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Abstract

This paper studies the consequences of a private or depletable externality on free trade

agreements in a general equilibrium framework. It is shown that there always exists a

stable system of free trade spaces in the world economy. This stable system can result

in either non-cooperation, partial cooperation, or total cooperation among countries of

different types. The non-cooperation system is Pareto dominated by any other cooperat-

ing system. By enforcing a tax policy, a GATT arbitrator is able to implement Pareto

superior stable systems in which countries of different type are cooperating.

Externalités et accords de libre-échange:

Dans un modèle d’équilibre général, nous analysons les conséquences d’une externalité

privée sur les accords de libre-échange. Nous démontrons qu’il existe toujours un système

stable d’espaces de libre-échange dans l’économie mondiale, et que tout système stable

resulte soit en la non-coopération, soit en la coopération partielle, ou en la coopération to-

tale entre pays de types différents. Il est à noter que le système stable de non-coopération

est Pareto-dominé par les autres systèmes. Néanmoins, en introduisant une taxe, un mé-

diateur du GATT est à même d’implémenter les systèmes stables Pareto-supérieurs où des

pays de types différents coopèrent.

Keywords: general equilibrium, depletable externalities, free trade, stability, coalition

formation.

JEL number : D51: Exchange and Production Economies, D62: Externalities, and C62:

Existence and Stability Conditions of Equilibrium.



1 Introduction

A free trade agreement between developed and developing countries may involve not only

movements of production factors or consumption goods, but also may involve transfers of

negative externalities. Low and Yeats (1992) found that between 1965 and 1988 the 4.5

percent of dirty industries moved from industrial to non-industrial countries, mainly from

North to South America, thanks to capital movements between these two areas under the

form of foreign direct investment1.

One class of negative externalities are private or depletable externalities. Baumol and

Oates (1988) defined a private or depletable externality (acid rain, trash dumped on private

properties, etc) as the one in which one victim’s consumption of the externality reduces

that of others. The kind of externality we have in mind is, for example, the depletable

waste (like trash) emitted by the factories located in each country that is supported by

the inhabitants of the emitting country without affecting other countries.

Up to now, the question of whether the traditional gains from trade are suffi cient to

offset the loss of environmental quality has not been addressed in the literature on inter-

national economic integration. Using a cooperative game-theoretic approach we study, in

terms of welfare considerations, the impact of such depletable externalities on the forma-

tion and stability of free trade agreements in a general equilibrium framework.

We consider a world economy formed by two types of countries having the same welfare

function, the same endowment of labor but having different endowment of capital2. The

technology, available to any coalition of countries, transforms capital and labor into a single

consumption good. It is assumed that the production in a country generates a negative

externality on the welfare of that country but not on the welfare of other countries. The

greater the capital endowment of a country the greater its production and its consumption

level, but also the greater the negative externality it has to suffer.

The classical consequence of free mobility of factors and good is the equalization of

factor and good prices and the increase in the world production [see e.g. Krugman and

Obstfeld (1991)]. Apart from this classical effect, free mobility of factors allows countries

to transfer part of their production as well as part of their negative externality to other

countries. The welfare function of any country depends positively on its consumption level

and negatively on its production level. Therefore, countries with relatively high capital

1Moreover, Lucas et al. (1992) found that the fall in the pollution intensity of national product in many

developed countries is due to a change in the composition of output and not a movement toward cleaner

production methods.
2Dagan and Volij (1997) have used a similar general equilibrium model to study the effects of a re-

distributive policies on the formation of nations in an economy where people have preferences for income

redistribution.

1



endowment reduce their negative external effect by transferring part of their resources to

countries with relatively low capital endowment. At the same time they benefit from a

greater consumption level due to the increase in the world production. On the contrary,

free mobility of factors has an ambiguous effect on the welfare of countries with relatively

low capital endowment. For example, they are worse off if the increase of their negative

external effect dominates the increase of the positive effect due to higher consumption

levels. Therefore, countries with relatively low capital endowment could prefer not coop-

erating with countries with relatively high capital endowment in the presence of depletable

externalities, while they would be interested in cooperating in the absence of depletable

external effects.

Hence, in the absence of depletable externalities, the cooperation among all the coun-

tries or total cooperation is Pareto superior to partial or non-cooperation in world welfare

terms. That is, in the absence of externalities, our model confirm the classical assertion

of international trade theory3. Is total cooperation still Pareto effi cient once depletable

external effects are present?

To answer this question we derive the equilibrium welfare that each country obtains

when it participates in a free trade space with countries of different type, and we study

the stability of these cooperation agreements. The definition of stability we use is the

following one. A partition of the world economy into free trade spaces is stable if no group

of countries would be better off by forming a new free trade space.

The choice of the core to describe the stable coalition structure is justified, as in

Kowalczyk and Sjostrom (1994), thanks to the absence of strategic externalities between

coalitions. Kowalczyk and Sjostrom (1994) used a many-country model of world trade to

investigate the existence and character of a global financial mechanism that, in conjunction

with the elimination of all distortionary trade practices, brings global free trade into the

core4.

In our model, the absence of strategic externalities between coalitions is due to the

definition of a free trade space. As in Levy (1997), a free trade space consists of two

or more countries setting tariffs between them to zero and a prohibitive common tariff

to the rest of the world so as to induce autarchy for each space5. Hence, the welfare of

3Under competitive conditions, free trade between different types of countries is Pareto superior to

autarky under some redistributive measures [See Dixit and Norman (1980)].
4Other related papers have considered the notion of the core. Riezman (1985) in a three-country,

three-good pure exchange model without inter-country tranfers found distributions of initial endowments

for which the multilateral free trade agreement is not in the core, while a customs union is in the core.

Macho-Stadler et al. (1998) have analysed multilateral tariff negotiations among three countries as a game

in coalition form.
5Levy (1997), assuming that tariffs are either zero or prohibitive, has shown that bilateral free trade
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each country participating in a free trade space does not depend on the coalition structure

formed. The lack of external tariffs different than the prohibitive one, allows us to focus

on the choice of free trade spaces and to avoid the diffi cult question of how external tariffs

might be determined simultaneously6. Another branch of the literature on international

trade has focused either on welfare effects of trading blocs: Krugman (1991) showed that,

in a model of monopolistic competition, welfare is U-shaped in the number of trading blocs;

or on stability questions: Kennan and Riezman (1990) constructed a model of customs

unions in which countries set optimal tariffs and they showed that if the customs union

is big enough it can improve its members’welfare over free trade; Bond and Syropoulos

(1996) proved the instability of a symmetric customs union structure in a pure exchange

model of trade among welfare-maximizing countries with CES preferences. But all these

contributions take the structure of trading blocs as exogenously given.

Our main results are the following ones. Firstly, there always exists a stable system

of free trade spaces in the world economy. We have identified five different stable systems

of free trade spaces. These stable systems result in either non-cooperation, partial coop-

eration, or total cooperation among countries of different type. Secondly, from the point

of view of the world welfare, the non-cooperation situation is Pareto dominated by any

other cooperative situation between countries of different type.

