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Abstract: International Environmental Agreements suffer from a strong free-riding incentive that
generally leads to failure of coalition formation in the economics literature and have been largely
unsuccessful in practice. At the same time, preferential trade agreements (PTAs) have increasingly
included elements not specifically related to trade, such as domestic policy over the environment,
labour, intellectual property, health and investment. One area that has received a great deal of
attention is deep agreements is the environment. In this dissertation, we develop three models
of asymmetric countries, that include both trade and environmental externalities and study the
incentives to form international trade agreements between those asymmetric countries.

First, we develop a two-country, two-good model with cross-border negative spillovers and perfect
competition in product markets. We compare shallow (trade only) and deep (trade and environ-
ment) trade agreements between those two large asymmetric countries, and we show that deep
and shallow trade agreements have different outcomes in terms of world and individual countries
welfares, trade specialization and environmental damages.

Next, we develop two three-country, three-goods models, a “competing importers model” and a
“competing exporters model”, and examine equilibrium agreements and environmental outcomes
assuming (i) environmental agreements are negotiated separately, (ii) trade agreements are shallow,

and (iii) trade agreements are deep. To examine the stability of endogenous deep and shallow trade

il



agreements we set up various three stage games and use coalition-proof Nash equilibria refinement
to circumvent the multiplicity of Nash equilibria. Furthermore, in order to examine the differences
between shallow and deep trade agreements, we develop extended games where countries can
choose between different deep and shallow PTAs and investigate how equilibrium agreements
differ based on being deep or shallow. Therefore, in two different models of multiple asymmetric
countries, we ask and answer the following questions: (i) how do equilibrium agreements differ
when countries choose deep rather than shallow agreements?; (ii) given the choice between deep
and shallow trade agreements, would countries prefer to incorporate an environmental clause into
their equilibrium trade deal?; and (ii1) what are the implications of including non-trade elements in

PTAs for the pursuit of global free trade?
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1 Introduction

The rise in the number of preferential trade agreements (PTAs) has been a major trend in the de-
velopment of the international trade since the middle of the 20th century. As of June 11, 2019,
the number of cumulative notifications of PTAs both in force and inactive has reached 681, and
the cumulative number of notifications in force has increased to 467 (counting goods and services
separately).! Alongside the growing number of trade agreements in the world, there has been a
widespread inclusion of non-trade elements in modern PTAs. As multilateral trade barriers (such
as tariffs) have been drastically reduced over time, there has been a shift in focus away from
these barriers and to other factors such as domestic policy over the environment, labour, intellec-
tual property, health and investment. As Rodrik (2018) notes, agreements like the TransPacific
Partnership (TPP) and the Trans-Atlantic Trade and Investment Partnership (TTIP) can hardly be
labelled trade agreements due to the extent of other considerations covered. Also, as it has been
pointed out in the recent work of Grossman etal. (2019): “..the trade community has shifted its
attention to various non-tariff barriers that leave world markets still far from integrated...”. In this
manner, there is a distinction between shallow (trade-only) and deep (trade plus other factors)
agreements. Lawrence (1996) writes: “Deeper integration agreements shift the focus from liberal-
izing barriers that lie at the border to the liberalization or harmonization of barriers and policies
that exist “within” or “beyond” the border.”

One area that has received a great deal of attention in deep agreements is the environment.
Figures 1.1a)and 1.1b) illustrate the increasing number of trade agreements as well as the increas-
ing share of deep trade agreements that included environmental provision by decade, between 1947
and 2016, based on the Trade & Environment Database/TREND (Morin etal. 2018). This dataset
identifies 286 environmental norms (including principles, commitments, and exceptions) in 691
different trade agreements and covers the period of 69 years, between 1947 and 2016. The number
of environmental norms in PTAs varies between zero and 137 per one trade agreement. According

to other data, 46% of all current preferential trade agreements contain some environmental laws,

Thttps://www.wto.org/index.htm



and provisions on environmental laws are enforceable in 35% (Limao2016). Given the increas-
ing predominance of including environmental norms in modern PTAs, we focus on this particular
dimension of trade agreements (although any non-trade externality should have similar implica-
tions), and investigate the effects of this spread on the stability of trade regimes and counties’
welfare gains. Our objective is to investigate how equilibrium agreements differ based on being

deep or shallow.

2007-2016 N \(\\(\i‘\\?\\“{\\\\i\\i\}iﬁ\(\\(\ﬂ\(\“\\i\\“\\\\\“ﬁ\(\\(\i\\(\i 2007-2016 ﬁ‘ = ‘; """""""""" o ; """"""" ; """" J‘ """"""
1oor-2008. 3 mwmm&mmﬁmm 1997-2006 ﬁ[‘ ‘[”
@\?\V\\\?ﬁ‘\\\\‘?\‘\i\‘\\?\?ﬁ\?\iﬁ\ﬁi\\‘\w o i
1977-1986 m" 1977-1986 ‘
1967-1976 m“\w 1967-1976 =
1957-1966 m‘ 1957-1966 ‘
1947-1956 §| | J | 1947-1956 7

¥ p £ p ) J

v ¢
0 50 100 150 200 250

8 Number of trade agreements with no environmental norms % Number of trade agreements

(a) Number of trade agreements and trade agreements (b) Percentage of trade agreements with and without
with no environmental norms, by decade, 1947-2016 environmental norms, by decade, 1947-2016

Figure 1.1: Deep and shallow trade agreements, by decade, 1947-2016
Source: Morin etal. (2018) and authors’ calculations.

In this dissertation, we develop three models of asymmetric countries, that include both trade
(border policies) and environmental externalities (domestic policies), and we study the incentives
to form international trade agreements (deep and shallow) between those asymmetric countries.
In our models, the difference between shallow and deep trade agreements arises from the nature of
the agreement-negotiation process. Shallow trade agreements allow countries negotiate only pure
trade deals. Under this type of trade agreements, members lose control over their border policies
(import tariff), but keep complete control over their domestic policies (environmental tax). Under
deep trade agreements, members have to agree on both border policies and domestic policies.

In Chapter 2, we develop a two-country, two-good model with cross-border negative spillovers and

perfect competition in product markets, where both countries produce both goods, but each has a



comparative advantage only in one of them. To create asymmetry across countries, only produc-
tion of one non-numeraire good is accompanied with a negative per unit production externality,
pollution, making this good dirty and the other good clean. The production of the clean good is
free of any local taxes in both countries, and the production of the dirty good is subject to a do-
mestic environmental policy. First, we analyze an environmental agreement between those two
countries and observe that if pollution is local then the members welfare is always higher under the
no agreement scenario and the clean country prefers to stay away from an environment deal with
the dirty partner; however, if pollution is global and the level of the per unit production externality
is sufficiently high then the clean country is better off in the environmental agreement, but the
dirty country prefers to stay away. Furthermore, we compare shallow (trade only) and deep (trade
and environment) trade agreements between those two large asymmetric countries, and we show
that deep and shallow trade agreements have different outcomes in terms of world and individ-
ual countries welfares, trade specialization and environmental damages. With complete flexibility
over border policies and domestic instruments, only the dirty country (the one with the compar-
ative advantage in dirty good) will use both instruments, and the clean country (the one with the
comparative advantage in clean good) will use border policies exclusively to alter their gains from
trade. However, once tariffs are restricted, as in a shallow agreement, both countries will turn to
domestic instruments to affect the terms of trade. Our results show that a shallow free trade agree-
ment induces an increase in the level of world and both countries’ environmental damages for both
levels of transboundary slipovers (local and global levels of pollution), but a deep free trade leads
to an increase in environmental damages only in the country with the comparative advantage in
the production of the dirty good if pollution is purely local; and indeed induces a decrease in the
world and individual country’s damages if per unit production externality is sufficiently high and
pollution is global. We therefore examine three important questions: (i) how do deep and shallow
trade agreements affect countries’ choices of domestic policies and their trade specialization given
different degrees of transboundary spillovers?; (ii) given the degree of transboundary spillovers,

how do deep and shallow trade agreements affect world and individual countries’ welfare levels?;



and (iii) what are the implications of inclusion of the non-trade elements in a shallow trade deal on
the world and individual countries environmental damages?

In Chapter 3, we develop a model of multiple asymmetric countries, that includes both trade and
environmental externalities. It is a three-country, three-good model with cross-border negative
spillovers and perfect competition in product markets, where each country producers all three
goods but has a comparative advantage in the production of only one out of three goods. As such,
for each good there are two importers and one exporter, or “competing importers”. The model
we develop in Chapter 4, is also a three-country, three-good model, but here each country has a
comparative advantage in the production of two out of three goods. It is a “competing exporters”
model. The reason to model both competing importers and competing exporters is that the incen-
tives to form different agreements are not the same between those scenarios, even without deep
considerations. Both these models of multiple asymmetric countries enable us to examine the
equilibrium agreements and environmental outcomes assuming (i) environmental agreements are
negotiated separately, (i1) trade agreements are shallow (trade only), and (iii) trade agreements are
deep (trade and environment). Furthermore, in order to examine the differences between shallow
and deep trade agreements, we develop extended games where countries can choose between dif-
ferent deep and shallow PTAs. To circumvent the multiplicity of Nash equilibria, we use the equi-
librium refinement concept of Coalition-Proof Nash Equilibrium, and show that environment-only
agreements, shallow trade agreements and deep trade agreements have very different equilibrium
outcomes in terms of membership, welfare and environmental damages, depending on the nature
of the pollutant and the type of agreement under consideration. We therefore examine three impor-
tant questions: (i) how do equilibrium agreements differ when countries choose deep rather than
shallow agreements?; (ii) given the choice between deep and shallow trade agreements, would
countries prefer to incorporate an environmental clause into their equilibrium trade deal?; and (ii1)
what are the implications of including non-trade elements in PTAs for the pursuit of global free

trade?



2 Chapter 2

2.1 Introduction

In the literature, as well as in practice, international trade agreements are often associated with
and even criticized for their damaging effect on the environment. Many are concerned with gov-
ernments incentives to alter their domestic environmental policies in order to affect their firms’
competitiveness and thereby increase the gains from trade. The growing number of trade agree-
ments that include different environmental norms illustrates these concerns. In this chapter, we,
first, analyze an international environmental agreement, and then compare shallow (trade only) and
deep (trade and environment) trade agreements between two large asymmetric countries, and we
examine the incentives to form agreements and show that deep and shallow trade agreements have
different outcomes in terms of world and individual countries welfares, trade specialization and
environmental damages. We develop a two-country, two-good model with cross-border negative
spillovers and perfect competition in product markets, where both countries produce both goods,
but each has a comparative advantage in only one of them. To create asymmetry across countries
but keep the analysis tractable, only production of one non-numeraire good is accompanied with
a negative per unit production externality (pollution). Production of the clean good is free of any
local taxes in both countries, and production of the dirty good is subject to a domestic environmen-
tal policy. Under an environmental agreement, countries loose control over their domestic policies
(agree on the level of non-prohibitive environmental tax they levy on their local producers of the
dirty good), but members keep control over their border policies (countries are free to set their
import tariffs at the individually optimal levels). The difference between shallow and deep trade
agreements arises from the nature of the agreement-negotiation process. Under a shallow trade
agreement, members agree to eliminate import tariffs, but they are free to set the non-prohibitive
environmental tax they levy on their producers of the dirty good at their individually optimal levels.
As aresult, the level of tax can vary among countries united under a shallow free trade agreement.

Contrary to that, under a deep trade agreement, countries have to agree on both eliminating their



tariffs on each other and the level of environmental tax they levy on their domestic producers of
the dirty good. We therefore examine three important questions: (i) how do deep and shallow trade
agreements affect countries’ choices of domestic policies and their trade specialization given dif-
ferent degrees of transboundary spillovers?; (i1) given the degree of transboundary spillovers, how
do deep and shallow trade agreements affect world and individual countries’ welfare levels?; and
(ii1) what are the implications of inclusion of the non-trade elements in a shallow trade deal on the
world and individual countries’ environmental damages?

Previous work, such as Horn etal. (2010), suggests that given the choice between border policies
and domestic instruments, countries will generally apply tariffs and not alter domestic policies to
gain a competitive advantage. At the same time, in the presence of restrictions on border policies
(if tariffs are constrained), countries will choose to alter their domestic taxes on foreign produced
products, as these taxes are perfect substitutes for tariffs. Our model is an adapted version of the
perfectly competitive two-country comparative advantage model of Horn etal. (2010). However, in
our version, both countries are active in policy and the externality may generate a transboundary
effect (local and global pollution). Purely local pollution implies that production of the dirty good
affects only the country where the production actually takes place, and purely global pollution
implies that both countries get equally affected by the production of the dirty good regardless
the location of the producer. Those extensions enable us to gain further insights into countries’
choices of whether to use border policies and/or domestic instruments. Our results show that
given complete flexibility, for both levels of transboundary spillovers, a country with a comparative
advantage in the production of the clean good (the clean country) would choose to alter its border
policies and not domestic instruments in order to improve the terms of trade, but a country with
a comparative advantage in the production of the dirty good (the dirty country) would use both
instruments in order to alter the gains from trade. We now can move to discussing the main
questions we ask and answer in this paper.

The first question we ask in this paper is on whether deep and shallow trade agreements affect

countries’ choices of domestic policies and their trade specialization given different degrees of



transboundary spillovers and if so, how? Under a shallow trade agreement, countries agree to
eliminate the tariffs they impose on imports from each other, but still have full control over their
domestic environmental policy. In the no agreement scenario, the dirty country uses both bor-
der policy and domestic policy to alter the terms of trade, and the clean country uses its border
policy exclusively and sets its environmental tax at the socially optimal level. However, under a
shallow FTA, both countries turn to their domestic policies. Our findings here are consistent with
Horn etal. (2010), where if border policies are restricted, countries will use domestic instruments
to affect the terms of trade. The increase in the tax level imposed by the exporter of the dirty good
and the decrease in the tax level imposed by the importer of the dirty good, do not prevent countries
from enjoying a deeper specialization on the good they have a comparative advantage in, but those
changes in the domestic policies lead to an increased production of the dirty good in both countries
and prevent them from enjoying a full specialization, for both local and global levels of spillovers.
Under a deep trade agreement, countries lose control over their domestic environmental policies,
as well as over their border policies. For both local and global levels of pollution, the formation
of a deep free trade agreement induces countries to choose an environmental tax equal to their
marginal damages (socially optimal tax). A deep trade agreement leads to a deeper specialization
in the world of two large asymmetric countries, and both deep and shallow trade deals increase
countries’ speciation in their comparative advantage goods relative to the no agreement scenario.

The next question we analyze in this paper is how deep and shallow trade agreements affect world
and individual countries welfare levels given the degree of transboundary spillovers. As expected,
when countries sign a shallow trade agreement, we observe an increase in the world welfare level
relative to the no agreement scenario if pollution is purely local. However, contrary to that, when
pollution is global, the world welfare under a shallow trade agreement exceeds the no agreement
level only if the productivity gap is relatively wide and the per unit production externality is rela-
tively low. Furthermore, even with the zero level of transboundary spillovers, we cannot say that
both countries benefit equally from a shallow trade agreement. Not surprisingly, the clean coun-

try is better off relative to the no agreement scenario, but the dirty country would sign a shallow



trade deal only if the productivity gap is relatively wide and the production externality is relatively
low. Though we observe that the world welfare under a deep trade agreement exceeds both the no
agreement level and a shallow free trade for both local and global levels of pollution, the individual
gains of each country vary based on the level of per unit pollution associated with the production
of the dirty good and the productivity gap. If pollution is local, then the clean country is better off
in a deep trade agreement, and would actually prefer a deep agreement to a shallow one. The dirty
country would sign that agreement only if the productivity gap is sufficiently narrow. However,
in the case of global pollution, the clean country is interested in adding an environmental clause
to a shallow trade deal only if per unit production externality is sufficiently high, and the dirty
country likes a deep trade agreement for high level of per unit production externality only if the
productivity gap is narrow.

Next, we examine the implications of inclusion of the non-trade elements in a shallow trade deal on
the world and individual countries’ environmental damages. Our results show that a shallow free
trade induces an increase in the level of damages in both countries, and consequently, in the level of
world damages as well, for both local and global levels of pollution. This result is consistent with
the literature on the subject. Though the formation of a deep trade agreement induces an increase
in the world level of damages if pollution is local relative to both no agreement and a shallow trade
deal, the dirty country is fully responsible for this increase, and the clean country, on the contrary,
exhibits a decrease in the level of damages. A deep trade agreement induces a decrease in the
world level of damages relative to both no agreement and shallow free trade if per unit production
externality is sufficiently high and the level of negative per unit production externality is global. If
pollution is global, then both members of the world are equally affected by the production of the
dirty good regardless the location of the producer, and consequently, for this relatively high level
of per unit production externality, we observe a decrease in the level of production and damages in
both countries. However, if the production externality is relatively low and the productivity gap is
sufficiently wide, we then observe an increase in the level of world damages.

Our paper is related to three different and very extensive blocks of literature: the literature on



shallow trade agreements, the literature on international environmental agreements, and the lit-
erature on trade and the environment. The literature on shallow trade agreements is very rich
(e.g., Bagwelland Staiger(1997),  Bagwelland Staiger(1998), = Bondand Syropoulos (1996),

Horn etal. (2010), and Missios etal. (2016)). We relate to this literature through our analysis of
the effect of a shallow free trade on world and individual countries’ welfares. The main body
of literature on international environmental agreements concludes that environmental coalitions
tend to be small and include only, or primarily, homogeneous countries (e.g., Barrett (1994),
Diamantoudi etal. (2018), Ferrara etal. (2011)). Our analysis of deep and shallow trade agree-
ment between two large and asymmetric countries contribute to this literature. The literature on
trade and environment primarily analyses the effect of trade liberalization on the environment (e.g.,
Antweiler etal. (2001), Copeland & Taylor (1994), Ferrara etal. (2009)), and we relate to this litera-
ture through our analysis of the environmental damages under shallow and deep trade agreements.
The rest of the chapter has the following structure: section 2.2 provides the overview of the model;
section 2.3 analyses optimal Nash tariffs and environmental taxes; section 2.4 covers environmental
agreement and its effect on tariffs, taxes, damages, and welfare levels; section 2.5 and section 2.6
explore the effect of deep and shallow trade agreements on countries choices of domestic policies,
specialization, and world and individual countries welfare level in the case of global and local
negative production externality, respectively; section 2.7 investigates the effect of deep and shallow
trade agreements on world and individual countries levels of environmental damages; and section

2.8 concludes the chapter.

2.2 Overview of the Model

We consider a two-country world, j € [a, b]. Each country is large and produces three goods:
two non-numeraire goods, k€ [A, B], and one numeraire good, vo. The production of good B, as
well as the production of the numeraire good, generates no pollution and considered to be clean.
Consequently, the production of these goods is free of any environmental taxes. However, the

production of good A generates pollution, and the local producers of this good get taxed in each



country. Both country a and country b impose a non-prohibitive environmental tax (ei) on their
domestic producers of this dirty good. Pollution, generated by the local production of the dirty
good A, may have a transboundary effect. The numeraire good is freely traded, and both non-
numeraire goods, good A and good B, are subject to non-prohibitive import tariffs (t,{ > . On the
demand side, the representative citizen’s utility function is linear in the numeraire good, and it is

quadratic and additively separable in the two non-numeraire goods:

Uv,vo) =u(v)+vo (2.1)

where v = [v4, vp] is the consumption vector for the two non-numeraire goods, and vg stands for

the consumption of the numeraire good. The demand for good k in country j is given by:

d (pi> =a—-Bp] (2.2)

To focus on incentives to form agreements, we focus on a single externality and without loss
of generality (as long as markets are symmetric) let « = = 1. As in Hornetal.(2010) and
Missiosetal.(2010), the only factor of production is labour (/). Labour is employed according to
constant-returns-to-scale technology in the production of the numeraire good, and we assume that
the supply of labour is large enough in all three countries to always produce that good. Labour is
employed in the production of each non-numeraire good according to decreasing-returns-to-scale
technology, namely, xi = \/I,fl , where l,f € (0, 1). A is a productivity parameter: if l,f =1, then
we say that country j has a comparative advantage in the production of good k, and consequently,
that country j is a natural exporter of that good k; if /115 < 1, then we say that country j is a natural

importer of good k. As a result, the supply of non-numeraire goods in each country j is as follows:

s,{ = l,g (qi = ei) , where k = A and s,{ = l,gqi, where k =B and j € [a,b] (2.3)
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where qi is the producer’s price of good k in country j, and ei is the non-prohibitive environmental
tax imposed on the producers of the dirty good A in country j.> We assume a symmetric compara-
tive advantage structure, specifically, ¢ = A% =1 and A% = A? = A < 1. Under this assumption
each of the two countries has a comparative advantage in the production of only one of the two
non-numeraire goods, and this good coincides with the identity of the country, and each country
has a disadvantage in the production of the other good. Naturally, countries export their compar-
ative advantage good, and import the other good. Goods are freely traded within each country,
and we have q{g = pé and qf; = pi — e/];, where j € [a, b]. However, in the absence of any trade
agreement, both countries can impose specific tariffs on the imported non-numeraire goods (t,i ) ,
and under the assumption that countries are large and symmetric in size, we have the following

no-arbitrage conditions:

ph=p4+1t® and p% = ph+14 (2.4)

where, ¢” is a specific tariff imposed by country b on the imports of good A, and ¢ is a specific
tariff imposed by country a on the imports of good B. To simplify the notation, we ignore the ex-
porter’s and the good subscripts; each country exports only one good, the good it has a comparative
advantage in, and that good is indexed by the same uppercase letter as the identity of the country,

see Figure 2.1.

< Good B 1 | Countryb

Figure 2.1: The Pattern of Trade

2Due to term-of-trade considerations, the tariff is not a simple border tax adjustment intended to bridge the gap
between local and foreign taxes.
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In our model, both countries produce all three goods, but to create asymmetry in incentives across
countries, only production of good A generates pollution. Specifically, we assume the following

environmental damage function in country j:

Y = }’(SZ +zY, SZ) and pb — y(sf\ +z¥, sf\) (2.5)

where 7 is a per unit production externality, y € [0, 1], and illustrates the degree of pollution gen-
erated by the production of the dirty good A. The degree of transboundary spillovers is denoted
by z, and as z approaches 1, the pollution generated from the production of good A in country j
affects the other country in the same way as it affects the country of production. If z = 0, then the
pollution is purely local, and the production of A affects only the country the good A is actually
produced in.

Let m®(p%) = d4(p%) — s&(p%) and m? (p%) = d%(ph) — 55 (p%) be the import demands of coun-
try a and country b respectively; and x¢ = 54 (p%) —d4(p%) and x* = s4(p%) — d5(p%) be respec-
tively export supply of country a and export supply of country b, then the following are market

clearing conditions:
x* =mb (pf‘) and xb = me (p}) (2.6)
The equilibrium price of the dirty good A in country a and in country b respectfully are:

2—tP(14A)+ed+2eh 2(14+25)+e§+Aeh
Pl = A4 and  ph= 20 )reirhes L; 4 2.7)

the equilibrium prices of the clean good B in countries b and a respectfully are:

2—t9(1+A 2(1+14
Ph="M and pg= 2 2.8)

Equation (2.7) illustrates the equilibrium price of the dirty good A in the country which has a

comparative advantage in the production of that good, country a, and in the country which is a
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natural importer of the dirty good A, country b. The price of good A in both countries is positively
related to the level of environmental tax faced by the local producers of that good. However, the
tax imposed by the exporter of that good has a stronger price effect, depending on the productiv-
ity parameter, A. An increase in the productivity gap would lead to a decrease in effect which
importer’s tax has on the price of the dirty good A. Equation (2.7) and Equation (2.8) show that
the domestic prices of both goods and the tariffs countries face while exporting those goods are
inversely related, and the tariffs imposed by those countries and the prices of the goods they import
confirm positive relationship.

Given the prices and the market clearing condition, country b’s import of the good A and country

a’s import of the good B respectively are:

b oa 1=(4A) (2P +ed)+A(2e5-1)

mb — x4 — 4 b 1220014 A)+A (2.9)

and mt=x"= 13

World trade in both goods, the dirty good A and the clean good B, is decreasing in the tariffs
the exporters face, and again, the magnitude of this effect depends on the productivity gap. The
increase in the productivity gap between those countries would induce a smaller effect of the tariffs
they impose on the good they import. The world trade in the dirty good A is inversely related with
the tax faced by the producers in the exporter, and positively related with the tax imposed by the
importer of the dirty good A.

The production levels of the non-numeraire goods in country a are as follows:

a _ 2—tP(142)—e4 (2+2)+Aeh a _ 221419
SqA = 243 ElI’ldSB—AV—+3 (210)

The production levels of the non-numeraire goods in country b are as follows:

A(2(141) 35 +¢4)

2 49(14A)
% o) 2.11)

b
and sp = 3

b _
SA_

Unsurprisingly, equations (2.10) and (2.11) show that the production of comparative advantage
goods in respective countries is decreasing in the tariffs producers face while exporting those
goods. The production of the dirty good A in country a is also decreasing in the local environ-

mental tax, and the effect of the change in tax depends on the productivity gap, and the production
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level is increasing in the tax levied by the importer of this good, country b, and again, the mag-
nitude depends on the productivity gap. As expected, the production of good A in country b is
increasing in the tariff country b levies on the imports of this good from country a. An increase in
the tax applied in country a would lead to an increased production of the dirty good A in country b,
and the increase in the local tax would decrease the production in country a; however, the effect of
the local tax is stronger than the effect of the tax levied by the exporter. We now move to finding

non-cooperative tariffs and taxes.

2.3 Optimal Nash Tariffs and Environmental Taxes

Country j’s welfare is defined as the sum of consumer surplus, producer surplus, tariff revenue,
tax revenue on the production of the dirty good A, minus environmental damages caused by the

production of that dirty good A:

Wi =Y,CS] <p£> + Y PS] (pi) + Y timd (p,ﬁ) tels] —wi (2.12)

where Y ;¢ tim/ (pi) is tariff revenue of country j, and egsi is tax revenue of country j over
the production of the dirty good A. In the absence of any agreement between the countries, each
simultaneously chooses its tariff and tax to maximize welfare. The optimal Nash tariffs and envi-

ronmental taxes are calculated by:

—3,% =0and ?922] =0, where j € [a, b, and k € [A, B] (2.13)

then we have the following reaction functions:

1—e% (14-1)2 +4Aek (24 1)+27A (22— 1) +37(z—2A) + A2 (yz—1)
A+1)(A+2)

t4(r) =14 and ¢? (r) = 1

-4 (2.14)
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14208 2P (14 A) +A2y(1-2) +A7(5—32) +67—A

Z(r) AZ+6A+7 and
by e41+A)+4 (244)=3y(z—A)+A(1—72)—1
ey (r) =~ P (2.15)
and those are the relationships between the reaction functions:
e _ a9r® _ ot ot
o —om =0 and - Ga =05 =0 (2.16)
ot A ot 1A+l
@_A_—H>O and M__Zl_—i—Z<0 2.17)
9t 2(A+1) dey _ 4(A+2)
ab = “itrenry <0 and 5 =5 >0 (2.18)
def _ 2 9¢f _ A+l
3 ~ ey >0 ad o 5R =55 >0 (2.19)

Equations (2.16), (2.17), (2.18) and (2.19) illustrate the slopes of the reaction functions. Equation
(2.16) shows the independence of the tariffs imposed by country a on its imports of good B and by
country b on its imports of good A. We also observe that the tariff imposed on the clean good B
by country a, t“, is independent from the environmental taxes levied on the producers of the dirty
good A in both countries. The slope of the reaction function between the tariff applied by country
b on its imports of the dirty good A, ?, and the domestic tax, eﬁ, is positive, and the slope of the
reaction function between 2 and the foreign tax, ef, is negative, equation (2.17). Furthermore,
the local tax has stronger effect on the tariff than the foreign tax does if the productivity gap is
relatively narrow, and the change in exporter’s tax has a stronger effect of the tariff that exporter
faces if the productivity gap is relatively large.> The tariff set by the importer of the dirty good A,
country b, and the tax imposed on the local producers in country a are strategic substitutes, and the
slope of the reaction function between local taxes and tariffs imposed by the importer, country b,
is positive, equation (2.18). However, the effect of the change in tariff is higher on the country b’s

level of local tax than on the country a’s one.* Equations (2.19) shows that environmental taxes

3| o AT ; o’ AT :

3¢l > | Gen if A is sufficiently large and 3T < |G if A is sufficiently small
4| de4 déb

o |~ o] <0
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imposed by country a and country b are strategic complements, but the change in the tax of the
natural exporter of this dirty good A, country a, has a stronger effect on country b’s tax than the
change in country b’s tax on the country a’s level of tax. >

The equilibrium no agreement tariffs on the clean good B and on the dirty good A, and the equilib-
rium no agreement taxes imposed by both countries on their domestic producers of the dirty good

A respectfully are:

_ _ —A)=A2(3y—
1%(ny) = 1%(ng) = lel_l P (n)) = %(’1+2)(7L D=1 2nd tb(ng) _ %(2 A)—A~(3y—1)+y(8A+5)

2 A 13)2A43) A73)2A13)
u 1+2y(A24+4)+A(10y—1 u —A A
ex () = e (ng) = v: e (m) = 7/E/1+3)(>27ur(3) T2 and ¢4 (ng) = % (2.20)

where (n;) indicates the no agreement scenario if pollution is local, and (ng) stands for the absence
of any deep and shallow trade agreement between country a and country b if pollution is global. As
we can see from equation (2.20), the country with no comparative advantage in the production of
the dirty good A, country b, shows no distortion in the environmental tax from the socially optimal
level, y, for both local and global levels of pollution. This is consistent with Horn etal. (2010),
with complete flexibility countries will use border policies and not domestic instruments to alter
the gains of trade ©. However, it is not true in the other country, country a. The level of negative
production externality has no effect of the level of tariff on the clean good B, and this tariff is
negatively related to the productivity parameter, A; the increase in the productivity gap would
induce an increase the level of tariff country b faces while exporting good B to country a. Contrary
to that, the level of tariff country b sets on its imports of the dirty good A is greater when pollution
is global. The global level of pollution affects both countries equally, and consequently, country b
charges a higher tariff to forgo its own production of good A. Furthermore, while facing a higher
tariff, if pollution is global, country a brings its tax below the no agreement level of local pollution.

On one hand, global production externality induces an increase in the level of tariff faced by the

b
dey
a
de§

a
Be;:
dey

Note, that externality is consumption in Horn etal. (2010)

5 <0

6
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exporters on the dirty good A, and on the other hand, the tax burden they bear gets reduced. If
pollution is local, then the environmental tax level in the country with the comparative advantage
in the production of the dirty good A, country a, is lower than the environmental tax sets in the
importer of this good, country b. The local level of negative production externality implies that
the importer of the dirty good A, country b, can benefit from the increased level of consumption
of that good A while enjoying the zero increase in the damages. If pollution is global, then the tax
levied in country a exceeds the level of tax charged in country b if productivity gap is relatively
large and the production externality, gamma, is relatively low; narrow productivity gap and high
level of externality would bring the tax level in country a above its counterpart in country b, the

importer of this good.

2.4 Environmental Agreement and its Effect on Tariffs, Taxes, Damages,

and Welfare Levels

In this section, we analyze the effect of an environmental agreement between two large asymmetric
countries, the dirty country a and the clean country b, on the levels of tariffs, taxes, damages,
and welfare gains. When countries sign an environmental agreement, they loose control over their
domestic policies, namely, they have to agree on the level of non-prohibited environmental tax they
levy on their local producers of the dirty good A. In the same time, an environmental agreement
allows members to maintain control over their border policies (members set individually optimal
tariffs on imports from each other). First, we analyze an environmental agreement between country
a and country b if pollution is local, (abf), and then, we analyze an environmental agreement in
the case of global pollution, (abg). Members set an environmental tax at a jointly optimal level by

solving the following:

IXIWI (abf)

W = 0, Wherej G[a, b] (221)
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Now, we state the following:

PROPOSITION 2.1: An environmental agreement between two large asymmetric countries in-
duces the clean member to raise its tariff on the imports of the dirty good A above the no agreement
level but creates no distortion of the tariff on the clean good.

An environmental agreement between two asymmetric countries, country a and country b, leads to
a jointly optimal level of an environmental tax which is above both individually optimal taxes in
respective members in the no agreement scenario, es (ab¢) > % (n;) > €4 (n;).” A complementarity
of an environmental tax and tariff on the dirty good A levied in the clean country can explain
the first half of the above proposition (equation 2.17); both instruments can be used to influence
domestic production of the dirty good A in the clean country b, and as a result, an increased level
of an environmental tax would lead to an increased level of tariff in order to protect domestic
producers, and an increased tariffs would act as a barrier and, in the same time, would allow the
clean country to increase its environmental tax. To prove the second half of the above proposition,
we use equation 2.16, which states the independence of taxes set on the domestic producers of the
dirty good A and tariffs on the clean good.

LEMMA 2.1: An environmental agreement between two large asymmetric countries induces a
decrease in the environmental damages in both members, and consequently, in the world.

An increased level of an environmental tax discourages domestic production of the dirty good A
in both members of this environmental deal, s¢(ab¢) < s4(n;) and s5 (ab¢) < 54 (n;). Furthermore,
an increased tariff imposed on the dirty good A together with an increased local tax in the country
with the comparative advantage in the production of the dirty good A lead to a reduction in the
international trade of that good, m” (abf) < mP(n;). As a result, we observe a decrease in the level
of environmental damages in both members, and consequently, in the world.

If pollution is local, then a country with a comparative advantage in the production of the clean
good would always prefer to stay away from an environmental agreement with the dirty country

a, and though, the dirty country a is better off in an environmental agreement if the productivity

"Respective taxes are complements.
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gap is sufficiently wide (see Figure?2.2), the world welfare is always lower under an environmental

agreement.

We(abj) < We(n,)

T Wa(abf) = We(n,)

Wea(abf) > W%(n;)

14

Figure 2.2: Country a welfare comparison of no agreement (n;) and environmental agreement
(able) if pollution is local

However, contrary to the case of local pollution, when the clean member prefers to stay away
from an environmental agreement, if pollution is global, then the dirty country is better off in the
no agreement scenario. In the same time, sufficiently high level of negative per unit production
externality would encourage the clean member to sign an environmental deal with the dirty country,
and that in turn explains an increase in the members welfare if per unit production externality is

sufficiently high, see Figure2.3.
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Figure 2.3: World and country b welfare comparison of no agreement (ng) and environmental
agreement (abg) if pollution is global

2.5 Local Pollution: Deep and Shallow Trade Agreements

In this section, we analyze two different options, deep and shallow trade agreements, which arise
between two large asymmetric countries, country a and country b, in the case of local pollution. If
pollution is local, then the negative externality associated with the production of the dirty good A
has an effect only on the country where the production of that good actually takes place. The other
country exhibits no change in its level of damages. (The difference between deep and shallow trade
agreements stems from the nature of the agreement-negotiation process. Under a shallow trade
agreement, countries agree to eliminate the tariffs they impose on imports from each other, and they
still have a full control over their domestic environmental policy, namely, they levy individually
optimal levels of environmental tax on their domestic produces of the dirty good A. Alternatively,
when countries sign a deep trade agreement, they have to agree on the level of the non-prohibitive
environmental tax they impose as well as on the eliminating the trade tariffs on the imports from

each other).
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2.5.1 Deep and Shallow Trade Agreements and their Effect on Taxes and Specialization

In this subsection, we analyze the effect of deep and shallow trade deals on the level of non-
prohibitive environmental tax countries impose on their local producers of the dirty good A and on
their level of specialization. First, we analyze the shallow trade agreement between country a and
country b, denoted by (abf ) , and then we evaluate the deep trade agreement, denoted by (abji).

Shallow trade agreement members independently set their environmental taxes on the dirty good

A by maximizing their utility functions:

Wi (ab) B .
o) =0 wherej€/a, b] (2.22)

tJ(ab})=0

Now, we state the following:

PROPOSITION 2.2: A shallow FTA between two large asymmetric countries induces the clean
member to lower its environmental tax below the no agreement level but leads to an increase in the
environmental tax level imposed by the dirty member of this agreement.

The explanation for the first half of the above proposition lies in the complementarity of the tariff
and environmental tax imposed by country b on the imports and production of the dirty good A,
which is illustrated in the equation (2.17). A shallow trade agreement implies that its members
eliminate their tariffs on the imports from each other, t°(abj) = t*(ab}) = 0, and consequently,
the elimination of the tariff on the dirty good A leads to a decrease in the level of tax levied by
country b. The second half of the above proposition states that the elimination of the tariff faced
by the exporter of that dirty good A leads to an increase in the level of domestic tax faced by
the local producers on that good in country a. The explanation for that lies in the tariff faced
by country a and the tax imposed in country a being strategic substitutes, equation (2.18). As a
result, once the tariff is eliminated, country a raises its local tax. Our findings are consistent with
Hornetal. (2010), if tariffs are restricted, countries will use domestic instruments to affect the term
of trade. The increase in the tax level imposed by the export of the dirty good, country a, does

not prevent countries from enjoying a deeper specialization on the good they have a comparative
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advantage in, and now, we are ready to state the following:

LEMMA 2.2: A shallow FTA between two large asymmetric countries induces an increase in the
production of the clean good B in country b and induces a decrease in the production of that good
in country a, the production of the dirty good A increases in both countries.

Once the tariffs are eliminated, countries find it beneficial to increase their specialization in the
goods they have a comparative advantage in, and consequently, they increase imports of the goods
they do not have a comparative advantage in: m“(s;) > m“(n;) and m®(s;) > m®(n;). However,
though s%(s;) < s%(n;) and s5(s;) > s5(n;), we still observe si(sl) > s',(n;) where j €[a, b]. The
explanation lies in the distortion of the environmental tax level from its socially optimal level in
the country with no comparative advantage in the production of the dirty good A, country b. The
elimination of the tariff on the imports of the dirty good A induces a decrease in the tax level
the local producers face, and consequently, this reduction makes the production of good A more
attractive to the local producers in country b. Nethertheless, the increase in the production of the
dirty good A in country a still exceeds the increase in country b, and that in turn, explains the
increase in the export level of the dirty good A. Though a shallow trade deal does not lead to a
deep specialization of two large asymmetric countries, it still allows countries to benefit from the
increased production of their comparative advantage good and an increased import of the good
they do not have a comparative advantage in.

Similar to the members of the shallow trade agreement, a deep trade agreement members also
eliminate tariffs on the imports from each other, but they also set an environmental tax at a jointly

optimal level by solving the following:

ILIWI(ab?)

Sea(ab) =0 where j €[a, b] (2.23)

ti (ab¢)=0
Now, we state the following:

PROPOSITION 2.3: A deep FTA between two large asymmetric countries induces a socially opti-
mal level of the jointly optimal environmental tax and leads to a deep specialization of its members

on their comparative advantage goods.
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When countries add an environmental clause to their trade deal, then the level of the jointly opti-
mal environmental tax on the producers of the dirty good A is at its socially optimal level. Socially
optimal tax level is the lowest level the dirty country a levies on its domestic producers of good A,
and this level is the highest the clean country b chargers relative to both the no agreement scenario
and a shallow trade deal. As a result, we observe a deeper specialization on the comparative ad-
vantage goods. Country b’s production of good A is the lowest relative to both the no agreement
and the shallow trade deal, and consequently, the import level is the highest. Under the deep trade
agreement, the dirty country a increases the level of production of its comparative advantage good,
good A, while keeping the production of the clean good B at the shallow agreement level. As a
result, we do not observe any increase in the world trade in the clean good B. We conclude that, a
deep trade agreement between two large asymmetric countries leads to a higher level of specializa-
tion than the shallow trade deal does; we observe an increase in the world level of production and
trade in the dirty good A relative to the shallow trade agreement. However, both deep and shallow
trade deals increase countries specialization on their comparative advantage goods relative to the

no agreement scenario.

2.5.2 Deep and Shallow Trade Agreements: Welfare Analysis

In this subsection, we examine the effect of deep and shallow trade agreements on world and
countries’ welfare levels if pollution is local. First, we analyze a shallow trade deal, and then we
examine a deep trade agreement. When countries sign a shallow trade agreement, we observe an
increase in the world welfare level relative to the no agreement scenario. However, we cannot
say that both members benefit equally from this agreement. The clean country is better off in the
shallow trade agreement than in the no agreement scenario, but the dirty country a would sign
that deal only if productivity gap is relatively wide and production externality is relatively low, as

shown in Figure2.4. Welfare gain from (abj) in dirty country is decreasing in both y and A.
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Figure 2.4: Country a welfare comparison of no agreement (n;) and shallow trade agreement (ab;v )
if pollution is local

In the case of a pure local production externality, the increased production of good A hurts exclu-
sively the country of origin, and that in turn explains positive relationship between the level of per
unit production externality, ¥, and country b’s gains from the shallow trade deal. An increase in
the level of pollution per unit of production of the dirty good A would make a shallow trade deal
even more appealing for the clean country b. This country would enjoy the increased level of con-
sumption of the dirty good A without paying the price of an increased pollution. An increase in the
productivity gap would also lead to an increased level of gains of country b from this shallow trade
deal with country a. An increased in productivity parameter, A, would decrease the comparative
advantage of country a in the production of the dirty good A, and consequently, would make the
local production in country b more attractive reducing the gains of trade.

A shallow trade agreement reduces the tariffs countries apply on the imports from each other to
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zero, and consequently, leads to an increased level of trade; countries increase the export of their
comparative advantage good and increase the import of the good they do not have a comparative
advantage in. The increased production of the dirty good A generates a higher level of pollution,
and, as a result, decreases the dirty country a’s desire to participate in this agreement. A rela-
tively high level of per unit production externality, ¥, and a narrow productivity gap induce county
a’s incentive to stay away from the shallow trade deal with the clean country b, as illustrated in
Figure2.4. This incentive grows with an increase in the level of per unit production externality
and with the decrease in the productivity gap. Unless the increase on the productivity parameter
is accompanied with a decrease in the pollution per unit of production, the dirty country a would
prefer to stay away with the shallow trade deal.

When countries add an environmental clause to their trade agreement, then we observe an increase
in the world welfare level relative to both the no agreement scenario and the shallow trade deal.
Again, the clean country b is better off in the agreement with the dirty country a, and would actually
prefer a deep agreement to a shallow one. However, the dirty country a would sign that agreement
only if the productivity gap is relatively narrow. If the productivity gap is relatively wide, then
country a is better off in a shallow trade deal than in a deep one, as shown in Figure2.5. An
increase in the level of per unit production externally would shrink the gains from deep agreement
versus shallow one for the clean country b, and would increase the gains for the dirty country a
only if the productivity gap is relatively narrow. An increase in the level of pollution per unit of
production would otherwise increase country a’s gains from this deep trade deal relative to the
shallow one. The wider productivity gap increases country b’s incentive to negotiate over the
environmental agreement, and country a exhibits similar incentive but only for the relatively high
levels of the productivity parameter. The increase in the productivity gap encourages the dirty
country a to stay away from the deep trade agreement with the clean country b.

Though we observe that the world welfare is the highest under the deep trade agreement, the
individual gains of each country varies based on the level of per unit pollution associated with the

production of the dirty good A and the productivity gap. The clean country b is better off in a deep
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trade agreement, but the dirty country a would sign it only if the productivity gap is sufficiently

narrow.

wa(ab®)>We(ab?)

T We(ab}) = W(abj)

w(ab?) < We(ab?)

4

Figure 2.5: Country a welfare comparison of deep trade agreement (abf) and shallow trade agree-
ment (ab}) if pollution is local

2.6 Global Pollution: Deep and Shallow Trade Agreements

In this part of the paper, we examine deep and shallow trade agreements when negative production
externality is global. Global pollution implies that the production of the dirty good A affects both

members of the world equally regardless of the country where this production takes place.

26



2.6.1 Deep and Shallow Trade Agreements and their Effect on Taxes and Specialization

In this subsection, we, first, analyze the effect of a shallow trade agreement, denoted (abg), on the
environmental tax on the dirty good A in both members and on the level of their specialization, and
then, we examine the effect of a deep trade deal, denoted (abg )

Similar to the local pollution case, when pollution is global and countries decide to sign a shallow
trade deal, they agree only on eliminating their tariffs on the imports from each other, but they still
impose individually optimal levels of the non-prohibitive environmental tax. Again, we observe
an increase in the environmental tax levied by country a and a decrease in the level of tax in
country b relative to their no agreement levels, and consequently, similar to the local pollution
case, these changes in local taxes lead to an increased production of the dirty good A in both
countries. The inverse relationship between the local tax in country a and the tariff faced by that
country, illustrated in the equation (2.18), explains an increase in the level of tax when the tariff is
eliminated. Also, an increase in the production, and consequently, export level of the comparative
advantage good of country a, good A, is explained by the elimination of the import tariff under
this shallow trade deal. On the other hand, the complementarity of the tax and tariff imposed
by the clean country b, respectively, on its production and import of the dirty good A explain a
decrease in the local tax in country b, and that in turn explains the increased production of the dirty
good A in country b relative to the no agreement scenario. This shallow trade deal increases the
specialization of the clean country b on its comparative advantage good, good B: s%(s4) < s%(71,)
and s%(s,) < s5(ng). Though we do observe the increase in the production of the dirty good A
in both countries, the increase in the production of the dirty good A in country a still exceeds the
increase in country b. Again, we see that the shallow trade agreement does not lead to a deep
specialization of two large asymmetric countries, but it still allows countries to benefit from the
increased production of their comparative advantage good and an increased import of the good
they do not have a comparative advantage in.

The members of deep trade agreement eliminate tariffs on the imports from each other, and they

also set an environmental tax at a jointly optimal level. Now, we are ready to state the following:
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PROPOSITION 2.4: The formation of a deep free trade agreement induces the members to choose
an environmental tax equal to marginal damages.

The negative per unit production externality associated with the production of the dirty good A
effects both countries in the same way when pollution is global. In this case, a deep trade agreement
induces the members to set the tax at the level at the socially optimal level of 2y, which is equal
to world marginal damages. This level of tax is the highest the clean county b levies on its local
producers of the dirty good A for any size of the productivity gap or per unit production externality.
However, this level is the highest for the dirty country a only if the level of per unit production
externally is relatively high. The export of the dirty good A decreases in the level of per unit
pollution. An increase in per unit production externality, as well as a relatively narrow productivity
gap, leads to a lower import demand in country b. However, under a deep trade agreement, we also
observe a decrease in the local production of the dirty good A in country b for any level of per
unit production externally and productivity gap relative to both the no agreement scenario and the
shallow trade deal. Based on the above, we conclude that a deep trade agreement also leads to
a deeper specialization in the world of two large asymmetric countries if pollution is global, and
both deep and shallow trade deals increase countries specialization on their comparative advantage

goods relative to the no agreement scenario.

2.6.2 Deep and Shallow Trade Agreements: Welfare Analysis

In this subsection, we examine how deep and shallow trade agreements affect world and individual
countries’ welfare levels if pollution is global. Global pollution implies that both countries get
equally affected by the production of the dirty good A regardless the location of the producer.
First, we analyze the shallow trade deal, and then we examine the deep trade agreement.

In the case of local pollution, described above, we observe an increase in the world welfare level
under shallow trade agreement relative to the no agreement scenario for all levels of the externality

and productivity gap. Contrary to that, when pollution is global, the world welfare under shallow
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trade agreement exceeds the no agreement level only if productivity gap is relatively wide and per
unit production externality is relatively low, as illustrated in Figure2.6. As mentioned previously,
if pollution is local then the clean country b is better off in a shallow trade deal for any levels
of pollution or productivity parameter, but if pollution is global, then the clean member of the
world would sign a shallow deal only if productivity gap is large and per unit externality is low
(Figure2.7). The explanation simply lies in the level of spillovers; if pollution is local, then the
increased production of the good A in country a had no negative effect on its neighbour, country b,
and consequently, the clean country demands positive imports of the dirty good A for any level of
per unit production externality. However, if pollution is global, then the clean country b bears the
cost of the increased production of the dirty good A, and consequently, imports are positive only if
per unit production externally is relatively low (m” (ng) = 0 line in Figure 2.6 and Figure 2.7). The
dirty country a would also prefer to stay away from the shallow trade deal if per unit production
externality is relatively high and the productivity gap is relatively narrow, as shown in Figure?2.7.
This is explained by the negative import demand in country b for the dirty good A if per unit pol-
lution is high and productivity gap is narrow. The negative level of import demand limits country
a’s ability to benefit from the world specialization on the comparative advantage goods, and conse-
quently, makes any trade deal less desirable. An increase in per unit production externality and/or
a decrease in the productivity gap would decrease both countries desire to form a shallow trade
deal. If pollution global, then asymmetric countries do not necessarily benefit from a shallow trade

agreement, they do so only if per unit pollution is low and the productivity gap is wide.
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Figure 2.6: World welfare comparison of no agreement (7,) and shallow trade agreement (abg) if
pollution is global
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Figure 2.7: Countries welfare comparison of no agreement (ng) and shallow trade agreement (abg)
if pollution is global
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When two large asymmetric countries have to agree on the level of environmental tax they levy on
their local producers of the dirty good A, as well as on the removing trade tariffs on the imports
from each other, then we observe an increase in world welfare level relative to both no agreement
and a shallow trade deal. World welfare under deep trade agreement is increasing in productivity
parameter for relatively high levels of per unit production externality and decreasing in productivity
parameter if per unit pollution is low relative to both no agreement and a shallow trade deal. The
increase in the unit production externality would cause an increase in the world value of a deep
trade agreement, again relative to both the world with no agreements in it and a shallow free trade.
Both a high per unit production externality and a narrow productivity gap would result in higher
world welfare level under a deep trade agreement. A high level of per unit production externality
makes a shallow trade deal more attractive to the clean member of the world, country b, relative
to both no agreement and shallow trade deal, and the dirty country a likes a deep trade agreement
for high level of per unit production externality only if the productivity gap is relatively narrow.
A decrease in productivity gap would, on one hand, make a deep agreement less attractive for
country b if production externality is high, and on the other hand, it would make it more attractive
for country a. The explanation lies in the positive level of export of country a under the shallow
trade deal for any level of negative production externality relative to country a’s exports being
positive under no agreement only if per unit pollution is relatively low.

