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Abstract 
 
We study how the opportunity to trade in trash might influence the equilibrium outcome when 
the tax on the externality is determined by a political economy process. In our model, individuals 
have heterogeneous preferences for environmental quality, and there is a leakage when funds are 
transferred from the pressure groups to the politicians. When hard-core environmentalists and 
capitalists are organized interest groups while moderate environmentalists are not organized, we 
find that the politically chosen tax on the externality is below the optimal Pigouvian level. The 
opportunity to export waste in unlimited quantities, but at a price, is not the environmentalists' 
panacea and does not eliminate political social tension and suboptimal results. 
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Résumé 
 
Nous étudions comment l'opportunité d'exporter des déchets pourrait influencer le résultat de 
l'équilibre lorsque la taxe sur l'externalité est déterminée par un processus d'économie politique. 
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d'intérêts organisés alors que les environnementalistes modérés ne sont pas organisés, nous 
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1 Introduction

Recently some appreciation - and alarm - has been given to the recognition that some ex-

ternalities are traded internationally either directly or indirectly. Today, there are shocking

scenes of imported plastic refuse piled high in neighborhoods of South and Southeast Asia,

especially in India, the Philippines, Malaysia, and Indonesia. And there is now extensive

documentation of large quantities of waste being exported, sometimes more harmful than

just refuse but misrepresented, or simply dumped into the ocean (see Cassing and Kuhn,

2003a,b,c). More generally, beyond such tradeable waste, other examples include robust

international exports/imports of toxic chemicals, nuclear waste, and other unsavory sub-

stances. This trade is di¤erent from transnational pollution such as smoke blowing across

borders in the sense that the externality can be consciously packed and shipped anywhere

in the world that accepts it. Also, and somewhat related, it is recognized that that climate

change and world order represent both global externalities and a bone of contention as to

who bene�ts and who should pay. A related observation is that public good externalities

(such as national defense for a region) can be bought and sold.

This raises the issue as to what policies are appropriate for international trade in exter-

nalities. The de facto policy approach to date has been a bit cluttered and uncertain. Tools

include international treaties and accords, as well as individual country policies of taxes and

restrictions. This paper takes a di¤erent approach: we explore the issue of how the oppor-

tunity to trade in trash in�uences the equilibrium outcome given that the tax on waste is

determined by a political economy process characterized by balancing competing interests of

various pressure groups. In this respect, our paper embraces the political economy paradigm

(Hillman, 2019). In our model, individuals have heterogeneous preferences for environmental

quality as well as heterogeneous endowments of capital and labor.

By way of focus, we present a stylized theoretical model with a negative externality that

is produced in conjunction with but is separable from a consumed commodity and which may

enter into trans-border export or import for disposal - think plastic waste. Because of the
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opportunity to trade in trash, there is no reason why the externality and the consumption

of the desired properties of the commodity need occur at the same location. One could

consume a soft drink in home countryH and export the unsightly, environmentally damaging

packaging to foreign country F . (Of course, this could happen inter-regionally within a

country as well, and is in fact a contentious issue between municipalities and states/provinces

within many countries.)

Section 2 o¤ers a brief review of the related literature. As a benchmark for comparision,

in Section 3 we present a closed economy model and characterize the e¢ cient allocation

under a benevolent social planner that maximizes social welfare under the �control and

command� scenario. Moreover, we also show how that allocation can be achieved in a

perfectly competitive market with an appropriately chosen Pigouvian tax on the externality.

Section 4 turns to the case where a benevolent social planner does not exist, and a tax rate is

determined by a government that balances the interests of opposing pressure groups. Section

5 then introduces an open economy where the externality is a tradeable entity. Section 6

discusses possible extensions of the model.

2 Related literature

There is a large literature that links international trade and the environment (see Siebert

et al. 1980, Bommer and Schulze 1999, Schleich 1999, Fredriksson 1999, Copeland and

Taylor 2004, Rauscher 2015). Hillman and Ursprung (1992, 1994) studied the political

economy of trade policy with environmental interest groups. They distinguished between

environmentalists who care only about local pollution (or are NIMBYs) and those who have

global concerns. In our model there are only NAMBYs (not in my backyard).

Earlier papers that speci�cally deal with trade in trash and transferable externalities

include Shogren and Crocker (1991) and Rauscher (2001). Shogren and Crocker (1991)

demonstrate that noncooperative behavior will lead to overprotection if self-protection im-

plies transferring the externality to another agent. If self-protection �lters or dilutes the
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externality, then noncooperation results in underprotection. Their results suggest that coor-

dination of protection activities among agents will enhance the overall gains from environ-

mental policy in the European Single Internal Market. Rauscher (2001) presents a theoretical

analysis of trade in toxic waste. He argues that �in a �rst-best world trade is indeed bene�-

cial to all parties involved although the object of the trade consists of dangerous substances.�

However, when account is taken of imperfections such as regulatory and enforcement de�cits

and asymmetric information, international trade may be harmful.

More recent papers on trade in trash include Cassing and Kuhn (2003a,b,c), and Baggs

(2009). Baggs (2009) uses a gravity trade model to empirically test the pollution haven

hypothesis regarding trade in hazardous waste, according to which poorer countries have

the comparative advantage in accepting toxic waste. This hypothesis has been summarized

by the following excerpt from a memo of World Bank chief economist Lawrence Summers,

reprinted in an issue of The Economist (1992):

�I think the economic logic behind dumping a load of toxic waste in the lowest wage

country is impeccable and we should face up to that (...). I�ve always thought that the

under-populated countries in Africa are vastly under-polluted.�

The econometric analysis in Baggs (2009, p. 12) provides some evidence that �countries

with high incomes, and by extension more costly environmental regulations, do accept less

foreign hazardous waste for disposal within their borders,�but at the same time, �low income

countries on average do not have a comparative advantage in hazardous waste disposal.�It

should be noted, however, that Baggs�econometric model is built along the conventional

economic line, ignoring important factors such as pressure groups, campaign contributions,

etc., which one �nds in the econometric works that test political economy hypotheses, such as

Baldwin and Magee (1998), Goldberg and Maggi (1999), and Gawanda and Bandyopadhay

(2000).

Our model follows the political economy tradition of trade policy (Hillman 1982, Gross-

man and Helpman 1994, Ethier and Hillman 2019). A particular characteristic of our model
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is that individuals have heterogeneous preferences.

3 The basic model

We begin with a stylized model of a closed economy (called the Home country) and a char-

acterization of the welfare maximizing allocation. The economy has two sectors: a clean

sector, which produces a numeraire good, and an externality-ridden sector, which produces

a manufactured good that is accompanied by an externality-generating by-product. The

easiest interpretation of the externality-ridden sector is as follows. A manufacturing sector

produces a packaged product in tandem with plastic waste which is unsightly and practi-

cally impossible to destroy, but of no value in consumption. (Obviously, there are many

paths to pursue - recycling, etc. - which we rule out.) The Home country is populated by n

individuals who have heterogeneous preferences for environmental quality.

We choose a two-sector formulation because e¢ cient factor allocation is best illustrated in

such a framework. For simplicity, we assume that labor is perfectly mobile across sectors. To

keep our two-sector model as simple as possible, we assume that the clean sector uses labor

as the only input: one unit of labor produces w units of the numeraire good. The second

sector uses capital and labor to produce a manufacturing output, Y , under a neoclassical

production function Y = F (K;L), whereK is capital, and L is labor employed in this sector.

The output Y has a joint-product called �trash�. For simplicity, we assume an one-to-one

relationship between trash and manufacturing output: the volume of trash, T , is equal to

the volume of output, Y .

