
Trade and Transboundary Pollution

By BRIAN R . COPELAND AND M . SCOTT TAYLOR'

This paper examines how national income and trading opportunities interact to
determine the level and incidence of world pollution. We find that (i) free trade
raises world pollution if incomes differ substantially across countries; (ii) if trade
equalizes factor prices, human-capital-ahundant countries lose from trade, while
human-capital-scarce countries gain; (iii) intemational trade in pollution permits
can lower world pollution even when governments' supply of permits is unre-
stricted; (iv) intemational income transfers may not affect world pollution or
welfare; and (v) attempts to manipulate the temis of trade with pollution policy
leave world pollution unaffected. (JEL FIO, H41, Q28)

There is growing concern over the effects
of international trade on the global environ-
ment. While traditional opposition to free
trade focused on potential job losses and
wage reductions, environmentalists have re-
cently turned the pro-free-trade case on its
head by arguing that, even if trade liberal-
ization succeeds in raising incomes and con-
sumption, this will only lead to more pollu-
tion.

Economists have responded by pointing
out that the national income gains brought
about by freer trade will increase the de-
mand for environmental quality, make new
investment in pollution abatement afford-
able, and generate much-needed govern-
ment revenues for enforcement of environ-
mental regulations. In fact, recent empirical
work by Gene M. Grossman and Alan B.
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Krueger (1993) suggests that income gains
can have a significant effect on some types
of pollution emissions.

It is clear that both sides may be at least
partially right. Trade may tend to increase
world pollution by raising the scale of eco-
nomic activity and by providing added in-
centives for polluting industries to locate in
countries with low environmental standards.
Conversely, the income gains created by
trade may increase the pressure for tougher
environmental regulation and enforcement.
In this paper we develop a very simple
model to investigate these issues. We as-
sume that global environmental quality is a
pure public good whose supply responds
endogenously to trade-induced changes in
relative prices and incomes, and we use the
model to explore how welfare and pollution
levels are affected by free trade in goods
and pollution permits, by international in-
come transfers, and by international agree-
ments limiting or reducing pollution emis-
sions. Our model is designed to highlight
income effects, since these are central to
the arguments put forward on both sides of
the debate.

The model builds on our earlier work
(Copeland and Taylor, 1994), where we
studied trade in a world where environmen-
tal quality is a local public good (pollution
damage is confined to the emitting country).
In that paper, we developed a static two-
country general-equilibrium model with a
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continuum of goods differing in their pollu-
tion intensity of production. Countries dif-
fered only in their endowment of the one
primary factor (human capital); and we
studied only the case in which this differ-
ence was large. Governments set pollution
policy endogenously, and because environ-
mental quality is a normal good, the
higher-income country had tougher environ-
mental regulations. We found that free trade
shifted pollution-intensive production to the
human-capital-scarce country and raised
world pollution. Nevertheless, there was no
market failure because pollution stayed
within the country of origin and govern-
ments regulated pollution optimally. Conse-
quently, trade always increased welfare.

In the present paper, global environmen-
tal quality is a pure public good (or equiva-
lently, pollution is a pure public bad): all
countries are equally exposed to a given
unit of pollution, regardless of its source.
The pollutants we have in mind feature
prominently in much of the debate over
global warming, depletion of the ozone
layer, and biodiversity. The welfare effects
of trade in this case are fundamentally dif-
ferent. If pollution is a pure public bad, the
relocation of pollution-intensive industries
to countries with less stringent environmen-
tal protection may increase the exposure of
home residents to pollution, and this works
against standard gains from trade. Because
pollution crosses borders, uncoordinated
regulation of pollution at the national level
does not eliminate all market failures, and
consequently free trade need not raise wel-
fare.

In addition to allowing for transboundary
pollution, we depart from our earlier work
in several other significant ways. We allow
for an arbitrary number of countries, and
we consider two cases: one with a large
number of countries (where no country per-
ceives a terms-of-trade effect from changes
in its environmental policy) and one with a
small number of countries (where terms-of-
trade motivations for environmental policy
cannot be ignored). This allows us to isolate
the effects of terms-of-trade motivations for
pollution policy from purely environmental
motives. Finally, we study equilibria where

factor prices are equalized by trade (FPE
equilibria), as well as specialized equilibria.
This allows us to examine how inequalities
in the international distribution of income
influence the effects of trade on the envi-
ronment.

The bulk of the paper focuses on the case
with a large number of countries. Each gov-
ernment sets a national pollution quota and
implements it with marketable permits,
treating the rest of the world s pollution as
given. We find a Nash equilibrium in pollu-
tion levels, examine the effects of liberaliz-
ing trade in goods, and analyze various pro-
posals for reducing world pollution. Within
this context we obtain several interesting
results.

First, if human-capital levels differ sub-
stantially across countries, then a movement
frt)m autarky to free trade raises world pol-
lution. In contrast, if all countries have
similar human-capital levels, then world
pollution does not rise with trade. When
countries are very different, trade does not
equalize factor prices, and consequently
pollution permit prices are lower in
human-capital-scarce countries. " Pollution
havens" are created by trade as the most
pollution-intensive industries shift to coun-
tries with weak environmental regulations.
This tends to raise world pollution above
autarky levels. On the other hand, if coun-
tries are sufficiently similar, then trade
equalizes pollution-permit prices, and the
pollution-haven effect is eliminated.

Second, we find that the human-capital-
abundant countries lose from trade and the
human-capital-scarce countries gain from
trade when regions have similar (but still
different) income levels in autarky. As we
show, lower-income countries have a strate-
gic advantage when setting pollution levels
in a free-trade regime, and this allows them
to increase their income and pollution at
the expense of richer countries.

Third, we find that when free trade in
goods raises world pollution, allowing for
international trade in pollution permits can
lower global pollution. This result holds
even when countries are not restricted in
the number of permits they issue. This is
because free trade in permits equalizes
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pollution-permit prices and eliminates the
pollution-haven effect.

Fourth, we show that untied international
transfers of income lower the recipient's
pollution but raise the donor's. In an FPE
equilibrium, the donor's welfare may be no
lower after the transfer than before. This
result underscores the potential importance
of ineome effects in analyzing global pollu-
tion reform.

Finally, when we move to the case with a
small number of countries, we find that the
flavor of most of our results carries over;
although terms-of-trade motivations for pol-
lution policy reduce the strategic advantage
of low-income countries, increase the pollu-
tion produced by the high-income North,
and render ineome transfers from North to
South welfare-reducing for the donor and
welfare-enhancing for the recipient.

While there is an extensive literature on
transboundary pollution, there is little work
examining the interaction among pollution,
income levels, and the pattern of trade in a
general equilibrium setting (sec Judith M.
Dean [19^2] for a survey). Optimal unilat-
eral and multilateral approaches to trans-
boundary pollution have been addressed in
a number of papers (see in particular James
R. Markusen [1975a,b]), but this literature
is mainly concerned with how to regulate
pollution and not with the interaction among
income levels, pollution policy, and trade.
Markusen (1975b) also considered a nonco-
operative Nash equilibrium in pollution lev-
els between governments, but the pattern of
trade was exogenous. Rodney D. Ludema
and Ian Wooton (1994) have recently ex-
tended this work, but confine their atten-
tion to strategic trade policy issues. Michael
Rauscher's (1991) work is closest in spirit
to ours: he uses a two-country general-
equilibrium model with no goods trade, but
capital is mobile and responds to differ-
ences in environmental regulations. He finds
that increased capital mobility leads to a
pollution reduction in at least one country
but has ambiguous welfare effects. In eon-
trast, we adopt a multi-good, many-country
trading model. This allows us to analyze
linkages between trade patterns and pollu-
tion levels, and also to contrast FPE equi-

libria with specialized equilibria and to
compare pure goods trade with trade in
pollution permits.