Similar to the previous case of local pollution, if pollution is global, we also observe that the world
welfare is the highest under a deep free trade agreement, but contrary to the previous case, here,

we observe that the dirty country a is also on board with this deal.

2.7 Deep and Shallow Trade Agreements and their Effect on the Environ-

mental Damages

In this section, we examine the effect of deep and shallow trade agreements on the level of world
and individual countries’ environmental damages for both local and global levels of negative per

unit production externality, pollution. We are ready to state the following:
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PROPOSITION 2.5: Deep and shallow trade agreements have the following effects on the level of

world and individual countries environmental damages:

(i) The formation of a shallow free trade agreement induces an increase in the level of
damages in both members of the world, and consequently, in the level of world damages

as well, for both local and global levels of pollution.

(ii) If pollution is local, though the formation of a deep trade agreement induces an
increase in the world level of damages relative to both no agreement and a shallow

trade deal, the clean country b exhibits a decrease in the level of damages.

(iii) If pollution is global then a deep trade agreement induces a decrease in the world
level of damages relative to both no agreement and shallow free trade if per unit pro-

duction externality is sufficiently high.

The explanation to part (i) of the above proposition lies in the increased production of the dirty
good A in both members of the world. The removal of the trade tariff leads to increased exports
and production of the dirty good A in the country with a comparative advantage in the production
of that good, the dirty country a, for both local and global pollution. We can say that this effect
is fully expected. However, we also observe an increase in the production of the dirty good A
in the country with no comparative advantage in this good, the clean country b, and again we
observe this increase for both levels of pollution, local and global. This can be explained with
the complementarity of tariffs and taxes on the local producers of the dirty good A in country b.
The decrease in the import tariff to zero leads to a decrease in the level of environmental tax, and
consequently, makes the production of the dirty good more attractive for the local producers in
country b. The level of damages is still higher in the country with a comparative advantage relative
to the level in the clean country b. We can conclude that a shallow trade agreement induces an
increase in world pollution relative to the no agreement for any level of productivity parameter

and/or negative production externality for both local and global levels of pollution.
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Though the formation of a deep trade agreement, (abf ), also leads to an increase in the level of
damages in the world if pollution is local, the dirty country a is fully responsible for this increase,
Part (ii) Proposition2.5. In the case of local pollution, the level of world damages under a deep
trade agreement exceeds both the no agreement level and a shallow trade deal. However, the level
of environmental damages in the clean country b is below the no agreement level. The explanation
lies in an increased specialization in both countries on the good they actually have comparative
advantage in. We observe a growth in production and export of the dirty good A by country a, and
consequently, we observe a decrease in the production and an increase in the import demand for
the dirty good A by the clean country b.

However, contrary to the local pollution case, the formation of a deep trade agreement, (abg,’),
induces a decrease in the level of world damages relative to both no agreement and a shallow free
trade if per unit negative production externally is relatively high; see Figure2.8. If pollution is
global, then both members of the world are equally affected by the production of the dirty good
A, and consequently, for this relatively high level of per unit production externality, we observe
a decrease in the level of production and damages in both countries, the dirty country a and the
clean country b, relative to both the no agreement and a shallow trade deal. However, if production
externality is relatively low and the productivity gap is relatively wide, then we observe an increase
in the level of world damages. In this case, both members of the world, the dirty country a and the
clean country b, increase the production of the dirty good A, and as a result, experience an increase

in the level of environmental damages.
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Figure 2.8: World environmental damage comparison of deep trade agreement, (abg,l), shallow
trade agreement, (abfg) , and no agreement () if pollution is global

2.8 Conclusion

Countries can use both border policies and domestic policies in order to improve their terms-of-
trade and increase their gains from trade, and this has received a great deal of attention in both
literature and in practice. In this chapter, we have investigated this issue by comparing shallow
(trade only) and deep (trade and environment) trade agreements between two large asymmetric
countries, and we have shown that deep and shallow trade agreements have different outcomes in
terms of world and individual countries welfares, trade specialization and environmental damages.
Therefore, we have answered three questions: (1) how do deep and shallow trade agreements affect
countries’ choices of domestic policies and their trade specialization given different degrees of
transboundary spillovers?; (ii) given the degree of transboundary spillovers, how do deep and

shallow trade agreements affect world and individual countries’ welfare levels?; and (iii) what are
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the implications of inclusion of the non-trade elements in a shallow trade deal on the world and
individual countries’ environmental damages?

The first question we have answered in this paper is on whether and how deep and shallow trade
agreements affect countries choices of domestic policies and their trade specialization given dif-
ferent degrees of transboundary spillovers. Our findings show that with the complete flexibility
over both border policies and domestic instruments (under no agreement between countries), only
the dirty country would use both border policies and domestic policies to alter the terms of trade,
and the clean country will alter its border policies exclusively and set the environmental tax at
the socially optimal level. However, under a shallow trade agreement, both countries turn to their
domestic policies to manipulate the terms-of-trade. Though those changes in both countries do-
mestic policies do not prevent them from enjoying a deeper specialization on the good they have
a comparative advantage in relative to the no agreement scenario, still those changes will lead to
an increased production of the dirty good in both countries and prevent them from enjoying a full
specialization for both local and global levels of transboundary spillovers. When countries sign a
deep trade agreement, they lose control not only over their border policies (as in a shallow trade
agreements), but also over their domestic environmental policies as well as, namely, they have
agree on the level of environmental tax they levy on their producers of the dirty good. Our results
show, that the formation of a deep free trade agreement induces countries to choose an environ-
mental tax equal to marginal damages (socially optimal level) for both local and global levels of
pollution. In the world of two large asymmetric countries, a deep trade agreement encourages
a deeper specialization of its members on the goods they actually have a comparative advantage
in, but still both deep and shallow trade deals increase members specialization relative to the no
agreement scenario.

The second question we have analyzed in this paper is how deep and shallow trade agreements
affect world and individual countries welfare levels given the degree of transboundary spillovers.
Our results show, that given a zero degree of transboundary spillovers, a shallow trade agreement

would lead to an increase in the world welfare level relative to the no agreement scenario, and we
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can say that this was fully expected. However, the gains are not the same for both members of
a shallow trade deal; the clean country is better off under this deal regardless the level of nega-
tive externality and/or productivity parameter, but the country with a comparative advantage in the
production of the dirty good is interested in a shallow trade agreement only if productivity gap is
sufficiently wide and production externality is sufficiently low. Furthermore, if pollution is global,
then a shallow trade agreement would lead to an increased level of world welfare only if the nega-
tive per unit production externality is sufficiently low and the productivity gap is sufficiently wide.
Contrary to that, our results show that when countries add an environmental clause to their trade
deal (sign a deep trade agreement) the world welfare is increased relative to both the no agreement
level and a shallow free trade. Again, the countries gains from that agreement depend on the levels
of the negative externality and productivity gap. In pollution is local, then the clean country would
prefer to coordinate both border policies and domestic policies (sign a deep trade agreement), but
the dirty country would prefer to keep control over its domestic policies if productivity gap is
sufficiently large. Furthermore, the global pollution, low level of production externally and wide
productivity gap would encourage both countries to keep control over their domestic policies.

The next question we answer in this paper is what are the implications of inclusion of the non-trade
elements in a shallow trade deal on the world and individual countries environmental damages. Not
surprisingly, our results illustrate an increase in the world damages under both shallow and deep
trade agreement if pollution is purely local. However, under shallow free trade, both countries
exhibit an increase in the level of environmental damages, and under deep free trade, full coor-
dination leads to an increase in the damages only in the country with a comparative advantage in
the production of the polluting good. In the case of global pollution, a shallow free trade agree-
ment would increase the level of pollution in both countries, and consequently, in the world, but a
deep free trade would indeed induce a decrease in the world level of damages relative to both no

agreement and shallow free trade if per unit production externality is sufficiently high.
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3 Chapter 3

3.1 Introduction

Over the past few decades, the rise in the number of preferential trade agreements (PTAs) has
been a major trend in international trade. In the same time, pure international trade agreements
have been unsuccessful in practice, and it is well-established in the literature that these agreements
suffer from a strong free-riding incentive. Though cooperation is beneficial for all members, a
self-exclusion incentive is strong as well as countries benefit form the effort of other countries.
Alongside these global trends in trade and the environment, we observe a widespread inclusion
of non-trade elements in modern preferential trade agreements, such as domestic policy over the
environment, labour, intellectual property, health and investment, and one area that has received a
great deal of attention in deep agreements is the environment.

As shown in the two-country model of Horn etal. (2010) on the nature of trade agreements, coun-
tries will generally apply tariffs and not alter domestic policies on local firms to gain competitive
advantage in the absence of any restrictions. If tariffs are constrained (such as in a PTA), coun-
tries will then resort to consumption taxes on foreign produced products, as these taxes are perfect
substitutes for tariffs. However, Article III of the WTO prevents differential treatment of foreign
products from domestic products (National Treatment). In this situation, countries would then re-
sort to manipulating domestic policies in order to improve their terms-of-trade. In this manner,
countries can modify environmental (or health or labour) taxes to gain advantage against foreign
competition. Our initial contribution is to formally examine these different cases, and their ef-
fects on welfare, in an adapted version of the perfectly competitive two-country comparative ad-
vantage model of Horn etal.(2010), but with several extensions: three countries (along the lines
of Missios etal.2016), asymmetric countries, active policy in all countries, production (not con-
sumption) externalities, and differential externality effects. Here, each country has a comparative
advantage in the production of only one non-numeraire good, and consequently, is a natural ex-

porter of that good, but produces all goods. To simplify the analysis, only one non-numeraire good
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generates a negative (production) externality (the “dirty” good), which may have a transbound-
ary effects on other countries.®. We consider two policy instruments: (non-prohibitive) tariffs on
imports, and a (non-prohibitive) environmental tax on the domestic producers of the dirty good,
and illustrate the optimal policies under each possible trade agreement (and in the absence of any
agreement). In addition to the standard tariff complementary of trade agreements, we also investi-
gate the complementary of taxes and tariffs on the production and international trade of the dirty
good.

In our model, shallow trade agreements allow countries to negotiate only pure trade deals. Under
this type of trade agreements, members are free to set the non-prohibitive environmental tax they
levy on their producers of the dirty good at their unilaterally optimal levels. As a result, the level
of tax can vary among members of any shallow trade agreement. We analyze two types of shallow
PTAs, free trade agreements (FTAs) and customs unions (CUs). As in Bagwell and Staiger (1997),
Bondand Syropoulos (1996), and Missios etal.(2016), we observe and explore the effects of the
pooled market power of customs unions on the joint external tariff the members levy on their
combined imports from the non-member country. As required by article XXIV of the WTO, in
any shallow trade agreement, members agree to eliminate tariffs on each other, but FTA members
enjoy a higher degree of freedom in setting their individually optimal external tariff on the imports
from the non-member, and consequently, each member is free to make a “side deal” with another
country (that is, to become a “hub” in a hub-and-spoke situation). Unlike FTA members, members
of a customs union impose a jointly optimal tariff on the imports from the outsider by maximizing
their joint welfare function. Article XXIV of GATT/WTO requires all PTA members keep their
external tariffs on non-member countries no higher than the pre-existing level. In this paper, we
examine both cases: first, we ignore this tariff restriction and simply assume that any CU is free

to levy the optimal tariff, and later, we investigate the effect of the restrictions of Article XXIV.

8 As in Horn etal. (2010), we assume a constant externality per unit of production. We also assume with symmetric

cross border spillovers in the global pollution case.
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Contrary to shallow PTAs, deep trade agreements let their members negotiate both tariffs and
taxes. Members of deep FTAs have to agree on both eliminating their tariffs on each other and
the level of environmental tax they levy on the domestic producers of the dirty good. In addition
to that, members of integrated customs unions (IUs) also agree on a jointly optimal tariff on the
imports from the outsider. Similar to shallow customs unions, the combined power of members of
an integrated customs union allows them to benefit from the increased terms of trade gain and to
raise their common external tariff on the imports from the outsider above the no agreement level.
Similar to shallow CUs, we also first ignore the tariff restrictions required according to Article
XXIV of the GATT/WTO, and then we examine the effect of these restrictions on the formation of
different integrated customs unions.

Following an approach similar to Missios etal.(2016), we also assume that countries are free to
choose their shallow or deep PTAs members, as well as their tariffs and environmental tax levels in
the absence of any relevant agreement. As a result, deep or shallow preferential trade agreements
arise endogenously. First, we restrict countries’ sets of announcements to either shallow or deep
trade agreements and derive Nash equilibria of five different games of environmental and/or trade
liberalization: an environment-only agreement game (E game), a shallow customs union game
(CU Game), a shallow free trade agreement game (FTA Game), an integrated (or deep) customs
union game (IU Game), and an integrated (or deep) free trade agreement game (I Game). While
there is some overlap between the previous literature on (shallow) trade agreements, we extend
this analysis by including externalities and domestic policy. Regardless of the nature of trade
and/or environmental agreements, the stages of the games are the same: in the first stage, players
simultaneously announce the name(s) of the countries with whom they want to form an agreement;
in the second stage, given the trade and/or environmental policy regime, countries choose their
optimal tariffs and/or environmental taxes they impose on the production of the dirty good; and in
the final stage of each game, consumption, production and international trade take place. Countries
are free to choose their announcements, and deep or shallow trade agreements can be formed only

if partners announce each other. In an environmental agreement game, players announce the names
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of the countries they would like to form pure environmental agreements with. These agreements
are free of any trade restrictions. The difference between the shallow CU and a shallow FTA games
lies in the nature of two types of preferential trade agreements. In the CU game, a member of a trade
union cannot unilaterally decide to sign another agreement with a non-member country. In order
to do so, a member would need to get a consent of a current PTA partner (expansion), as members
of a trade union impose a jointly optimal tariff on the imports from the outsider. On the contrary, in
the FTA game, members levy an individually optimal tariffs on the non-member, and due to that,
they are free to form another agreement without any consent of a current PTA member. In the deep
customs union (IU) and deep free trade agreement (I) games, each country announces the names of
the countries with whom they want to sign a deep trade agreement. Integrated agreements always
include an environmental component, namely, members have to agree on the level of tax they levy
on their producers of the dirty good.

In order to examine the differences between shallow and deep trade agreements at a deeper level,
we develop four extended games: a shallow trade agreements game, where countries can choose
between shallow CU and FTA agreements; a deep trade agreements game, where countries can
choose between integrated customs unions and integrated FTAs; an extended game with the choice
between deep and shallow CUs; and an extended game with the choice between deep and shallow
FTAs. In either extended game, for shallow or deep trade agreement to arise, countries profiles
should match at two levels, the partner’s name(s) and the type of a preferential trade agreement.
Looking ahead, we have multiple Nash equilibria in all nine games (five games and four ex-
tended games). In this paper, we distinguish any Coalition-Proof Nash Equilibria (CPNE) from
the set of Nash Equilibria (NE). Bernheim etal.(1987) argue that “it is natural to assume that
players can freely discuss their strategies, but cannot make binding commitments”. We follow
Missios etal. (2016) and acknowledge that in the present world, countries have the capacity to com-
municate without having to make binding commitments. Based on that, in our model, we allow
countries to discuss possible environmental and/or trade agreements prior to their announcement.

We follow the concept of coalition-proof Nash Equilibrium introduced in Bernheim etal. (1987):
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“...,the concept of Coalition-Proof Nash equilibrium, that is designed to capture the notion of an
efficient self-enforcing agreement for environments with unlimited, but nonbinding, pre-play com-
munication. An agreement is coalition-proof if and only if it is Pareto efficient within a class of
self-enforcing agreements...an agreement is self-enforcing if and only if no proper subset (coali-
tion) of players, taking the action of its complement as fixed, can agree to deviate in a way that
makes all of its members better off.” Coalition-proof Nash equilibria have to survive all possible
self-enforcing coalitional deviations. When we consider whether a particular coalition-proof Nash
equilibria holds, we keep the announcement of non-deviating countries unchanged.

In our model, pure environmental agreements as well as either shallow or deep trade agreements
arise endogenously. To our knowledge, there is no equilibrium theory on what agreement we
should see in this particular situation and how these agreements impact welfares and environ-
ments. In this paper, we attempt to narrow this gap by answering three different and equally
important questions: (i) how do equilibrium agreements differ when countries choose deep rather
than shallow agreements?; (i1) given the choice between deep and shallow trade agreements, would
countries prefer to incorporate an environmental clause into their equilibrium trade deal?; and (iii)
what are the implications of including non-trade elements in PTAs for the pursuit of global free
trade?

The main body of the literature on international environmental agreements exhibits well-known
results on free-riding incentives. Though all countries benefit from cooperation, each member
has strong incentives to free ride on the coalitional efforts of the others (e.g., Barrett(1994),
Diamantoudi etal. (2018), Ferrara etal. (2011)). Environmental coalitions tend to be small and
include only, or primarily, homogeneous countries. Our main results are in line with this liter-
ature; pure environmental agreements do not arise between asymmetric countries for both local
and global levels of pollution. If pollution if global, then pure environmental negotiation yields
the coalition-proof Nash equilibria of two symmetric clean countries, and the only dirty country
prefers to be an outsider. Furthermore, if the externality exhibits no spillovers, then no agreement

is a coalition-proof Nash equilibria.
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Similar to Missios etal. (2016), we also conclude that, in general, customs unions are more coali-
tionally stable than free trade agreements. As long as the option of a shallow or deep CU is on
the table, countries do not end up in either shallow or deep global free trade. In our case of asym-
metric countries, though global pollution leads clean countries to desire to form either shallow or
deep free trade, the dirty country would never agree to that. The dirty country would rather face
a deep or shallow customs union of two symmetric clean countries than be a part of world agree-
ment. Similar to Bagwell and Staiger (1997), Bond and Syropoulos (1996), and Missios etal. (2016)
we also observe that customs union members raise their tariff on the imports from the outsider,
and the outsider reduces its tariff on the imports from the members relative to the no agreement
level, and as in Missios etal. (2016), though the restrictions of Article XXIV prevent members of
customs unions from raising their external tariffs on the non-member above the pre-existence level,
it does not result in global free trade. However, shallow global free trade survives all coalitional
deviations in the FTA game due to the presence of hub-and-spoke trade regimes, even with domes-
tic taxation policy. In this case, though any two countries can benefit from excluding the third one
from the agreement, none of the countries would exercise it in equilibrium; the exclusion incentive
is still high but the incentive to become a hub is stronger.

The literature on international trade and environment has primarily focussed on the effects of trade
liberalization on the environment and welfare (Copeland and Taylor (1994), Antweiler etal. (2001),
Ferrara etal. (2009)). We relate to this literature through our analysis of the environmental damages
caused by different endogenously formed shallow and deep trade agreements. Our findings show
that the equilibrium shallow free trade agreement induces the highest level of pollution. In a free
trade world, each country finds it beneficial to increase the specialization of the production of
their comparative advantage good and decrease the production of the other two goods, and as a
result, we observe the increased amount of goods produced and traded in the world (relative to no
agreement). The increased production of the dirty good naturally leads to an increased level of
negative externality associated with this production process. We can see that global free trade with

no environmental clause attached to it would cause an increase in the environmental damages for
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both local and global levels of pollution. However, if pollution is global, then a fully integrated
world is the least polluted. If our asymmetric countries have to agree not only on the removal of
the tariffs but also on the environmental tax they levy on their producers of the dirty good, then the
environmental tax shows no distortion from its socially optimal no agreement level.’

The rest of the chapter has the following structure: section 3.2 sets up the basic model and anal-
yses optimal Nash tariffs and taxes; section 3.3 explores environmental and trade agreements and
their effects on tariffs and taxes; section 3.4 investigates environmental and trade agreements and
their effects on the environmental damages; section 3.5 reviles announcements and strategy sets
and provides the notion of coalition-proof Nash equilibrium; section 3.6 analyses endogenous en-
vironmental agreements; section 3.7 analyses endogenous shallow trade agreements; section 3.8
analyses endogenous deep trade agreements; section 3.9 provides further discussion on shallow
versus deep integration, Article XXIV restriction and four extended games; section 3.10 concludes

the chapter.

3.2 The Model
3.2.1 Overview of the Model

We consider a perfectly competitive world with three large countries: j € [a, b, c]. Each country
producers four goods: three non-numeraire goods, k€ [A, B, C], and one numeraire good, vo. The
production technology of the numeraire good, as well as the production technology of goods B
and C, is a clean one. However, the production of good A generates pollution which may have
a transboundary effect on both neighbours. Production of clean goods is free of any taxes in all
three countries, and all three countries impose a non-prohibitive environmental tax (ei) on the
domestic producers of the dirty good A. Only the numeraire good is freely traded; all other good

are subject to non-prohibitive import tariffs (t,f > . On the demand side, the representative citizen’s

9 Socially optimal pollution taxes are higher in the global pollution case due to spillovers.
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utility function is linear in the numeraire good, and it is quadratic and additively separable in the

three non-numeraire goods:
U (v,vo) =u(v)+vp 3.1)

where v=[v4, vp, vc] is the consumption vector for the three non-numeraire goods, and v( stands

for the consumption of the numeraire good. The demand for good k in country j is given by:

d(pf) = o~ B} (3.2)

Again for simplicity, we assume o = 8 = 1, without loss of generality as long as demand is the
same across markets. On the supply side, as in Horn etal. (2010), labour (/) is the only factor of
production. Labour is employed in the production of each non-numeraire good according to DRS
(decreasing-returns-to-scale) technology, namely, xi = \/;,gl , where /'L,g € (0, 1]. A is a productiv-
ity parameter: if ),,g = 1, then we say that country j has a comparative advantage in the production
of good k, and consequently, that country j is a natural exporter of that good k; if l,g < 1, then
we say that country j is a natural importer of good k. We assume that the supply of labour is large
enough in all three countries to always produce numeraire good, and this good is produced accord-
ing to CRS (constant-returns-to-scale) technology. As a result, the equilibrium wage is equal to

one, and the supply of non-numeraire good & in country j is as follows:
si = l,f (qi - ei) ,wherek=A and si = l,gqi, where k € [B, C] (3.3)

where q',i is the producer’s price of good k in country j, and ei is the non-prohibitive environmental
tax imposed on the producers of the dirty good A in country j. We assume a symmetric comparative
advantage structure across all three countries, specifically, A{ = A5= A5 =1and A§ = A4 = A} =
/'Lg = Af{ = A5 = A < 1. Under this assumption each country has a comparative advantage in
the good that coincides with the identity of the country that exports this good, and each country
has a disadvantage in the production of the other two goods and imports them. In this way, we
assume that countries are competing importers; each country exports a single good and imports

two goods. Due to the absence of any local tariffs (free trade within each country), we have
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qi = pi, ifk € [B,C], and qi = p,{ — ei, if k = A. However, all three countries can impose specific
tariffs on the imported non-numeraire goods (t,i ) , and under the assumption that all three countries
are large and symmetric in size, the world price of good k would depend on the tariffs chosen by

two importers of that good k. We have the following no-arbitrage conditions:
PR = DA+ & ph = ph 15 = P+ 1f & ph = ph g pl = peH1¢ & pe=pet1g (34)

where, for example, tﬁ is a specific tariff imposed by country b on the imports of good A. To
simplify the notation, we ignore the exporter’s subscript; each country exports the good it has a
comparative advantage in, and that good is indexed by the same uppercase letter as the identity of

the country; see Figure 3.1.

Country c

Figure 3.1: The Pattern of Trade

In our model, each country produces all four goods, but only production of good A generates
pollution. As in Horn etal. (2010), we assume a constant externality per unit of production, 7,
but potentially with symmetric cross border spillovers. Specifically, we assume the following

environmental damage function in country j:
ya—y (sg +2Yj+a si) , b= y(sf‘ +2zX 4 sﬁ) , Y=y (sf‘ —i—zzj#(:s/{;) 3.5)

where z is the degree of transboundary spillovers, z € [0, 1]. As z approaches 1, the pollution

generated from the production of good A in country j affects the two other countries in the same
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way as it affects the country j itself. If z = 0, then the pollution is purely local, and the production
of A affects only the country the good A is actually produced in, and if z = I, then pollution is
purely global, and the production of A affects all countries equally. To simplify the analysis, we
will consider only these two extremes.

Let mé (p,’c) =d (p,’c) — si (pi) , Where j#k, denote the imports of good k by country j. For the
convenience, we use good A as an example, and let mf\ ( pﬁ) & m ( pz) denote the imports of good

A by countries b and c respectively:
my(ph) =d (ph) =i (ph) and  m§(py) =d (ph) —si (4) (3.6)

Let xj, and x¢ be the export levels of good A by country a to countries b and c respectively:

xp=sq (ph) —d (pg) —ma (py) and  x=s5(pf) —d (pi) —m3 (P4) (3.7)
The following are market clearing conditions for good A:

Xy = mz (pf‘) and xXe =my (pf‘) (3.8)

3.2.2 Optimal Nash Tariffs and Taxes

Country j’s welfare is defined as the sum of consumer surplus and producer surplus over all goods,
tariff revenue over the two imported non-numeraire goods, tax revenue on the production of a dirty

good A, minus environmental damages caused by the production of that dirty good A:

wi =] (p]) +2iPS] (pl) + Ejatim (pl) +ehs) 20 (3.9)
where ). ;i t,ﬁmi (pé) is tariff revenue of country j, and ej;sf; is tax revenue of country j over the
production of the dirty good A. In the absence of any environmental and/or trade agreement, each
country simultaneously chooses its tariffs and tax to maximize it’s individual welfare. We derive
optimal no agreement tariffs, following the approach of Feenstra (2004), Broda etal.(2008) and
Missios etal. (2016). The optimal tariff on the imports of clean goods using the tariff applied by

country b on imports of good C:
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oW _ (pOme IPe b OPC
ol = 1Cgran ~ Mgy =0 (3.10)

while the optimal tariff on imports of the dirty good A:

Wb _ b Imy Of | 9 0% (b N b PR
3r =gt o +’latg (eh—7) Ao =0 (3.11)

where 7 is the constant externality per unit of production of a dirty good A.

Countries balance the deadweight loss versus terms-of-trade gains. The first term in equation (3.10)
and first two terms in equation (3.11) represent the marginal deadweight loss from the tariff. As the
environmental tax approaches its optimal level, ¥, the difference between the efficiency costs of the
tariffs levied on the clean and dirty goods approaches zero. If a clean importer of the dirty good A
does not distort its tax from the socially ideal level, eféa = 7, the deadweight loss from the tariff on
the imports from either country-partner are exactly the same, so in this case countries maximize the
standard difference between terms-of-trade gain and the deadweight loss. If eféa # 7, however,
countries adjust their tariffs to compensate: if a clean country sets its environmental tax on the
producers of the dirty good A above the optimal level, it would lead to a reduction in the efficiency
cost of the tariff of that dirty good A, and if a clean country brings its tax below the ideal level,
then the efficiency loss of the tariff would increase.'? The magnitude of that difference depends on
the productivity parameter, lambda. The second term in both equations above illustrates the terms
of trade effect. The terms of trade effect is the amount of imports multiplied by the change in the
price of that good in the country with the comparative advantage in the production of the good

caused by the change in the tariff.

Equations (3.10) and (3.11) can be re-written as:

_ . 1
g myaph [o”mﬁé M] Do % (m_ﬁ%_l(eﬁy)) [%%} (3.12)

Py oth P aph o1k

To illustrate the relationship between optimal tariffs on clean and dirty goods and the export elas-

b

ticities of those goods, we use the following market clearing conditions: m; = xj and mjy = xZ,

then 9mj} /9 pb = 9x5/apt and Imf/aps = 9x/9ps,.

10 9m}

b b
a3 :—(1+?L)<0andifez<}/,thenl%(ef§—}/) <0/ifez>y,thenlm(ef‘—y) >0
A

b b
at; at;
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o L X 0 (3.13)

vy e phox
1
ﬁzi_w Imy (3.14)
Pi & Pi aph '

where 85 is the elasticity of export supply curve from country b to country a, and & is the elasticity
of export supply curve from country a to country b. Equation (3.13) shows that the optimal tariff
on a clean good is the inverse of the export price elasticity, and equation (3.14) shows that the
optimal tariff on a dirty good is conditional on the environmental tax applied by a clean importer
of a dirty good.!!

The equilibrium price of the dirty good A in country a and in country b respectfully are:

34+ (BAANE — (1 HANSHA YL g € 44

3_(1_"/1)2‘ a[j'l'A'Z' aej+eu 1
a jZa'A Jj7#aATCA . b:z ! (315)

1
Pa=12 P P

the equilibrium prices of a clean good B in countries b and a respectfully are:

3—(1+A) X jup 1) 34+ (3+A)E— (1415
p% :% ( 2—1—)1 '8 and pY = % ( %[—ﬁ/l( )th (3.16)

As we can see from the equations (3.15) and (3.16), the price of the dirty good A, in both domestic
and export markets, is increasing in the environmental taxes imposed on the production of this
good in all three countries. However, the environmental tax in country a has a stronger price
effect than the environmental taxes in the other two countries with no comparative advantage in
the production of that good. The price of good A in country a is decreasing in the tariffs the country
faces in the export markets of the two other countries, b and c. Also, the higher the comparative
advantage those countries have in the production of good A, the stronger the terms of trade effect
on the price of good A. The price of a clean non-numeraire good B in country b is decreasing in
the degree of comparative advantage in the production of this good in two other countries, a and c;
this supply effect is explained by the differences in productivity parameters across countries. As
expected, the price of good A in country b and the price of good B in country a are increasing in its

tariff and decreasing in its competitor’s tariff, and the latter effect is stronger than the former. As in

"'The tariff thus has the standard terms-of-trade component related to the export price elasticity, but also has a
border tax adjustment component to account for the gap between foreign taxes and the optimal tax, gamma.
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Missios etal. (2016), we can conclude that the pass through from tariffs to local prices in importing
countries is incomplete; the domestic price of a good with no comparative advantage does not
increase one-to-one with its import tariff and does not decrease one-to-one with its competitor’s
tariff.

The equilibrium production of the dirty good A in country a and b as follows:

3—(14A) T AL L g el — (3+21) el b 3 3HBHA)E (LA —(4A)e] e e

total export levels of countries a and b are as follows:
— o el — a_ - Ly th—
= 1 (l-l-)L)Z#atA—i—iE?aeA (142)e4 2 and . 1 (1+A}2§£¢b13 A (3.18)

where XZ, . 18 the export of country a, in other words, the volume of trade in good A; and xg’ . 1s the
equilibrium export level of country b to both trading partners, a and c. Environmental taxes reduce
the production of good A in the countries where it is imposed, and increase the domestic supply of
that good in other countries. The local environmental tax has a stronger effect on domestic supply
than a foreign tax on the production of the dirty good A. The environmental tax imposed in country
a has a stronger effect on the local production of A in b than the same tax set by the country with
no comparative advantage in the production of that good, country c¢. The total exports of country
a is increasing in the environmental taxes applied in the importers and decreasing in the domestic
environmental tax; the latter effect is stronger than the former. As expected, exports are decreasing
in the tariffs set by the importers.

The optimal Nash specific tariffs and environmental taxes are calculated by:

W — 0 and 2% =0, where j € [a, b, |, and k € [A, B, C] (3.19)

or! el
then we have the following relationships between the reaction functions:
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We have positively sloped reaction functions and observe tariff complementarity on the same good
export markets. We consider countries which are competing importers, and consequently, the
tariffs they levy on the same good are strategic complements. If one of the countries, country b,
decreases its tariff on good A, then country a would increase exports to country b and decrease
exports to country c¢. To keep importing from country a, country ¢ would have no choice but
decrease its tariff as well. We also observe complementarity of tariffs and environmental taxes on
the production of the dirty good A levied in the same country. If a clean country decides to increase
the environmental tax on its producers of the dirty good A but keep the tariffs at the prior level or
even lower it, it will decrease the ability of the local producers of the dirty good A to compete with
imports. This result is very undesirable, and it provides the intuition for why environmental tax
and tariffs levied in the same country are strategic complements in our model. However, domestic
tariffs and environmental taxes applied in the two other countries are negatively related. Also, the
change in the tax level imposed in the country with a comparative advantage in the production of
good A has a stronger effect on the tariff on that good than the same tax change in the importer of
good A. In the absence of any trade and/or environmental agreements simultaneous solution of the

first order conditions gives us the following optimal Nash tariffs and taxes:

tzas(N):tg(N):fg(N):fﬁ(N):%% and
c 34+4zyA2(A+5.5)+2yA (A +16 A+142)—A(2A+1)-3
(V) = (5(N) = § FT S S e A (321)

3(1_\_~v22 _ _ _ _
AN = e ) A =4 =y (22

S]]

where 7 is the constant externality per unit of production of the dirty good A, and (N) indicates
no agreement scenario. As we can see from equation (3.22), only country with a comparative
advantage in the production of the dirty good A, country a, is distorting their environmental tax

from the optimal level, 7.
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3.3 Environmental and Trade Agreements and their Effects on Tariffs and

Taxes

In this section, we first consider various pure environmental agreements: agreements between two
clean countries, environmental agreement between one clean and one dirty country, and world
environmental agreement. Then, we move to shallow trade agreements: customs unions of two
symmetric and two asymmetric countries, bilateral preferential trade agreement between symmet-
ric and asymmetric countries, two different hub-and-spoke agreements, and a free trade world.
Finally, we analyze deep trade agreements. The difference between shallow and deep trade agree-
ments arises from the nature of the agreement-negotiation process. Shallow trade agreements let
countries negotiate only pure trade deals. In this case, members do not discuss the level of non-
prohibitive environmental tax they levy on their producers of the dirty good A. Consequently, the
level of an environmental tax can vary among members of any shallow trade agreement. Both
members and outsiders of any shallow trade deal maximize their individual welfares and set the
level of tax accordingly. On the contrary, deep trade agreements let their members negotiate both
tariffs and taxes. Members of such kind of agreements have to agree on the level of non-prohibitive
environmental tax they set on the domestic producers of the dirty good A. However, outsiders of

those deep trade agreements are free to choose any level of tax they find optimal.

3.3.1 Pure Environmental Agreements

In this subsection, first, we let two clean countries form an environmental agreement, then we
describe an environmental agreement between one clean and one dirty country, and finally, we
give an account of a world environmental agreement which includes all three countries. In
this paper, we examine two levels of externality: purely local, 6 =/, and purely global
pollution, 6 = g.

If two clean countries form a pure environmental agreement, denoted by (bcg), they agree only on

the tax they levy on their domestic producers of the dirty good A, and they still impose their indi-

51



vidually optimal external tariffs on each other as well as on the non-member country by solving:

3(Wb(bc‘é)+WC(bc‘é)) - AW/ (bc§)
Tealbg) - oand Sy

=0 wherej €/[b, c]and k € [A, B, C] (3.23)

Here, the only dirty good is a good A, and consequently, the only environmental tax implied by
all three countries is on the production of that dirty good A. As a result, an environmental agree-
ment between two clean countries would not have any effect on the tariffs imposed on the clean
goods by all three countries relative to no agreement level of those tariffs. Also, an environmental
agreement between two clean countries would not alter the level of the environmental tax levied by
the outsider of this agreements, the dirty country a. However, both environmental tax and tariffs

which members of this environmental agreement imply on the import from the outsider are subject

to change.

t](be§) <t} (Ny) and t] (beS) > t](N,) where j €[b, c] (3.24)

ea(bcf) < ey (N;) = yand e (beS)> e} (Ny) = y where j €[b, c] (3.25)

PROPOSITION 3.1: An environmental agreement between two clean countries would lead to an
increase in the individually optimal tariffs those countries impose on the imports of a dirty good
A for sufficiently high levels of spillovers, if pollution is local, then such agreement would cause a
decrease in the tariff applied to the imports from the outsider.

The explanation for this lies in the distortion from the ideal tax level in the members of this en-
vironmental agreement. If pollution is local, then we observe the decrease in the level of the
environmental tax implied by the members, that leads to an increase in the local production of a
dirty good A, and consequently to an increase in the damages in those clean countries. The out-
sider of this agreement keeps the same level of production and export of it’s comparative advantage
good, the dirty good A. Those reasons explain the decrease in the tariffs applied by members on
a dirty good A. On the country, if pollution is global, then the environmental tax applied by the
members exceeds its optimal level. This leads to a decrease in the local production of a dirty good

A and to an increase in tariff imposed by members on the imports from country a. We observe the
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decrease in the damages in the clean part of the world, and the outsider of this agreement keeps the
level of production and exports at the no agreement level.

If one clean and one dirty country form a pure environmental agreement, denoted by (abg), then
similar to the previous case, these countries agree only on the tax they levy on their domestic
producers of a dirty good A, and they still impose their individually optimal external tariffs on each
other as well as on the non-member country by solving:

0 (W“ (aby) +wb (abfy) )
dey (abf)

oW/ (ab$y)
or! (ab$y)

=0 and =0 wherej €/a, b]and k € [A, B, C] (3.26)

An environmental agreement between one clean and one dirty country would lead to a decrease
in the level of the environmental tax levied by the dirty partner, and to an increase in the tax
level in the clean member-country if the pollution exhibits local characteristics. Consequently,
the reduced tax would increase the production of A in the country with a comparative advantage
and decrease its production in the clean partner of this agreement. The outsider of this agreement
would decrease its tax relative to the environmental agreement between two clean countries and
demand higher imports of a dirty good A. An environmental agreement between one clean and one
dirty country would not distort the tariffs levied on the imports of clean goods. Also, similar to
the previous case of the environmental agreement between two clean countries, an environmental
agreement between one clean and one dirty country would lead to a decrease in the tariffs on the
imports of a dirty good A by both a clean member-country of this agreement and a clean outsider
if the pollution exhibits local characteristics.

PROPOSITION 3.2: With a global pollution externality, an environmental agreement between one
clean and one dirty country causes the clean outsider and the clean member to reduce their tariffs
on the imports of the dirty good.

A clean outsider of this agreement, country ¢, exhibits no distortion of the tax from its ideal level,
that brings the environmental tax levied in this country under (abg) to a lower level relative to the
agreement between two clean countries, (bcg) , and consequently, it encourages the increase in the
domestic production of a dirty good A in country ¢ and reduction in the demand for imports. On

the other hand, we observe the reduction in the local production of good A in the clean partner of
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this environmental agreement. The explanation for that arises from the increase in the tax level
applied on the producers of a dirty good A in a clean partner of this environmental agreement.
If pollution is global, then we witness the increase in the level of the environmental tax in both
members followed by the decrease in the damages in those countries, and consequently the world
damages as well.

Now we let all three countries get into a pure environmental agreement, denoted by (abcg). In this
case, all countries imply the same environmental tax on their local producers of a dirty good A, but

they still impose their individually optimal external tariffs on each other by solving:

IXIW(abcyy)

W/ (abc$y)
dey (abcy)

8t,{ (abcfy)

=0and =0 wherej €/a, b, c]and k € [A, B, C] (3.27)

As expected, an environmental agreement between all three countries would not affect the world
tariffs on clean goods, and if pollution is local, then both clean countries would increase their tariffs
on the imports from a dirty country a.

PROPOSITION 3.3: If pollution is global, then an environmental agreement between all three
countries would lead to a decreased tariff on imports from country a in both clean countries.

The explanation lies in the further distortion of the environmental tax from the ideal level in the
clean countries. Under a world environmental agreement, both clean countries impose the highest
tax on their producers of good A if the pollution exhibits global characteristics, and consequently,
those countries produce the lowest amount of good A and have the lowest damages as well. This
common environmental tax is the highest for the country a as well, which leads to the lowest level
of production of this good and the lowest level of damages. Country a is the only one with the
comparative advantage in the production of a dirty good A, so clean countries still exercise their
comparative advantage in the production of either of the two clean goods and enjoy the reduction

in the world and local damages.
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3.3.2 Shallow Trade Agreements

In this part of the paper, we examine different pure trade agreements. Members agree to eliminate
tariffs on each other, but they set individually optimal environmental taxes. We start with shal-
low bilateral free trade agreements and hub-and-spoke trade regimes, then we consider shallow

preferential trade agreements in the form of customs unions, and finally, we examine a free trade.

3.3.2.1 Free Trade Agreements

In this subsection, we consider four types of shallow free trade agreements: an FTA between
two clean countries, an FTA between one clean and one dirty country, a hub-and-spoke trade
regime with a clean country as a hub, and a hub-and-spoke trade regime with a dirty country as
a hub. In any shallow free trade agreement, members agree to eliminate tariffs on each other,
but they set individually optimal tariffs on the imports from the outsider, as well as, individually
optimal environmental taxes on their producers of the dirty good A. First, consider an FTA between
the two clean countries, denoted by (bcg). Members independently set their external tariffs and
environmental taxes on the dirty good A by maximizing their utility functions:

oW (beo) —0and 27/ (<0) _ ) wherej €/b, c]and k€ [B, Clandj £k  (3.28)

ot] (beg) J(be)0 del (beg)
Country a’s maximization problem is the same as under no agreement. An outsider chooses its
tariffs and tax to maximize its welfare independently from the two members of this FTA. Bilateral
trade agreement between countries b and ¢ does not impact their choice of tariff they impose on
the imports from the outsider, country a: tg(bce) = t,{x. (Ng) wherej € [b, c|. Also, this bilateral trade
agreement does not cause any distortion from the no agreement level of environmental taxes of all
three countries: €4 (bcg) = e4(Ng) and e/{; (bcy) = ef‘ (Ng) wherej € [b, c]. However, the outsider of

this bilateral trade agreement, country a, has to lower its tariffs on the imports from both members:

tf(beo) = pars <1t (Ng) , where k € [B, C] (3.29)
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If one clean and one dirty country, denoted by (abg), form a free trade agreement, then similar
to the previous case, we observe that members impose their optimal no agreement tariffs on the
imports from the outsider, and the outsider has to lower its tariffs on the imports from the members.
Now, we can state the following:

PROPOSITION 3.4: Both types of bilateral FTAs (between two clean countries and between one
clean and one dirty country) induce the non-member to lower its tariffs on members while it has
no effect on the external tariffs of the members.

Though the proposition above states similar results for both bilateral free trade agreements, the
logic behind it largely involves examining the differences between them. In the case of bilateral
free trade agreement between two symmetric clean players, the results presented in this proposition
are very similar to the findings in Missios etal. (2016). The removal of tariffs between two clean
countries leads to an increase in the trade between those countries and to the leftward shift of the
export supply curves of the members to the outsider. The formation of a bilateral FTA between
two clean countries causes an increase in the elasticity of the export supply curves of the members

facing an outsider, country a:
€)(bcg) —€4(Ng) = £ > 0, where j a (3.30)

Equation (3.30) explains the reason of the reduction in tariffs on clean goods applied by the dirty
outsider of this bilateral trade agreement, country a, relative to the no agreement level of those
tariffs.

Next, we consider a bilateral free trade agreement between one clean and one dirty country. In
the previous case, we observed no distortion in the environmental tax from the no agreement level
in all three countries; contrary to that, an FTA between asymmetric countries leads to a change
in the tax level levied by the members of this agreement. Both members of this agreement would
increase their tax on the production of the dirty good A relative to both no agreement and to a
two clean countries FTA level if pollution is global. However, if pollution is local, then only a
dirty partner of this agreement would raise its tax, and a clean member would actually reduce the

environmental tax below the no agreement level. Similar to the previous case, we can see from
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equation (3.20) that the tariffs imposed on the same goods by different competitors for these goods
are strategic complements. However, in addition to that, in the case of a bilateral trade agreement
between asymmetric countries, we need to consider that tariffs imposed by clean countries on the
imports of a dirty good A and the taxes levied on the producers of that good in other countries
are strategic substitutes. The reduction of tg(abg) to zero causes an increase in the tax levied by
the dirty country a on its producers of the dirty good, and consequently, this increase in tax leads
to a decrease in the tariff set by the clean outsider of this agreement on the imports from country
a. A bilateral free trade agreement between one clean and one dirty country does not cause any
distortion in the environmental tax level applied by the outsider of this agreement, €4 (abg) =
¢4 (Ng), and based on the Equations (3.13)and (3.14), optimal tariffs applied by country ¢ on its
imports from the members are the inverse of the export supply elasticity of members to country c,

and
€2 (abg) — €2(Ng) > 0 and £%(abg) — £%(Ng) > 0 (3.31)

We can see that both supply curves shift to the left causing the tariffs to be lower than their optimal
no agreement levels.

The nature of bilateral FTAs allows their members to impose their individually optimal external
tariffs, and consequently, each member is free to make a “side deal” with another country. As a
result, hub-and-spoke trade regimes can arise. We have two different hub-and-spoke trade regimes:
first, a clean country can assume a role of a hub, and second, a dirty country can act as a hub. Hub
trades freely with both spokes, however, spokes still impose individually optimal tariffs on the
imports from each other.

PROPOSITION 3.5: Both types of hub-and-spoke trade regimes, with a clean country acting as a
hub or with a dirty player assuming a role of a hub, induce spokes to reduce their individual tariffs
below the no agreement level.

Each spoke can be seen as an outsider of a bilateral trade agreement between a hub and the other
spoke. The removal of tariffs between a hub and the other spoke stimulates trade between those

countries and shifts their export supply curves to the left increasing the elasticity of each spoke’s
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supply curve facing the other spoke. If one of the clean countries gets to be a hub, then we
observe: €2(bh) —e%(Ng) > 0 and €£(b) — €£(Ng) > 0; if a dirty player assumed a role of a hub,

then €2(a) — €2(Ng) > 0 and € (a}y) — €£(Ng) > 0.

3.3.2.2 Customs Unions

In this subsection, we consider a different type of preferential trade agreements, customs unions.
Unlike FTA members, members of a customs union impose a jointly optimal tariff on the imports
from the outsider by maximizing their joint welfare function, and as in any other type of shallow
trade agreements, each member still imposes its individually optimal environmental tax. Article
XXIV of GATT requires all members of preferential trade agreements keep their external tariffs
on non-member countries at least at the level of no agreement tariff (pre-existing level). Members
are free to lower their tariffs, but they cannot raise their external tariffs on non-member countries.
Initially, we ignore this tariff restriction and simply assume that any customs union is free to levy
the optimal tariffs. We examine the effect of the restrictions of Article XXIV in the later sections
of this paper.

Two types of customs unions can arise in our model: two symmetric clean countries can form a
customs union and exclude the dirty country, denoted by (bc’é), or one clean and one dirty country
can get into a union and exclude the second clean player, denoted by (ab’é) . Members of a customs

union between two clean countries then solve the following:

b 7} c u j u
e R —0and % — O where j €[b, c]and k € [B, C]andj £k  (3.32)
. eA CG
l‘]i(bCQ):O

When countries form a customs union, their combined market power exceeds the market power of
each individual member of this union, and that allows them to benefit from the increased terms of
trade gain, and in turn lets them to raise the tariff on the imports from the outsider above the no

agreement level for both local and global levels of pollution:
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—6L12— j _ 1222 i .
ta(bef) = 16 2787502 > 14 (V) and 14 (bely) = 16 Bt > 14 (Ng) wherej €[b, c]  (3.33)

An outsider of a customs union, in the same way as an outsider of a bilateral FTA, has to lower its

tariffs on the imports from the members:

1 (bcy) = sriiis <1 (No) where k € [B, C] (3.34)

The formation of a customs union between one clean and one dirty country leads to similar results
as presented in Equations (3.32)-(3.34) for the formation of a customs union between two clean
countries. A clean outsider of this customs union also has to lower its tariffs on imports from either
country and face a higher tariff on its exports to the union. As such, our results are very similar to
the findings in Missios etat. (2016).

