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1 Introduction

More than ever before, a dominant issue in current public policy debates among nations

is that of international externalities associated with pollution generated in countries.

This negative externality is allegedly exacerbated with liberalization of international

economic activities (e.g., freer international mobility of goods and capital feverishly

pursued nowadays by numerous countries and international institutions.1 In light of

such perceived environmental degradation emanating from expanded economic activ-

ities, environmentally conscious political and social groups have been staging fierce

world wide reactions against international negotiations (e.g., the summits of WTO

in Seattle, 2000, of IMF in Prague, 2001, and of the G-8 group in Geneva, 2001)

promoting these objectives.

Accounting for such growing real world concerns, a sizable literature on the eco-

nomics of international trade and cross-border pollution has and is being developed.

A strand of this literature analyzes the implications of cross-border pollution and/or

examining the welfare effects of selected pollution abatement (trade and environmen-

tal) policies (see, for example, Markusen, 1975; Copeland, 1994, 1996; Ludema and

Wooton, 1994, 1997; Beghin et al., 1997; Hatzipanayotou et al., 2002, 2004).

There is now a small theoretical literature that examines the effect of inter-

national trade on pollution. Raucher (2001) examines whether it is optimal to em-

ploy a policy of ‘ecological dumping’ in the presence of terms of trade considerations.

Copeland and Taylor (2003) which synthesizes their earlier papers, examine the effect

of trade liberalization on welfare in, and emission by, a small open economy which

has optimal environment policies in place. They find that when the country adjusts

its optimal policies in response to trade liberalization, more trade increases welfare

but can, under certain circumstances, increase pollution. They also consider a model

of two large countries to examine the economic logic behind pollution havens. They

1See, for example, Copeland and Taylor (2003) for a discussion of the issues.
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investigate, inter alia, if trade driven by environmental policy differences is bad for

the environment and find that it is not necessarily so.

In this paper we develop a two-country general equilibrium model with two-

way cross-border pollution and terms of trade effects. Within this framework, we first

characterize, in section 3, the non-cooperative optimal values for the emission tax rates

when the terms of trade is exogenous. Also, we examine the effects of a reduction in

trade costs on Nash optimal tax rates, net pollution and welfare in the two countries.

In section 4, we examine how an endogeniety of the terms of trade affects the optimal

tax rates. Finally, some concluding remarks are offered in section 5.

2 The Theoretical Framework

We consider a general equilibrium model with two countries — Home and Foreign —

where pollution as a by-product of production is generated in both countries, and

it is transmitted across national borders. For the rest of the analysis, cross-border

pollution is treated either as a two-way or a one-way cross-country externality.

The two countries produce, under perfectly competitive conditions, two goods

— good 1 and good 2 — which are freely traded in world markets. Good 1 is the

numeraire commodity. Regarding international prices, we consider the cases where

the international (relative) price of the non-mumeraire good 2 is either exogenous (eg.,

when both economies are small in the world commodity markets) or it is endogenously

determined (eg., when both economies are large in the world commodity markets).

Factors of production are internationally immobile and inelastically supplied. Factor

markets in both countries are perfectly competitive. Producers in the two countries

abate some of the pollution they generate in response to government imposed emission

taxes at the rate t and t∗ respectively.2 Let e and e∗ denote the level of pollution

2The variables in the foreign countries are marked with asterisks. Moreover, the analysis delib-
erately abstracts from the use of other policy, especially trade, instruments (eg., tariffs) focusing on
the case of two countries maintaining free commodity exchange between them in the context of a
bilateral or multilateral trade agreement (eg., France and Germany in the context of the EU, or the
US and Mexico in the context of the NAFTA agreement).
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emission in the two countries. As has been shown by Copeland and Taylor (2003,

ch.4), the effect of trade liberalization on pollution depends on, inter alia, the patterns

of trade. We shall examine the implications of the patterns of trade for the results in

our framework later on.

For simplicity, we shall assume that only one of the two goods is polluting.3

Which is the polluting good would depend on the nature of the goods and the type of

pollutant we consider. For example, if Home is a developing country which typically

exports agricultural goods and the pollutant is nitrates in the water supply, then good

1 is the pollutant. If, on the other hand, the pollutant is industrial waste, then good

2 is possibly the pollutant. We shall leave the assumption open for the time being.

