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ABSTRACT. This paper provides a Ricardian general equilibrium model to study the
effect of foreign aid aimed at abating pollution in a small southern recipient economy.
The government faces a dynamic problem as it chooses the emission level and abates
pollution. The stock of pollution damages consumers and its law of motion is influenced
by emission level and the stock of pollution as well as the level of abatement. We show
that such type of aid increases emissions, but its effect on pollution stock is ambiguous in
the absence of trade. With trade, aid reduces both pollution and emissions given that the
recipient country has comparative advantage in the pollution-intensive good. Moreover,
such type of aid can be immiserizing with or without trade.

1. Introduction
The existence of pollution externalities has been widely acknowledged by
scholars and policy makers. Nevertheless, the policy solution is a point
of contention. Environmental economists have proposed various policy
options including Piguvian tax, pollution permits and abatement activi-
ties. While some of these policies have also been employed in developed
countries, such policy options may be viewed as visionary concepts in
developing countries. Among the most pressing problems developing
countries face in dealing with the issue of environment is their limited
financial resources. As a result, environmental degradation in developing
countries has attracted the attention of policy makers and pundits in devel-
oped countries. Headlines such as ‘European Union plans to allocate 15
billion euros per year in environmental aid to poor countries’ (Financial
Times, 8 September 2009) are commonly seen in the media.
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Table 1. Environmental aid by European Union to developing countries in 2006

Target countries Aid in Euros Project

Albania 504,545 Implementing environmental
management instruments

Egypt 1,099,900 Water pollution
Israel 279,342 Protecting groundwater from

pollution
Cratia-Bosnia 601,210 Cleaning and tourism development

along Sava River
Morocco 773,901 Waste management and reducing

water pollution
Russia 610,950 Risk prevention and air pollution in

St Petersburg and Kaliningrad
Syria 246,552 Solid waste management
Tunisia 448,620 Water pollution reduction
Turkey 1,474,957 Waste management instruments, air

and thermal water pollution
Mediterranean nations 419,923 Tourism development in coastal

areas of Algeria, Morocco and
Tunisia

Total 16,500000
ACP countries (2009) 200,000,000

Source: EU Press Release (2006).

Anecdotal evidence of foreign environmental aid to developing coun-
tries is abundant. The United States donated about US$30.5m to devel-
oping countries to protect the environment and combat global warming
in 1994 alone.1 Table 1 shows various environmental protection projects
in developing countries that were financed by donations by the Euro-
pean Union (EU) in 2006, totaling 16.5 million euros. The EU also pro-
vided African, Caribbean and Pacific (ACP) countries with about €200m
in the form of environmental aid in 2009.2 Vietnam alone received a
total of US$144m from Australia, Denmark and the Netherlands for
water sanitation, climate change and marine protection projects. Therefore,
whether pollution emitted by developing countries is local or global, for-
eign environmental aid plays a crucial role. Nevertheless, foreign aid alone
is not sufficient. It will have to be coupled with a national emission con-
trol policy. This paper is an attempt to study the dynamics of pollution
control and the effects of foreign environmental aid on the economies of
developing countries.

The literature on economic environmental policies is extensive and goes
back to the pioneering works of Crocker (1966) and Baumol (1971). We
briefly review three branches of literature that are most close to our work.

1 US Environmental Protection Agency, Press release: Global Warming Grants, 13
December 1994.

2 EU Press release.
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First, numerous authors have considered various emission control policies
(for example, see Crocker, 1966; Baumol, 1971; Baumol and Oate, 1988;
Long, 1992; Chao and Yu, 2000; Hatzipanayotou et al., 2005, 2008; Ishikawa
and Kiyono, 2006; and more recently Mukherjee et al., 2011, among oth-
ers). The second branch of literature which is related to our work focuses
on pollution abatement activities and includes Khan (1996), Chao and Yu
(1999), Hadjiyiannis et al. (2009) and, more recently, Beladi et al. (2013). The
third branch of literature that our paper contributes to deals with foreign
aid tied to environmental cleanup. Chao and Yu (1999) study the welfare
effects of environmental aid. Schweinberger and Woodland (2008) consider
the effect of tied on abatement and employment, while Hadjiyiannis et al.
(2013) study the issue of aid competition and aid fungiblility.3 While Chao
and Yu (1999) also derive the conditions under which environmental aid is
immiserizing, their setup is static. Nevertheless, the nature of environmen-
tal cleanup requires a dynamic framework as in Beladi et al. (2013). As it
will be discussed shortly, our paper incorporates this essential feature.

