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are the directions for multilateral welfare-improving reforms.
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1. Introduction

During the last two decades, debates on the effects of economic growth
on the environment continue to be a clear source of concern, both
to trade economists and to environmental economists, since it di-
rectly links differences in environmental regulation across countries
with trade flows.1

On the one hand, it is clear that the economic growth that
drives trade, either because countries have gradually gained more
market access through ongoing negotiations on preferential and re-
gional trade agreements, or because the global economic and finan-
cial conditions have sometimes been cyclically favourable, serious con-
cerns have arisen regarding the effects of the gradual increase of trade
on the environment. Taylor (2005) and Copeland and Taylor (2004)
claim that in the absence of suitable property rights, or pollution
taxes appropriately designed and applied, second-best policy choices
must be implemented to partially offset direct and indirect effects of
the economic expansion on the environment. These concerns have
strengthened the well-known pollution haven hypothesis, where envi-
ronmental standards and regulations play a key role in the realloca-
tion of polluting industries with poor environmental regulation.

However, making trade responsible for the environmental dam-
age, covers up the impact that economic growth and a lack of ap-
propriate environmental standards and regulations have on the en-
vironment. Generally speaking, three key elements are under con-
sideration: i) economic growth, ii) international trade as a result of
the economic growth, and iii) poor environmental standards and/or
property right regulations. Considering that environmental standards
are not part of the toolbox of every policy maker, papers written on
this topic are framed and constrained to an analysis of second best
choice of analysis.2

This paper aims to explore this trade and environmental link by
considering a perfectly competitive structure where the interaction
between optimal trade and environmental policies for an open econ-
omy are a natural extension of the first and second-best approaches

1 For a review on the pollution haven hypothesis please consult Fullerton

(2006), and for a survey of theoretical results on trade and environment, see

Copeland and Taylor (2003).
2 See Dixit (1984) for a discussion of the type of distortions -market and policy

failures-, that affect production, consumption and international trade activities,

and the use of tariffs to substitute for other unavailable instruments.



MULTILATERAL TRADE AND ENVIRONMENTAL REFORMS 295

followed by Gallegos (2006), and Copeland (1994). Both authors ob-
tain trade and pollution taxes set at their optimal level -as a bench-
mark case-, and further explore some specific cases where policies,
though optimally chosen as well, respond to constraints on the num-
ber of available instruments, resulting in second or even third best
instruments. However, unlike Gallegos (2006) and Copeland (1994),
I extend the analysis to include the terms of trade effect and multi-
lateral reforms to improve the domestic economy’s welfare.3

Next, I consider both trade and environmental reforms, chosen
together towards first best levels, to further explore the terms of trade
effect and the sign of the multilateral externalities on the choice of
optimal policies.

Generally speaking, most studies on trade reforms analyse wel-
fare effects within three broad strategies: unilateral, second best, and
multilateral reforms.4 In the first case, self-imposed trade restrictions
are unilaterally reduced. In the second, policy makers use second-best
policies to minimise the welfare effects caused by some other exter-
nalities or institutional self-imposed-restrictions on the availability of
instruments by partially correcting trade distortions. The third case
involves the multilateral negotiations that have played a central role
in the World Trade Organization (WTO) for the past twenty years.

With this paper, I take up the main concern regarding the expan-
sion of trade and its effect on the environment, and I further explore
this theoretical relationship. In doing so, I follow an approach of a
combined first and second best trade and environmental policies, as-
sessing welfare effects in a domestic polluted open economy. Next, I
consider a multilateral reform towards free trade, blended with the
implementation of an environmental tax, aiming at improving the
domestic economy’s welfare when it is implicitly trading with a sim-
ilar foreign country, and therefore, both endogenously determining
international prices. Unlike Turunen-Red and Woodland (2004), and
Copeland and Taylor (2001), I model the mechanism by which pollu-
tion is generated through the industrial consumption of an intermedi-

3 The “terms of trade effect” is the effect on the price of exports in terms of

imports of a trade tax or subsidy. For instance, an import tariff levied by a large

country, by reducing the demand for imports, causes the prices of those imported

goods to fall on the world market relative to the country’s exports, improving its

terms of trade.
4 For reviews of the theoretical literature on trade reforms, see Hatta (1977),

Copeland (1994), Beghin, Roland-Host, and Mensbrugghe (1997), and Turunen-

Red and Woodland (2001).
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ate pollutant input, in other words, as a by-product of the production
process. Terms of trade effects are key to finding that moving from
optimal trade and pollution taxes to free trade and non-zero pollution
taxes, are the directions for multilateral welfare-improving reforms.

In so doing, I consider a model à la Heckscher-Ohlin where three
productive sectors and four productive factors are considered. Three
of these factors are primary factors of production, i.e., capital, labour
and a third factor assumed as necessary for the production of the in-
termediate input, which is used for the production of two final goods.
This is particularly realistic if one considers that international trade is
mainly driven by intermediate inputs, which may generate production
or consumption externalities depending on the productive processes
and the intensity with which these inputs are used to produce final
goods.