PROPOSITION 3.6: Customs union members raise their tariff on the imports from the outsider,
and the outsider reduces its tariff on the imports from the members relative to the no agreement
level.

Since members of either customs union demand the same good from the outsider, the total exports
of an outsider to the union is larger than its individual exports to each member. As a result, we
observe the market power effect. The formation of bilateral free trade agreements does not cause
this effect because members of FTAs still act as separate decision-makers, and each member has a
power to impose its individually optimal tariff on the imports from the outsider without consulting
his FTA partner, and this tariff competition reduces market power. In both customs unions, the
elasticity of an outsider’s export supply curve is lower than the elasticity of its individual export
supply curves to the markets of each member-country: &, (bcg) —€f,,(Ng) <0 and &g, (aby) —
ejc. ” -(Ng) <0, and this leads to an increase in the jointly optimal external tariff above no agreement
level. The logic we used above to show the reasons for an outsider of a bilateral trade agreement
to lower its tariff on the imports from the members thus applies to the case of customs unions as
well.

PROPOSITION 3.7: The formation of a customs union between two clean countries induces an
outsider to decrease its tax relative to the no agreement level and the bilateral free trade agreement

(FTA) does not.
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The intuition behind the above proposition stems from the results illustrated in equation (3.20): the
tariffs on a dirty good A and the environmental tax levy on the producers of that good in the only
country with a comparative advantage in the production of that good are strategic substitutes. The
formation of an FTA does not lead to an increase in the tariffs applied by members on the imports
from the outsider, but the formation of a CU does. Consequently, we do not observe any distortion
from the no agreement tax level in the outsider of an bilateral FTA, but we observe the reduction in

the tax level levied by the dirty outsider of the customs union which includes only clean members.

3.3.2.3 Free Trade

Under shallow global free trade agreement, all three countries eliminate their tariffs on the im-
ports from each other, but members still impose individually optimal environmental taxes on their
domestic producers of the dirty good A.

PROPOSITION 3.8: The formation of a free trade world induces a dirty country to raise its envi-
ronmental tax and a clean part of the world to reduce their taxes below the no agreement level.
To explain the logic behind this proposition, we use the results presented in the equation (3.20).
In clean countries, taxes and tariffs on the dirty good A are strategic complements, so the removal
of the tariffs on imported dirty good leads to a decrease in the tax levy in these clean countries.
Environmental tax levy in the only country with a comparative advantage in the production of this
good and the tariffs applied by the clean part of the world are strategic substitutes, and the removal
of those tariffs leads to an increase in the level of tax applied by country a on its producers of
the dirty good A. We can say, that a dirty country a uses the opportunity provided by the tariff
vanishing to increase the tax, keep prices at a reasonable level, and benefit from an increased tax

revenue.

60



3.3.3 Deep Trade Agreements

In this part of the paper, we examine tariffs and taxes under different trade and environmental
agreements. Members of deep trade agreements agree not only to eliminate their tariffs on each
other, but also on the level of the optimal environmental tax their levy on their producers of the
dirty good A. We start with deep bilateral free trade agreements and integrated hub-and-spoke trade
regimes, then we consider integrated customs unions, and finally, we examine an integrated free

trade.

3.3.3.1 Deep Free Trade Agreements

In this subsection, we examine four types of deep free trade agreements: a deep FTA between two
clean countries, a deep FTA between one clean and one dirty country, an integrated hub-and-spoke
trade regime with a clean county as a hub, and an integrated hub-and-spoke trade regime with a
dirty country as a hub. When countries negotiate shallow free trade agreements, they have to agree
only on eliminating their tariffs on each other, and they are still free to set their environmental
taxes at the individually optimal levels. However, when countries negotiate deep FTAs, they have
to add an environmental clause to it. If two symmetric clean countries form a deep FTA, denoted
by (bc’é), they impose zero tariff on imports from each other, they agree on the level of tax they
levy on their producers of the dirty good A, and they are still free to impose individually optimal

tariffs on the imports from the outsider of this agreement. Under (bch), the members solve the

following:
i i b i c i
W (bcy) — 0 and 2V WCD) () here j efb, ¢] and k € [B, CJ and j % k (3.36)
dty (bch) (bt )=0 dey (bcly)
k 0/

An outsider’s maximization problem does not change relative to no agreement. Country a’s choices
of tariffs and tax are independent from the decisions taken in the clean part of the world. As we

have shown earlier in the paper, a shallow bilateral trade agreement between two clean countries
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does not distort the tariffs members apply on the imports of the dirty good A from the no agreement
level, and only the non-member lowers its tariffs on the imports from the clean part of the world.
However, in the case of deep trade agreements, both members and the outsider are induced to
distort their tariffs on the imports from each other. Now, we can state the following:
PROPOSITION 3.9: A deep bilateral FTA between two clean countries induces the non-member
to lower its tariffs on members for both local and global levels of pollution while the external tariffs
of the members are reduced below no agreement level only if pollution is local and are increased
above the no agreement level if pollution is global.

The formation of either shallow or deep bilateral FTA between two clean countries causes no
change in the export supply elasticity of the outsider, but the elasticity of members facing the

outsider are subject to change:

£%(bcg) — €9(Np) = 0 and &¢(bel) — 4(Ng) =0 , where j£ a (3.37)

g)(bco) — €)(Ng) > 0 and & (bcly) — 1(Ng) > 0 , where j# a (3.38)

Equation (3.38) explains why the non-member, country a, lowers its tariffs, but equation(3.37)
states that the tariffs based only on export elasticities of the members are supposed to be at the no
agreement level. However, contrary to that, we witness a change when clean countries form a deep
free trade agreement. The explanation for that lies in the distortion from the efficient tax level in
the member countries of this deep bilateral trade agreement. An environmental clause added to a
pure trade agreement between two clean countries drives the common tax below the no agreement
level (if pollution is local) or brings it above the no agreement level (if pollution exhibits global
characteristics). Equation (3.14) shows that if clean countries set their tax above its efficient level,
it will cause a decrease in the optimal tariff on the dirty good A, and if the clean part of the world
brings its tax below the ideal level, the tariffs would go up.

Similar to a shallow bilateral trade agreement between one clean and one dirty country, a deep
bilateral trade agreement between those countries, denoted by (abie), induces an outsider to lower

its tariffs on the imports from both members while it has no effect on the external tariffs of the
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members. The logic behind this is in the change of the export supply elasticity curve of members

to the outsider, country c:
el (abl)) — b (Ng) > 0 and €2 (ably) — €%(Ng) >0 (3.39)

We can see that both supply curves shift to the left causing the tariffs to be lower than their optimal
no agreement levels.

The difference between deep and shallow hub-and-spoke trade regimes lies in the following aspect
of a deep trade agreement: when a member of a deep FTA makes a “side deal” with an outsider,
they have to agree on the environmental tax as well. In this deep trade agreement game, similar to
our finding in shallow trade agreements game, when a dirty country gets to be a hub, both spokes
reduce their individual tariffs on the imports from each other below the no agreement level. In
this case, each spoke can be viewed as an outsider of a deep bilateral trade agreement between the
hub and the other spoke, and similar to that we observe the following: €2(af) — €2(Ng) > 0 and
€5 (al) — €5 (Ng) > 0. However, our finding are different when a clean country assumes the role of
a hub in the deep trade agreement game:

PROPOSITION 3.10: The formation of a hub-and-spoke regime with a clean country acting as a
hub, induces both spokes to reduce their tariffs only if pollution is global, and if pollution is local
only a dirty country reduces its tariff but a clean spoke raises its tariff above the no agreement
level.

To prove the above proposition, we need to examine both components of an optimal tariff: elastici-
ties and environmental tax distortions. Based on equation (3.13), the optimal tariff on a clean good
is the inverse of the elasticity of a dirty spoke facing a clean one. The removal of the tariff between
a dirty country and a hub shifts their supply curves to the left and increases the export elasticity
of the dirty good A to a clean spoke: €5(b) — €5(Ng) > 0. However, the formula for the optimal

tariff applied by a clean spoke on the imports of the dirty good A is different, and it is as follows:

ooniy 1 MeaW)=y) [amh o pin]
7 O8) =~ o~ Lo o) (3-40)

We observe the change in both both components of the above equation:
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(i). €4(bI) — €4(N;) < 0 and e (D7) < 5 (Ny) ;

(ii). 2(b) — €4(N,y) > 0 and e4 () > €5 (Ny).
This fully explains the increase in the optimal tariff applied by a clean spoke on the imports of the
dirty good A if pollution is global, and the decrease in the tariff if pollution is global. If pollution is
local, then both the shift of the supply curve and the decrease in the environmental tax level applied
by the clean spoke induce it to decrease the tariff. If pollution is global, then both the leftwards
shift of the supply curve and the increased tax induce country c to increase its tariff on the imports

of the dirty good A.

3.3.3.2 Integrated Customs Unions

In this subsection, we examine two different integrated customs unions: an integrated customs
union between two clean countries, denoted by (bcié‘), and an integrated customs union between
one clean and one dirty country, denoted by (ab’é‘). Unlike members of deep FTAs, members
of integrated customs unions impose a jointly optimal tariff on the imports from the outsider,
and as in any other type of deep trade agreements, a jointly optimal environmental tax. Similar
to the subsection on shallow customs unions, here we also ignore the tariff restrictions required
according to Article XXIV of the GATT/WTO, and we examine the effect of these restrictions on
the formation of integrated customs unions in later sections of this paper.

Members of the integrated customs union between two clean countries solve the following:

LW (bl
dta(bcit)

LW (bl

=0 and Seabch)

# (bcll)=0

=0, wherej €[b, ¢,k € [B, Clandj#k  (3.41)

PROPOSITION 3.11: Members of the integrated customs unions raise their tariff on the imports
from the outsider, and the outsider reduces its tariff on the imports from the members relative to
the no agreement level.

The combined power of members of an integrated union allows them to benefit from the increased
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terms of trade gain and to raise their common external tariff on the imports from the outsider above
the no agreement level. An outsider of this type of agreement, similar to an outsider of any deep or
shallow bilateral FTA, has to lower its tariff on the imports from the members. In both integrated
customs unions, the export supply elasticity of an outsider is lower than the export supply elasticity
of each member: &}, (bey') —€9,,(No) < 0 and €, (aby) — €5,.(Ng) < 0, and this leads to an

increase in the jointly optimal external tariff above the no agreement level.

3.3.3.3 Integrated Free Trade

Under integrated free trade agreement, all three countries eliminate their tariffs on the imports from
each other and impose jointly optimal environmental tax on their domestic producers of the dirty
good A.

PROPOSITION 3.12: The formation of an integrated free trade agreement induces the members to
choose an environmental tax equal to marginal damages with both local and global externalities.
The production of the dirty good A generates a negative externality, pollution, which may have a
transboundary effect on both neighbours. If pollution is pure local, then the transboundary effect
is zero, and integrated free trade agreements induces all members to set an environmental tax at
its socially optimal level, y. With a global externality and symmetric cross border spillovers, the
production of the dirty good A affects all three countries equally regardless of the location of the
dirty good A producer. In this case, an integrated free trade agreement induces the members to set

the tax at the level of 37, which is equal to world marginal damages.
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3.4 Environmental and Trade Agreements and their Effects on Environ-

mental Damages

In this section, we examine the effect of various environmental and trade agreements on damages.
In our model, only production of the good A creates a negative externality, pollution. First, we
analyze the effect of different pure environmental agreements on the level of damages, then we
examine the effect of various shallow trade agreement, and finally, we consider the effect of deep

trade agreements on the environmental damages.

3.4.1 Pure Environmental Agreements

In this subsection, we examine the effect on the environmental damages of three different pure
environmental agreements: an environmental agreement between two clean countries, an environ-
mental agreement between one clean and one dirty country, and a global environmental agreement.
The formation of an environmental agreement between two clean countries actually induces an in-
crease in environmental damages in the clean part of the world, if pollution is local. This illustrates
the conflict in setting environmental taxes. Each country would, other things equal, like to lower
its tax and give competitive advantage to its firms. As all countries have this incentive, taxes are
lowered, but no competitive advantage is gained. In creating an environmental agreement, coun-
tries can coordinate and actually raise taxes relative to no agreement when pollution is local. The
outsider of this agreement, the dirty country a, exhibits no distortion of the environmental damages
from the no agreement level. As a result, we observe an increase in the world damages, if pollu-
tion is local, relative to the no agreement level. If pollution is global, an environmental agreement
between two clean countries leads to a lower level of environmental damages in all three countries,
and consequently, in the level of world damages as well. As the pollution externality increases,
countries balance total externality effects against competitive advantage. With global pollution
free-riding outweighs other factors and non-cooperative taxes set too low.

An environmental agreement between one clean and one dirty country, (ab‘f,), induces an increase
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in the level of damages in the country with a comparative advantage in the production of the dirty
good A and to a decrease in the environmental damages in both clean countries, if pollution is
local. However, if pollution is global, then the formation of (abg) causes a decrease in the level of
environmental damages in all three countries relative to both no agreement level and (bcz,) level.
Now, we can state the following:

PROPOSITION 3.13: The formation of a global environmental agreement induces the highest
level of damages if pollution is local, and the lowest level of environmental damages if pollution is
global.

If pollution is local, then the transboundary effect of the production of the dirty good A on both
neighbours is zero; as a result, the only country with a comparative advantage in the production of
that good, country a, displays the highest level of production of this good and both clean countries
demand the highest levels of imports of the dirty good A. Consequently, country a induces an
increase in damages, which leads to the highest level of world environmental damages. On the
contrary, with a global pollution externality, the formation of a global environmental agreement
causes the decrease in the production of the dirty good A in all three countries. Furthermore,
sufficiently high level of spillovers leads to a decrease in the import demand for the dirty good A
in both clean countries. As a result, we observe the lowest level of world environmental damages,

if pollution is global.

3.4.2 Shallow Trade Agreements

In this subsection, we examine the effect on the environmental damages of various shallow trade
agreements: an FTA between two clean countries, an FTA between one clean and one dirty country,
two different hub-and-spoke trade regimes, a CU between two clean countries, a CU between one
clean and one dirty country, and a free trade.

The formation of a bilateral free trade agreement between two clean countries causes no distortion

from the no agreement level of environmental damages for both local and global externalities in all
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three countries, and consequently, in the world. Contrary to that, the formation of an FTA between
one clean and one dirty country leads to an increase in the environmental damages in all three
countries for both levels of spillovers. It can be explained by an increase in the demand for the
dirty good A in the members of this union, and a decrease in the import demand by the outsider
of this agreement. A customs union between two clean countries induces a decrease in the level
of environmental damages for both global and local externalities below the no agreement level in
all three countries. Both hub-and-spoke trade regime with a clean country as a hub and shallow
customs union between one clean and one dirty country lead to the (abg) level of environmental
damages. However, a hub-and-spoke trade regime with a dirty country as a hub induces the highest
level of environmental damages as well as a free trade world, and now we can state the following:
PROPOSITION 3.14: Free trade induces the highest level of pollution.

In a free trade world each country finds it beneficial to increase the specialization in a production of
a comparative advantage good and decrease the production of the other two goods, and as a result,
we observe the increased amount of goods produced and traded in the world: S§(Ng) < S4(abcg)

& S{,4(Ng) > S¢,(abcg); S4(Ng) > S4 (abcg) & S{_ (Ng) < S]_(abcg), where j €[b, c].
Syorld(Ng) < Syorld(abcg) where k €[A, B, C] (3.42)

The increased production of the dirty good A naturally leads to an increased level of negative
externality associated with this production process, the level of pollution. We can see that a free
trade world agreement with no environmental clause attached to it would cause an increase in the

environmental damages for both local and global levels of pollution.

3.4.3 Deep Trade Agreements

In this subsection, we examine the effect on the environmental damages of various deep trade
agreements: a deep FTA between two clean countries, a deep FTA between one clean and one

dirty country, two different integrated hub-and-spoke trade regimes, an integrated CU between two
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clean countries, an integrated CU between one clean and one dirty country, and an integrated free
trade.

The formation of a deep FTA between two clean countries causes an increase in the level of en-
vironmental damages in both members, and creates no distortion from the no agreement level in
the outsider of this agreement, the dirty country a, if pollution is local. As a result, we observe the
increase in the world level of pollution. However, with the global pollution externality, all three
countries decrease the level of damages, and consequently, the world damages decline below the
no agreement level as well. An integrated FTA between one clean and one dirty country leads to an
increase in the level of damages in the member with a comparative advantage in the production of
the dirty good A and a clean outsider of this agreement relative to the no agreement level, if pollu-
tion is local. The clean member of this deep FTA exhibits a decline in the environmental damages
for both levels of pollution. Both a clean outsider and a dirty member of (ab;) display the reduc-
tion in the level of environmental damages with a global pollution externality. The formation of an
integrated customs union between one clean and one dirty country induces no change in the level
of environmental damages in all three countries, and consequently, in the world, for both local and
global levels of pollution, relative to the (ab’é) level of damages. The only deep trade agreement
which causes a decrease in the world damages below the no agreement level, if pollution is local,
is a deep customs union between two clean countries. Both hub-and-spoke trade regimes lead to
the integrated free trade level of the world damages for both local and global levels of pollution,
and now, we can state the following:

PROPOSITION 3.15: If pollution is global, then a fully integrated world is the least polluted.
One of the results, we presented in the previous subsection states that a free trade world with no
environmental agreement causes an increase in the environmental damages for all levels of exter-
nality. However, if our asymmetric countries have to agree not only on the removal of the tariffs
but also on the environmental tax they levy on their producers of the dirty good A, then the environ-
mental tax shows no distortion from its socially optimal no agreement level, if pollution is local.

In this case, countries enjoy deep specialization on goods they have comparative advantage in, and
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bear no cost of spillovers. If pollution is global, then all three players get to be equally effected by
an increased production of the dirty good A, and as a result their environmental agreement induces
the tax to the level of 3y. No surprisingly, clean part of the world would love to live in a fully

integrated world, and the only dirty player would prefer any other agreement to this one.

3.5 Endogenous Preferential Environmental and/or Trade Agreements
3.5.1 Announcements and Strategy Sets

In this part of the paper, we describe announcements and strategy sets for all three stage games
of environmental agreements and/or trade liberalization: an Environmental Agreement game (E
game), a Customs Union game (CU Game), a Free Trade Agreement game (FTA Game), an Inte-
grated Customs Union game (IU Game), and an Integrated Free Trade Agreement game (I Game).
In an Environmental Agreement game, players announce the names of the countries they would
like to form pure environmental agreements with. This announcements are free of any trade poli-
cies. The difference between the CU and FTA games lies in the nature of two types of preferential
trade agreements. In the CU game, a member of a trade union cannot unilaterally sign another
agreement with a non-member country. In order to do so, a member would need to get a consent
of a current PTA partner, as members of a trade union impose a jointly optimal tariff on the im-
ports from the outsider. On the contrary, in the FTA game, members levy an individually optimal
tariffs on the non-member, and due to that, they are free to form another agreement without any
consent of a current PTA member. In the IU and I games, each player announces the names of
the countries with whom they want to sign an integrated agreement. Integrated agreements always
include an environmental component, namely, members have to agree on the level of tax they levy
on their producers of the dirty good A. Regardless of the nature of these trade and environmental
agreements, the stages of the games are as follows: in the first stage, each player simultaneously
announces the names of the countries with whom it wants to form an agreement; in the second

stage, given the trade and/or environmental policy regime, countries choose their optimal tariffs
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and/or environmental taxes they impose on the production of a dirty good A; in the final stage of
each game, consumption, production and international trade take place.

In the first stage of each game, each player simultaneously announces the names of the countries
with whom it wishes to sign an environmental and/or trade agreement. Country j’s announcement

is denoted by 0; , and its strategy set S; includes all possible announcements:
Sa={{2,2}.,{b, 2} {7,c} {b,c}}
Sp={{2,2}.{a,2},{7,c} {a,c}}
Se={{#,2} {a,2} ,{2,b} {a,b}}

To describe strategy sets, we use country b as an example. Country b’s announcement in favour
of no agreement with any of the countries is denoted by {&, @ }. If country b would like to form
an agreement with only one of the countries, the announcement would look as follow: {a, &} or
{#,c}. The announcement {a,c} indicates country b’s desire to be a part of an agreement with

both trading partners.

3.5.2 Coalition-Proof Nash Equilibria

In this paper, we distinguish coalition-proof Nash equilibria from the set of multiple Nash equi-
libria. Bernheim etal.(1987) argue that “it is natural to assume that players can freely discuss
their strategies, but cannot make binding commitments”. We also follow Missios etal.(2016)
and acknowledge that in the present world, countries have the capacity to communicate without
having to make binding commitments. Based on that, in our model, we allow countries to dis-
cuss possible environmental and/or trade agreements prior to their announcement. We follow the
concept of coalition-proof Nash Equilibrium introduced in Bernheim etal. (1987): “..,the concept
of Coalition-Proof Nash equilibrium, that is designed to capture the notion of an efficient self-
enforcing agreement for environments with unlimited, but nonbinding, pre-play communication.

An agreement is coalition-proof if and only if it is Pareto efficient within a class of self-enforcing
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agreements...an agreement is self-enforcing if and only if no proper subset (coalition) of players,
taking the action of its complement as fixed, can agree to deviate in a way that makes all of its
members better off.” Coalition-proof Nash equilibria have to survive all possible self-enforcing
coalitional deviations. When we consider whether a particular coalition-proof Nash equilibria

holds, we keep the announcement of non-deviating countries unchanged.

3.6 Endogenous Environmental Agreements
3.6.1 Pure Environmental Agreements

In this part of the paper, we describe different environmental agreements which can arise in this
game game. When countries form an environmental agreement, they agree on the tax they levy
on their producers of the dirty good A, but they are still free to impose individually optimal tariffs
on the imports from each other. In the first stage of this game, players announce countries they
would like to form an environmental agreement with. Each player’s strategy set (Sj) consists of

four possible announcements denoted as 6]‘7’:
So=1{{z,2},{b%, 2} {2}, {b%,c*}}
p =g, 9} {a’, 2} {2, ¢} {a ¢}
Se=He 2} {a’, 2}, {2,b} {a’, b}

where announcement Gj‘? = {&, &} indicates player’s desire to stay away from any environmental
agreement; if o7 includes only one of the two countries then it denotes the player’s wish to form
an environmental agreement only with that country; if G]‘f has two other countries then it indicates
player’s desire to be a part of a world environmental agreement.

Countries are free to choose their announcements, and the environmental agreements can be formed
only if partners announce each other. In the environmental agreement game, the countries strategy

sets map into the following environmental agreements:
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(i) The announcement profile (®¢) , no agreement, arises when either all three countries an-
nounce in the favour of no environmental agreement or countries’ announcements do not match. In
this case, countries apply individually optimal environmental taxes on their producers of the dirty
good A.

(ii) If countries a and b call each other and exclude country c, it results in the environmental
agreement between one clean and one dirty country, denoted (abe). In this case, an outsider’s
announcement would not influence the outcome unless at least one of the members would include
an outsider’s name in its announcement. This agreement implies, that members have to agree on
the environmental tax they impose, but they still apply individually optimal tariffs on the imports
from each other.

(iii) Similar to (i), announcement profile (bce) indicate two countries’ desire to exclude the
third member of the world. In this case, two clean countries exclude the dirty country a and form
an environmental agreement which includes only clean members.

(iv) The announcement profile (E) signals all three countries’ desire to live in an environmen-
tally integrated world. This profile implies, that all three countries agree on the environmental tax

they levy on their domestic producers of the dirty good A.

3.6.2 Welfare Effects of Various Environmental Agreements in the E Game

LEMMA 3.1: The welfare impact of various types of environmental agreements on members and
non-members is as follows:

(i) We(abgy) < W¢(Ng); W (bcy) = W(Ng); W¢(abcgy) < W (abj)

(ii€) Wb (abc) > WP(ab$) > WP (Ng); WE(abc) > We(ab$) > W€ (Ng)

(iii€) WY (bc§) < WI(N;) and W/ (bc) > W/ (Ng) where j # a

Lemma3.1(—i¢) illustrates a self-exclusion incentive since the dirty country a prefers to stay away
from any environmental agreement. The lowest welfare this country can achieve in this game is
under a global environmental agreement. Being an outsider of an environmental agreement be-

tween two clean countries brings the highest level of welfare to country a if pollution is global,
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while the welfare level of no agreement is highest if pollution exhibits local characteristics. Based
on the results in Lemma3.1(—ii¢), we can conclude that a clean country prefers a dirty player to
be a part of any environmental agreement, even if this clean country is an outsider of the agree-
ment. The highest welfare clean countries can achieve is under global environmental agreement.
Lemma3.1(—iii¢) states that a clean country would prefer to be in an environmental agreement
with nobody versus being in the agreement with another clean country if the pollution is local,
and clean countries would benefit from getting into an environmental agreement, even if a dirty

country is not a part of it, if pollution is global.

3.6.3 Announcement Profiles, Associated Environmental Agreements and Nash Equilibria

in the E Game

PROPOSITION 3.16: In the E game, the Nash equilibria announcement profiles and the associ-

ated environmental agreements are shown in Table 3.1.

Environmental | Nash Equilibria
Announcement Profiles
Agreements local global
Q¥ ={o; ={2,2},0;={2,2},0{ = {2,2}} (P°) Yes Yes
Qe ={o¢ ={b,z},0f ={a,2},0! ={2,9}} (abe) No No
Qb ={of ={#,0},0f = {7,c},0f = {2,b}} (bce) No Yes
QF ={o; ={b,c},05 ={a,c},0f ={a,b}} (E) No No

Table 3.1: The Nash equilibria announcement profiles and the associated environmental agree-
ments in the E game

An announcement profile 2%, which results in no environmental agreement, is a Nash equilibria

for both local and global levels of pollution. Countries cannot increase their welfare by unilaterally
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altering their announcement. To prove that 9% is not a Nash equilibria for both levels of pollution,
we use the results of Lemma3.1(—i¢). These results show that the dirty country a can improve its
welfare by unilateral changing the announcement to {&, @'}; this change in the announcement
would lead to no environmental agreement scenario and country a’s increased welfare gain. The
results of Lemma3.1(—iii¢) illustrate that the announcement profile £27¢¢ does not constitute a
Nash equilibria if pollution exhibits local characteristics. If pollution is local, then either member
of the clean countries environmental union can improve its welfare by unilaterally changing the
announcement to {2, &}, which would result in no agreement announcement profile and bring a
higher welfare gains to both clean countries. For the global level of pollution, Lemma3.1(—iii¢)
shows that neither b no ¢ has an incentive to unilaterally change their announcements from { &, c}
and {&,b} respectively. Any change in the announcement would either lead to no change in
welfare or would lead to no agreement scenario (change to {&, 2} or {a,o}) and a decrease
in the level of welfare gains for both clean countries. We use the results of Lemma3.1(—i¢) to
prove that the announcement profile Q£ is not a Nash equilibria for both local and global levels of
pollution. The dirty country a prefers being an outsider of an environmental agreement between
two clean countries to being a part of a global environmental agreement. To improve its welfare,

country a would unilaterally change its announcement into { &, z'}. 1

3.6.4 Coalition-Proof Nash Equilibria in the E Game

Coalition-proof Nash equilibria is a refinement of a set of Nash equilibria. CPNE announcement
profiles need to be immune not only to all individual deviations, but also to all meaningful self-
enforcing coalitions. Although, an announcement profile Q% is a Nash equilibria for both local
and global levels of pollution, it is not a CPNE if pollution is global. To prove that, we consider
a coalition formed by two clean players. Lemma3.1(—iii¢) shows that a formation of an environ-

mental agreement between two clean countries would increase both of their welfares. They would

12For the proofs, please Appendix A.3.6
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also benefit from including country a into an environmental agreement, but country a prefers to be
an outsider. Based on the above, we can conclude that clean countries can form a self-enforcing
deviation, and consequently, Q% is not a CPNE if pollution is global.

PROPOSITION 3.17: If pollution is local then the only coalition-proof Nash equilibria of the E
game is the announcement profile Q®° which constitutes a world with no environmental agree-
ments in it; and if pollution is global then the only CPNE of the E game is the announcement
profile Q¢ which constitutes an environmental agreement between two clean countries.

We show that the announcement profile 2% is immune to all meaningful coalitional deviations if
pollution is local in the following steps: first, we examine the deviation of one clean and one dirty
country, second, the deviation of two clean countries, and third, deviation by the grand coalition.
First, we consider the coalitional deviation of countries a and b. In this case, the changes in the
announcements would result in an environmental agreement (abe). The results in Lemma3.1(—i¢)
tell us that a dirty country is not interested in this initial deviation. Now, we study the coalition of
b and c that would result in (bce) . According to Lemma3.1(—iii), none of clean countries has an
incentive to alter the original announcement. Finally, we consider the grand coalition. The results
in Lemma3.1(—i¢) show that country a would prefer to face an environmental agreement between
two clean countries than to be a part of a global environmental agreement. Based on the above, we
can conclude that Q% is a CPNE for the local level of pollution.

If pollution is global, then though clean countries would enjoy the increased welfare gains if a
dirty player joins any of the environmental agreements, the dirty country a prefers to be an out-
sider for both levels of pollution, Lemma3.1(—i¢). If pollution is global, then an environmental
agreement between two clean countries induces them to increase their individually optimal tariffs
on the imports from the outsider, the dirty country a, as well as to increase their jointly optimal
environmental tax on the domestic producers of the dirty good A above socially optimal level, 7.
Those two actions lead to an increased welfare in the members above no agreement level. Based

on the above, we can conclude that 27¢¢ is a CPNE for the global level of pollution. '

3For the proofs, please Appendix A.3.6
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3.7 Endogenous Shallow Trade Agreements
3.7.1 The Customs Union Game

3.7.1.1 Preferential Trade Agreements in the CU Game

In this part of the paper, we describe different preferential trade agreements which can arise under
the customs union game. In the first stage of this game, players announce countries they would like
to form a customs union with. Each player’s strategy set (S;‘) consists of four possible announce-

ments denoted as G]‘.‘:
Sa =z, 2} {0, 2} {2, c"} {b",c"}}
Sy={{2,2} {a", 2} {7,c"} {a",c"}}
S¢={{#, 2} {a", 2} {2,b"} {a",b"}}

where announcement o = {@, @} indicates country’s desire to stay away from any customs union;
if GJ’.’ includes only one of the two countries then it denotes the player’s wish to form a bilateral
preferential trade agreement in the form of a customs union with that country only and exclude the
third player; if 0']’4 has two other countries then it indicates player’s desire to be a part of a free
trade world.

Countries are free to choose their announcements, and the agreements can be formed only if part-
ners announce each other. In the customs union game, the countries strategy sets map into the
following trade agreements:

(i) Announcement profile (®*) implies that either all three countries announce in the favour of
no agreement or countries’ announcements do not match. In this case, countries apply individually
optimal tariffs and environmental taxes.

(ii) Announcement profile (abu) arises when counties a and b call each other. In this case,
members apply zero tariffs on imports from each other and jointly optimal tariff on the import

from the outsider, country c. However, in the CU game, we allow only trade agreements, so both
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members and the outsider can still apply an individually optimal environmental tax on the domestic
producers of the dirty good A.

(iii) Similar to (ii), announcement profile (bcu) indicate two countries’ desire to exclude the
third member of the world. In this case, two clean countries exclude the dirty country a and form
a trade union which includes only clean members.

(iv) The announcement profile (F") signals all three countries’ desire to live in a free trade
world. Under this profile countries apply zero tariffs on the imports from each other, but they still

impose individually optimal environmental taxes.

3.7.1.2 Welfare Effects of Various Trade Agreements in the CU Game

LEMMA 3.2: The welfare impact of various types of trade agreements on members and non-
members is as follows:
(i) W(ab¥) > W9 (Ng); WP (ab) > W>(Ng); W¢(ab) < W¢(Np)

W4 (bc) < W9(Ng); WP (bch) > WP(Ng) ; WE(bch) > W€ (Ng)
(ii") W9 (ab¥) > W4 (abcg); Wb (ab¥) > W (abcg); WE(ab) < W€(abcg)

W (bclh) < W(abcg); Wo(bcl) > Wb (abcg) ; WE(bel) > W (abcg)
(iii") W (ab') > WP (bclf) and WP (ab¥) < WP (bck)
Based on Lemma3.2(—i*), we can conclude that any two countries are better off in a trade union
than in no agreement scenario for both local and global levels of pollution. Also, non-members
are worse off. The results in Lemma3.2(—i*) illustrate an exclusion incentive; any two countries
prefer a trade union to a free trade. Also, a non-member would prefer to be a part of a world
trade agreement to being an outsider of a trade union. Lemma3.2(—iii*) states that a clean country
would prefer to get into a trade union with a dirty country if pollution is local, and a clean country

would rather partner with another clean country if pollution exhibits global characteristics.
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3.7.1.3 Announcements Profiles, Associated Trade Agreements and Nash Equilibria in the

CU Game

PROPOSITION 3.18: In the CU game, the Nash equilibria announcement profiles and the associ-

ated trade agreements are shown in Table 3.2.

Trade Nash Equilibria
Announcement Profiles
Agreements local global
Q% ={ot ={s,0},0f = {2, 2} 08 = {2, 0}} | (¥%) Yes Yes
Q= (o} ={b,z},0) ={a,2} 0! ={2,5}} (abu) Yes Yes
Qb = ot ={z,2},00 ={7,c},0! = {2,b}} (bcuy) Yes Yes
QF" = {0t = {b,c}, 01 = {a,c} 0 = {a,b}} (FY) No No

Table 3.2: The Nash equilibria announcement profiles and the associated trade agreements in the
CU game

Countries cannot be forced into an agreement. Countries enter a bilateral/multilateral trade agree-
ment only if they announce each other; consequently, countries have no incentive to announce
any other country unless they are going to be announced back. Based on that, we can say that
Q%" is a Nash equilibria. Q%" and Q%" are Nash equilibria as well, based on the results in
Lemma3.2(—i"), which states that none of the countries has an incentive to change its announce-
ments unilaterally. If members of either trade union would decide to change their announcement,
it would lead to Q%" , and their welfares would decrease relative to the trade union outcome. The
change of the outsider’s announcement would simply have no influence on the outcome, unless
members announce that name as well. Q" is not a Nash equilibria. If pollution exhibits local
characteristics, then the dirty country would improve its welfare by calling only one of the clean

countries, as country a is indifferent between forming a trade union with either clean country. In
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this case, the “lucky” one (either b or ¢) would improve its welfare by getting into a union with a
dirty partner and excluding another clean member of the world. The “unlucky” one would have
no choice but except being an outsider, and consequently, would face lower welfare. In the case of
global pollution, clean countries would exclude the dirty member of the world by announcing only
each other. This change of announcement would lead an improved welfare in the clean part of the

world, and the dirty country a would be left as an outsider with the lower welfare gains. '4

3.7.1.4 Coalition-Proof Nash Equilibria of the CU Game

Though the announcement profile Q%" constitutes a Nash equilibria, it is not a CPNE for both
local and global levels of pollution. To prove that, we first assume that the pollution is pure local
and countries a and b coalitionally deviate to a trade union. In this case, the announcement profile
would be changed into Q9% and both parties would achieve the highest levels of welfare in this
game. Based on that, we can conclude that one clean and one dirty country can form a self-
enforcing coalition. Second, if we assume that the pollution exhibits global characteristics, the two
clean countries form a bilateral trade agreement in the form of a customs union. These changes in
the announcements would alter the profile into 2%, and both countries would achieve the highest
welfare gains in this game. Based on than, we conclude that a self-enforcing coalition between
two clean countries is possible if pollution is global. It is easy to see that the announcement profile
Q@ js not a CPNE if pollution is global. In this case, two clean countries have a strong incentive
to exclude the dirty player, form a trade union, and gain the highest welfare in this game. In a
similar way we can show that the announcement profile Q% is not a CPNE if pollution exhibit
local characteristics; one clean and one dirty country can benefit from excluding an “unlucky”
clean country by forming a trade union. Members would enjoy the highest welfare level in this
game. As we have shown in the previous section, the announcement profile Q" is not a Nash

equilibria for both levels of pollution, and consequently, it cannot be a CPNE.

14For the proofs, please Appendix A.3.7.1
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PROPOSITION 3.19: If pollution is local then the only coalition-proof Nash equilibria of the CU
game is the announcement profile Q" which constitutes a trade union between one clean and one
dirty country; and if pollution is global then the only CPNE of the CU game is the announcement
profile QP which constitutes a trade union between two clean countries.

If pollution is local, then members of (ab7) cannot improve their welfares by altering their original
announcements:

Wa(abt) > W4(N;) > W(abc;) > W(bct) and WP (ab¥) > W (bct) > W (abc;) > WP (N,)
Based on the above, we conclude that Q9" is a self-enforcing commitment between one clean and
one dirty country if pollution exhibits local characteristics.

If pollution is global, then we can see that neither b or ¢ can do better by deviating from their
original announcement which results in (bcg):

WP (bck) > WP(abh) > WP(Ng) > WP (abcg)and W (bc) > W€ (abeg) > WE(N,) > W€ (ab)
We conclude that, QU is a self-enforcing commitment between two clean countries if pollution

exhibits global characteristics. '

3.7.2 The Free Trade Agreement Game

3.7.2.1 Preferential Trade Agreements in the FTA Game

In the first stage of the FTA game, players also announce countries they would like to form a PTA
with, but in this game preferential trade agreements take the form of free trade agreements. Each

player’s strategy set (S;) consists of four possible announcements denoted as o;:
Sa={{#,2}.{b,2}.{2,c} {b,c}}
Sy ={{2, 2} {a, 2} {2,c} {a,ct}

SC:{{g,g},{a,g},{ﬁ,b},{a,b}}

ISFor the proofs, please Appendix A.3.7.1
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where announcement o; = { &, &'} indicates player’s desire to stay away from any free trade agree-
ment with either partner; if 0; includes only one of the two countries then it denotes the player’s
wish to form a bilateral free trade agreement with that country only and exclude the third player; if
0, has two other countries then it indicates player’s desire to be a trade partner of both countries.
Countries are free to choose their announcements, and free trade agreements can be formed only if
partners announce each other. In the FTA game, the countries strategy sets map into the following
free trade agreements:

(i) If all three players announce {&, &'} or the announcement profiles do not match, it results
in the profile (®) - no agreement, and each player applies individually optimal tariffs.

(ii) Country a’s announcement {b, &'} and country b’s announcement {a, &'} lead to a profile
(ab). The changes in country ¢’s announcement would not alter the profile because neither a no b
is calling c¢. This profile implies that members apply zero tariffs on imports from each other and
individually optimal tariffs of the import from the outsider, country c.

(iii) Similar to (ii), announcement profile (bc) indicate two countries’ desire to exclude a third
member of the world. In this case, two clean countries exclude the dirty country a and form a free
trade agreement which includes only clean members.

(iv) If both clean countries announce only in the favour of a free trade agreement with a dirty
country, and the dirty country announces in the favour of a free trade world, then these announce-
ments result in a hub-and-spoke trade regime. In this case, the dirty country a is a hub, and two
clean countries are the spokes, (ah). Under this profile, country a imposes zero tariffs on the
imports from the clean part of the world as well as both clean countries impose zero tariffs on
the imports of the dirty good A. However, two clean countries still impose positive tariffs on the
imports from each other.

(v) Similar to (iv), if one clean and one dirty country announce in the favour of a third country,
and that country announces in the favour of a free trade world, then that third country would turn
into a hub and other two would be the spokes. The profile matching those announcements is (bh),

where b is a hub, and countries a and c¢ are the spokes.
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(iv) As in the CU game, the announcement profile (F') signals all three countries’ desire to live
in a free trade world. Under this profile countries apply zero tariffs on the imports from each other,

but they still impose individually optimal environmental taxes.

3.7.2.2 Welfare Effects of Various Trade Agreements in the FTA Game

LEMMA 3.3: The welfare impact of various types of trade agreements on members and non-
members is as follows:
(i) W9 (abg) > W4(Ng); WP (abg) > W>(Ng); W¢(abg) < W¢(Ng)
W% (bcg) < W(Ng); Wb(bcg) > WP(Ng) ; WE(bcg) > W€ (Ng)
(ii) W% (abg) > W% (abcg); WP (abg) > W>(abcg); W€ (abg) < W€(abcg)
W4 (bcg) < W(abcg); W74 (bc)) < Wi74(abe;) and W74 (bcg) > W74 (abe,)

(iii) WP (ab;) > W (abc;) > WP (bcy) and WP (beg) > WP (aby) > WP (abcy)

—~

(iv) w¢

—~

all) > W(abg); Wo(alh) < WP(abg); We(al) > W (abe)
Wa(bl) < W (abg); WO (b) > WP (ab)) ; WE(b)y) > W€ (abg)

(V) We(al) > W (abcg); WP(alh) < WP(abcg); We(alh) < We(abcy)

W (b)) < W(abcg); WP (b > WP (abe;) s WE(b) < W€ (abeg)

Similar to Lemma3.2(—i"), Lemma3.3(—i) states that any two countries are better off in a bi-
lateral FTA than in the no agreement scenario for both local and global levels of pollution, and
a non-member is always worse off. The results in Lemma3.3(—ii) show an exclusion incentive
when pollution is global for all countries, and in this case a non-member would prefer to be a
part of a free trade agreement to being an outsider of a bilateral trade agreement. However, if
pollution is local, then clean countries would be better off in a free trade agreement than in the
bilateral trade agreement between clean countries only. Lemma3.3(—iii) exhibits similar results
to Lemma3.3(—iii*) and states that a clean country would prefer to get into a bilateral trade agree-

ment with the dirty country if pollution is local, and a clean country would rather be a partner

83



with another clean country if pollution exhibits global characteristics. Lemma3.3(—iv) illustrates
the following: first, it is better to be a spoke than a non-member of a bilateral FTA; second, it is
better to be a member of a bilateral FTA than to be a spoke; and third, naturally, being a hub is
very beneficial. Finally, Lemma3.3(—v) states that countries would rather be a part of an FTA than

being spokes, and not surprisingly, it is better to be a hub than a part of a free trade world.

3.7.2.3 Nash Equilibria Announcement Profiles and Associated Trade Agreements in the

FTA Game

PROPOSITION 3.20: In the FTA game, the Nash equilibria announcement profiles and the asso-

ciated trade agreements are shown in Table 3.3.

Trade Nash Equilibria

Announcement Profiles
Agreements local global

Q% ={o,={2,8},0,={7,2},0.={7,2}} (D) Yes Yes
Q% ={c,={b,z},0p={a,2},0.={2,2}} (ab) Yes Yes
Q¢ ={o,={o,8},0,={2,c},0.={z,b}} (bc) Yes Yes
Q% ={c,={b,c},0,={a,2},0.={a,2}} (ah) Yes Yes
Q" ={6,={b,#},0, = {a,c},0. = {z,b}} (bh) Yes Yes
QF ={o,={b,c},0,={a,c},0. = {a,b}} (F) Yes Yes

Table 3.3: The Nash equilibria announcement profiles and the associated trade agreements in the
FTA game

Based on the results in Lemma3.3(—i), we can state that the announcement profile Q% is a Nash

equilibria; no player would be better off by unilaterally changing its announcement. Profiles Q%
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and Q% are Nash equilibria as well. If any member of either bilateral free trade agreement alters
its announcement, the profile would be changed into Q% with lower levels of welfare gains relative
to the original announcement profile (Lemma3.3(—i)). The changes in the announcement of the
outsider of either of these agreements would have no effect on the outcome. Now, we evaluate
the announcement profiles of two hub-and-spoke regimes, Q%" and Q%". First, a hub country
achieves the highest welfare level in this game, so it has zero incentive to change its announcement.
Second, if any of the spokes changes its announcement, it would turn into an outsider of a bilateral
free trade agreement with a loss in welfare (Lemma3.3(—v)). Finally, we show that in this game
the announcement profile Q% is immune to unilateral deviations. The difference between the CU
game and the FTA game is in the presence of hub-and-spoke trade regimes in the latter of these two
games. If either of the three players decide to unilaterally change its announcement, this change
would either lead to one of the other countries becoming a hub or two other countries would end
up in a bilateral trade agreement. Neither of those alterations is beneficial for any player. For
both local and global pollution, all three countries would prefer to take their part in a free trade
world versus being a spoke or an outsider of a bilateral trade agreement (Lemma3.3(—v) and

Lemma3.3(—ii)).'°

3.7.2.4 Coalition-Proof Nash Equilibria of the FTA Game

Again, coalition-proof Nash equilibria is a refinement of a set of Nash equilibria which needs to
survive all possible meaningful self-enforcing coalitions. In the FTA game, the only Nash equi-
libria resistant to all such coalitions is an announcement profile Q" which constitutes a free trade
world. In this part of the paper, we first show, that all announcement profiles but 2f do not sur-
vive coalitional deviations, and then we prove that Q" is the only CPNE for both local and global
levels of pollution in the FTA game. The results of in Lemma3.3(—i) show that 2% is not a CPNE

for both local and global levels of pollution; any two countries can achieve higher welfare gains

16For the proofs, please Appendix A.3.7.2
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by altering their announcement profiles into either 29 or Q%¢. To prove that the announcement
profile 2% is not a CPNE for both local and global levels of pollution, we consider a coalition
between the dirty part of this agreement, country a, and an outsider, country c¢. This coalition
would be beneficial for both countries (in Lemma3.3(—iv)), and the announcement profile would
be changed into {{b,c},{a,2},{a,2}}. We can see, that country ¢ would prefer to be a spoke
versus being an outsider of the trade agreement between two other countries. We hold country b’s
announcement constant and observe that neither a or ¢ has an incentive to deviate. We can con-
clude that 29 is not a CPNE for both local and global levels of pollution. To show that Q%€ is not
a CPNE, we analyze whether countries a and b can form a self-enforcing coalition. In this case,
the announcement profile would take a form of %", and as we can see from in Lemma3.3(—iv),
it is beneficial for both players. It is clear that the dirty country a would prefer to be a spoke than
face an agreement between two clean countries. We hold country ¢’s announcement constant and
observe that neither partner of the proposed coalition has an incentive to deviate any further by uni-
laterally changing its announcement. We can conclude that Q%€ is not a CPNE for both local and
global levels of pollution. Though both announcement profiles 2% and 2%, which constitute two
different hub-and-spoke trade regimes, are Nash equilibria, they do not survive a coalition-proof
Nash equilibria refinement. To prove that, we use the results of in Lemma3.3(—v) which states
that countries would rather be a part of a free trade world than being a spoke. We hold the hub
country’s announcement constant and conclude that any two spokes can form a self-enforcing trade
agreement with no further individual deviation and, as a result, turn any hub-and-spoke regime into
a free trade world.

PROPOSITION 3.21: The only coalition proof Nash equilibria of the FTA game, for both local
and global levels of pollution, is the announcement profile Q! which constitutes a free trade world.
This key result is very similar to Missios etal.(2016), as we also conclude that though any two
countries can benefit from excluding the third one from the agreement, none of the countries
would exercise it in equilibrium. To prove that, let us first assume, that countries a and b decided

to form a bilateral trade agreement by altering these profiles into the following announcement:
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Q% ={c,={b,#},0,={a,2},0.={a,b}}. We can see that these joint changes in the an-
nouncements are beneficial for both countries: W% (abg) > W%(abcg) and WP (abg) > W’ (abcg)
(Lemma3.3(—ii)). (However, the results of Lemma3.3(—iv) illustrate both countries incentive
to deviate and become a hub. Based on the above, we can conclude that this deviation is not
self-enforcing and countries would go back to their original announcement profile Q/ . Now, we
assume that countries b and ¢ decided to form a bilateral trade agreement by altering this profiles
into the following announcement: Q% = {o, = {#,2},0, = {&,c},0. = {&,b}}. Again, we
can see that these joint changes in the announcements are beneficial to both countries: W?(bcg) >
Wb (abcg) and W€ (bcg) > W€(abcg) (in Lemma3.3(—ii))However, both countries have an in-
centive to deviate from this agreement, because W?(b) > W?(bcg) and W€(c}y) > W?(bcg) (in
Lemma3.3(—iv)). Based on the above, we can conclude that the original announcement profile

Q' is immune to all meaningful self-enforcing coalitions.!”