We proceed now to spell out the model for Home; the model of Foreign follows

analogously. The country’s maximum value of production is denoted by the gross

domestic product, or revenue function, R(p, t, v), defined as:

R(p, t, v) = max
x1,x2,e

{x1 + px2 − te : (x1, x2, e) ∈ T (v)},

where p is the is the world price of the non-numeraire good, T (v) is the country’s ag-

gregate technology set,4 x1 and x2 are the outputs of good 1 and good 2 respectively,

v is the vector of endowments, e is the amount of pollution emission and t is the emis-

sion tax rate. Since total endowments of all factors of production, v, are exogenously

given, for notational simplicity, it can be suppressed and the revenue function can be

written simply as R(p, t). Its partial derivative with respect to p (i.e., Rp) denotes the

supply function of the non-numeraire good 2. It is also known (e.g., see Copeland,

1994, and Turunen-Red and Woodland, 1998) that its partial derivative with respect

to t multiplied by −1 is the amount of pollution emissions by the private sector, i.e.,

e = −Rt(p, t). (1)

Analogously, for the foreign country we have

e∗ = −R∗t∗(p, t∗) (2)
3For simplicity, we consider only one type of pollution.
4It includes abatement technology in addition to production technology.
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The revenue function is strictly convex in commodity prices (i.e., Rpp > 0) and

in the emission tax rate (i.e., Rtt > 0). The later property indicates that an increase

in the emission tax rate lowers the amount of pollution emission by the private sector.

Moreover, if good 2 is the polluting one, a higher emissions tax rate (t) reduces the

level of its production, i.e., Rpt < 0. If, on the other hand, good 1 is the polluting

one, we shall have Rpt > 0. Since we do not make any presumption on the pattern

of trade, without any loss of generality, we assume, unless stated otherwise, that the

non-numeraire good is the polluting good in both countries so that Rtp < 0 and

R∗t∗p < 0.

Turning to the demand side of Home, utility,(u), as previously noted is ad-

versely affected by both local pollution, e, and by foreign pollution, e∗ transmitted

across borders. Denoting by θ the spill-over parameter, welfare in the home coun-

try is adversely affected by z = e + θe∗. Let E(p, z, u) be the expenditure function

which gives minimum expenditure required by a representative consumer to achieve

a given level of utility u given commodity (consumers’) price p and aggregate level

of pollution z. The partial derivative of the expenditure function with respect to u,

Eu, gives the reciprocal of marginal utility of income, and that with respect to p, Ep,

gives the compensated demand function of the non-numeraire good. Since pollution

is a public bad, the partial derivative of the expenditure function with respect to z,

Ez, is positive and denotes the households’ marginal willingness to pay for a reduction

in pollution (e.g., see Chao and Yu, 1999). The expenditure function is also strictly

concave in p, i.e., Epp < 0, and strictly convex in z, i.e., Ezz > 0. The later property

implies that a higher level of pollution raises the households’ marginal willingness to

pay for its reduction. Moreover, we also make the natural assumption that Ezu > 0,

that is, a higher level of real income increases the households’ marginal willingness to

pay for pollution abatement. Finally, Epz ≶ 0, depending on whether cleaner envi-

ronment and good 2 are complements (i.e., Epz < 0) or substitutes (i.e., Epz > 0) in

consumption. Note that an increase in z increases expenditure for a given utility level,
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i.e., Ez > 0. This increase in expenditure has to involve an increase in consumption of

at least one of the two goods. For the quasi-linear direct utility function of the form:

u(c1, c2, z) = v(c2) + λ1c1 − f(z), where ci is the consumption of good i (i = 1, 2),

and λ1 is a given constant, cleaner environment and the non-numeraire good are in-

dependent in consumption, i.e., Epz = 0, and all the adjustments of a change in z

(at a given utility level) fall on the numeraire good.5 One can also think of a situa-

tion where a higher level of pollution induces people to consume less of the polluting

good and in this case cleaner environment and polluting (the non-numeraire) good are

complements, i.e., Epz < 0.

The budget constraint for representative consumer requires that total expen-

diture E(p, z, u) must equal factor income from the production of the two traded

goods R(p, t) plus the emission tax revenue (te) that the government returns to the

representative consumer in a lump-sum fashion. That is,

E(p, z, u) = R(p, t) + te. (3)

Analogously, for the foreign country we have

E∗(p, z∗, u∗) = R∗(p, t∗) + t∗e∗, (4)

where z∗ = e∗+ θ∗e and θ∗ is the spill-over parameter for the foreign country. For the

case where we treat cross-border pollution as a one-way cross-country externality we

have θ∗ > 0 and θ = 0 or vice-versa.