The economy is endowed with a �xed supply of of capital, K, and a �xed supply of labor,

denoted by L. We assume that full employment prevails. Thus, if an amount L � L is

allocated to the manufactured sector, then Y = F
�
K;L

�
and the output of the numeraire

good is X = w
�
L� L

�
� 0. (In what follows, we set w = 1 without loss of generality.) Since

K � K and L � L, themaximum feasible output of the manufactured good is Y = F
�
K;L

�
.

We assume that F (K;L) exhibits constant returns to scale, with positive and dimisnishing
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marginal products and convex isoquants. Speci�cally, we assume that FL(K; 0) = 1 and

F (0; 0) = 0.

The economy is populated by a large number of individuals, n. Each individual is endowed

with ` units of labor, where n` = L. They supply their labor inelastically. Let U(x; y) denote

the utility from consuming a consumption bundle (x; y). For simplicity, we assume that U is

linear in numeraire good, and strictly concave in the manufactured good. Thus, if individual

i consumes xi units of the numeraire good and yi units of the manufactured good, her utility

is

Ui = xi + u(yi) (1)

where u0 > 0 and u00 < 0. An individual�s welfare, Wi, is de�ned as her utility Ui minus her

discomfort which arises from seeing the pollution in her country. The pollution is denoted by

Z, and, in the case of a closed economy, Z = T . (Later, when we consider trade in trash, then

Z = T�Q where Q is the amount of trash the Home country exports to the Foreign country.)

We assume that individuals are heterogeneous in their levels of discomfort: individual i�s

discomfort is �iD(Z), where D(Z) is a positive and convex function, with D
0(0) = 0; and

D0(Z) > 0, and D00(Z) > 0 for all strictly positive Z > 0. The parameter �i > 0 is called

the individual�s �strength of preference� for a clean environment. In general, �i 6= �j for

any two individuals i; j. Then

Wi(xi; yi; Z) = xi + u(yi)� �iD(Z): (2)

The marginal social cost of waste is

nX
i=1

�iD
0(Z) � �D0(Z): (3)

3.1 Welfare maximizing allocation under the control-and-command
scenario

We now consider a benchmark scenario in which a benevolent social planner directly deter-

mines both (i) the allocation of labor across sectors, and (ii) each individual�s consumption
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of the two goods. The planner maximizes social welfare, W S, de�ned as the sum of the

welfare levels of all residents, i.e.,

W S =

nX
i=1

Wi =

nX
i=1

[xi + u(yi)]�
nX
i=1

�iD(Z) (4)

subject to
Pn

i=1 yi = Y = F (K;L), Z = Y , and X = L � L. In order to ensure that in

equilibrium both goods are produced and consumed in strictly positive amounts, we make

the following assumption:

Assumption A1: (i) u0(0)� �D0(0) > 0, (ii) u0(F
�
K;L

�
=n) < 1=FL

�
K;L

�
.

The solution is simple. Since u(:) is strictly concave, we must have, at the social optimum,

yi = F (K;L)=n. Therefore the problem reduces to �nding the labor allocation L that

maximizes the following expression

W S = L� L+ nu
�
F (K;L)=n

�
� n�D(F (K;L)) (5)

where � � (1=n)
Pn

i=1 �i � �=n. The �rst order condition is

1�
�
u0
�
F (K;L)

n

�
� �D0 �F (K;L)��FL = 0 (6)

where FL denotes the marginal product of labor in manufacturing.1 Thanks to Assumption

A1, we immediately obtain the following Result:

Result 1: The welfare maximizing allocation of labor to the externality-ridden sector is

the unique L� > 0 that satis�es the following condition:

u0
�
F (K;L)

n

�
� �D0 �F (K;L)� = 1

FL(K;L)
where � � n� (7)

The consumption allocation is as follows: each consumer is assigned a fraction 1=n of the

aggregate manufacturing output Y � � F (K;L�), and it is a matter of indi¤erence to the

social planner (who cares only about the sum of individual welfare levels) as to how the

aggregate output of the numeraire good, X� = L�L� > 0, is divided among the n consumers.
1The second order condition is satis�ed because u00 < 0, D00 > 0 and FLL < 0.
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Proof of Result 1: We can mentally picture the graph of the left-hand side (LHS)

and that of the right-hand side (RHS) of equation (7), where the horizontal axis represents

L (which can take on any value between 0 and L). The graph of the LHS of equation

(7) is downward sloping. Due to Assumption A1, at L = 0, the LHS takes the value

u0(0)� �D0(0) > 0, and at L = L, its value is smaller than 1=FL(K;L). Next, consider the

graph of the RHS of equation (7). This graph is upward sloping. At L = 0, the RHS takes

the value 0, and at L = L, its value is 1=FL(K;L). It follows that the two curves intersect

at a unique value L�, with 0 < L� < L. �

Example 1.1 Let Y = F (K;L) = 2K1=2L1=2, D(Z) = 1
2
Z2, and u(y) = Ay � (b=2)y2,

with A > 0 and b > 0. Let K = 1:Then FL(K;L) = L�1=2 and the RHS of equation (7)

takes the value L1=2, which is zero at L = 0 and is
�
L
�1=2

at L = L. (Later, for numerical

illustrations, we will use the following speci�cation of parameter values: b = 1; � = 2; n =

10; L = 20).

Then the socially optimal allocation of labor to manufacturing is

L� =

�
nA

n+ 2b+ 2�n

�2
< L (8)

and manufacturing output is

Y � = 2 (L�)1=2 =
2nA

n+ 2b+ 2�n
: (9)

For a numerical illustration, suppose that A = 5; n = 10; b = 1; � = 2, and L = 20; then L� =

0:924 56, and marginal physical product of labor in manufacturing is 1: 04. Output is Y � = 1:

923 1, Y �=n = 0:192 31; marginal utility of manufacturing consumption is 4: 807 7, marginal

social cost of pollution is �Y � = 3: 846 2. It can be veri�ed that the di¤erence between u0

and �Y � (i.e., 4: 807 7� 3: 846 2) is equal to the inverse of the marginal product of labor in

manufacturing, 0:961 5. The output of the numeraire good sector is 20� 0:924 56 = 19: 075.

At the planner�s solution, the social welfare level is

W S = L� L+ nu
�
F (K;L)=n

�
� �D(F (K;L)) = 24: 807: (10)
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3.2 Welfare maximization in a market economy with a Pigouvian
tax

It is straightforward to see that the optimal allocation of labor (depicted in Result 1) can be

achieved in a private-ownership market economy guided by a Pigouvian tax on the output

of the manufactured good. We assume that each individual is endowed with ` units of labor,

and L = n`. Capital is owned by m1 individuals, where m1 < n. Firms are perfectly

competitive. They take all product prices and factor prices as given. No individual has

any market power. Moreover, we assume that although consumers dislike seeing waste lying

around, in formulating their individual consumption plan, they do not adjust their demand

for the two consumption goods with the aim of in�uencing the level of aggregate waste in the

economy. This behavior is quite �rational�because a single individual�s consumption bundle

has practically no e¤ect on the aggregate outcome.2

We can prove the following Proposition.