The remainder of the paper proceeds as
follows. In the first six sections of the paper
we assume that the number of countries is
large, and hence terms of trade motivations
for pollution poliey can safely be ignored.
Sections 1 and II detail the model's assump-
tions and derive the equilibrium conditions.
Section III examines autarky, and Sec-
tion IV considers the effeets of trade on
welfare and pollution levels. We examine
various approaches to pollution policy re-
form in Section V and study the effects of
untied income transfers in Section VI.
Section VII reconsiders our earlier results
when the number of countries is small, and
Seetion VIII presents our conclusions.

I. The Model

We consider a world economy consisting
of two regions (North and South), each
composed of many countries: n in the North
and n* in the South. All countries within a
region are identical. Countries differ across
regions only in their endowments of the one
primary factor, effective labor, which is sup-
plied inelastically. Effective labor can be
thought of as the product of the number of
workers and an efficiency index determined
by the level of human capital. Since the
number of individuals per country plays no
independent role in our analysis, we nor-
malize the population of eaeh country to 1.'
Consequently, international differences in
effective labor endowments reflect differ-
ences in human eapital. Each Northern
eountry has L units of effective labor, and
each Southern country has L* units. We
assume L> L* so that Northern countries
are human-capital-abundant relative to
Southern eountries.

In section 7 of CupelaniJ and Taylor (1W4) we
consider an extension of the model in which factors
such as country size, population density, and the envi-
ronmeni's absorptive capacity allow these two compo-
nents of effective labor to have different effeets. We
have not adopted this extension here, given the compli-
cations of transboundary pollution.
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There is a continuum of private consump-
tion goods, indexed by z e [0,1], Pollution is
produced jointly with consumption goods,
but the output (>>) of a consumption good z
can be written as a function of pollution
emissions ie) and labor input (C).̂  To keep
the model simple, we adopt the following
functional form:

(I) y-fiej-.z)

if

where A>(), and ^ ( z ) ^ ^ ) , I) is a parame-
ter varying across goods. Because pollution
is a by-product of production, output must
be bounded above for any given labor input.
This constraint is most easily captured by
the requirement e < AC since this ensures
that y < A"l'.

Private firms must obtain permits to emit
pollution. Letting r denote the price of a
permit, and w the return to a unit of effec-
tive labor, the unit-cost function corre-
sponding to (1) is

(2)

where Kiz)^ a " ( 1 - a ) " " "Ms an indus-
try-specific constant.•* Since the share of
pollution charges in the total cost of pro-
ducing good z is a{z\ we can easily rank
goods in terms of pollution intensities so
that a ' ( z ) > 0 . High-z goods are more
pollution-intensive than low-z goods at all
factor prices.

Northern and Southern consumers have
identical utility functions defined over con-
sumption goods and aggregate world pollu-
tion. Pollution is a pure public bad: con-
sumers in all countries are harmed by the

requires tbat the technology satisfy certain
regularity conditions. In Copeland and Taylor (]'594),
we show how (1) ean be derived from a joint produc-
tion teehnology.

• We assume an interior solution, but one always
obtains if effective labor endowments arc nol too small.
See Copeland and Taylor (1994) for further details.

pollution released from any one country. To
simplify matters we assume that pollution
affects only the level of utility and plays no
role in determining consumer choice among
goods. For tractability, we follow Rudiger
Dornbusch et al. (1980) and impose con-
stant budget shares; hence,

(3) U=Cb{z)\n[xiz)\dz

where /3 and y are positive constants, £• is
the total amount of pollution emitted by
country /, x(z) is consumption of good z,
and hiz) is the budget-share function satis-
fying l,lb(z)dz = 1. We assume that y > 1,
to ensure that the marginal willingness to
pay for pollution reduction is a nondecreas-
ing function of pollution levels.

II. Pollution Supply

There are three types of decision-makers:
governments, producers, and consumers. We
abstract from all income distributional is-
sues and assume that the government
chooses policy to maximize the utility of the
representative consumer. Governments
move first and set national pollution quotas.
Next, consumers and producers maximize
utility and profits, treating prices and pollu-
tion as given. Finally, markets clear.

We consider a noncooperative Nash equi-
librium with each government treating the
rest of the world's pollution as given when
choosing its own pollution quota £.. Pollu-
tion targets are implemented with a mar-
ketable permit system: the government ol"
country / issues E, pollution permits, each
of which allows a (local) firm to emit one
unit of pollution. The permits are auctioned
off to firms, and all revenue is given to
consumers via lump-sum transfers.^

Tbis is equivalent to assuming Ibal the aggregate
pollution target is implemented with a pollution tax
whose revenues arc rebated to consumers.
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We begin with the production sector.
Given goods prices piz). and the govern-
ment's allotment of pollution permits,
profit-maximizing firms maximize national
income and, hence, implicitly solve

- max lrp{z)f[e(z)Jiz);z]dz
(1(2),.•(;)! Vn

subject to

f\'{z)dz = Li.

For given piz\ the market price of a pollu-
tion permit in country / can be obtained as

which measures the marginal cosf to the
economy of reducing pollution.

Consumers maximize utility, given prices
and pollution levels. Let /̂  denote national
income of country / [in equilibrium /, =
Gip.E^, LI)]. Then the indirect utility func-
tion corresponding to (3) for the representa-
tive consumer in country / is given by

(4) V=

E

Each government chooses its pollution
target E, to maximize the utility of its rep-
resentative consumer, treating the pollution
level of all other countries as fixed. For
country / the first-order condition implies

(5)
i
m,(z dz

where m^(z) is net imports of good z. Equa-
tion (5) tells us that the pollution target

should be chosen so that the equilibrium
permit price (the marginal cost of pollution
abatement) is equal to the marginal benefit
from lower pollution, measured by marginal
damage iVp/ V/) plus an indirect terms-of-
trade effect.

When the number of countries is large,
no individual government can have a signifi-
cant effect on its terms of trade. Conse-
quently, the final term in (5) tends to zero
as n and «* increase. In contrast, each
country retains an incentive to control its
pollution even as the number of countries
grows large. The intuition for this result is
as follows. Start from an existing equilib-
rium with « 4- n* countries each contribut-
ing to global pollution, and add another
country. On impact, this extra country adds
to the stock of world pollution. Since the
marginal damage from pollution is rising in
global pollution levels, this extra pollution
increases the incentive of each existing
country to control its own pollution. Hence
as n and n* grow large, each country re-
tains an incentive to limit its contribution to
global pollution.^

Until Section VII, we assume that the
number of countries is large enough so that
no government will perceive any terms-of-
trade benefit from manipulating pollution
policy. With this assumption, each govern-
ment chooses its target so that the equilib-
rium permit price is equal to marginal dam-
age:

For a proof of this assertion see footnote 25 in
Section VII. This result, which applies to public bads,
is in fact just tbe mirror image of tbe typical (voluntary
provision) public-goods problem. In the public-goods
case, tbe addition of furtber agents increases the quan-
tity of the public good on impact and reduces tbe
incentive of eaeb agent to provide tbe public good. Tbe
key difference between public bads and goods is that
tbe impact effect of another agent in the public-bads
case is to lower the utility of all others, thus raising the
marginal benefit of controlling the public bad; wbereas
in the publie-goods ease, adding an extra agent raixes
the utility of others, thus reducing the marginal benefit
of contributing to the publie good.
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Permit prices are increasing in income since
environmental quality is a normal good,''
and nondecreasing in the aggregate pollu-
tion level since the marginal willingness to
pay for pollution reduction is nondecreas-
ing.

To generate a relationship between rela-
tive factor prices (r,/w^) and pollution sup-
ply, note that national income is the sum of
labor income and returns from pollution
permits:

(7)

Combining (6) with (7), letting E'^ = LjEj
denote world pollution, yields country /'s
inverse pollution supply curve:

.r-l

(8) Pi =

Since all countries within a region are
identical, it is clear from (8) that their pollu-
tion supply curves are identical. In equilib-
rium (autarky or free trade), all countries
within a region attain the same level of
utility and emit the same amount of pollu-
tion.