Several previous studies have focused on the impact of trade liberalization, in presence

of external effects, on welfare levels7. In a more closely related paper, Copeland and

Taylor (1994) have developed a two-country general equilibrium model with a continuum

of goods differing in their pollution intensity of production. Under the assumptions that

pollution is confined to the emitting country and that governments regulate pollution

optimally, they showed that trade liberalization is always welfare improving even when it

raises pollution levels. In their model, all pollution-intensive industries locate in the South

(the capital poor country) while the relatively clean industries locate in the North (the

capital rich country) due to the fact that North chooses a higher pollution tax. Hence,

agreements can undermine support for multilateral free trade in a differentiated-product model with variety

gains but not in a Heckscher-Ohlin setting.
6 In the usual definition of a customs union [Riezman (1985) ], the common external tariff is set jointly

to maximize the aggregate welfare of members. Therefore, the volume of trade of a customs union depends

on the outer tariff set with respect to outside countries.
7Markusen (1975) determined necessary conditions for an optimal tax structure in order to maximize

social welfare in a model of two-commodity and two-trading countries related by a bilateral production

externality. In a two-good Ricardian model with pollution, Pethig (1976) showed that the country which

allows a higher emissions’level will export the pollution-intensive good. Siebert et al. (1980) investigated

the impact of a national emission tax in a two-country, two-commodity and two-factor world with capital

movements.
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trade always lowers the pollution level in the North, increases the pollution level in the

South, and increases worldwide pollution provided that factor prices are not equalized

across countries. Finally, Copeland and Taylor (1995) have investigated the opposed case

of transboundary pollution emissions but in a world formed now by countries of two

different types differing in their human-capital levels. Since pollution crosses borders,

uncoordinated regulation of pollution at the national level does not eliminate all market

failures, and consequently free trade does not raise welfare. In a factor prices equalized

equilibrium world pollution is unaffected, while in a factor prices not equalized equilibrium

world pollution raises.

In our model, although pollution stayed within the country of origin, there is market

failure since national governments do not regulate the private externality. As a result,

the Pareto dominated system of free trade spaces in which countries of different type do

not cooperate could be stable. Which kind of environmental policy could be used by the

national governments to regulate this private externality8? Since the OECD countries

adopted the polluter pays principle in 1972 as a guideline for domestic environmental

policies, all the conventions, protocols and agreements signed on the basis of the Stockholm

Declaration presume the polluter pays principle [See Maler (1990)]. Standards and taxes

are the two environmental policies compatible with the polluter pays principle according

to GATT rules [Pearce (1995)]. Given our assumptions that all countries have the same

environmental standards and that the pollution is confined to the country of origin, a

tax on the production should be levied9. Assume that a free trade agreement involves an

International Environmental Agreement (IEA) in which all participating countries should

agree on the uniform tax production rate to be levied. In order to avoid the discussion

about how an actual process of negotiating countries submitting offers and counteroffers

would or should work, we assume that the participating countries ask the mediation of

a GATT arbitrator. This GATT arbitrator, having or not information about the welfare

functions of the participating countries, can cut short any time-consuming bargaining

process by presenting an uniform tax production rate that will be accepted by all the

participating countries. Moreover, enforceability of the agreement reached is guaranteed

given that the collecting of taxes and the movements of capital take place simultaneously.

Finally, in relation with the role of the GATT arbitrator, we provide an optimal tax

8As Freeman (1984) has shown, the distinction between public and private externalities does not have

any fundamental implications for the pricing of externalities: a Pigouvian levy on the generator equal

to marginal social damage and no compensation or taxes on the victims is necessary to reach Pareto

optimality.
9 In Markusen (1975), when the externality is reduced to a simple domestic distortion, a production tax

represents a first best solution.
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policy according to the polluter pays principle which maximizes the world welfare level

when all countries in the world economy are cooperating into a single free trade space.

The paper is organized as follows. In Section 2, the general equilibrium model is

presented. In Section 3, after introducing the definition of stability, we show the existence

of a stable system of free trade space for the world economy and we characterize all the

possible stable systems. Section 4 is devoted to the intervention of a GATT arbitrator.

Section 5 concludes.

2 The Model

In this section we develop a model that allows us to analyze the stability of free trade

agreements between two types of countries when there exists a private negative externality

in the production.

Let E be the set of all countries in the world. Each country is characterized by a

technology, F , a welfare function, U , and an endowment of two production inputs, capital,

K, and labor, L. All countries have access to the same technology F : R2+ → R+ that
transforms capital and labor into a consumption good x.

Assumption 1 The production function F is strictly quasi-concave, exhibits constant

returns to scale and satisfies limK→0 ∂F/∂K = ∞, limK→∞ ∂F/∂K = 0, and for all

K > 0, ∂F/∂K > 0 and ∂2F/∂K2 < 0.

Let U (x, F (K,L)) be the welfare function of each country. In order to study the

impact of production negative externalities on the formation and stability of free trade

agreements, we choose a welfare function which depends positively on the amount of the

good, x, and negatively on the production level10.

Assumption 2 U (x, F (K,L)) = x − v (F (K,L)), where v is a strictly increasing and
convex function.

Since the objective of the paper is to analyze the effects of a negative externality on free

trade agreements between different types of countries, we separate the world economy E

in two groups of countries11 differentiated only by their capital endowment: E = E1 ∪E2,
with E1 ∩ E2 = ∅, where Ei is the set of countries with capital endowment Ki, i = 1, 2.

Let K2 > K1. Also, we normalized the labor endowment of each country: Li = 1, i = 1, 2.

10The assumption that all countries have the same welfare function implies that all of them have the

same environmental standard.
11We restrict our analysis to two types of countries since this simple case captures most important effects

and results that would be obtained with three or more different types of countries.
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Before formulating the equilibrium notion, we define a free trade space (FTS) and we

introduce some additional notation.

Definition 1 A free trade space is a disjoint pair C = (C1, C2) where C1 ⊆ E1 and

C2 ⊆ E2, such that between the members of C1 and C2 there exist a free trade of inputs

and output.

Definition 1 allows that a free trade space C can also be formed by countries of a

unique type; e.g. C = (C1, ∅) or C = (∅, C2). Given any collection of free trade spaces〈
C1, C2, ...

〉
where Cj =

(
Cj1 , C

j
2

)
, let

⋂
j C

j ≡
(
C11 ∩ C21 ∩ ..., C12 ∩ C22 ∩ ...

)
and

⋃
j C

j ≡(
C11 ∪ C21 ∪ ..., C12 ∪ C22 ∪ ...

)
.

For any free trade space C ⊆ E, let ci = λ (Ci) denotes the measure of the set Ci

(for i = 1, 2), where λ is a well-defined measure. Then, K (C) = c1K1 + c2K2 is the

capital used in the free trade space C to produce x, and L (C) = c1 + c2 is the labor

in C. Since the technology exhibits constant returns to scale, the total production in C

is equal to F (K (C) , L (C)) = f (k (C)) · (c1 + c2), where f (k (C)) is the per country
production function in C, and k (C) = [c1K1 + c2K2] / [c1 + c2] is the capital-labor ratio

in C. Let k denotes the capital-labor ratio of the world economy E. That is, k = k (E) =

[e1K1 + e2K2] / [e1 + e2], where ei = λ (Ei) is the measure of the set Ei (for i = 1, 2).