The purpose of the current paper is to analyze the effect of foreign aid
aimed at financing pollution abatement activities in a developing economy
in a dynamic general equilibrium framework, given that the government
of the developing country pursues an optimal national pollution control
policy. To address these effects we consider a Ricardian economy with
two goods, a labor-intensive good and a pollution-intensive good. Pro-
duction of both goods emits pollutants as by-products (this is consistent
with the literature). As Khan (1996) noted that abatement in developing
countries is more likely to be public rather than private, we also postulate
that abatement is a public activity. We further assume that it is financed
by foreign aid. In contrast to both Chao and Yu (1999) and Schweinberger
and Woodland (2008), we make a distinction between emission as a flow
and pollutant stock as in Beladi et al. (2013). Hence, our model is dynamic
whereas both models in Chao and Yu (1999) and Schweinberger and Wood-
land (2008) are static. While some of our results may also be obtained using
a static model as in Chao and Yu (1999), we believe our distinction between
emission as a flow and pollution stock is very crucial since many pollutants
may take time to be absorbed by nature. In essence, the nature of environ-
mental cleanup implies that a stock of pollution exists. For example, if the
aid is tied to abating pollution in a contaminated river, the distinction of
emission flow and pollution stock is crucial.

We show that foreign aid tied to pollution abatement increases emis-
sion while its effect on pollution stock is ambiguous at the steady-state
autarky equilibrium. On the other hand, when the developing economy
is a trading economy and is specialized in the production of the pollution-
intensive good, such type of aid reduces the steady-state levels of emission
and pollution stock. Moreover, under both scenarios the foreign aid can
be immiserizing. As stated earlier, we rule out terms of trade effect of aid
by assuming a small recipient economy. Thus, the channel through which

3 See also Lahiri (2004) and Lahiri and Raymondos-Moller (1997).
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immiserization takes place is different from previous studies and the liter-
ature on neoclassical transfer paradox. In other words, we present a new
channel through which aid can be welfare reducing for a recipient country.

Following this introduction, we will present a dynamic general equilib-
rium model representing our Ricardian developing economy in section 2.
Section 3 assumes that a developing economy is closed to international
trade and characterizes the steady-state equilibrium and the effects of for-
eign aid. We then modify our set-up in section 4 and analyze the effects
of foreign environmental aid for a small trading developing economy.
Section 5 concludes the paper.

2. The model
Assume a Ricardian economy with three sectors: two good sectors and
an environmental abatement sector. The good sectors produce a labor-
intensive good and a pollution-intensive good, both of which emit
pollution as a by-product in Ricardian fashion. As in Beladi and Oladi
(2011), production technologies are represented by:

Qd = min{αLd , βEd} (1)

Qc = min{γ Lc, δEc} (2)

where Qd , Qc, Ld , Lc, Ed and Ec are the production of the pollution-
intensive sector, production of the labor-intensive sector, labor usage of
sector d , labor usage of sector c, emission level for the pollution-intensive
good, and emission level for the labor-intensive good, respectively.4 More-
over, α, β γ and δ are Ricardian production parameters and all are strictly
positive. We assume that α/β > γ/δ, i.e., good d is pollution intensive while
good c is labor intensive.5

The public abatement sector employs labor to abate pollution with its
production technology given by:

A = A(La) (3)

where A is the level of abatement and La is the labor employment by
the abatement sector. We assume that A′ > 0 and A′′ ≤ 0. Assuming full

4 As stated in Beladi and Oladi (2011), one can alternatively formulate the produc-
tion sectors by Ricardian production functions and then relate the production
levels to emission. That is, equations (1) and (2) are equivalent to Qd = αLd ,
Ed = Qd/β; and Qc = γ Lc, Ec = Qc/δ. We prefer the above Leontief-type func-
tions with the usual natural use of factor-intensity definition. Clearly, our results
do not change if we use the alternative formulation.