3.8 Endogenous Deep Trade Agreements
3.8.1 The Integrated Customs Union Game

3.8.1.1 Integrated Customs Unions in the IU Game

In this part of the paper, we describe different deep preferential trade agreements which can arise
under the integrated customs union game. The difference between integrated customs union game
and customs union game, described in the previous section, lies in the nature of deep and shallow
trade agreements. In this game, countries’ announcements are not limited to trade agreements only,
but they also include an environmental clause. In the first stage of this game, players announce
countries they would like to form an integrated union with. Each player’s strategy set (S’]”) consists

of four possible announcements denoted as 65"

7For the proofs, please Appendix A.3.7.2
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Séu: {{g,g},{b“‘,g},{g,ci”},{bi”,ci”}}
;’)u: {{ﬁ,,@},{aiu,,@},{ﬁ,ciu},{aiu,ciu}}
Séu: {{g,g}’{aiu,g},{g7biu}’{aiu’biu}}

where announcement GJl:“ = {g, o} indicates player’s desire to stay away from any integrated
union; if G]l:" includes only one of the two countries then it denotes the player’s wish to form an
integrated union with that country only and exclude the third player; if Gjl:” has two other countries
then it indicates player’s desire to be a partner of both countries.

In the integrated customs union game, the countries strategy sets map into the following deep trade
agreements:

(1) If all players announce in the favour of no agreement, or the announcements do not match, it
results in the announcement profile <<Di”>. This profile implies that each player applies individually
optimal tariffs and environmental taxes.

(i) If one clean and one dirty country announce each other, and none of these countries call the
second clean player, then the announcement profile (abiu) arises. In this case, members agree on
the environmental tax they levy on their producers of a dirty good A, apply zero tariffs on imports
from each other and jointly optimal tariff on the import from the outsider, country c¢. An outsider
is free to choose individually optimal tariffs and taxes.

(iii) Similar to (ii), announcement profile (bciu) indicate two countries’ desire to exclude the
third member. In this case, two clean countries exclude a dirty country a and form an integrated
customs union which includes only clean players.

(iv) The announcement profile <F i“> signals all three countries’ desire to live in an entirely
integrated world. Under this profile countries agree on the environmental tax level and apply zero

tariffs on the imports from each other.
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3.8.1.2 Welfare Effects of Various Trade Agreements in the IU Game

LEMMA 3.4: The welfare impact of various types of deep trade agreements on countries-members
and non-members is as follows:
(i) W9 (abit) > W(Ng)'8; WP (abllt) > WP (Ng); W/74(bcllt) > Wi74(Ny)

W (bc) < W9 (Ng); W (abl') < W¢(Ng)™
(i) W/ (abcl) > W/ (bclt) > W/(Ng) where j# a
(iii™) WP (abi*) > W (abc}) and W? (abci,) > WP (abi,”) > WP (bcé,“)
(iv™) W(abc)) > W4(bc}*) and W (abcl) < W4 (bcl)
The results in Lemma3.4(—i‘”) indicate, first, that two symmetric clean countries are better off in
an integrated union than in no agreement scenario for both local and global levels of pollution;
second, that a dirty country prefers to be involved in no integrated agreement if productivity gap
is sufficiently large, and third, an outsider of a bilateral integrated agreement between one clean
and one dirty country would benefit relative to no agreement level if pollution is global and pro-
ductivity gap is narrow. Lemma3.4(—ii)states, that clean countries would prefer to include a
dirty player into an agreement and live in an entirely integrated world versus being in an integrated
agreement which includes only clean members. According to the results in Lemma3.4(—ii™*) and
Lemma3.4(—iii™), a clean country would gain the highest level of welfare in this game if it is in
the integrated union with a dirty country and the pollution is local. On the other hand, if pollution
exhibits global characteristics, then a clean country would prefer to be a part of a fully integrated
world. Results in Lemma3.4(—iv*) illustrate that a dirty country prefers to face an integrated

agreement between two clean partners to being a part of a fully integrated world.

8holds for @ = g only if A > A
%holds for @ = g only if A < A™
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3.8.1.3 Announcement Profiles, Associated Trade Agreements and Nash Equilibria in the

IU Game

PROPOSITION 3.22: In the IU game, the Nash equilibria announcement profile and associated

deep trade agreements are shown in Table 3.4.

Deep Nash Equilibria
Announcement Profiles
Agreements local global
Q" = (o ={z,2},0i" = {g,5},0M" = {z, )} (D) Yes Yes
_ . _ . Yesif A > A
Qbin = {61 = (b, 5}, 0/ = {a, 8} 61" = {2,2}} | (abiu) Yes |
Noif A < A™
Qb = it — (& &) 6" = {7, c},c!" ={z,b}} (bciu) Yes Yes
Q= {o ={b,c}, 0/ ={a,c},0!" ={a,b}} (F™) No No

Table 3.4: The Nash equilibria announcement profiles and the associated trade agreements in the
IU game

The announcement profile Q%"is a Nash equilibria for both local and global levels of pollution; a
unilateral change in any player’s announcement would not affect their welfare levels. The results
in Lemma 3.4(—i™) show that the announcement profile 2, which results in a deep trade agree-
ment between one clean and one dirty country, is a Nash equilibria for the local level of pollution
and for the global level of pollution if productivity gap is relatively small. In this cases, by unilater-
ally changing their announcements neither country a no country b can increase their welfare gains;
any unilateral change would simply lead to the no agreement level and decrease in the level of wel-
fares achieved. An outsider of this agreements, country ¢, has no incentive to alter its announce-
ment as well because any change in the outsider’s announcement would not affect the outcome. We

use the results in Lemma3.4(—i*) to prove that the announcement profile Q2 does not constitute
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a Nash equilibria if the pollution exhibits global characteristics and A < A™. The dirty country a
can improve its welfare by unilaterally changing the announcement from {b, &} ro {&, @}, and
this change would result in Q%" and a higher welfare gain for country a. The announcement pro-
file Q¢ which leads to an integrated union between two clean countries, is a Nash equilibria for
both local and global level of pollution. The results in Lemma3.4(—i)and3.4(—ii™) illustrate
that clean countries would not benefit from changing their announcement from the ones they make
under Q%€ because those changes lead to no agreement announcement profile and lower welfare
gains for both players. We use the results presented in Lemma3.4(—i™) through3.4(—iii"*) show
that the announcements profile QF m, which results in a fully integrated world, is not a Nash equi-
libria if pollution is local. In this case, country a can improve its welfare by announcing only one
out of two clean countries. The lucky clean country would prefer to form a union with country a
versus the union with another clean country. Based on that, we conclude, that Qr . is not a Nash
Equilibria for the local level of pollution. Now, we use the results in Lemma3.4(—iv*) to prove
that Q' " is not a Nash Equilibria if pollution is global as well. The dirty country a would prefer
to be an outsider of an integrated agreement between two clean countries than participate in a fully
integrated world. Based on that we conclude, that Q " is not a Nash Equilibria for the global level

of pollution.?’

3.8.1.4 Coalition-Proof Nash Equilibria of the IU Game

Though the announcement profile 2 ®"is a Nash equilibria for both local and global levels of
pollution, it does not survive a coalition-proof Nash equilibria refinement. We prove it in three
steps. First, we assume that pollution is local and consider a coalition between countries a and b. In
this case, the announcement profile would be altered into Qb and the results in Lemma3.4(—ii“)
illustrate welfare increases for both partners of this coalition. There is no further deviation, because

the level of welfares countries a and b acquire in this integrated union are the highest they can

20For the proofs, please Appendix A.3.8.1
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achieve in the entire IU Game in the case of local pollution. Based on the above, we can conclude
that Q%" is not a CPNE if pollution is local. Second, we consider the case of global pollution
and relatively narrow productivity gap. We let countries @ and b form a trade and environmental
union, and as a result, we observe that the levels of the welfares these two countries achieve are the
highest in the IU Game if pollution is global and the productivity gap is relatively narrow. Finally,
we consider the case of global pollution and a relatively large productivity gap. We assume that
clean countries form a coalition by altering their announcements into Q¢ profile. Based on
the results in Lemma3.4(—iii”), we can conclude, that clean countries can form a coalition. We
can also rule out all further deviations based on the results in Lemma3.4(—iv*) which show that
though clean countries would prefer to include a dirty player into their union, the dirty country a
would rather be an outsider than participate in a fully integrated world. Based on the above, we can
conclude that Q®" is not a CPNE if pollution is global. Now, we show that Q%< is not a CPNE
for the local level of pollution and for the global level of pollution if productivity gap is narrow.
First, we consider a coalition of a and b in the case of local pollution, then W¢(abi*) > W9(bc'*)
and W (ab") > WP (bci). Also, the level of welfare countries a and b achieve from forming a
trade and environmental union is the highest in this game, so none of the members would deviate
any further. Second, we consider the case of global pollution and relatively narrow productivity
gap, then W (abll') > W*(bc) and W”(abi') > W”(bcit). Also, the level of welfare country a gets
in this union is the highest in the entire game, and country b can be better off only in the integrated
world, but the dirty country a is not interested in being a part of the integrated world. Based, on
the above, we feel confident to conclude that Q% is not a CPNE for the local level of pollution
and for the global level of pollution if productivity gap is relatively low.

PROPOSITION 3.23: The announcement profile QY™ which constitutes an integrated union
between one clean and one dirty country, is the only CPNE in this game for the local level of
pollution and for the global level of pollution if productivity gap is sufficiently narrow; and the
announcement profile Q™ which constitutes an integrated union between two clean countries,

is the only CPNE in this game for the global level of pollution if productivity gap is sufficiently
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large.

We prove it three steps. We start with considering the local level of pollution. Both countries, a and
b, have no incentive to form any other coalition, because the level of welfare each of them achieves
is the highest in the entire IU Game. Now, we consider the global level of pollution and relatively
narrow productivity gap. In this case, the dirty country a has no incentive to form any other
coalition, including a global one, because a’s welfare is the highest in the trade and environmental
union with only one clean country. Country b would prefer to get into a global coalition, but
country a would not agree to that. Based on the above, we conclude that there is no coalition which
can benefit by deviating in a self-enforcing manner, and the announcement profile Q% is a CPNE
for the local level of pollution and for the global level of pollution if productivity gap is relatively
narrow. To prove that the announcement profile 2 is the only CPNE if pollution is global and
productivity gap is relatively large, we start by considering a coalition between two asymmetric
countries, a and b, formed under the announcement profile Qb This coalition would increase the
level of welfares achieved by both members, W¢ (ab;") > W“(bc;”) if productivity gap is relatively
large and W (ab}') > wb (bci). However, this deviation is not self-enforcing, because country a
has an incentive to deviate further to the no agreement situation by changing its announcement into
{z,2}: W (abg") < W4(N,) if productivity gap is relatively large. Based on the above, we can

conclude that Q¢ is a CPNE if pollution is global and productivity gap is relatively large. 2!

3.8.2 The Integrated Free Trade Agreements Game

3.8.2.1 Integrated FTAs

In the first stage of this game, players also announce countries they would like to form a deep
trade agreement with, but in this game integrated agreements take the form of deep free trade

agreements with an environmental clause. Each player’s strategy set (Sl]) consists of four possible

2IFor the proofs, please Appendix A.3.8.1
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announcements denoted as o':
Se={{z.2}.{t', 5} {#.c} {V',c'}}
S, ={{#.2}.{d', 5} {#.c'} {d','}}
Se={{z.2}.{d 2} {20} {d b'}}

where announcement 0'1’: = {2, 7} indicates player’s desire to stay away from any deep trade
agreement with either partner; if Gjl: includes only one of the two countries then it denotes the
player’s wish to form an integrated agreement with that country only and exclude the third player;
if 0']’: has two other countries then it indicates player’s desire to be a partner of both countries.

In the I game, the countries strategy sets map into the following deep trade agreements:

(1) If all three players announce in the favour of no agreement or the announcement profiles
do not match, it results in the profile <CI>i>. Under this profile each country applies individually
optimal tariffs and environmental tax on its producers of the dirty good A.

(ii) If country a’s announcement is {b', @} and country b’s announcement is {a', 2}, the
profile (abi) arises. The outsider’s announcement would not alter this profile because neither
member of this integrated agreement is calling ¢. This profile implies that members agree on the
environmental tax they levy on their producers of the dirty good A, apply zero tariffs on imports
from each other and individually optimal tariff on the import from the outsider, country c.

(iii) Similar to (ii), announcement profile (bci) indicates two countries’ desire to exclude a third
member of the world. In this case, two clean countries exclude the dirty country a and form a deep
trade agreement which includes only clean members.

(iv) If both clean countries announce only in the favour of a deep trade agreement with the
dirty country, and the dirty country announces in the favour of a fully integrated world, then these
announcements result in a hub-and-spoke trade regime with a jointly optimal tax level. In this
case, the dirty country a is a hub, and two clean countries are the spokes, (ahi). Under this profile,

country a imposes zero tariffs on the imports from the clean part of the world as well as both clean
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countries impose zero tariffs on the imports of the dirty good A. However, two clean countries still
impose positive tariffs on the imports from each other.

(v) Similar to (iv), if one clean and one dirty country announce in the favour of a third country,
and that country announces in the favour of a fully integrated trade world, then that third country
would turn into a hub and other two would be the spokes. The profile matching those announce-
ments is (bhi), where b is a hub, and countries a and c are the spokes.

(iv) As in the IU game, the announcement profile <F i> signals all three countries’ desire to live
in an entirely integrated world. Under this profile countries apply jointly optimal environmental

tax and zero tariffs on the imports from each other.

3.8.2.2 Welfare Effects of Various Deep Trade Agreements in the I Game

LEMMA 3.5: The welfare impact of various types of deep trade agreements in the I game on
countries-members and non-members is as follows:

(i) W4 (ably) > W*(Ng) holds for 6 = g only if A > A'; W9(bcl) < W*(Np);

W(ab}) > W4(al") & W(a)") > W4 (abc}) > W4(bc}); Wi (bc,) > W4(ak') > W9 (abc);

(ii") Wo(aby) > WP (Ng); Wi74(bcly) > W74 (Ng); WP (ably) > W (bcly);

WE(N;) > WE(ab}) & We(abl) > W€ (bck) > WE(N,);

(iii') W7 (j§) > Wi (abcly) > W (bch); Wi (aji) > Wi(al) & Wi(aji) < Wi(alht) where j # a
We(all) > We(bl); We(bcl) > We(bla).

The results in Lemma3.5(—") indicate, first, that the dirty country prefers to be in a bilateral in-
tegrated agreement versus no agreement scenario only if pollution is local or if pollution is global
and the productivity gap is relatively narrow; second, this lemma shows that the dirty country is
better of in the no agreement scenario than as an outsider facing a bilateral integrated agreement
between two clean countries, and third, it illustrates a self-exclusion incentive of country a if pollu-

tion is global. Lemma3.5(—ii’) states, first, that clean players are better off in a bilateral integrated
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agreement than in a fully disintegrated world; second, it shows that a clean country prefers to sign
a bilateral integrated agreement with the dirty country versus acquiring a clean partner; and third,
this lemma declares that if pollution is local then a clean country can gain a higher level of welfare
in a world with no agreement versus facing a bilateral integrated agreement including two other
players, however, if pollution exhibits global characteristics then a clean country is better off be-
ing an outsider of a bilateral integrated agreement than being a part of a world with no trade and
environmental agreements in it. The results in Lemma3.5(—iii') say, first, that a clean country
prefers to be a hub than to live in a fully integrated world; second, a clean country is better off in
a bilateral integrated agreement with the dirty partner versus being a spoke with that dirty country
acting as a hub if pollution is local, however, the results are reverse if the pollution exhibits global
characteristics; third, a clean country would choose to be a spoke in a hub and spoke regime if a
dirty country is a hub versus a clean country being a hub; and finally, this lemma states that being
an outsider of a bilateral integrated agreement between two clean partners brings a higher welfare

gains to the dirty player than being a spoke in a hub-and-spokes regime for both levels of pollution.

3.8.2.3 Announcements Profiles, Associated Trade Agreements and Nash Equilibria in the

I Game

PROPOSITION 3.24: In the I game, the Nash equilibria announcement profiles and the associated

integrated agreements are shown in Table 3.5.
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Deep Nash Equilibria
Announcement Profiles
Agreements local global
Q¥ ={o,={2,5},0)={2.0}.0i={2,0}} | (&) Yes Yes
, . . , Yesif A > A7,
Q" ={c, ={b,2},0;={a,2},0l={2,2}} (abi) Yes .
Noif A < A
Qi ={ci={2,2},0,={2,c},0l = {2,b}} (beiu) Yes Yes
Qi = {o} = {b,c},0} = {a, 8}, 0! = {a, 2}} (ahi) No No
Q% = {61 = {b, 5}, 0} = {a,c} 0l = {,b}} (bhi) No No
QF ={c. = {b,c},0} = {a,c},c. = {a,b}} (F') Yes No

Table 3.5: The Nash equilibria announcement profiles and the associated trade agreements in the I
game

For both local and global levels of pollution, the announcement profile Q‘pi, which results in each
country applying individually optimal tariffs and environmental taxes, is a Nash equilibria; unilat-
eral change in any player’s announcement would not affect their welfare levels. The announcement
profile 2%, which constitutes a bilateral integrated agreement between one clean and one dirty
country, is a Nash equilibria for any value a productivity parameter can take if pollution is lo-
cal, and it is a Nash equilibria if productivity gap is relatively narrow and pollution is global. To
prove that, we use the results in Lemma3.5(—i')and Lemma3.5(—ii’), which illustrate that nei-
ther members has an incentive to unilaterally change its announcement. Also, any changes in the
announcement profile of the outsider of this bilateral integrated agreement (country c), have no ef-
fect on the resulting equilibrium announcement profile. The results illustrated in Lemma3.5(—i')
prove that the announcement profile Q%' does not constitutes a Nash equilibria if productivity gap
is relatively large and pollution is global; in this case, the dirty country a can improve its welfare by
unilaterally changing the announcement into { &, @} ,which would lead to the world with no trade

and environmental agreements in it. Based on the results in Lemma3.5(—ii’), we conclude that
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the announcement profile 2%/, which leads to a bilateral integrated agreement between two clean
countries constitutes a Nash equilibria for both local and global levels of pollution; neither of the
members of this bilateral integrated agreement can gain a higher welfare by unilaterally changing
the announcement. Now, we move to evaluating the announcement profiles of two hub-and-spokes
regimes (2" and Q). Neither of these regimes constitutes a Nash equilibria, and we prove it in
the following four steps. First, we consider the case of local pollution. The dirty country a can uni-
laterally change its announcement by excluding one of the clean countries and improve its welfare:
W4 (al) <W9(ab}) = W4 (ach). Next, we consider the case of global pollution and relatively small
productivity gap. Similar to the previous step, we observe that the dirty country can improve its
welfare by restricting its announcement to one clean country only: W9 (a%) < W4 (ab},) = W*(ac},)
if productivity gap is relatively small. Third, we consider the case of global pollution and relatively
large productivity gap. Country a can achieve the highest welfare in this game by announcing no
agreement with both clean countries. Finally, we look into a hub-and-spokes regime with a clean
country acting as a hub. The results in Lemma3.5(—iii") state, that country a will deviate and gain
a higher level of welfare by announcing no agreement with either clean country; the dirty country
would prefer to be an outsider versus being a spoke. Based on the steps above, we can conclude
that both hub-and-spoke regimes in this game, 2% and Q" do not constitute a Nash Equilibria
for both local and global levels of pollution. The announcement profile Q ', which leads to a fully
integrated world, is a Nash equilibria if pollution is local. First, we analyze whether country a
has an incentive to change its announcement. If the dirty country alters its announcement from
{b,c} into {b, &} or {&,c}, it would turn either of the clean players into a hub and lead to a lower
welfare gains for the dirty player. If country a decides to call no player, then this alteration in the
announcement would lead to an announcement profile 27 and welfare loss for the dirty coun-
try a. We can conclude that country a has no incentive to change its announcement. If either of
the clean players attempts to alter its announcement, then it would either create a hub-and-spoke
regime with the country that initiates that change acting as a spoke or create a bilateral integrated

agreement between one clean and one dirty country with the country-initiator as an outsider. We
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can conclude that neither of the clean players has an incentive to alter its announcement due a
lower welfare gains they would face. Based on the above, we conclude Q/ "is a Nash Equilibria
for the local level of pollution. Based on the results in Lemma3.5(—i'), we can see that if pollu-
tion is global, then the dirty country a acquires a higher welfare gains as an outsider of a bilateral
integrated agreement between two clean countries than as a part of a fully integrated world. We

can conclude that Q' is not a Nash Equilibria if pollution is global.??

3.8.2.4 Coalition-Proof Nash Equilibria of the I Game

In this game, the announcement profile Q% is a Nash equilibria, but it does not survive the
coalition-proof Nash equilibria refinement, and we prove it in the next three steps. First, we as-
sume that pollution is local and consider the coalition of one clean and one dirty country. The
results in Lemma3.5(—i') and Lemma3.5(—ii') show that deviating countries are better off in a
coalition than in no agreement scenario, and we can conclude that Q is not a CPNE if pollution
is local. Second, we consider the case of global pollution and relatively small productivity gap.
We let countries a and b form an integrated agreement. We observe that country a’s welfare is
the highest in this game, and as a result, country a would not include country c¢ in its announce-
ment. No further deviation is sustainable. Now, we consider the case of global pollution, and
we let two clean countries, b and ¢, form an integrated agreement, then the announcement would
be as follows: {0} ={2,2},0, ={o,c},0.={2,b}}. In this case, Wb(bci,) > WP (N,) and
W¢(bcl) > W(Ng). We can conclude, that clean countries can form a coalition. Based on the
above, we can conclude that Q% is not a CPNE if pollution is global as well. The announcement
profile Q%' does not survive the CPNE refinement for both local and global levels of pollution.
To prove that we consider the coalition of two clean countries. This coalition would alter the
announcement profile into %, and the results illustrated in Lemma3.5(—iii') show the welfare

improvement for both clean players. We can conclude, that countries b and ¢ can deviate, and con-

22For the proofs, please Appendix A.3.8.2
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sequently, that the announcement profile 2% is not a coalition-proof Nash equilibria. If pollution
is purely local, then the announcement profile 2°¢ is not a CPNE. We prove it by considering the
grand coalition and analyzing all possible meaningful deviations from this announcement profile.
First, we consider all possible deviations of the dirty country a. This country will not leave the
integrated world because if it does so, then W¢(b') = W(c') < W(bc') < W9 (abc}). Second,
we analyze whether either of the clean countries would have an incentive to change the announce-
ment, and we observe the following: W®(abc)) = W¢(abcl) > WP(abl) = W€(ac)) > W (bcl) =
We(bch) > Wh(al')y = We(al) > WP(cl) = We(b)"). We can see that the grand coalition provides
clean countries with the highest level of welfare relative to all possible deviations, and we can
conclude that neither of the clean players would deviate from the grand coalition. Based on the
above. we can conclude that %/ is not a CPNE for the local level of pollution.

PROPOSITION 3.25: If pollution is local, then the only coalition-proof Nash equilibria of the I
game is the announcement profile Q' " Which constitutes a fully integrated world; and if pollution
is global, then the only coalition-proof Nash equilibria is the announcement profile Q5! which
constitutes an integrated agreement between two clean countries.

First, we assume that pollution is local, and in the next two steps, we prove the first part of
the above proposition. In the first step, we analyze whether the coalition of one clean and one
dirty country is possible and meaningful, and in the second step, we consider the coalition of
two clean countries. If one clean and one dirty country form a coalition to exclude the second
clean player, then the announcement profile would be altered into Q% where j # a. As a result
of either of these bilateral integrated agreements, the following levels of welfares would arise:
W (abl) = W9(act) > W9(a}') > W9(abc!) and WP (abl) = W¢(act) < W (abcl) = W (abcl). We
can conclude, that though country a would like to form the coalition, none of the clean payers is
interested in the coalition with the dirty country. The results in Lemma3.5(—iii") illustrate that
the only incentive a clean player has to form an integrated agreement with the dirty player is to
deviate further and become a hub. We can conclude that there would be no coalition between the

dirty country a and either of the clean payers. Now, we analyze the coalition of two clean coun-
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tries. This deviation would result in the announcement profile 2% and lower welfare gains for
both parties of the coalition (Lemma3.5(—iii')). Based on the above, we conclude that there is no
coalition that can benefit by deviating in a self-enforcing manner if pollution exhibits pure local
characteristics, and the announcement profile Q7 "isa coalition-proof Nash equilibria.

Now, we assume that pollution is global, and we prove the second part of the above proposition
by considering whether the initial deviations are both possible and sustainable. First, we assume
that countries a and b form a coalition, then the announcement would be changed to the follow-
ing: {0} ={b,2},0, ={a,2},0.={a,b}}. Asaresult, we observe W (ab},) > W(bc) and
wb (abé) > Wb (bci,). However, country b has an incentive to alter this announcement by adding
country ¢ and turning into a hub: W?(b) > W (abl,) and W (b) < W¥(bcl,). We can conclude,
that initial deviation is not sustainable. Next, we assume that countries a and ¢ form a coalition,
then the announcement would be changed to the following: {c} = {&,c},0} = {&,c},0! = {a, 2} }.
As a result, we observe W (acl,) > W*(bc},) and W€ (ach) > W¢(bc},). However, country c, similar
to country b in the previous step, has an incentive to alter this announcement by adding a sec-
ond clean country and enjoying the benefits of being a hub: W¢(ck') > W¢(ac,) and W*(cl) <
W“(bc;). We can conclude, this initial deviation is not sustainable. Finally, if all three countries
form a grand coalition, we observe W“(abci,) <we (bc;) and conclude that the grand coalition is
not sustainable as well. Based on the above, we conclude that Q%<7 is a CPNE for the global level

of pollution.??

3.9 Further Discussion on Shallow versus Deep Integration

3.9.1 Article XXIV Restriction on External Tariffs

In this subsection, we analyze the consequences of restricting members of various deep and shallow
trade agreements from raising their external tariff above the no agreement level. According to

Article XXIV of GATT/WTO, members are not allowed to bring their joint tariff on non-members

Z3For the proofs, please Appendix A.3.8.2
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above the pre-existing level. In our model, the pre-existing level of the external tariff is the optimal

Nash tariff under no trade and/or environmental agreement.

3.9.1.1 Article XXIV Restriction on External Tariffs of Shallow Trade Agreements

In our model, in the absence of Article XXIV restrictions, only members of customs unions raise
their external tariffs above the no agreement level due to the pooling of their market power whereas
FTA members do not. Precisely, c(ab¥) > t&(Ng) = t2(Ng) and t4(bc%) > t5(Ng) = t5(Np).
We apply the restrictions of Article XXIV by holding the external tariff of the (ab") and (bc*)
members constant at the pre-existing level; namely, tc(aby’) = t4(Ng) = t2(Ng) and t4(bc") =
t%(Ng) = t5(Np). It turns out, that even when members of customs unions are prohibited from
raising their tariffs on the non-member, the coalition-proof Nash equilibrium outcome does not
change. Similar to the results shown in Missios etal. (2016) paper, though the restrictions of Article
XXIV prevent members of customs unions from raising their external tariffs on the non-member
above the pre-existence level, it does not result in a free trade world. The announcement profile
Qbewr \which results in a trade union including only clean members, is a coalition-proof Nash
equilibria if pollution is global, and the announcement profile Q%" which results in a trade union

including one clean and one dirty member, is a coalition-proof Nash equilibria if pollution is local.

3.9.1.2 Article XXIV Restriction on External Tariffs of Deep Trade Agreements

In shallow trade agreements games, only members of the union between one clean and one dirty
country would otherwise raise their tariff above the no agreement level; however, in the integrated
customs union game, both unions apply a jointly optimal tariff which exceeds the no agreement
level. Furthermore, in deep trade agreements games, we observe an increase above the no agree-
ment level in the tariffs applied by the members of an integrated bilateral trade agreement between

two clean countries if pollution is global, as well as an increase in tariff applied by one spoke
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on the imports from another spoke in hub-and-spoke trade regime with a clean country as a hub.
First, we apply the restrictions of Article XXIV in the integrated customs union game. We apply
those restrictions by holding the external tariff of the (ab™) and (bc™) members constant at the
pre-existing level; namely, fc(ab") = t&(Ng) = t2(Ng) and t4 (bclt") = t5(Ng) = 15 (Np).

If pollution is local, then the only announcement profile, which survives all possible meaningful
deviations, is 2" This profile results in the integrated union between one clean and one dirty
country. We can conclude that even after applying the restrictions of Article XXIV, we do not
observe any change relative to the coalition-proof Nash equilibrium outcome of the IU game in
case of local pollution. However, if pollution exhibits global characteristics, then the coalition-
proof Nash equilibrium outcome changes for the certain levels of productivity parameter.

PROPOSITION 3.26: In the integrated customs union game, if we apply the restrictions on exter-
nal tariffs of Article XXIV, then the announcement profile QY™ which constitutes an integrated
union between one clean and one dirty country, is the only CPNE for the global level of pollution

Qbeiur \ohich constitutes

if the productivity gap is relatively narrow, and the announcement profile
an integrated union between one clean and one dirty country, is the only CPNE for the global level
of pollution if productivity gap is relatively large.

We prove the first part of the above proposition in two steps. First, we acknowledge that the dirty
country achieves the highest welfare level in this game by announcing one of the clean countries
and excluding the other. We can conclude, that country a would not participate in any coalitional
deviations. Second, we suppose countries b and ¢ form a coalition and exclude the dirty players,
then WP (bcit") < W (ab*") and W (bci") < W€ (ab#"). We can conclude that clean countries
would not form a coalition and exclude the dirty country a. Based on the above, we conclude that
Qabiur is a CPNE for the global level of pollution and A > A%,

To prove the second part of the above proposition, we consider the only possible deviation, the
coalition between one clean and one dirty country. The result of this deviation would be the in-

crease in both countries welfares: W% (ab") > W*(bc") and W”(abi*") > W’ (bc"). However,

the dirty payer has a strong incentive to deviate further: W*(N,) > W* (ab;”’ ). Based on the above,
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we conclude that the initial deviation is not sustainable and the announcement profile Q™" sur-
vives all possible deviations and constitutes a coalition-proof Nash equilibria if pollution is global
and A < A,

As before, we have to acknowledge, that though the restrictions of Article XXIV prevent mem-
bers of integrated customs unions from raising their external tariffs on the non-member above the
pre-existence level, it still does not lead to a fully integrated world. If pollution is local, then as
in the integrated union game without any restrictions on the external tariff, the only CPNE is the
announcement profile that results in a integrated union between one clean and one dirty country.
If pollution is global and productivity gap is relatively narrow, then the only CPNE is the an-
nouncement profile Q%" The announcement profile Q" which results in an integrated union
including only clean members, is the only coalition-proof Nash equilibria if pollution is global and
productivity productivity gap is relatively large.

We now apply the restrictions of Article XXIV to the integrated FTA game. We hold the external
tariffs of the (bc;) members constant at the pre-existing level if pollution is global, and if pollution
is local, then we restrict the tariff applied by one of the spokes (country ¢) in the hub-and-spoke
regime with a clean country b as a hub. Based on these results, we can conclude that even when the
members of preferential integrated trade agreements are prevented from bringing their individual
tariffs above the pre-existing no agreement level, a fully integrated world still fails to survive
a coalition-proof Nash equilibria refinement if pollution exhibits global characteristics. We still
observe an integrated customs union of two clean countries as a coalition-proof Nash equilibria if
pollution is global. If pollution is local, then a coalition-proof Nash equilibria is a fully integrated

world.

3.9.2 Choice of Deep and Shallow Agreements

In the previous sections of this paper, we restricted countries’ sets of announcements to a particular

game. So far, we have described five games: the environmental agreements game, two shallow

104



trade agreements games, the CU game and the FTA game; and two deep trade agreements games,
the integrated customs union game and the integrated FTA game. In this section, we consider four
extended games: the shallow trade agreements game, where countries can choose between shallow
CU and FTA agreements; the deep trade agreements game, where players can choose between
integrated customs unions and integrated FTAs; and the extended game with the choice between
pure trade customs unions and integrated customs unions; and the extended game with the choice

between deep and shallow FTA.

3.9.2.1 Shallow Trade Agreements Game

In this extended game, both types of shallow preferential trade agreements are permitted. Each

player simultaneously announces the name(s) of the country(ies) and identifies whether they are

willing to form a customs union or a free trade agreement. Both signals should match in order
) GCU/FTA . .

to form a PTA. Each player’s strategy set ( ; ) consists of seven possible announcements

CU/FTA
denoted as op / :

ST = ({2, 8} {2} {2} {b e} {b" 8} {2} {b" e}
U = {{o,0} a2} {7} {arch (a2} {0 {a e

SV = ({2, 2} {a, 2} (2,0} {a,b} {a*, 2}, {2,b"}  {a".b"}}

CU/FTA
where announcement & /

I = {&, &} indicates player’s desire to stay away from any shallow

trade agreement; if GJ.CU/ FT4 includes only one of the two countries with no superscript then it

denotes the player’s wish to form an FTA with that country only, and if G].CU/ FTA includes only
one of the two countries with the superscript “U” then it denotes this player’s wish to form a
bilateral preferential trade agreement in the form of a customs union with that country only and
exclude the third player; if GJ-CU/ FT4 has two other countries either with or without a superscript “u”

then it indicates player’s desire to be a trade partner of both countries. Though both announcement
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profiles, {b,c} and {b", "} indicate country a’s desire to live in a free trade world, only the first one
would allow a possibility of hub-and-spoke regimes to arise, and due to that those announcement
profiles are different.

For trade agreements to arise in this shallow trade agreements game, countries profiles should
match at two levels, the partner’s name and the type of a shallow preferential trade agreement. As
a result, the following trade agreements can emerge: (i) (®) - no agreement announcement profile
implies that either all three countries announce in the favour of no shallow trade agreement, or
countries’ announcements do not match on both or either levels; (ii) announcement profiles (abu)
and (ab) arise when one clean and one dirty country announce each other, the former one, trade
union, implies that countries a and b call in favour of customs union, and the latter one, when these
countries declare their desire to form an FTA; (iii) similar to (ii), announcement profiles (bcu) and
(bc) indicate two countries’ desire to exclude the third member of the world in the form of either
CU or FTA; (iv) hub-and-spoke trade regimes, (ah) and (bh), can arise only if countries declare
in favour of FTA, the nature of customs unions prevents these announcement profiles; (v) both
announcement profiles, (F*) and (F), signal all three countries’ desire to live in a free trade world.
The results in Lemma3.2(—i") and Lemma3.3(—i) show that though the announcement profile
(®) is a Nash equilibrium, it does not survive the coalition-proof Nash equilibrium refinement;
players have an incentive to form a coalition and deviate to either a CU or an FTA, and these coali-
tional deviations are self-enforcing. To prove that announcement profiles resulting in either (ab)
or (bc) do not survive the CPNE refinement, we use the results in Lemma3.3(—iv). These results
show that outsiders of those agreements would prefer to be spokes, and as a desirable consequence,
enjoy the increased size of the market, than face a bilateral trade agreement between two other
countries. We use the results in Lemma3.3(—v) to prove that both hub-and-spoke trade regimes
are not CPNEs in this extended game. By holding the hub’s announcement constant, we can see
that any two spokes can form a self-enforcing trade agreement and turn hub-and-spoke regime
into a free trade world. However, neither (F*) not (F) survive the coalition-proof Nash equilibria

refinement in this shallow trade agreements game following the results in Lemma3.2(—ii*). If
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pollution is local, then the only coalition-proof Nash equilibria profile is (abu), and if pollution is
global then the only profile which survives this refinement is (bcu). In this case, the finding result
is very similar to Missios etal.(2016): when players are given a freedom to choose between two
types of PTAs, the CPNE yields a customs union. We also conclude that in general customs unions
are more coalitionally stable agreements, and long as the option of CU is on the table, countries do

not end up in a free trade world.

3.9.2.2 Deep Trade Agreements Game

In this extended game, both types of deep preferential trade agreements are permitted. Each player
simultaneously announces the name(s) of the country(ies) and identifies whether they are willing

to form an integrated customs union or an integrated free trade agreement. Both signals should

match in order to form a deep trade agreement. Each player’s strategy set (Sj-/ IU) consists of seven

. 1/1U
possible announcements denoted as Gj/ :

s = {{o,0), (b} {2, ) (b} (b o) {o,c), (b))
S117/1U _ {{g,g}’{aijg}7{g’ci},{ai,ci}7{aiu’g}7{g,ciu}7{aiu7ciu}}

SV — ({2, 0} {d, o} {2, b ) a6 {a, o) (ki) (i b )

JIU

where announcement GJI. = {&, &} indicates player’s desire to stay away from any deep trade

/IU

agreement; if GJI- includes only one of the two countries with the superscript “I”” then it denotes

the player’s wish to form a deep bilateral trade agreement with that country only, and if GJI./ v
includes only one of the two countries with the superscript “IU” then it denotes this player’s wish
to form an integrated customs union with that country only and exclude the third player from both

/1

trade and environmental agreements; if G]]~ Y has two other countries with either superscript, it
indicates player’s desire to be a partner of both countries. Though both announcement profiles,

{b',c'} and {b™, c™} indicate country a’s desire to be a part of a world trade and environmental
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agreement, only the first one would allow a possibility of a hub-and-spoke regime to arise, and due
to that, those announcement profiles are different.

In this deep trade agreements game, countries profiles should match at two levels, the partner’s
name and the type of deep preferential trade agreement. As a result the following deep trade
agreements can arise: (i) <d>i > - no agreement announcement profile implies that either all three
countries announce in the favour of no deep trade agreement, or countries’ announcements do not
match on both or either levels; (ii) announcement profiles (abiu) and (abi) emerge when one clean
and one dirty country announce each other; the former one, integrated union, implies that countries
a and b call in favour of customs union with an environmental clause, and the latter one, when these
countries declare their desire to form a deep FTA; (iii) similar to (ii), announcement profiles (bciu)
and (bci) indicate two countries’ desire to exclude the third member of the world in the form of
either IU or integrated FTA; (iv) hub-and-spoke trade regimes, (ahi) and (bhi), can arise only
if countries declare in favour of an integrated FTA, the nature of customs unions prevents these
announcement profiles; (v) both announcement profiles, <F i”> and <F i >, signal all three countries’
desire to live in a fully integrated world.

Similar to our findings in the shallow trade agreements game, both announcement profiles, <F i”>
and <F i > resulting in a fully integrated world, do not survive a coalition-proof Nash equilibria
refinement. The presence of an environmental clause does not lead to a world united under the
same trade and environmental agreement. If pollution is global, then the only dirty player prefers
to face either integrated PTA between two clean countries than to be a part of a fully integrated
world. Furthermore, even when pollution is local, the announcement profile <F i“> does not survive
the Nash equilibria refinement. The dirty country a can unilaterally change its announcement and
improve its welfare by calling only one of two clean countries. In this case, either clean country
would gladly accept the offer and exclude the second clean country. Though the announcement
profile <F i > is a Nash equilibria if pollution is local, it is not a coalition-proof Nash equilibria.
When a choice of integrated customs union is an option, the dirty player can form a coalition with

either clean country, and this deviation is self-enforcing.
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The results presented in Lemma3.4(—i") and Lemma3.5(—ii’) state that (@) does not survive
the coalition-proof Nash equilibria refinement. If pollution is global, the announcement profile
(abi) is not a Nash equilibria if productivity gap is relatively narrow, and though (bci) does meet
Nash equilibria requirements for all levels of lambda and pollution, both profiles do not survive the
coalition-proof Nash equilibria refinement, and the results in Lemma3.5(—i') and Lemma3.5(—ii')
show that. The announcement profiles resulting in two different hub-and-spokes regimes, (ahi) and
(bhi), do not not satisfy the Nash equilibria refinements. The dirty player is better off in the world
with no trade and environmental agreement than it is in the role of a hub; and as a hub, country a
can bring our small world into the no agreement scenario by unilaterally changing its announce-
ment. The results in Lemma3.5(—iii’) state that for any level of pollution the dirty country a
would prefer to face an integrated FTA of two clean players versus assuming the role of a spoke,
and consequently, country a would exclude itself from this integrated agreement as well. In this
extended game, the only announcement profile that survives the coalition-proof Nash equilibria
refinement in the case of local pollution is (abiu). The dirty player acquires the highest level of
welfare in this game, and though a clean country would prefer to become a hub, this deviation is
not possible due to the nature of customs unions. If pollution is global and productivity gap is
relatively narrow, then the announcement profile (abiu) survives the coalition-proof Nash equilib-
ria refinement as well. In this case, a dirty player has no incentive to become a part of any other
coalition including a grand one, and though a clean partner of this agreement would prefer to live
in a fully integrated world, the dirty player would not sign that agreement. However, if pollution is
global and productivity gap is relatively large, then the integrated union between two clean players
survives the coalition-proof Nash equilibria refinement. The results in Lemma3.4(—iii) show
that though either member of this integrated customs union is tempted to deviate into an agreement
with country a, this deviation is not self-enforcing, and the dirty player would deviate further and

bring our small world into the no agreement scenario.
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3.9.2.3 The Choice between Deep and Shallow Customs Unions

In the previous parts of this paper, we have always restricted our players to either choose between
different types of shallow FTAs and/or shallow customs unions or deep FTAs and/or integrated
customs unions. However, in this extended game, we permit both types of customs unions; our
players can either decide to form a shallow CU or add an environmental clause to it and sign an
integrated customs union. Each player simultaneously announces the name(s) of the country(ies)
and identifies whether they are willing to form a shallow or an integrated customs union. Both

signals should match in order to form an agreement. Each player’s strategy set (SJC.U/ v

. CU/IU
of seven possible announcements denoted as o; /.

) consists

gU/IU = {{z,2},{b", 2}, {2,c"} {b" c} {bi 5} {@,c}  {bi* i} )
SbCU/IU _ {{g7g}’{au,g},{/@/,cu}7{au,cu},{aiuV@},{g,ciu},{aiu’ciu}}

SCCU/IU — {{ﬁ,ﬁ},{a“,ﬁ},{@‘,b“},{a“,b“},{a’”,ﬁ},{ﬁ,b’”},{a’”,b”‘}}

where announcement GJ-CU/ U~ {@, @} indicates player’s desire to stay away from any agreement;
if GJ-CU/ U includes only one of the two countries then it denotes that payers’ desire to form a cus-

toms union with that country only, where superscript “U” indicates player’s wish to form a shallow
CU, and the superscript “IU” denotes this player’s wish to form an integrated customs union with

that country only and exclude the third player from this trade and environmental agreement; if

cu/1u
O.

i has two other countries, it could either indicate the player’s desire to be a part of a free

trade world with no environmental agreement in it or to live in a fully integrated world. For an
agreement to arise, countries announcements should match at two levels, the partner’s name and
the type of customs union. As a result, the following trade or integrated agreements can emerge: (i)
(P") - no agreement announcement profile implies that either all three countries announce in the
favour of no customs union, or countries’ announcements do not match on both or either levels; (ii)

announcement profiles (abiu) and (abu) emerge when one clean and one dirty country announce
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each other; the former one, integrated union, implies that countries a and b call in favour of cus-
toms union with an environmental clause, and the latter one, when these countries declare their
desire to form a shallow CU; (iii) similar to (ii), announcement profiles (bciu) and (bcu) indicate
two countries’ enthusiasm to exclude the third member of the world in the form of either IU or
CU; (iv) announcement profile (F") signals all three countries’ will to live in a free trade; and (v)
<F i“> arises when all three players declare their desire to form a fully integrated world.

In this extended game, both announcement profiles, (F*) and <F i”>, do not constitute Nash equi-
libria. If pollution is local, then the dirty country can simply improve its welfare by limiting the
announcement to one of the clean countries. Either clean player would be happy to trade a free
trade or a fully integrated world to a shallow or deep customs union with the dirty partner. If pol-
lution is global, then in the case of shallow free trade, clean countries can improve their welfare
gains by eliminating the dirty player and announcing in favour of the shallow CU between clean
countries only; and in the case of a fully integrated world, country a can increase its welfare by
simply self-excluding from the world agreement. Though the announcement profile (®*) is a Nash
equilibria, it does not constitute a CPNE, following the results presented in Lemma3.2(—i") and
Lemma3.4(—i™). If pollution is local, then two announcement profiles survive the coalition-proof
Nash equilibria refinement, (abiu) and (abu). The dirty player a gains the highest welfare in the
shallow trade union with one of the clean countries, and a clean partner of this agreement would
rather add an environmental clause to it and sign an integrated customs union agreement with the
dirty country. Welfare of the members is higher under the integrated customs union agreement,
and based on that we can conclude that a clean country can convince a dirty partner to add an
environmental clause to their agreement but only with some transfer. If productivity gap is rel-
atively narrow and pollution exhibits global characteristics, then the only announcement profile
which survives the CPNE refinement is (abiu). In this case, though the dirty player can benefit
from removing an environmental clause from the agreement, a clean player would not go for it,
and though a clean player would rather be a part of a fully integrated world, the dirty player is

not interested in an environmental agreement. However, if pollution is global and productivity gap
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is relatively large, the announcement profile (bciu) survives the CPNE refinement. Though either
member of this integrated customs union would be better off in an integrated union with the only
dirty player, this deviation is not self-enforcing, because the dirty player can improve its welfare

by deviating further and building a world with no trade and environmental agreements in it.

3.9.2.4 The Choice between Deep and Shallow FTAs

In this extended game, our players can choose between various deep and shallow trade agreements.
Players simultaneously announce the name(s) of the country(ies) and identifies what agreement
they are willing to commit to. Both signals should match in order for the agreement to arise. Each

player’s strategy set (SfTA/ I) consists of seven possible announcements denoted as of FTAJL,

Se ™M = {{z,2} b2} (2.} {b,c} (b, 2}, {2,c} {b,ci}}
ST — ({2, 8} fa, 2}, {2,c} .} {d, 2} {2,¢}, {d, e}
SFTAIT _ ={{z,2} .{a.2},{2.b} {a.b} {d 2} {20} {d b}}

FTA/I _

where announcement of = {4, &} indicates player’s desire to stay away from any agreement;

.. _FTA/I
if o, /

i includes only one of the two countries with no superscript then it denotes the player’s

wish to form a shallow FTA with that country only, and the subscript “i” denotes this player’s

TA/I

wish to form a deep FTA; if Gj contains the names of two other countries, it could either
indicate the player’s desire to be a part of a free trade world with no environmental agreement
in it, and in this case countries would have no superscripts, or to live in a fully integrated world,
and in this case countries’ names would have a superscript “I”’. Only if countries announcements
match at both levels, the partner’s name and the type of FTA, either deep or shallow free trade
agreement can arise. As a result, the following trade or integrated agreements can emerge: (i) (D)

- no agreement announcement profile implies that either all three countries announce in the favour

of no FTA, or countries’ announcements do not match on both or either levels; (ii) announcement
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profiles (ab) and (abi) emerge when one clean and one dirty country announce each other; the
former one, shallow FTA, implies that countries a and b call in favour of a pure trade agreement
with no environmental clause attached to it, and the latter one, when these countries declare their
desire to form a deep FTA; (iii) similar to (ii), announcement profiles (bc) and (bci) indicate two
countries’ desire to exclude the third member of the world in the form of either shallow or deep
FTA; (iv) hub-and-spoke trade regimes, (ah)/(bh) or (ahi)/(bhi), can arise if the hub declares in
the favour of either shallow or deep world agreement, and the spokes declare their desire to exclude
each other; (v) the announcement profile (F) signal all payers wish to form a shallow free trade,
and <F i> indicates all three countries’ will to live in a fully integrated world.

Given the choice between shallow and deep FTAs, the only announcement profile that survives
the coalition-proof Nash equilibria refinements, if pollution is local, is <F ‘ > which constitutes a
fully integrated world. Though the dirty country a would prefer to deviate with one of the clean
countries in the form of either deep or shallow bilateral trade agreement, clean countries would
rather live in the world united under the same trade and environmental agreement. The clean part
of the world is not interested in removing an environmental clause or in excluding the only dirty
player in either form of bilateral free trade agreement between clean countries exclusively. In the
case of local pollution, the dirty player has no incentive to exclude itself from the world agreement;
country a would rather be a part of a fully integrated world than face either shallow or deep bilateral
trade agreement of clean countries. On the other hand, if pollution is global, than the only dirty
player is better off as an outsider. The only announcement profile which survives the coalition-
proof Nash equilibria refinement, if pollution exhibits global characteristics, is a deep bilateral
trade agreement between two clean countries, (bci). Though the dirty country would like to offer
a deviation to either of the members in the form of deep bilateral trade agreement, this deviation is
not self-enforcing, because a clean member has an intensive to deviate further and become a hub.
Also, clean members are not interested in eliminating an environmental clause in the form of both
grand coalition and shallow FTA.