Since in a free trade space C there exists free mobility of inputs and output, the prices

must be the same in all the countries belonging to C. We denote by r and w the common

market prices of capital and labor, respectively, in C, and px the price of the good x.

Given the prices px, r and w, let zx (px, r, w;C), zK (px, r, w;C) and zL (px, r, w;C) be the

excess demand functions in the FTS C. Then, the equilibrium prices in the free trade

space C are: 
p∗x = 1

r∗ = f ′ (k (C))

w∗ = f (k (C))− f ′ (k (C)) k (C)
(1)

because for r∗ = f ′ (k (C)) and w∗ = f (k (C))−f ′ (k (C)) k (C) the factors market clearing
conditions are satisfied: zK (p∗x, r

∗, w∗;C) = 0 and zL (p∗x, r
∗, w∗;C) = 0. Moreover, the

consumption of the good x in each country of type i ∈ Ci equals the retributions of

capital and labor in that country: xi = rKi + w (with px = 1), for i = 1, 2. Then, the

total consumption of good x in C is equal to the total production in C: c1x1 + c2x2 =

f (k (C)) · (c1 + c2); and, zx (p∗x, r∗, w∗;C) = 0.
Substituting the equilibrium prices in the welfare function, we obtain the indirect
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welfare function of a country of type i ∈ Ci (for i = 1, 2):

Wi (k (C) ,Ki) = xi − v (f (k (C))) (2)

= f (k (C))− f ′ (k (C)) (k (C)−Ki)− v (f (k (C))) ,

which depends only on his own endowment of capital Ki and on the capital-labor ratio

k (C).12 This function gives us the equilibrium welfare enjoyed by a country of type i ∈ Ci
when it participates in the free trade space C. However, if a country of type i does not

participate in a free trade space with countries of different type, then the welfare level of

country of type i is equal to Wi (Ki) = f (Ki)− v (f (Ki)).

Before analyzing the stability of free trade spaces, we state some properties of the

indirect welfare function Wi.

(i) The functionWi is increasing in the capital endowment Ki: ∂Wi/∂Ki = f ′ (k (C)) >

0.

(ii) Since ∂Wi/∂k (C) = −f ′′ (k (C)) (k (C)−Ki)− v′ (f (k (C))) f ′ (k (C)), a change in
the capital-labor ratio of the FTS has two effects13. On the one hand, an increase

in the capital-labor ratio reduces the equilibrium price of capital, increasing the

income of those countries with relatively low capital endowment and decreasing the

income of those countries with relatively high capital endowment. On the other hand,

the increase in the capital-labor ratio raises the production per country, f (k (C)),

affecting negatively the welfare of each country in C.

These two properties (i) and (ii) imply that an increase in k (C) strictly reduces the

welfare of countries with relatively high capital endowment but has an ambiguous effect on

the welfare of countries with relatively low capital endowment. In other words, although

countries in E2 would like to form any free trade space with countries in E1 (because

when the capital-labor ratio decreases, it affects positively their income and it reduces

the negative externality they suffer), countries in E1 may prefer not to participate in that

spaces (because an increase in the capital-labor ratio affects positively their income but it

also increases the negative externality they suffer).

Therefore, the following interesting question arises. Does there exist a partition of

the world economy into stable free trade spaces? In the next section we will answer this

question.
12The indirect welfare function does not depend on the coalition structure formed since, in the definition

of a free trade space, we are assuming that countries participating in a free trade space set a prohibitive

common tariff to the rest of the world so as to induce autarky for each space.
13 In the absence of the external negative effect, the expression ∂Wi/∂k (C) = −f ′′ (k (C)) (k (C)−Ki)

would be negative for countries in E2 and positive for countries in E1. In other words, it would be

advantageous for both types of countries to form a free trade space with countries of different types.
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3 Stable System of Free Trade Spaces

3.1 Existence

Before proving that there always exists a stable partition of the world economy into FTS,

we have to define the stability notion. A system of free trade spaces (FTS) is stable if no

group of countries can benefit by forming a new free trade space. Let us define it formally.

Definition 2 A system of FTS is a finite collection of disjoint free trade spaces S =〈
C1, C2, ..., Cn

〉
such that

⋃n
j=1C

j = E.

Definition 3 A system of FTS S =
〈
C1, C2, ..., Cn

〉
is stable if there does not exist an

equilibrium for a free trade space T such that for every country of type i ∈ Ti (for i = 1, 2)
: Wi (k (T ) ,Ki) > Wi

(
k
(
Cj
)
,Ki

)
with i ∈ Cji , Cj ∈ S.

Definition 3 is our stability notion. It simply means that a partition of the world

economy into free trade spaces is stable if it is not possible to form a new free trade space,

in which all the participating countries are better off at equilibrium. Note that without

externality, the indirect welfare function is increasing in k (C) for countries with relatively

low capital endowment, and decreasing in k (C) for countries with relatively high capital

endowment. In this case, the free trade space formed by all countries in the world economy

is stable.

Notice that the welfare of a country of type i ∈ Ci, Wi (k (C) ,Ki), does not depend

on the measure of the FTS C. Then, we can join (or split) some FTS with the same

capital-labor ratio in such a way that, in this new FTS, all countries obtain the same

welfare than before. In what follows, we will consider only systems of FTS in which all

FTS have different capital-labor ratios (and hence different welfare level).

In order to prove the existence of stable systems of FTS, some more notation is needed.

Given any FTS C, let Ki = {k ∈ [K1,K2] :Wi (k (C) ,Ki) ≥Wi (Ki)}, for i = 1, 2. Ki is

the set of capital-labor ratios such that a country of type i ∈ Ci obtains a welfare greater
or equal than the guaranteed welfare (individually rational condition). By guaranteed, we

mean the welfare a country can obtain under autarchy or under cooperation with countries

of its own type. Let K = K1 ∩K2 be the set of capital-labor ratios individually rational

for both types of countries. Let Kmax
i = {k ∈ [K1,K2] : k = argmaxWi (k (C) ,Ki)}, for

i = 1, 2. It is the set of capital-labor ratios such that a country of type i ∈ Ci obtains its
maximum welfare.

Since W2 (k (C) ,K2) increases when k (C) decreases, we have K2 = [K1,K2] ⊃ K1 =

K and Kmax
2 = {K1}. That is, the set of capital-labor ratios individually rational for
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both types of countries is K1. Also, each country of type 2 obtains its maximum welfare

participating in a FTS with countries of type 1 altogether.

Theorem 1 There always exists a stable system of FTS for the world economy E.

The proof of Theorem 1, as well as the other proofs not in the main text, can be

found in the Appendix. Next we give the reader the intuition behind our proof. We do

it graphically and for the case where Kmax
1 = {kmax1 } is a singleton. In this case the

uniqueness of the equilibrium structure is guaranteed. We can distinguish two main cases.

