rate f). In the present case, we suppose that all the quantity of wood,
illegally harvested, is arrested. E(t) represents the effort applied by the GO. If no effort is
applied by the GO no illicit activity is found — in this case the landowner cannot be fined.

X(t) is the quantity of forest. We supposed that the forest naturally grows at constant rate r.

0,p are the positive parameters of the inverse demand function.

Assumption-3: The Official’s utility is disjointedly given by the consumption and the cost of
his work (effort) at each time.

U (c(t), E(1)) =c(t) - v(E(D)) 1)

We suppose that the effort, applied by the official, generates a cost, namely physical cost for

being in field doing surveillance. The cost function isv(.), which is supposed to satisfy the

following conditions: v'(.) >0,v"()>0. That is, the higher the effort applied, by the
landowner, the higher is the cost, at an increasing rate.

Assumption-4: We suppose that the consumption is linear in its arguments. We define the

consumption at eacht e[O,T], as c(t)=w,+B(t). Where w, indicates the constant salary
paid for each te[O,T]. However, the GO can be bribed by the landowner and receive a
non-negative amount, B(t) at each t.

Asssumption-5: We define the bribe as function of the amount of monetary penalties.

B(t) =b(t)F(t) (2)

Whereb(t) represents the proportion of the monetary penalties received by the official.

2 In a good sense, this is the situation in most part of the countries. For example, in Brazil each new government
usually begins announcing new environmental policies for all legal period (five years until the next elections).
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Hence, it is expected that b e[0,1]ateacht. Since we expect that, the higher the bargaining

power of the official the higher will be the bribes paid to him, this parameter can be viewed

as the bargaining power of the official. In others words, b(t) represents the measure of the

official power to collect more bribes. For sake of simplicity, we suppose that the bargaining

power is constant over the specified period, hence b(t) =b,. Therefore, the bribe function can

be denoted in the following way
B(t) =, f,Q()E(t) ©)

Remark-1: in order to allow the game to be played between the landowner and the official,

we defined b, e[O,l), that is, the bargaining power needs to be less than one unity. If we

had b, =1, that would mean that the landowner would pay all the penalties to the official.

3. The stackelberg equilibrium?

The aim of the official is to choose the level of effort to maximize his gain over a finite
period of time”.

.

V = max j [(w, + T E(D)Q()) —V(E(t) ]t (4)
0

As a leader, the landowner will incorporate the optimum official strategies in his optimization

problem. The goal of landowner is to choose the quantity of timber to maximize his profit

over the defined time horizon

z:@%Q[R(t)—bf(t)]dth(T) (5)

Where ¢X(T)denotes, a linear, scrap value function, and R(t) is the revenue function.

To obtain the optimal path for his control, we applied the maximum principle, and the model
is solved backwards. We first solved the problem of the official, and after the problem of
the landowner. The stackelberg open-loop equilibrium for this game will be given by the

*The use of the open-loop structure reserves some explanation: usually as demonstrated by Sethi et al. (2007) the
open-loop equilibrium is time inconsistent given the interest of the leader to change his strategies at any

timet e (O,T] . However, we suppose that the leader (landowner) can credibly pre-commit to his strategies at the

beginning of the game. This approach has been applied for many works in the literature (Sethi et al., 2007).
* In the present model we suppose that the time is finite, given that we are analyzing the government policies in
one period after the elections.
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pair of time-dependent strategies:

P—ge ™
P2~ 6
QW) 20+ /0 ®)

by fy| p—ge" ™™
E=— oL — ] (7)
46+ 22,

Therefore, the forest dynamics is explained through the equation (8).

() — zrxoert (20_'_ fozbg)_'_zﬁ(l_ert)+§0(er(T+t) _er(T—t))
0= 2r (26 + 1707 (8)

Thus, at final period the stock of forest will be given by

2rxe” (20+ 07 ) +2p(1-e™ )+ o(e* 1)

XM= 2r (26 + 1207 )

Hence, for the present model we find:

Result-1: From equation (7) we realize that effort applied by the governmental official
depends, essentially, of the amount of bribe, the quantity of timber, his bargaining power, and
the penalty rate implemented by the government.

Proof: see Appendix A

The quantity of timber logged depends positively of the price in the market. Moreover, the
quantity of timber will be affected by the penalty rate and the official bargaining power. If we
increase the penalty rate or the bargaining power of the official, the quantity logged will
decrease. These results are intuitive, given that the official have a real appraisal of the illicit
act, increasing the bargaining power will increase the landowner cost, hence lowering the
profit.

The amount of bribe that the official will receive will depend on the amount of penalties, and
the latter will depend on the amount logged, hence, the agent will apply more effort to
discover the illicit act.

Result-2: The presence of corruption will decrease the stock of forest in the final period (see
equation (10)).

Proof: see Appendix A
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Figure 1. Stock of Forest over period: The effect of different bargaining power.