Unlike Turunen-Red and Woodland (2004), where environmen-
tal reforms are undertaken in the presence of international transfers,
in this paper I focus on the way trade and environmental taxes are
gradually adjusted towards their first-best levels instead of consid-
ering second-best arrangements per se, and the likely special case
where the multilateral trade reforms of a subgroup of goods are im-
plemented, with trade reforms being considered as a substitute of the
international transfers.5

With this paper I contribute to the existing literature on the de-
sign of optimal trade and environmental policies in a domestic econ-
omy facing trade and pollution distortions: I examine sufficient wel-
fare improving conditions, in order to propose some directions for
gradual multilateral trade and environmental reforms within a theo-
retical framework consisting of an open economy trading on a non-
numeraire good and an intermediate input.

This paper is organised as follows. Section 2 presents a general
trade equilibrium model with no transboundary pollution. Section 3
obtains the first-best trade and environmental policies for the domes-
tic economy. Here, it is assumed that prices are endogenously deter-
mined and that the domestic country is a net importer of the non-
numeraire and intermediate input,6 while the foreign country is a net
exporter of both products. These assumptions determine the type of

5 Beghin, Roland-Host, and Mensbrugghe (1997) pointed out that output and

consumption taxes, together with pollution taxes, can be a second-best solu-

tion, while trade taxes alone are the third-best solution for dealing with pollution

emissions.
6 The domestic economy has been modelled as a net importer of both the

non-numeraire and the intermediate input, i.e., in the domestic market there is
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trade instruments that policy makers can implement in each country.
Sections 4 to 6 analyse the world welfare function and identify con-
ditions under which trade and environmental reforms improve global
welfare. Section 7 proposes directions for trade and environmental re-
forms finding sufficient welfare-improving conditions. Small equipro-
portional changes are considered in tariffs, export taxes and pollution
taxes, towards a second-best vector. Finally, Section 8 presents some
conclusions and suggests further areas for research.

2. The Model

Following Dixit and Norman (1980), Copeland (1994), and Hatta
(1977), I develop a standard model of a perfectly competitive open
economy facing endogenous world prices. Final goods are produced
with labour, capital and the intermediate input. Naturally, both sec-
tors are modelled using with different intensity the intermediate in-
put, tradable in the international market, as the final goods are.

Pollution is generated as a by-product of the production process.
The first final good is the numeraire, so its price will, as usual, be con-
sidered as p1 = 1. The second final good will be the non-numeraire,
its price p will be the relative price of the non-numeraire good in terms
of the numeraire, and the third product, an intermediate input, will
also have its price q as the relative price of the intermediate input in
terms of the numeraire.

The economy is assumed to be endowed with three primary fac-
tors of production, offered in an inelastic, non-tradeable manner in
international markets. The economy has three subsectors, each pro-
ducing a single product. Sectors one and two produce the numeraire
and non-numeraire, with two primary factors, and the intermediate
input, which is produced by a third sector, using the complete set of
primary production factors. The two final goods and the intermediate
input are produced with a constant-returns to scale technology.

To keep things simple, I have assumed that although pollution
harms consumers, it does not affect productivity in neighbouring
firms. Similarly, the possibility of transboundary pollution is not
considered, nor is any pollution created through consumption activi-
ties taken into account.7 The open economy has trade and pollution

an excess of demand for both the non-numeraire and the intermediate input.
7 In general, pollution is generated as a by-product of the production process

and unlike most of the literature, in this paper I assume that pollution continues to
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taxes: t for the non-numeraire and τ for the intermediate, as trade
instruments, and ρ for pollution tax.8

To characterise the production side of the domestic economy, I
use the gross GDP or revenue function:

R (1, p + t, q + τ + ρ, V ) (1)

= max
{g,gF}

{
(p + t) g + (q + τ + ρ) gF |

(
g, gF , V

)
∈ T

}

where p and q are the international prices for the non-numeraire and
the intermediate input, while g and gF are the gross supply of the non-
numeraire and the intermediate input (F stands for the intermediate
input for the rest of the paper), V is the aggregate vector of net
inputs, x the vector of total net outputs of goods while T stands for
convex technology.9

Hotelling’s Lemma allows us to obtain: Rp = g, being the gross
supply of the non-numeraire product; Rq = gF the gross supply of
the intermediate input; RV 0w the vector of primary factor prices, and
RF = q + ρ + τ the industrial consumer’s price of the intermediate
input.

Since the revenue function is convex in prices, output supplies are
upward-sloping, so: Rpp ≥ 0 and Rqq ≥ 0. On the other hand, the
sign of the intermediate input cross price effect on the non-numeraire
good’s supply is Rpq ≤ 0, whether the non-numeraire good intensively
uses the intermediate input (Rpq < 0), or not (Rpq = 0).

Being concave in the factor market prices, the second derivatives
of the revenue function are: RV V ≤ 0 and ∂RF/∂F = RFF ≤ 0,

be produced through the use of an intermediate input. This theoretical departure

seems to be more realistic in the sense that potentially every final good can be

thought of as an intermediate input while its industrial consumption may generate

any kind of pollution.
8 Unlike Copeland (1994), where the model explicitly incorporates a vector

of pollutants generated by the production process, this model does not have a

function that relates the amount of product to the amount of pollution generated.