Imports of the non-numeraire good are given by Mp(p, z, t, u) = Ep(p, z, u) −
Rp(p, t) withMpp < 0, Mpz = Epz is positive (negative) depending on whether cleaner

environment and good 2 are substitutes (complements) in consumption, and Mpt =

−Rpt. M
∗
p (p, z

∗, t∗, u∗) is similarly defined with similar properties.

5See Wilson (1991)and Lahiri and Raimondos-Møller (1998) for a discussion on the separability
between public and private goods.
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When terms of trade are endogenously determined, the world market-clearing

condition for the non-numeraire good is given by:

Mp(p, z, t, u) +M∗
p (p, z

∗, t∗, u∗) = 0. (5)

With exogenous terms of trade, equations (1)-(4) constitute a system of four

equations in four unknowns, namely u, u∗, e and e∗. In this case, the model contains

two policy parameters, one for each country, and these are the emission tax rates

(t, t∗), and an exogenous parameter, namely the terms of trade (p) for each country.

When terms of trade are endogenous, equations (1)-(5) constitute a system of five

equations containing five unknowns, namely the previous four and p,.

We conclude this section by examining how the policy parameters affect endoge-

nous variable of our model. Differentiating equations (1) to (4) we obtain the changes

in the level of Home and Foreign’s welfare, when terms of trade are exogenous, as

follows:

du = Ap dp+At dt+At∗ dt
∗, (6)

du∗ = Bp dp+Bt∗ dt
∗ +Bt dt, (7)

where

EuAp = (Ez − t)Rtp −M + θR∗t∗pEz, EuAt = Rtt(Ez − t)

EuAt∗ = θEzR
∗
t∗t∗, E

∗
u∗Bp = (E

∗
z∗ − t∗)R∗t∗p −M∗ + θ∗RtpE

∗
z∗,

E∗u∗Bt∗ = R∗t∗t∗(E
∗
z∗ − t∗), E∗u∗Bt = θ∗E∗z∗Rtt.

We proceed by explaining equations (6). In doing so we shall ignore mar-

ginal utilities of income (1/Eu and 1/E∗u∗) which simply converts incomes to utilities.

Equation (6) indicates that there are three effects on p on u: (i) the well-known terms-

of-trade effect (−Mdp); an improvement in the term of trade increases welfare, and (ii)

an effect via changes in tax revenue (−tRtp); and (iii) an effect via changes in disutility

of pollution from changes in pollution in Home (EzRtp) and that from cross-border
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pollution(EzR
∗
t∗p). If, for example, Home is an importer of the non-numeraire good

(M > 0), an improvement in its terms of trade (dp < 0) increases welfare, i.e. the first

effect is positive. Since the non-numeraire good is the polluting one, we have Rtp < 0

and then the second effect is positive and the third effect negative. In this case, The

net effect of an improvement in terms of trade is positive if Ez ≥ t.

An increase in the own tax rate t entails a positive impact on welfare if and only

if pollution is socially under-taxed (at a given p), ie., Ez > t. Finally, the last term in

equation (6) (At∗dt
∗) captures international tax externality. It says that an increase in

one country’s emission tax rate unambiguously raises the welfare of the other country

by reducing cross-border pollution. Equation (7) can similarly be explained.With one-

way cross-border pollution, from Foreign to Home, ie., θ∗ = 0 and θ > 0, the effect of

changes in p, t and t∗ on Home welfare are the same. If, on the other hand, one-way

cross-border pollution takes place only from Home to Foreign, ie., θ∗ > 0 and θ = 0,

then an improvement in the terms of trade (dp < 0) or an increase in t improves

Home’s welfare if Ez > t. Changes in t∗ do not affect welfare in Home.