5 One can consider a more general set-up that also includes capital as a production
factor as well as capital accumulation (for example, see Chakrabarti, 2004). How-
ever, we prefer our Ricardian model, especially since the focus of our paper is
not on economic growth. Instead, as we will present shortly, the dynamics of our
model arises from the accumulation of pollutants. This is obviously more relevant
to the focus of our paper.
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employment of labor, we have:

Ld + Lc + La = L̄ (4)

where L̄ is the constant stock of labor. Finally, the total flow of emission,
denoted by E , is the sum of emission level by the two good sectors:

Ed + Ec = E . (5)

We postulate that workers (including those employed by the public
abatement sector) receive the economy-wide competitive wage. Abatement
is financed by foreign aid provided by the north. Therefore, the abatement
sector faces the following financing constraint:

wLa = T (6)

where w is the competitive real wage rate in terms of the labor-intensive
good and T denotes foreign aid.6 The aid enters the resource constraints of
the recipient economy in the usual way (see Lahiri, 2004; Beladi and Oladi,
2006). It should also be noted that we assume that aid is indeed used for
its intended purposes (i.e., pollution abatement in our case). However, in
some instances aid may be fungible (see Lahiri and Raymondos-Moller,
1997; Hadjiyiannis et al., 2013).7

Turning now to the consumption side of the economy, assume that
preferences are represented by:

W = u(Cd ,Cc)− f (X) (7)

where, Cd and Cc are consumption of the pollution-intensive and labor-
intensive goods, respectively, and X denotes the stock of pollution. We
impose the standard neoclassical assumptions on function u, that is,
∂u/∂Cd > 0, ∂u/∂Cc > 0, ∂2u/∂C2

d < 0, ∂2u/∂C2
c < 0 and ∂2u/∂Cd∂Cc > 0.

We also assume that both goods are normal. Moreover, f (X) is the environ-
mental damage to consumers, where f (0) = f ′(0) = 0, f ′(X) > 0,∀X > 0,
and f ′′(X) > 0,∀X ≥ 0. That is, marginal environmental damage is zero
when there is no pollutant, but it increases at an increasing rate in pollutant
stock. This specification of welfare function is consistent with the literature.

The law of motion for pollution stock is given by:

Ẋ = E − σ X − A(La) (8)

where Ẋ = d X/dt and σ ∈ (0, 1) is the natural absorption rate. This motion
law states that the rate of change in the pollution stock is equal to the

6 We assumed for simplicity that abatement is solely financed by foreign aid. While
allowing partial domestic financing of abatement may be more realistic, the crux
of our message will not change as we will discuss later.

7 Aid can be viewed as a distortion to an economy. Our conjecture regarding the aid
fungibility is that the direction of the effects of this distortion in our main results
does not change if the extent of aid fungibility is assumed exogenous. In this case,
while aid is delivered in the form of the numeraire good, only a fixed portion of
it goes to finance abatement. Of course, it is harder to guess what the effect of
introducing fungibility would be if the extent of fungibility is itself endogenous.

https://doi.org/10.1017/S1355770X15000066 Published online by Cambridge University Press

https://doi.org/10.1017/S1355770X15000066


802 Reza Oladi and Hamid Beladi

current emission net of what is absorbed by nature and abatement. Mak-
ing this distinction between emission as a flow and pollution as a stock is
very important. Apart from its theoretical curiosity, as stated in the intro-
duction, formulating the dynamics of pollution stock represents many real
pollutants such as nuclear waste, and chemical and other industrial wastes.
Such pollutants often remain unabsorbed by nature for a long time. There-
fore, we need to incorporate the stock of pollution as well as emission flow
into our model for such types of pollutants. In our formulation, the natural
absorption rate is σ . For short-lived pollutants, σ is close to zero, whereas
for pollutants with a long life cycle such as nuclear waste, σ is closer to 1.

The government, in addition to its abatement activities, chooses an
optimal level of emission. Thus, it faces the following control problem

max
E

∫ ∞

0
[u(Cd ,Cc)− f (X)]exp(−r t)dt (9)

s.t. Ẋ = E − σ X − A(La) (10)

X (0) = X0, (11)

where r ∈ (0, 1) is the discount rate. Note that although the government
also manages the abatement activities, the choice abatement level is fully
determined by the level of aid through financing constraint.