Instead it is assumed to be produced by the use (industrial consumption) of the

intermediate input, but not accounted for as such.
9 The revenue function is convex in prices and concave in factor endowments,

and linearly homogeneous in each set of parameters. To see further details of the

specification, refer to Dixit and Norman (1980).
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in other words, the inverse demands for all factors are downward-
sloping.10 Conversely, the Rybczynski coefficients are: RpV = RV p,
and RpF = RFp

>
< 0, depending on whether the non-numeraire good

uses the intermediate input intensively (RpF > 0), or not (RpF < 0).
The demand side is modelled using the dual of the indirect utility

function. The expenditure function now includes the amount of the
intermediate input used by the non-numeraire sector. This emerges
from the following maximisation program:

E (1, p + t, U, F) = min
{c}

{(p + t) c : U ≥ U0, c ≥ 0} (2)

where F is the amount of the intermediate input used in the pro-
duction of final goods as mentioned above. The utility function is
additively separable into goods and the intermediate input, which
means that U (c, F ) = ϕ (c) + φ (F ).11 Since pollution adversely af-

fects consumers’ utility, we have φ
′

(F ) < 0. From the consumer’s
perspective, the consumption of the numeraire and the non-numeraire
goods is totally independent of the intermediate input’s industrial de-
mand. Moreover, consumers do not choose to consume final goods on
the basis of the amount of intermediate inputs needed. Besides, in
the utility function, consumption of goods is a choice variable for
the consumer, but pollution is generated through the industrial con-
sumption of the intermediate input, which means that F is not con-
trolled by the representative consumer. Therefore, equivalently, con-
sumer preferences may be represented by the expenditure function
E (1, p + t, U, F ), which is concave in p, and increasing in U and F .
An increase in the level of F is assumed to harm consumers, so that
the minimum cost of attaining a given utility level increases with F .

The application of the envelope theorem (Shephard’s lemma)
leads to the following: Ep, the Hicksian demand function for the
non-numeraire final good; EU , the reciprocal of the marginal util-
ity of income; and EF , the marginal damage caused by the use of

10 This is due to the concavity of the revenue function, and tells us how the

producer’s price of the intermediate input changes when the supply of intermediate

input changes.
11 Additive separability is simply assumed to be a cardinal property that is

preserved under linear transformations of the utility function. There is no loss of

generalization in the argument, though.
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the intermediate input. Moreover, due to the concavity of the ex-
penditure function on p, the second derivatives of the expenditure
function are Epp ≤ 0, which is the slope of the compensated demand
function. Likewise, EpU > 0 with the prices given is the increase in
utility leading to an increase in the level of consumption. Further-
more, EpF ≥ 0 so that the increase in the level of pollution affects the
compensated demand for final goods: if compensation comes from the
non-numeraire good, EpF > 0, if it comes from the numeraire good,
EpF = 0 .

3. Equilibrium

Equilibrium can be characterised by the following set of equations:

E (1, p + t, U, F) = R (1, p + t, q + τ, F) (3)

−RF F + tm + τmF + ρF

E∗ (1, p + t∗, U∗, F ∗) = R (1, p + t∗, q + τ∗, F ∗) (4)

−R∗
F F ∗ + t∗m∗ + τ∗mF∗ + ρ∗F ∗

m + m∗ = 0 (5)

mF + mF∗ = 0 (6)

where RF = q + ρ + τ is the price faced by the industrial consumers
of the intermediate input in the home country, R∗

F = q + ρ∗ + τ∗

corresponds to the price faced by the industrial consumers of the
intermediate input in the foreign country, ρ and ρ∗ are the pollution
taxes in both countries and t, t∗, τ , and τ∗ are trade taxes on the
non-numeraire and intermediate input respectively.

In equilibrium, in order to achieve utility level U in the home
country or U∗ in the foreign country, the expenditure of the repre-
sentative consumer must be equal to the total income represented by
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the net revenue from production plus the tax revenue, broken down
into the trade tax revenue and the pollution emissions revenue. On
the other hand, m = Ep − Rp, and mF = F − Rq are the imports of
the non-numeraire good and the intermediate input respectively, and
likewise for the foreign country. In addition, it is assumed that the
tax revenue is rebated to the representative consumer in a lump-sum
fashion.

4. Optimal trade and environmental policies: first best

Defining the trade expenditure function as the difference between
expenditure and the net revenue function for the domestic and foreign
countries, where j = 1, 2 stands for domestic and foreign countries
respectively:

Sj
(
p + tj , U j, F j

)
= Ej

(
p + tj , U j, F j

)
(7)

−
[

Rj
(
p + tj , V j , F j

)
− Rj

F F j
]

The equilibrium of the model can be characterised by the follow-
ing conditions:

Sj
(
p + tj , U j, F j

)
= ρjF j + tjmj (8)

∑

j
Sj

p

(
p + tj , U j , V j , F j

)
= 0 (9)

where: p =





1
p
q



 is the 3×1 vector of international prices, tj =





0
tj

τ j





the 3 × 1 vector of trade taxes, mj =





0
mj

mFj



 the 3 × 1 vector of

imports, ρj the pollution tax (scalar), and F j the amount of inter-
mediate input consumed by each country.
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In accordance with Walras’ law, I will only consider the markets
of the non-numeraire final good and intermediate input when totally
differentiating eq. (7) for the domestic country.