1. There is no capital-labor ratio individually rational for both types of countries in

the interval (K1,K2]: K = {K1}. In this case, countries of type 1 are better off
not cooperating with countries of type 2. This case is depicted in Figure 1. The

unique stable system of FTS, S0, is such that all countries of the same type remain
together: S0 =

〈
C1, C2

〉
with C1 = (E1, ∅) and C2 = (∅, E2).

2. There exist capital-labor ratios individually rational for both types of countries in

the interval (K1,K2): K 6= {K1}. Three subcases have to be considered.

2.a. The capital-labor ratio of the world economy k is smaller than any capital-

labor ratio k (k 6= K1) individually rational for both types of countries: k < k,

∀k ∈ K, k 6= K1. It follows immediately that the candidates FTS, where

cooperation occurs, are such that the measure of countries of type 2 is greater

than the measure of countries of type 1. In the unique stable system of FTS, S1,
all countries of type 2 form a FTS, C2, with the optimal measure of countries

of type 1 in order to maximize their welfare. This optimal measure is such

that countries of type 1 are indifferent between belonging to the FTS, C2, and

9



remaining with only countries of their own type. Thus, we have S1 =
〈
C1, C2

〉
where c1 = λ

(
C1
)
< e1 with k

(
C1
)
= K1 and c2 = λ

(
C2
)
=
(
e1 − c1

)
+ e2

with k
(
C2
)
= k∗ = argmaxk∈KW2 (k (C) ,K2) [See Figure 2]. The system S1

is stable because countries of type 1 would like to form FTS with capital-labor

ratios k > k∗, but no country of type 2 would like to participate in that FTS.

Moreover, countries of type 2 would like to form FTS with capital-labor ratios

k < k∗, but no country of type 1 would like to participate in that FTS.

• 2.b. The capital-labor ratio of the world economy k is greater than any capital-labor
ratio k individually rational for both types of countries: k > k, ∀k ∈ K. It

follows immediately that the candidates FTS, where cooperation occurs, are

such that the measure of countries of type 1 is greater than the measure of

countries of type 2. In the unique stable system of FTS, S2, all countries of
type 1 form a FTS, C2, with the optimal measure of countries of type 2 in

order to maximize their welfare. Thus, we have S2 =
〈
C1, C2

〉
where c1 =

λ
(
C1
)
< e2 with k

(
C1
)
= K2 and c2 = λ

(
C2
)
=
(
e2 − c1

)
+ e1 with k

(
C2
)
=

k∗ = argmaxk∈KW1 (k (C) ,K1) = kmax1 [See Figure 3]. This system S2 is
stable because countries of type 2 would like to form FTS with capital-labor

ratios k < k∗, but no country of type 1 would like to participate in that FTS.

Moreover, countries of type 1 get their maximum welfare level.
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• 2.c. min{k : k ∈ K, k 6= K1} < k < max{k : k ∈ K}. Both types of free trade
spaces described in (2.a) and (2.b) are possible. We distinguish three different

classes of stable systems of FTS. The first class is identical to (2.b). In the

second class all countries of the world economy form a stable free trade space:

S3 = 〈E〉. This system S3 is stable because any potential FTS that countries
of type 1 would like to form with k > k, needs some countries of type 2, but

no country of type 2 would agree to participate in such FTS [see Figure 4].

And the same argument applies for any potential FTS that countries of type 2

would like to form with k < k.

• Finally, in the third class, a stable system S4 is formed by two free trade spaces
with capital-labor ratios of k∗ and k∗∗ respectively, in which countries of type

1 have the same equilibrium welfare level. This equilibrium welfare level is

the one associated with the best individually rational capital-labor ratio for
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the countries on the left of k [See Figure 5]. Formally, S4 =
〈
C1, C2

〉
where

c1 = λ
(
C1
)
= λ(C11 ) + λ(C12 ) with k

(
C1
)
= k∗ < k, and c2 = λ

(
C2
)
=

(e1 − λ(C11 )) + (e2 − λ(C12 )) with k
(
C2
)
= k∗∗ > k. This system is stable

because countries of type 1 would like to form FTS with k > k∗∗, but no

country of type 2 would like to participate in that FTS. The same argument

applies for any potential FTS that countries of type 2 would like to form.

Therefore, we have identified two types of stable systems of FTS: systems of FTS in

which there is no cooperation between different types of countries (S0), and systems of
FTS in which there is partial or total cooperation between different types of countries

(S1,S2,S3,S4).

3.2 World Welfare Levels

Up to now, we have analyzed the stability of systems of FTS based on rational decisions

taken, separately, by each country. In order to study the consequences of these stable

systems of FTS in world welfare terms, we consider an utilitarist world welfare function,

V : S→ R+ such that

S 7−→ V (S) =
∑
Cj∈S

λ
(
Cj1

)
W1

(
k
(
Cj
)
,K1

)
+
∑
Cj∈S

λ
(
Cj2

)
W2

(
k
(
Cj
)
,K2

)
,

where S is the set of all systems of FTS. The next proposition compares the world welfare
levels associated to our five stable systems of FTS.

Proposition 2 Given the utilitarist world welfare function V , the world welfare of any

stable system of FTS in which countries of different type cooperate is greater than the world

welfare of the stable system of FTS in which countries of different type do not cooperate.
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In our model, free trade of good and factors increases world pollution as a result of the

increase in world production. However, if the gains due to higher consumption levels in

the capital poor countries are greater than the losses due to the increase in pollution, any

partial or total free trade agreement between different types of countries implies a greater

welfare level for both types of countries, compared to the situation in which countries of

different type do not cooperate.

This results holds due to the assumption of the utilitarist world welfare function. If

instead one assume an egalitarian world welfare function according to Rawls criterium,

only the stable systems represented in Figure 4 (global free trade) and Figure 5 (in which

there is two free trade spaces formed by countries of both types) strictly Pareto dominate

the non-cooperation situation.

4 Intervention of a GATT Arbitrator

4.1 Why a GATT Arbitrator May Be Useful?

In the previous section we have shown that the world welfare level of any stable system

of FTS in which there exists some free trade space formed by both types of countries,

is greater than the world welfare level when countries of different type do not cooperate.

However, the cooperation between countries of different type is not always possible, as the

following example illustrates.

Example 1 Consider a world economy E formed by the same measure of countries of

each type. The technology is given by the following production function x = F (Ki, Li) =

K0.25
i L0.75i , i = 1, 2. The initial endowments of capital and labor are L1 = L2 = 1, K1 = 10

and K2 = 50 and the welfare function is given by Ui (xi, F (Ki, Li)) = xi− 1
10 [F (Ki, Li)]

2,

i = 1, 2.

In this example,W1 (K1) = f (K1)− 1
10 [f (K1)]

2 = 1.46,W2 (K2) = f (K2)− 1
10 [f (K2)]

2 =

1.95, k = 30, and Wi (k (C) ,Ki) = f (k (C))− f ′ (k (C)) (k (C)−Ki)− 1
10 [f (k (C))]

2, for

i = 1, 2, is the welfare corresponding to the equilibrium allocation when countries of

both types form a free trade space C. It can be computed that for any k (C) we have

W1 (k (C) ,K1) < W1 (K1). Then, K = {K1}. It implies that the unique stable system of

FTS is S0 =
〈
C1, C2

〉
with k

(
C1
)
= K1 and k

(
C2
)
= K2.