3. The effects of aid under autarky
We characterize the steady-state equilibrium under autarky in the this
section.8 In doing this, we start with the production side of the economy,
given a level of emission allowed by the government. Since markets are
competitive, we conclude from equation (6) that La = T/γ . This, along
with equations (4) and (5), as well as the optimal emission–labor ratios,
implies that:

Ed = αδ

αδ − γβ
E − αγ

αδ − γβ
L̄ + α

αδ − γβ
T (12)

Ec = αγ

αδ − γβ
L̄ − βγ

αδ − γβ
E − α

αδ − γβ
T . (13)

Since the equilibrium production quantities are given by Qd = βEd and
Qc = δEc, equations (12) and (13) also determine the equilibrium quanti-
ties of production. Finally, as we have Cd = Qd and Cc = Qc + T under
autarky, our general equilibrium is fully determined for a given economy-
wide pollution level. Note that the foreign aid is delivered in the form of

8 We use of the term ‘autarky’ to mean that the economy does not trade with the
rest of the world although it is a recipient of tied environmental foreign aid. That
is, apart from receiving foreign aid, this economy has a zero level of exports and
imports.
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the labor-intensive good (the numeraire good). By substituting the equi-
librium consumption levels in equation (7), we obtain the indirect welfare
function V = V (E, X, L̄, T ). Therefore, the government’s problem will be:

max
E

∫ ∞

0
V (E, X, L̄, T )exp(−r t)dt (14)

s.t. Ẋ = E − σ X − A

(
T

γ

)
(15)

X (0) = X0. (16)

The Hamiltonian for this optimal control problem is given by:

H = V (E, X, L̄, T )exp(−r t)+ λ

[
E − σ X − A

(
T

γ

)]
(17)

where λ is the co-state variable. First-order conditions are given by:

(
∂u

∂Cd

∂Qd

∂E
+ ∂u

∂Cc

∂Qc

∂E

)
exp(−r t)+ λ = 0 (18)

λ̇ = f ′(X)exp(−r t)+ λσ (19)

as well as equation (15). We leave the sufficient stability conditions to the
appendix. Now, we characterize the steady-state equilibrium of this econ-
omy. This equilibrium can be fully characterized by condition Ẋ = λ̇ = 0 as
well as equation (18). That is, using equations (12), (13), (15), (18) and (19),
along with Ẋ = λ̇ = 0, we obtain:

E − σ X − A

(
T

γ

)
= 0 (20)

f ′(X)− αβσδ

αδ − γβ

∂u

∂Cd
+ βγσδ

αδ − γβ

∂u

∂Cc
= 0. (21)

By solving equations (20) and (21), we obtain the steady-state equilibrium
values of E and X . Let E = ξ(X) and E = ζ(X) denote equations (20) and
(21), respectively. By differentiating equation (20) for a given T , we obtain
dξ/d X = σ > 0. To calculate the slope of ζ , totally differentiate equation
(21) for a given T to obtain:

f ′′(X)d X +�d E = 0 (22)

where � = 2αγ [βσδ/(αδ − γβ)]2(∂2u/∂Cd∂Cc)− [αβσδ/(αδ − γβ)]2(∂2u/
∂C2

d)− [βσγ δ/(αδ − γβ)]2(∂2u/∂C2
c ). It follows from the assumptions we

imposed on u and the production functions that � > 0. Note that αδ −
γβ > 0 since α/β > γ/δ. Therefore, we conclude from equation (22) that
dζ/d X = − f ′′(X)/� < 0. Figure 1 depicts the steady-state equilibrium. We
will address all the stability conditions in the appendix.
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Figure 1. Steady-state equilibrium

To answer the main question we raised, we conduct comparative dynam-
ics analysis of the equilibrium which allows us to study the effects of envi-
ronmental aid on steady-state values. By totally differentiating equations
(20) and (21) with respect to T , we obtain:

d E

dT
− σ

d X

dT
= A′(.)