Then, we obtain:

Sj
UdU j

(
1 − tjCj

y

)
= Φdtj + Ψdρj (10)

Since equation (10) measures the domestic welfare change in
terms of the trade instruments and the pollution tax, we obtain the
first-best policies performing:12

∂U
∂t

= 0 = ∂U
∂ρ

→

ρopt = EF (11)

topt = − m

{E∗

pp−R∗

pp−α∗R∗

F p(E∗

pF
−R∗

pF )+mC∗

y +α∗C∗

y R∗

F p
E∗

F}
(12)

and

τopt = −
mF

R∗
qq − α∗

(

1 − R∗
qF

) (

1 − R∗
Fq

) (13)

In other words, the optimal trade and environmental policies are
the reciprocal of the elasticity of the foreign country’s offer curve, and
the Pigouvian tax.13

5. Trade and environmental reforms

After each country has optimally determined its trade and environ-
mental policies, the next step is to identify the sign of the multilat-
eral externalities affecting the domestic country. In order to do so, I

12 Note that from eq. (10) the welfare equations of both domestic and foreign

countries depend on the policy instruments of their counterpart. Coefficients Φ
and Ψ are explicit in the Appendix.

13 Where,

dm∗/dp={Epp∗−Rpp∗−α∗RF p∗(EpF∗−RpF∗)+Cy∗ [α∗RF p∗EF∗−m∗]} and

dmF∗/dq={α∗(1−RpF∗)(1−RF q∗)−Rqq∗} allows us to express such optimal trade

taxes as: topt/p=1/(dm∗p/m∗dp)=1/ε∗ and τopt/q=1/(dmF∗q/mF∗dq)=1/ε∗
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substitute the optimal trade and environmental policies found in the
home country in its own welfare equation.14

Therefore, it is only the change in domestic welfare that depends
on the optimal trade and environmental policies of the foreign coun-
try,15 which are known as multilateral externalities, in other words,

SUdU (1 − tCy) = A1dt∗ + A2dρ∗ (14)

A similar procedure is performed to obtain the foreign country’s
welfare equation, which in this model depends solely on the same two
instruments in the home country.

6. Welfare-improving conditions

6.1. Home country

Equation (14) measures the welfare of the home country in terms of
changes in the instruments of the foreign country. As already men-
tioned, I assume that the home country is a net importer of both

14 Because they were obtained from the first order conditions, it should be clear

that once they are substituted into the welfare equation of the home country, the

change in welfare will only be equal to the changes in the trade and tax policies

of the foreign country. Then, I will be able to sign the coefficients arising from

the taxes applied by the foreign country, which premultiply the changes in trade

and pollution taxes.
15 If we had assumed no production externalities in this model, we would have

the following expression:

SU dU(1−tCy)=−(Sppt−Sp)

(
S∗

pp

Ω(1−t∗C∗

y)

)

dt∗

which is the well-known expression of the simplest of the models where both
countries just have a trade tax on the non-numeraire good. In general,

EU dU(1−tCy)=−(t(Epp−Rpp)−m)

(
E∗

pp−R∗

pp

Ω(1−t∗C∗

y)

)

dt∗
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the non-numeraire and the intermediate input, intermediate input-
intensive in the non-numeraire good’s sector, and that compensation
to consumers comes from the numeraire good.16 In terms of optimiza-
tion of welfare, these assumptions imply that both trade instruments
are import tariffs for the home country.17

I also assume that in the foreign country the non-numeraire sec-
tor is intermediate input-intensive and that it is a net exporter of both
the non-numeraire good and intermediate input, and that compensa-
tion to consumers is coming from the numeraire good.18 Assuming
that welfare is optimized, these assumptions imply trade instruments
that both are export taxes for the foreign country.19

Looking at equation (7), we can observe that if the expenditure
and revenue functions E(•) and R(•) are twice differentiable, S(•) =
E(•)− R(•) must be negative semidefinite.20

16 These assumptions can be clearly summarised as follows: i) m>0 and mF >0,

ii) RpF >0, iii) EpF =0, ii) and iii) ⇒(EpF −RpF )<0, iv) mF >0⇒RF q<1⇒(1−RF q) >

0, and v) −Rqp>0.
17 In other words:

topt=− m

{E∗

pp−R∗

pp−α∗R∗

F p(E∗

pF
−R∗

pF )+mC∗

y+α∗C∗

y R∗

F p
E∗

F}

and

τopt=− mF

R∗

qq−α∗(1−R∗

qF )(1−R∗

F q)

18 These assumptions can be clearly summarised as follows: a) RpF >0, b)

EpF∗>0, a) and b) ⇒(EpF∗−RpF∗)<0, c) RqF∗>1⇒(1−RqF∗)<0⇒mF ∗<0, d)

m∗<0, e) S∗

qp=−Rqp∗>0.
19 In other words:

topt∗=− m∗

{Epp−Rpp−αRFp(EpF −RpF)−mCy+αCyRF pEF}
<0

and

τopt∗= mF∗

Rqq−α(1−RqF )(1−RF q)