Proposition 1: Assume that ` is su¢ ciently such that each person�s wage income, `, is

greater than the value of manufacturing output per person, i.e.,

` > u0
�
F (K;L�)

n

�
� F (K;L�)

n
(11)

where L� is the socially optimal labor allocation described in Result 1. Then the social

optimum can be achieved by a private-ownership market economy guided by a Pigouvian tax

on manufacturing output, t�, where t�is equal to the marginal social cost of waste,

t� = n�D0(F (K;L�)) � �D0(F (K;L�)) (12)

and the tax revenue is distributed to all consumers as positive lump sum transfers. In this

economy, manufacturing �rms sell their output to consumers at the price p�c per unit, where

p�c = u0
�
F (K;L�)

n

�
(13)

2Here, �rationality� is understood as �economic rationality�. Even though it is possible to argue that
economic rationality (at the individual level) can be �irrational� in the aggregate, in this paper we do not
deal with this issue. For some recent discussion of this quali�cation and and a review of the related literature
on Kantian economics, see, for example, Long (2020) and Grafton et al. (2017).
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and manufacturing �rms�revenue per unit is p�f where

p�f = p�c � t�: (14)

Proof: The proof is straightforward. (It is available upon request.)�

Example 1.2. We retain the functional speci�cations of example 1.1. At any given

tax t per unit of manufacturing ouput, �rms equate the after tax value of marginal product

of labor to the wage rate, taking the consumer price as given: (pc � t)FL = 1. Consumers

equate u0(y) to pc. Thus, in a competitive equilibrium such that everyone consumes the same

amount of the manufactured good, we must have

u0
�
F (K;L)

n

�
� t =

1

FL(K;L)
i.e., A� b

n

�
2L1=2

�
� t = L1=2 (15)

Plug the socially optimal value L� in example 1.1 into the above equation, we can deter-

mine the Pigouvian tax per unit of manufacturing output, which is equal to the marginal

social cost of pollution: t� = 3: 846 2 = �Y �. The total tax revenue is t�Y � = �(Y �)2 = 3:

846 2� 1: 923 1 = 7: 396 6. Each person obtains a lump sum redistribution amount 0:7396:

A worker�s wage income is L=n = 2. The consumption of manufacturing good per

person is 0:1923. Consumer�s price is u0 = 5 � 0:1923 = 4: 807 7. The expenditure per

person on manufactured goods is 4: 807 7 � 0:1923 = 0:924 52. A worker�s spending on

the numeraire good is 2 + 0:7396 � 0:924 52 = 1: 815 1: The aggregate return to capital is

(pc� t)Y ��wL� = (4: 807 7� 3: 846 2)� 1: 923 1� 0:924 56 = 0:924 5 (which is equal to the

manufacturing sector�s wage bill, because our Cobb-Douglas share parameter is 1=2.) The

output of the numeraire good sector is 19: 075. Total expenditure on consumption goods is

19: 075 + 4: 807 7 (1: 923 1) = 28: 321. It is equal to factor income plus lump sum transfers

(20+0:924 5+7: 396 6). Total expenditure (in terms of the numeraire good) on manufacturing

is 4: 807 7 � 1: 923 1 = 9: 245 7. Then the residual income after spending on manufacturing

is 28: 321 � 9: 245 7 = 19: 075. This is equal to employment in the numeraire good sector,

20� 0:924 56 = 19: 075:
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4 The political economy equilibrium in a closed econ-
omy

In this section, we continue to assume that the Home country is a closed economy. The

key motivation in this section derives from the fact that in the real world, it is possible

but very unlikely that the social optimal allocation described in the preceding section is

achieved. Governments do not set taxes to maximize a Benthamite social welfare function.

A more realistic world view, often described as the �political economy approach�, is that

governments respond to demands by pressure groups. There are various ways of modelling

how governments balance the interests of con�icting pressure groups. A possible short-hand

formulation is that the government faces a �political support function�and it sets the level

of various policy instruments so as to maximize that function. (See, e.g., Hillman (1982),

Cassing and Hillman (1986), Long and Vousden (1991). In this paper, we follow a related

approach used by Grossman and Helpman (1994).3 Their model, Protection for Sale, is based

on the �common agency game�formulation of Bernheim and Whinston (1986).4 Our model

di¤ers from that of Grossman and Helpman (1994) in that (i) there is an externality generated

in the production of the manufactured good, (ii) individuals have heterogeneous preferences

for environmental quality, (iii) in the open economy case, the externality is tradeable in the

world market, and (iv) there is a leakage factor which represents the social waste when funds

are transferred from the pressure groups to the politicians.

4.1 Capitalists versus environmentalists with heterogeneous envi-
ronmental preferences

There are n individuals in this economy. Assume that each individual is endowed with `

units of labor, and L = n`, and that capital is owned by m1 individuals, where m1 < n.

(For simplicity, we may assume that these m1 individuals have equal endowment of capital,

3Grossman and Helpman (1994, p. 841) wrote that their model �provides the micro-analytic foundations
for the reduced-form political support function.�

4For a brief exposition of Grossman and Helpman (1994) and Bernheim and Whinston (1986), see Feenstra
(2016, Chapter 10).
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K=m1.) Without loss of generality, we index individuals so that individuals with index i,

where i = 1; 2; 3; ::;m1 are capital owners, and the remaining individuals, j = m1 + 1;m1 +

2; :::; n are not endowed with any capital. We call these n�m1 individuals the non-capitalists.

Each individual i has an environmental preference parameter �i � 0, and in general �i 6= �j

for any pair of individuals (i; j). The average value of the preference parameter is denoted

by �, i.e.,

� � 1

n

nX
i=1

�i (16)

We assume that the community can be partitioned into three groups. Group 1 consists of

m1 individuals who own capital (we call them the capitalists). Although individual capitalists

may di¤er from each other in terms of their �i, we assume that on average, their preference

parameter is not higher than the community�s average, �. Formally, we de�ne �C as the

capitalists�average valuation of environmental quality,

�C =
1

m1

m1X
i=1

�i: (17)

and we assume that �C � �.

Group 2 consists of m2 non-capitalists with strong preferences for environmental quality.

We call them the hard-core environmentalists. The average value of their preference para-

meter is denoted by �E, and we assume that �E � �. Group 3 consists of m3 non-capitalists

whose preferences for environmental quality are moderate. We call them the moderate envi-

ronmentalists. Their average is denoted by �M where �M � �E. For concreteness, we make

the following Assumption:

Assumption A2: On average, individuals that belong to Group 2 have the strongest

preference for environmental quality, and the following ranking applies:

�C � � � �M � �E: (18)

Manufacturing �rms are perfectly competitive. They take the consumer price pc, the

factor prices, and the output tax t as given. Each manufacturing �rm j chooses the input

13



levels (Kj; Lj) to maximize the �rm�s pro�t

�i = (pc � t)F (Kj; Lj)� wLj � rKj (19)

where w = 1 is the wage rate (in terms of the numeraire good) and r is the rental rate.

Because of the constant returns to scale assumption, the size of each �rm is indeterminate.

However, since
P

jKj = K, we know that for the manufacturing industry as the whole, the

industry�s employment of labor, L, is determined by maximizing the aggregate return to the

capital stock K (the aggregate rent that accrue to capitalists), which we denote by �:

� � max
L
(pc � t)F (K;L)� wL (20)

where w = 1. The �rst order condition is that the value of marginal product of labor is

equated to the wage rate:

(pc � t)FL(K;L) = w = 1 (21)

This means that the manufacturing-employment level that maximizes � is a function of

pc � t. Denote this level by bL. Then the aggregate output of the manufacturing sector is
F (K; bL) � bY . Then the (maximized) aggregrate return to capital is

b� (pc � t) = (pc � t)F (K; bL)� wbL = (pc � t)bY � wbL: (22)

The total tax revenue is tbY . We assume that the tax revenue is redistributed to all
individuals equally: each person receives a lump sum transfer of tbY =n.
Let us compute the income of the representative capitalist. It consists of her labor income,

` , her capital income, b�=m1, and the lump sum transfer tbY =n. Let Mk denote this income:

Mk = b�=m1 + `+ tbY =n (23)

The representative capitalist chooses the consumption levels xk and yk to maximize the

utility derived from consumption:

max
xk;yk

[xk + u(yk)] (24)
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subject to the budget constraint xk + pcyk = Mk: Assuming that Mk is large enough, and

that pc < u0(0), both goods will be consumed in strictly positive amounts, and the utility-

maximizing consumption bundle (bxk; byk) is given by
u0(byk) = pc, and bxk =Mk � pcbyk: (25)