As we can see in the figure-1, the decline in the bargaining power of the official will increase
the quantity of timber logged, and this will lead to a higher level of deforestation, i.e., the
stock of forest will tend to zero in a shorter period of time.

If the bargaining power of the official is important for the final stock of forest, it will be
interesting to check which variables can influence the bargaining power of the official. It is
theoretically appealing to assume that one of the variables that may influence the bargaining
power of the official is the salary received by the agent. Intuitively we can expect that: the
lower salary received the lower will be the bargaining power of the official. The explanation
IS very intuitive: when the official has a low salary and finds an illicit act, the landowner can
easily convince him to receive any small amount of bribe— in this case, the GO has relatively
more to lose if he does not accept the bribe. On the other hand, if we suppose that the salary
is high, the official has little to lose by not accepting the bribe — in this case the landowner’s
cost to convince the GO must be higher. This inverse relationship, between corruption and
salaries, has been highlighted in the literature, see for instance Tanzi (1998). We supposed a
linear  bargaining function, which satisfies the following conditions i.e.,

b =o(w),ando, >0,0,,, =0. Thus,

oX(T) _ ~[2p(1-eT )+ (e 1) [Arfsh, o
by [2r(20+ £202)] (10)

Where w represents the salary received by the GO.

Result-3: In the presence of potential corruption, the static comparative shows that the salary
scheme implemented by the government in the public sector, will determinate the bargaining
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power of the official, and indirectly the stock of forest in final period.
Proof: see Appendix A

Mathematically we would have:

oX(T) _ox(T) b ~2[ p(1-€T)+p(e2™ ~1) [4riih,), () g

oW b ow [Zr (249 + f20? )]2 (11)

The results show that the strategy of the government to use a constant salary scheme, may
increase the possibility of bribes.  Our results are similar to corruption literature, in the sense
that the salary scheme is a good policy that can be used to avoid the problem of corruption,
and in this particular case to fight illegal deforestation.

4. Conclusion

There are many empirical papers that analyses the impacts of corruption in the deforestation.
However, lacks theoretical works on the field. In this paper we developed a theoretical
model to explain the dynamics of between corruption and deforestation. The dynamics of our
model suggests that corruption is an important variable that cannot be neglected by the
governments. Moreover, in order to fight corruption (and illegal deforestation) the salary paid
in the public sector must be improved.
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Appendix A
Proof of Result-1
The dynamic optimization of the official will be
T
V= r?%xg[(wo + f,0,EQ) —V(E) ]t Al
s.t.
X =-Q+1X A2
Therefore, the Hamiltonian for the official will be
H()=w, + f,b,Qe—e’ + u(-Q+rX)

The dynamic optimization of the landowner will be

i
Z = MAX j [R(t)—byF (t, E*)]dt + X (T) A3
s.t.
X =—Q+rX A4
u(t) = ,uoeit A5
R 2,10 AG
oX
X (0) =X, A7
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Where (t) denotes the co-state variable in the official maximization.
Therefore, the Hamiltonian for the landowner will be

H(t,Q, 7, X) = pQ—6Q? —%M[—Qﬂx]w[—yr]

Where y(t) denotes the co-state related with the official co-state variable. By using the First

order condition (FOC), and given the transversality conditions A.6 and A.7, is
straightforward to obtain the Stackelberg equilibrium. The results from the two Hamiltonian
are

r(T-t)

[
t)=——————
QW) 20+ f7b? AS
£ by o [_p _§Der(T7t)]
40+ 2f20 AQ
Hence, by analyzing the equation A.9, the result follows. L]
Proof of Result-2
To determinate the forest path, we must use the kinematic equation, namely
X = —Q(t)+rX
All
Thus,
" r(T-t)
—rX = _%
20+ f; b,
A.12
Hence, the solution of the forest path is given by
" " rT-t) .
X (t) :eI ‘B &e jdtdt A.13

20+ /0

By using calculus, and the conditions (A.6) and (A.7), the forest path can be written explicitly
as

~ ZrAXOert +25(1_ert)+(p(er(T+t) _er(T—t))

X® 2rA

A.l4

Where A=20+ /B
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In the final period,t =T , we find that

2raxe™ +2p(1-e )+ (e’ -1)

X(T)= oA A.15
Therefore,
OX(T) —[26(1—e”)+(p(e2rT —1)][44rf02b0 A16
by, [2rA]’

Since we must haveQ(t) >0,vt<[0,T] , and, given that quantity logged is increasing in

time, the condition that guarantees the non-negativity constrain is

T

S ol

Therefore,
2p(1-e" )+o(e*" -1)<0,vt€[0,T]

Thus, the result follows, namely

X (T)
b, 0 ]

Proof of Result -3

From A.16, it is straightforward to obtain the result, given that

ob(w) 50
oW
Thus,
axcr)>o_)axcr):axcr)ab(w)>o []
ob(w) oW ob(w) ow
Appendix B

For the numeric simulation presented in the figure-1, the following figures were used:
¢ =17000 T=5 p =50000 0=20 r=02 f,=2

X(0)¥ 20
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