20 Since the expenditure function is concave and the revenue function is convex

in prices, the matrix of the second order partial derivatives of own and cross price

responses S(•) must be negative semidefinite as well.
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Thus, a necessary welfare-improving condition is that the matrix
(
Spp + δSpF

T
)

be negative semidefinite. To that end, the matrix of
indirect effects on production and consumption of both commodities
in the home country, δSpF

T , must also be negative semidefinite.21

Therefore, provided this condition holds, the coefficient A1 is positive:

A1 = −
〈(

Spp + δST
pF

)
t − Sp

〉T

︸ ︷︷ ︸

(−)

〈

S∗
pp + δ∗ST∗

pF

Ω
(
1 − t∗C∗

y

)

〉

> 0

︸ ︷︷ ︸

(+)

and the coefficient A2 is negative:

A2 = −
〈(

Spp + δST
pF

)
t − Sp

〉T

︸ ︷︷ ︸

(−)

〈

α∗S∗
pF

Ω
(
1 − t∗C∗

y

)

〉

︸ ︷︷ ︸

(+)

< 0

6.2. Foreign country

Except that because the foreign country is a net exporter of the non-
numeraire and the intermediate input, the symmetry in the structure
of the trade balance equation shows an almost identical welfare equa-
tion corresponding to the foreign country:

S∗
UdU∗

(
1− t∗C∗

y

)
= A∗

1dt + A∗
2dρ (15)

Equation (15) allows us to establish that the sources of change in
foreign welfare depend on changes in the three instruments available

21
δST

pF =

(
−αjRj

F p

αj(1−Rj

F q)

)

(SpF SqF )=





−αjRj

F p
SpF −αjRj

F p
SqF

αj(1−R
j

F q)SpF αj(1−R
j

F q)SqF





A symmetric matrix is negative definite if and only if its n leading prin-

cipal minors alternate in sign as follows: |A1|<0,|A2|>0,|A3|<0, etc. To deter-

mine the negative semidefiniteness of the matrix, let us consider the sign of the

first principal minor: −αRF pSpF <0, provided RF p>0 and EpF =0. Now, the

sign of the second principal minor is given by the determinant of the matrix it-

self, so: |δSpF
T |=−αRF pSpF α(1−RF q)SqF +αRF pSqF α(1−RF q)SpF =0, provided

SqF =(1−RF q)>0, the negativity in the first minor and the non-negativity in the

second minor confirms that the matrix is negative semidefinite.
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to the home country, namely trade taxes and the pollution tax multi-
plied by the direct and indirect effects on consumption and production
of the non-numeraire and intermediate inputs in both countries.

Thus, provided that the vector of exports S∗
p < 0, the optimal

trade instruments in the foreign country are export taxes, as we al-
ready knew.22

In the foreign country, welfare-improving conditions depend on
the definiteness of the matrix of indirect effects on production and
consumption δ∗SpF

T∗, which is negative semidefinite due to the as-
sumptions previously made. Therefore, for the foreign country coef-
ficients |A∗

1| and |A∗
2| have the following sign:

A∗
1 = −

〈(
S∗

pp + δ∗ST∗
pF

)
t∗ − S∗

p

〉T

︸ ︷︷ ︸

(−)

〈

Spp + δST
pF

Ω (1− tCy)

〉

︸ ︷︷ ︸

(+)

< 0

A∗
2 = −

〈(
S∗

pp + δ∗ST∗
pF

)
t∗ − S∗

p

〉T

︸ ︷︷ ︸

(+)

〈
αSpF

Ω (1− tCy)

〉

︸ ︷︷ ︸

(−)

> 0

7. Global welfare and multilateral reforms

If we add the welfare equations from both countries, we obtain an
expression that shows directions for trade and environmental reforms
that will not decrease global welfare. Thus, global welfare depends on
the changes in trade and pollution taxes for both countries together.

SUdU (1 − tCy) + S∗
UdU∗

(
1 − t∗C∗

y

)
(16)

= A1
︸︷︷︸

(+)

dt∗ + A2
︸︷︷︸

(−)

dρ∗ + A∗
1

︸︷︷︸

(−)

dt + A∗
2

︸︷︷︸

(+)

dρ

22 The sign of the tax or a subsidy is given by the product of the instrument

times the vector of imports or exports. For instance, if m>0 and t>0⇒tm>0,

then we have an import tariff. If m<0 and t>0⇒tm>0, then we have a subsidy

on imports. Lastly, if t<0 and m<0⇒tm>0, then we have a tax on exports.
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Provided the negative semidefiniteness (necessary) conditions on

δ∗SpF
T∗ and δSpF

T hold, this expression shows that global welfare
will improve if the import tariffs applied in the home country decrease
and the export taxes applied in the foreign country increase.23 Re-
garding the directions of the environmental reform, an increase in the
pollution tax levied by the home country and a decrease in the pol-
lution tax levied by the foreign country, will further improve global
welfare, according to the assumptions made.