III. Autarky Equilibrium

The (derived) demand for pollution in
autarky arises from the demand for goods
whose production creates pollution. Recall-
ing that a (z ) is the share of pollution
charges in the cost of production, we have

(9)

where e,(z) is the number of pollution per-

The optimal permit supply problem depends on
income, reflecting our decision to abstract

from income distributional issues by assuming a repre-
sentative agent. If inslead pollution permits were given
to firms (rather than auctioned), and if the government
placed different weights on labor ineome and pollution-
permit rents collected by firms, then the supply of
pollulion would depend on distributional weights.

mits needed to produce autarky consump-
tion x^iz). Integrating over all goods and
using (7) yields the derived demand for pol-
lution:

6L;
(10)

where B = j^^a{z)b{z)dz is the share of
pollution-permit revenue in national in-
come. Equating country /'s pollution de-
mand (10) and supply (8) yields its best
response to foreign pollution:

(11)

Solving the system (11) simultaneously for
all / yields autarky pollution levels:

(12)
, y - l

World pollution in autarky is obtained by
summing (12) over all countries:

n*)0
(13)

Autarky pollution is independent of the
level of human capital, and hence all coun-
tries generate the same amount of pollu-
tion. A larger production capacity created
by higher human-capital levels increases the
demand for pollution permits (a scale ef-
fect), but the ensuing higher income re-
duces the amount of pollution the popula-
tion is willing to supply, leading to a higher
pollution-permit price and cleaner tech-
niques of production. As in Copeland and
Taylor (1994), these scale and technique
effects exactly offset each other in autarky,
leaving pollution independent of the level of
human capital.

On the other hand, changes in the num-
ber of countries do affect pollution. On
impact, an increase in the number of coun-
tries raises world pollution. This increases
marginal damage and raises the marginal
benefit of controlling pollution. In response,
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B. South C. World

FIGURE 1. POLLUTION DEMAND AND SUPPLY

each country cuts back its pollution [from
(12), an individual country's pollution is de-
clining in «-I- «*], but not by enough to
prevent global polfution from rising [from
(13), world pollution is increasing in n -I- n*].

While pollution levels are the same across
countries, the relative price of pollution
permits differs: since L > L*, we have
E^/L < E'^/L*, and hence pollution per-
mits are relatively scarce (and expensive) in
the North. This is illustrated in Figure 1,
which plots a Northern and a Southern
country's pollution demand (/>) and supply
(5) [using equations (8) and (10)], parame-
terized by the equilibrium autarky pollution
level of the rest of the world. Because of its
higher income, Northern demand for pollu-
tion is higher, and its supply lower, than in
the South. Consequently, p^ > p^*, and this
provides the basis for trade.

IV. Trading Equilibrium

If countries have sufficiently similar effec-
tive labor endowments, factor prices will be
equalized by trade; conversely, if endow-
ments are sufficiently different, trade will
not equalize factor prices.^ Since these two

types of equilibria have very different impli-
cations, we consider both cases.

A. Factor Prices Equalized

First consider the FPE case. With equal
factor prices the exact pattern of commodity
trade is indeterminate,*^ but we can obtain
results on the pattern of trade in factor
services. Moreover, because supply curves
of countries within a region are identical, all
countries within a region will produce the
same amount of pollution and attain the
same income level in free trade. Conse-
quently, we omit individual country sub-
scripts, except in cases where there may be
some ambiguity. Thus, for example, E is the
amount of pollution produced by a typical
Northern country. Asterisks denote corre-
sponding Southern-country variables.

Since T = T* in a FPE equilibrium, we
conclude from (6) that 1 = 1*, and hence
wL + TE = wL* + TE*. Rearranging yields

(14) L-L* = p{E*~E)

where P^T/W. By definition we have L >

The conditions which generate each type of equi-
librium are discussed in the Appendix.

This is a standard feature of trade models in which
the number of goods exceeds the number of factors.
See, for example, Dombusch et al. (1980).
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L*, and hence E* > E\ more pollution is
generated by Southern countries. Moreover,
since 1 = 1* and preferences over goods are
homothetic, each country consumes a frac-
tion l/(rt + /i*) of the world's (embodied)
pollution and effective labor services. Hence
each Northern country is a net exporter of
n*(L - L*)/(n + n*) units of effective labor
services, and each Southern country is a net
exporter of n(E* - E)/(n + n*) units of
pollution services.

Equilibrium pollution levels can be ob-
tained by equating world demand and sup-
ply for pollution services.^ Denote world
magnitudes with a superscript "w' \and use
the same argument that led to (10) to obtain
the world demand for pollution:

(15) p =

Next, invert (8), sum, and rearrange to ob-
tain world supply:

, ^ - 1

(16) p =

Equating demand and supply yields world
pollution in the FPE equilibrium:

(17) pvj

Comparing (17) with (13), and using (12)
and (14), we have shown the following.

PROPOSITION 1: In an FPE equilibrium,
trade raises the level of pollution generated by
each Southem country, lowers the pollution
level generated by each Northem country, and
leaves world pollution unaffected.

Figure 1 illustrates the effects of trade on
pollution. In Figure IA and IB, we depict

This aggregation is possible because factor prices
are equalized by trade and tastes are homothetic over
private consumption goods.

the autarky ("a") and trading ("t") equilib-
ria for typical Northern and Southern coun-
tries. Figure lC illustrates the trading equi-
librium with aggregate world demand and
supply. Trade eliminates the gap between
Northem and Southern pollution permit
prices. Northern countries move down their
supply curves as the relative price of a pol-
lution permit drops, while Southern coun-
tries move up their supply curves. In addi-
tion, each Northem country's supply curve
shifts inward in response to the net increase
in foreign pollution,'" while each Southern
supply curve shifts outward in response to
the net decrease in pollution from the rest
of the world. Consequently, pollution must
fall in the North and rise in the South. As is
apparent from the diagram, the elastic sup-
ply of pollution and the pollution spillovers
tend to reinforce the production shifts that
trade creates in a standard Heckscher-Ohlin
model.

Aggregate world pollution is unaffected
by trade for essentially the same reason that
pollution is independent of the level of hu-
man capital in autarky. Trade leads to real
income changes which generate offsetting
scale and technique effects. In addition,
trade generates a composition effect, as the
relatively pollution-intensive industries on
average shift to the South from the North.
Nevertheless, when factor prices are equal-
ized by trade, the techniques of production
are identical across countries, and hence
shifting production across regions has no
effect on pollution emissions.

Although trade does not affect the level
of global pollution, it nevertheless has inter-
esting welfare effects. These can be investi-
gated with the aid of Figure 2. Since the
world pollution level is unaffected by trade,
we can draw an Edgeworth box with dimen-
sions equal to the world supply of pollution

The net result of Southern pollution increases and
other Northern rcduetions leaves a typical Northern
country facing more foreign pollution. The shift in the
supply curve ean he obtained from (8): we have
dpj /SE- > 0 for J ?t / since an increase in foreign pollu-
tion raises the marginal damage from domestic pollu-
tion.
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FIGURE 2. GAINS AND LOSSES FROM TEIADE

£•" and effective labor L*. Let L^ denote
North's aggregate endowment of effective
labor. Then the autarky factor supply point
is at A, since North produces a share n /
(n + n*) of pollution in autarky (recall that
autarky pollution levels are identical across
countries). Now consider an integrated equi-
librium where factor supplies are fixed but
freely mobile across countries. This yields
some equilibrium p = r/w, and a produc-
tion locus y(z). If we now divide the world
factor supplies between the two regions and
allow free trade in goods but not in factors,
then, as in Avinash Dixit and Victor
Norman (1980), we can find the set of factor
allocations where trade in goods alone can
replicate the integrated equilibrium. This
set is the interior and boundary of the area
O'^aO^bO'^. Outside of this area, the full-
employment conditions for countries in at
least one of the regions cannot be satisfied
at the factor price and output vector of the
integrated equilibrium."