γ
(23)

�
d E

dT
+ f ′′(X)

d X

dT
= � (24)

where � = [αβσδ/(αδ − γβ)][∂2u/∂Cd∂Cc] − [(βγ σδ)/(αδ − γβ)]∂2u/∂
C2

c > 0. By solving the above system of equations we obtain:

d E

dT
= σγ�+ A′(.) f ′′(.)

γ ( f ′′(.)+ σ�)
(25)

d X

dT
= γ�−�A′(.)
γ ( f ′′(.)+ σ�).

(26)

Therefore, we have d E/dT > 0 while the sign of d X/dT is ambiguous.
Since we just established that d E/dT > 0, it directly follows from equa-
tions (12) and (13) that d Qd/dT > 0 and d Qc/dT < 0, respectively. Hence,
we have the following proposition.

Proposition 1. Northern aid to finance abatement in a small southern economy
in the absence of trade will result in: (i) an increase in emission in the southern
country; (ii) an ambiguous effect on southern pollution stock; and (iii) an increase
(decrease) in production of the pollution (labor) intensive good.
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Figure 2. The effects of foreign aid

Such type of environmental foreign aid increases emission in the develop-
ing country and its effects on pollution stock are ambiguous. While the sign
of this latter effect is not clear, it is certainly possible that the increased emis-
sion outweighs abatement. Thus, foreign environmental aid can increase
pollution stock.9 That is, foreign aid which is meant to improve environ-
mental degradation in a recipient developing country will paradoxically
increase emission and can increase pollution stock. The intuitive expla-
nation of this result is better understood after considering the effects of
such type of aid on consumption. For this reason, we postpone present-
ing our intuitive explanation of this result until we consider the effects of
environmental aid on consumption.

Figure 2 shows the effects of an increase in foreign aid. Note from
equation (20) that dξ/dT = A′(.)/γ > 0. That is, an increase in aid shifts
this curve upward. To see the effect of foreign aid on ζ , totally differentiate
equation (21) with respect to E and T to obtain:

dζ

dT
= �

�
> 0. (27)

Thus, as an increase in foreign aid shifts ξ up and ζ down, an increase
in environmental aid will increase the steady-state level of emission while
its effect on pollution stock is ambiguous as stated in Proposition 1. We
depicted figure 2 so that the pollution stock increases.

9 The effect of aid on emission is somewhat similar to Hadjiyiannis et al. (2013),
which considers the effects of abatement technology and environmental aid on
pollution taxes.
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Another interesting issue that arises here is the effect of foreign aid on
steady-state levels of consumption of both goods and welfare.10 First, we
calculate that the consumption of the pollution-intensive good rises since
dCd/dT = d Qd/dT > 0 following Proposition 1. Recall from Proposition 1
that production of the labor-intensive good falls. Thus, signing the effect of
aid on consumption of the labor-intensive good is not straightforward since
aid is delivered in units of this good and we have dCc/dT = d Qc/dT + 1.
Now using this as well as equations (13) and (25), we obtain:

dCc

dT
= −σ(γ�+ αβ�)+ (βγ + A′(.)) f ′′(.)

(αδ − γβ)( f ′′(.)+ σ�)
. (28)

It follows from equation (28) and our factor intensity ranking that
dCc/dT < 0. To summarize, an increase in environmental aid increases the
steady-state production and consumption levels of the pollution-intensive
good while it lowers the production and consumption levels of the labor-
intensive good. As established earlier, the pollution stock can also increase.
Therefore, a decrease in welfare as a result of this type of aid is a possibility.
Thus, we have the following result.

Proposition 2. Northern foreign aid to finance abatement in a small southern
economy in the absence of trade increases (decreases) the consumption of the
pollution (labor) intensive good. Moreover, such type of aid can be immiserizing.