From the point of view of the domestic country, an increase in
foreign export taxes will improve the home country’s welfare via the
terms of trade effect.24 When export taxes increase, the direct ef-
fect will gradually drive foreign prices up closer to their free trade
level. As a result, the supply (demand) for both commodities will
increase (decrease), exports will also increase, driving down interna-
tional prices, and then improving domestic country’s terms of trade.
The home country will not be worse off.25

With respect to the foreign country, a decrease in import tariffs
will also improve the foreign country’s welfare through the terms of
trade effect. The direct effect of a decrease in home country’s import
tariffs is that the demand (supply) for both the non-numeraire good
and intermediate input will increase (decrease). Since the domestic
country is large, an increase in demand will drive up international
prices, improving the foreign country’s terms of trade. The direct
effect of tariff reduction on domestic production will be a decrease

23 According to Beghin, Roland-Host, and Mensbrugghe (1997), among others,

global welfare will improve if import tariffs decrease for those taxed sectors in

the importing countries, and export taxes increase in the exporting countries,

for the same goods. This is precisely one of the theoretical arguments behind

the multilateral negotiations that have taken place in the multilateral economic

system.
24 Note that an export tax is a negative number, i.e., t<0, so, by increasing the

export tax I intend to bring it closer to the international price at its free trade

level.
25 The direction in the terms of trade effect once a reform is taking place,

whether the country in question is a net importer or exporter, will drive the pol-

lution tax in the same direction as international prices. In other words, if the

country is an exporter, with export taxes in place, then the direction of trade

reform will decrease the export price (terms of trade effect) and therefore, its pol-

lution tax should also decrease. To the net importer country, trade liberalisation

will improve the price of exports over that of imports (terms of trade effect), and

therefore, its pollution tax should increase.
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in the supply of both commodities. The indirect effect will be a
decrease in the use of intermediate input as a result of the fall in
the domestic supply of both commodities. Consequently, the foreign
country’s welfare will improve and it will be better off.

The direct effect of decreasing the foreign pollution tax will be a
reduction in the price that the industrial consumers pays for the inter-
mediate input (RF∗ = q + ρ∗ + τ∗), to produce the non-numeraire fi-
nal good.26 As a result, intermediate input will have a lower price (for
foreign industrial consumers), foreign demand for intermediate input
will increase and the supply of the non-numeraire good will increase.
However, the international price for the non-numeraire will also de-
crease as a result of the increased export tax of the non-numeraire
good in the foreign country. Eventually, that will contract industrial
demand for intermediate input, reducing the production externality.
Consequently, a lower pollution tax will be levied.

The price that the producer pays for the intermediate input
(RF∗ = q + ρ∗ + τ∗) will increase as a result of the increase in the
export tax τ∗, therefore increasing the foreign supply of the interme-
diate input, lowering its international price and, eventually, improving
the home country’s welfare.

The resulting increase in domestic pollution tax will directly in-
crease the price that the domestic producer pays for the intermediate
input (RF = q + ρ + τ), and will subsequently increase the demand
for the imported intermediate input. As a result, this increase in de-
mand will improve the foreign country’s terms of trade effect.27 The
foreign country will be better off.

26 On the other hand, increasing export taxes results in a higher price for in-

dustrial consumers of intermediate input in the foreign country. As a result, a

higher industrial price will discourage industrial consumption of the pollutant in-

put. Specifically, reductions in the pollution tax will induce a lower industrial

price to the non-numeraire sector, which draws productive resources to increase

production of the non-numeraire exportable good. The international price, how-

ever, would also fall, thereby improving the terms of trade to the import (home)

country.
27 At the same time, an increase in domestic pollution tax will increase the

domestic industrial consumer’s price of intermediate input (RF =q+ρ+τ), discour-

aging its domestic consumption as a substitute for the imported intermediate

input, which will have a lower price as a consequence of the decrease in foreign

pollution tax ρ∗. Therefore, the increase in the domestic demand for imported

intermediate input will increase its international price and therefore improve the

foreign country’s terms of trade.
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In the end, the direct and indirect effects on the home country’s
terms of trade as increasing foreign export taxes and decreasing the
pollution tax, will improve the home country’s welfare. Similarly, for
the foreign country, reductions in import tariffs plus a higher pollution
tax will improve the foreign country’s terms of trade.

7.1. Tariff reform without pollution reform

I am now in a position to give a condition where a small equipropor-
tionate reduction in protection of the home and foreign countries can
improve welfare when pollution taxes are exogenous. In this case, the
global welfare equation becomes:

SUdU (1 − tCy) + S∗
UdU∗

(
1− t∗C∗

y

)
= A1

︸︷︷︸

(+)

dt∗ + A∗
1

︸︷︷︸

(−)

dt (17)

I propose two sufficient conditions to improve global welfare with
tariff reforms performed at the same time by both home and foreign
countries.28

PROPOSITION 1 Assume stability in both countries, i.e., 1 − tCy > 0
and 1− t∗Cy∗ > 0. Assume that the only trade distortions are export
taxes in the foreign country, and import tariffs in the home country.
Assume that in the home and foreign countries the non-numeraire
sector is intermediate input-intensive. Thus, a small equiproportion-
ate reduction in trade taxes will reduce neither the domestic nor the
foreign country’s welfare.