In Dixit and Norman's analysis, the boundaries of
the integrated equilibrium region are piecewise linear,
with the slope of each piece being the factor-input
ratio of each good. With a continuum of goods, the
boundary is smooth, and the slope at each point is the
factor-input ratio for some good z.

Because of constant returns to scale, we
can think of each consumer as buying a
bundle of factor services and using the bun-
dle to produce consumption goods.'" Hence
we can draw indifference curves with re-

' I f consumers have a factor service bundle of
(E, /_), utility is given by

b(z)\v\(f\e{z),({z),z\)dz

subject to

Ce(z)dz=E

(\\z)dz=L
•'o

where consumers treat world pollution £ * as fixed.
Solving, we obtain

U(E. L) = K E + (\ - /y

where K is a constant. This analysis (i.e., lhe equiva-
lence of buying goods and faetor services) is valid as
long as all goods are produced by firms facing the same
factor prices.
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spect to factor services. Moreover, we can
aggregate preferences because all individu-
als within a region have identical incomes
and homothetic preferences over goods.
This allows us to draw an indifference curve
in Figure 2 which represents "Northern util-
ity." In autarky, Northerti consumers collec-
tively face the budget constraint labeled p ^
and their indifference curve is tangent to
this line at point A. Southern consumers
face the budget constraint p*^ and must
also be at point A. Potential gains from
trade He within the lens-shaped area
bounded by the two indifference curves. If
pollution were unaffected by trade, the
equilibrium free-trade factor-price ratio
would generate a budget constraint through
point A (labeled p'), and because prefer-
ences over goods are identical and homoth-
etic, the equilibrium consumption point
would be at c". In this hypothetical case, all
countries necessarily gain from trade.

Although global pollution is not affected
by trade, pollution levels within each coun-
try do respond to trade. Southern countries
increase their pollution, and Northern
countries reduce their pollution. This corre-
sponds to a leftward movement along the
line L^L^ to point T. Because pollution
permits generate income, this change in the
distribution of pollution-generating activities
has the same effect on the North as a trans-
fer of some of its earning potential to the
South. The free-trade budget constraint is
thus p ' , and the free-trade consumption
point is at c'.'^

Several results are immediately apparent
from this analysis. First, Southern countries
must always gain from trade. World pollu-
tion is not affected by trade, and so welfare
is affected only by the change in real in-
come. If factor supplies stayed constant be-
fore and after trade, then the standard
gains-from-trade results would apply. Since
the South also generates a greater share of

The slopes of p' and p' are equal because A and
T arc both within the FPE region. The equiiibrium
consumption point must be at c' because with identical
homothetic preferences and identical incomes, the
North consumes a fraction n/in + n*) of the world's
factor services.

the world's pollution after trade, it realizes
additional income gains from its expanded
supply of pollution permits.

PROPOSITION 2: In the FPE equilihrium,
Southern countries always gain from trade.

Whether or not the North gains from
trade depends on how much the South in-
creases its pollution as a result of trade. If
pollution supplies did not change, the North
would gain from access to the South's rela-
tively cheaper {in autarky) pollution-inten-
sive production. However, the North is
harmed by South's increase in pollution. As
Northern countries cut back on their pollu-
tion in response to increased pollution from
the South, their collective budget constraint
shifts down. In fact, as shown, the North's
free-trade budget constraint, p ' , must lie
outside the lens-.shaped area, and hence
Northern countries lose from trade.

PROPOSITION 3: Each Northern country
is worse off in free trade than in autarky.

(See Appendix A for the proof.)
The North loses from trade because with-

out any global agreements. Southern coun-
tries have a strategic advantage: their lower
income allows them to commit to higher
pollution levels with the opening of trade.
Northern countries can respond either by
accepting more global pollution or by cut-
ting back on their own pollution and allow-
ing their incomes to fall. In our model, the
reduction in pollution by Northern coun-
tries is exactly enough to maintain global
pollution at its autarky level. In a more
general model. Northern countries may
choose a different income/pollution trade-
off. But the central point remains: the in-
creased pollution emanating from the South
reduces the gains from trade for the North,
and this effect can be strong enough to
make the North lose from trade.

This suggests that there are strong incen-
tives for the North to link environmental
agreements to free-trade agreements. As
noted above, if the South were prevented
from increasing its pollution, then the North
would always gain from trade. Thus, the
North has an incentive to link a free-trade
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agreement with an agreement that freezes
pollution at its pre-trade levels, whereas the
South has an incentive to oppose this.

PROPOSITION 4: As compared with un-
constrained free trade, each Northern country
would gain from an agreement that freezes
pollution in each country at its pre-trade levels,
and each Southern country would lose from
such an agreement.

Note that global pollution levels are unaf-
fected by such an agreement—the issue here
is a conflict over who generates the pollu-
tion. For a given level of global pollution,
the right to pollute is a valuable asset, and
each country can gain if it obtains a greater
share of this asset. Since free trade allows
the South to exploit its strategic advantage,
the North has an incentive to place restric-
tions on its ability to do so, either by oppos-
ing free trade or by insisting that a trade
agreement be linked to an environmental
agreement.

B. Factor Prices Not Equalized

If factor prices are not equalized by trade.
Northern countries specialize in human-
capital-intensive goods, and Southern coun-
tries specialize in pollution-intensive goods.
Given our ordering on aiz) there will exist
some 2 such that goods on the interval [0, z)
are produced in the North, and goods on
the interval (z, 1] are produced in the South.
To determine the equilibrium, we follow
Dornbusch et al. (1980), and solve for the
marginal good. As in the FPE case, all
countries within a region will attain the
same outcome, and we omit country sub-
scripts. Aggregate Northern and Southern
variables are denoted with superscripts N
and S; hence, for example, L^ = nL.

Since the marginal good is produced at
equal cost in both regions; we have
c(w, T; h, z) = c{w*, T*; z), or equivalently,
using (2),

To eliminate T * / T from the above, note
that North's share of world income equals
the share of world spending on Northern
goods:

(19) / ^ = ,p(z)(/^ + /^)

where (p{z) = j^biz)dz is the North's share
of world income. Using (6) and (19). we
have T * / T = n^*(z)/«*ip(z) where ^*(z)
is the South's share of world income. Substi-
tuting into (18) yields the following:'''

(20)

To obtain another equation linking w and
2, note that income is the sum of wages and
pollution-permit revenue, and pollution-
permit revenue is the sum of fees paid by all
producers. In the North, we have

(21)
•'o

where the last step uses (19) and where
d(z) = Ji^aiz)b(z)dz is the share of North-
ern pollution charges in world income. Now
use (21) to eliminate pollution charges in
(7), do the same for the South, substitute
into (19), and simplify to obtain:

(22)
n*L*

nL

Jointly solving (22) and (20) determines the
equilibrium.

This analysis is valid only if T > 7*, since other-
wise we are in the FPE case. Thus we must have
n(p*iz)<n*ip{z); or letting <p(z)^n/in + n'), we re-
quire z> z.
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PROPOSITION 5: / / trade does not equalize
factor prices, then (i) global pollution is higher
in free trade than in autarky; (ii) pollution in
the North falls with trade; and (iii) pollution
in the South rises with trade.