Now we return to an intuitive explanation of Proposition 1. An increase
in aid which increases abatement also initially increases the consump-
tion of the labor-intensive good since aid is delivered in the form of the
labor-intensive good, ceteris paribus. On the one hand, this leads to an ini-
tial increase in the marginal rate substitution of the pollution-intensive
good, all else being constant. On the other hand, the discounted weighted
marginal utility of goods (i.e., bracketed terms in equation (20)) will no
longer be equal to the shadow price of pollution stock λ. An instantaneous
increase in production and consumption of the pollution-intensive good
will bring these two components back to equilibrium. This must also lead
to a decrease in production of the labor-intensive good as labor moves to
the pollution-intensive sector and the abatement sector. Moreover, over-
all emission must rise due to our pollution intensity ranking. Initially,
aid raises the consumption of the labor-intensive good while also caus-
ing labor to move to the abatement sector; an increase in production of
the pollution-intensive good will also lead to movement of labor from the
labor-intensive good sector to the pollution-intensive sector which results

10 As is customary in growth theory, we also focus only on steady-state levels rather
than the stream of consumption and welfare levels.
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in a further decrease in production of the labor-intensive sector. All in
all, the overall reduction in the steady-state level of labor-intensive pro-
duction outweighs the initial increase in consumption of this good due to
transfer. Thus, the steady-state level of the labor-intensive good falls. The
possibility of immiserizing is somewhat intuitive. As foreign aid increases,
the production as well as the consumption of the pollution-intensive good
increases. Since we showed that the consumption of the labor-intensive
good falls, it is certainly possible that the utility associated with the con-
sumption of goods falls. This alone makes immiserizing aid possible even
if the pollution stock falls. Since we showed that a rise in pollution stock
is also possible, clearly the immiserizing aid is even more likely under this
scenario.

Finally, it should be emphasized that we offer a new channel through
which immiserizing aid takes place. Recall that immiserization aid in neo-
classical trade theory arises through terms of trade. Here, in this section, the
economy is closed to international trade and therefore the terms of trade
are irrelevant. Since aid encourages abatement and the abatement produc-
tion function uses domestic productive resources, foreign aid draws these
productive resources away from consumption goods which in turn makes
immiserization possible.

4. International trade
In this section we assume that the recipient economy is open to interna-
tional trade. In addition, we assume that the international price of the
pollution-intensive good, denoted by P∗, is higher than the autarky equi-
librium price of the preceding section, i.e., P∗ > γ/α. Thus, the pollution-
intensive good is the exportable good for the aid recipient economy and
the labor-intensive good is its importable good. It follows from our Ricar-
dian production set-up that Qc = Lc = Ec = 0 and Qd = αLd = βEd =
βE . The budget constraint of the recipient economy is given by P∗Qd +
T = P∗Cd + Cc, implying a trade balance condition of P∗e = m where
e = Qd − Cd exports of the pollution-intensive good and m = Cc − T is
imports of the labor-intensive good net of aid.

Having laid out the consumption and production of our set-up under
free trade, we now turn to the problem of the government. As in the preced-
ing section, the government chooses the economy-wide level of emission
and clean-up. However, as the pollution abatement is fully determined
through the financing constraint, this problem reduces to the choice of
emission. Thus, the optimal control problem that the government faces is
given by:

max
E

∫ ∞

0
[u(βE − e,m + T )− f (X)]exp(−r t)dt (29)

s.t. Ẋ = E − σ X − A

(
T

γ

)
(30)

X (0) = X0. (31)
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The Hamiltonian function for this problem is

H(E, X, t; E X, I M, T, ) = [u(βE − E Xd , I Mc)− f (X)]exp(−r t)

+ λ(E − σ X − A

(
T

γ

)
. (32)

National income in our Ricardian set-up is given by I = P∗Qd + T . It
directly follows that national income is monotonically increasing in choice
of emission given T . Thus, for any given T , H is monotonically increasing
in E for all E ∈ [0, α/β(L̄ − T/γ )] since both goods are normal. Therefore,
the following equations, as well as equation (32), constitute the first-order
conditions for this optimal control problem.

H(Ê, X,m, T ) ≥ H(E, X,m, T ), ∀E ∈
[

0,
α

β
(L̄ − T/γ )

]
(33)

λ̇ = f ′(X)exp(−r t)+ λX (34)

where Ê = α/β(L̄ − T/γ ).11 Equation (33) implies that we have a corner
solution. As in the preceding section we are interested in the steady-state
equilibrium. As our control variable has a constant time path, at steady
state we must have:

E = α

β

(
L̄ − T

γ

)
(35)

λ̇ = f ′(X)exp(−r t)+ λX = 0 (36)

Ẋ = E − σ X − A

(
T

γ

)
. (37)