Equation (25) yields the consumer�s Marshallian demand function, yD(pc), for the manufac-

tured good:

byk = (u0)�1(pc) � yD(pc) (26)

Substituting (25) and (26) into the direct utility function (24), we obtain the indirect utility

function of the representative capitalist:

Vk =Mk � pcy
D(pc) + u

�
yD(pc

�
) =Mk + S

�
yD(pc

�
) (27)

where S
�
yD(pc

�
) is her Marshallian consumer�s surplus:

S
�
yD(pc

�
) � u

�
yD(pc

�
)� pcy

D(pc) (28)

with the well-known property that

dS

dpc
= �yD(pc): (29)

Let us now turn to the representative worker (de�ned as the person who does not own

capital). Her income is

M` = w`+ tbY =n (30)

Again, we assume her income is high enough and pc < u0(0), so that she �nds it optimal to

consume both goods. Then her utility-maximizing consumption bundle (bx`; by`) is given by
u0(by`) = pc, and bx` =M` � pcby`: (31)

It follows that by` = byk = yD(pc), and her indirect utility function is

V` =Mk � pcy
D(pc) + u

�
yD(pc

�
) =M` + S

�
yD(pc

�
): (32)
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It is easy to show that for any given tax t � 0, the equilibrium employment level in the

manufacturing sector, bL, is uniquely determined.
In equilibrium, total consumption of the manufactured good must equal that sector�s

output ny = F
�
K;L

�
. Thus,

pc = u0
�
F
�
K;L

�
=n
�

(33)

The equilibrium demand for labor in manufacturing is given implicitly by equation (21),

which can be re-written as

pc � t =
1

FL
�
K;L

� (34)

That is, �rms equate the net price, pc � t, to the marginal cost (which is the wage divided

by the marginal product of labor). Combining equations (33) and (34), we obtain a unique

equation that determines L as a function of t :

u0
�
F
�
K;L

�
=n
�
� t =

1

FL
�
K;L

� (35)

This relationship yields �
u0
�
F
�
K;L

�
=n
�
� t
�
FL = 0: (36)

We can now state the following Lemma.

Lemma 1: Given any tax rate t per unit of the manufactured good, where 0 � t �

u0(0), equation (36) determines the allocation of labor to manufacturing, bL(t), and yields the
following comparative static results:

dbL(t)
dt

=
FLh

FLL
FL
+ (FL)2u00

n

i < 0 (37)

and
dbY (t)
dt

=
@F

@L

dbL(t)
dt

=
1h

FLL
(FL)3

+ u00

n

i < 0: (38)

The equilibrium consumer price is bpc(t) = u0
�bY (t)=n�, with

dbpc
dt
=
u00

n

dbY (t)
dt

> 0 (39)
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and the equilibrium net price received by �rms is bpf (t) = bpc(t)� t, with

dbpf
dt

=
dbpc
dt
� 1 = � FLL

(FL)3
dbY (t)
dt

< 0: (40)

Proof: Applying the implicit function theorem to equation (36), we obtain eq. (37).

Equations (38) and (39) follow immediately. Finally, to obtain eq. (40) we use

dbpf
dt

=
u00

n

dbY (t)
dt

� 1 =
"
u00

n
� 1

dbY (t)
dt

#
dbY (t)
dt

: (41)

Using Lemma 1, we can derive the following result:

Proposition 2: Assume that u0(0) > 0 and u0(F (K;L)=n) < 1=FL(K;L). Restrict

attention to tax rate t � 0 is such that u0(0)� t > 0. Then for each t � 0 that satis�es this

condition, there exists a unique employment level in manufacturing, bL(t); with 0 < bL(t) < L,

such that the market is in equilibrium and all consumers buy both goods, provided that (i)

` is large enough, and (ii) the tax revenue is redistributed equally to all consumers as lump

sum transfers.

The equilibrium consumer price is

bpc(t) = u0
�
F
�
K; bL(t)� =n� � u0

�bY (t)=n� (42)

and the resulting welfare level of capitalist i ( i = 1; 2; :::;m1) is

Wi = b�=m1 + `+ tbY =n+ S(by)� �iD(bY ) (43)

while that of non-capitalist j (where j = m1 + 1;m1 + 2; :::; n) is

Wj = `+ tbY =n+ S(by)� �jD(bY ): (44)

Moreover, the equilibrium producer�s price is

bpf (t) = bpc(t)� t = u0
�
F
�
K; bL(t)� =n�� t: (45)

Proof: Straightforward. Below is a sketch of the proof. Consider the equation

u0
�
F
�
K;L

�
=n
�
� t =

1

FL(K;L)
: (46)
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We can graph the RHS of eq. (46) as a function of L for L in the feasible interval
�
0; L

�
.

Clearly, 1
FL(K;L)

is increasing in L. At L = 0, the vertical intercept of the curve is 0. As L

increases, 1
FL(K;L)

increases, reaching the value 1
FL(K;L)

at L = L.

Next, we can graph the LHS of eq. (46) as a function of L. The graph is decreasing. At

L = 0, the LHS is u0(0) � t, which is strictly greater than 0, by hypothesis. As L tends to

L, u0(F (K;L)=n) reaches u0(F (K;L)=n)� t � u0(F (K;L)=n) < 1=FL
�
K;L

�
. Therefore the

graph of the LHS intersects that of the RHS exactly once, at some bL< L.

If ` is large enough, such that ` > bpc(t)bY (t)=n, each consumer will spend bpc(t)bY (t)=n on
the manufactured good, and `� bpc(t)bY (t)=n on the numeraire good. �
Example 1.3 We retain the functional forms speci�ed in example 1.1. Given any t such

that 0 � t < u0(0), using eq. (35), we can solve for the corresponding employment level in

the manufacturing sector bL(t);
bL(t) =  A� t

1 + 2b
n

!2
=

�
n(A� t)

n+ 2b

�2
(47)

This yields the competitive manufacturing output level,

bY (t) = 2n(A� t)

n+ 2b
(48)

The corresponding consumers price pc and producers price pf are,

bpc(t) = nA+ 2bt

n+ 2b
and bpf (t) = n(A� t)

n+ 2b
(49)

with
dbpf (t)
dt

=
1

2

dbY (t)
dt

< 0: (50)

4.2 Organized interest groups and unorganized interest groups

We have assumed that when individuals make their consumption decisions, they do so in

isolation, taking the prices and their income as given, and without taking into account the

(negligible) e¤ect of their individual consumption demand on the industry output and waste
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level. This assumption is commonly made (see, for example Grossman and Helpman (1994),

Long and Vousden (1991)). At the same time, it is not unreasonable to assume that groups

of individuals are formed to further their interest by taking collective action to in�uence

government policies.

Some groups can overcome the free-riding problem, and are able to require group mem-

bers to contribute �nancial resources to further their group interest. We call these groups

�organized interest groups.�At the other extreme, some other groups are unorganized and

do not take any collective action at all. In this paper, we investigate how the pressure ex-

ercised by an environmental lobby group and a capitalist group could result in a �political

economy equilibrium�, and we compare the outcome of this equilibrium with the benchmark

outcome under a benevolent social planner (which was described in Proposition 1).

How do organized groups in�uence policies? We borrow the idea of �campaign contri-

bution schedules� used in Grossman and Helpman (1994), which is an ingredient in the

�common agency�game considered in Bernheim and Whinston (1986). In this game, each

of the opposing organized groups o¤ers to the government a payment of �money� (called

campaign contribution) conditional on the government�s announced tax rate in its policy

platform. (In our model, we may suppose that a unit of money is equal to a unit of the

numeraire good). If a group prefers low taxes, then the lower is the announced tax rate,

the more campaign contribution it gives to the government. In contrast, if a group stands

to gain (in terms of its own welfare) when the tax rate is higher, then its contribution will

rise with the announced tax rate. A non-organized group, by de�nition, does not make any

campaign contribution.