PROOF: Let dt/t = −dσ and, dt∗/t∗ = −dκ with dσ, dκ > 0. Equation
(17) can be written as:

SUdU (1 − tCy) + S∗
UdU∗

(
1 − t∗C∗

y

)
= A1

︸︷︷︸

(+)

t∗dk + A∗
1

︸︷︷︸

(−)

tdσ ≥ 0

Our instruments are t∗ < 0 and t∗ > 0. So, provided the matrices of
indirect effects on production and consumption to the home country
δSpF

T and δ∗SpF
T∗ to the foreign country are negative semidefinite,

I have the result.

28 Welfare results from propositions 1 and 2 are related to the bilateral reduc-

tion in tariffs and its effect on welfare proposed in a reciprocal model of dumping

and bilateral trade by Burguet and Sempere (2003).
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The intuition behind this result is that import taxes reallocate
productive resources to the non-numeraire and intermediate protected
sectors at the expense of the rest of the domestic economy. If the non-
numeraire sector is intermediate input-intensive, the small reduction
in tariffs will cause the sector to contract, indirectly reducing demand
for the pollutant intermediate input, as well as pollution effects. This
will lessen the trade distortion and will have a positive spillover effect
on the environment, as well as improving welfare. On the other hand,
a small increase in export taxes will expand the contracted sectors,
which will diminish the trade distortion. However, the non-numeraire
sector is intermediate input-intensive as well, and thus the expanded
non-numeraire sector will demand more pollutant intermediate in-
put, therefore increasing pollution in the foreign country. Although
the global welfare effect derived from the spillover effects appears to
be ambiguous, welfare improvements due to reductions in trade dis-
tortions will not reduce global welfare. With optimal (exogenous)
pollution taxes applied in both economies, global welfare will unam-
biguously be better.

If instead of intermediate input-intensive non-numeraire sectors,
the protected sectors were not pollution intensive, a small reduction
in trade taxes could encourage the numeraire sector to demand more
pollutant input, so that with suboptimal pollution taxes, the spillover
effects of lessening trade distortions would have an ambiguous effect
on global welfare. To find a sufficient welfare-improvement rule, con-
sider a uniform movement toward a second-best vector.

PROPOSITION 2 Assume stability in both countries, i.e., 1 − tCy > 0

and 1 − t∗Cy∗ > 0. Let µ (t) =
(
Spp + δSpF

T
)−1

Sp and µ∗ (t∗) =
(
Spp

∗ + δ∗SpF
T∗

)−1
Sp

∗ , be the second-best tariff vectors. Thus, a
small equiproportionate movement of trade taxes toward the vector
µ (t) and µ∗ (t∗) will not reduce welfare.

PROOF: Let dt = [t − µ (t)] dλ, and, dt = [t∗ − µ∗ (t∗)] dλ, where dλ >
0. Equation (17) can be reexpressed as:

SUdU (1 − tCy) + S∗
UdU∗

(
1 − t∗C∗

y

)
=

−[t − µ (t)]
T (

Spp + δST
pF

)

︸ ︷︷ ︸

(−)

〈

S∗
pp + δ∗ST∗

pF

Ω
(
1 − t∗C∗

y

)

〉

︸ ︷︷ ︸

(+)

[t − µ (t)] dλ
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−[t∗ − µ (t∗)]
T (

S∗
pp + δST∗

pF

)

︸ ︷︷ ︸

(−)

〈

Spp + δ∗ST∗
pF

Ω
(
1 − t∗C∗

y

)

〉

︸ ︷︷ ︸

(+)

[t∗ − µ∗ (t∗)] dλ

≥ 0

Provided the matrices of indirect effects on production and consump-
tion to the home country δSpF

T and δ∗SpF
T∗ to the foreign country

are negative semidefinite, I have the result.

7.2. Environmental reform without tariff reform

I now consider a global environmental reform with exogenous trade
taxes. In this a case, the global welfare eq. (16) becomes:

SUdU (1 − tCy) + S∗
UdU

(
1 − t∗C∗

y

)
= A2

︸︷︷︸

(−)

dρ∗ + A∗
2

︸︷︷︸

(+)

dρ (18)

The simplest mean of proposing an environmental reform would
be a proportional reduction in the foreign pollution tax and an in-
crease in the home pollution tax.

PROPOSITION 3 Assume Walrasian stability in both countries, i.e.,
1 − tCy > 0 and t∗Cy∗ > 0. The only trade distortions are export
taxes in the foreign country. Suppose that in the home and foreign
countries the non-numeraire sector is intermediate input-intensive
and protected by import and export tariffs, respectively. A small pro-
portionate increase in the pollution tax of the home country combined
with a small proportionate decrease in the pollution tax of the for-
eign country will therefore neither reduce the home nor the foreign
country’s welfare.