No agreement announcement profile does not survive the coalition-proof Nash equilibria refine-
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ment simply because any two countries can improve their welfares by announcing each other in
this extended game. Both announcement profiles which constitute shallow bilateral trade agree-
ments, (ab) and (bc), satisfy the Nash equilibria requirement for any level of productivity param-
eter and pollution, but neither of them constitutes a CPNE. In both cases, clean countries have
an incentive to become a hub. A deep bilateral trade agreement between one clean and one dirty
country does not survive the Nash equilibria refinement if productivity gap is relatively large and
pollution is global; in this case, country a has an incentive to deviate into the no agreement profile
by unilaterally altering its announcement. Though a deep bilateral trade agreement between two
clean countries is a Nash equilibria for all levels of productivity gap and pollution, neither deep
FTA survives the coalition-proof Nash equilibria refinement if pollution is local; one of the clean
countries can get into a coalition and become a hub. Both shallow hub-and-spoke trade regimes
are Nash equilibria, but neither of them survives the coalition-proof Nash equilibria refinement.
All three countries would rather live in a free trade world than being spokes. Neither deep hub-
and-spoke trade regime survives the Nash equilibria refinement. The dirty country a prefers no
agreement world to a role of a hub as long as environmental agreement is a part of a deal, and
the dirty player would rather be an outsider of a deep bilateral trade agreement between two clean
countries than a spoke. Announcement profile <F i>, which constitutes a free trade world, is a Nash
equilibria for all levels of productivity gap and pollution, but it does not survive the coalition-proof
Nash equilibria refinement. Any of the clean players would prefer to make a deal with the dirty
country and deviate into a deep bilateral trade agreement. This deviation is self-enforcing, since

we hold the second clean player’s announcement constant.

3.10 Conclusion

Trade agreements have been increasingly included non-trade elements. As the effects of this trend
on the stability of trade regimes and counties’ welfare gains are unknown, our objective in this

paper has been to investigate how equilibrium agreements differ based on being deep or shallow.
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To our knowledge, there is no equilibrium theory on what agreement we should see and how these
agreements impact welfares and environments. In this paper, we attempt to narrow this gap by an-
swering three different and equally important questions: (i) how do equilibrium agreements differ
when countries choose deep rather than shallow agreements?; (ii) given the choice between deep
and shallow trade agreements, would countries prefer to incorporate an environmental clause into
their equilibrium trade deal?; and (ii1) what are the implications of including non-trade elements in
PTAs for the pursuit of global free trade?

Itis well-known in the literature, that pure environmental agreements tend to be small and primarily
include countries which are very similar. In our model with both trade and externality concerns,
we show similar results, with no agreement prevailing in equilibrium if pollution is local, and a
bilateral environmental agreement arising between clean countries if pollution is global.

Our results confirm, that in general, customs unions are more coalitionally stable than free trade
agreements, and countries are not willing to form either deep or shallow free trade agreements as
long as they have the option of excluding the third member in the form of a deep or shallow CU.
In our model, we have asymmetric countries, and as a result, the self-exclusion incentive arises
as well. For example, though the global pollution surfaces clean countries desire to form either
shallow or deep free trade agreement, the dirty player would never agree to that. The dirty country
would rather face a deep or shallow customs union of two symmetric clean countries than be a
part of world agreement. Furthermore, even when we comply with the Article XXIV restriction
and prevent customs unions from increasing their jointly optimal tariffs on the imports from the
outsider, we still do not observe either deep or shallow global free trade. However, shallow global
free trade survives all coalitional deviations when countries consider FTAs. In this case, though
any two countries can benefit from excluding the third one from the agreement, none of them
would excise it in equilibrium; the exclusion incentive is still high but the incentive to become a
hub is stronger.

Our analysis of the environmental damages caused by different endogenously formed shallow and

deep trade agreements shows that equilibrium shallow free trade induces the highest level of pollu-
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tion. Free trade naturally leads to a deeper specialization, and consequently, higher levels of world
production, trade and consumption of all goods. In turn, the increased production of the dirty good
creates an increased level of negative externality associated with this production process, the level
of pollution. We observe that a free trade world agreement with no environmental clause attached
to it would cause an increase in the environmental damages for both local and global levels of
pollution. However, if pollution is global, then a fully integrated world is the least polluted. If
countries have to agree not only on the removal of the tariffs but also on the environmental tax
they levy on their producers of the dirty good, then the environmental tax shows no distortion from
its socially optimal no agreement level, if pollution is local. In this case, countries enjoy deep
specialization on goods they have comparative advantage in, and bear no cost of spillovers. If
pollution is global, then all three countries are equally effected by an increased production of the
dirty good, and as a result their environmental agreement includes a proportionally higher tax. Not
surprisingly, clean part of the world would love to live in a fully integrated world, and the only
dirty player would prefer any other agreement to this one.

The results we acquire in our extended games confirm that customs unions are more coalitionally
stable agreements even given the asymmetry of the players. Given the choice between deep and
shallow customs unions, both deep and free trade agreements do not constitute Nash equilibria.
However, the choice between deep and shallow free trade agreements leads to a deep free trade if
pollution is local, and to a deep bilateral trade agreement between to symmetric clean countries, if
pollution is global. Though, if pollution is local, the dirty country exhibits the exclusion incentive
and would prefer to deviate with one of the clean countries in the form of either deep or shallow
bilateral FTA, clean countries would rather be a part of a deep free trade agreement. In the case
of local pollution, the dirty player has no incentive to exclude itself from the world agreement; the
dirty country would rather be a part of a fully integrated world than face either shallow or deep
bilateral trade agreement of two clean countries. However, if pollution is global, then the only
dirty player is better off as an outsider. The dirty country would like to offer a deviation to either

of the two other members in the form of a deep bilateral trade agreement, but this deviation is not
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self-enforcing, because a clean member has an intensive to deviate further and become a hub. Also,
clean members are not interested in eliminating an environmental clause in the form of both grand
coalition and shallow FTA. Given the choice between deep and shallow endogenously formed trade
agreements, only deep ones survive coalition-proof Nash equilibria refinement; countries actually

prefer to add an environmental clause versus signing a pure trade deal.
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4 Chapter 4

4.1 Introduction

Over the past few decades, the growing number of preferential trade agreements has been accom-
panied by a widespread inclusion of non-trade elements, such as domestic policy over the environ-
ment, labour, intellectual property, health and investment. One area that has received a great deal of
attention is the environment. As of June 11, 2019, the number of cumulative notifications of PTAs
both in force and inactive has reached 681; the cumulative number of notifications in force has in-
creased to 467 (goods, services and accessions are counted separately); and cumulative number of
physical regional trade agreements is 291 (goods, services and accessions are counted together).?*
According to Limao 2016, 46% of all current preferential trade agreements contain some environ-
mental laws, and provisions on environmental laws are enforceable in 35%. Another data set on
the Trade & Environment/TREND (Morin etal.2018), also shows the increasing number of trade
agreements as well as the increasing share of trade agreements that included environmental provi-
sions over the past few decades, precisely, between 1947 and 2016. In this paper, we investigate
shallow (trade-only) and deep (trade and other factors) trade agreements which endogenously arise
in the model of three large asymmetric countries. We develop a three-country, three-good com-
peting exporters model with cross-border negative spillovers and perfect competition in product
markets, where each country produces all three goods but has a comparative advantage in the pro-
duction of only two out of three goods. To examine the stability of endogenous deep and shallow
trade agreements we set up various three stage games and use coalition-proof Nash equilibria re-
finement to circumvent the multiplicity of Nash equilibria. Our objective is to investigate how
equilibrium agreements differ based on being deep or shallow.

In a recent paper, Missios etal.(2016) examine the stability of endogenous trade agreements be-
tween three countries, and similarly, we also use an adapted version of the perfectly competitive

two-country comparative advantage model of Horn etal. (2010). However, while we are interested

Z4https://www.wto.org/index.htm
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in similar issues, there are important differences between the models. First, in this chapter we
consider a competing exporters model, where each country has a symmetric comparative advan-
tage in the production of two goods, and consequently, exports both goods. Second, we have two
active policy instruments, non-prohibitive import tariffs and non-prohibitive environmental taxes
on the domestic producers of the polluting good (the “dirty” good). This enables us to illustrate the
optimal policies under each possible trade agreement, as well as in the absence of any agreement.
As a result, in addition to the standard tariff complementary on the same good export market, we
also investigate the relationship of taxes and tariffs on the production and international trade of
the dirty good. To make the model tractable, and in general, to simplify the analysis, only one of
the three non-numeraire goods generates negative per unit production externality, pollution. As in
Horn etal. (2010), we also assume a constant externality per unit of production, potentially with
symmetric cross border spillovers. Though all countries produce all three non-numeraire goods,
only two countries have a comparative advantage in the production of the dirty good, and conse-
quently, only one of the countries is a natural importer of this good.

As in the previous chapter, deep and shallow trade agreements arise endogenously. The difference
between this analysis and that of the previous chapter is that multiple countries have a comparative
advantage in the dirty good. In this way, we examine similar questions as the last chapter but in
a case with different incentives. As a result, in this paper, we have five games and four extended
games. Regardless of the nature of trade and/or environmental agreements, the stages of the games
are the same: in the first stage, players simultaneously announce the name(s) of the countries with
whom they want to form an agreement; in the second stage, given the trade and/or environmental
policy regime, countries choose their optimal tariffs and/or environmental taxes they impose on
the production of the dirty good; and in the final stage of each game, consumption, production and
international trade take place. In the first five games, we restrict countries’ sets of announcements
to either shallow or deep trade agreements and derive Nash equilibria of five different games of
environmental and/or trade liberalization: an environmental agreement game (E game), a customs

union game (CU Game), a free trade agreement game (FTA Game), an integrated customs union
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game (IU Game), and an integrated free trade agreement game (I Game). In the E game, members
agree on domestic policy exclusively, and they are free in the choice of border policies, so players
announce the names of the countries they would like to form pure environmental agreements with.
The nature of the shallow CU and shallow FTA, described above, explained the difference between
a shallow CU and a shallow FTA game; a member of a shallow CU would need to get a consent
of a current PTA partner in order to make a deal with an outsider, and FTA members are free to
make those deals. Contrary to shallow trade agreement games, in deep trade agreement games
countries’ announcements include an environmental component. In both IU and I game, members
have to agree on both border policy and domestic policy. Furthermore, we examine the differences
between shallow and deep trade agreements in four extended games: a shallow trade agreements
game, where countries can choose between shallow CU and FTA agreements; a deep trade agree-
ments game, where countries can choose between integrated customs unions and integrated FTAs;
an extended game with the choice between deep and shallow customs unions; and an extended
game with the choice between deep and shallow FTAs. Here, regardless of the game played, coun-
tries profiles should match at two levels, the partner’s name and the type of a preferential trade
agreement in order for shallow or deep trade agreements to arise.

As a result, in each of the nine games (five games and four extended games), we have multi-
ple endogenous deep and/or shallow trade agreement. Some of those agreements do not survive
unilateral deviations, and consequently, do not constitute Nash equilibria. Furthermore, to circum-
vent the multiplicity of Nash equilibria, we use the equilibrium refinement concept of coalition-
proof Nash equilibrium. To do so, we follow Bernheim etal.(1987) and Missios etal. (2016).
Bernheim etal. (1987) argue that “it is natural to assume that players can freely discuss their strate-
gies, but cannot make binding commitments”. Based on that, coalition-proof Nash equilibria have
to survive all possible self-enforcing coalitional deviations.

In this chapter, using a “competing exporters” framework, we attempt to answer three different and
equally important questions: (i) how do equilibrium agreements differ when countries choose deep

rather than shallow agreements?; (ii) given the choice between deep and shallow trade agreements,
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would countries prefer to incorporate an environmental clause into their equilibrium trade deal?;
(ii1) what are the implications of including non-trade elements in PTAs for the pursuit of global
free trade?

The rest of the chapter has the following structure: section 4.2 sets up the basic model and anal-
yses optimal Nash tariffs and taxes; section 4.3 explores environmental and trade agreements and
their effects on tariffs and taxes; section 4.4 investigates environmental and trade agreements and
their effects on the environmental damages; section 4.5 revels announcements and strategy sets
and provides the notion of coalition-proof Nash equilibrium; section 4.6 analyses endogenous en-
vironmental agreements; section 4.7 analyses endogenous shallow trade agreements; section 4.8
analyses endogenous deep trade agreements; section 4.9 provides further discussion on shallow
versus deep integration, Article XXIV restriction and four extended games; section 4.10 concludes

the chapter.

4.2 The Model: Overview and Optimal Nash Tariffs and Taxes

We consider three large countries which live in a perfectly competitive world, j €/a, b, c], and
produce four goods, three non-numeraire goods, k€ [A, B, C], and one numeraire good, vo. Only
production of good A generates pollution which may have a transboundary effect on both neigh-
bours. The production of other goods, good B, good C, and the numeraire good, do not generate
any negative externality and considered to be clean. All three countries do not levy any taxes on the
production of clean goods, and they impose a non-prohibitive environmental tax (eIQ) on the do-
mestic producers of the dirty good A. The numeraire good is freely traded, and all other goods are
subject to non-prohibitive import tariffs (t,f ) . On the demand side, the representative consumer’s
utility function is quadratic and additively separable in the three non-numeraire goods, and it is

linear in the numeraire good:
U (v,vo) =u(v)+vo 4.1)

where vg stands for the consumption of the numeraire good, and v=[v4,vp, v¢] is the consumption

vector for the three non-numeraire goods. The demand for good k in country j is given by:
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d(pl) =o—Bri (4.2)
Again, for simplicity, we assume o = 8 = 1. On the supply side, labour (/) is the only factor of
production, and as as in Horn etal.(2010), we assume that the supply of labour is large enough
to always produce numeraire good in all three countries, and this good is produced according
to constant-returns-to-scale technology. In the production of each non-numeraire good labour is
employed according to decreasing-returns-to-scale technology; xi = \/;,gl, where l,f is a pro-
ductivity parameter. If l,g =1, then we say that country j has a comparative advantage in the
production of good k, and consequently, that country j is a natural exporter of that good k, and
if /'ij < 1, then we say that country j is a natural importer of good k. As a result, the supply of

non-numeraire good k in country j is as follows:
si = l,g (qi - ei) , where k = A and si = l,gqi, where k € [B, C] 4.3)

where qi is the producer’s price of good k in country j, and ei is the non-prohibitive environmental
tax imposed on the producers of the dirty good A in country j. We assume a symmetric comparative
advantage structure across all three countries, specifically, A¢ = A5 = A& =24 <l and A§ = A% =
A% = 2% = A5 = A5 = 1. Under this assumption each country has a comparative disadvantage in
the good that coincides with the identity of the country that imports this good from the other two
countries, and each country has an advantage in the production of the other two goods and exports
different goods to each of the two countries. In this way, we assume that countries are competing
exporters; each country imports one non-numeraire good and exports two non-numeraire goods.
We assume free trade within each country, and due to that we have qi = p,{, if k € [B,C], and
qi = pi — ei, if k = A. However, all three countries can impose specific tariffs on the imported
non-numeraire good; t,z is the tariff imposed on country j’s exports of good k. We obtain the

following no-arbitrage conditions and eliminate prohibitive tariffs:
Pi = Pa 14 =i +ig & piy = pi 1 = ph+15 & pi = pt+1¢ = pe 12 (4.4)

where, for example, tfi is a specific tariff faced by country b while exporting good A to country

a. To simplify the notation, we ignore the importer’s subscript; each country imports the good it
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has a comparative disadvantage in, and that good is indexed by the same uppercase letter as the
identity of the country. In our model, each country produces all four goods, but only production
of good A generates pollution. As in Horn etal. (2010), we assume a constant externality per unit
of production, Yy, with symmetric cross border spillovers. Specifically, we assume the following

environmental damage function in country j:
P — y <s;§ +2% sj;> . wh—y (sg +zz#bsg), pe—y (s;; +2¥ sj;) (4.5)

where z is the degree of transboundary spillovers, z € [0, 1]. As z approaches 1, the pollution
generated from the production of good A in country j affects the two other countries in the same
way as it affects the country j itself. If z = 0, then the pollution is purely local, and the production
of A affects only the country the good A is actually produced in.

Let my, denote the total import demand for good k, then my ( p,]() =d ( p,ﬁ) — si < p,’() where, j=k and

ma (ph) =Xmi,, and mB(pg):Zmi’.#b and  mc (pg) = Lm, (4.6)

where mj and mg are respectively import demand of good A by country a from country b and
import demand of good A by country a from country c; m” and m? are respectively import demand
of good B by country b from country a and import demand of good B by country b from country
c; mg and my are respectively import demand of good C by country ¢ from country a and import
demand of good C by country ¢ from country b. Please, see Figure 4.1 “The Pattern of Trade”. To
simplify the notation, we omit products’ subscripts; each country has a comparative disadvantage
in the production of only one product, and that product is indexed by the same uppercase letter as
the identity of the country. For the convenience, we use good A as an example, and let xz & x4

denote the exports of good A to country a by countries b and c:
x = +x = sk (pR) — di(p}) +55(p3) — di (Ph) (4.7)
The market clearing condition for good k is as follows:

X = my (pi) where k=j 4.8)
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Figure 4.1: The Pattern of Trade

The equilibrium price of the dirty good A in country a and in country b respectfully are:

0 AT g 2T st and b — 3HAEANY jra s — (B2
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the equilibrium prices of the clean good B in countries b and a respectfully are:

342t5—(34+A)th

Eap VeI and e = o
+

b _
Pp= —511

4.9)

(4.10)

Equation (4.9) illustrates the price of the dirty good A, in both export and domestic markets.

The prices are increasing in the environmental taxes imposed on the production of this good in

all three countries. However, the environmental tax imposed by country a has a smaller effect on

the price of that good than the environmental taxes imposed by both dirty countries, the ones with

the comparative advantage in the production of the dirty good A. Equation (4.10) shows export

and domestic price of the clean good B. We can see that the price of the good in the country with

no comparative advantage in the production of that good is increasing in the tariffs faced by both

exporters of the good. The price of the good in the country with comparative advantage in the

production of that good is increasing in the tariff faced by the competitor and decreasing in the

124



tariff faced by that country, and the former effect is stronger than the latter. We can see that the
domestic price of comparative advantage good does not increase one-to-one with the tariff faced
by the competitor and does not decrease one-to-one with the tariff faced by that country.

Given the prices in equation (4.9), and the market clearing condition for the import and export
levels of the dirty good A, country a’s import of the good A and the export levels of the trading
partners, country b and country c, respectively are:

2(1-A)+4Ae—(144) (7 ef +22171])
A4S

— ma a
my =my+m, =

14415 4+2(AeG+e§ ) —(3+1) (eh+21h)
A+S

e 144h+2(Ael+el ) —(3+A) (e5+215)

and x5 = A (4.11)

b _
xA_

Country a’s total imports decrease with the environmental tax imposed by the exporters of the dirty
good A, country b and country ¢, and with the tariffs imposed by country a on the imports from
these countries. The total import of the good A by country a increases with the environmental tax
imposed on the local producers of the dirty good A, and the effect is stronger than the one caused by
the foreign tax. The total exports of the dirty good A for each exporter, either country b or country
¢, 1s increasing with the tariff faced by the competitor and with the tax implied by the competitor
and/or importer. The export of A by countries » and c is decreasing in their local environmental
taxes and the tariffs they face, and the tariffs have a stronger effect on the level of exports than the
taxes do.

We use good B as an example of a clean good, then given the prices in Equation (4.10), and the
market clearing condition for the import and export levels of the good B, country b’s import of the

good B and the export levels of the trading partners, country a and country c, respectively are:

1-A—2(3+A)t5+4t5
A+5

1-A—2(34A)t5+413
C B B
and xz = 155

(4.12)

. 2(1+/l)(17):§é”t]£>
b—
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o
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As expected, country b’s total imports decrease with the tariffs on good B, and total exports of that
good for each exporter, country a and/or country ¢, decrease with its tariff on good B and increases

with its rival’s tariff.
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Country j’s welfare is defined as the sum of consumer surplus and producer surplus over all goods,
tariff revenue over one imported non-numeraire good, tax revenue on the production of a dirty

good A, minus environmental damages caused by the production of that dirty good A:

— Y, CS] (pk> + Y, PS] (pk) + X tim] (pk> +els] —wi (4.13)

where ). ;i tkmk (pk> is tariff revenue of country j, and ej;sf; is tax revenue of country j over the
production of the dirty good A. In the absence of any environmental and/or trade agreement, each
country simultaneously chooses its tariffs and tax to maximize it’s individual welfare. The optimal

Nash specific tariffs and environmental taxes are calculated by:

;‘j;]k =0and %W =0, where j € [a, b, c|, and k € [A, B, C] (4.14)
e

then we have the following relationships between the reaction functions:

ap o o o 0 _ 0k _ i gg 9% _ 0 _ 0 _ ot _on_ a5
15 a;}; T odig T g atc drg T A243A+14 Btg T oty T odif T dig T dig T a;g -

dely  de§ 21 . aeA . BeA . 2 Ldeq _det A4l
Jed T Jet T ATT10A723 © 0; e T 9k T ATT10A723 © 03 del — Je§ — 22425 >0
it S 12246A+13 deh  de§ 2(A+3) Ldeh 9e5 4 .
deb T dey T AATHTA+14 <0 ath T drg T 224104423 <0 orf — ok T AT+10A+23 > 0;
def 8eA _ 4(A+3)
b = I, — 92425 >0 (4.15)

We observe exporter’s tariffs increase with their rival’s tariffs, so we have tariff complementarity
and positively sloped reaction functions on the same good export market. In the absence of any
agreement, an importer would find it reasonable to either increase or decrease import tariffs on
both trading partners instead of increasing tariff on only one of them and decreasing on the other.
Tariffs on different goods are independent. Though we observe complementarity of environmental
taxes on the production of the dirty good A levied in all three countries, the change in the tax level
imposed by one competitor in export of good A has a stronger effect on the other competitor’s tax

than the same tax change levied by the importer of the dirty good A, country a. If either exporter
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of the dirty good A, country b and/or country c, faces an increase in the tariff on the dirty good
A set by the only importer of this good, country a, this exporter would have to reduce the level
of environmental tax on the local producers of the dirty good A to simply stay competitive on the
export market. This provides the intuition for why environmental taxes levied in dirty rivals and and
tariffs faced by those countries are negatively related in our model. In the same time, environmental
tax levied in either dirty country and tariffs faced by its rival are strategic complements; the higher
the tariff faced by the competitor - the higher the upper bound of the local tax which still allows a
dirty country to compete for country a’s market.

The equilibrium no agreement tariffs on clean goods, B and C, and on the dirty good A, and the
equilibrium no agreement taxes applied by all three countries on the domestic producers of the

dirty good A respectfully are:

14(Ng) = 18(Ng) = 12(Np) = 15(Ng) = 11=% and
4 Y(1+5.5
S

c A2 A A
lf\’(Ne) _ tA(NG) _ % +7. (1+2z)+37/(/1(J1:5L4(z2))hL 2)—A(3+A)
_ 201, —
ef‘(N6> — yand eZ(NO) — eg(Ne) — 411(1 A)+2yA (glj)j)gﬁﬁif)l)-ﬁ-g?’@—ﬂl) (4.16)

where 7 is the constant externality per unit of production of the dirty good A, and (N) indicates no
agreement scenario. In this chapter, we examine two levels of externality: purely local, 6 =/, and
purely global pollution, 8 = g. As we can see from Equation (4.16), only country with no compar-
ative advantage in the production of the dirty good A shows no distortion in the environmental tax
from the optimal level, y; and two symmetric dirty countries, b and c, distort the tax level from the

socially optimal level, 7.2

Brf pollution is local, z = 0, then e}{; > ¢4 , where j # a, and if pollution is global, z = 1, then e£ < e}, where j #a.
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4.3 Environmental and Trade Agreements and their Effects on Tariffs and

Taxes

In this section, we first consider various pure environmental agreements: agreements between
two dirty countries, environmental agreement between one clean and one dirty country, and world
environmental agreement. Then, we move to shallow trade agreements: customs unions of two
symmetric and two asymmetric countries, bilateral preferential trade agreement between symmet-
ric and asymmetric countries, two different hub-and-spoke agreements, and a free trade world.
Finally, we analyze deep trade agreements of the same types. The difference between shallow and
deep trade agreements arises from the nature of the agreement-negotiation process. Shallow trade
agreements let countries negotiate only pure trade deals. In this case, members do not discuss
the level of non-prohibitive environmental tax they levy on their producers of the dirty good A.
Consequently, the level of an environmental tax can vary among members of any shallow trade
agreement. Both members and outsiders of any shallow trade deal maximize their individual wel-
fares and set the level of tax accordingly. On the contrary, deep trade agreements let their members
negotiate both tariffs and taxes. Members of such kind of agreements have to agree on the level of
non-prohibitive environmental tax they set on the domestic producers of the dirty good A. However,

outsiders of those deep trade agreements are free to choose any level of tax they find optimal.

4.3.1 Pure Environmental Agreements

In this subsection, we, first, analyze an environmental agreement between two dirty countries, then
we describe an environmental agreement between one clean and one dirty country, and finally, we
examine a world environmental agreement which includes all three countries.

A pure environmental agreement between two dirty countries, denoted by (bcg), implies that
members agree only on the tax they levy on the domestic producers of the dirty good A, and they
still impose their individually optimal external tariffs on each other as well as on the non-member

country by solving:
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3(Wb(bc‘é)+wv(bc‘é)) S BWb(bcg) B IWe(bcs)
dea(bcy) o a,é#b(bcee) = 0and até#c(bcg) =0 (4.17)

Both members of this environmental agreement, country b and country ¢, and the outsider of this
agreement, country a, impose no taxes on the producers of the two clean non-numeraire goods,
good B and good C, and the only good which is subject to non-prohibitive environmental tax is the
dirty good A. Consequently, any environmental agreement would not cause any distortion of the
tariffs on clean goods from their no agreement levels. Also, an environmental agreement between
two dirty countries would not alter the level of the environmental tax levied by the outsider of this
agreements, the clean country a. However, both jointly optimal environmental tax levied by the
members of (bcg) and tariffs they face while exporting the dirty good A to the outsider of this

agreement, the clean country a, are subject to change.
t,i (bey) < tf]\. (Ng) and es(bcg) > ef; (Ng) where j €[b, c] (4.18)

PROPOSITION 4.1: An environmental agreement between two dirty countries would lead to an
increase in the jointly optimal tax level relative to the individually optimal no agreement levels
levied by each member, and to a decrease in the tariff imposed by the outsider of this agreement,
the clean country a, on its imports of the dirty good A from the members of (bc‘é).

The explanation for the above proposition lies in the findings presented in the Equation (4.15).
Environmental tax levied in the rival countries with the competitive advantage in the production
of the dirty good A and the tariff set by the only importer of this good, the clean country a, are
inversely related. When dirty competitors form an environmental agreement, they naturally agree
on the higher level of local environmental tax, and the clean importer has no choice but lower its
tariffs if they want to continue importing at a reasonable price.

A pure environmental agreement between one clean and one dirty country, denoted by (abg),
similar to the previous case, implies that these countries agree only on the tax they levy on their
domestic producers of the dirty good A, and they still impose their individually optimal external
tariffs on each other as well as on the non-member country. However, in the case of this environ-

mental agreement, we need to oblige with the most favored nation (MFN) clause in Article I of
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the General Agreements on Tariffs and Trade. Under that clause the WTO members are required
to set the same tariffs on the same products from all other members. In this case, we set tariffs as
follows: £§(ab$) = t4(ab$).*

Now, we examine a world environmental agreement, denoted by (abcg). In this case, all countries
apply the same environmental tax on their local producers of the dirty good A, but they still impose

their individually optimal external tariffs on each other by solving:

Y W (abct)

W/ (abc§)
dey (abch)

=0and 55 )

=0 wherej €[a, b,c]and k € [A, B, C]and k# j (4.19)

As expected, an environmental agreement between all three countries would not affect the world
tariffs on the clean goods, good B and good C, and now we can state the following:
PROPOSITION 4.2: If pollution is local, then the clean importer of the dirty good A would in-
crease the level of tariffs on both rivals above the no agreement level, and if pollution is global,
the tariff is decreased below the no agreement level.

The explanation lies in the distortion of the environmental tax from the no agreement level in all
three countries: e4 (abcf) < e{{x (N1) & ea(abcg) > ei (N,) where j€/a, b, c]. The results presented
in Equation (4.15) illustrate the negative relationship between taxes levied in the countries with
the comparative advantage in the production of the dirty good A and tariffs those rivals face while
exporting to the clean country a. Furthermore, under this world environmental agreement the tax
is the highest for all three countries, if pollution is global, relative to all environmental agree-
ments. As a result, we observe the lowest level of production and trade in this dirty good A, and

consequently, the lowest level of environmental damages.

4.3.2 Shallow Trade Agreements

In this part of the chapter, we analyze different pure trade agreements. This type of agreements

does not contain any environmental clause. Members simply agree to eliminate tariffs on each

*Ignoring this clause, would create the following distortions in the tariffs on good A: #§(ab¢) < t4(ab¢) and
15 (ab) > 12 (ab?)
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other, but they set individually optimal environmental taxes. We start with shallow bilateral free
trade agreements and hub-and-spoke trade regimes, then we consider customs unions, and finally,

we examine a global free trade.

4.3.2.1 Free Trade Agreements

In this subsection, we consider four types of shallow free trade agreements: an FTA between two
dirty countries, an FTA between one clean and one dirty country, a hub-and-spoke trade regime
with a clean country as a hub, and a hub-and-spoke trade regime with a dirty country as a hub.
In any of these free trade agreements, members agree to eliminate tariffs on each other, but they
set individually optimal tariffs on the imports from the outsider, as well as, individually optimal
environmental taxes on their producers of the dirty good A. First, we consider an FTA between
the two dirty countries, denoted by (bcg). Members independently set their external tariffs and
environmental taxes on the dirty good A by maximizing their utility functions:

OWI=*(bcg)

“of(beg)
k .
tli#k (ng ) =0

—0and 22(0) _ ) where j €/b, ¢] and k € [B, C] (4.20)
de} (beg)

An outsider chooses its tariffs and environmental tax to maximize its welfare independently from
the two members of this FTA; country a’s maximization problem is the same as under no agree-
ment. If one clean and one dirty country form a free trade agreement, denoted by (abyg), then
similar to the previous case, members eliminate tariffs on the imports from each other and impose
individually optimal tariffs on the imports from the outsider. All three countries are free to impose
individually optimal environmental taxes. In the case of (abg), country c is an outsider, and it is
free to impose individually optimal tariffs on the imports from the members, country a and coun-
try b. Bilateral trade agreement between two symmetric dirty countries, country » and country c,

causes no distortion of the level of the environmental tax in all three countries relative to the no
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agreement level: e4(bcg) = €4 (Ng) and e}{.‘(bcl) = ei(Nl) & ei;(bcl) = ei;(Nl) where j € [b,c].
However, a shallow bilateral trade agreement between one clean and one dirty country induces the
clean member to lower its environmental tax below the no agreement level, and on the contrary,
induces the dirty member to increase the tax above the no agreement level for both local and global
levels of pollution. This can be explained with complementarity of local taxes and import tariffs
on the dirty good A in the clean country a, and with the negative relationship between local taxes
and tariffs on the export of the dirty good A faced by the dirty country b, Equation (4.15). Now, we
state the following:

PROPOSITION 4.3: Both types of bilateral FTAs, between two dirty countries and between one
clean and one dirty country, induce the members to lower their tariffs on the imports from the
non-member while these agreements do not distort tariffs imposed by the outsider relative to the
no agreement level.

The explanation for the above proposition lies in the complementarity of tariffs imposed by differ-
ent countries on the imports of the same good and in the independence of the tariffs imposed on
different goods. The elimination of the tariffs between two dirty countries on imports from each
other, 12(bcg) = t§(bcg) = 0, leads to a decrease in the level of tariffs imposed on the imports from
the outsider of this agreement, the clean country c, #{(bcg) < t(Ng) where k € [B,C]. Similar to
this, when the members of (abg) agree to eliminate tariffs on each other, t4(abg) = t4(abg) = 0, it
causes the reduction in the tariffs faced by the outsider of this bilateral trade agreement, country c,
15 (aby) <t5(N;) & t§(abg) < t5(N,) & tg(abg) < t5(Np).

The nature of bilateral free trade agreements allow hub-and-spoke trade regimes to arise. Members
of such FTAs are free to impose their individually optimal external tariffs, so each member is free
to make a “side deal” with another country. As a result of these “side deals”, hub-and-spoke trade
regimes can arise. We have two different hub-and-spoke trade regimes: first, the clean country
assumes a role of a hub, and second, a dirty country acts as a hub. Hub trades freely with both

spokes, and spokes still impose individually optimal tariffs on the imports from each other.
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PROPOSITION 4.4: Both types of hub-and-spoke trade regimes, with a clean country acting as a
hub, (a’é), or with a dirty player being a hub, (bg), induce spokes to reduce their individual tariffs
below the no agreement level.

We can consider each spoke being an outsider of a bilateral shallow trade agreement between
the hub and the other spoke. Following this logic, we explain the above proposition using tariff
complementarity. If the clean country a is a hub, then both spokes, country b and country ¢, face
no tariffs while exporting to a, and country a itself faces no tariffs on its exports to both spokes, so
td(al) = tfj"(aZ) =0where k € [B,C]and j € [b,c|. This in turn lead to a decrease in tariffs applied
by both spokes on the imports from each other, t,{ (al) < t,{ (Ng) where k € [B,C] and j € [b,c]
and j # k. If the dirty country b becomes a hub, then t/(b}) = tlé(bg) = 0 where k € [A,C] and
J € la,c], and consequently, it will cause the reduction in the tariffs faced by the spokes while

exporting to each other’s markets, £&(b}}) < t4(Np) and £5(b) < t{(N)) & tf‘(bg’) <15 (Ny).

4.3.2.2 Customs Unions

In this subsection, we analyze shallow customs unions. Customs unions are a different type of
preferential trade agreements. Similar to shallow FTA members, members of customs unions
eliminate the tariffs on the imports from each other, but unlike the FTA members, they also impose
a jointly optimal tariff on the imports from the outsider. Two types of customs unions can arise in
our model: two symmetric dirty countries can form a customs union and exclude the clean country,
denoted by (bc’g), or one clean and one dirty country can get into a union and exclude the second
dirty player, denoted by (ab‘é). First, we analyze (bc”é), and then we move to customs union
of two asymmetric countries, (ab’g). Members of a customs union between two symmetric dirty
countries then solve the following:

YW (b)) _
ch)e =0 and

t] (bc)=0

AW (bctt)
el (bes)

=0 wherej €[b, c]and k € [B, C] and j # k (4.21)
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Shallow union of two dirty countries leads to a reduction in tariffs applied to the imports from
the clean outsider of this union, country a, t(bcjy) < t{!(Ng) where where k € [B,C]. The reason
for this jointly optimal tariff to be lower than individual tariffs applied by the members in the no
agreement scenario lies in the tariff complementarity. When each member sets the tariff on the
imports from another member to zero, 12(bc) = t§(bc%) = 0, it reducers the tariffs on the same
goods import from the outsider as well, 1*(bcly) < t5(Ng) = t¢(Ng). In the same time, the shallow
union of two dirty countries does not create any distortion in the tariffs applies by the outsider
of this union, country a, on its imports from the members, tf{(bc}’) = tf{ (N;) and t/{(bcg) = tf; (Ng)
where j € [b,c|. This can be explained with the independence of the tariffs levied on two different
goods, equation (15). This in turn can be used to explain no distortion in the level of environmental
tax applied by all three countries from the no agreement levels: €4 (bcly) = 4 (Ng) = 7, ei(bcl”) =
¢} (Ny) and ¢, (bct) = ¢} (N,) where j € [b,c].

Article XXIV of GATT requires all members of preferential trade agreements keep their external
tariffs on non-member countries at least at the pre-existing level. Members are free to lower their
tariffs, like in the case of the customs union between two symmetric countries we discussed above,
but they cannot raise their external tariffs on the non-member countries. We ignore this tariff
restriction for now, and simply assume that members of a customs union between one clean and
one dirty country, (ab’é), are free to increase the level of tariff if and when they find it jointly
optimal. We examine the effect of the restrictions of Article XXIV in the later sections of this
paper.

PROPOSITION 4.5: If pollution is global, then the jointly optimal tariff the outsider faces while
exporting to (ab’é) exceeds the no agreement level of tariff on the clean good B and loses to the
no agreement level of tariff on the dirty good A; and if pollution is local, then the jointly optimal
tariff is below the no agreement level on the imports of the clean good B for any level of A and on
the import of the dirty good A if the productivity gap is narrow, and above the no agreement level
if the productivity gap is relatively wide.

The explanation for the above proposition lies in the difference of the no agreement levels of tariffs

134



applied on the imports of two different goods, the clean good B and the dirty good A. If pollution
is local, then the tariff country c faces on its export of the clean good B to country b is higher than
the tariff applied by county a on its imports of the dirty good A, t5(N;) > t{(N;). Consequently,
when the union of those two importers, country a and country b, agrees on the same level of tariff
on their imports from the outsider, country c, this level is lower than the no agreement level of
good B and higher than the no agreement level of good A for a relatively wide productivity gap.
Also, the no agreement level of tariff faced by country ¢ on its export to country b is lower than
the tariff country a applies on its imports of the dirty good A from country c if pollution is global,
15(N,) < t5(Ng). And again the jointly optimal level of tariff on the imports from the outsider is
greater than the no agreement level on the clean good B and lower than the no agreement level of
the dirty good A, 15(Ng) < t°(aby) < t§(Ng).

PROPOSITION 4.6: A shallow customs union between two asymmetric countries, (ab‘é), induces
distortions in the level of environmental taxes levied in all three countries relative to the no agree-
ment levels for both local and global levels of pollution, though the formation of a customs union
of two symmetric dirty countries, (bcbé), does not create such distortions.

The intuition behind the above proposition stems from the independence of tariffs applied on two
different goods. When two dirty countries, country b and country ¢, form a shallow union, they set
the tariffs on imports from each other to zero, and that in turn leads to a decrease in the level jointly
optimal tariff they apply on the imports from the outside, country a. However, the outsider’s tariffs
on its imports of the dirty good A from the union shows no distortion from the no agreement level,
and consequently, the environmental tax on the local producers of the dirty good A stays at its no
agreement level in all three countries. Contrary to that, the union of two asymmetric countries,
country a and country b, creates distortions in the level of tariffs applied by the clean member of
this union on its imports of the dirty good A from the other member as well as from the outsider of
this union, the dirty country c. As a result, we observe the distortions from the no agreement level
of environmental taxes levied on the dirty producers by both members of this union as well as by

the outsider of this shallow trade union.
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4.3.2.3 Free Trade

Under shallow free trade agreement, all members of the world set the tariffs on their imports
from each other to zero, and they still levy individually optimal environmental taxes on their local
producers of the good A.

PROPOSITION 4.7: Shallow free trade induces the clean country a to lower its level of environ-
mental tax for both local and global levels of pollution and induces the dirty countries b and c to
bring their taxes above the no agreement level.

To explain the logic behind this proposition, we use the results presented in the Equation (4.15).
Complementarity of the local tax and the import tariffs on the dirty good A set by the clean country
a induces a decrease in the tax level when #2(abcg) = t§(abcg) = 0 under a shallow free trade. In
the same time, tariffs dirty countries face of their exports of the dirty good A and the environmental
taxes they levy on their producers of this good are substitutes, and as a result, we observe an

increase in the level of tax in country b and country ¢ for both local and global levels of pollution.

4.3.3 Deep Trade Agreements

In this part of the chapter, we examine deep trade agreements. Similar to members of shallow
trade agreement, members of deep trade agreement also eliminate tariffs on imports from each
other, but in addition to that, they have to agree on the level of environmental tax they levy on their
producers of the dirty good A. First, we analyze deep bilateral free trade agreements and integrated
hub-and-spoke trade regimes, then we consider integrated customs unions, and finally, we examine

an integrated free trade.
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4.3.3.1 Deep Tree Trade Agreements

In this subsection, we analyze four different types of deep free trade agreements: a deep FTA be-
tween two symmetric dirty countries, (bc’é) , a deep FTA between one clean and one dirty country,
(ably), an integrated hub-and-spoke trade regime with a clean county as a hub, (a}), and an inte-
grated hub-and-spoke trade regime with a dirty country as a hub, (b/g ) Shallow trade agreements
imply that though members set the tariffs on the imports from each other to zero, they are free
to impose an individually optimal environmental tax on their producers of the good A. However,
when countries negotiate deep FTAs, they have to add an environmental clause to it. A deep bilat-
eral free trade agreement of two symmetric dirty countries, country b and country c, entails tariffs
elimination on the trade between those countries and setting of environmental tax on the jointly
optimal level, but members are free to impose individually optimal tariffs on imports from the

outsider of this agreement, country a. As a result, members solve the following problems under

(bcg):

IWI =K (bep) — 0 and I/ W (bcp)
atd(bcly) ) dea(bcly)
K0T | ik i o

;7" (bey)=0

=0wherej /b, c]and k € [B, C] 4.22)

An outsider’s choice of import tariffs and environmental tax are independent from the members’
decision, and as a result, country a’s maximization problem does not change relative to the no
agreement one. The maximization problem faced by the members of (abie) is very similar to the
above equations. Both clean and dirty members of this deep bilateral FTA agree to eliminate tariffs
on the imports from each other, as well as they agree on the level of tax to levy on their local
producers of the dirty good A; and similar to the above, the outsider’s problem does not change
relative to the no agreement scenario. Both deep bilateral FTAs, (bc’é) and (abie), induce their
members to lower their tariffs on the imports from the outsiders of those agreements: t,f(bcie) <
t0(Ng) where k € [B,C], as well as £§(ab}y) < 15(Ng) and 1§ (abl) < t5(N;) & 1§ (ab;) < t5(Ng). To
explain this, we use the results presented in Equation (4.15) which illustrate tariff complementarity.

When members of either deep bilateral FTA set the tariffs on imports from each other equal to zero,
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t] (bcly) = 0 where j € [b,c] & k € [B,C] & j #k, or ] (ably) = 0 where j € [a,b] & k € [A,B] &
J # k, it induces a decrease in tariffs on the outsider’s export to the member countries. Now, we
can state the following:

PROPOSITION 4.8: While a shallow bilateral FTA between two symmetric dirty countries does
not cause any distortions in the level of tariffs applied by the outsider of this agreement on the
imports from the members, a deep bilateral FTA between those countries induces the non-member
to lower its tariffs on members for both local and global levels of pollution.

The explanation for that lies in the distortion from the no agreement tax level in the member coun-
tries of this deep bilateral trade agreement. The formation of a shallow bilateral trade agreement
does not lead to any distortion of the environmental tax level in all three countries relative to the
no agreement level, and consequently, there are no distortions in the tariffs applied by the out-
sider of this agreement on its imports of the dirty good A from both members. Contrary to that, a
deep bilateral FTA of two symmetric dirty countries, country b and country c, creates a distortion
in the level of the environmental tax the members levy on their producers of the dirty good A,
ea(bcly) > ef; (Ng) where j € [b,c|, and in turn, it leads to a decrease in the tariffs applied by the
outsider on its import from the members, 74 (bcly) < 1] (Np).

The nature of bilateral FTAs, both shallow and deep, allows countries to make “side deals” with the
outsiders of their bilateral FTAs agreements, and as a result, we observe the birth of hub-and-spoke
trade regimes. In our model, we have two different deep hub-and-spoke trade regimes: (alg ) has
the clean country a serving as a hub, and (bgi) which has one of the dirty members of the world,
country b, assuming the role of the hub country. Deep hub-and-spoke trade regimes are different
from the shallow hub-and-spoke trade regimes in the inclusion of the environmental tax in this
“side deal”. We assume that, when a member of a deep FTA makes a “side deal” with an outsider,
they have to agree on the environmental tax as well.

Both hub-and-spoke trade regimes, (a}éi) and (bgi), induce spokes to reduce their tariffs on im-
port from each other for both levels of pollution, and those results are very similar to our finding

presented in the previous section on shallow hub-and-spoke trade regimes. The nature of hub-and-
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spoke trade regimes imply that both spokes trade with the hub freely, and the hub trades freely with
both spokes, but spokes still apply individually optimal tariffs on imports from each other. As a
result, when r/ (a%) and % (aly) are set to zero than tariff complementarity gives us 7/ (a) <1/ (Np)
where je[b,c] & k € [B,C] &j # k. Similar to that, when tlé (b%) and 1 (b) are set to zero than
tariff complementarity gives us t,{ (al) < t]f (Ng) where j € [a,c] & ke[A,C] &j # k.

Now, we can state the following proposition:

PROPOSITION 4.9: The formation of a deep hub-and-spoke trade regime with a dirty country
acting as a hub leads to a lower level of the environmental tax than the formation of a deep hub-
and-spoke trade regime with the clean country being a hub.

Environmental taxes levied in each dirty country and the tariffs on the dirty good A faced by each
competitor are complements, and also the level of tax set by the clean importer of this dirty good
A country a are complements as well, Equation (4.15). As a result, the elimination of both tariffs
applied by country a, t5(a¥) and 5 (ay), has a stronger effect on the level of jointly optimal tax
levied by all three countries than the elimination of the tariffs on only one competitor in the export
of the dirty good A, country b, under the deep hub-and-spoke trade regime with the dirty country b

acting as a hub.

4.3.3.2 Integrated Customs Unions

In this subsection, we examine a different type of deep preferential trade agreements, integrated
customs unions. Two different deep customs unions can arise in our model: an integrated cus-
toms union of two symmetric dirty countries, denoted by (bc’é”) , and an integrated customs union
between one clean and one dirty country, denoted by (abié‘). Similar to members of deep FTAs,
members of deep customs unions have to agree on the jointly optimal tax they apply to their
producers of the dirty good A as well as on eliminating the tariffs on imports from each other.

However, unlike members of deep FTAs, members of deep customs unions also impose a jointly
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optimal tariff on the imports from the outsider. Members of (bcly) set t2(bcit) = t§(bct) = 0,
eh (bcl) = €4 (bct) = ex(bcl), and t(bcl) = t4(bct) = t9(bci¥); and members of (ably) set
th(ab¥) = th(abll) = 0, &4 (ab) = ef (abl) = ea(ab¥), and 15 (ab¥) = t§(abl) = t°(aby!). Simi-
lar to the subsection on shallow customs unions, here we also ignore the tariff restrictions required
according to Article XXIV of the GATT/WTO, and simply assume that members of (ab}y') are free
to increase the level of tariff if and when they find it jointly optimal, and we examine the effect
of these restrictions on the formation of integrated customs unions in later sections of this paper.
Members of the integrated customs union between two dirty countries solve the following:

AL/ W (bclt)
914 (bclt)

dY/ W (bclk

=0and 5 - ) =0 wherej €[b, c]and k € [B, C]andj # k (4.23)
es(bcy)

i} (bci)=0

Similar to shallow customs union of two symmetric dirty countries, country b and country c, a deep
customs union of these two countries causes a decrease in the tariff applied on the imports from
the outsider, the clean country a: t*(bc) < t¢(Ng) where k € [B,C]. And similar to the previous
section, this can be explained by tariff complementarity. Now, we can state the following:
PROPOSITION 4.10: Members of the integrated customs union of two dirty countries face a lower
tariff on their exports to the outsider relative to no agreement, and members of shallow customs
union of these countries face the no agreement level of tariffs on their exports of the dirty good A.
The logic behind the above proposition stems from the distortion of the jointly optimal environ-
mental tax level applied by the members of this deep customs union, and consequently, the absence
of such distortions when these countries do not include the environmental clause into their customs
union trade agreement. When two dirty countries form an integrated customs union, they find it
optimal to increase the tax they levy on their producers of the dirty good A above the no agree-
ment level, e (bcly) > ei (Ng) where j € [b,c|, and consequently, the only importer of this dirty
good A country a has no choice but decrease the level of tariffs below the no agreement level,
tﬁ(bc’é“) < t/{ (Ng) where j € [b,c|. Equation (4.15) illustrates the negative relationship between
the tariffs levied by country a and the taxes applied in the two countries with the comparative

advantage in the production of this dirty good A.
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Members of a deep customs union between one clean and one dirty country, similar to the members
of a shallow customs union of these two countries, set their jointly optimal tariff on the imports
from the outsider, country ¢, above the no agreement level of the tariff on the clean good B and
below the no agreement level of the tariff on the dirty good A if pollution is global. If pollution is
local then the jointly optimal tariff is below the no agreement level of tariff on both goods exported
by the outsider, country ¢. Our explanation is very similar to the one we used in the previous
section of this paper, and it lies in the difference of the no agreement levels of tariffs applied by
the members of (abie"), country a on its imports of the dirty good A and country b on its imports
of the clean good B. If pollution is global, then the no agreement level of tariff faced by country ¢
on its exports of good B is lower than the tariff country ¢ faces on its imports of the dirty good A.
Consequently, the jointly optimal level of tariff on the imports from the outsider is greater than the
no agreement level on the clean good B and lower than the no agreement level of tariff on the dirty

good A.