To incorporate the effects of the policy instruments (t and t∗) on each country’s

welfare through induced changes in the terms of trade we proceed as follows. Totally

differentiating (5) and solving with respect to dp in terms of (dt and dt∗) we obtain:

H dp = Ht dt+Ht∗ dt
∗, (8)

where

H = Epp +E∗pp −Rpp −R∗pp −
¡
Epz + θ∗E∗pz∗

¢
Rtp −

¡
E∗pz∗ + θEpz

¢
R∗t∗p

+
¡
EpuAp +E∗pu∗Bp

¢
Ht = Rpt + (Epz + θ∗E∗pz∗)Rtt − (EpuAt +E∗pu∗Bt)

Ht∗ = R∗pt∗ + (θEpz +E∗pz∗)R
∗
t∗t∗ − (EpuAt∗ +E∗pu∗Bt∗)

Note that Walrasian stability for the world commodity market requires that

H < 0. The effect of t on p (ie., Ht) depends on how the world demand and supply
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of the non-numeraire good is affected by t. Broadly, speaking there are three effects:

(i) it reduces the supply of the good from the home country since Rpt is assumed

to be negative and this works toward increasing the equilibrium value of p, (ii) the

increase in pollution tax reduces pollution which, in turn, increases the demand for

the non-numeraire good if and only if this commodity and cleaner environment are

complements in consumption in the two countries((Epz + θ∗E∗pz∗)Rtt < 0), and this

increases p and finally (iii) an income effect via changes in utilities in the two counties

(−(EpuAt∗+E
∗
pu∗Bt∗)). If Ez > t the income effects from both countries would increase

p. The analysis of the effect of t∗ on p (ie., Ht∗) is similarly conducted.

Substituting (8) into equations (6) and (7) gives the changes in u and u∗ when

the terms of trade is endogenous as follows:

du =
¡
At +ApH

−1Ht

¢
dt+

¡
At∗ +ApH

−1Ht∗
¢
dt∗, (9)

du∗ =
¡
Bt +BpH

−1Ht

¢
dt+

¡
Bt∗ +BpH

−1Ht∗
¢
dt∗. (10)

Equation (9) indicates that with endogenous terms of trade there is an addi-

tional effect through induced changes in the terms of trade of t on u, viz., ApH
−1Ht,

and an additional effect of t∗ on u, viz. ApH
−1Ht∗. Similar comments hold for (10).

3 The case of small open economies

In this section we shall assume that the two countries are small open economies, i.e.,

they face exogenous terms of trade (dp = 0) and are connected only via two-way cross-

border pollution, i.e., equations (5), (8), (9) and (10) will be ignored here. The analysis

here is an extension of Copeland and Taylor (2003, ch. 4) where they consider a single

small open economy affected by its own pollution. We shall first of all characterize

Nash optimal emission tax rates (section 3.1), and then examine the effect of a change

in the exogenous terms of trade on the optimal tax rates (section 3.2) and on welfare

and emission levels (section 3.3). As pointed out by Copeland and Taylor (2003, ch.4),
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an improvement in the terms of trade can be equivalently interpreted as a decrease in

trade costs of the iceberg type.

3.1 The Nash Equilibrium

Having explained the welfare equations, we can now characterize the non-cooperative

Nash equilibrium levels of the policy instruments, i.e., when the two countries choose

respectively the levels of (t, and t∗) simultaneously by maximizing their respective

welfare, with each country treating the other’s policy parameters as given. That is:

∂u

∂t
= At = 0,

∂u∗

∂t∗
= Bt∗ = 0. (11)

Since the terms of trade is exogenous and the cross-border externalities are

not internalized, the optimality conditions give the well-known Pigouvian rule, i.e.,

the tax rate in each country is equal to the marginal willingness to pay for pollution

reduction:

Ez = t, E∗z∗ = t∗. (12)

However, since the two countries are related via cross-border pollution, the two equa-

tions in (12) simultaneously determine the optimal (Nash) values of the policy instru-

ments in the two countries.

3.2 Globalization and optimal policies

We now turn to examine the effect of an exogenous change in the terms of trade on

the Nash emission tax rates (t and t∗). Differentiating the two equations in (11), we

obtain:

Attdt+Att∗dt
∗ = −Atpdp, (13)

Bt∗tdt+Bt∗t∗dt
∗ = −Bt∗pdp, (14)
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where using (12) we obtain:

Att = −EzzRtt − 1 < 0

Att∗ = θR∗t∗t∗(−Ezz +E−1u EzEzu) = θ(Ez/z)(−εzz + ηzu)R
∗
t∗t∗

Atp = Ezp − (Rtp + θR∗t∗p)Ezz +E−1u Ezu(θtR
∗
t∗p −M)

= Ezp −ME−1u Ezu + (Ez/z)[θR
∗
t∗pηzu − (Rtp + θR∗t∗p) zz],

where εzz = (z/Ez)Ezz is the home country’s elasticity of marginal willingness to pay

for pollution abatement with respect to pollution, and ηzu = −(∂(1/Eu)/∂z)(zEu) =

zE−1u Ezu is the absolute value of the home country’s elasticity of the marginal utility

of income with respect to pollution. Bt∗t∗ , Bt∗t and Bt∗p are similarly defined.