In our model, the Pareto dominated system of FTS in which countries of different type

do not cooperate could be stable due to the fact that national governments do not regulate

the private externality. Given that pollution is confined to the emitting country and that
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all countries have the same environmental standards, a tax on the production should be

levied to regulate the externality. Assume that, instead to sign an IEA, all countries in

the world economy ask the intervention of a GATT arbitrator to establish the uniform

tax production rate. Two kind of interventions are considered here. In the first one, the

GATT arbitrator does not know the welfare functions of the countries and chooses an

exogenous tax production rate in such a way that at least a group of countries of different

type cooperates [Sections 4.2 and 4.3.]. In the second one, the GATT arbitrator knows

the welfare function of any country and chooses, according to the polluter pays principle,

an optimal tax production rate equal to the marginal disutility caused by the externality

in each country participating in a given free trade space [Section 4.4.].

4.2 The Model with a GATT Arbitrator

We show how the intervention of a GATT arbitrator can reach the cooperation between

both types of countries by establishing, for each possible FTS, a uniform tax production

rate t > 0 exogenously. The new price of x is px = (1− t). Moreover, we assume that the
amount of taxes collected in each country is redistributed among the agents living in that

country. Therefore, in any country belonging to a FTS, C, the consumption of x is equal

to the retributions of capital and labor plus the amount of taxes collected in that country.

That is, xi = rKi + w + tf (k (C)), for i = 1, 2.

Given the tax production rate t > 0, the equilibrium prices in the FTS C are now:
p∗x = (1− t)
w∗ = (1− t) [f (k (C))− f ′ (k (C)) k (C)]
r∗ = (1− t) f ′ (k (C))

(3)

Substituting the new equilibrium prices in the welfare function, we obtain the new indirect

welfare function for a country of type i ∈ Ci (for i = 1, 2):

Wi (k (C) ,Ki, t) = xi − v (f (k (C))) (4)

= f (k (C))− (1− t) f ′ (k (C)) (k (C)−Ki)− v (f (k (C))) ,

which depends on his own endowment of capital, on the capital-labor ratio in the FTS C,

and on the tax production rate chosen by the GATT arbitrator.

Before analyzing the stability of systems of FTS under a GATT arbitrator, we give

some properties of the indirect welfare function Wi (k (C) ,Ki, t).

(i) The derivative ∂Wi/∂t = f ′ (k (C)) (k (C)−Ki) is positive for countries in E1 be-

cause they collect t f (k (C)) and the net income of the owners of capital and labor

only decreases in t · [f (k (C))− f ′ (k (C)) (k (C)−K1)], but is negative for countries
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in E2. In fact, by establishing a tax production rate the GATT arbitrator is imple-

menting income transfers from the rich to the poor countries in order to guarantee

the participation of the capital poor countries in any FTS.

(ii) The function Wi is increasing in the capital endowment Ki. Indeed, we have that

∂Wi/∂Ki = (1− t) f ′ (k (C)) > 0.

(iii) A change in the capital-labor ratio of the FTS has three effects. Two effects are

already present in the case without GATT arbitrator [see (ii) of the properties of

the indirect welfare function for the case without GATT arbitrator]. But another

effect appears with the intervention of a GATT arbitrator. The increase of f (k (C))

when k (C) increases has a positive effect on the amount of taxes collected in each

country participating in C. As a consequence of this effect, an increase in k (C) has

an ambiguous effect on the welfare level of both types of countries: ∂Wi/∂k (C) =

tf ′ (k (C))− (1− t) f ′′ (k (C)) (k (C)−Ki)− v′ (f (k (C))) f ′ (k (C)) ≷ 0.

4.3 Existence of Stable FTS under an exogenous tax policy

Before we give some conditions under which the GATT arbitrator can increase the world

welfare level by means of the exogenous tax policy, we introduce more notation.

Given any FTS C and the tax production rate t > 0, the set of capital-labor ra-

tios such that a country of type i ∈ Ci obtains a welfare greater or equal than the

guaranteed welfare becomes Ki (t) = {k ∈ [K1,K2] : Wi (k (C) ,Ki, t) ≥ Wi (Ki)},
i = 1, 2. Let K (t) = K1 (t) ∩ K2 (t) be the set of capital-labor ratios individually ra-

tional for both types of countries when the tax production rate is t. Let K
max
i (t) ={

k ∈ K (t) : k = argmaxWi (k (C) ,K1, t)
}
, i = 1, 2 be the set of capital-labor ratios indi-

vidually rational for both types of countries and such that a country of type i ∈ Ci obtains
its maximum welfare.

We say that countries of type 1 (type 2) are cooperation averse if k < k, ∀k ∈ Kmax
1 (t)

(if k > k,∀k ∈ K
max
2 (t)), i.e. if all capital-labor ratios that maximize its welfare (and

individually rational) are smaller (greater) than the capital-labor ratio of the world econ-

omy. Also, countries of type 1 (type 2) are cooperation lover if k > k, ∀k ∈ Kmax
1 (t) (if

k < k,∀k ∈ Kmax
2 (t)), i.e. if all capital-labor ratios that maximize its welfare (and indi-

vidually rational) are greater (smaller) than the capital-labor ratio of the world economy.

Notice that the sets K
max
i (t) are determined by the welfare function, the technol-

ogy and the endowments of capital. These sets can contained more than one point.

However, we now assume that the sets K
max
i (t) are singletons : K

max
i (t) = {kmaxi },

i = 1, 2. Let k̂1 = argmaxk∈K(t),k≤kW1 (k (C) ,K1, t) be the capital-labor ratio in the
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interval [K1, k ] such that countries of type 1 obtain their maximum welfare. Let k̂2 =

argmaxk∈K(t),k≥kW2 (k (C) ,K2, t) be the capital-labor ratio in the interval [ k,K2] such

that countries of type 2 obtain their maximum welfare.

In order to prove the existence of stable systems of FTS, we impose the following two

assumptions.

Assumption 3 The tax production rate t > 0 is such that K (t) ∩ (K1,K2) 6= ∅.

Assumption 4 If both types of countries are “cooperation lover” then W1(k̂2,K1, t)

≥W1(k̂1,K1, t) and W2(k̂1,K2, t) ≥W2(k̂2,K2, t).

Assumption 3 is necessary to justify the intervention of the GATT arbitrator. On the

contrary, if there does not exist a tax production rate t > 0 such that K (t)∩(K1,K2) 6= ∅,
there would not be a margin for the intervention of a GATT arbitrator. In Example 1, if

t = 0.01 then K (t) = {K1}, but K (t) ∩ (K1,K2) 6= ∅ if t = 0.20. The existence of a tax
production rate t > 0 such that K (t)∩ (K1,K2) 6= ∅ depends on the welfare function, the
technology and the initial endowments. However, if we assume that the welfare function

of any country of type i being alone, Wi (Ki) = f (Ki)− v (f (Ki)), is a concave function

for all Ki, the existence of such tax production rate will be guaranteed.