While the government values campaign contributions, it also cares about social welfare.

We assume that the government�s objective function is to maximize a weighted sum of the

(net) Benthamite social welfare level and its (net) receipt of campaign contributions.

Now, given t, the welfare levels of Group 1, 2 and 3 are:

J1(t) =

m1X
i=1

Wi = m1

hb�(t)=m1 + `+ tbY (t)=n+ S(yD(pc(t)))
i
�m1�CD(bY ) (51)
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J2(t) =

m1+m2X
j=m1+1

Wj = m2

h
`+ tbY (t)=n+ S(yD(pc(t)))

i
�m2�ED( bZ) (52)

J3(t) = (n�m1 �m2)
h
`+ tbY (t)=n+ S(yD(pc(t)))

i
�m3�ED( bZ) (53)

The social welfare is

J(t) = J1 + J2 + J3 = n
h
`+ tbY (t)=n+ S(yD(pc(t)))

i
+ b� � n�D( bZ): (54)

Let � denote the set of organized groups, and let �C denote its complement (i.e. the set

of unorganized interest groups). We will consider two cases. In case 1, we have � = f1; 2; 3g

so that �C is the empty set. In case 2, we have � = f1; 2g so that �C = f3g.

Let  h(t) denote the contribution schedule of organized group h 2 �. The net welfare of

a group is its welfare minus its campaign contribution. Thus the net welfare of a group h is

Jneth = Jh �  h(t), if h 2 � (55)

Jneth = Jh if h 2 �C : (56)

We assume that when money is transferred from a pressure group, there is a �leakage

factor�  which represents the loss of real resources that such activities engender, where

0 <  < 1. For example, if  = 0:20, then for every dollar transferred to the government,

the latter only receives 80 cents. Thus, the government�s net receipt of funds, R(t), is

R(t) = (1� )
X
h2�

 h(t) (57)

(In Grossman and Helpman (1994), there is no leakage, i.e.,  = 0.)

When lobby groups make campaign contributions to the government, we must make a

distinction between gross social welfare and net social welfare. Gross social welfare is

Jgross(t) = J1(t) + J2(t) + J3(t) (58)

while net social welfare is

Jnet(t) = Jgross(t)�
X
h2�

 h(t): (59)
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The government chooses the tax rate t to maximize a weighted sum of (i) net social

welfare, and (ii) its net receipt of campaign contribution, with weights ! > 0 and (1�!) > 0

respectively:

G(t) � !Jnet(t) + (1� !)(1� )
X
h2�

 h(t): (60)

After re-arragment of terms, we obtain

G(t) = !Jgross(t) + ((1� !)(1� )� !)
X
h2�

 h(t): (61)

Let us de�ne � � (1�!)(1�)�! and assume that � > 0.5 Then the problem of maximizing

G with respect to t can be solved by maximizing the expression eG(t) de�ned by
eG(t) = �!

�

�
Jgross(t) +

X
h2�

 h(t) � �Jgross +
X
h2�

 h(t) (62)

where � > 0 is increasing in  (as long as � remains positive).

The �common agency game� framework typically assumes that the government, facing

the �announced contribution schedules�, must take them as given (it cannot negotiate) and

can only choose the policy level (here, t, but in a more general model, the levels of several

policy variables). Thus, the pressure groups are �Stackelberg leaders�while the government

simply reacts (i.e., it is a follower, or second mover). The game between the pressure groups

is a simultaneous-play game that occurs at an earlier stage, called stage 1. We must look

for a Nash equilibrium for stage-1 game. This might sound like a complicated game to

solve. Fortunately, thanks to a result by Berheim and Whinston (1986), we can focus on

contribution schedules that truthfully re�ect the gains expected by the pressure groups. A

simple formulation is that for all organized group h, its contribution  h(t) is equal to Jh(t)

minus a constant Bh for values of t such that Jh(t)� Bh � 0, and  h(t) is equal to zero for
5A su¢ cient condition for this is that both  and ! are su¢ ciently small.
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values of t such that Jh(t)�Bh < 0. This means that6

 h(t) = max f0; Jh(t)�Bhg for h 2 �: (63)

Using this result, we can re-write eG as

eG = �(J1 + J2 + J3) +
X
h2�

max f0; Jh(t)�Bhg : (64)

Now, assume for simplicity that in some neighborhood of the political economy equilibrium

t��, we have Jh(t��)�Bh > 0 for all organized groups. Then t�� must be the solution of the

problem

max
t
(1 + �)

X
h2�

[Jh(t)�Bh] + �
X
h2�C

Jh(t): (65)

In what follows, we solve for the political economy equilibrium under two cases. In case

1, � = f1; 2; 3g, i.e., all groups are organized and make political campaign contributions. In

case 2, � = f1; 2g and �C = f3g.

4.3 Case 1: all interest groups are organized

Let us �nd the solution for Case 1, where � = f1; 2; 3g and thus �C is the empty set. In this

case, maximizing the objective function (65) is equivalent to maximizing gross social welfare

J :

J(t) = n
h
`+ tbY (t)=n+ S(yD(pc(t)))

i
+ b�(pc(t)� t)� n�D( bZ): (66)

The �rst order condition yields

dJ(t)

dt
= bY + t

dbY
dt
+ n

dS

dpc

dpc
dt
+

db�
d(pc � t)

�
dpc
dt
� 1
�
� n�D0(bY )dbY

dt
= 0 (67)

Now, recalling that db�
d(pc�t) =

bY (by the envelope theorem), and dS
dpc

= �yD(pc) = �bY =n;
equation (67) becomes

dJ(t)

dt
= bY �1� dpc

dt

�
+ t

dbY
dt
+ bY �dpc

dt
� 1
�
� n�D0(bY )dbY

dt
= 0 (68)

6Equation (63) implies that

Jneth (t) � Jh(t)�  h(t) = min fJh(t); Bhg for h 2 �:

that is, Bh is the upper bound on the net welfare of organized group h. (See Grossman and Helpman (1994)
and Mitra (1999) for discussion on reasonable determination of Bh.)
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which implies that the government chosen tax rate in the political economy equilibrium is

equal to the marginal social cost of trash:

t� = n�D0(bY ) � �D0(bY ): (69)

Thus, the government�s political economy tax rate is identical to the Pigouvian tax rate

found in the previous subsection. However, there is a waste of real resources if the leakage

factor  is positive. We state this result as Proposition 3:

Proposition 3: If all groups are organized pressure groups and they reach a Nash equi-

librium in the political economy game where the government is the common agency, then the

political economy tax on externality is equal to the Pigouvian one, and the allocation of fac-

tors of production is Pareto e¢ cient. However, to the extent that the payment of campaign

contributions is subject to a leakage factor  > 0, the political economy equilibrium involves

a waste of real resources.

Example 1.4 For the utility function, the production function, and the pollution damage

function D(Z), we retain the functional forms speci�ed in example 1.1. Then equation (69)

shows that when all the three groups are organised, the government will react to their

equilibrium contribution schedules by setting the tax rate equal to the marginal social cost

of pollution:

t = �Y . (70)

Using eq. (48), we know that the corresponding output level of the manufacturing sector is

a function of t

Y =
2n(A� t)

n+ 2b
. (71)

Combining these two equations, we can solve for the equilibrium manufacturing output when

all the three groups are organized:

Y =
2nA

n+ 2b+ 2n�
: (72)
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4.4 Case 2: group 3 is unorganized

We now turn to the case in which only group 1 (the capitalists) and group 2 (the hard-core

environmentalists) are organized pressure groups. Group 3 (the moderate environmentalists)

is not organized. Then � = f1; 2g and �C = f3g. In this case, we obtain the following

Proposition:

Proposition 4: Under Assumption A2, if the moderate environmentalists are not orga-

nized then the political economy equilibrium tax on the externality that is below the optimal

Pigouvian one.