>From equations (13) and (14) we obtain the effect of an exogenous terms of

trade change on the countries Nash equilibrium tax rates as follows:

Ω · dt
o

dp
= −AtpBt∗t∗ +Att∗Bt∗p (15)

Ω · dt
∗o

dp
= −AttBt∗p +Bt∗tAtp, (16)

where, Ω = AttBt∗t∗ −Att∗Bt∗t > 0 for the stability of the Nash equilibrium, and the

superscript ‘o’ denotes the Nash optimal values of the policy instruments.

Observing equation (15) and (16) we note that the effect of an exogenous terms

of trade shock on Nash equilibrium tax rates is in general ambiguous. However, we

can derive a set of sufficient conditions under which the above derivatives can be

signed. Suppose that the following conditions are satisfied: (i) the non-numeraire

good and cleaner enviroment are complements or independent in consumption, i.e.,

Ezp ≤ 0, E∗z∗p ≤ 0, (ii) both countries import the non-numeraire good, i.e., M >

0, M∗ > 0, and (iii) the income effect on consumers’ willingness to pay for reduced

pollution is sufficiently high; in particular for home ηzu > [1 + (Rtp/(θR
∗
t∗p))] zz and

η∗z∗u∗ > [1 + (R∗t∗p/θ
∗Rtp)]

∗
z∗z∗ , then, since Rtp < 0, R∗t∗p < 0, it can be shown that

Atp < 0, Bt∗p < 0, Att∗ > 0 and Bt∗t > 0. More, we already know that Att < 0

and Bt∗t∗ < 0. Therefore, under the conditions (i)-(iii) we shall have dto/dp < 0 and
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dt
∗o/dp < 0. That is, under these sufficient conditions, improvements in the terms of

trade of the two countries (dp < 0) increases the Nash equilibrium emission taxes.6

Reversing the signs in conditions (i)-(iii) we obtain sufficient conditions under which an

improvement in the terms of trade of the two countries reduces the Nash equilibrium

emissions taxes.

The second term and a part of the first term in equations (15) and (16) appear

because of the presence of cross-border pollution. Trade pattern is also important in

signing dto/dp and dt∗o/dp as can be seen from the third term in the definitions of

Atp and Bt∗p, respectively; in fact, an improvement in the terms of trade would tend

to increase to via this effect. However, the cross-border effect can, in theory, outweigh

this effect. For example, in the case of dto/dp if ηzu < zz and η∗z∗u∗ < ∗
z∗z∗ then

it is possible that an improvement in terms of trade reduces the levels of the Nash

equilibrium emission taxes in the two countries.

Assuming one-way cross-border pollution, eg., θ∗ > 0 and θ = 0 (ie., Home

pollutes Foreign while the later country does not pollute Home), then, equation (16)

remains unchenged while equation (15) reduces to:

dto/dp = −AtpBt∗t∗ , (17)

where nowAtp = Ezp−ME−1u Ezu−Rtp zz. In this case, if (i) the non-numeraire

good and cleaner enviroment are complements or independent in consumption, i.e.,

Ezp ≤ 0, (ii) Home is an importer the non-numeraire good, i.e., M > 0, and (iii)

Rtp > 0, then an improvement in the country’s term of trade unambiguously increases

the Nash equilibrium emissions tax rate. An example would be the case of a country

exporter of the numeraire, agricultural good and where the pollutant is nitrates in

water supply. Alternatively, if Home is an exporter of the non-numeraire good, ie.,

M < 0 and if this commodity is the polluting one and a substitute or independent to

6Note that if the trade pattern in the two countries is different, eg., M > 0 and M∗ < 0, then
dp < 0 may not reflect globalization in both countries.
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clean environment in consumption, ie., Rtp < 0 and Ezp > 0 respectively, then again

an improvement in the country’s terms of trade, ie., dp > 0, increases the country’s

Nash equilibrium emissions tax rate, ie., dto/dp > 0. This is the case where the

country exports the , non-numeraire, industrial good which also is the polluting one.