Assumption 4 can be interpreted in the following way. In the interval [K1, k ] ([ k,K2])

any FTS contains a measure of countries of type 1 (type 2) greater than the measure of

countries of type 2 (type 1). Then, the cooperation in the interval [K1, k] ([ k,K2]) is only

possible if countries of type 1 (type 2) obtain the welfare level W1(k̂1,K1, t) (W2(k̂2,K2, t)

). Also, countries of type 1 (type 2) participate in a FTS in the interval [ k,K2] ([K1, k] )

if they reach at least the welfare level W1(k̂1,K1, t) (W2(k̂2,K2, t) ).

For the case of an exogenous tax, the definition of stability becomes as follows. Given

the tax rate t > 0, a system of FTS S (t) =
〈
C1, C2, ..., Cn

〉
is stable if there does not

exist an equilibrium for a free trade space T such that for every country of type i ∈ Ti
(for i = 1, 2) :Wi (k (T ) ,Ki, t) > Wi

(
k
(
Cj
)
,Ki, t

)
with i ∈ Cji , Cj ∈ S (t).

Theorem 3 There always exist stable systems of free trade spaces for the world economy

E.

We have four different types of stable systems of FTS:

1. S1 (t) =
〈
C1, C2

〉
with λ

(
C1
)
= c1 < e1, k

(
C1
)
= K1 and λ

(
C2
)
=
(
e1 − c1

)
+ e2,

k
(
C2
)
= kmax2 . In this stable system of FTS all countries of type 2 cooperate with

some countries of type 1 in order to achieve their maximum welfare level, leaving

the other countries of type 1 alone. [As in Figure 2].
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2. S2 (t) =
〈
C1, C2

〉
with λ

(
C1
)
= c2 < e2, k

(
C1
)
= K2 and λ

(
C2
)
=
(
e2 − c2

)
+ e1,

k
(
C2
)
= kmax1 . In this stable system of FTS all countries of type 1 cooperate with

some countries of type 2 in order to achieve their maximum welfare level, leaving

the other countries of type 2 alone. [As in Figure 3].

3. S3 (t) = 〈E〉 with k (E) = k. In this stable system of FTS all the countries in the

world economy form a unique FTS. [As in Figure 4].

4. S4 (t) =
〈
C1, C2

〉
with λ

(
C1
)
= λ(C11 ) + λ(C12 ), k

(
C1
)
= k̂1 < k, and λ

(
C2
)
=

(e1 − λ(C11 )) + (e2 − λ(C12 )), k
(
C2
)
= k̂2 > k. In this stable system of FTS there

exist two FTS formed by both types of countries such that countries of type 1 (type

2) obtain at least the welfare level corresponding to their best FTS in the interval

[K1, k] ([ k,K2]). [As in Figure 5].

It is well known in the international trade theory that, under free trade and in the

absence of externalities, the total cooperation between countries of different type is a

Pareto optimum situation that maximizes the world welfare level. But, in the presence of

an externality, Theorem 3 asserts that, under certain conditions, the cooperation between

countries of different type is stable when a GATT arbitrator is involved. The resulting

stable system of free trade spaces is not necessarily the total cooperation between countries,

and it will depend on the tax production rate set by the GATT arbitrator.

We have shown that in Example 1, without the intervention of the GATT arbitrator,

the unique stable system of FTS is such that no cooperation occurs between countries

of different type. But, if the GATT arbitrator applies a tax production rate t = 0.1 we

have K (t) = {K1} ∪ [41.2,K2] , and the unique stable system of FTS is such that partial

cooperation occurs: S (t) =
〈
C1, C2

〉
with k

(
C1
)
= K1 and k

(
C2
)
= 41.2. However, if the

GATT arbitrator applies a tax production rate of t = 0.2 we have K (t) = {K1}∪[21.8,K2]

with k = 30 ∈ K (t). In this case, the stable system of FTS is such that all countries of

the world cooperate: S (t) = 〈E〉 with k (E) = k = 30.

4.4 An Optimal Tax Policy Based on the Polluter Pays Principle

Given the intervention margin of the GATT arbitrator, one natural objective is to maxi-

mize the world welfare. Not always it is possible to provide a specific rule for the action of

the GATT arbitrator. However, under the following assumption, we can design a policy

for the GATT arbitrator that maximizes the world welfare.

Assumption 5 There exists K,K ∈ R+ such that the indirect welfare function of any

country of type i being alone (or not cooperating with countries of different type),Wi (Ki) =

f (Ki)− v (f (Ki)), is concave for all Ki ∈ [K,K], i = 1, 2, and K1,K2 ∈ [K,K].
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Since the production function f (Ki) is concave, assuming the concavity of Wi (Ki)

within the interval [K,K] simply means that the biggest the capital endowment the biggest

the external effect.

Next Theorem 4 shows that the GATT arbitrator can reach the stability of the FTS

in which all countries in the world economy cooperate. In this case, the tax production

rate is determined, according to the polluter pays principle, by the marginal disutility of

each possible capital-labor ratio k ∈ (K1,K2). Moreover, such tax policy maximizes the

world welfare level. But, in order to adopt this optimal tax policy, the GATT arbitrator

needs to know the welfare functions of the countries.

Theorem 4 Let t = v′ (f (k (C))) be the tax production rate chosen by the GATT arbitra-

tor for any FTS C with capital-labor ratio k (C) ∈ (K1,K2). Then, there exists a unique

stable system of FTS S (t) = 〈E〉 and it maximizes the world welfare level.

When the tax production rate is established according to the marginal disutility caused

by the externality in each FTS, the indirect welfare functions of both types of countries

are of the form represented in Figure 6

In this case, both types of countries would like to cooperate in the formation of a

FTS with countries of different type. This result follows from the fact that there is no

market failure, given that pollution is confined to the country of origin and that pollution

is regulated optimally by national governments. Hence, the unique stable system of FTS is

such that all countries of the world economy are cooperating in a unique FTS. Moreover,

Assumption 5 guarantees us that this stable system of FTS maximizes the world welfare

level.
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5 Conclusions

Using a cooperative game-theoretic approach we have studied the impact of a depletable

externality on the formation and stability of free trade agreements in a general equilibrium

framework. We have shown that there exist five different equilibrium structures of free

trade spaces that could prevail according to the notion of the core. In order to avoid the

Pareto dominated equilibrium structure sovereign countries should regulate the depletable

externality.

The main contribution of the paper is methodological: it provides a framework for

studying the role of private externalities on the formation and stability of free trade spaces.

Its main message is that in order to establish a globally Pareto optimal trading system,

it may be necessary to tax those that have much to gain from it and subsidize those that

do not. While perhaps unappealing at first glance, the transfers implemented by means

of the tax production rate have the attractive feature of inducing countries with large

positive externalities on other countries to take part in the global trading process. In a

world where situations of laissez-faire fail to be Pareto optimal, we advocate in favor of

an IEA or the set-up of a GATT arbitrator in order to reach a Pareto improvement in the

presence of a private externality.

In our simple model with a unique traded good and starting in autarchy, the forma-

tion of any partial or total free trade space between countries of different type is always

welfare improving for both types of countries (in the absence of the negative externality).