Proof: When � = f1; 2g and thus �C = f3g, it is convenient to de�ne

�0 �
m1 +m2

n
and 1� �0 =

m3

n
(73)

where �0 is the fraction of the population that belongs to either organized group 1 or orga-

nized group 2. Then when the government chooses t to maximizes it objective function (65),

the following �rst order condition is obtained (see the Appendix for detailed derivation):

(� + �0)
h
t� n�D0

�bY (t)�i+ (1� �0)

�
(n�M � n�)D0

�bY (t)�� �FLL
F 3L

� bY (t)� = 0: (74)
Since the term inside the curly brackets f:::g is positive, it follows that t < n�D0

�bY (t)� :�
Remark: Using the arguments in the proof of Proposition 4, we can actually state a

stronger result (in the sense that Assumption A2 can be slightly relaxed):

Corollary: If group 3 is not organized and either (i) n�M�n� � 0 or (ii) n�M�n� < 0

but
�
� FLL
(FL)3

�
+
�
n�M � n�

� D0(bY )bY > 0, then the political economy equilibrium tax on the

externality is below the optimal Pigouvian one.

Example 1.5 For the utility function, the production function, and the pollution damage

function D(Z), we retain the functional forms speci�ed in example 1.1. Then�
FLL
F 3L

�
= �1

2
: (75)

De�ne � = (1� �0)= (� + �0), � = n� and �+ = n�M , and " � �+ � � > 0, we can rewrite
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the �rst order condition as

t� �bY (t) + ��"bY (t) + 1
2
bY (t)� = 0 (76)

Let L = 20, � = 2; � = 0:5; " = 0:5, n = 10; b = 1; A = 5. Then, solving for t��, we get

t�� = 3: 571 4.

Thus the political-economy equilibrium manufacturing output is

Y (t) =
2n(A� t)

n+ 2b
= 2: 381 (77)

the marginal social cost of pollution is �D0 (Y (t)) = 4: 762. This con�rm that t�� < �D0(Y ��):

The level of employment in manufacturing is 1: 417 3, hence the output of the numeraire

goods sector is 18: 583. The equilibrium consumers price is pc = 4: 761 9, the equilibrium

producers price is pf = pc � t = 1: 190 5. Consumption of manufactured good per person is

0:2381. The resulting gross social welfare is

W S = 18: 583 + 10

�
5� 0:2381� 1

2
(0:2381)2

�
� (2:381)2 = 24: 535 (78)

which is lower than the welfare level under the social planner (which was 24: 807).

5 The open economy case: trade in trash

We now consider the case in which the Home country can �export�some (or all) of its trash

to a foreign country. We consider two scenarios. In Scenario 1, Home can freely dump the

trash in Foreign�s territory (up to an upper bound Q > 0). In Scenario 2, Home can export as

much trash as it wishes to, but it must pay Foreign a charge � per unit of trash exported. In

both scenarios, we compare the Home social planner�s solution with the political equilibrium.

5.1 Scenario 1: free dumping of trash, up to an upper bound

Assume that up to Q units of trash can be dumped in the foreign country (Foreign), and

that the Home country�s residents do not care about the size of the trash heap in Foreign. It

is as if Foreign gives to Home a �free export quota�, Q. Then the relationship between the
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aggregate trash that remains in Home and the trash generated by Home�s manufacturing

sector, T , is

Z = min
�
0; T �Q

	
: (79)

where T = Y . We will focus on the situation where the export quota Q is smaller than the

closed economy�s social optimum level of the output, Y �(which we characterized in Result

1). We suppose that consumers in Home have a distaste for the level of trash that remains

in the Home country, but they do not care about the environmental damages in the foreign

country.

5.1.1 The optimal allocation under command and control (with limited free
dumping)

Now, consider a given �trash export quota�Q, and assume that 0 < Q < Y �. We assume

that Home�s social planner seeks to maximize Home�s social welfare. Let us denote by L��

the optimal allocation under Home�s social planner. Given Q, the �rst order condition of

Home�s welfare maximization is that the following equation holds at L = L��:

u0
�
F (K;L)

n

�
� �D0(F (K;L)�Q) =

1

FL(K;L)
(80)

It is easy to show that L��
�
Q
�
is an increasing function of Q, and hence Y �� is increasing

in Q. We can prove the following Proposition:

Proposition 5: Assume Home is allowed to dump waste (without any cost) to Foreign,

up to a limit Q > 0 where Q is smaller then the optimum output level of the closed economy,

Y �. Then in the control and command scenario where social welfare is maximized, an increase

in Q will lead to

(i) an increase in output, Y , and

(ii) a fall in the quantity of domestic waste remaining,

(iii) an increase in Home�s social welfare.

Example 1.6 (control and command scenario, foreign quota on dumping of

trash)
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Let Y = F (K;L) = K1=2L1=2, D(Z) = 1
2
Z2, where Z � min

�
Y �Q; 0

	
, and u0(y) =

A� by. Let K = 1 for simplicity. Given Q, the social planner chooses the employment level

in manufacturing to maximize the social welfare,�
L� L

�
+ nA

�
2L1=2

n

�
� nb

2

�
2L1=2

n

�2
� �

2

�
2L1=2 �Q

�2
(81)

We obtain the �rst order condition, which may be re-arranged to yield�
A+ �Q

�
L�1=2 =

�
1 +

2b

n
+ 2�

�
(82)

This yields the optimal manufacturing output

Y �� =
2n
�
A+ �Q

�
(n+ 2b+ 2�n)

: (83)

Thus, comparing Y �� with the socially optimal manufacturing output Y � in the closed econ-

omy case, we have

Y �� = Y � +
2n�Q

n+ 2b+ 2�n
(84)

If Q is increased by 1 unit, the social planner will increase the manufacturing output by less

than 1 unit.

The amount of trash remaining in the Home country is

Y �� �Q =
2nA

(n+ 2b+ 2�n)
�Q

�
1� 2n�

n+ 2b+ 2�n

�
> 0 (85)

and this amount falls as Q increases:

d(Y �� �Q)

dQ
= � n+ 2b

n+ 2b+ 2�n
< 0 (86)

For a numerical illustration, consider n = 10; L = 20; b = 2; � = 2; A = 5, Q = 1. Then,

using eq. (84), we obtain Y �� = 2: 692 3. That is, when the economy can dump Q abroad, its

optimal manufacturing output increases by about 40 per cent. Manufacturing employment

is L�� = 1: 812 1. The amount trash that remains in Home is 1:6923, so that the level of

pollution in Home falls by 12 per cent. Social welfare is :

(20� 1: 812 1) + 10
�
5� 2: 692 3

10

�
� 10

�
2: 692 3

10

�2
� (1:6923)2 = 28: 061 (87)

which is 13 per cent greater than the corresponding welfare in a closed economy.
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5.1.2 The equilibrium political economy allocation (with limited free dumping)

Assume that group 3 is not organized: its members do not take collective action. Then,

given that a positive fraction 1 � �0 of the population does not belong to any organized

interest group, the political economy equilibrium in the presence of a free dumping quota Q

is characterized by the following �rst order condition, which is an obvious generalization of

eq. (74):

h
t� n�D0

�bY (t)�Q
�i
+
(1� �0)

(� + �0)

�
(n�M � n�)D0

�bY (t)�Q
�
�
�
FLL
F 3L

� bY (t)� = 0 (88)
Then, thanks to Assumption A2, we can deduce that the political economy equilibrium tax

rate is below the Pigouvian one: t < �D0(Z).