An analysis similar to that of equation (17) can be conducted for Foreign, Assuming

θ∗ = 0 and θ > 0.

3.3 Terms of Trade, welfare, and pollution emission

In this section, assuming that both countries are at Nash equilibrium, i.e., the two

equations in (12) are satisfied, we examine the impact of an exogenous terms-of-trade

change on welfare levels u and u∗ and pollution levels e and e∗. First of all, when the

two countries do not respond to a terms-of-trade change by adjusting the optimal taxes,

it can be seen from (6) and (7) that welfare in both countries will increase from terms-

of-trade improvements if the countries import the non-numeraire good, which also is

assumed to be the polluting one. Note that Copeland and Taylor (2003, ch. 4) showed

that when a small open economy does not respond to a terms-of-trade change by

adjusting its optimal emission tax, welfare in the country will unambiguously increase

as a result of an terms-of-trade improvement. This result is reproduced in our model

assuming the absence of cross-border pollution. In the present case, because of the

presence of cross-border pollution from a second country, this is no longer necessarily

the case. If, for example, the country is an exporter of the non-numeraire good (ie.,

M < 0) which is also the polluting good, an improvement in the terms of trade

will increase the relative price of the polluting good in the other country, increase

its production, thus increasing cross-border pollution into the home country. Since

cross-border pollution is not taken into account while setting optimal emission taxes,

a terms of trade improvement can indeed reduce welfare even when the emission taxes

are at the Nash optimal levels.

When the countries adjust their optimal taxes in response to terms-of-trade
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shocks, differentiating equation (1) and using (12), for the home country we obtain:

du

dp
= Ap +At∗ · dt

∗o

dp
, (18)

de

dp
= −Rtp −Rtt · dt

o

dp
, (19)

where the induced effect via changes in the optimal taxes are given by the second

terms on the right hand sides of (18) and (19). Note that whereas the effect on utility

depends on induced changes in the tax rate in Foreign,7 that on pollution emission

depends on the induced changes in Home’s own tax rate.

Recall that At∗ > 0 and Rtt > 0, and thus the induced effects will increase

welfare and reduce pollution emission if improvements in the terms-of-trade increases

the optimal tax rates, sufficient conditions for which were developed in section 3.2.

The analysis for Foreign can be similarly conducted.

>From equation (18) we observe that assuming one-way cross-border pollution,

and in particular θ∗ > 0 and θ = 0, the effect of an improvement in Home’s terms of

trade on its welfare is independent of adjustments in Foreign’s optimal emissions tax

rate, since At∗ = 0. Thus, the welfare effect of an exogenous terms of trade change is

equivalent to that where there are no adjustments to the Nash equilibrium tax rate

of Foreign due to the exogenous terms of trade shocks. On the other hand, terms of

trade induced adjustments in Home’s Nash equilibrium tax rate, affects its aggregate

level of pollution (equation (19)).

4 The case of endogenous terms of trade

In this section we shall consider the international terms of trade to be endogenous and

examine what this does, at the margin, to the optimal emission taxes. In other words,

we shall try to find out if the endogeniety of the terms of trade increases or decreases

the Nash tax rates. We endogenise the terms of trade by assuming the two countries

7The effect via changes in the own country tax rate washes out due to the envelope theorem.
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to be large open economies. This implies that we shall bring in equations (5), (8), (9)

and (10) which were ignored in section 3.8

For this exercise, we shall evaluate du/dt and du∗/dt∗ (as given in equations (9)

and (10), i.e., when the terms of trade is endogenous) at the Nash equilibrium with

exogenous terms of trade,9 and if sign of the derivative is positive (negative) then,

assuming concavity of the country welfare functions, we shall be able to conclude

that the Nash tax rate in the home country is higher (lower) when the terms of

trade is endogenous than when it is exogenous. Thus, we need to determine the

sign(ApH
−1Ht) and sign(BpH

−1Ht∗) when (12) is satisfied. When, for example, the

sign of (ApH
−1Ht) is positive, we can conclude that the Nash tax rate in the home

country is higher when the terms of trade is endogenous than when it is exogenous.