Following Grossman (1984) and Svensson (1984), this result is due to the fact that the

initial situation is zero trade (there is no terms-of-trade effect due to the introduction of

factor trade) and that the final situation is free trade (there is no volume-of-trade effect

when factor trade is introduced)14.

In our model, trade integration between countries of different type is always beneficial

to the capital rich countries and ambiguous for the capital poor countries. This result

is quite sensitive to the fact that there is only one good produced in the economy. In a

Heckscher-Ohlin model with two goods produced the result could be inverted. Assuming,

for example, that capital rich countries have a comparative advantage in the polluting

sector, by getting more specialized in this sector the rich economies would have to trade

off traditional gains from trade against increased local negative externality.

The trend in neoclassical development establishes that foreign direct investment of

14This is also the main message of Kemp and Wan (1976). They showed that, in a competitive world

economy in which transfers and non-optimal tariffs are allowed, there always exists a transfer scheme

and a common tariff vector that makes enlarging a customs union better for all member countries while

non-members remain indifferent.
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transnational corporations, left to free market forces, benefits host countries: it increases

local skills, technology and production, it provides competition for local firms, it creates

additional exports, and some of the skills and knowledge they create may spill over to the

rest of the economy [See Lall (1998)]. For such positive externalities, the results would

be inverted: capital poor countries would benefit from free trade but trade would have an

ambiguous effect for capital rich countries.

Some extensions may be worthwhile. In order to avoid the existence of strategic exter-

nalities between free trade spaces, we have assumed that countries participating in a free

trade space set a common external tariff suffi ciently high so as to induce autarchy for each

space. Under this assumption, the cooperative game-theoretic approach applies provided

that welfare of each free trade space is independent of the coalition structure formed.

Hence, a first extension is the question of how external tariffs might be determined simul-

taneously with the choice of free trade space. To answer this question one could adopt,

as in Yi (1996), recent developments in the non-cooperative theories of stable coalition

structures [Bloch (1996) and Yi (1995)]15.

Finally, we have assumed that countries differ only in their capital endowments but

that all countries in the world economy have the same welfare function (or the same

environmental standard). A second extension is to introduce countries with different

environmental standards. In this case, one should enlarge the set of instruments available

to regulate the negative externality.

15Yi (1996), in a model where the formation of customs unions reduces the welfare of non-member

countries, has shown that global free trade is an equilibrium outcome under the open regionalism rule but

not under the unanimous regionalism rule.
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A Appendix

In order to prove Theorem 1 a lemma similar to Lemma 2 in Dagan and Volij (1997) is

needed. The reader is referred for a proof to Dagan and Volij (1997).

Lemma 5 Let C be a FTS with capital-labor ratio k (C) = [c1K1 + c2K2] / [c1 + c2]. Let

k′and k′′ be two arbitrary numbers satisfying K1 ≤ k′ < k (C) < k′′ ≤ K2. Then, there

exists a unique partition of the free trade space C into two free trade spaces, T and R,

such that C = T ∪R and k (T ) = k′, k (R) = k′′.

Lemma 5 says that if there exists a FTS C with countries of both types, it is always

feasible to form two new free trade spaces by choosing suitable proportions of countries

of each type, with capital-labor ratios equal to any two numbers, k′ and k′′, satisfying

K1 ≤ k′ < k (C) < k′′ ≤ K2.

Proof of Theorem 1.

Taking into account that countries of type 2 would like to participate in any cooperation

agreement with countries of type 1, the stable systems of free trade spaces will be deter-

mined by the characteristics of the indirect welfare function of countries of type 1. The

proof is divided in two main cases.

- 1. K = {K1}. Then, there exists a unique stable system of FTS S0 =
〈
C1, C2

〉
with

k
(
C1
)
= K1 and k

(
C2
)
= K2. S0 is stable because any other FTS implies a lower welfare

for countries of type 1, and is unique since we consider only systems of FTS in which all

FTS have different capital-labor ratio.

- 2. K 6= {K1}. We distinguish two different cases depending Kmax
1 is or is not a singleton.

We present the proof for the case Kmax
1 is a singleton: Kmax

1 = {kmax1 }. The reader is
referred to Grafe and Mauleon (1997) for the case where Kmax

1 is not a singleton.

- 2.a. Consider the case in which Kmax
1 is a singleton: Kmax

1 = {kmax1 }. We divide
case 2.a in three subcases.

- 2.a.1. k < k, ∀k ∈ K, k 6= K1. There exists a unique stable system of FTS S1 =
〈
C1, C2

〉
with k

(
C1
)
= K1 and k

(
C2
)
= argmax

k∈K
W2 (k (C) ,K2) = min

{
k : k ∈ K, k 6= K1

}
.

S1 =
〈
C1, C2

〉
is stable since any other individually rational FTS C, k (C) > k

(
C2
)
,

implies a lower welfare for countries of type 2. S1 =
〈
C1, C2

〉
is unique. Assume on the

contrary that there exists a S ′1 = 〈C∗, C∗∗〉, C∗ ⊂ E1 and k (C∗∗) > k
(
C2
)
. It is easy to

see, using Lemma 5 and the continuity of the welfare functions of both types of countries,
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that S ′1 is not stable since a coalition formed by all countries of type 2 in C∗∗ and some
positive measure of countries of type 1 not in C∗∗ would be better off forming a FTS C

with k
(
C2
)
< k (C) < k (C∗∗), k (C) ∈ K.

- 2.a.2. k > k, ∀k ∈ K. Then, there exists a unique stable system of FTS S2 =〈
C1, C2

〉
with k

(
C1
)
= K2 and k

(
C2
)
= kmax1 . S2 =

〈
C1, C2

〉
is stable since any other

individually rational FTS C, k (C) 6= kmax1 , implies a lower welfare for countries of type

1. S2 =
〈
C1, C2

〉
is unique. Assume on the contrary that there exists a S ′2 = 〈C∗, C∗∗〉,

C∗ ⊂ E2 and k (C∗∗) 6= k
(
C2
)
. Two cases arise:

i) If k > k (C∗∗) > kmax1 , S ′2 is not stable since a coalition formed by all countries of type
1 and some positive measure of countries of type 2 in C∗∗, improve their welfare if they

form the FTS C2.

ii) If k > kmax1 > k (C∗∗), S ′2 is not stable since a coalition formed by all countries of type
1 and some positive measure of countries of type 2 not in C∗∗, improve their welfare if

they form the FTS C2.

- 2.a.3. min
{
k : k ∈ K, k 6= K1

}
< k<max

{
k : k ∈ K

}
. Three subcases arise.

- 2.a.3.1. kmax1 < k. There exists a unique stable system of FTS S2 =
〈
C1, C2

〉
with

k
(
C1
)
= K2 and k

(
C2
)
= kmax1 . The proof is the same than in 2.a.2.

- 2.a.3.2. kmax1 > k and argmax
k∈K,k≤k

W1 (k (C) ,K1) = k. There exists a unique stable

system of FTS S3 = 〈E〉 with k (E) = k. S3 = 〈E〉 is stable because any potential FTS
that countries of type 1 would like to form, needs some positive measure of countries of

type 2, but no positive measure of countries of type 2 agree to participate in such FTS.