By solving the above system of equations, we get our steady-state equilib-
rium:

X = 1
σ

[
α

β

(
L̄ − T

γ

)
− A

(
T

γ

)]
(38)

λ = − f ′(X)exp(−r t)
1
σ

[
α
β

(
L̄ − T

γ

)
− A

(
T
γ

)] . (39)

Note that E is a constant and defined by equation (35). To see the effects of
foreign aid, differentiate equations (35), (38) and (40) to obtain: d E/dT =
−α/(βγ ) < 0 and d X/dT = −1/σ(α/β + A′(.)/γ ) < 0. Then, it directly fol-
lows that d Qd/dT = −α/γ < 0. Thus, we have the following results.

Proposition 3. An increase in northern aid to finance abatement in a small south-
ern economy with comparative advantage in production of the pollution-intensive

11 In a sense, the optimal control problem of the government is degenerate since E
turns out to have a constant optimal path given T .
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good will reduce emission, the production level of the pollution-intensive good and
pollution stock.

To see the reason behind these results, note that the production possibil-
ity frontier for the two goods shifts inward as a result of aid. This leads to
a decrease in production (of the pollution-intensive good) in the recipient
country and emission. Pollution stock falls unambiguously since aid also
increases abatement.

Next consider the effects of an increase in aid on national income.
By differentiating the equation for national income with respect to aid,
we obtain d I/dT = −αP∗/γ + 1 < 0 since we assumed that P∗ > γ/α,
i.e., the recipient country has comparative advantage in the pollution-
intensive good. As both goods are normal and the relative price is fixed
at the free trade price, consumption of both goods will have to fall. Since
the trade balance condition implies that P∗e = Cc − T , it directly follows
that export of the pollution-intensive good also falls. As for the wel-
fare effect of an increase in aid, the utility obtained from consumption
of goods falls as we have already established that consumption levels
for both goods fall. However, since pollution stock falls as a result of
an increase in aid, it reduces pollution damage. Therefore, there are two
opposing effects on welfare. On the one hand, the welfare falls since the
utility obtained from consumption of goods falls, i.e., du/dT < 0. On the
other hand, the welfare rises due to the reduced pollution damage, i.e.,
d f/dT = f ′(.)d X/dT = − f ′(.)/[σ(α/β + A′(.)/γ )] < 0. Thus, we have the
following result on welfare.

Proposition 4. Northern aid to finance abatement in a small southern econ-
omy with comparative advantage in production of the pollution-intensive good
decreases national income. Moreover, it can be immiserizing.

The intuition is straightforward. An increase in foreign aid will lead to
a flow of labor from the production sectors to abatement, resulting in a
reduction in the production of the good for which our developing country
is specialized. This is due to the fact that the production possibility frontier
shifts inward as L̄ − La falls. Since both goods are normal and international
good prices are fixed, both Cd and Cc must fall. This clearly reduces u(.). On
the other hand, since an increase in aid will reduce emission and increase
abatement activities, X must fall and so must the pollution damage f (X).
Therefore, aid will be immiserizing if the former effect outweighs the latter.

It is worth reiterating that the cause of immiserization in our result is
different from what is in neoclassical transfer paradox, whereby the nega-
tive terms of trade change leads to immiserizing transfer. Here, the terms
of trade effect is absent. Basically, the cause of immiserizing aid is that
this type of aid is resource using. That is, to use tied aid in abatement,
other productive resources that otherwise would be used in production of
final goods must be used. Therefore, as a result of an increase in foreign
aid, the production function possibility frontier for consumption goods
shifts inward since less of the productive resources will be available for
production activities. Hence, this is the reason for possible immiserization.
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5. Concluding remarks
In this paper we have constructed a dynamic Ricardian general equilib-
rium model of pollution control, abatement, foreign aid and trade for a
small developing economy. The developing economy produces and con-
sumes two goods, a pollution-intensive good and a labor-intensive good.
The recipient government employs two policies. On the one hand, it
controls the quantity of emission. On the other hand, it conducts pollu-
tion abatement activities financed by foreign aid. Although it is noted in
policy circles that the developing economies lack the financial resources
to deal with the pollution problem and therefore the developed coun-
tries should take part by providing these countries with foreign aid to
reduce pollution, aid alone is not sufficient. In addition, the govern-
ments in these countries should also take charge and have an effective
national emission control policy. This has motivated us to incorporate
abatement, financed by aid, and national emission control into our analy-
sis. We characterized the steady-state equilibrium both with and without
trade. We showed that, while the effects of environmental tied aid on
the stock of pollution is ambiguous, it will increase the emission level
unambiguously under autarky. Our main conclusion is that such type of
aid will fail to reduce emissions while its effect on pollution stock may
go either way if the recipient economy is an isolated economy, such as
North Korea. Moreover, we illustrated that foreign aid can be immiserizing.
Although environmental aid reduces both emission and pollution stock
in a recipient economy that has comparative advantage in the pollution-
intensive good, its effect on national income is negative and it can be
immiserizing.