(See Appendix A for the proof.)
In contrast to the FPE case, free trade

increases global pollution in a specialized
equilibrium.'^ As before, the supply re-
sponse to the factor-price movements cre-
ated by trade leads to reduced pollution in
the North and increased pollution in the
South. However, since the gap between fac-
tor prices is not fully eliminated, the South
has relatively lower pollution-permit prices
than the North. Consequently, the marginal
good is produced with more pollution-inten-
sive techniques in the South than in the
North. Since the most pollution-intensive
industries shift to the country with the low-
est pollution-permit price, the increase in
pollution generated by the South is less
than the fall in the North."^

C. Trade in Pollution Permits

As in the Heckscher-Ohlin model, trade
in goods in our model is an indirect way of
allowing countries to trade factor services.
We now consider the effects of allowing
direct trade in pollution services when gov-
ernments agree that a permit issued by one
country can be used by a firm that wants to
emit pollution in any country.

In the FPE equilibrium, trade in goods
and trade in factors are perfect substitutes:
allowing trade in pollution permits has no

'^The intuition is similar to that for proposition 2 of
Copeland and Taylor (1994), where we provide a de-
tailed explanation based on the scale, technique, and
composition effects.

A general welfare result for the non-FPH case
corresponding to Propositions 2 and 3 has thus far
eluded us. It is, however, possible to derive some
limited results. For example, at the borderline between
FPE and non-FPE, Propositions 2 and 3 hold; as well,
if n' = 1, the South must always gain in the non-FPE
case.

effect on production, incomes, pollution, or
welfare. This is a standard result in factor-
proportions models—the only difference is
that, in our case, the supply of the tradable
factor is endogenous. Despite the fact that
pollution permits are potential revenue-
generators for governments, opening up in-
ternational trade in pollution permits does
not create an incentive to increase their
supply beyond the levels of the pure goods-
trading equilibrium. This is because pollu-
tion is a pure public bad. Since the harm
suffered from pollution by the permit-
issuing country is independent of the loca-
tion of production, the income/pollution
trade-off is not affected by making permits
tradable when factor prices are equalized by
goods trade alone.

In the specialized production equilibrium,
trade in goods and trade in permits are no
longer perfect substitutes. Consider an equi-
librium with free trade in goods and then
allow pollution permits to be freely traded
internationally. Arbitrage equalizes the price
of pollution permits across countries, and
the zero-profit conditions ensure that T/W
is equalized. Consequently, the FPE equi-
librium conditions apply. Since opening up
the pollution permit market to international
trade induces an FPE equilibrium, pollution
must fall.

PROPOSITION 6: Suppose factor prices are
not equalized by goods trade. Then if countries
allow pollution permits to be tradable interna-
tionally (without any global agreement to re-
strict their supply), global pollution will fall
(relative to the pure goods trade level).

When pollution-permit prices differ
across countries and goods are freely trad-
able, there is an incentive to shift the most
pollution-intensive production to countries
with the lowest pollution-permit prices. This
composition effect tends to increase world
pollution because production techniques are
dirtier in countries with low permit prices.
Allowing trade in permits equalizes permit
prices, ensures that production techniques
are identical across countries, and thus
eliminates the "pollution haven" effect.
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V. Reform of Pollution Policy

In autarky, there are two distortions: rela-
tive goods prices differ across countries, and
the international externality leads to exces-
sive global pollution. Thus far, we have con-
sidered the effects of eliminating the trade
distortion, while leaving the pollution dis-
tortion unresolved. We now consider the
effects of various proposals to control world
pollution. ,

A. Global Reform

We begin by briefly discussing the first
best. Since environmental quality is an in-
ternational public good, it is clear that global
pollution levels are Pareto inefficient in a
Nash equilibrium. The Samuelson condition
for efficient public-goods provision requires
that permit prices (the marginal pollution-
control cost) be equalized across countries,
and set equal to the global sum of marginal
damages; that is, for any country ;,

(23)

Combining (23) with (15) yields the optimal
global pollution ^̂

(24)

which is less than autarky and free-trade
global pollution levels, as one would expect.

Implementation of the first best is
straightforward in theory, but difficult in
practice. For example, governments could
agree to issue a fixed number of interna-

Note that the optimal level of global fxiilution is
independent of any distributional weights on country
utilities. This fallows from our assumption that pollu-
lion is strongly separable from consumplion in the
(homothelic over goods) utility function.

tionally tradable pollution permits. More-
over, since permits generate income, negoti-
ations to divide the initial allocation of per-
mits across countries can take the place of
explicit international side payments. Alter-
natively, the permits need not be tradable,
but since efficiency requires that their price
be equalized, they must be allocated across
countries in a manner that is consistent with
factor-price equalization. In this case, ex-
plicit international transfer payments may
be required to support some points on the
Pareto frontier.

In practice, large changes in pollution
may not be politically feasible. Instead, in-
ternational agreements often require only
small reductions in the target variable. In
our model, it is easy to show that equipro-
portionate reductions in pollution by all
countries will be Pareto-improving as long
as global pollution exceeds the optimum,
and that repeated application of the
equiproportionate reduction rule will even-
tually implement a point on the Pareto
frontier. In a more general model, the path
to the Pareto frontier may not be so simple.
But the main point remains: application of
standard results from public finance implies
that either radical or gradual multilateral
reductions in pollution, perhaps combined
with international transfers of income, can
achieve a first-best allocation.

B. Regional Reforms

In reality, any multilateral agreement re-
quiring pollution reductions by all countries
may be difficult to achieve. Some pollution
agreements, such as the Montreal protocol,
require pollution reductions by only the ma-
jor polluting countries. To examine the ef-
fect of these limited agreements, suppose
all countries in the North agree to reduce
their pollution by the same small amount
while the South commits to freezing its pol-
lution at current levels. For simplicity, we
focus on the FPE case.

First consider the effect on the welfare of
a typical Northern country whose indirect
utility is given by (4). Using the zero-profit
conditions and (2) we have p{z) = c\z) =

( ) ' ' ' W , and using (7) we have an ex-
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pression for income. Substituting these into
(4) and rearranging, we obtain the following
expression for Northern country i's indirect
utility;

(25)

where /C is a constant. Totally differentiat-
ing, and noting that each individual country
/ has chosen its pollution level so that

7 ; ^ = 0, yields

pE
(26) dV'

L + pE
-e\p

^ Y - l

To simplify, let M = £ ^ / ( « + « * ) - £ de-
note a Northern country's net imports of
embodied pollution services in the FPE
equilibrium. Then, after some manipula-
tion, we obtain:'^

nM
(27) dV' =

pE f

L + pEYE""

As (27) illustrates, a cut in pollution by
the North has two effects on Northern wel-
fare. First, since world pollution is reduced,
the relative price of pollution permits rises
(p > 0). Since each Northern country is a
net importer of pollution services (M>0),
this worsens Northern countries' terms of
trade. Although no individual country per-
ceives a terms-of-trade effect from cutting

'"since / = /* in the FPF. equilibrium, we have
{L* + p£"') = (fH-rt'XL + p£). Combining this with
(15) yields B = pE''/[(n + n*)(L + pE)]. Substituting
this into (26), using (17) to eliminate E'*. and noting
that dEj = dE for all Northern j , and dE^ = 0 for
Southem j , yields

its own pollution, when the coalition of all
Northern countries cuts pollution, the
terms-of-trade effect is multiplied n-fold
and is therefore significant.

If there were only one Northern country
(« = 1), then the terms-of-trade deteriora-
tion would be the only effect of a unilateral
pollution cut,'** and that country would have
an incentive to increase its level of pollution
in order to improve its terms of trade. With
n countries, however, each country benefits
from the reduction in pollution by the other
pollution-cutting countries. This is the sec-
ond term in (27), and it provides a counter-
balance to the terms-of-trade effect. To de-
termine the net effect, substitute for M in
(27). Northern countries gain from a cut in
Northern pollution provided that

which is true for n>2. Once there are at
least two Northern countries, the benefits of
partially correcting the international pollu-
tion externality more than offset the terms-
of-trade deterioration, and the North has a
collective incentive to cut its pollution.