It is already known that H < 0. We therefore need to look more closely at Ap, Bp,Ht

and Ht∗. When (12) is satisfied, these four terms simplify to:

EuAp = −M + θtR∗t∗pEz,

E∗u∗ Bp = −M∗ + θ∗RtpE
∗
z∗,

Ht = Rpt + (Epz + θ∗E∗pz∗)Rtt −E∗pu∗Bt, and

Ht∗ = R∗pt∗ + (E
∗
pz∗ + θEpz)R

∗
t∗t∗ −EpuAt∗.

Since the non-numeraire good is the polluting one (ie., Rtp < 0, R∗t∗p < 0), it

follows that if this commodity and cleaner environment are complements or indepen-

dent in consumption (ie., Epz ≤ 0, E∗pz∗ ≤ 0), we have Ht < 0 and Ht∗ < 0. Note that

EuAp +E∗u∗ Bp is always negative. Thus, both Ap and Bp, cannot be positive. More-

over, if the non-numeraire good is the imported good in Home (i.e., M > 0), we have

Ap < 0, but Bp can be positive since this good is exported by Foreign (i.e., M∗ < 0).

Therefore, we can conclude that if the non-numeraire good and cleaner environment

8In this section our earlier assumption whereby both countries could be importers of the non-
numeraire good, ie., M > 0 and M∗ > 0, is no longer valid.

9Implicitly, we assume that the level of the exogenous terms of trade is the same as that of the
endogenous one.
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are complements or independent in consumption, then, independently of the existence

of cross-border pollution, the Nash equilibrium tax rate in the country which imports

the non-numeraire good is unambiguously lower when the terms of trade is endogenous

than when it is exogenous. If the country exports the non-numeraire good, then only

in the presence of cross-border pollution the Nash equilibrium tax rate can be lower

with endogenous rather than exogenous terms of trade. Without cross-border pollu-

tion the latter country’s Nash equilibrium emission taxes are unambiguously higher

(ie., sign(BpH
−1Ht∗) > 0) when terms of trade are endogenous compared to when

they are exogenous.

Consider, for example, the case of a developing country which exports agri-

cultural goods and imports industrial goods, the pollutant is an industrial waste, and

industrial goods and clean environment are complements in consumption. In this case,

the optimal Nash tax rate for this developing country will be lower when the terms of

trade is endogenous than when it is exogenous.

5 Concluding Remarks

In the absence of pollution, changes in world prices of traded goods affects welfare by

changing the value of trade. This is the well-known terms-of trade effect. For example,

a decrease in the relative price of the imported good increases welfare by decreasing

the value of imports. In the presence of cross-border pollution, changes in world prices

of goods affects welfare, in addition to the term-of-trade effect, by changing the levels

of pollution and the Nash equilibrium pollution taxes. To address this issue, we build

a two-country, two-good, general equilibrium trade model. The production of one of

the goods in each country generates pollution which is transmitted in both countries

and affects welfare. In response to pollution each country imposes a pollution tax in

a non-cooperative fashion.

The reduction in the world price of the polluting good which is imported by
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the home country – which can be a result of a decrease in trade costs – improves its

welfare by decreasing the cost of imports, but it can also increase welfare by decreas-

ing pollution transmitted from the foreign country. For example, if this decrease in

the price of the polluting good causes Foreign’s Nash equilibrium emission rate to in-

crease, then this indirect effect will strengthen the beneficial effect of a terms-of-trade

improvement. The decrease in the price of the polluting good in fact causes Foreign’s

Nash equilibrium emission rate to increase if, inter alia, the polluting good and clean

environment are complements or independent in consumption and the two countries

are importers of the polluting good. If, however, the country exports the polluting

good, an improvement in its terms of trade may decrease its welfare.

We also find that, independently of the existence of cross-border pollution, if

clean environment and the polluting good are complements or independent in con-

sumption in both countries, the endogeniety of the terms of trade unambiguously

lowers the Nash equilibrium emission tax rates for the country that imports the pol-

luting good, as compared to the case where the terms of trade is exogenous. If the

country exports the polluting good, then only in the presence of cross-border pollution

the Nash equilibrium tax rate can be lower with endogenous rather than exogenous

terms of trade. Without cross-border pollution the country exporting the polluting

good has a Nash equilibrium emission tax unambiguously higher when terms of trade

are endogenous compared to when they are exogenous.
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