The same argument applies in any potential agreement that countries of type 2 would like

to form. S3 = 〈E〉 is unique. Consider a system S ′3 =
〈
C1, C2

〉
with k

(
C1
)
< k < k

(
C2
)
.

S ′3 is not stable since a positive measure of countries of type 1 in C1 and a positive measure
of countries of type 2 in C2 can be better off by forming a FTS C with k (C) = k.

- 2.a.3.3. kmax1 > k and k̂ = argmax
k∈K,k≤k

W1 (k (C) ,K1) < k, there exists a unique

stable system of FTS S4 =
〈
C1, C2

〉
with k

(
C1
)
= k̂ and k

(
C2
)
= k∗ =

argmax
k∈[k|k≥k,W1(k(C),K1)=W1(k̂,K1)]

W2 (k (C) ,K2). S4 =
〈
C1, C2

〉
is stable because coun-

tries of type 1 would like to form a FTS C with k (C) > k∗, but no positive measure of

countries of type 2 would like to enter into such space. Moreover, the positive measure of

countries of type 2 in C2 would like to form a FTS C with k (C) < k∗, but no positive

measure of countries of type 1 would like to participate in such FTS. S4 =
〈
C1, C2

〉
is

unique. Assume on the contrary that ∃C∗ with k (C∗) 6= k̂, k∗, C∗ ∈ S ′4 6= S4.
i) If k (C∗) < k̂, the positive measure of countries of type 1 in C∗ and some positive

measure of countries of type 2 not in C∗ are better off forming the FTS C1.
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ii) If k̂ < k (C∗) < k∗, the positive measure of countries of type 1 in C∗ and some positive

measure of countries of type 2 in C∗ are better off forming the FTS C1.

iii) If k (C∗) > k∗, the positive measure of countries of type 2 in C∗ and some positive

measure of countries of type 1 not in C∗ (alternatively, a subgroup of countries of type 1

in C∗) are better off forming a FTS C with k∗ ≤ k (C) < k (C∗).

Proof of Proposition 2

- 1. K = {K1}. We have S0 =
〈
C1, C2

〉
with C1 = (E1, ∅) and C2 = (∅, E2). Then,

V (S0) = e1W1 (K1) + e2W2 (K2).

- 2. K 6= {K1}. Remember that we have divided this case in three subcases [see the
graphic explanation of Theorem 1].

- 2.a. S1 =
〈
C1, C2

〉
is the stable system of FTS where λ

(
C1
)
= c1 < e1 with k

(
C1
)
= K1

and λ
(
C2
)
=
(
e1 − c1

)
+ e2 with k

(
C2
)
= k∗ = argmaxk∈KW2 (k (C) ,K2). Then,

V (S1) = c1W1 (K1)+
(
e1 − c1

)
W1 (k

∗,K1)+ e2W2 (k
∗,K2). Since W1 (k

∗,K1) ≥W1 (K1)

and W2 (k
∗,K2) > W2 (K2), we have V (S1) > V (S0).

- 2.b. S2 =
〈
C1, C2

〉
is the stable system of FTS where λ

(
C1
)
= c1 < e2 with k

(
C1
)
=

K2, λ
(
C2
)
=
(
e2 − c1

)
+e1 with k

(
C2
)
= kmax1 = argmaxk∈KW1 (k (C) ,K1) < k. Then,

V (S2) = c1W2 (K2) +
(
e2 − c1

)
W2(k

max
1 ,K2) + e1W1(k

max
1 ,K1). Since W2(k

max
1 ,K2) >

W2 (K2), W1(k
max
1 ,K1) ≥W1 (K1), we have V (S2) > V (S0).

- 2.c. Three different classes have been distinguished [see the graphic explanation of

Theorem 1]. The first one reverts to (2.b). In the second class, the stable system of

FTS is S3 = 〈E〉 where k (E) = k. Then, V (S3) = e2W2(k,K2) + e1W1(k,K1). Since

W2(k,K2) > W2 (K2) and W1(k,K1) ≥W1 (K1), we have V (S3) > V (S0).
In the third class, the stable system of FTS is S4 =

〈
C1, C2

〉
where λ

(
C1
)
= λ(C11 )+λ(C

1
2 )

with k
(
C1
)
= k∗ < k, and λ

(
C2
)
= (e1 − λ(C11 )) + (e2 − λ(C12 )) with k

(
C2
)
= k∗∗ > k.

Since W2 (k
∗,K2) > W2 (K2), W2 (k

∗∗,K2) > W2 (K2), and W1 (k
∗,K1) =W1 (k

∗∗,K1) ≥
W1 (K1), we have V (S4) = λ(C12 )W2 (k

∗,K2)+(e2−λ(C12 ))W2 (k
∗∗,K2)+e1W1 (k

∗,K1) >

V (S0).

Proof of Theorem 3. See Grafe and Mauleon (1997).

Proof of Theorem 4

Firstly, we show that, given any tax production rate, the world welfare level is maximized

when all countries cooperate. Only four types of stable systems of FTS are possible [see the

explanation after Theorem 3]. Next we compare the welfare levels associated to these four

types, where V (S1 (t)) =
((
e1 − c1

)
+ e2

)
[f(kmax2 )−v(f(kmax2 ))]+c1 [f (K1)− v (f (K1))];

V (S2 (t)) =
(
e1 +

(
e2 − c2

))
[f(kmax1 )− v(f(kmax1 ))] + c2 [f (K2)− v (f (K2))];
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V (S3 (t)) = (e1 + e2) [f(k)− v(f(k))];
V (S4 (t)) = (λ(C11 ) + λ(C12 )) [f(k̂1)− v(f(k̂1))] + [(e1 − λ(C11 )) + (e2 − λ(C12 ))]
[f(k̂2) − v(f(k̂2))]. From Assumption 5, it is straightforward that V (S3 (t)) ≥ V (Sl (t)),
l = 1, 2, 4.

Secondly, we show that, given the tax production rate t = v′ (f (k (C))), the FTS

S (t) = 〈E〉 is the unique stable system. The indirect welfare function of any country of
type i ∈ Ci, i = 1, 2, in the FTS C with the tax production rate t is: Wi (k (C) ,Ki, t) =

f (k (C))− (1− t) f ′ (k (C)) (k (C)−Ki)− v (f (k (C))), with ∂Wi/∂k (C) = tf ′ (k (C))−
(1− t) f ′′ (k (C)) (k (C)−Ki)−v′ (f (k (C))) f ′ (k (C)). Substituting t = v′ (f (k (C))), we

have

∂Wi/∂k (C) = −
(
1− v′ (f (k (C)))

)
f ′′ (k (C)) (k (C)−Ki)

which is positive for countries in E1 and negative for countries in E2. Therefore, if the tax

production rate is equal to the marginal disutility caused by the externality in each FTS

C [with k (C) ∈ (K1,K2)], then the indirect welfare functions of both types of countries

are of the form represented in Figure 6 and the FTS in which all countries of the world

economy are cooperating is stable.
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