Let us now consider the effects of the
North's cut in pollution on the South. Since
Southern countries are net exporters of pol-
lution services, they stand to reap a terms-
of-trade gain as the relative price of pollu-
tion-intensive goods rises. Moreover, the
South benefits from a cleaner environment.
Hence, the South must gain from a cut in
pollution by the North.

For similar reasons, a small cut in pollu-
tion by a coalition of all the Southern coun-
tries must also benefit the South: their terms
of trade improve, and each Southern coun-
try benefits from the pollution cuts carried
out by the other Southern countries. The
North also gains from a pollution reduction
by the South, despite a terms-of-trade dete-
rioration. Totally differentiating (25), and

L + pE
[- Mp-(n-\)dE].

Finally, noting from (15)
-(nE/E'*)E, we obtain (27).

that p = -

'̂ Since we are starting at a Nash equilibrium, where
each country sets its pollution level optimally, there is
no first-order benefit to a country from its own pollu-
tion reduction.
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noting from (16) that p= - E"^ (where £*
is the change in world pollution due to the
South's cut), the effect on a typical North-
ern consumer in country i is

pE

L + pE

As long as world pollution is above the
global optimum (i.e., as long as £* >
[8/pV^y = En, Northerners must gain
from a fall in Southern pollution.

These results have several interesting im-
plications for policy. First, since one region's
reduction in pollution always benefits the
other, each region has an incentive to offer
a cash payment to the other in return for a
reduction in pollution; however, net ex-
porters of pollution services have a stronger
incentive to do this. Second, a net exporter
of pollution services stands to gain from its
own region's cut in pollution. This means
that selfish interests of pollution-intensive
countries need not necessarily be in conflict
with global environmental quality. Finally,
the use of pollution policy by a coalition of
countries to improve its terms of trade can
be Pareto improving in some cases. If the
pollution-intensive countries tighten their
pollution regulations, they benefit through
improved terms of trade, and their trading
partners benefit from improved environ-
mental quality.

It is, however, important to keep in mind
that these results require that those coun-
tries not cutting pollution must commit to
freezing pollution at its current level. More-
over, each country would prefer to be in the
group subject to the freeze rather than in
the group actually reducing emissions.
Hence while the cuts are "unilateral," a
multilateral treaty must be in force to re-
strict opportunistic behavior.

VI. Transfers

Because global pollution levels are ineffi-
cient at the Nash equilibrium, coalitions of
countries have incentives to pay their trad-
ing partners to reduce pollution. Therefore
a transfer tied to pollution reduction can

lead to a Pareto improvement. In this sec-
tion, we consider the effects of untied trans-
fers. If there is no externality, then in a
standard two-country trade model with
identical homothetic tastes, a transfer leaves
world prices unaffected and must harm the
donor country. This result requires that, on
impact, the transfer not directly affect the
supply side of the model. In our case, how-
ever, the supply side of the model is af-
fected, since pollution supplies respond to
income changes. Despite this complication,
we will show that a transfer has no real
effects even if tastes are neither identical
nor homothetic.

We consider only the FPE case. Let labor
be the numeraire, and suppose a Northem
country gives a transfer 7" to a Southem
country.'" Each country chooses its pollu-
tion level based on (6), where income is
interpreted as being net of the transfer.
Using a derivation similar to that which led
to (8), the pollution supply of country / is
given by

(28) £,=
, 7 - 1

where Ti = -T for the donor, 7; = T for the
recipient, and 7; = 0 for other countries.

Summing over all countries, we find that
world pollution supply is unaffected by the
transfer.^' With FPE, both countries face
the same income/pollution trade-off at the
margin. Consequently, one country's
marginal increase in pollution exactly off-
sets the other's reduction.

Perhaps more surprisingly, incomes are
also unaffected by the transfer. The donor
issues enough new pollution permits to bring
its income back to where it was prior to the
transfer. Similarly, the recipient's cut in
pollution reduces its net income back to

The same analysis applies if a coalition of North-
em countries gives transfers to a group of Southem
countries.

In contrast, when factor prices are not equalized
by trade, one can show that a transfer from Northem
to Southern countries lowers world pollution.
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its pre-transfer level. From (28), we have
A£:̂  = - ^T^/ p, and since /, = /., + p£, +
Tj, we have A/, = 0.

Since global pollution and each country's
income are unaffected by the transfer, goods
prices are also unaffected, and there is no
effect on welfare in either country. The only
effect of a transfer is to change the location
of pollution emissions: the donor becomes
more pollution-intensive, and the recipient
becomes less pollution-intensive. To sum-
marize, we have shown the following.

PROPOSITION 7: In an FPE equilibrium,
an income transfer between countries (i) raises
pollution in the donor country, (ii) lowers
pollution in the recipient country, (iii) has no
effect on global pollution, and (iv) has no
effect on welfare in either country.

These surprising results are more general
than might be thought, and they are quite
closely related to Warr's theorem in public
finance (Peter G. Warr, 1983). Warr shows
that the private provision of a public good,
and the welfare levels of the providers, are
unaffected by income transfers among
agents. Warr's result and ours do not rely
on identical or even homothetic tastes/^
they do, however, require that each individ-
ual face the same trade-off between
private-goods consumption and public-goods

•̂ T̂he following argument demonstrates that we do
not require homotheticity or identical preferences. See
also the proof of Warr's result in Theodore C.
Bergstrom et al. (1986). With FPE and constant returns
to scale, consumers can be thought of as purchasing
embodied factor services (see footnote 11), and there-
fore the utility of a donor can be written as Vi p, I^ +
pt^^E"), where I^ = L-T - pE^,,E_, denotes for̂
eign pollution, and where we can think of the govern-
ment as choosing £", subject to £* £ £_,. The first-
order condition is p = - V^ / V, = ^i p, /„. £*). If the
South adjusts its pollution to fully offset the transfer
(i.e., if A £ * = - A ' r / p ) , then A/̂  = 0. Moreover,
4>{ p, /(,, £*) is unchanged. Consequently, North's opti-
mal choice of £* {and hence E,) is unchanged. Thus,
if all other countries adjust their pollution to fully
offset the transfer, the remaining country's optimal
response is to do the same. Finally, since all real
incomes and trade-offs are unaffected, the aggregate
demand for pollution services is unaffected, and hence
the equilibrium price p is also the same as before.

consumption at the margin. In our context,
agents (nations) contribute to a pure public
bad (pollution), and each makes a positive
contribution; but more importantly, each
faces the same trade-off between private
goods and pollution abatement in any FPE
equilibrium. Consequently, income transfers
have no effect on any agent's welfare.

VH. Terms-of-Trade Effects

Up until now, we have assumed that no
individual country has an incentive to use its
pollution policy to improve its terms of
trade. In this section, we relax this assump-
tion and allow each country to account ex-
plicitly for terms-of-trade effects when
choosing its pollution quota.

We consider only the FPE case. Each
country i chooses its own pollution £, to
maximize (25), treating foreign pollution
(£"*!; = £ * - Ej) as given, subject to the
market-clearing condition (15), which can
be rewritten as

(29)

The first-order condition for country V%
optima! choice is

(30)

where A/, is net imports of embodied pollu-
tion services. Using (29) to solve for E
and rearranging, we can write (30) as

(31)

where I^ = L^ + pEj is national income of
country i, and 6, = pE^/I^ is the share of
pollution-permit income in_ country Ts na-
tional income (recall that 6 is the share of
pollution charges in world income). Equa-
tion (31) differs from (6) only by the pres-
ence of the final term, which represents the
tcrms-of-trade effect. Taking account of
terms-of-trade effects tends to increase the
marginal benefit of polluting for the North
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(a net importer of pollution services with
e < 0) and tends to reduce it for the South
(a net exporter with 6*> 6).