Example 1.7 (Political-economy equilibrium for an economy with limited free

disposal of trash abroad) We retain the speci�cations of examples 1.5 and 1.6. De�ne

� � (1� �0)= (� + �0), � = n� and �+ = n�M , and " � �+ � � > 0,

Solving eq. (88), we obtain the political economy equilibrium tax rate, t:

t = (� � �("+ 0:5)) bY (t)� (� � �")Q (89)

We will look at di¤erent values of Q: high, medium, low. In all cases, we set n = 10; L =

20; A = 5; b = 1; � = 2; " = 0:5; � = 0:5 (as in example 1.5)

(i) High Q: Assume Q = 1. Then direct computation yields t = 3: 071 4. The manufac-

turing output is 3: 214 3 and manufacturing employment is L = 2: 582 9. The quantity of

trash that remains in Home is Z = Y �Q = 2: 214 3. Social welfare is

W = (20� 2: 582 9) + 5� 3: 214 3� 10
�
3: 214 3

10

�2
� (2: 214 3)2 = 27: 552 (90)

Thus, given this particular set of parameter speci�cations, in the political-economy equi-

librium while social welfare level is lower (as expected) than under the control and command

scenario with foreign quota on free disposal of waste, it is higher than the welfare level under

the command and control in a closed economy(which was 24: 807), though the trash level
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at Home, Z = 2: 214 3 , is higher than under the command and control in a closed economy

(which was 1: 923 1). Interestingly, there is more output but also more trash (compared to

command and control outcome in a closed economy).

For comparison, consider somewhat lower values of Q.

(ii) Medium Q. Assume Q = 0:5. Then t = 3: 321 4, Y = 2: 797 7, L = 1: 956 8, and the

trash that remains in Home is Z = 2: 297 7. Welfare is 25: 970.

(iii) Low Q. Assume Q = 0:15. Then t = 3: 496 4, Y = 2: 506, L = 1: 57, Z = 2: 356, and

welfare is 24: 781.

5.1.3 The e¤ect of an increase in the leakage factor

Recall that for every dollar that lobby group sends to the government, the latter only receives

a fraction (1 � ), where  is the called the leakage factor. We expect that an increase in

the leakage factor will make the lobby groups less e¤ective.

Now an increase in  translates into a smaller �. So, let us modify example 1.7 (above)

by replacing � = 0:5 with � = 0:2, while the low Q remains at 0:15. Computing the new

political economy equilibrium, we �nd that t = 3: 678 8, Y = 2: 202, L = 1: 212 2, Z = 1:

212 2, and welfare is 25: 102, which is greater than 24: 781.

5.2 Costly disposal of trash

In fact, except for illicit activity, most trash export destinations demand the payment of

disposal costs, substantial bribes, or reparations of some form. For now we ignore the form

of disposal, but this is worldwide a highly charged issue.

Denote by � the price of disposing of a unit of waste through export. Clearly the price

of export must be cheaper than the forgone opportunity to simply reduce production of Y

or else �rms could be paid more to simply not produce so much.

Since we observe that some trash remains in the country of origin, it must be the case that

there are some reasons for the absence of a corner solution (whereby either all the trash would

be exported, or all would stay in the country of origin). A plausible explanation is that the
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exportation of all the trash generated would require the use of real resources in the collecting

and sorting of trash, as well as the packaging and transportation of trash to conform with

the requirements of the destination countries. Such activities are likely to be be subject to

increasing marginal costs. A simple way to model this increasing cost is to assume that the

trash exporting country must use labor in these activities, which is subject to diminishing

returns. We suppose that for Q units of trash exported, the required amount of labor in the

collecting and sorting activities is �(Q), where �(0) = 0, �0(Q) > 0 and �00(Q) > 0. Let L

denote the amount of labor used in the production of the manufactured goods Y , and �(Q)

denote the amount of labor used in the trash collection and sorting activities. Then the

remaining quantity of labor, L� L� �(Q), is used to produce the numeraire good.

We will look brie�y at the planner�s solution, and compare it with the outcome under

the political economy equilibrium.

5.2.1 The planner�s solution

Denote by � the foreign charge per unit of trash exported. The social planner takes � as

given, and chooses L and Q to maximize social welfare

W =
�
L� L� �(Q)� �Q

�
+ nu

�
F (K;L)

n

�
� �D

�
F (K;L)�Q

�
(91)

For simplicity we assume that the solution is an interior one, i.e., Q < F (K;L). The �rst

order conditions are

@W

@Q
= ��� �0(Q) + �D0(Z) = 0 where Z = F (K;L)�Q (92)

@W

@L
= �1 +

�
u0
�
F (K;L)

n

�
� �D0(Z)

�
FL = 0 (93)

Equation (93) is by now familiar. Equation (92) says that at the optimum, the marginal

cost of exporting is equated to its marginal bene�t (the reduction in pollution damages).

Using equation (92), we can express Q� as a function of L and �, i.e., Q� = Q�(L; �). Then

substituting Q�(L; �) into eq. (93), we have a single equation to determine L�. To illustrate
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the procedure, suppose for simplicity that �(Q) = (�=2)Q2 and D(Z) = (1=2)Z2. Then

equation (92) becomes

��� �Q+ �
�
F (K;L)�Q

�
= 0 (94)

from which we obtain

Q� =
�F (K;L)� �

�+ �
(95)

and thus eq. (93) becomes

u0
�
F (K;L)

n

�
� �

�
F (K;L)� �

� + �
F (K;L) +

�

� + �

�
=
1

FL
. (96)

This equation yields L�.

Example 1.8. Let Y = F (K;L) = K1=2L1=2, �(Q) = (�=2)Q2, D(Z) = 1
2
Z2, and

u0(y) = A� by. Let K = 1 for simplicity. Assume A > ��=(� + �).Then

A� b

�
2L1=2

n

�
� �

�
1� �

� + �

�
2L1=2 � ��

� + �
= L1=2 (97)

�
A� ��

� + �

�
=

�
1 +

2b

n
+ 2�

�
1� �

� + �

��
L1=2 (98)

Solving for L1=2,

L1=2 =
n(A(� + �)� ��)

(� + �)(n+ 2b) + 2n��
(99)

The optimal output is

Y opt =
2n(A(� + �)� ��)

(� + �)(n+ 2b) + 2n��
(100)

the optimal export of trash is

Qopt =
�Y opt � �

�+ �
=

1

�+ �

�
2�n(A(� + �)� ��)

(� + �)(n+ 2b) + 2n��
� �

�
(101)

and the optimal quantity of trash that remains in the Home country is

Zopt =
�

�+ �

�
2n(A(� + �)� ��)

(� + �)(n+ 2b) + 2n��

�
+

�

�+ �
(102)

Remark: It can be veri�ed that the social optimum can be achieved by taxing manu-

facturing output at a rate t that is equal to the marginal social cost of pollution, �D0(Zopt),
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which will be refunded upon the trash being exported. That is, the manufacturing �rms

decide how much to produce and how much trash to be exported, taking as given the con-

sumers price, pc, the tax rate t on manufacturing output, which is also the refund per unit

of trash exported. Under the above assumptions, the pro�t of the representative �rm is

� = (pc � t)F (K;L)� L+ (t� �)Q� �(Q) (103)

which the �rm maximizes by choosing L and Q.