PROOF: Let dρ∗ = −ρ∗dγ and dρ = ρdγ, where dγ > 0. Equation
(18) may be reexpressed as follows:

SUdU (1− tCy) + S∗
UdU∗

(
1 − t∗C∗

y

)
= A2

︸︷︷︸

(−)

ρ∗dγ + A∗
2

︸︷︷︸

(+)

ρdγ ≥ 0

Since the matrices of the indirect effects of the demand for intermedi-
ate input on the production of the non-numeraire in the home country
δSpF

T and the foreign country δ∗SpF
T∗ are negative semidefinite, I

have the result.
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The intuition for this result is that in the presence of trade dis-
tortions (exogenous), a reduction in the pollution tax in the foreign
country would make the intermediate input less expensive. Since it is
an input for the production of the non-numeraire good, the amount
of the non-numeraire good produced in the foreign country would in-
crease as a result, and subsequently causing its international price
to fall, improving the home country’s terms of trade by displacing
intermediate input-intensive domestic production, leaving the home
country better off.

On the other hand, an increase in pollution tax in the home
country would make the intermediate input costlier for the domestic
production of the non-numeraire good. That sector will contract, so
the demand for the domestically produced intermediate input would
decline, increasing the demand for the foreign intermediate input. As
a result, the international price of intermediate input will rise, im-
proving the foreign country’s terms of trade, and therefore and leav-
ing the foreign country better off. Therefore, simultaneous changes
in the policy instruments made by home and foreign countries would
not reduce global welfare.

However, there are spillover effects on production. Whether these
effects are positive or negative depends on the volume of production
of each sector. If the non-numeraire sector in the home country is
highly protected and the amount of production too high, an increase
in pollution tax partially offsets the effects of the trade distortion
on pollution. Likewise, if export taxes are too high in the foreign
country, a reduction in pollution tax would partially correct the trade
distortion. The contracted sector will not create too much pollution,
therefore, the spillover effect of the environmental reform would be
positive.

8. Conclusions

I have found that the optimal environmental and trade policies for
both domestic and foreign countries are in the first best case, the
Pigouvian tax, and the reciprocal of the elasticities of the foreign
offer curves for the non-numeraire final good and intermediate in-
put, i.e., ρ = EF , and the percentage import tariffs (for both coun-
tries) topt/p = 1/ε∗ and τopt/q = 1/ε∗, provided the domestic (for-
eign) country is a net importer (exporter) of both goods, i.e., m >
0 (m∗ < 0), mF > 0

(
mF∗ < 0

)
. The imposed symmetry for the for-

eign country allows us to obtain export taxes rather than import
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tariffs, provided the foreign country is a net exporter of both com-
modities, using the same instruments.

When determining optimal policies, it is clear that externalities
must be taken into account when proposing trade and environmen-
tal reforms in a global context. Those additional externalities are
called multilateral because they are generated through international
trade and affect the welfare of both the home and the foreign country
through terms of trade. Therefore, from a real perspective, policy-
makers must consider a number of circumstances before designing
optimal policies. One of them involves the intensity with which final
goods are produced. In this particular matter, whether second or
first-best cases, the production externality must be offset by a pol-
lution tax equal to the marginal damage in the first best cases, and
must consider the indirect effects on production and consumption, in
the second-best cases. Secondly, regarding pollution intensity, trade
taxes produce spillover effects which may exacerbate production ex-
ternalities. It is easy to prove that there are second best trade taxes
that take into account production externalities when a suboptimal
pollution tax is in place. In those cases, trade policies can turn into
trade subsidies when commodities are pollution-intensive or can in-
volve trade taxes when commodities, still being intensive on pollutant
inputs, have a pollution tax close to marginal damage.

However, when the interaction between foreign and home coun-
tries endogenously determines international prices, first-best policies
optimally tackle all potential externalities: trade and production ex-
ternalities. When this is the case, if countries engage in welfare im-
provement reforms at the same time, each country’s welfare depends
on the actions taken by the trading partner. Effects are transmitted
via prices through the terms of trade effect. In practice, policy makers
should take this into account when after trade openness, countries en-
gage in multilateral trade and environmental reforms, if the countries
in question have an influence on determining international prices.
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Appendix

Totally differentiating equation (7) allows us to obtain equation (10):

Sj

U
dUj(1−tjCj

y)=Φdtj+Ψdρj (10)

where:

Φ=〈(ρj−Sj

F
)δj+(Sj

pp+δjSj

pF
)T tj〉T

−〈(ρj−Sj

F
)δj−Sj

p+(Sj
pp+δjSj

pF
)T tj〉T

×Ω−1
∑

j

〈

(Sj
pp+δjSj

pF
)+

C
j
y

(1−tjC
j
y)

[(ρj−Sj

F
)δj+(Sj

pp+δjSj

pF
)T tj ]

〉

and

Ψ=αj((ρj−Sj

F )+tjT Sj

pF )−
〈
(ρj−Sj

F )δj−Sj
p+(Sj

pp+δjSj

pF )T
tj

〉T

×Ω−1
∑

j

〈

αjS
j

pF
+

C
j
y

(1−tjC
j
y)

αj[(ρj−S
j

F )+tjT S
j

pF ]

〉
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