To find the new global pollution level,
sum (31) over all countries, rearrange, and
obtain (17): the level of world pollution is
unaffected by the recognition of temis-of-
trade effects! Moreover, using (15), we con-
clude that the equilibrium level of p is also
unaffected. These two results might appear
to be artifacts of our Cobb-Douglas specifi-
cation, but they are not. In fact, they re-
quire only that aggregate demand and sup-
ply for pollution services be independent of
the world distribution of income.

PROPOSITION 8: Assume FPE, constant-
returns-to-scale technologies which are identi-
cal across countries, and identical preferences
which are homothetic over goods for any given
level of world pollution. Consider two regimes:
one where countries ignore terms-of-trade ef-
fects when choosing pollution levels, and the
other where countries do take into account
terms-of-trade effects. Then the equilibrium
level of world pollution is the same in the two
regimes.

(See Appendix A for the proof.)
The intuition for this result is as follows.

Notice from (30) that the introduction of
terms-of-trade effects means that the net
marginal benefit of polluting shifts up by
Mdp/dE for a pollution importer, and
down by M*^p/BE'* for a pollution ex-
porter. But since these terms represent pure
transfers of income, they must always sum
to zero. Hence, on impact, the aggregate
net marginal benefit of polluting (i.e., the
aggregate "supply" of pollution) is unaf-
fected by the introduction of terms-of-trade
effects. If preferences are identical and ho-
mothetic over goods for given levels of global
pollution, the ensuing income redistribution
will also have no effect on the aggregate
demand for pollution. Consequently, with
both demand and supply unaffected, so too
is world pollution.

This is quite a striking result because it
tells us that global pollution levels will be
unaffected if nations manipulate pollution
policy to gain a terms-of-trade advantage.
While this is quite surprising, it does rely

heavily on our assumption that global pollu-
tion affects all countries equally. If instead
we were to assume that creating emissions
within a country also leads to additional
local effects, then the result would not hold.
That is, like Warr's theorem. Proposition 8
relies on the purity of the public bad or
good.

Even though terms-of-trade effects have
no aggregate effect on pollution, country-
specific levels are affected. Using /̂  = L̂  +
p£, in (31), we find

(32)

Using (32) and (17), the difference between
Northern and Southern pollution is

(33)

As before. Southern countries produce
more pollution than Northern countries in
free trade. Moreover, Propositions 2 and 3
continue to hold: the South must always
gain from trade, and the North must always
lose (see the Appendix). Despite these simi-
larities, it is straightforward to show that
the gap between Northern and Southem
pollution is smaller in (33) than in (14).
Consequently, the North does not cut its
pollution with the opening of trade by as
much as before, and the South increases its
pollution by less. As a result, the North's
free-trade income is higher, and the South's
is lower, when terms-of-trade effects are not
ignored.

We previously noted that South's low in-
come gives it a strategic advantage in the
pollution game since it can credibly commit
to polluting more with the opening of trade.
Our analysis here reveals that being a net
importer of pollution services gives the
North a strategic advantage in the interac-
tion over terms-of-trade effects: the North's
incentive to improve its terms of trade al-
lows it to commit credibly to pollute more.
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and this makes the South less aggressive in
increasing its pollution. In terms of the
graph shown in Figure 2, when terms-of-
trade effects were ignored, the free-trade
equilibrium was at point T; once countries
actively manipulate the terms of trade, the
new equilibrium point must be to the right
of point T.

It is apparent that the relative strengths
of these two strategic effects determine the
division of the gains from trade. As men-
tioned earlier, the strategic advantage of a
low income always dominates in our formu-
lation, to leave the North worse off in trade.
Since this result is likely to be model-
specific, it is useful to examine how the
strengths of the two opposing effects are
determined. Since market size is an obvious
determinant of the strength of terms-of-
trade effects, let us consider the effects of
increasing the number of countries, holding
the ratio of Northem to Southem countries
(n/n*) fixed:

PROPOSITION 9: Let n* = kn, where k
is a constant. Let V^ and V^ denote North-
em utility in free trade and autarky. Then
d(V'^ -V'')/dn<Q, and d(V*'^-V*^)/
dn > 0, when terms-of-trade effects are not
ignored by countries when choosing pollution
policy; when terms-of-trade effects are ignored,

(^ '')d d(y*'^ V*^)/dn = 0.

(See Appendix A for the proof.) Proposition
9 follows because the North, as a pollution
importer, gains a strategic benefit as terms-
of-trade effects become stronger. Terms-
of-trade effects strengthen as the number of
countries shrinks, and consequently. North-
ern losses from trade decrease. Conversely,
Southern gains from trade rise with the
number of countries because terms-of-trade
motivations diminish in importance, and
hence the strategic advantage of low income
is enhanced.

A further implication of this analysis is
the following.

PROPOSITION 10: The North prefers a
regime that allows pollution policy to be used
as an instrument of trade policy, whereas the
South prefers that such actions be banned.

This proposition suggests that GATT Ar-
ticle XX outlawing environmental policy as
disguised trade policy works in favor of
lower-income nations. A regime that re-
moves the ability of net importers of pollu-
tion services to manipulate their terms of
trade via pollution policy puts them at a
strategic disadvantage relative to net ex-
porters. Such a rule strengthens the South's
commitment to pollute more in free trade,
and this shifts the ownership of the world's
pollution services to the advantage of the
South. Again, what is at issue here is the
division of the right to pollute across coun-
tries, since global pollution is unaffected.

A final interesting change created by
terms-of-trade effects is that the normative
part of the neutrality result on transfers
(Proposition 7) now fails.^ Consider the
effect of a transfer T from a Northem
country to a Southem country. It is straight-
forward to show that, as before, the transfer
does not affect the level of world pollution.
The welfare effects, however, are different.
In the large-country case, we had dE/dT =
1/p, and hence the North's real income was
unaffected by the transfer (since dI/dT =
pdE/dT-1 = 0). In the present case, we
have [differentiating (31), and noting that p
and £* stay constant]:

dE 1

'df~~i>

1

P

dT

Once again. North's pollution response is
dampened by its recognition of terms-of-
trade effects. Moreover, since dE<dT/p,
the North must lose from a transfer to the
South. The intuition for this result is evi-

'"'Many other authors have noted that Warr's result
relies on each agent valuing his or her contribution to
the public good only so far as it contributes to the
aggregate quantity of the public good. Once terms-of-
trade effects are allowed, this requirement is no longer
met.
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dent once we recall that the incentive to
exploit terms-of-trade effects increases in
the relative difference between countries.
Since income is the only fundamental dif-
ference between countries, an income-
disparity-reducing transfer from the North
to the South tends to reduce the motive to
use pollution to manipulate the terms of
trade. [In terms of equation (31), the abso-
lute value of e - 0 falls with the transfer.!
This reduces the North's incentive to raise
its pollution level to compensate for the
income-reducing effects of the transfer, and
similarly dampens the South's pollution re-
duction.

In summary, the analysis of strategic trade-
policy motives for pollution policy has al-
lowed us to generate several new and inter-
esting results. In particular it has high-
lighted the strategic advantage gained by a
net importer of pollution services and has
shown that the key qualitative implications
of our model are not sensitive to the recog-
nition of terms-of-trade effects.-'' Moreover,
substituting (17) into (31), we see that, as
n + n* gets large, the terms-of-trade effect,
[d,-O]/E'*', approaches zero, while the
marginal disutility of increased pollution,
^( £•*)'' ', gets large.-^ Thus, as « + «* gets
large, the model of this section converges to
our earlier specification.

Moreover, as before, the North would prefer to
commit to autarky pollution levels prior to trade,
whereas the South would not (Prtiposition 4). The
effects of pollution reform in Section V are only slightly
different since each country has mternalized its own
terms-of-trade effect. If o = n* = 1. no country has an
incentive to make a unilateral reduction, since coun-
tries arc initially at a Nash equilibrium. However, when
there is more than one country of each type, the effects
of pollution reduction by a coalition of countries are
essentially the same: there i.s no first-order benefit or
cost from the terms-of-tradc effects of one's own re-
duction, but as before, each counlry in the coalition is
affected by the terms-of-trade consequences of pollu-
tion reduction by all other members of the coalition,
and also by the environmental benefits.