Assuming an interior solution, we obtain the �rm�s �rst order condition with respect to

Q

(t� �) = �0(Q): (104)

From which we deduce the trash export supply function

bQ(t) = Q(t� �) (105)

The �rm�s the �rst order condition with respect to L is

(pc � t)FL = 1 (106)

Using the consumer�s equilibrium condition that u0(y) = pc to substitute for pc, we obtain

u0
�
(K;L)

n

�
� t =

1

FL
(107)

from which we obtain the output bY (t). It follows that if the government set t = topt =

�D0(Zopt), then the command and control social optimum can be achieved by a competitive

market.

5.2.2 The political economy equilibrium (the open economy case, with costly
export of trash)

In this subsection, we consider the political economy outcome in the open economy where

the two organized pressure groups are group 1 and group 2. Group 3 is not organized and
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therefore does not make campaign contributions. As before, we assume that the government

seeks to maximize the objective function eG(t) de�ned by
eG(t) = �!

�

�
Jgross(t) +

X
h2�

 h(t) � �Jgross +
X
h2�

 h(t) (108)

Because of the opportunity to export trash in order to get a tax refund, �rms solve the

pro�t maximization problem

max
L;Q

�
pf (t)F (K;L)� w + (t� �)Q� �(Q)

	
� �(t) (109)

where pf (t) = pc(t)� t. Using the envelope theorem, we obtain

d�

dt
= bQ+ �dpf

dt

� bY , where bY � F (K; bL:) (110)

While the government collects the tax tbY , it must pay a refund t bQ upon the exportation
of trash. Therefore, the net tax revenue is t

hbY � bQi, which is distributed as lump sums to
all consumers: each consumer gets (1=n)t

hbY � bQi.
The gross welfare of the group of m1 capital-owners is

J1 = �(pc(t)� t) +

+m1

�
`+ S(pc(t))

�
+
m1

n
t
hbY � bQi�m1�CD

hbY � bQi (111)

The gross welfare levels of the two consumer groups are

J2 = m2

�
`+ S(p(t))

�
+
m2

n
t
hbY � bQi�m2�ED

hbY � bQi (112)

J3 = m3

�
`+ S(p(t))

�
+
m3

n
t
hbY � bQi�m3�MD

hbY � bQi (113)

where, as before, we assume that �C � � � �M � �E.

Note that

dJ1
dt

=

�
dpc

dt
� 1
� bY + bQ�m1y

D dp
c

dt
+

m1

n

"bY � bQ+ t

 
dbY
dt
� d bQ

dt

!#
�m1�CD

0(Z)

 
dbY
dt
� d bQ

dt

!
(114)

33



dJ2
dt

= �m2y
D dp

c

dt
+

m2

n

"bY � bQ+ t

 
dbY
dt
� d bQ

dt

!#
�m2�ED

0(Z)

 
dbY
dt
� d bQ

dt

!
(115)

and

dJ3
dt

= �m3y
D dp

c

dt
+

m3

n

"bY � bQ+ t

 
dbY
dt
� d bQ

dt

!#
�m3�MD

0(Z)

 
dbY
dt
� d bQ

dt

!
(116)

The government�s choice of t must satisfy the following �rst order condition

h
t� n�D0

�bY (t)� bQ(t)�i+ 1� �0
� + �0

�
(n�M � n�)D0

�bY (t)� bQ(t)�� �FLL
F 3L

� bY (t)� = 0:
(117)

where �0 � (m1+m2)=n is the fraction of the population that belongs to an organized group.

Thus we can state:

Proposition 6: Assume that the government chooses the tax t on manufacturing output

(which is refunded to trash exporters) in order to maximize its objective function (108) which

is a weighted sum of net social welfare and receipts of campaign contribution. If group 3 is

unorganized, then the politically chosen tax t is below the Pigouvian level.

We conclude that the opportunity to export waste in unlimited quantities, but at a price,

is not the environmentalists� panacea and does not eliminate political social tension and

suboptimal results.

6 Concluding remarks

In this model, with or without trade in externality, the optimal planning solution will never be

achieved by politics if the industry lobby has any in�uence at all, as long as the enviromental

lobby cannot mobilize all the consumers. The possibility of tradeable trash will reduce social

tension if the environmentalists care only about pollution in their home country. Domestic
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�rms will always favor a policy of trash exports over output reduction to achieve the social

goal of reduced waste.

A more burning gap in the story is ignoring the consequence abroad of tradeable trash.

There will be an imported negative externality and so a political social debate abroad. Also,

there may be terms of trade e¤ects or, as seems the case with trash, a bias in import eagerness

toward poorer countries that either need the money or have no environmental in�uence in

government decisions.
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Appendix

Proof of Proposition 4

When the government chooses t to maximizes it objective function (65), the following

�rst order condition is obtained:

(1 + �)

"bY �dpc
dt
� 1
�
�m1y

D dp
c

dt
+
m1

n

 bY + t
dbY
dt

!
�m1�CD

0
�bY � dbY

dt

#

+(1 + �)

"
�m2y

D dp
c

dt
+
m2

n

 bY + t
dbY
dt

!
�m2�ED

0
�bY � dbY

dt

#

+�

"
�m3y

D dp
c

dt
+
m3

n

 bY + t
dbY
dt

!
�m3�MD

0
�bY � dbY

dt

#
= 0 (A.1)

The above equation can be re-written as follows

�

�
dJ

dt

�
+

"
�m2y

D dp
c

dt
+
m2

n

 bY + t
dbY
dt

!
�m2�ED

0
�bY � dbY

dt

#
+"bY �dpc

dt
� 1
�
�m1y

D dp
c

dt
+
m1

n

 bY + t
dbY
dt

!
�m1�CD

0
�bY � dbY

dt

#
= 0 (A.2)

Using yD = bY =n, the above equation becomes
�

"bY �dpc
dt
� 1
�
� nyD

dpc

dt
+

 bY + t
dbY
dt

!
� n�D0

�bY � dbY
dt

#
+"bY �dpc

dt
� 1
�
� (m1 +m2)bY

n

dpc

dt
+
(m1 +m2)

n

 bY + t
dbY
dt

!
�
m1+m2X
i=1

�iD
0
�bY � dbY

dt

#
= 0 (A.3)
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This equation reduces to

0 = �
h
t� n�D0

�bY �i dbY
dt
+
�m3

n

� bY �dpc
dt
� 1
�

+

�
(m1 +m2)

n
t�D0

�bY � �m1�C +m2�E
�� dbY

dt
(A.4)

Using equation (40) we can replace
�
dpc

dt
� 1
�
with

�
� FLL
(FL)3

�
dbY (t)
dt

to obtain

0 = �
h
t� n�D0

�bY �i dbY
dt
+
�m3

n

� bY �� FLL
(FL)3

�
dbY (t)
dt

+

�
(m1 +m2)

n
t�D0

�bY � �m1�C +m2�E
�� dbY

dt
(A.5)

Now, recall that by de�nition,

n� = m1�C +m2�E +m3�M (A.6)

Therefore

m1�C +m2�E = n� �m3�M =

�
m1 +m2 +m3

n

�
n� �m3�M

=

�
m1 +m2

n

�
n� � m3

�

�
n�M � n�

�
(A.7)

Then, letting �0 = (m1 +m2)=n, the �rst order equation (A.5) becomes

0 = (� + �0)
h
t� n�D0

�bY �i dbY
dt

+(1� �0)

�bY �� FLL
(FL)3

�
+
�
n�M � n�

�
E 0
�bY �� dbY

dt
(A.8)

Since dbY
dt
< 0, the FOC reduces to

h
t� n�D0

�bY (t)�i+ 1� �0
� + �0

�
(n�M � n�)D0

�bY (t)�� �FLL
F 3L

� bY (t)� = 0: (A.9)

Since the term inside the curly brackets f:::g is positive, it follows that t < n�D0
�bY (t)��
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