4.3.3.3 Integrated Free Trade

Under integrated free trade agreement, all three countries eliminate their tariffs on the imports from
each other and impose jointly optimal environmental tax on their domestic producers of the dirty
good A.

PROPOSITION 4.11: The formation of an integrated free trade agreement induces the members to
choose an environmental tax equal to marginal damages, with both local and global externalities.
The production of the dirty good A generates a negative externality, pollution, which may have a
transboundary effect on both neighbours. If pollution is pure local, then the transboundary effect
is zero, and integrated free trade agreements induces all members to set an environmental tax at
its socially optimal level. With a global externality and symmetric cross border spillovers, the

production of the dirty good A affects all three countries equally regardless of the location of the
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dirty good A producer. In this case, an integrated free trade agreement induces the members to set

the tax at the level of 37, which is equal to world marginal damages.

4.4 Environmental and Trade Agreements and their Effects on Environ-

mental Damages

In this section, we examine the effect of various deep and shallow trade agreements on environ-
mental damages. The only good that creates negative production externality, pollution, in our
model is good A. We start our analysis with the effect of pure environmental agreements on the
environmental damages, then we move to shallow trade agreement, and finally, we consider deep

trade agreements.

4.4.1 Pure Environmental Agreements

In this subsection, we analyze how different environmental agreements affect the level of environ-
mental damages in each country and in the world. The environmental agreements are: an envi-
ronmental agreement between two symmetric dirty countries, (bcg) , an environmental agreement
between one clean and one dirty country, (abz) , and a global environmental agreement, (abcg).

The formation of an environmental agreement between two asymmetric countries, (abf ), induces
an increase in the level of world environmental damages, if pollution is local, relative to the no
agreement level. The explanation lies in the increased production of the dirty good A in the world
which entirely caused by the increased production in the members of (abf) and export of the
dirty member of this environmental agreement. Contrary to that, an outsider of this agreement,
country ¢, has the lowest level of exports of good A among all environmental agreements. If
pollution is local, then the formation of an environmental agreement between two symmetric dirty
countries, (bcf) induces the lowest level of environmental damages in the world. In this case,

we observe the reduction in the exports of the dirty good A, the lowest world production of that
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good, and consequently, both dirty countries exhibit the lowest level of damages. If pollution is
global, then the level of world damages is higher under (ab) than under (bc), but both types
of agreements induce a reduction in the level of world damages below the no agreement level.
The world production of the dirty good A falls under the no agreement level for both types of
environmental agreements, however, contrary to the local pollution case, an outsider of (abg),
country ¢, increases its exports of good A above the no agreement level, but export of country b falls
below the no agreement level. The explanation lies in the transboundary effect of the production of
the dirty good A. If pollution is local, then the spillovers are zero, so an environmental agreement
between two asymmetric countries, country a and country b, leads to an increase in the production
and export of good A by the member with the comparative advantage in the production of this
good, country b, and consequently, induces a reduction in the export from the outsider, country
c. Therefore, if pollution is global, then the transboundary effect is one and, consequently, an
environmental agreement between country a and country b leads to a decrease in the production
and export of the dirty good A by country b, and the outsider gets to increase its production and
export due to no obligations to the clean importer of this good, country a. Now, we can state the
following:

PROPOSITION 4.12: If pollution is local, then the formation of a global environmental agreement
induces the highest level of world damages, and if pollution is global, then the lowest level of
environmental damages is observed under a global environmental agreement.

The explanation, again, lies in the understanding of the transboundary effect of negative externality
in our model, pollution. If pollution is local, then the transboundary effect of the production of the
dirty good A on both neighbours is zero; as a result, we observe the highest level of production
of this dirty good A in the world, as well as the highest level of exports and consumption. If
pollution is global, then the production of the dirty good affects all countries equally regardless of
the producer’s location, and as a result, we observe the lowest level of production of the dirty good
A under a global environmental agreement. Furthermore, global pollution induces a decrease in

the import demand for the dirty good A in the only clean country, country a, from both competing
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exporters of this good. As a result, we observe the lowest level of world environmental damages,

if pollution is global.

4.4.2 Shallow Trade Agreements

In this subsection, we examine the effect of various shallow trade agreements on the level of
environmental damages. Precisely, we analyze the following shallow trade agreements: a bilateral
FTA between two symmetric dirty countries, (bcg), a bilateral FTA between one clean and one
dirty country, (abg), two different hub-and-spoke trade regimes, (ag) and (bg), a CU between
two dirty countries, (bc%), a CU between one clean and one dirty country, (ab%), and a global
shallow free trade, (abcy).

Both types of bilateral PTAs, an FTA and a CU, between two symmetric dirty countries, country b
and country ¢, induce no distortion in the level of environmental damages in all three countries, and
consequently, in the world, for both local and global levels of pollution. In both cases, the world
production and export of the dirty good A remains at the no agreement level. However, contrary
to the formation of (bcg) or (bc’é), the formation of either shallow PTA between one clean and
one dirty country, (abg) or (ab”é), induces an increase in the level of environmental damages in
all three countries for both local and global levels of negative production externality. The removal
of trade tariffs by the members of (abg) or (ab’é) leads to an increased export of the dirty good
A by the dirty member of either PTA, country b, to the clean member, country a. Furthermore,
the formation of (abbé) leads the highest level of export from country b to country a among all
shallow trade agreements for both local and global levels of pollution, and again, for both levels
of pollution, the clean member of (aby) or (ab'g,) increases the local production of the dirty good
A above the no agreement level. The formation of a bilateral FTA between one clean and one
dirty country induces an increased demand for the dirty good A by the clean country a from the
outsider of this agreement, country c, as well as from the dirty member of (abg), for both levels of

pollution, but the formation of (abbé) leads to the lowest import demand from the outsider, country
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¢, for both local and global levels of pollution. Hub-and-spoke trade regime with a dirty country
as a hub, (b’é), induces the same level of damages, production, and export of the dirty good A as
a shallow FTA between one clean and one dirty country, (abg). However, a hub-and-spoke trade
regime with the clean country as a hub, (ag) , induces the highest level of environmental damages
as well as a free trade world, and now we can state the following:

PROPOSITION 4.13: Both trade regimes, shallow free trade world and shallow hub-and-spoke
trade regime with the clean country acting as a hub, induce the highest level of pollution.

Both trade regimes, shallow free trade and shallow hub-and-spoke trade regime with the clean
country acting as a hub, imply zero tariffs on the dirty good A, and consequently, the removal of
those tariffs lead to a deeper specialization and increased production and trade of this good. As a
result, we observe the highest level of production and world export of the dirty good A, and the
increased production of the dirty good A naturally leads to an increased level of negative externality
associated with this production process, the level of pollution. We can see that a world with no
tariffs on the dirty good, given that there is no environmental agreement, would cause an increase

in the environmental damages for both local and global levels of pollution.

4.4.3 Deep Trade Agreements

In this subsection, we examine the effect of various deep trade agreements on the environmental
damages: a deep bilateral FTA between two symmetric dirty clean countries, (bc’é), a deep FTA
of two asymmetric members, (ably), two different integrated hub-and-spoke trade regimes, (afy)
and (bgi ) a deep customs union of two symmetric countries, (bc’é”) , adeep CU of two asymmetric
members, (ab}y), and a deep free trade, (F7).

The formation of (bc’é), a deep FTA of two symmetric dirty countries, induces no distortion in
the level of the environmental damages in all three countries from the no agreement level, and
consequently, in the world. Contrary to that, the formation of (bcié‘), a deep customs union of

country b and country ¢, reduces the world level of pollution. The explanation lies in the lower
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levels of import demand of the dirty good A by the outsider of this agreement, the clean country
a, for both local and global levels of pollution. If pollution is global, then the formation of a deep
FTA of two asymmetric countries, (ab’é), leads to the highest level of environmental damages in
the world. In this case, the natural importer of good A, country a, exhibits an increase in demand
from both the dirty member of (abf) and the outsider of this agreement, country c. If pollution is
global, then the formation of (ab;) leads to the highest level of world trade in the dirty good A,
but in this case, the consumption of the locally produced dirty good falls bellow the no agreement
level, and consequently, the world environmental damages fall bellow the no agreement level as
well. The formation of hub-and-spoke trade regimes induces the same level of damages as a deep
tree trade agreement for both local and global levels of pollution, and now we are ready to state the
following:

PROPOSITION 4.14: If pollution is global, then a fully integrated world is the least polluted.
The explanation for the above lies in the decreased level of production in all three countries; each of
them exhibits the lowest level of production of the dirty good A under a deep free trade agreement.
Though, the only natural importer of the dirty good A, country a, still demands the import level of
good A which is higher than under both types of deep PTAs between two symmetric dirty countries,
(bcg,) and (bc;") , the local production is at the lowest level in all three members of this deep free
trade agreement. In the previous section of this paper, we stated that a shallow free trade agreement
induces the highest level of world environmental damages. In this section, we conclude, that adding
an environmental clause to a free trade deal leads to a cleaner world. However, if pollution is local,
then members of this deep free trade agreement bear no cost of spillovers and simply enjoy a
deeper specialization in their comparative advantage goods. As a result, if pollution is local, then
we observe the lowest level of production of the dirty good A, and consequently, environmental
damages, in the only country with no comparative advantage in the production of this good, the
clean country a, and the level of environmental damages exceeds the no agreement level in both

competing exporters of this dirty good A, country b and country c.
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4.5 Endogenous Preferential Environmental and/or Trade Agreements
4.5.1 Announcements and Strategy Sets

In this subsection, we describe announcements and strategy sets for all three stage games of en-
vironmental agreements and/or trade liberalization: an Environmental Agreement game (E game),
a Customs Union game (CU Game), a Free Trade Agreement game (FTA Game), an Integrated
Customs Union game (IU Game), and an Integrated Free Trade Agreement game (I Game). In
an Environmental Agreement game, players announce the names of the countries they would like
to form pure environmental agreements with. This announcements are free of any trade policies.
The difference between the CU and FTA games lies in the nature of two types of preferential trade
agreements. In the CU game, a member of a trade union cannot unilaterally sign another agree-
ment with a non-member country. In order to do so, a member would need to get a consent of a
current PTA partner, as members of a trade union impose a jointly optimal tariff on the imports
from the outsider. On the contrary, in the FTA game, members levy an individually optimal tariffs
on the non-member, and due to that, they are free to form another agreement without any con-
sent of a current PTA member. In the IU and I games, each player announces the names of the
countries with whom they want to sign an integrated agreement. Integrated agreements always
include an environmental component, namely, members have to agree on the level of tax they levy
on their producers of the dirty good A. Regardless of the nature of these trade and environmental
agreements, the stages of the games are as follows: in the first stage, each player simultaneously
announces the names of the countries with whom it wants to form an agreement; in the second
stage, given the trade and/or environmental policy regime, countries choose their optimal tariffs
and/or environmental taxes they impose on the production of a dirty good A; in the final stage of
each game, consumption, production and international trade take place.

In the first stage of each game, each player simultaneously announces the names of the countries
with whom it wishes to sign an environmental and/or trade agreement. Country j’s announcement

is denoted by 0; , and its strategy set S; includes all possible announcements:
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Sa:{{,@',Q},{b,,@'},{ﬁ,c},{b,c}}
Sb:{{g,ﬁ},{a,ﬁ},{ﬁ,c},{a,c}}
SC:{{g,g},{a,g},{ﬁ,b},{a,b}}

To describe strategy sets, we use country b as an example. Country b’s announcement in favour
of no agreement with any of the countries is denoted by { &, &}. If country b would like to form
an agreement with only one of the countries, the announcement would look as follow: {a, &} or
{%,c}. The announcement {a,c} indicates country b’s desire to be a part of an agreement with

both trading partners.

4.5.2 Coalition-Proof Nash Equilibria

As in chapter 3, we distinguish coalition-proof Nash equilibria from the set of multiple Nash equi-
libria. Again, we follow the concept of coalition-proof Nash Equilibrium introduced in Bernheim etal. (1987).
Coalition-proof Nash equilibria have to survive all possible self-enforcing coalitional deviations.
When we consider whether a particular coalition-proof Nash equilibria holds, we keep the an-

nouncement of non-deviating countries unchanged.

4.6 Endogenous Environmental Agreements
4.6.1 Pure Environmental Agreements

Next, we describe different environmental agreements which can arise in this game. Under a pure
environmental agreement, members have to agree on the tax they levy on the producers of the
dirty good A, but they apply individually optimal tariffs on the import from each other as well as
on the imports from the outsider. In the first stage of this game, players announce countries they
would like to form an environmental agreement with. Each player’s strategy set (Sj) consists of

four possible announcements denoted as o7
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Se={{e.2} b 2} {z,c} {b,c}}
le;: {{gvg}v{ae7g}7{g7ce}’{aevce}}

Sg = {{g,g}’{ae’g}7{g’be}’{ae’be}}

where announcement Gj‘? = {@, &} indicates player’s desire to stay away from any environmental
agreement; if o7 includes only one of the two countries then it denotes the player’s wish to form
an environmental agreement only with that country; if Gf has two other countries then it indicates
player’s desire to be a part of a world environmental agreement.

Countries are free to choose their announcements, and the environmental agreements can be formed
only if partners announce each other. In the environmental agreement game, the countries strategy
sets map into the following environmental agreements:

(i) The announcement profile (®¢) , no agreement, arises when either all three countries an-
nounce in the favour of no environmental agreement or countries’ announcements do not match. In
this case, countries apply individually optimal environmental taxes on their producers of the dirty
good A.

(i1) If countries a and b call each other and exclude country c, it results in the environmental
agreement between one clean and one dirty country, denoted (abe). In this case, an outsider’s
announcement would not influence the outcome. This agreement implies, that members have to
agree on the environmental tax they impose, but they still apply individually optimal tariffs on the
imports from each other as well as from the outsider.

(iii) Similar to (ii), announcement profile (bce) indicate two countries’ desire to exclude the
third member of the world. In this case, two dirty countries exclude the clean country a and form
an environmental agreement which includes only dirty members.

(iv) The announcement profile (E) signals all three countries’ desire to sign a world environ-
mental agreement. This profile implies, that all three countries agree on the environmental tax they

levy on their domestic producers of the dirty good A.
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4.6.2 Welfare Effects of Various Environmental Agreements in the E Game

LEMMA 4.1: The welfare impact of various types of environmental agreements on members and
non-members is as follows:

(i) WI(Ny) > WY (bct) > W (ab§) > W/ (abc$) where j # a ; W (abc§) > W4(ab$) > W9 (N;) >
W (bef)

(i) W(abcg) > W (bcg) > W(aby) > W(Ng);

(iii€) WP (bct) > WP(abcs) > WP(Ng) > WP (abs); We(bcs) > W (abct) > W€ (abs) > W€(Ny)
(iv®) WP (Ng) > W/(ab¥) where j # a

Part (i) of Lemma4.1 illustrates a self-exclusion incentive for the dirty players since both of them,
country b and country c, gain the highest level of welfare in the no agreement scenario if pollution
is local, and the lowest welfare these countries can achieve in this game is under a global envi-
ronmental agreement. Contrary to that, the only clean country would prefer to live in the world
united by the same environmental agreement. Based on the results in Lemmad4.1(—ii¢), we can
conclude that, if pollution is global, then the clean country would like to see either or both dirty
players in any environmental agreement, even if the clean country itself is an outsider of the agree-
ment. The highest welfare the clean country can achieve is under global environmental agreement.
Lemma4.1(—iii¢) illustrates an exclusion incentive. If pollution is global, then dirty countries
would prefer to form a bilateral environmental agreement and exclude the only clean country.
An environmental agreement between two dirty countries brings its members the highest level of
welfare in the entire game. Lemma4.1(—iv¢) states that for any level of pollution either of the
dirty countries, country b or country ¢, would prefer to self-exclude itself from an environmental

agreement with the clean country.
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4.6.3 Announcements profiles, Associated Environmental Agreements and Nash Equilibria

in the E Game

PROPOSITION 4.15: In the E game, the Nash equilibria announcement profiles and the associ-

ated environmental agreements are shown in Table 4.1.

Environmental | Nash Equilibria

Announcement Profiles

Agreements | local | global
Q¥ ={o; ={2,2},0f ={9,2},0{ = {2,2}} (@) Yes | Yes
Qe = {o¢ ={b,z},0f ={a,2},0f ={2,2}} (abe) No No
Qb ={c¢ ={o,8},0f ={7,c},0f = {,b}} (bce) No Yes
QF ={c¢ ={b,c},0f ={a,c},0! = {a,b}} (E) No No

Table 4.1: The Nash equilibria announcement profiles and the associated environmental agree-
ments in the E game

No environmental agreement announcement profile, 2%, is a Nash equilibria for both local and
global levels of pollution. Countries cannot increase their welfares by unilaterally altering their
announcements. To prove that 2% is not a Nash equilibria for both levels of pollution, we use the
results of Lemmad4.1(—iv¢). These results show that the dirty country b can improve its welfare
by unilaterally changing the announcement to {&, @}; this change in the announcement would
lead to the no environmental agreement scenario and country b’s increased welfare gain. The
results of Lemma4.1(—i¢) illustrate that the announcement profile 2°°¢ does not constitute a Nash
equilibria if pollution exhibits local characteristics. If pollution is local, then either member of
this environmental agreement between two dirty countries can improve its welfare by unilaterally
changing the announcement to {2, @}, which would result in the no agreement announcement
profile and bring the highest welfare gains to both dirty countries in this entire game. For the

global level of pollution, Lemma4.1(—iii°) shows that neither » no ¢ has an incentive to change
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their announcements from { &, c} and { @, b} respectively. Any change in the announcement would
either lead to no change in welfare or would lead to the no agreement scenario (change to {&, &'}
or {a,#}) and a decrease in the level of welfare gains for both dirty countries. We prove that
the announcement profile, QF, is not a Nash equilibria in two steps: first, we prove it for the case
of local pollution, and then, we prove the above if pollution is global. Based on the results of
Lemma4.1(—i), we can conclude that either of the dirty countries, country b and/or country c,
can self-exclude itself by changing the announcement to {2, @} and improve its welfare level.
To prove that the announcement profile 2F is not a Nash equilibria if pollution is global, we use
the results of Lemma4.1(—iii¢) which illustrate that either of the dirty countries can unilaterally
improve its welfare by limiting its announcement to another dirty country only. If pollution is
global, the dirty countries would prefer to exclude the only clean country. Based on the above, we

conclude that the announcement profile QF does not survive Nash equilibria refinement.?’

4.6.4 Coalition-Proof Nash Equilibria of the E game

Coalition-proof Nash equilibria announcement profiles need to be immune not only to all individ-
ual deviations, like Nash equilibria announcement profiles, but also to all meaningful self-enforcing
coalitions. Although, an announcement profile Q% is a Nash equilibria for both local and global
levels of pollution, it does not survive a CPNE refinement if pollution is global. To prove that,
we examine a coalition formed by two symmetric dirty countries. Lemmad4.1(—iii) states that an
environmental agreement between two dirty countries would let its members to achieve the high-
est level of welfare in this entire game, and as a result, no further deviations can be meaningful.
Based on the above, we can conclude that dirty countries can form a self-enforcing deviation, and
consequently, 2% is not a CPNE if pollution is global.

PROPOSITION 4.16: If pollution is local then the only coalition-proof Nash equilibria of the E

game is the announcement profile Q% which constitutes a world with no environmental agree-

TFor the proofs, please Appendix A.4.6
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ments in it.

To prove the above we show that the announcement profile Q% is immune to all meaning-
ful coalitional deviations if pollution is local. First, we analyze the coalitional deviation of two
asymmetric countries, the clean country a and the dirty country b. In this case, the changes in the
announcements would result in an environmental agreement (abe). The results in Lemma4.1(—i¢)
tell us that though the clean country would benefit from the coalition with the dirty country, the
dirty country is not going to join this environmental union. We can conclude, that this initial devi-
ation is not meaningful. Second, we assume that two dirty countries form a coalition, that would
result in (bce), and again, based on Lemma4.1(—i¢), we can conclude that this deviation is not
meaningful. Now, we examine the grand environmental coalition, then the announcement profile
would be QF, and the results of Lemma4.1(—i¢) illustrate that this deviation is not meaningful as
well. Based on the above, we can conclude that Q% is a CPNE if pollution is local .28
PROPOSITION 4.17: If pollution is global then the only coalition-proof Nash equilibria of the
E game is the announcement profile Q5°¢ which constitutes an environmental agreement between
two clean countries.

We prove the above by examining all possible meaningful deviations. First, we examine the coali-
tional deviation of two asymmetric countries, the clean country a and the dirty country b, then it
will result in the environmental agreement (abe), and lower welfare gain for the dirty partner of
this agreement, Lemma4.1(—iii¢). We can see that this deviation is not meaningful. Next, we ex-
amine the grand environmental coalition, which again, will result in a lower welfare gains for the
dirty country, and we conclude that this deviation is not meaningful as well. Based on the above,

we can conclude that 2°¢¢ is a CPNE if pollution is global.?®

28For the proofs, please Appendix A.4.6
2For the proofs, please Appendix A.4.6
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4.7 Endogenous Shallow Trade Agreements
4.7.1 The Customs Union Game

4.7.1.1 Preferential Trade Agreements in the CU Game

In this part of the paper, we describe different preferential trade agreements which can arise under
the shallow customs union game. In the first stage of this game, players announce countries they
would like to form a customs union with. Each player’s strategy set (S;‘) consists of four possible

announcements denoted as 07’
Sa=1{{2,2},{b" 2}, {7,c"}, {b",c"}}
Sy={{2,2} {a", 2} {7,c"} {a",c"}}
S¢ ={{z,2}.{d", 5} ,{7,b"} ,{a",b"}}

where announcement o = {@, @} indicates country’s desire to stay away from any customs union;
if GJ’.’ includes only one of the two countries then it denotes the player’s wish to form a bilateral
preferential trade agreement in the form of a customs union with that country only and exclude the
third player; if 0']’4 has two other countries then it indicates player’s desire to be a part of a free
trade world.

Countries are free to choose their announcements, and the agreements can be formed only if part-
ners announce each other. In the customs union game, the countries strategy sets map into the
following trade agreements:

(i) Announcement profile (®*) implies that either all three countries announce in the favour of
no agreement or countries’ announcements do not match. In this case, countries apply individually
optimal tariffs and environmental taxes.

(ii) Announcement profile (abu) arises when counties a and b call each other. In this case,
members apply zero tariffs on imports from each other and jointly optimal tariff on the import

from the outsider, country c. However, in the CU game, we allow only trade agreements, so both
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members and the outsider can still apply an individually optimal environmental tax on the domestic
producers of the dirty good A.

(iii) Similar to (ii), announcement profile (bcu) indicate two countries’ desire to exclude the
third member of the world. In this case, two dirty countries exclude the clean country a and form
a trade union which includes only dirty members.

(iv) The announcement profile (F") signals all three countries’ desire to live in a free trade
world. Under this profile countries apply zero tariffs on the imports from each other, but they still

impose individually optimal environmental taxes.

4.7.1.2 Welfare Effects of Various Trade Agreements in the CU Game

LEMMA 4.2: The welfare impact of various types of trade agreements on members and non-
members is as follows:
(i) W/ (bck) > W/ (Ng) & W/(aj4) > W/(Ng) where j € [b,c]

W¢(ab}y) < W(Ng) and W4 (bcly) < W(Npy)
(ii*) We(ab}) > W4 (N;) & W(abg) < W4(Ny)
(i) W/ (bc%) > W/ (abcg) where j € [b,c] and W*(ab'y) > W*(abcg)

W4 (bcy) < W (abcg) and W€ (abfy) < W€ (abcg)
(iv") Wi (aji') < Wi(abe) & W (aj4) > W (abe,) where j € [b,c]
(V) Wi (aj4) < W/ (bck) where j € [b,c]
The results presented in Lemma4.2(—i*) show that both dirty countries are better off in a shallow
trade union, either with another dirty country or with the only clean country, than in the no agree-
ment scenario for both local and global levels of pollution. Also, both clean and dirty non-members
of the respective unions are worse off. The results in Lemma4.2(—ii*) illustrate a self-exclusion
incentive of the clean country a; this country is better off in the world with no trade agreements

than as a member of a shallow trade union if pollution is global. Lemmad4.2(—iii*) demonstrates
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an exclusion incentive; two dirty countries prefer a dirty trade union to a free trade, and the clean
country a is better off as a part of a shallow trade union than as a member of a free trade world.
Also, a non-member would prefer to be a part of a world trade agreement to being an outsider of
a trade union. Lemmad4.2(—iv") states that a dirty country is better off under a world trade agree-
ment than in a shallow trade union with the only clean member of this world if pollution is local.
The results in Lemma4.2(—v") show that given the choice between trade union of two symmetric
dirty countries and a trade union of two asymmetric, one clean and one dirty, countries, either dirty

player would go with former option for both local and global levels of pollution.

4.7.1.3 Announcement Profiles, Associated Trade Agreements and Nash Equilibria in the

CU Game

PROPOSITION 4.18: In the CU game, the Nash equilibria announcement profiles and the associ-

ated trade agreements are shown in Table 4.2.

Shallow Nash Equilibria
Announcement Profiles
Agreements | local | global
Q¥ ={o}={2,8},0) ={2, 8} ,0!={2,8}} | (") | Yes | Yes
Q= (ot ={b,z},00 = {a.2},0! = {2.2}} | (abu) | Yes | No
Qb = {oy = {@,2},0f = {&,c},0¢ = {2,b}} (bcu) | Yes | Yes
QF' = {6 = {b,c},0f = {a,c}, 0t = {a,b}} (FYy | No | No

Table 4.2: The Nash equilibria announcement profiles and the associated trade agreements in the
CU game

To constitute a Nash equilibria, an announcement profile should survive all unilateral deviations,

and based on that, the announcement profile Q%" is a Nash equilibria. Countries have no incentive
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to announce other countries unless they are going to be announced back, and bilateral/multilateral
trade agreements can be formed only if members announce each other. Countries cannot be forced
into any agreements. The announcement profile 2%, which constitutes a shallow trade union of
one clean and one dirty country, survives the Nash equilibria refinement if pollution is local. To
prove that, we use the results presented in Lemma4.2(—i*) and Lemma4.2(—ii"); neither member
can improve its welfare by performing a unilateral deviation into the no agreement scenario. Using
the same logic, and the results in Lemma4.2(—ii"), we show that the announcement profile Qabu
does not survive the Nash equilibria refinement, if pollution is global. In this case, the clean country
a would unilaterally deviate by altering its announcements from {b* &} into {2, &} and gain a
higher level of welfare by simply excluding itself from this shallow union. The announcement
profile 2, which constitutes a shallow trade union of two symmetric dirty countries, survives
Nash equilibria refinement for both local and global levels of pollution. We derive that conclusion
based on the results in Lemma4.2(—i*), which states that none of the members has an incentive to
change its announcement; the change would lead to the world with no agreements in it and lower
level of welfare gains for both dirty countries. The announcement profile 2", which constitutes a
free trade world, is not a Nash equilibria for both local and global levels of pollution. The results in
Lemma4.2(—iii") show that either of the dirty countries can improve its welfare by calling another
dirty country exclusively. Dirty countries would prefer to exclude the clean partner for both local
and global levels of pollution, and based on the above, we are confident to conclude that Qf " is

not a Nash Equilibria for both local and global levels of pollution.3°

4.7.1.4 Coalition-Proof Nash Equilibria in the CU Game

To survive the coalition-proof Nash equilibria refinement, an announcement profile should be
immune not only to all unilateral deviations, but also to all meaningful coalitional deviations.

Based on that, though the announcement profile Q%" survives all unilateral deviations, and con-

30For the proofs, please Appendix A.4.7.1
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sequently, constitutes a Nash equilibria, it is not a CPNE for both local and global levels of
pollution. To prove that, we analyze a coalitional deviation of two symmetric dirty countries,
country b and country c. This coalition would alter the announcement profile into the following:
Q={c)={a,8},0) ={g,c"}, 0! ={a,b"}}. As aresult, we observe an increase in mem-
bers” welfare levels, W/ (bc%) > W/(Ng) where j € [b,c] . This trade union brings its members the
highest level of welfare in this entire game, so we can conclude that country b and country ¢ can
form a self-enforcing trade agreement for both levels of pollution, and no further deviations would
occur. The results in Lemma4.2(—v*) show that the announcement profile Q9 is not a CPNE; the
dirty member of this union would deviate to form a shallow trade union with another dirty country
and by doing so achieve the highest level of welfare possible in this game. As we have shown
in the previous section, the announcement profile Q" is not a Nash equilibria for both levels of
pollution, and consequently, it cannot be a CPNE. Now, we are ready to state the following:

PROPOSITION 4.19: The only coalition-proof Nash equilibria of the CU game is the announce-
ment profile Q " which constitutes a shallow trade union between two symmetric dirty countries.
Neither member of this union can improve its welfare by deviating from the original announce-
ment: o) = {&,c} and 6 = {&,b}. Any possible deviation, unilateral or coalitional, would result
in a lower welfare gains for the deviating member as well as for the second member of this union.
The level of welfare members achieve under a shallow trade union of two symmetric dirty coun-
tries is the highest in the entire game. We conclude that, Q°“ is a self-enforcing commitment

between two dirty countries for both local and global levels of pollution.3!

31For the proofs, please Appendix A.4.7.1
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4.7.2 The Free Trade Agreement Game

4.7.2.1 Preferential Trade Agreements in the FTA Game

In the first stage of the FTA game, players also announce countries they would like to form a PTA
with, but in this game preferential trade agreements take the form of free trade agreements. Each

player’s strategy set (S;) consists of four possible announcements denoted as o;:
Sa={{2,2},{b,2},{7,c} {b,c}}
Sp={{2,2}.{a, 2} {7,c} {a,c}}
Se={{2,2} {a,2} {2,b} {a,b}}

where announcement 6; = { &, &} indicates player’s desire to stay away from any free trade agree-
ment with either partner; if 6; includes only one of the two countries then it denotes the player’s
wish to form a bilateral free trade agreement with that country only and exclude the third player; if
0, has two other countries then it indicates player’s desire to be a trade partner of both countries.
Countries are free to choose their announcements, and free trade agreements can be formed only if
partners announce each other. In the FTA game, the countries strategy sets map into the following
free trade agreements:

(i) If all three players announce {&, &} or the announcement profiles do not match, it results
in the profile (®) - no agreement, and each player applies individually optimal tariffs.

(ii) Country a’s announcement {b, &'} and country b’s announcement {a, &'} lead to a profile
(ab). The changes in country ¢’s announcement would not alter the profile because neither a no b
is calling c. This profile implies that members apply zero tariffs on imports from each other and
individually optimal tariffs of the import from the outsider, country c.

(iii) Similar to (ii), announcement profile (bc) indicate two countries’ desire to exclude a third
member of the world. In this case, two dirty countries exclude the clean country a and form a free

trade agreement which includes only dirty members.
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(iv) If both dirty countries announce only in favour of a free trade agreement with the clean
country, and the clean country announces in the favour of a free trade world, then these announce-
ments result in a hub-and-spoke trade regime. In this case, the clean country a is the hub, and
two dirty countries are the spokes, (ah). Under this profile, country a imposes zero tariffs on the
imports from the dirty part of the world as well as both dirty countries impose zero tariffs on the
imports from the clean country a. However, these dirty spokes still impose positive tariffs on the
imports from each other.

(v) Similar to (iv), if one clean and one dirty country announce in the favour of a third country,
and that country announces in the favour of a free trade world, then that third country would turn
into a hub and other two would be the spokes. The profile matching those announcements is (bh),
where b is the hub, and countries a and c are the spokes.

(iv) As in the CU game, the announcement profile (F') signals all three countries’ desire to live
in a free trade world. Under this profile countries apply zero tariffs on the imports from each other,

but they still impose individually optimal environmental taxes.

4.7.2.2 Welfare Effects of Various Trade Agreements in the FTA Game

LEMMA 4.3: The welfare impact of various types of trade agreements on members and non-
members is as follows:
(i) Wé(bcg) > W(Ng); W (abcy) > W (ab;) > W (bc;) & W (bcg) > W (Ng) > W (abcg)
A>A ) ) A<A
W¢(ab;) > W¢(abc;) > WE(N;); Wé(abe;) > WE(aby)
A< A=A
(i) W9 (abg) < W (Ng); WP(ab)) < WP(N;); WP(aby) < WP(Ny)
A>A A<A

W(ab)) > We(Ny); WP(ab)) > WE(N)); WP(ab,) > WP(Ny)
(iii) W/ (bcg) > W/ (Ng); W/ (bc)) < W/(abc)) & W/ (beg) > W/ (abcg);W/ (bcg) > W/(ajg), j €
[b,c]
(iv) We(al') > Wa(ab,); WP (Bly) > WP(bcg); WE(aby) > WE(bl) > We(al!)
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A<A A>4
W (al) <W(Ng); Wi(bey) > WAD)) s W(bey) < WAb}); WE(bk) < We(aby);

The results of Lemma4.3(—i) illustrate that each of the three countries can benefit from excluding
itself from a free trade world for some levels of productivity parameter and negative externality.
The only clean country, country a, prefers to be an outsider of a bilateral trade agreement between
two dirty countries for any levels lambda and pollution, and if pollution is global then that clean
country a would be happy to exclude itself from a world trade agreement to achieve the highest
level of welfare in this entire game. Either dirty country would do exactly the same by excluding
themselves from the world trade agreement if pollution is local and the productivity gap is relatively
narrow. The results in Lemma4.3(—ii) state that both, clean and dirty, members of a shallow FTA
prefer to self-exclude themselves from this agreement for some levels of productivity parameter
and negative externality. Precisely, the clean country a is better off in the world with no trade
agreements than in a shallow bilateral FTA with one of the dirty countries if pollution is global,
and the dirty country b would prefer to exit this bilateral trade agreement for both levels of pollution
if the productivity gap is relatively narrow. Lemma4.3(—iii) shows that dirty countries are always
better off in a shallow FTA than in the no agreement scenario. Also, if pollution is global then dirty
players have an incentive to exclude the only clean member of the world, and if pollution is local,
then those dirty country countries would prefer the clean country to join them in a shallow trade
agreement. Lemmad4.3(—iv) illustrates the following: if pollution is local then one of the dirty
spokes would always prefer to exclude itself from both hub-and-spoke trade regimes and become
an outsider of a bilateral FTA between one clean and one dirty country, and if pollution is global
then the only clean country would self-exclude itself. Self-Exclusion of country a would either
give us the world with no trade agreements in it (the self-exclusion of a hub) or the world with a
bilateral FTA of two symmetric dirty countries (self-exclusion of a spoke), and in either cases, the

clean country a would benefit from being an outsider and enjoy the higher levels of welfare gains.
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4.7.2.3 Announcement Profiles, Associated Trade Agreements and Nash Equilibria in the

FTA Game

PROPOSITION 4.20: In the FTA game, the Nash equilibria announcement profiles and the asso-

ciated trade agreements are shown in Table 4.3.

Shallow Nash Equilibria
Announcement Profiles
Agreements local global

Q*={c,={2,2},0,={2,2},0.={2,2}} (D) Yes Yes
Q% ={c,={b,&},0,=1{a,2},0.={2,2}} (ab) Yesif A <1,| No

NoifA > A
Q¢ ={o,={o,8},0,={2,c},0.={z,b}} (bc) Yes Yes
Q%" =1{c,=1{b,c},0p,={a,8},0.={a,z}} (ah) No No
Q% = {6, ={b,&},0, = {a,c},0. = {7,b}} (bh) No No
QF ={o,={b,c},0, = {a,c},0. = {a,b}} (F) Yesif A <A, | No

NoifA > 21

Table 4.3: The Nash equilibria announcement profiles and the associated trade agreements in the
FTA game

To prove that the announcement profile 2%, which constitutes the world with no trade agreements
in it, is a Nash equilibria, we use the logic similar to the one we used in the CU game. Simply,
no player would be better off by unilaterally changing its announcement, and therefore, Q% is a
Nash equilibria. We use the results presented in Lemmad4.3(—ii) to prove that the announcement
profile 2%, which constitutes a shallow bilateral trade agreement between one clean and one dirty
country, is a Nash equilibria if pollution is local and the productivity gap is relatively wide. In this

case, none of the members, neither country a no country b, can improve their welfares by deviating
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into the no agreement scenario, and this deviation is the only one possible. The same lemma
shows that the announcement profile 2% does not survive Nash equilibria refinement if pollution
is local and the productivity gap is relatively small; the dirty country b can improve its welfare by
unilaterally changing the announcement to deviate into the no agreement scenario. Also, the results
in Lemma4.3(—ii) show that if pollution is global, then the clean country a would prefer to self-
exclude itself from the shallow FTA with one of the dirty countries and enjoy the increased welfare
under the no agreement scenario. The announcement profile 2°¢, which constitutes a shallow
FTA between two symmetric dirty countries, is a Nash equilibria for both levels of pollution, and
we prove it by using the results in Lemmad4.3(—iii). These results show that neither member can
improve its welfare by performing a unilateral deviation; the dirty countries are better off together
than in the no agreement scenario.

In our model, two different shallow hub-and-spoke trade regimes can arise, (ag) and (bg). The
announcement profile Q%" results in (a};), and the announcement profile %" in (b%). The results
in Lemma4.3(—iv) clearly show that none of these profiles constitutes a Nash equilibria: if pollu-
tion is local then country c, the spoke in both (a) and (b%), would prefer to self-exclude itself and
face the bilateral FTA as an outsider versus being a spoke in either hub-and-spoke trade regime;
and if pollution is global than the clean country a would self-exclude itself from either hub-and-
spoke trade regimes. As a hub in (a’é) trade regime, country a has enough power to bring world
to the no agreement scenario, and as one of the spokes in (b’é) trade regime, the clean country a
can enjoy the highest level of welfare in the entire game by simply self-excluding itself to become
an outsider of a bilateral FTA between two dirty countries. The announcement profile Q7 is im-
mune to all unilateral deviations if pollution is local and the productivity gap is relatively large,
and to prove it we use the results in Lemma4.3(—i) and Lemma4.3(—iii). The results in those
lemmas show that neither member of this world free trade agreement has an incentive to perform
a unilateral deviation and become either a spoke or an outsider of a bilateral trade agreement of
other two members of the world. To prove that the announcement profile QF does not survive the

Nash equilibria refinement if pollution is local and the productivity gap is relatively narrow we use
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the results in Lemma4.3(—i), which state that either dirty member of the world can benefit from
separating itself from a world shallow free trade agreement and becoming an outsider of a bilateral
FTA of one clean and one dirty country. Also, the results in Lemma4.3(—i) show that if pollution
is global, then the only clean member of the world would undertake a unilateral deviation and
exclude itself from the world free trade agreement to become and outsider of a bilateral FTA of
two dirty players and gain the highest level of welfare possible in this entire game. Based on that,
we conclude that Q7 is not a Nash equilibria if pollution is local and productivity gap is relatively

narrow and if pollution is global.??

4.7.2.4 Coalition-Proof Nash Equilibria of the FTA Game

Coalition-proof Nash equilibria is a refinement of a set of Nash equilibria which needs to survive
all possible meaningful self-enforcing coalitions, and again, though the no agreement announce-
ment profile, Q% constitutes a Nash equilibria, this profile does not survive coalition-proof Nash
equilibria refinement. We prove it by considering the coalitional deviation of two symmetric dirty
countries in the form of a shallow bilateral trade agreement, and the results in Lemmad4.3(—iii)
show that dirty countries are always better off in a shallow FTA than in the no agreement scenario.
Based of that, we conclude that 2% is not a CPNE for both local and global levels of pollution.
Also, thought the announcement profile Q¢ survives all Nash equilibria refinements if pollution
is local and the productivity gap is relatively large, it does not constitute a CPNE. To prove it, we
analyze the grand coalition and observe the following: all three countries can improve their wel-
fares by deviating to form a free trade world: W¢(abc;) > W% (ab;) and W?(abc;) > W?(ab;), and
W€ (abc;) > W€(aby) if productivity gap is relatively large, Lemma4.3(—i) and Lemma4.3(—iii).
The announcement profile 2°¢, which constitutes a shallow bilateral trade agreement between two
symmetric dirty countries, survives Nash equilibria refinement for all levels of pollution and pro-

ductivity parameter, but it does not survive a coalition-proof Nash equilibria refinement if pollution

32For the proofs, please Appendix A.4.7.2
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is local. We prove the above in two steps. First, we examine the grand coalition, and again we ob-
serve that all three countries can improve their welfares by deviating to form a free trade world:
W4 (abc;) > W% (bc;) and WP (abc;) > WP (be;); W (abe;) > W€ (bc;) and W€ (abc;) > W€ (aby) if
productivity gap is relatively large, Lemma4.3(—i) and Lemma4.3(—iii). This deviation is self-
enforcing, because any change in either member’s announcement would turn one of the two other
countries into a hub or make the country, which changes the announcement, into an outsider of
a bilateral trade agreement, and either move would lead to lower welfare gains for a deviating
country. Based on that, we conclude, that this deviation is both meaningful and self-enforcing,
and consequently, ¢ is not a CPNE if pollution is local and productivity gap is relatively large.
The case of local pollution and narrow productivity gap is examined later in this section. We can
conclude, that 29 is not a CPNE. Now, we can state the following:

PROPOSITION 4.21: The only coalition-proof Nash equilibria of the FTA game, if pollution is
global, is the announcement profile Qb€ which constitutes a bilateral free trade agreement between
two symmetric dirty countries.

To prove the above proposition, we examine all possible meaningful deviations. First, we consider
the coalition of two asymmetries countries, clean country a and dirty country b, and we observe
that this deviation is not meaningful due to negative changes in the welfare gains of both members,
Lemma4.3(—i) and Lemma4.3(—iii). Now, we examine the grand coalition, and again we observe
that the only clean country, country a, prefers to stay an outsider of this shallow trade agreement
between two symmetric dirty countries, because the role of an outsider brings country a the highest
level of welfare in this entire game. Again, we can see that this deviation is not meaningful. Based
on the above, we conclude, 2% is a CPNE if pollution is global.

PROPOSITION 4.22: The only coalition proof Nash equilibria of the FTA game, if pollution is
local and the productivity gap is relatively large, is the announcement profile Q¥ which constitutes
a free trade world; and if pollution is local and the productivity gap is relatively narrow, then there
is no coalition-proof Nash equilibria in this game.

To prove the above, we examine all possible meaningful deviations. First, we consider the coalition
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of two asymmetries countries, country a and country b, and we observe that this coalitional devia-
tion would result is a lower welfare gains for both members, Lemma4.3(—i) and Lemma4.3(—iii),
and based on that, we conclude that this deviation is not meaningful. Now, we consider the
coalition of two symmetries dirty countries, country b and country ¢, and again we observe,
that this coalitional deviation would lead to a reduced welfare gains for both deviating countries,
Lemma4.3(—iii), and consequently, we conclude that this deviation is not meaning, too. Based on
the above, we conclude, QF is a CPNE if pollution is local and the productivity gap is relatively
large.

Though, if pollution is local and productivity gap is relatively narrow, there are two announcement
profiles which survive Nash equilibria refinement, {2 ® and Q%¢, none of them constitutes a CPNE.
As we stated above, two symmetric dirty countries are always better off in an agreement with each
other than in the world with no agreements in it, the results in Lemma4.3(—iii). Consequently, this
coalitional deviation is both meaningful and self-enforcing, and as a result of it, the announcement
profile 2% cannot be a CPNE. Now, we examine the announcement profile 2%¢, if pollution is
local and the productivity gap is relatively narrow, and we observe that the coalitional deviation of
one clean and one dirty country in the case of local pollution and relatively narrow productivity
gap is possible. Either member of (b¢;) is interested in making a side deal with the only clean
member of the world, country a. Country a would except this offer from either dirty country. The
clean player is better of as a spoke than as an outsider of a shallow FTA of two dirty countries,
Lemma4.3(—iv). Based on the above, we conclude, Qb¢ is not a CPNE if pollution is local and

productivity gap is relatively narrow.>3

3For the proofs, please Appendix A.4.7.2
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4.8 Endogenous Deep Trade Agreements
4.8.1 The Integrated Customs Union Game

4.8.1.1 Integrated Customs Unions In the IU Game

In this part of the paper, we describe different deep preferential trade agreements which can arise
under the integrated customs union game. The difference between integrated customs union game
and customs union game, described in the previous section, lies in the nature of deep and shallow
trade agreements. In this game, countries’ announcements are not limited to trade agreements only,
but they also include an environmental clause. In the first stage of this game, players announce
countries they would like to form an integrated union with. Each player’s strategy set (S’j”) consists

of four possible announcements denoted as 1*;
Sa ={{z,2},{p". 2}, {.c"} {b",c"}}
o= {72} {a" 2} {z,c"} {a" c"}}
St ={{#.2} . {a", 2} ,{2,b"} {a",b"}}

where announcement G}” = {&, o} indicates player’s desire to stay away from any integrated
union; if G}“ includes only one of the two countries then it denotes the player’s wish to form an
integrated union with that country only and exclude the third player; if Gjl:” has two other countries
then it indicates player’s desire to be a partner of both countries.

In the integrated customs union game, the countries strategy sets map into the following deep trade
agreements:

(1) If all players announce in the favour of no agreement, or the announcements do not match, it
results in the announcement profile <CI>i” > This profile implies that each player applies individually
optimal tariffs and environmental taxes.

(ii) If one clean and one dirty country announce each other, and none of these countries call

the second dirty player, then the announcement profile (abiu) arises. In this case, members agree
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on the environmental tax they levy on their producers of the dirty good A, apply zero tariffs on
imports from each other and jointly optimal tariff on the import from the outsider, country c. An
outsider is free to choose individually optimal tariffs and taxes.

(iii) Similar to (ii), announcement profile (bciu) indicate two countries’ desire to exclude the
third member. In this case, two clean countries exclude a dirty country a and form an integrated
customs union which includes only clean players.

(iv) The announcement profile <F i”> signals all three countries’ desire to live in an entirely
integrated world. Under this profile countries agree on the environmental tax level and apply zero

tariffs on the imports from each other.

4.8.1.2 Welfare Effects of Various Deep Trade Agreements in the IU Game

LEMMA 4.4: The welfare impact of various types of deep trade agreements on countries-members
and non-members is as follows:
(i) W(abl) > W9 (Ng); WP (ab}") > WP(N;) & WP (abi) < WP(Ny)

W(bcllt) > W/ (Ng) where j € [b,c]
(ii™) W(abcly) > W(abl) > W*(Ng)

W (bcl) > W (abcl) > W/ (Ng) & W/ (bcl) < W/ (aji) where j € [b,c]
The results in Lemma4.4(—i™) show that the only clean country, country a, is always better off
in a deep union with one of the dirty countries, but a dirty country would get into a deep trade
agreement with the clean partner only if pollution is purely local. If pollution is global, then a dirty
partner of a deep trade union between two asymmetric countries would separate itself and achieve
higher welfare gains in the the world with no integrated agreements. Also, Lemma4.4(—i™) states
that dirty countries would prefer to form a deep trade union versus being a part of no agreement at
all for any level of pollution and productivity parameter. The results in Lemma4.4(—ii™) illustrate

that the clean member of the world has no exclusion incentive and would prefer to be a part of a
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fully integrated world versus being a member of a bilateral deep trade agreement. On the other
hand, the same lemma shows that dirty countries have an incentive to exclude the clean member in
the form of a deep trade union of dirty members exclusively, because this union brings its members

the highest level of welfare in this entire game.

4.8.1.3 Announcement Profiles, Associated Trade Agreements and Nash Equilibria in the

IU Game

PROPOSITION 4.23: In the IU game, the Nash equilibria announcement profile and associated

deep trade agreements are shown in Table 4.4.