"^The terms-of-trade effect [fl, - d]/E'^ approaches
zero as n approaches infinity because £'"* is increa.sing
in n + n*. and 0 < ^ , < 1 . Using (17) in (31), the
marginal disutility of increased pollution is then
pHn + n')e/l3}^-^'^\ This increases with n + n*
since -y > 1.

VIII. Conclusion

This paper has examined the effects of
trade and environmental policy on trade
flows, pollution levels, and welfare. To fo-
cus on income effects, we have eliminated
all motives for trade except those arising
from income-induced differences in atti-
tudes toward the environment. In addition
we have modeled global pollution as a pure
public bad where a country s physical size,
population density, or weather pattern has
no bearing on its exposure to global pollu-
tion. A resolution of the debate over the
effects of trade on the environment must of
course examine the interaction among all of
the many motives for trade and must con-
sider how local and global pollution interact
with each country's physical environment to
generate the true impact of pollution. Nev-
ertheless, while our model is very simple
and stylized, we think it raises several inter-
esting issues worthy of future examination.

First, we find that the prc-trade world
distribution of income determines how trade
will affect the environment. If the world
distribution of income is highly skewed, then
free trade harms the global environment;
but if countries have relatively similar in-
comes, then free trade has no adverse effect
on the environment. Second, we find that,
because lower-income countries have a
strategic advantage in setting pollution lev-
els in a free-trade regime, they have an
incentive to delay international pollution
negotiations until after multilateral trade
liberalization has been achieved. Third, we
find that reductions in pollution by a coali-
tion of countries may be Pareto improving,
and that income transfers tied directly
to pollution reduction can be welfare-
enhancing. Untied transfers, however, may
have no effect on global pollution levels, on
prices, and most surprisingly, on either
country's welfare. Finally, we find that many
of these results continue to hold when
countries use pollution policy to manipulate
their terms of trade. However, terms-of-
trade motivations for pollution policy do
lessen the strategic advantage of lower-
income countries.

Overall, our results underline the impor-
tance of endogenizing pollution policy within
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a general-equilibrium framework. While a
complete resolution of the debate over the
effects of trade on the environment must
await further study and more general mod-
els, we have shown that income effects cre-
ated by income transfers or by trade in
goods or pollution permits have important
and often surprising effects on pollution,
trade flows, and welfare levels. Competitive
trade theory is replete with examples
of surprising results created by general-
equilibrium ineome effects. Our contribu-
tion has been to show that these same in-
come effects may also play a large role in
determining how international trade affects
the global environment.

APPENDIX A: PROOFS OF PROPOSITIONS

PROOF OF PROPOSITION 3:
Denote free trade variables with T and

autarky variables with A. Then using (4),
and the fact that E"^ is not affected by
trade, we have

dz(Al) V'^'-V' = / h{z)\n

= ln
L

L

Derivation of (Al) also uses (7) and the fact
that /?(z) = c(z)= K(Z)P"'~*M.', where K{Z)
is an industry-specific constant. Let s =
6/{\ - 0). Then from (10) and (16), we have

(A2) p^E^=sE

rearranging yields

(A4) £^ = -
r p''

Hence using (17), (A2), and (A4), we have

(A5) p^E^ + L = .vL"*/(« + n*)d.

Now substitute (A5), (A2), and (A3) into
ind noting that 6(1 + s)= s, simplify

obtain

(A6) -V^ = \n
n + n*)L

<0

since L* = n^L* + nL<{n + n*)L. Simi-
larly, K' * - K^*> 0 since (« + «*)L* < />*.

PROOF OF PROPOSITION 5:
Use (6) to eliminate permit prices from

(23) and (24), to obtain:

(A7) £•'

Dividing yields E* = E^/n*> E^/n = E in
trade, that is,-''

(A8) — =
^ ' E

e*{z)/<p*{z)

Dividing these expressions and noting that
E'^ ={n + n*)E''' [from (17) and (12)], we
obtain

" To confirm the inequality, note that because a is
increasing in z, we have

Inverting (8), evaluating at free trade, and Using these inequalities in (AS) yields the result.
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World pollution is determined by added the
expressions in (A7) and solving

(A9)

l / y

Subtract (13) from (A9) to obtain

The level of p and £'* are determined by
(AlO) and (A 12). If terms-of-trade effects
are ignored, the term - M'(dp/dE') drops
out of (All), but this has no effect on (A12)
or (AlO). Hence the same equations (AlO)
and (A12) determine E* in each regime.

PROOF OF PROPOSITION 9:
From the proof of Proposition 3, we have
T K ^ l(WX where

H

l / y

The result follows since the first term is
increasing in z and equals the second term
for <p = «/(« + «*); but (p>n/{n + n*)
since / > /* in the non-FPE equilibrium.

PROOF OF PROPOSITION 8:
By constant returns to scale and FPE, the

utility function can be written as
K(p,/',£"'), using an argument similar to
that in footnote 12. By homotheticity, V' =
ipip,E'*')I', for some function if/. Using
Roy's identity, the aggregate demand for
pollution services is

(AlO)

The first-order condition for country /'s
supply of pollution is

(All)

where M' is /'s net imports of pollution
services. Summing over / (noting that
i;,A/' = O and that, with FPE, Sp/dE' =
dp/dE^ V/, '}) yields:

(A12)

L

L + s(nL {n + n*)L

using an argument similar to that in the
proof of Proposition 3, but using (32) in-
stead of (A4). Hence, letting n* = hi. we
now have d(V'^' - V^)/dn = d(\n H)/dn =
k^iL*- L)< 0, where k^>0. For the South,
the roies of L* and L are reversed, and we
have diV*'' - y*'')/dn > 0. For the case in
which terms-of-tradc effects are ignored, the
result follows from (A6), which i.s indepen-
dent of n, once n/n* is held constant.

PROPOSITION Al: The South gains from
trade, and the North loses from trade, under
the assumptions of Section VII (i.e., FPE and
that countries take into account terms-of-trade
effects when setting pollution quotas).

PROOF:
For the South, the argument behind

Proposition 2 still works. For the North,
referring to the proof of Proposition 9, note
that / / = 1 for L = L*, and H is increasing
in L*. Hence H < 1 for L* < L, and there-
fore V^-V^^ ln(//) < 0 for L* < L.

APPENDIX B: CONDITIONS FOR
FACTOR-PRICE EQUALIZATION

To determine the boundary between the
FPE and non-FPE cases, start in an equilib-
rium where factor prices differ, and con-
sider the effects of increasing L*/L. This
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increases B{z) for all z, but does not affect
T{z). As L*/L rises, there is a point at
which Biz) and T{z) intersect at z = z. At
this point, a; = 1, and factor prices just
equalize. Define

fb{z)[\-a{z)]dz

j'b{z)[\-a{z)]dz
8 =

Using (22) and (20), we have
when n*L*8/nL = \, since by definition,
n*ip{z) = n<p*{z). Thus we have a non-FPE
equilibrium for nL/n*L* > 8. By symmetry,
if we reverse the roles of North and South,
we will also have a non-FPE equilibrium if
n^LynL>B, or if nL/n*L*<\/8. For
intermediate values of nL / n*L*, factor
prices are equalized.

PROPOSITION Bl: Eactorprices are equal-
ized if and only if 1/6 < nL/n*L* < 8. If
nL/n*L*> 8, then T > T*, and the North
specializes in relatively clean goods, while the
South specializes in pollution-intensive goods.
If nL/n*L*<\/8, then T<T*, and the
North specializes in pollution-intensive goods,
while the South specializes in clean goods.
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