We have tried in this paper to construct and use a basic and tractable
dynamic model to convey our message. Clearly, our analysis can be
extended in different directions. First, one can extend our paper to partial
domestic financing of abatement activities. As another example, instead
of the Ricardian production model, one can use the Heckscher–Ohlin–
Samuelson (HOS) model. Using any alternative models, while they may
be more realistic but less mathematically tractable, should not change the
crux of our ideas that foreign aid to finance public abatement activities is
resource using. It is this aspect of foreign aid that may lead to immiser-
ization in developing countries. In particular, as far as H-O-S type models
are concerned, our conjecture is that one can impose assumptions on pro-
duction structure such that special cases like factor intensity reversal do
not take place. Thus, one can view labor in our formulation as the labor–
capital ratio (i.e., labor per unit of capital). We conjecture that under this
extension our main results remain the same. Again, the reason is that with
this extension aid remains as resource using which is a distortion that may
result in immiserization. Possible extension of our paper is not limited to
alternative modeling choice. Our paper can be extended by considering
alternative fundamental assumptions. For example, one can use our set-up
to study the effects of foreign environmental aid received by a large devel-
oping economy, notwithstanding that aid recipients are small and poor
developing counties. Another, and perhaps more interesting extension is
to use our formulations and investigate the effects of private abatement
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in a developing economy financed by foreign investment. Finally, one can
consider a case where foreign environmental aid is fungible.
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Appendix: Equilibrium stability
We first consider the stability conditions for the autarky case in this
appendix. Rewrite equation (18) as:

λ = ψ(E) (40)

where ψ(E) = −(βδ/(αδ − γβ))(α∂u/∂Cd − γ ∂u/∂Cc)exp(−r t). Differenti-
ate this equation; use equations (12) and (13) and market clearing condi-
tions to obtain:

ψ ′(E) = −
(

αβδ

αδ − γβ

)2
∂2u

∂C2
d

−
(

βγ δ

αδ − γβ

)2
∂2u

∂C2
c

≥ 0. (41)

Let φ(λ) be the inverse of ψ . It follows from the implicit function theorem
and equation (41) that d E/dλ = 1/ψ ′ > 0. Now, substitute φ(λ) in equation
(15) and rewrite the system of differential equations (15) and (19) as:

Ẋ = φ(λ)− σ X − A(.) (42)

λ̇ = f ′(X)exp(−r t)+ σλ. (43)

Linearize the above system and let J be the Jacobian matrix of the lin-
earized system. It is easy to verify that trace(J ) = 0 and |J | = −σ 2 −
φ′(.) f ′′(.)exp(−r t) < 0 as we already established that φ′(.) > 0. Thus, it fol-
lows that the characteristic roots are real with the opposite sign, concluding
that the equilibrium is a saddle point. Therefore, it is enough to show that
the transversality condition is met to guarantee the stability of our steady-
state equilibrium. However, this is satisfied since it follows from equation
(40) that limt→∞ λ = limt→∞ ψ(.) = 0.

Next consider the free trade steady-state equilibrium of section 4. Note
that emission has a constant time path. Use equation (35) to re-write the
differential equation (37) as:

Ẋ + σ X = � (44)

where � = (α/β)(L̄ − T/γ )− A(.). The solution to this differential
equation is X (t) = �/σ + κ exp(−σ t), where κ is the integrating constant.
Clearly, X (t) is convergent.
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