Deep Nash Equilibria
Announcement Profiles
Agreements local global
Qd’mE{Gé”:{g,g},al’;“:{g,g},oc"“:{g,g}} (P™) Yes Yes
Qv = foit = [p g} 6" ={a, &}, 0" ={z,5}} {(abiu) Yes No
Q= (o' = {5.0}.0' = {m.c} Gl = {&.b}} | (bei) | Yes | Yes
Q" ={ci" = {b,c},0" = {a,c}, 61 = {a,b}} Fi) No No

Table 4.4: The Nash equilibria announcement profiles and the associated trade agreements in the
IU game

The announcement profile Q%" which constitutes a world with no agreements in it, is a Nash
equilibria for both local and global levels of pollution; a unilateral change in any player’s an-
nouncement does not affect their welfare levels. We use the results in Lemma4.4(—i™) to prove
that the announcement profile 2%, which results in a deep trade agreement between one clean

and one dirty country, is a Nash equilibria if pollution is local, and this announcement profile does
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survive Nash equilibria refinement if pollution exhibits global characteristics. If pollution is lo-
cal, then neither member of a deep trade union between two asymmetric countries can improve its
welfare by unilaterally deviating; both members accrue higher levels of welfare in the deep union
with each other than in the no agreement scenario. However, if pollution is global, then the clean
partner of this deep trade agreement can improve its welfare gains by deviating into the no agree-
ment scenario. Based on the above, we conclude that the announcement profile Q™ constitutes
Nash equilibria if pollution is local, and if pollution is global, then this profile does not survive
Nash equilibria refinement. The announcement profile 2% which leads to an integrated union
between two dirty countries, is a Nash equilibria for both local and global levels of pollution. To
prove that, we use the results in Lemma4.4(—i); dirty countries are better off in a deep trade
union with each other than in the no agreement scenario. As a result, there is no unilateral de-
viation to undertake for either of the members in order to improve their welfares. We prove that
the announcement profile or iu, which constitutes a world united under the same environmental
agreement with no trade barriers, does not survive Nash equilibria refinement by using the results
presented in Lemma4.4(—ii™). These results show that two dirty players would prefer to exclude
the clean country for both local and global levels of pollution; either dirty country can improve its
welfare by calling another dirty country exclusively. Dirty countries would always prefer a deep
trade of union of dirty members not only to an integrated world but also to a deep trade union with
the clean country a. Based on that, we conclude, that Q/ " is not a Nash equilibria for both local

and global levels of pollution.3*

4.8.1.4 Coalition-Proof Nash Equilibria in the IU Game

The announcement profile Q%" is a Nash equilibria for both local and global levels of pollution,
but it does not survive coalition-proof Nash equilibria refinements, and we prove it by considering

a deep trade union of two symmetric dirty countries, b and c¢. This trade union brings its members

34For the proofs, please Appendix A.4.8.1
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the highest level of welfares in this game, so we can conclude that these two dirty counties can
form a self-enforcing deep trade agreement for both levels of pollution, and no further deviations
can occur. Based on the above, we conclude that Q" is not a CPNE for both levels of pollution.
We use similar logic to show that the announcement profile Q%™ does not survive coalition-
proof Nash equilibria refinement as well. Again, we consider a deviation of two symmetric dirty
countries, country b and country c, in the form of a trade and environmental union; the level of
welfare these countries achieve from forming an integrated union is the highest in this game, so
none of the members would deviate any further. Based on that, we conclude that Qb jg not a
CPNE. Now, we can state the following:

PROPOSITION 4.24: The announcement profile Q"™ which constitutes an integrated union
between two symmetric dirty countries, is the only CPNE in this game for both local and global
levels of pollution.

Neither member can do better by deviating from their original announcement for both levels of
pollution. The level of welfare countries achieve in this deep trade agreement is the highest in this
entire game, and based on that we conclude that, Qbeiv jg self-enforcing commitment between

two dirty countries for both local and global levels of pollution.?

4.8.2 The Integrated Free Trade Agreement Game

4.8.2.1 Integrated FTAs

In the first stage of this game, players also announce countries they would like to form a deep
trade agreement with, but in this game integrated agreements take the form of deep free trade
agreements with an environmental clause. Each player’s strategy set (S‘j) consists of four possible

announcements denoted as 6]’-:

Sa= {122}, {2} . {2,c'}, {P.c'}}

35For the proofs, please Appendix A.4.8.1
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S, ={{2.2} {d. 2} . {2.c} {d.c}}
Se={{2,2}.{d"\ 2}, {20} {d'b'}}

where announcement GJI: = {&, o} indicates player’s desire to stay away from any deep trade
agreement with either partner; if Gjl: includes only one of the two countries then it denotes the
player’s wish to form an integrated agreement with that country only and exclude the third player;
if G; has two other countries then it indicates player’s desire to be a partner of both countries.

In the I game, the countries strategy sets map into the following deep trade agreements:

(1) If all three players announce in the favour of no agreement or the announcement profiles
do not match, it results in the profile <CI>i>. Under this profile each country applies individually
optimal tariffs and environmental tax on its producers of the dirty good A.

(ii) If country a’s announcement is {b', ¢} and country b’s announcement is {a’, 2}, the
profile (abi) arises. The outsider’s announcement would not alter this profile because neither
member of this integrated agreement is calling c¢. This profile implies that members agree on the
environmental tax they levy on their producers of the dirty good A, apply zero tariffs on imports
from each other and individually optimal tariff on the import from the outsider, country c.

(iii) Similar to (ii), announcement profile (bci) indicates two countries’ desire to exclude a third
member of the world. In this case, two dirty countries exclude the clean country a and form a deep
trade agreement which includes only dirty members.

(iv) If both dirty countries announce only in the favour of a deep trade agreement with the
clean country, and the clean country announces in the favour of a fully integrated world, then these
announcements result in a hub-and-spoke trade regime with a jointly optimal tax level. In this
case, the clean country a is a hub, and two dirty countries are the spokes, (ahi). Under this profile,
country a imposes zero tariffs on the imports from the dirty part of the world as well as both dirty
countries impose zero tariffs on the imports from country a. However, two dirty countries still
impose positive tariffs on the imports from each other.

(v) Similar to (iv), if one clean and one dirty country announce in the favour of a third country,

and that country announces in the favour of a fully integrated trade world, then that third country
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would turn into a hub and other two would be the spokes. The profile matching those announce-
ments is (bhi), where b is a hub, and countries a and ¢ are the spokes.

(iv) As in the IU game, the announcement profile (F') signals all three countries desire to live
in an entirely integrated world. Under this profile countries apply jointly optimal environmental

tax and zero tariffs on the imports from each other.

4.8.2.2 Welfare Effects of Various Deep Trade Agreements in the I Game

LEMMA 4.5: The welfare impact of various types of deep trade agreements in the I game on
countries-members and non-members is as follows:

(if) W4(aby) > W4 (Ng); W (ab)) < WP(N;) & WP(abl)) > WP(N,); W€ (ably) > W*(Np):

(ii') W/ (bcly) > WJ(Ng), where j # a; W (bcl) < W4(N;) & W9(bch) > W9(N);

(iii") We(dl) < We(ab!) & Wj(ahi) > Wj(ab;) where j # a; We(bl) < We(ably);

(iv') We(abc)) < W€(ab}) & W€ (abcy) > W€ (ab});

W (abcly) > WA (b)) > W9 (bcly); We(abcly) > We(al) > We(abl) > W (),

(V') Wi (bcl) > WI(ji) if A < AL & W (bcl) < W (ji) if & > AL & WI(bck) < Wi(jh), j#a
(vi') We(abcly) > W%(aji) where j # a;

W (i) > W (bcl) > Wi(abcl) if A < Al & WI(j1) > Wi(abcl) > Wi(bch) if A > AL, j # a;
The results in Lemma4.5(—i') state that the clean country would prefer to be a part of a deep trade
agreement with either dirty member of the world, for both local and global levels of pollution,
but a dirty country is interested in forming this deep bilateral FTA only if pollution is global.

13

Furthermore, “a silent winner” of this agreement is an outsider, country ¢, for both local and
global levels of pollution. Lemma4.5(—ii’) shows that dirty countries acquire higher welfare gains
in a deep trade agreement with each other than in the no agreement scenario, for both levels of

pollution, and the clean outsider, country a, would actually prefer this agreement to the world

with no agreements, but only if pollution is global. The results in Lemma4.5(—iii*) reveal, that if
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pollution is local and the clean country is a hub, then each spoke is better of as an outsider of a
bilateral deep trade agreement between the hub and the other spoke than as a spoke in this hub-
and-spoke trade regime. However, if pollution is global, then being a spoke is better than being an
outsider or even a member of a deep bilateral FTA with the clean country. Also, the same lemma
states, that if one of the dirty countries assumes the role of the hub, then the other dirty country
would deviate in order to be an outsider of a deep FTA between the hub and the clean spoke, and
this deviation would create an increase in the welfare gains of the deviating dirty spoke. The results
in Lemma4.5(—iv') illustrate, first, that either dirty country would rather face a deep bilateral FTA
as an outsider than be a part of a fully integrated world if pollution is local, second, if pollution
is global, then a self-exclusion of any player would lead to a reduction in this deviating player’s
welfare, and third, the clean country is better of as a spoke than as an outsider of a deep FTA of
two dirty players for any level of pollution and productivity parameter. Lemma4.5(—v') shows
that, for any dirty country, it is better to be a hub than a member of a deep bilateral trade agreement
with another dirty country if pollution is global and if pollution is local and the productivity gap
is relatively narrow. However, if pollution is local and the productivity gap is relatively wide, then
those two dirty countries achieve the highest level of welfare in the deep FTA with each other. The
results in Lemma4.5(—vi') state that the clean country a would always prefer to be a part of a fully
integrated world to being a member of a deep bilateral FTA, and the dirty countries prefer the same

if pollution is global and the productivity gap is relatively narrow.
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4.8.2.3 Announcement Profiles, Associated Trade Agreements and Nash Equilibria in the I

Game

PROPOSITION 4.25: In the I game, the Nash equilibria announcement profiles and the associated

integrated agreements are shown in Table 4.5.

Deep Nash Equilibria

Announcement Profiles
Agreements local global

Q% ={c.={2,2},0l = {5,2},0. = {5,2}} (@) Yes Yes
QWi ={oi ={b,o},0l={a,2},0l={z,5}} (abi) No Yes
Qi ={o! ={o,o},0,={2,c}, 0. ={2,b}} (bciu) Yes Yes
Qi ={oi ={b,c}, 0, ={a,2},0. ={a,2}} (ahi) No Yes
Qi = (ol ={b,z},0. ={a,c},0l ={z,b}} (bhi) No No
QF = {0, ={b,c},0} ={a,c},0i ={a,b}} (F") No Yes

Table 4.5: The Nash equilibria announcement profiles and the associated trade agreements in the I
game

The announcement profile Q"bi, which results in each country applying individually optimal trade
tariffs and environmental taxes, again, constitutes a non-cooperative Nash equilibria for both local
and global levels of pollution; any unilateral change any player can perform would not results in
the change in their welfare levels. The announcement profile 2%, which constitutes a deep trade
agreement between one clean and one dirty country, is not a Nash equilibria if pollution is local.
The results in Lemma4.5(—i") state that though the clean member of the world has no incentive to
deviate from its announcement, the dirty partner of this agreement is better off in the world with
no agreements in it than in an agreement with the clean country if pollution is local. Based on

that, we conclude that Q% does not survive unilateral deviations, and consequently, cannot be a
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Nash equilibria if pollution is local. The same lemma shows that if pollution is global, then neither
member can improve its welfare by deviating unilaterally, so Q%" is a Nash equilibria if pollution is
global. Based on the results in Lemma4.5(—iii ), we conclude that the announcement profile Qb
which constitutes a deep FTA between two symmetric dirty countries, is a Nash equilibria for both
local and global levels of pollution. Neither member of this agreement can improve its welfare by
unilaterally changing their announcements. The announcement profile 2%, which constitutes a
deep hub-and-spoke trade regime with the clean country assuming the role of the hub, does not
survive Nash equilibria refinement if pollution is local. To prove that, we use the results presented
in Lemma4.5(—iii'); either dirty spoke has an incentive to perform a unilateral deviation in order
to face a bilateral FTA between the clean hub and the second dirty spoke. This change in the
announcement would improve the deviating country’s welfare, and based on that, we conclude that
the announcement profile 2" is not a Nash equilibria if pollution is local. However, the global
level of pollution creates an incentive for the dirty spokes to stay in this deep hub-and-spoke trade
regime, Lemma4.5(—iiii), and we conclude that Q% survives all Nash equilibria refinements if
pollution is global. Also, based on the results in the same lemma, Lemma4.5(—iiii ), we conclude
that the announcement profile 2%, which constitutes a deep hub-and-spoke trade regime with one
of the dirty countries assuming the role of the hub, is not a Nash equilibria for both local and global
levels of pollution. In this case, the dirty spoke is better off deviating into the outsider of a deep
FTA between the hub and the clean spoke. This unilateral deviation would lead to an increase in
the welfare level of the dirty spoke, and based on the above, we conclude that Qb s not a Nash
equilibria for both local and global levels of pollution. The announcement profile Q/ i, which
constitutes a fully integrated world, does not survive Nash equilibria refinement if pollution is local,
and to prove that, we use the results in Lemma4.5(—iv'). These results show that if pollution is
local, then either dirty country has an incentive to self-exclude from this deep free trade agreement
to improve its welfare gains; for a dirty country, being an outsider of a deep bilateral FTA between
the clean country and the second dirty player brings higher welfare gains than being a part of a

fully integrated world if pollution is local. Based on the above, we conclude that the announcement
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profile Q' "is not a Nash equilibria if pollution is local. Also, the results in Lemma4.5(—iv') show
that if pollution is global than none of the members has an incentive to deviate from the deep free
trade agreement. In this case, there are two possible unilateral deviations: first, any country can
completely separate itself from this agreement, by changing its announcement into {&, &'}, and
this would lead to this deviating country facing a deep FTA of two other members of the world,
and lower welfare gains; and second, a deviating country can just limit its announcement and
include only one of two other countries, and this change would lead to a creation of one of the
two hub-and-spoke deep trade regimes, and consequently, result in a lower level of welfare gains
for the deviating country. Based on the above, we conclude that there is no meaningful unilateral

deviations, and the announcement profile Q/ "is a Nash equilibria if pollution is global.?

4.8.2.4 Coalition-Proof Nash Equilibria of the I Game

Again, though the announcement profile €2 @' constitutes a Nash equilibria for both local and global
levels of pollution, it does not survive the coalition-proof Nash equilibria refinement. To prove it,
we examine the coalitional deviation of two symmetric dirty countries, country b and country c,
and based on the results in Lemma4.5(—ii’), we conclude that this deviation in meaningful and
self-enforcing, and consequently, Q%" is not a CPNE for both levels of pollution. The announce-
ment profile Q%< | as well as Q‘pi, survives all possible unilateral deviations, and consequently
constitutes Nash equilibria for all levels of pollution and productivity parameter, but it does not
survive the coalition-proof Nash equilibria refinement if pollution is global and if pollution is local
and the productivity gap is relatively narrow. We discuss the case of local pollution later in this
section, and now we examine the case of global pollution. The results in Lemma4.5(—iv') show
that the clean country a is better off as a spoke than as an outsider of (bci) if pollution is global, and
Lemma4.5(—V') states that any dirty country is better off as a hub than as a member of a deep FTA

with another dirty country. Based on this, we conclude that either member of (bci) would offer

36For the proofs, please Appendix A.4.8.2
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a deal to the outsider, country a, and turn into a hub, and consequently, the announcement profile
Qb does not survive coalition-proof Nash equilibria refinement if pollution is global. Now, we
can state the following proposition:

PROPOSITION 4.26: If pollution is local and the productivity gap is relatively large, then the only
coalition-proof Nash equilibria of the I game is the announcement profile Qb1 which constitutes
a deep bilateral trade agreement between two symmetric dirty countries, and if productivity gap is
relatively narrow, then there is no coalition-proof Nash equilibria is this game.

If pollution is local and the productivity gap is relatively wide, the level of welfares the members
of (bci) acquire is the highest in this entire game, Lemma4.5(—'), and based on that, we conclude
that there are no meaningful coalitional deviations, and the announcement profile Qbei constitutes a
CPNE. If pollution is local and the productivity gap is relatively narrow, then there is no coalition-
proof Nash equilibria in this game. There are only two announcement profiles, Q% and Qbet,
which survive all unilateral deviations, and consequently constitute Nash equilibria in this game,
if pollution is local and the productivity gap is relatively narrow. We have already ruled out the
no agreement announcement profile earlier in this section, and now, we are going to present our
reasons to rule out the second candidate, 2. To do so, we examining the coalitional deviation of
one clean and one dirty country. Either member of (bci) is interested in making a side deal with
the only clean member of the world, country a, Lemma4.5(—vi), and country a would except this
offer from either dirty country, Lemma4.5(—iv'). Either dirty country is better off as a hub than
as a member of a deep bilateral FTA with another dirty country, and the clean player is better of
as a spoke than as an outsider of this deep FTA. Based on the above, we conclude that there is no
announcement profile that satisfies coalition-proof Nash equilibria requirements in the I game, if
pollution is local and the productivity gap is relatively narrow.

PROPOSITION 4.27: If pollution is global, then the only coalition-proof Nash equilibria of the |
game is the announcement profile Q" i, which constitutes a fully integrated world.

We prove the above by examining all possible deviations. The first deviation we examine is the

coalition of the clean country a and one of the dirty players, then according to Lemmad4.5(—vi'),
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the clean country a is worse off, and we conclude that this deviation is not meaningful. Second,
we consider the coalitional deviation of two symmetric dirty countries, if pollution is global and
productivity gap is relatively large. In this case, the results in Lemma4.5(—iv') illustrate that this
initial deviation is meaningful, but in the same time, both dirty countries have an incentive to
deviate further and become a hub, Lemma4.5(—vii), and based on that, we conclude that though
this deviation is meaningful, it is not self-enforcing. In this step, we consider the coalitional
deviation of two symmetric dirty countries when productivity gap is relatively narrow, and we
observe that this initial deviation is not meaningful, and the only reason dirty countries would form
this agreement is a further deviation to become a hub, Lemma4.5(—vi'). Based on the above, we
conclude that the announcement profile Qf " survives all possible meaningful and self-enforcing

deviations, and consequently, constitutes a CPNE if pollution is global.?’

4.9 Further Discussion on Shallow versus Deep Integration
4.9.1 Article XXIV Restriction on External Tariffs

The Article XXIV of GATT/WTO prevents the members from rising their jointly optimal tariff on
the non-member above the pre-existing level. In our model, the pre-existing level of the external
tariff is the optimal Nash tariffs under no agreement. In the previous sections of this paper, we have
ignored this restriction and let countries set their tariffs at the levels they find optimal. However,
in this subsection, we factor the Article XXIV in and analyze the consequences of restricting
members of various deep and shallow trade agreements from raising their external tariff above the
no agreement level.

The pooled market power of customs unions’ members allows them to bring their jointly optimal
tariff above the no agreement level, and due to that, in our model, we observe the increase in the
tariffs on the imports from the outsider under the formation of both deep and shallow CUs of two

asymmetric countries, country a and country b. In our competing exporters model, countries are

37For the proofs, please Appendix A.4.8.2
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natural importers of only one good, the good they do not have a comparative advantage in. As
a result of this set up, the outsider of either deep or shallow union of country a and country b,
country c, faces a single tariff on its export of two different goods, the dirty good A to the clean
good B. Precisely, t(ab}/) > t§(N;) and t°(ably) > t§(N,) and t°(ab}') > t§(Ng). The explanation
for the above inequalities lies in the nature of those two goods, one is clean and one is dirty, and
this consequently explains the difference in the no agreement levels of tariffs on those two goods:
t5(Ny) > t5(N;) and 15(N,) < t5(N,). In order to comply with the Article XXIV restrictions, we
set the levels of these jointly optimal tariffs as follows: t“(abj) = t§(N;) and t°(aby) = t5(N,) and
tc(abi,”) = 15(Ng). Those changes do not alter our main results; even the implication of the Article
XXI1V still leads to either shallow or deep customs union of two symmetric countries surviving the

coalition-proof Nash equilibria refinement in respectively shallow and deep CU game.

4.9.2 Choice of Deep and Shallow Agreements

So far in this chapter, we have described five games: the environmental agreements game, the
E game, two shallow trade agreements games, the CU game and the FTA game, and two deep
trade agreements games, the IU game and the I game. In each of those games, the countries’ an-
nouncement sets are limited to a particular type of trade agreements. In this section, we take a step
further and consider four extended games: the shallow trade agreements game, where countries can
choose between shallow CU and FTA agreements; the deep trade agreements game, where players
can choose between integrated customs unions and integrated FTAs; and the extended game with
the choice between pure trade customs unions and integrated customs unions; and the extended

game with the choice between deep and shallow FTA.
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4.9.2.1 Shallow Trade Agreements Game

In this extended game, both types of shallow preferential trade agreements are permitted. Each
player simultaneously announces the name(s) of the country(ies) and identifies whether they are
willing to form a customs union or a free trade agreement. The PTS are formed only if both signals

CU/FTA>

match. Each player’s strategy set (S j consists of seven possible announcements denoted as

CU/FTA

ST = ({2, 8} {2} {2} b} {b" 8} {2} {b", e}
ST = {2, 2} a8}, {7, ¢} {a.ch {at 2} {26 {at e}

SV = ({2, 2} {a, 2} {2,b} {a,b} . {a", 2} . {2,b"} . {a",b"}}

where announcement ¢**/F T4 = {@, @} indicates player’s desire to stay away from any shallow

J
.0 CUJFTA . . . . .
trade agreement; if o; includes only one of the two countries with no superscript then it

denotes the player’s wish to form an FTA with that country only, and if GJ.CU/ FIA includes only
one of the two countries with the superscript “U” then it denotes this player’s wish to form a
bilateral preferential trade agreement in the form of a customs union with that country only and
exclude the third player; if GJ-CU/ T4 has two other countries either with or without a superscript “u”
then it indicates player’s desire to be a trade partner of both countries. Though both announcement
profiles, {b,c} and {b", "} indicate country a’s desire to live in a free trade world, only the first one
would allow the possibility of hub-and-spoke regimes to arise, and due to that, those announcement
profiles are different.

For trade agreements to arise in this shallow trade agreements game, countries profiles should
match at two levels, the partner’s name and the type of a shallow preferential trade agreement. As
a result, the following trade agreements can emerge: (i) (®) - no agreement announcement profile

implies that either all three countries announce in the favour of no shallow trade agreement, or

countries’ announcements do not match on both or either levels; (ii) announcement profiles (abu)
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and (ab) arise when one clean and one dirty country announce each other, the former one, trade
union, implies that countries a and b call in favour of customs union, and the latter one, when these
countries declare their desire to form an FTA; (iii) similar to (ii), announcement profiles (bcu) and
(bc) indicate two countries’ desire to exclude the third member of the world in the form of either
CU or FTA; (iv) hub-and-spoke trade regimes, (ah) and (bh), can arise only if countries declare
in favour of FTA, the nature of customs unions prevents these announcement profiles; (v) both
announcement profiles, (F*) and (F), signal all three countries’ desire to live in a free trade world.
The announcement profile (®) survives all Nash equilibria refinement but, it does not constitute
a coalition-proof Nash equilibria for both local and global levels of pollution. To prove that, we
use the results in Lemma4.2(—i*) and Lemma4.3(—i), which illustrate dirty players’ incentive to
form a coalition and deviate to either a CU or an FTA, and these coalitional deviations are self-
enforcing. The announcement profile (ab) doest not constitute Nash equilibria if pollution is local
and productivity gap is relatively narrow, and this announcement profile does not survive Nash
equilibria refinement if pollution is global for any level of productivity parameter. In the former
case, the dirty member of this agreement has an incentive to deviate into the no agreement sce-
nario, and if pollution is global then the clean member exhibits the same incentive. Though the
announcement profile (ab) constitutes Nash equilibria if pollution is local and productivity gap is
relatively wide, it does not survive the coalition-proof Nash equilibria refinement. In this case, two
symmetric dirty countries, country b and country ¢, would deviate in the form of a customs union,
and though they both would prefer to announce the clean country a as well, and consequently, turn
into a hub, the nature of customs unions prevents this deviation, and we conclude that original
deviation is self-enforcing. The announcement profile (abu) is not a Nash equilibria if pollution
is global; the clean country a is simply better off in the no agreement scenario, and consequently,
it would perform a unilateral deviation and improve its welfare gains. If pollution is global, then
the announcement profile (abu) survives all unilateral deviation, and constitutes a Nash equilibria.
However, it does not survive the coalition-proof Nash equilibria refinement; again, two symmetric

dirty country have an incentive to deviate in the form of a CU, and again, though each member of
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this coalitional deviation would prefer to announce the clean country a as well in order to assume
the role of a hub, the nature of customs unions prevents this type of deviations. Though the an-
nouncement profile (bc) constitutes a Nash equilibria for both local and global levels of pollution,
it does survive coalition-proof Nash equilibria refinement. Members of this shallow FTA would
deviate together to form a customs union instead, and again no further deviation can occur, because
the nature of customs union prevents hub-and-spoke trade regimes. Neither of the two hub-and-
spoke trade regimes,(ah) and (bh), constitutes a Nash equilibria. In case of local pollution, country
¢, a spoke in both regimes, has an incentive to become an outsider and face a shallow FTA of one
clean and one dirty country, and if pollution is global, then the clean country a would prefer to
self-exclude from either of those trade regimes. The announcement profile (F') , which constitutes
a shallow free trade, does not survive Nash equilibria refinement if pollution is global and if pollu-
tion is local and the productivity gap is relatively narrow. In the former case, the clean country a is
better off as an outsider of a shallow FTA of two dirty countries, and in the latter case, either dirty
country is better of as an outsider. Though the announcement profile (F) is a Nash equilibria if
pollution is local and the productivity gap is relatively wide, it is not a CPNE. Two symmetric dirty
countries would prefer to deviate in the form of a CU, and again, though both members have an
incentive to announce the clean country a, the nature of customs unions prevents this deviation. In
this extended game, the only announcement profile which survives all meaningful self-enforcing
deviations, and consequently, constitutes a coalition-proof Nash equilibria, is the announcement
profile (bcu). We prove it by examining every possible deviation. First, we consider the coalitional
deviation of two asymmetric countries, the clean country a and the dirty country b, in the form of
either PTA, FTA or CU, and we observe that neither of these deviations is meaningful. Second,
we consider a coalitional deviation of two symmetric dirty countries, country b and country c, into
a different type of PTA, namely an FTA, and again, we find that this deviation is not meaningful.
Next, we examine the grand coalition of all three countries, and this deviation is not meaningful
as well for either dirty country. Finally, we acknowledge that though both members of this shal-

low trade union would benefit from including the clean country a into their announcement, and
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consequently, become a hub, the nature of customs unions prevents hub-and-spoke trade regimes
from arising. Based on the above, we conclude that the only announcement profile which survives
a CPNE refinement in this extended game is (bcu), which constitutes a shallow customs union of
two symmetric dirty countries. Our finding are in line with the leading literature on this topic,

given a freedom to choose between two types of PTAs, the CPNE yields a customs union of two

symmetric countries.>8

4.9.2.2 Deep Trade Agreements Game

In this extended game, both types of deep preferential trade agreements are permitted. Each player
simultaneously announces the name(s) of the country(ies) and identifies whether they are willing

to form an integrated customs union or an integrated free trade agreement. Both signals should

match in order to form a deep trade agreement. Each player’s strategy set (Sj-/ IU) consists of seven

. 1/1U
possible announcements denoted as Gj/ :

= {{o.2) {0 o) e} Ay b ) (o {0 )
S — ({2, 2} {d, 2} (2.} {d. i} {at, 2}, {2}, {at, v} )

1 = (2.2 (o} () (b)) ) )

/1IU

where announcement GJI- = {4, g} indicates player’s desire to stay away from any deep trade

JIU

agreement; if GJI~ includes only one of the two countries with the superscript “I”’ then it denotes

the player’s wish to form a deep bilateral trade agreement with that country only, and if GJI-/ v

includes only one of the two countries with the superscript “IU” then it denotes this player’s wish
to form an integrated customs union with that country only and exclude the third player from both

il

trade and environmental agreements; if GJI- Y has two other countries with either superscript, it

indicates player’s desire to be a partner of both countries. Though both announcement profiles,

38For the proofs, please Appendix A.4.9.1
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{bi,ci} and {bi”,ci” indicate country a’s desire to be a part of a world trade and environmental
agreement, only the first one would allow a possibility of a hub-and-spoke regime to arise, and due
to that, those announcement profiles are different.

In this deep trade agreements game, countries profiles should match at two levels, the partner’s
name and the type of deep preferential trade agreement. As a result the following deep trade
agreements can arise: (i) <d>i> - no agreement announcement profile implies that either all three
countries announce in the favour of no deep trade agreement, or countries’ announcements do not
match on both or either levels; (ii) announcement profiles (abiu) and (abi) emerge when one clean
and one dirty country announce each other; the former one, integrated union, implies that countries
a and b call in favour of customs union with an environmental clause, and the latter one, when these
countries declare their desire to form a deep FTA; (iii) similar to (ii), announcement profiles (bciu)
and (bci) indicate two countries’ desire to exclude the third member of the world in the form of
either IU or an integrated FTA; (iv) hub-and-spoke trade regimes, (ahi) and (bhi), can arise only
if countries declare in favour of an integrated FTA, the nature of customs unions prevents these
announcement profiles; (v) both announcement profiles, (F™) and (F'), signal all three countries’
desire to live in a fully integrated world.

The results we presented in the section above show that the announcement profile (F), which
constitutes a shallow free trade, does not survive coalition-proof Nash equilibria refinement, and
similar to that, neither <F i”> nor <F i > announcement profiles, which both result in a deep free
trade agreement, survive coalition-proof Nash equilibria refinement. As long as the option of
either deep or shallow CU is on the table, countries do not end up in a free trade agreement. If
pollution is local, then the announcement profile <F i> does not survive Nash equilibria refinement;
either dirty country has an incentive to self-exclude and face a deep bilateral FTA of two other
countries. Furthermore, the announcement profile <F i"> does not constitute Nash equilibria for
both local and global levels of pollution. In this case, dirty countries prefer to exclude the only
clean player, and to do so, either of them can just limit its announcement to the other dirty country.

Though the announcement profile <F i > constitutes a Nash equilibria if pollution is global, it does
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not survive coalition-proof Nash equilibria refinement, and to prove it we examine the coalitional
deviation of two symmetric dirty countries in the form of a deep customs union. In this case, if
the productivity gap is relatively wide, then neither member of (bciu) has an incentive to deviate
simply because this level of welfare is the highest members can achieve in this extended game.
However, if pollution is global and the productivity gap is relatively narrow then either member of
this deep CU has an incentive to include the clean country a in its announcement, and consequently,
turn into a hub, but this deviation is not attainable based on the nature of customs union. Based on
the above, we conclude that deep tree trade does not constitutes a CPNE in this extended game for
any level of pollution or productivity parameter.

The announcement profile <<I>i > does not survive the coalition-proof Nash equilibria refinement,
and we conclude that based on the results presented in Lemmad4.4(—i™), Lemma4.4(—ii),
Lemma4.5(—i') and Lemma4.5(—ii'). If pollution is local, then the announcement profile (abi),
which constitutes a deep FTA between one clean and one dirty country, does not meet Nash equi-
libria requirement; the dirty member of this agreement has an incentive to self-exclude and gain a
higher level of welfare in the world with no trade and environmental agreements. Though this an-
nouncement profile survives Nash equilibria refinement if pollution is global, it does not constitute
a CPNE. In this case, two symmetric dirty countries have an incentive to deviate in the form of a
deep CU and gain the highest level of welfare if the productivity gap is relatively wide. However,
even if the productivity gap is relatively narrow, then this initial deviation is still meaningful and
self-enforcing, because though both members of this coalition would prefer to announce country a
as well and turn into a hub, this deviation is not possible due to the nature of customs unions. The
announcement profile (abiu) is a Nash equilibria if pollution is local, and it does not constitute a
Nash equilibria if pollution is global. In the latter case, the dirty member of this deep CU is better
of in the no agreement scenario, and naturally, it will unilaterally deviate to improve its welfare
level. However, even if pollution is local and an integrated customs union between one clean and
one dirty country survives Nash equilibria refinement, it still does not constitute a CPNE. In this

case, two symmetric dirty countries would form a coalition, (bciu). The deep trade union of two
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symmetric dirty countries lets its members to acquire the highest level of welfares in this extended
game, if pollution is local, and based on that we conclude that this coalitional deviation is both
meaningful and self-enforcing. Though the announcement profile (bci) constitutes a Nash equi-
libria for both levels of pollution, it does not survive coalition-proof Nash equilibria refinement.
Members of this deep FTA are better of in a deep CU, so we can conclude that dirty countries
would deviate to form a deep customs union instead. Both deep hub-and-spoke trade regimes,
(ahi) and (bhi), do not constitute a Nash equilibria if pollution is local, and (bhi) is not a Nash
equilibria if pollution is global as well. In all these cases, country c, a spoke in both trade regimes.
is better off as an outsider of a bilateral FTA of two other countries. However, if pollution is global
then (ahi) survives Nash equilibria refinement, but it does not constitute a CPNE. In this case, two
symmetric dirty countries have an incentive to deviate in the form of a deep CU, and this deviation
is both meaningful and self-enforcing. The only announcement profile which survives coalition-
proof Nash equilibria refinement for both levels of pollution is a deep custom union between two
symmetric dirty countries, (bciu). To prove that this announcement profile indeed constitutes a
CPNE, we consider all possible deviations. First, we consider a coalitional deviation of two asym-
metric countries, the clean country a and the dirty country b, in the form of either deep PTA, a
deep FTA or a deep CU, and as a result, we observe that neither of these deviations is meaningful;
the dirty country b is better off in a deep CU with another dirty country. Second, we examine a
coalitional deviation of two members of this deep PTA into a different PTA, namely a deep FTA,
and again, we observe that this deviation is not meaningful. Next, we examine, the grand coali-
tion, and we conclude that this deviation is not meaningful, too. Finally, if pollution is global and
productivity gap is relatively wide, we acknowledge that though both members would benefit from
signing a side deal with the clean country a in oder to enjoy the benefits of being a hub, they cannot
perform this deviation based on the nature of customs unions which prevents hub-and-spoke trade

regimes from arising.>”

3For the proofs, please Appendix A.4.9.2
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4.9.2.3 The Choice between Deep and Shallow Customs Unions

So far, we have always restricted our players choice to either deep or shallow trade agreements, and
in this extended game, we permit both types of customs unions. Countries can either decide to form
a shallow CU or add an environmental clause to it and sign an integrated customs union instead.
Each player simultaneously announces the name(s) of the country(ies) and identifies whether they
are willing to form a shallow or an integrated customs union. Both signals should match in order to
S,C'U /IU>

form an agreement. Each player’s strategy set ( consists of seven possible announcements

CcU/IU
denoted as of / :

SV () (051 L.} 000 (7)) )
SbCU/IU _ {{ﬁ,,@’},{a“,ﬁ},{ﬁ,c”},{a”,c"},{aiu,ﬁ} ’ {ﬁ,ci"} ’ {ai”,ci”}}

EU/IU _ {{g7g}’{auV@/}’{g,bu}’{au,bu}’{aiuV@/}J{g’biu}7{aiu7biu}}

where announcement GJ-CU/ - {@, &} indicates player’s desire to stay away from any agreement;

if Y/ includes only one of the two countries then it denotes that payers’ desire to form a cus-
toms union with that country only, where superscript “U” indicates player’s wish to form a shallow
CU, and the superscript “IU” denotes this player’s wish to form an integrated customs union with
that country only and exclude the third player from this trade and environmental agreement; if
O'J.CU/ "V has two other countries, it could either indicate the player’s desire to be a part of a free
trade world with no environmental agreement in it or to live in a fully integrated world. For an
agreement to arise, countries announcements should match at two levels, the partner’s name and
the type of customs union. As a result, the following trade or integrated agreements can emerge: (i)
(®") - no agreement announcement profile implies that either all three countries announce in the
favour of no customs union, or countries’ announcements do not match on both or either levels; (ii)

announcement profiles (abiu) and (abu) emerge when one clean and one dirty country announce

each other; the former one, an integrated union, implies that countries a and b call in favour of
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customs union with an environmental clause, and the latter one, when these countries declare their
desire to form a shallow CU; (iii) similar to (ii), announcement profiles (bciu) and (bcu) indicate
two countries’ enthusiasm to exclude the third member of the world in the form of either IU or
CU; (iv) announcement profile (F") signals all three countries’ will to live in a free trade; and (v)
<F i“> arises when all three players declare their desire to form a fully integrated world.

Given the choice between deep and shallow CUs, countries do not end up in either shallow or deep
free trade. Both announcement profiles, (F*) and <F i”>, do not survive Nash equilibria refine-
ment. Two symmetric dirty countries are better off in either shallow or deep customs union than in
a shallow or deep free trade agreement, and consequently, each of those countries can improve its
welfare by unilaterally changing the announcement in order to exclude the only clean country. And
again, the announcement profile (®*) does not survive coalition-proof Nash equilibria refinement,
though it is a Nash equilibria for both local and global levels of pollution, Lemma4.2(—i") and
Lemma4.2(—i™). Both announcement profiles which constitute a custom union of two asymmet-
ric countries, (abiu) and (abu), do not survive Nash equilibria refinement if pollution is global;
the clean country a is better off in the no agreement scenario than in the shallow trade union with
one dirty country, and the dirty member of (abiu) would unilaterally deviate into the no agreement
scenario. Thought both customs unions, (abiu) and (abu), survive Nash equilibria refinement if
pollution local, neither of them constitutes a CPNE. To prove the above, we examine the coali-
tional deviation of two symmetric dirty countries in a form of a deep CU, and we observe that
the level of welfare the deviating countries achieve is the highest in this entire game, and based
on that we conclude that the initial deviation is both meaningful and self-enforcing. Though the
announcement profile (bcu) constitutes a Nash equilibria for both levels of pollution, it does nit
survive a coalition-proof Nash equilibria refinement. In this case, members of (bcu) would prefer
to add an environmental clause to their shallow trade agreement and form a deep CU instead. In
this extended game, the only announcement profile which survives a coalition-proof Nash equi-
libria refinement is a deep custom union of two symmetric dirty countries, (bciu). To prove the

above, we examine every possible deviation. First, we consider a coalitional deviation of one clean
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and one dirty country in the form of either shallow or deep CU, and we observe that neither of
this deviations is meaningful for a dirty country. Second, we examine whether the members of
(bciu) are interested in removing an environmental clause from their agreement, and we observe
that this deviation would only decrease the members’ welfares. Next, we examine the grand coali-
tion to either shallow or deep free trade, and again, we observe, that neither of these deviations is
meaningful for either member of (bciu). Based on the above, we conclude that the announcement

profile (bciu) survives a CPNE refinement for both local and global levels of pollution.*?

4.9.2.4 The Choice between Deep and Shallow FTAs

In this extended game, our players can choose between various deep and shallow free trade agree-
ments. Players simultaneously announce the name(s) of the country(ies) and identifies what agree-

ment they are willing to commit to. Both signals should match in order for the agreement to arise.

Each player’s strategy set (S]FTA/ I) consists of seven possible announcements denoted as G].FTA/ g

2 = 2,8}, (0.2} {0} (b} {2} {o.c} (b))
SETA — (U, 2} {a, 2} {2, ¢} {a,c}, {di, 2} {2,c¢'} {a', ¢}

SETA — (g, 2} {a, 2} {2,b} {a, b}, {d, &}, {2,b} {a' b))}

where announcement GfTA/ I= {#, &} indicates player’s desire to stay away from any agreement;
if o ™A includes only one of the two countries with no superscript then it denotes the player’s

J

[13%4]
1

wish to form a shallow FTA with that country only, and the subscript denotes this player’s

wish to form a deep FTA; if O'fTA/ I contains the names of two other countries, it could either
indicate the player’s desire to be a part of a free trade world with no environmental agreement

in it, and in this case countries would have no superscripts, or to live in a fully integrated world,

and in this case countries’ names would have a superscript “I”’. Only if countries announcements

4OFor the proofs, please Appendix A.4.9.3
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match at both levels, the partner’s name and the type of FTA, either deep or shallow free trade
agreement can arise. As a result, the following trade or integrated agreements can emerge: (i) (D)
- no agreement announcement profile implies that either all three countries announce in the favour
of no FTA, or countries’ announcements do not match on both or either levels; (ii) announcement
profiles (ab) and (abi) emerge when one clean and one dirty country announce each other; the
former one, shallow FTA, implies that countries a and b call in favour of a pure trade agreement
with no environmental clause attached to it, and the latter one, when these countries declare their
desire to form a deep FTA; (iii) similar to (ii), announcement profiles (bc) and (bci) indicate two
countries’ desire to exclude the third member of the world in the form of either shallow or deep
FTA; (iv) hub-and-spoke trade regimes, (ah)/(bh) or (ahi)/(bhi), can arise if the hub declares in
the favour of either shallow or deep world agreement, and the spokes declare their desire to exclude
each other; (v) the announcement profile - (F) signal all payers wish to live in a free trade world
with no environmental agreements in it, and (F') indicates all three countries’ will to live in a fully
integrated world.

The no agreement announcement profile, (®), again, does not survive coalition-proof Nash equi-
libria refinement; two symmetric dirty countries are better off in a deep FTA. If pollution is local
and the productivity gap is relatively narrow, the announcement profile (ab) does not constitute a
Nash equilibria; in this case, the dirty member would unilaterally deviate into the no agreement
scenario. Also, this announcement profile does not survive Nash equilibria refinement if pollution
is global, but in this case, the clean member would deviate into the no agreement scenario. Though
a shallow FTA of two asymmetric countries constitutes a Nash equilibria if pollution is local and
productivity gap is relatively large, it is not a CPNE. We prove it by examining the coalitional devi-
ation of two symmetric dirty countries in the form of a deep bilateral trade agreement. As a result,
we observe that deviating members achieve higher welfare gains, and though both of them would
prefer to deviate further to become a hub in a shallow hub-and-spoke trade regime by calling coun-
try a as well, the nature of (bci) prevents it, the announcement profiles should match at both levels,

the partner’s name and the type of FTA. The announcement profile (abi) is not a Nash equilibria if
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pollution is local; the dirty member, has an incentive ti deviate into the no agreement scenario. A
deep bilateral FTA of two asymmetric countries survives Nash equilibria refinement if pollution is
global, but it does not constitute a CPNE, and we prove it by examining the grand coalition. This
deviation is meaningful for all three countries, and though for some levels of productivity parame-
ter, dirty countries would achieve higher welfare levels if they exclude the only clean country from
the deep free trade agreement, they would not agree to that, because each of them has an incentive
to deviate further and still announce the clean country a, and by doing so, turn into a hub. Based
on that, we conclude that no further deviations can occur, and 2% is not a CPNE. The announce-
ment profile (bc), which constitutes a shallow FTA between two symmetric dirty countries is a
Nash equilibria for both local and global levels of pollution, but it does not survive coalition-proof
Nash equilibria refinement; if pollution is local and productivity gap is relatively narrow, then the
clean country a is interested in forming a coalition with either dirty country to become a spoke; is
pollution is local and the productivity gap is relatively large or if pollution is purely global, then
members of (bc) can simply add an environmental clause to their shallow trade agreement and gain
higher levels of welfares. Based on the above, we conclude that (bc) does not survive coalition-
proof Nash equilibria refinement. Both shallow hub-and-spoke trade regimes, (ah) and (bh), do
not constitute Nash equilibria for both levels of pollution. If pollution is local, then country c,
a spoke in both regimes, has an incentive to become an outsider of a shallow FTA of two other
countries; and if pollution is global, then the clean country a has an incentive to self-exclude, for a
hub, self-exclusion leads to the no agreement scenario, and for a spoke, to a shallow FTA between
two symmetric dirty countries. A deep hub-and-spoke trade regime, (bhi), does not survive a Nash
equilibria refinement for both levels of pollution; in this case, again the dirty spoke, country c,
has an incentive to deviate. A deep hub-and-spoke trade regime with the clean country acting as
a hub, (ahi), is a Nash equilibria if pollution is global, and it does not survive CPNE refinement,
and to prove the above, we consider a coalitional deviation of two dirty countries, country b and
country c, in the form of a deep FTA. By forming this coalition these two players would “drive” the

clean country into a deep free trade agreement, and improve their welfare levels. Dirty countries
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would prefer to live in a fully integrated world versus being the spokes. Though for some levels of
lambda, clean countries would achieve higher welfare levels if they exclude the only clean country
form the deep free trade agreement, neither of them would agree to that, because in this case both
members would have an incentive to keep country a in their announcement and turn into a hub
themselves. Based on the above, we conclude that Q%" is not a CPNE if pollution is global.

Though the announcement profile (bci), which constitutes a deep FTA between the two dirty coun-
tries, is a Nash equilibria for both levels of pollution and all levels of lambda, it is a CPNE only
if pollution is local and the productivity gap is relatively large. In this case, the only meaningful
deviation for either member of (bci) is to turn into a hub in a shallow hub-and-spoke trade regime,
and this deviation is not possible, because in order for trade agreements to arise, the announce-
ment profiles should match at both levels, country name and the type of FTA. If pollution is local
and the productivity gap is relatively narrow or if pollution is global, then the clean country a is
interested in becoming a spoke in a deep hub-and-spoke trade regime, and due to that, the an-
nouncement profile (bci) does not survive coalition-proof Nash equilibria refinement. A shallow
free trade agreement does not constitute a Nash equilibria if pollution is local and the productivity
gap is relatively narrow and if the pollution is global. In the former case, the clean country a has
an incentive to become an outsider of a shallow FTA between two dirty countries, and in the latter
case, each of the dirty countries exhibits exactly the case incentive to self-exclude. However, if
pollution is local and the productivity gap is relatively large, the announcement profile (F') consti-
tutes a Nash equilibria, but in this case, two dirty countries have an incentive to form a coalition to
sign a deep FTA, and as a result of that, (F) cannot be a CPNE. The announcement profile (F'),
which constitutes a deep free trade agreement, is not a Nash equilibria if pollution is local; in this
case, either dirty country has an incentive to self-exclude in oder to face a deep bilateral FTA of
two other countries, and consequently, enjoy the higher level of welfare. However, if pollution is
global, then the only announcement profile which survives coalition-proof Nash equilibria refine-
ment is <F i >, and to prove it, we consider every possible deviation. First, we consider a coalitional

deviation of one clean and one dirty country in the form of either deep or shallow FTA, and we
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observe that these deviations are not meaningful. Second, we consider a coalitional deviation of
two symmetric dirty countries, country b and country c, in the form of a shallow FTA, and again,
we observe that this initial deviation is not meaningful. Now, we examine the coalitional deviation
of country b and country c in the form of a deep FTA, and we observe, that if the productivity gap
is relatively narrow, then the initial deviation is meaningful but not self-enforcing, because each
member would prefer to be a hub, and if the productivity gap is relatively large, then the initial
deviation is not meaningful. In this final step, we consider the grand coalition in the form of a
shallow free trade, and we can see that the removal of an environmental clause is not meaningful,
too. Based on the above, we can conclude, that if pollution is global, then the only announcement

profile which survives coalition-proof Nash equilibria refinement in a deep free trade.*!

4.10 Conclusion

The growing number of preferential trade agreements has been accompanied with a widespread
inclusion of non-trade elements, such as domestic policy over the environment. As the effects of
this trend on the stability of trade regimes and counties’ welfare gains are unknown, our objective
in this paper has been to investigate how equilibrium agreements differ based on being deep or
shallow. To our knowledge, there is no equilibrium theory on what agreement we should see and
how these agreements impact welfares and environments. In this paper, we attempt to narrow this
gap by answering three different and equally important questions: (i) how do equilibrium agree-
ments differ when countries choose deep rather than shallow agreements?; (ii) given the choice
between deep and shallow trade agreements, would countries prefer to incorporate an environ-
mental clause into their equilibrium trade deal?; and (iii) what are the implications of including
non-trade elements in PTAs for the pursuit of global free trade? We now move to discussing those
questions.

The first question we ask in this chapter is on whether and how equilibrium agreements differ when

“1For the proofs, please Appendix A.4.9.4
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countries choose deep rather than shallow agreements. In this paper, we have two customs union
games: a shallow customs union game (CU game) and a deep customs union game (IU game).
In both games, neither shallow free trade nor deep free trade emerges as a Nash equilibria out-
come, and this enables us to conclude that regardless of being deep or shallow, customs unions are
more coalitionally stable agreements. A customs union of two symmetric dirty countries survives
coalition-proof Nash equilibria refinements in the CU game for both local and global levels of
pollution, and an integrated customs union between these two countries constitutes a CPNE in the
IU game for both levels of pollution as well. In both games, customs unions of two dirty coun-
tries are self-enforcing commitments; neither member can improve its welfare by undertaking any
unilateral and/or coalitional deviation. An announcement profile which constitutes a shallow free
trade does not constitute a Nash equilibria in a shallow free trade agreement game (FTA game) if
pollution is global, but a shallow free trade survives a coalition-proof Nash equilibria requirement
if pollution is local and the productivity gap is sufficiently narrow. If pollution is global, then the
only clean country is better as an outsider of a bilateral FTA of two dirty countries, and as a result
of this strong self-exclusion incentive, a shallow FTA of two dirty countries arises aa a coalition-
proof Nash equilibria outcome. When pollution is global, and countries have to agree on their
domestic policy as well as on border policies (I game), a deep free trade survives all coalitional
self-enforcing deviations, and consequently, constitutes a CPNE. However, with the zero degree of
transboundary spillovers (local pollution), a deep FTA of two symmetric dirty countries survives
coalition-proof Nash equilibria requirements and only if the productivity gap is sufficiently wide,
otherwise we do not observe any announcement profile surviving a CPNE requirements.

The second question we answer in this chapter is whether given the choice between deep and
shallow trade agreements countries would actually prefer to incorporate an environmental clause
into their equilibrium trade deal. The answer to this question is one of the main findings in our
paper. In both extended game, where we provide our players with the choice between deep and
shallow PTAs (the choice between deep and shallow CUs and the choice between deep and shallow

FTAs), we observe that deep agreements are the ones which survive all meaningful coalitional self-
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enforcing deviations, and consequently, they constitute respective CPNEs. In the choice between
deep and shallow CUs, an integrated customs union of two symmetric dirty countries survives
coalition-proof Nash equilibria refinements. Given the choice, the dirty countries actually prefer
to coordinate their domestic policies as well as agree on the border policies. If pollution local,
then the choice between deep and shallow FTAs leads to a deep free trade, but only if pollution
is global. The global pollution implies that all countries are equally affected by the production of
the dirty good regardless the location of the producer of that good, and under this assumption, we
observe that asymmetric countries prefer to add an environmental clause to their agreement and
coordinate both border policies and domestic policies in order to achieve higher welfare gains.

Next, we investigate the implications of including non-trade elements in PTAs for the pursuit of
global free trade. Our results show, that including non-trade elements (environmental tax) is crucial
in order for a global free trade agreement of three large asymmetric countries to arise if pollution
is global. If pollution is global, then deep free trade agreement survives all coalition-proof Nash
equilibria requirement not only in the deep FTA game, but also in the extended game with the
choice between deep and shallow FTAs. On the other hand, a shallow free trade constitutes a
CPNE only in a shallow FTA game, and only if pollution is local and the productivity gap is

sufficiently wide.
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5 Conclusion

In practice, we observe a widespread inclusion of non-trade elements in modern PTAs, such as
domestic policies over the environment, labour, intellectual property, health and investment. Coun-
tries ability to use both border policies and domestic policies in order to improve their terms-of-
trade and increase their gains from trade has received a great deal of attention in both literature
and in practice. In this dissertation, we have developed three models of asymmetric countries, that
include both trade (import tariffs) and environmental externalities (environmental taxes) and study
the incentives to form international trade agreements between those asymmetric countries.

In chapter 2, we develop a two-country, two-good model with cross-border negative spillovers and
perfect competition in product markets. We analyze a pure environmental agreement (environment
only), a shallow trade agreement (trade only), and a deep trade agreement (trade and environment),
and we show that shallow and deep trade agreements have different outcomes in terms of world
and individual countries welfares, trade specialization and environmental damages. Therefore,
in chapter 2, we have answered three questions: (i) how do deep and shallow trade agreements
affect countries’ choices of domestic policies and their trade specialization given different degrees
of transboundary spillovers?; (i1) given the degree of transboundary spillovers, how do deep and
shallow trade agreements affect world and individual countries’ welfare levels?; and (iii) what are
the implications of inclusion of the non-trade elements in a shallow trade deal on the world and
individual countries’ environmental damages?

Our findings on question (i) show that under no agreement (with the complete flexibility over both
border policies and domestic instruments), only the dirty country would use both border policies
and domestic policies together to alter the terms of trade, and the clean country will alter its border
policies exclusively and set the environmental tax at the socially optimal level (equal to marginal
damages). However, once countries lose control over their border policies (form a shallow trade
deal), they both turn to their domestic policies in order to manipulate the terms-of-trade. Loosing
control over the domestic policies as well as over the border policies (deep trade agreement) leads

to a socially optimal level of the environmental tax regardless the level of pollution. Our results
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also show that though a deep trade agreement encourages a deeper specialization, still both deep
and shallow trade deals increase members specialization relative to the no agreement scenario. The
second question we have analyzed in chapter 2 has illustrated that in the case of local pollution a
shallow free trade leads to an increase in the world welfare level relative to the no agreement sce-
nario; however, while the clean country is better off for any level of negative externality and/or
productivity parameter, the dirty country would agree to be a part of a free trade world only if the
production externality is sufficiently low and the productivity gap is sufficiently wide. Also, our
findings show that if pollution is global, then a shallow trade agreement would lead to an increased
level of world welfare only if the productivity gap is sufficiently wide and the negative per unit
production externality is sufficiently low. Furthermore, though under a deep free trade agreement
we observe an increase in the level of world welfare relative to both the no agreement and a shallow
free trade, countries do not benefit equally from this agreement as well. With the local production
externality, the dirty country would prefer to keep control over its domestic policies if productivity
gap is sufficiently large, and the clean country would prefer to coordinate both border policies and
domestic policies for any level of per unit production externality and the productivity gap. Con-
trary to that, the global pollution, low level of production externally and a wide productivity gap
would encourage both countries to keep control over their domestic policies. The last question
we investigated in chapter 2, question (iii), shows that if pollution is purely local, then both deep
and shallow free trade agreements lead to an increase in the level of world environmental dam-
ages. However, only a shallow free trade encourages an increase in the level of production of the
polluting good in both countries, and consequently, in the level of world environmental damages,
and full coordination over both border policies and domestic policies leads to an increase in the
environmental damages only in the dirty country. If pollution is global, then inclusion of non-trade
elements in a shallow trade deal would lead to a decrease in the world level of damages relative
to both the no agreement and a shallow free trade if per unit production externality is sufficiently
high, and otherwise we observe an increase.

In chapter 3 and chapter 4, we have developed two three-country, three-goods models, a “com-
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peting importers model” (chapter 3) and a “competing exporters model”(chapter 4). Respectively,
in those two different models of multiple asymmetric countries, we have asked and answered the
following questions: (i) how do equilibrium agreements differ when countries choose deep rather
than shallow agreements?; (i1) given the choice between deep and shallow trade agreements, would
countries prefer to incorporate an environmental clause into their equilibrium trade deal?; and (iii)
what are the implications of including non-trade elements in PTAs for the pursuit of global free
trade? And now, we move to discussing similarities and differences in the answers we got in those
two different models.

Our results of the first game we played in both chapter, the Environmental agreement game, are
in line with the main body of literature on the environmental agreements. It is well-established,
that pure environmental agreements arise between homogeneous countries, and in general, tend
to be small. Both “competing importers model” and “competing exporters model” show that no
agreement outcome survives all coalition-proof Nash equilibria refinement if pollution is purely
local, and if pollution is global, then coalitionally stable agreements are the ones between two
similar countries (two clean countries in competing importers model, and two dirty countries in
competing exporters model). Table 5.1 and Table 5.2 illustrate those results. The question (i)
we ask is on whether and how equilibrium agreements differ when countries choose deep rather
than shallow agreements. Based on our results in both chapter 3 and chapter 4, we conclude, that
in general, customs unions are more coalitionally stable agreements. Regardless of being deep
or shallow, customs unions emerge as coalition-proof Nash equilibria outcomes in both model
(Table 5.1 and Table 5.2). Again, these results are in line with the main body of literature on shal-
low trade agreements (the stability of CUs versus FTAs). However, our results also show that in
competing exporters framework, both shallow and deep CUs between two dirty countries survive
all coalition-proof Nash equilibria refinement for both local and global level of pollution, and in
the competing importers framework a clean country actually prefers to form a union with the dirty
importer over the clean one, and that allows the trade union (either deep or shallow) survive all

CPNE refinements if pollution is local. Furthermore, if pollution is global and the productivity
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gap is sufficiently wide, then the deep customs union between one clean and one dirty country is
a coalitionally stable agreement. The presence of hub-and-spoke trade regimes allow shallow free
trade to survive all coalition-proof Nash equilibria refinements for both local and global levels of
pollution in the FTA game in the competing importers framework (though the exclusion incentive
is still high, the incentive to become a hub is stronger). Contrary to that, in the competing exporters
framework, a shallow free trade survives a coalition-proof Nash equilibria requirement only if pol-
lution is local and the productivity gap is sufficiently narrow, and furthermore, an announcement
profile which constitutes a shallow free trade does not constitute a Nash equilibria if pollution is
global. However, the results of the integrated FTA games in both “competing importers model”
and “competing exporters model” show, that a deep free trade is a coalitionally stable agreement
between asymmetric countries with the global degree of transboundary spillovers. If pollution is
local, then we observe that FTAs between two similar countries survive all CPNE refinements in
either model (a deep bilateral FTA between two clean countries in the competing importers model
and a deep FTA between two dirty countries in the competing exporters model if the productivity
gap is sufficiently narrow), see Table 5.1 and Table 5.2.

The next question we have answered is whether given the choice between deep and shallow trade
agreements countries would actually prefer to incorporate an environmental clause into their equi-
librium trade deal. The answer to this question is one of the main findings in this dissertation. In
both “competing importers model” and “competing exporters model” we provide countries with
the choice between deep and shallow PTAs (the choice between deep and shallow CUs and the
choice between deep and shallow FTAs), and in both models we observe that deep trade agree-
ments survive all coalition-proof Nash equilibria refinements, see Table 5.1 and Table 5.2. Though
in “competing importers model” there are two announcement profiles (both shallow a deep CUs
between one clean and one dirty country) which constitute coalition-proof Nash equilibria, a deep
CU provides a greater welfare gain for the members. In the competing exporters model, given the
choice between deep and shallow CUs, two dirty countries find it more beneficial to coordinate

both border policies and domestic policies for both local and global levels of pollution, namely,
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they sign a deep trade agreement. Furthermore, given the choice between deep and shallow FTAs,
a deep free trade survives all coalition-proof Nash equilibria refinements if pollution is local in the
competing importers framework and constitutes a CPNE in the competing exporters framework
if pollution is global. And it is the third question, we have investigated, and we conclude that
the inclusion of non-trade elements is crucial in order for a global free trade agreement to arise
between large asymmetric countries. Furthermore, based on our results, we conclude that, given
the choice, asymmetric countries would actually choose to coordinate both border policies and

domestic policies in order to achieve higher welfare gains.

CPNE: Local Pollution
Games
CI CE
Environmental Agreement Game Qe Q¥
Customs Union Game Qabu Qbeu
Free Trade Agreement Game QF QFif A < Aee
Integrated Customs Union Game Qabiu Qbeiu
Integrated FTA Game fold Qbeif A <AL,
Shallow Trade Agreement Game Qabu Qbeu
Deep Trade Agreement Game Qabiu Qbeiu
The Choice between Deep and Shallow CUs | Q4 /Qabiu Qbeiu
The Choice between Deep and Shallow FTAs Qf Qbetif 3 < Al

Table 5.1: Coalition-Proof Nash Equilibria Outcomes in the Case of Local Pollution
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CPNE: Global Pollution

Games
CI CE
Environmental Agreement Game Qbee Qbee
Customs Union Game Qbeu Qbcu
Free Trade Agreement Game QF Qbe

Qbeiif ) < A, ,
Integrated Customs Union Game ‘ Qbeiu
QAL ] > Ai

Integrated FTA Game Qbei QF

Shallow Trade Agreement Game Qbeu Qbeu

Qbei if ) < i, _
Deep Trade Agreement Game ' Qbeiu
Qabiu ;¢ A > A«ci

Qbeiif ) < A, _
The Choice between Deep and Shallow CUs . Qbeiu
QP L > Ay

The Choice between Deep and Shallow FTAs Qb QF

Table 5.2: Coalition-Proof Nash Equilibria Outcomes in the Case of Global Pollution
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Appendix of Chapter 3

A. 3.6 The Environmental Agreement Game

Welfare effects of various type of environmental agreements:

)
Wé(bcg) > W4(N;) > W(abg) > W (abcg) Country a, global pollution

(
(
W (abct) > WP (ab¢) > WP(N;) > W (bc¢) Country b, local pollution
Wb (abct) > WP(abs) > WP (bct) > WP(N,) Country b, global pollution
W¢(abcf) > We(abf) > WE(N;) > W€(bcf) Country c, local pollution
W¢(abcg) > W¢(aby) > W€ (bcg) > W (Ng) Country c, global pollution
Announcement Profiles Environmental Agreements
Q¥ ={o; ={2,9},0; = {2, 7},0{ = {#,7}} (@)
Qe ={o¢ ={b,z},0f ={a,2},0! ={2,9}} (abe)
Q¥ ={o; ={@,2},0f ={7,c},0! = {&,b}} (bce)
QF ={o; = {b,c},0f = {a,c},0f = {a,b}} (E)

S)ée55{05::{g}@},og::{Q}Q},of::{g}ﬁ}}

Q% is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot change their welfares by unilaterally changing the announcements.

Q% is a CPNE for the local level of pollution.

PROOF:

First, we assume that countries a and b form a coalition, then the announcement will be as follows:
0! = {b,} and 6f = {a, 2}, and as a result, W*(ab¢) < W*(N;) and W’ (ab¢) > W?(N))

We can conclude, that though a clean country would benefit from the coalition with the dirty
country, the dirty country is not going to be interested in that environmental union. As a results,

there will be no initial deviation.
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Second, we assume that two clean countries form a coalition, then the announcement will be as
follows: of = {&,c} and 6 = {&,b}, and it will result in Wb(bcle) < WP(N;) and We(bcf) <
We(N)

We can see that two clean countries are not interested in the forming the environmental coalition.
Now, we let countries form a grand coalition, then the announcement will be as follows:
Q={c,=1{b,c}, of ={a,c}, of ={a,b}}

W (bci) = W4(N;) > W4 (abcy).

We can see that a dirty country a would prefer to be an outsider than a part of the world environ-
mental agreement.

Based on the above, we can conclude that Q%° is a CPNE for the local level of pollution.

Q% is not a CPNE for the global level of pollution.

PROOF:

We let two clean countries form an environmental coalition, then their announcements will be
altered as follows: of = {&,c} and o¢ = {&,b}, and as a result, we observe that W’ (bcg) >
W?(N,) and W€(bcg) > W€(N;). Two clean countries would also benefit from including country a
into an environmental agreement; however, country a prefers to be an outsider.

Based on the above, we feel confident to conclude that Q% is not a CPNE if the pollution is global.
Qe = {6t = {b, #},0% = {a, 5}, 0t = {2, 2})

Qe is not a Nash Equilibria for both local and global levels of pollution.
PROOF:

country a ={b, ﬁ}c—h% {b,c}% no change in a’s welfare

country a ={b,ﬁ}% {2,c} /{2, 2} Wé(abf) < W*(Np)

We can conclude, that country a can deviate and improve its welfare.
QP ={o; ={2,2}.05 ={7.c},0f ={2,b}}

Qb<¢ is not a Nash Equilibria for the local level of pollution.

PROOF:
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h ! o
country b ={ &, c} 2% {b,c} ™ no change in b’s welfare

country b ={¢,C}M>{a, 2} /{7, ﬁ}% WP(bc§) < WP(Ng)

We can conclude, that country b can deviate and improve its welfare.

Qbee is a Nash Equilibria for the global level of pollution.

PROOF:

country a ={ &, Q}M {b,z}/{%,c}/ {b,c}% no change in a’s welfare
We can conclude, that country a has no incentive to change its announcement.
country b ={ &, c}% {a,c}% no change in b’s welfare

country b ={ﬁ,c}c—h@§e—>{a, z}/{#, ﬁ}% WP (bcs) > WP (Ny)

We can conclude, that country b has no incentive to change its announcement.

result

country ¢ ={ &, b}%{a, b}—— no change in c¢’s welfare

country ¢ ={ 21, b} 2 fa, 5} /{2, 2} We(beg) > WE(N,)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q°°¢ is a Nash Equilibria for the global level of pollution.
Qbe¢ is a CPNE for the global level of pollution.

PROOF:

First, we let a and b form a coalition, then W¥(abg) < W¥(N,). We can see that country a is not
interested in this coalition.

Next, we let all three countries form a grand environmental coalition, then W(abcg) < W(bcg).

We can see that country a would still prefer to stay an outsider.

Based on the above, we can conclude that 27 is a CPNE for the global level of pollution.
QF ={c¢ ={b,c},0f ={a,c},o¢ ={a,b}}

QF is not a Nash Equilibria for both local and global levels of pollution.
PROOF:
result

country a ={b, c}c—h%e—){g, 2} —— W (abc§y) < W(bcj)

We can conclude, that country a can deviate and improve its welfare.
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A. 3.7.1 The Customs Union Game

Welfare effects of various type of trade agreements:

Wé(ab}) > W4 (N;) > W9 (abc;) > W*(bc}f) Country a, local pollution
W (abg) > W(abcg) > W4(N,) > W4 (bcg) Country a, global pollution
WP (ab) > Wb(bc*) > W(abc;) > WP(N;) Country b, local pollution
wb (bcg) > wb (abg) > W?(N,) > W’ (abc,) Country b, global pollution
We(bcy) > W€(abc;) > WE(N;) > W€(abj) Country c, local pollution
We(bcg) > W(Ng) > W€ (abcg) > W€(aby) Country c, global pollution
Announcement Profiles Trade Agreements
Q¥ ={o; = {#,8},0y = {2, 2} 0! = {#,7}} (")
Q= (ol ={b,&},0! ={a,2},0'={2,2}} (abu)
Q' ={o; ={2,2},0) ={2,c} 0! = {2,b}} (beu)
Q" = {0} ={b,c}, 0} ={a,c},0! = {a,b}} (F*)

Q‘P”E{Gg:{g7;zf},cl’j:{g,g},og:{g,g}}

Q%" is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot get better off by unilaterally changing the announcements; countries have no
incentive to announce any other country unless they are going to be announced back.

Q%" is not a CPNE for both local and global levels of pollution.

PROOF:

First, we assume that pollution is local and countries a and b form a trade union, then their an-
nouncement profiles would look as follows: 6} = {b, #} and 6} = {a, &}

Wa(ab) > WA(N;) > W (abc;) > We(bct) and WP (ab¥) > WP (bct) > W (abc)) > WP (N,)

We can conclude that countries a and b can form a self-enforcing trade agreement for the local

level of pollution.
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Second, we assume that pollution is global and countries b and ¢ get into a trade union, then their
announcement profiles would be altered as follows: o} = {@,c} and o} = {&,b}.

wb (bcg) > Wb(abg) > Wb(Ng) > Wb (abcg) and W€(bcg) > WE(N;) > W€(abcg) > W€(aby)

We can conclude that countries b and ¢ can form a self-enforcing trade agreement if pollution is
global.

We are confident to conclude that Q%" is not a CPNE for both local and global levels of pollution.
Qb = {Ghl = {bag}acg = {aag}Vch = {Q,Q}}

Q% is g Nash Equilibria for both local and global levels of pollution.
PROOF:

change resu

country a ={b, & }—— {b,c} sl o change in a’s welfare

change result

country a ={b, @} —— {&,c} /{2, 2} —— W (ably) > W*(Ng)

We can conclude, that country a has no incentive to change its announcement.
country b ={a, & } *{a,c} ety o change in b’s welfare

country b :{a,ﬁ}%{ﬁ,c}/{ﬁ,ﬁ} resul W (ab%) > Wb(Ng)

We can conclude, that country b has no incentive to change its announcement.

change result

country ¢ ={ &, &} —— {a, 2} /{2,b} /{a,b} — no change in ¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, 2% is a Nash Equilibria for both local and global levels of pollution.

Q4 s @ CPNE if pollution is local.

PROOF:

Neither a or b cannot do better by deviating from their original announcement:

Wa(ab) > WA(N;) > W (abc;) > We(bct) and WP (ab¥) > WP (bct) > WP (abc)) > WP (N;)

We conclude that, Q%" is a self-enforcing commitment between one clean and one dirty country
if pollution exhibits local characteristics.

Q" is not a CPNE if pollution is global.

PROOF:

Suppose, b and ¢ get into a trade union and exclude a, then
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WP (bck) > Wh(ab) > WP(Ng) > WP(abc,) and W€ (bc) > W (Ng) > W (abcg) > W€ (ab})
We can conclude that clean countries would form a trade union and exclude a if pollution exhibits

global characteristics.
Qben = {Gau = {/@/7'@}76[? = {,@',C},GK = {,Qf,b}}

Qb s a Nash Equilibria for both local and global levels of pollution.

PROOF:

country a ={ &, g}%{b, g} /{=,c}/{b,c} resully o change in a’s welfare
We can conclude, that country a has no incentive to change its announcement.
country b ={ g, c}c—h% {a,c} sl o change in b’s welfare

country b ={g,c}- LU {4, g} /{2, &} L Wh(bet) > WP (Np)

We can conclude, that country b has no incentive to change its announcement.

change It . ,
b} L, b} Y no change in ¢’s welfare

country ¢ ={ &,
country ¢ ={ &, b}% {a, 8} /{2, 5} 2 We(bcly) > WE(Ng)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, 27 is a Nash Equilibria for both local and global levels of pollution.

Qb is not a CPNE for the local level of pollution.

PROOF:

Suppose, that countries a and b get into a trade union and exclude c, then

Wa(abt) > W4(N;) > W4 (abc;) > W (bct) and WP (ab¥) > WP (bct) > W (abc;) > WP (N;)

We can conclude that one clean and one dirty country would form a trade union and exclude c if
pollution is local.

Qb is a CPNE if pollution is global.

PROOF:

Neither b or ¢ can do better by deviating from their original announcement;

WP (bct) > Wh(ab%) > WP(Ng) > WP(abc,) and W€ (bc) > W (Ng) > W€(abcg) > W€ (abl)

We conclude that, Q% is a self-enforcing commitment between two clean countries if pollution

exhibits global characteristics.
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QF' = {ct={b,c}, 04 ={a,c}, 0! ={a,b}}

Q" is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

First, we consider the case of local pollution. Country a can unilaterally change its announcement
and improve its welfare:

country a ={b,c}%{b, g} /{c, &} esult, Wé(ab}) = W (ac}) > W (abc;)

Country a is indifferent between these announcements, and the lucky country, b or ¢, would im-
prove its welfare. The unlucky one would be simply excluded.

Now, we consider the case of global pollution. In this case, clean countries can improve their
welfare by excluding the dirty country a:

country b ={a, c}% {ﬁ,c}% Wb(bcg) > Wb (abcy)

country ¢ ={a, b}c—h@ﬁi {@‘,b}%W"(bcg) > W¢(abcy)

We can conclude, that either of the clean countries can improve its welfare by calling another clean
country only. Clean countries would prefer to exclude the dirty partner if pollution is global. Based

on the above, we are confident to conclude that /" is not a Nash Equilibria for both local and

global levels of pollution.

A. 3.7.2 The Free Trade Agreement Game

Welfare effects of various type of trade agreements:

W¢(abc;) > We(be)) > We(al) > WE(N;) > WE(b') > W€(ab) Country c, local pollution

Wa(all) > W(ab;) > W4(N;) > W(abc;) > W(b}') > W4(bc;) Country a, local pollution
W (al) > W4(abg) > W (abcg) > W (Ng) > W(bl) > W(bc,) Country a, global pollution
WP (bl > WP(ab;) > WP(abc;) > WP (bc;) > WP(dl") > W?(N;) Country b, local pollution
WP (bE) > Wb (bcg) > WP(abg) > WP(N,) > WP (abc,) > WP (al) Country b, global pollution
(
(

W€(bcg) > W€(Ng) > W€(abc,) > Wc(bg) > Wc(ag) > W¢(abg) Country c, global pollution
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Announcement Profiles Trade Agreements
Q*={c,={2,2},0,={2,28},0.={2,2}} (D)
Q*={c,={b,&},0p,=1{a,2},0.={2,2}} (ab)

Qb ={o,={s,9},0,={2,c},0.={2,b}} (bc)
Q" ={c,={b,c},0p,=1{a,2},0.={a,#}} (ah)
Q" ={c,={b,#},0,={a,c} 0. ={2,b}} (bh)

QF ={o,={b,c},0, = {a,c},0. = {a,b}} (F)

Q*={o,={2,2},0,={2,2},0.={&,2}}

Q% is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot get better off by unilaterally changing the announcements; countries have no
incentive to announce any other country unless they are going to be announced back.

Q% is not a CPNE for both local and global levels of pollution.

PROOF:

Any two countries can be better off by announcing each other; for example, W*(abg) > W*(Ny)

and W? (abg) > W?(Np).
.QabE{Ga:{b,@/}aob:{aw@/}aGc:{/@/7g}}

Q% is a Nash Equilibria for both local and global levels of pollution.

PROOF:

change resu

country a ={b, &} —— {b, }—> no change in a’s welfare

country a ={b, 2} ™" (.} / {2, 2} W (abg) > W*(No)

We can conclude, that country a has no incentive to change its announcement.

change { result

country b ={a, g} ——— {a,c}—— no change in b’s welfare

change

country b ={a, g} —— {ﬁ,c}/{ﬁ,ﬁ}%Wb(abg) > WP(Ng)

We can conclude, that country b has no incentive to change its announcement.
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country ¢ ={ &, g}% {a,2} /{=z,b}/ {a,b}% no change in ¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria for both local and global levels of
pollution.

Q7 is not a CPNE for both local and global levels of pollution.

PROOF:

Let a and ¢ form a coalition, then

Q={o,=1{b,c},0p={a,2},0.={a,&}},and

W4 (al) > W9 (abg) and W¢(alt) > W€ (abg). We can see, that country ¢ would prefer to be a spoke
versus being an outsider of the trade agreement between two other countries. We can conclude that

Q is not a CPNE for both local and global levels of pollution.
Qb ={c,={2,2},0,={2,c},0. = {2,b}}

Qb is a Nash Equilibria for both local and global levels of pollution.
PROOF:
change result . s
country a={g&, o }— {b, &} /{2,c} /{b,c}—— no change in a’s welfare
We can conclude, that country a has no incentive to change its announcement.

h I o
country b ={ &, c}——2% {a,c}™% no change in b’s welfare

country b ={2,c} L {4, 2} /{2, 2} 4 Wh(beg) > WP(Ne)

We can conclude, that country b has no incentive to change its announcement.

country ¢ ={ &, b}%{a, b}% no change in ¢’s welfare

country ¢ ={ 2,6} L L0, &) /{5, 2} M We (beg) > WE(Ne)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q%€ is a Nash Equilibria for both local and global levels of
pollution.

Q"¢ is not a CPNE for both local and global levels of pollution.

PROOF:
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Let a and b form a coalition, then

Q={o,=1{b,2},0, ={a,c},0.={2,b}},and

WA (b)) > W(bcg) and WP (b)) > WP (bcg). It is clear that the dirty country a would prefer to be
a spoke that face an agreement between two clean countries. We can conclude that Q%€ is not a

CPNE for both local and global levels of pollution.
Q= {Ga = {b7c}76b = {a,,@'},GC = {a”@}}

Q7 is a Nash Equilibria for both local and global levels of pollution.

PROOF:

change result

country a ={b,c}——— {b, g }{&,c}—— Wi(al) > W9 (abg) = W*(acg)

result

h
country a ={b,c} % { &, &} W (al) > W9(Np)
We can conclude, that country a has no incentive to change its announcement.

chan ge
{a

country b ={a, g }—— ,c}% no change in b’s welfare

change result

country b ={a, 8} ——{&,c} / {&, 2} —— WP(d}) > WP (acg)

We can conclude, that country b has no incentive to change its announcement.

} cha nge result

country ¢ ={a, {a,b}—— no change in ¢’s welfare

result

country ¢ ={a, &} —— change {2.,b} /{2, 2}—— W(al) > W¢(aby)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we can conclude that 29" is a Nash Equilibria for both local and global levels
of pollution.

Q7 is not a CPNE for both local and global levels of pollution.

PROOF:

Let b and ¢ form a coalition, then

Q ={o,=1{b,c},0p ={a,c},0.={a,b}}, and

W(abcg) > WP (dly) and W€(abcg) > W€(al). We can see that clean countries would rather be

a part of a free trade world than being spokes. We can conclude that 2% is not a CPNE for both

local and global levels of pollution.
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Qb = {6, = {b,&},6, = {a,c},0. = {2,b}}

Q" is a Nash Equilibria for both local and global levels of pollution.

PROOF:

country a ={b, Q}%{b, c}% no change in a’s welfare

country a ={b,ﬁ}c—h@§e—> (2.} {2, 2} WA (b)) > W4 (bcy)

We can conclude, that country a has no incentive to change its announcement.

country b :{a,c}c—h% {a, ﬁ}% WP (b)) > WP (abg)

country b ={a,c} LU (g, ¢} Wh(bh) > WP(beg)

country b ={a,c} L8 {5 g} M W () > WP(Ng)

We can conclude, that country b has no incentive to change its announcement.

country ¢ ={ &, b}%{a, b}m no change in ¢’s welfare

country ¢ :{ﬁ,b}c—h%{a, z} /{4, ﬁ}% We(bh) > W (abe)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q%" is a Nash Equilibria for both local and global levels of
pollution.

Q" is not a CPNE for both local and global levels of pollution.

PROOF:

Let a and ¢ form a coalition, then

Q ={o,=1{b,c},0p ={a,c},0.={a,b}}, and

W4 (abcg) > W4(bl) and W¢(abcg) > W¢(b}). We can see that both countries, the clean country

c and the dirty country a, would prefer to be a part of a free trade world versus being spokes. We

can conclude that Q%" is not a CPNE for both local and global levels of pollution.
QF ={o,={b,c},0,={a,c},0.={a,b}}

Q! is a Nash Equilibria for both local and global levels of pollution.
PROOF:

country a ={b,c}% {b,z}/{%,c} result, W (abcg) > We(bh) = Wa(ch)
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h l
country a ={b, c} =% { &, 5} “L W9 (abeg) > W (bcg)
We can conclude, that country a has no incentive to change its announcement.

country b :{a,c}%{a, z} result, W(abcg) > WP (d)

result

country b ={a, c}% {2,c} Wh(abeg) > WP (ch)

country b ={a, c}% {2, ﬂ}% Wb(abcg) > WP (acy)

We can conclude, that country b has no incentive to change its announcement.

country ¢ ={a,b}c—h@§e—> {z,b} %Wc(abc(;) > We(bh)

country ¢ ={a,b} L (a, g} LM We (abeg) > We(ah)

country ¢ :{a,b}c—h% {7,2} result, W¢(abcg) > W¢(abg)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that QF is a Nash Equilibria for both local and global levels of
pollution.

Q" is a CPNE for both local and global levels of pollution.

PROOF:

Though any two countries can benefit from excluding the third one from the agreement, none of
the countries would excise it in equilibrium. To proof that, let us assume, first, that countries a
and b decided to form a bilateral trade agreement by altering these profiles in to the following
announcement:

Q={o,={b,z},0p={a,2},0.={a,b}}

We can see that these joint changes in the announcements are beneficial to both countries: W¢(abg) >
W (abcg) and WP (abg) > W”(abcg). However, both countries have an incentive to deviate from
this agreement and include country ¢ in their announcement, because W4(al) > W(abg) and
wb (b}é) > W"(abg). Based on the above, we can conclude that countries would go back to the
original announcement profile Q' .

Now, we assume that countries b and ¢ decided to form a bilateral trade agreement by altering this

profiles in to the following announcement:

Q ={c,={b,c},0,=1{7,c},0. = {&,b}}
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Again, we can see that these joint changes in the announcements are beneficial to both coun-
tries: W% (bcg) > WP(abcg) and W€(bcg) > W€(abcg). However, both countries have an in-
centive to deviate from this agreement and include a as well, because W’(b) > W?(bcg) and
Wc(c}é) > W?(bcg). Based on the above, we can conclude that countries would go back to the

original announcement profile Q' .

A. 3.8.1 The Integrated Customs Union Game

Welfare effects of various type of trade and environmental agreements:

W4 (abl") > W*(N;) > W%(abc}) > W*(bci*) Country a, local pollution

)
o A€(0.008,0.1] .
aby') > W4%(Ng) > W“(bcg‘) > W¢(abc,) Country a, global pollution & A € (0.008, 0.1]
Ae

€(0,0.008]

a

= =

(
(
“Ng) > W9ab¥)>W9(bcl) > W(abcl,) Country a, global pollution & A4 € (0, 0.008]
WP (abi*) > Wb (abci) > WP (bcit) > WP(N;) Country b, local pollution
b (abc ) > WP (ab’”) > Wb (bc’”) > W?(N,) Country b, global pollution

(

(

(

w
W¢(abct) > We(bc*) > WE(N;) > W¢(ab!") Country c, local pollution
W¢(abc! 2) > We(bcy 1) > WE(N,) )Le(0>0 oo Wc(abg,”) Country c, global pollution & A € (0, 0.067]
W¢(abch) > W (bci') > We(ab}') AE(O’O>6770'1] W¢(N,) Country c, global pollution & A € (0.067, 0.1]
Announcement Profiles Integrated Agreements

Q%" = (ol ={p,2},0/" = {2,2},6" = {2,2}} ()

Qv = foit = [p &} o ={a,o},0/" = {z,2}} (abiu)

Qbein = {git — {5 51 it = {5 ¢} ol = {&,b}} (bciu)

Q' = {oi* = {b,c},0"* = {a,c},0" = {a,b}} (F™)

Q%" ={ci"={g,2},0/"={2,2},0l" = {2,2}}

Q" is a Nash Equilibria for both local and global levels of pollution.
PROOF:
Countries cannot change their welfares by unilaterally changing the announcements.

Q" is not a CPNE for both local and global levels of pollution.
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PROOF:

First, we let countries a and b form a trade and environmental union, then the announcement would
be as follows:

Q={o) ={bo},0)'={a,2},0/"={2,2}} and

W4 (ab*) > W4(N;) and WP (abi) > WP (N;). We don’t check for any further deviations, because
the level of welfares members acquire in this union are the highest in the entire IU Game in the
case of local pollution. Based on the above, we can conclude that Q%" is not a CPNE if pollution
is local.

Second, we consider the case of global pollution and A € (0.008, 0.1]. We let countries a and b
form a trade and environmental union, and as a result, we observe that the levels of welfares these
two countries achieve are the highest in the IU Game if pollution is global and lambda is relatively
high.

Now, we consider the case of global pollution, and we let countries b and ¢ form a trade and
environmental union, then the announcement would be as follows:

Qbcin = it — {5 &) oi" = {7, ,c},c!" = {z,b}} and

WP (bci) > WP(Ny) and W€(bci) > W¢(Ng). We can conclude, that clean countries can form
a coalition. We can also rule out all further deviations based on the results that though clean
countries would prefer to include the dirty player into the union, the dirty country a would rather
be an outsider than participate in a fully integrated world. Based on the above, we can conclude

that Q% is not a CPNE if pollution is global.
Qabm — {qu {b ,@} Glu — {a Q} qu {Q ﬁ}}

Qb js g Nash Equilibria if pollution is local and if pollution is global and A € (0.008, 0.1].
PROOF:

change resul

country a ={b, &} ——2% {b,c} ™ no change in a’s welfare

country a ={b, 2} 2 (¢} /{5, &} 2 W (abi) > WI(N)) & We(ab) > WA (N,) if A €

(0.008, 0.1]
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We can conclude, that country a has no incentive to change its announcement if pollution is lo-
cal. Also, country a has no incentive to alter its announcement if pollution is global and A €
(0.008, 0.1].

cha nge { result

country b ={a, g} ———{a,c}—— no change in b’s welfare

change

country b ={a, g} —— {g,c}/{2, 8} —— resulty WP (ab#) > Wb(Ny)

We can conclude, that country b has no incentive to change its announcement.

change, {a,2}/{5,b}{a b}% no change in ¢’s welfare

country ¢ ={ &, &} ——
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria for local level of pollution and for
global level of pollution if A € (0.008, 0.1].

Qi s not a Nash Equilibria if pollution is global and A € (0, 0.008].

PROOF:

change result

country a ={b, &} —— {&, @ }—— W(ab}') < W*(N,) if A € (0, 0.008].

We can conclude, that country a can unilaterally change its announcement and gain a higher level
of welfare.

Qi js g CPNE if pollution is local and if pollution is global and A € (0.008, 0.1].

PROOF:

We start with considering the local level of pollution. Both countries, a and b, have no incentive
to form any other coalition, because their welfare is the highest in the entire IlU Game. Now, we
consider the global level of pollution and A € (0.008, 0.1]. In this case, the dirty country a has no
incentive to form any other coalition, including a global one, because a’s welfare is the highest in

the trade and environmental union with only one dirty country. Country b would prefer to get into

a global coalition, but country a would not agree to that.
chiu = {o.cz;u — {,@’,ﬁ},diu — {Q,C} ; c;Ciu — {,@,b}}

Qbeit s g Nash Equilibria for both local and global levels of pollution.

PROOF:

change result

country a ={ &, @} — {b, & }/{&,c}/{b,c}—— no change in a’s welfare
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We can conclude, that country a has no incentive to change its announcement.
‘hang I L

country b ={ &, c} % {a,c}™; no change in b’s welfare
change It ;

country b ={&,c}— {a, g }/{&, 8} Wb(bcl) > WP (Ny)

We can conclude, that country b has no incentive to change its announcement.

change sult . ,
country ¢ ={&, b} ——2%{a,b} =% no change in ¢’s welfare

country ¢ :{ﬁ,b}% {a, 2 }{2, )’0’}% We(bclt) > W€(Ng)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q%€ is a Nash Equilibria for both local and global levels of
pollution.

QPbeit is not a CPNE if pollution is local and if pollution is global and A € (0.008, 0.1].

PROOF:

First, we consider countries a and b forming a trade and environmental union in the case of local
pollution, then W4 (abi") > W(bci*) and WP (abi*) > W (bci*). Also, the level of welfare countries
a and b achieve from forming a trade and environmental union is the highest in this game, so none
of the members would deviate any further. Second, we consider the case of global pollution and
A € (0.008, 0.1], then W (abl}') > W (bci) and W’ (abl¥') > W (bcll'). Also, the level of welfare
country a gets in this union is the highest in the entire game, and country b/ can be better off only
in the integrated world, but the dirty country a is not interested in being a part of the integrated
world. Based, on the above, we are confident to conclude that QPbein js not a CPNE for the local
level of pollution and for the global level of pollution if A € (0.008, 0.1].

QPbei is a CPNE if pollution is global and A € (0, 0.008].

PROOF:

We let countries a and b form a trade and environmental union, then the announcement would be
as follows:

Q={c;'={b,2} 0} ={a,2},0/" ={2,b}}

W (abl) > W9 (bc) if 2 € (0,0.008] and WP (abi*) > WP (bcik'). However, this deviation is not

self-enforcing, because country a has an incentive to deviate to the no agreement situation by

219



changing its announcement into {&, & }: W“(abi,”) < W%(Ng) if A € (0,0.008]. Based on the

above, we can conclude that Q¢ is a CPNE if pollution is global and A € (0, 0.008].
Q" = (i = {b,c}, 0" = {a,c},0" = {a,b}}

Q" is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

First, we prove that it is not a Nash equilibria if pollution is local. Country a can improve its
welfare by announcing only one out of two clean countries. The lucky clean country would prefer
to form a union with the dirty country a versus the union with another clean country. We can
conclude, that Q/ " is not a Nash Equilibria.

Now, we show that it is not a Nash equilibria for the global level of pollution we well. The dirty
country a would prefer to be an outsider of an integrated agreement between two clean countries
than participate in a fully integrated world: W¢ (abcé) < W“(bci,“). Based on that we conclude, that

Q'™ is not a Nash Equilibria if pollution is global.

A. 3.8.2 The Integrated Free Trade Agreements Game

Welfare effects of various type of trade and environmental agreements:

W (abl) > W4 (N;) > W4 (al") > W (abct) > W (bch) > W9(b}") Country a, local pollution
1€(0,0.053] . . . . .
W4 Ng) > W9(abl) > W9(bck) > W9(al) > W9(abcl,) > W*(b) Country a, global pol-

lution & A € (0, 0.053]
. A€(0.053,01]

W (aby) W4 (Ng) > W“(bcé) > W“(a?) > W"(abc;) > W“(bgi) Country a, global pol-

lution & A € (0.053, 0.1]

WP (bl) > WP (abct) > WP (ab) > WP (bc) > WP(al") > WP(N;) Country b, local pollution

(

WP (Bh) > WP(abcl) > WP (all) > WP (abl)) > WP (bcl) > WP(Ng) Country b, global pollution
( > We(bl) > We(N;) > W¢(ab!) Country c, local pollution

)

W¢(abc) > We(bch) > We(al
(b

We(abck) > We(alh) > We(b) > We(abl) > W€(bcl)) > WE(Ng) Country c, global pollution*?

“21n this game, to assure positive imports of good A by country ¢ when we have country b as a hub, we had to
restrict A further, A € (0, 0.01]
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Announcement Profiles Integrated Agreements
Q¥ ={o,={2.9}.0,={2.2}.0i={2.2}} (@7
Q¥ ={o,={b,2},0,={a,2},0.={2,2}} (abi)
Q" ={o,={2,2},0,={2,c},0.={2,b}} (bei)
Q" ={o,={b,c},0}={a,2},0.={a,2}} (ahi)
Q"M ={o,={b,2},0;={a,c},0; = {2,b}} (Dhi)
Q" = {0} = {b,c},0] = {a,c} ol = {a,b}} (FT)

Q% ={c,={#,2},0l={2,2},0i={2,2}}

Q% s a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot get better off by unilaterally changing the announcement.

Q% is not a CPNE for both local and global levels of pollution.

PROOF:

First, we let countries a and b form an integrated agreement, then the announcement would be as
follows:

Q={o,={b,g},0,=1{a,2},0.={2,2}} and

W4 (abl) > W% (N;) and WP (abi) > WP (N;). We don’t check for any further deviation, because the
level of welfare is the highest for country a in the entire I Game in the case of local pollution.
Country b would prefer to become a hub or be a part of a fully integrated world, but the dirty
country a would not announce country c. Based on the above, we can conclude that Q% isnota
CPNE if pollution is local.

Second, we consider the case of global pollution and A € (0.053,0.1]. We let countries a and b
form an integrated agreement. We observe that country a’s welfare is the highest in this game, and
as a result, country a would not include country c in its announcement. No further deviation is

sustainable.
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Now, we consider the case of global pollution, and we let countries b and ¢ form an integrated
agreement, then the announcement would be as follows:

Q={ocl={os,2},0,={9,c},0. ={o,b}} and

wb (bci,) > WP (N,) and Wc(bcg,) > W¢(Ng). We can conclude, that clean countries can form a

coalition. Based on the above, we can conclude that Q' is not a CPNE if pollution is global.
'Qabi = {G(i = {b,ﬁ},Gli = {a,ﬁ},Gg = {Q,ﬁ}}

Q1 is a Nash Equilibria if pollution is local and if pollution is global and A € (0.053, 0.1].
PROOF:

change It . ,
country a ={b, 2} ——2%{b,c} ™% no change in a’s welfare

country a ={b,ﬁ}% {(,c}{z, 2}, W (ab}) > W(N;) & W (aby) > W(N,) if A €
(0.053,0.1].

We can conclude, that country a has no incentive to change its announcement if pollution is lo-
cal. Also, country a has no incentive to alter its announcement if pollution is global and A €
(0.053,0.1].

country b ={a, Q}M {a, c}% no change in b’s welfare

country b :{a,@‘}dm—ng% {ﬁ,c}/{ﬁ,ﬂ}% WP (abi) > Wb(Ny)

We can conclude, that country b has no incentive to change its announcement.

country ¢ ={ &, ﬁ}% {a,2}{=,b}a, b}% no change in ¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude Q9 is a Nash Equilibria for the local level of pollution and for
the global level of pollution if A € (0.053, 0.1].

Q1 is not a Nash Equilibria if pollution is global and 2 € (0, 0.053].

PROOF:

country a ={b, g} %, (g, o} M We(abl) < WO(N,) if A € (0,0.053].

We can conclude, that country a can unilaterally change its announcement and gain a higher level

of welfare.

Q91 s not a CPNE for both local and global levels of pollution.
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PROOF:

We let two clean countries form an integrated agreement, then the announcement would be as
follows:

Q={o.={b,z},0, ={o,c}, 0. ={z,b}}

WP (b1) > WP (ably) and W€ () > W (abi)). We can conclude, that countries b and ¢ can deviate.
'QbCi = {Gai = {g’g}vcbi = {Q,C},Gci = {/@7b}}

Qb¢lis a Nash Equilibria for both local and global levels of pollution.
PROOF:
change result . ,
country a ={ &, &} —— {b, @ }/{&,c}/{b,c} —— no change in a’s welfare
We can conclude, that country a has no incentive to change its announcement.
h .
country b ={ &, c}—>c anse {a, c}—>resuh no change in b’s welfare
country b ={ &, c}—>6hange {a,2}{ &, ﬁ}—>result W(bciy) > WP (Ng)
We can conclude, that country b has no incentive to change its announcement.

change It . ,
country ¢ ={&, b} ——2%{a,b} % no change in ¢’s welfare

country ¢ ={Q,b}% {a,fd}/{ﬁ,ﬁ}% We(bcly) > W€ (Ng)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we can conclude %/ is a Nash Equilibria for both local and global levels of
pollution.

QP is not a CPNE if pollution is local.

PROOF:

To prove the above, we examine the grand coalition. First, we consider the possible deviation of
the dirty country a. This country will not leave the integrated world because if it does so, then
W (bl = Wa(ch) < WA (bcl) < W9 (abch). Second, we consider whether either of the clean coun-
tries would have an incentive to change the announcement: W?(abc!) = W€ (abct) > WP (abi) =
We(ac) > WP(bch) = We(bch) > WP(alt) = We(al) > WP(ch) = We(b}). Based on the above.
we can conclude that Q% is not a CPNE for the local level of pollution.

Qb s a CPNE if pollution is global.
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PROOF:

First, we assume that countries a and b form a coalition, then the announcement would be changed
to the following:

Q={c = {b,;zf},c,i ={a,2},0.={&,b}} and

As a result, we observe W% (abl,) > W¥(bck) and W”(abl) > WP (bcl). However, country b has
an incentive to alter this announcement by adding country ¢ and turning into a hub: W? (bgi) >
wb (abi,) and W“(bgi ) < W4 (bcg). We can conclude, that initial deviation is not sustainable.

Next, we assume that countries a and ¢ form a coalition, then the announcement would be changed
into the following:

Q={o,={a.c},0,=1{2,c},0.={a, z}}

As a result, we observe W“(ac;) > W“(bc;) and Wc(ac;) > W“(bcg). However, country c, similar
to country b in the previous step, has an incentive to alter this announcement by adding a second
clean country and enjoy the benefits of being a hub: W¢(ck) > W¢(acl,) and W9 (cl') < W9 (bc).
We can conclude, this initial deviation is not sustainable.

Finally, we assume that all three countries form a coalition. In this scenario, we observe W*¢ (abci,) <
W“(bci,) and conclude that grand coalition is not sustainable as well.

Based on the above, we are confident to conclude that Q% is a CPNE for the global level of

pollution.
Qi = {Gcl; = {bac}761§ = {aw@/}vcc{ = {a7/®}}

Q7 is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

First, we consider the case of local pollution. Country a can unilaterally change its announcement
by excluding one of the clean countries and improve its welfare: W%(a}') < W9(ab}) = W(ac}).
Now, we consider the case of global pollution and A € (0.053, 0.1]. Similar to the previous step,
we observe that the dirty country a can improve its welfare by restricting its announcement to only

one clean country: W%(ak') < W9(ab}) = W*(ac},) and A € (0.053,0.1].
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Finally, we consider the case of global pollution and A € (0, 0.053]. Country a can achieve the
highest welfare in this game by announcing no agreement with both clean countries.
Based on the steps above, we can conclude that Q% s not a Nash Equilibria for both local and

global levels of pollution.
QP = {G(i = {ba/@}acll; = {aac}vcci = {/@/>b}}

QY s not a Nash Equilibria for both local and global levels of pollution.

PROOF:

result

h . ,
country a ={b, &}~ { &, g } L, W4 (bcly) > W4 ()
We can conclude, that country a will deviate and gain a higher level of welfare by announcing no
agreement with either clean country. The dirty country would prefer to be an outsider versus being

a spoke.
QF ={ol = {b,c},0} = {a,c},0l = {a,b}}

Q"' is a Nash Equilibria if pollution is local.

PROOF:

result

h . .
country a ={b, c} "% {b, &} % W abch) > WO (bl)

country a ={b, c}%{g, cH{z, JZ}M) W4 (abct) > W ()

We can conclude, that country a has no incentive to change its announcement.

country b :{a,c}c—h% {a, 7}, W (abct) > WP (al)

country b ={a,c}% {ﬁ,c}% WP (abct) > Wb (ch)

country b :{a,c}% {2, o} 2 W (abct) > Wb (ac!)

We can conclude, that country b has no incentive to change its announcement.

result

country ¢ ={a,b} L%, (g, b} ML We (abel) > We (bl

h o o
country ¢ ={a,b} %% {a, ﬁ}% We(abch) > We(al")

change It . .
country ¢ ={a,b}— {&, 8} W¢(abcl) > W€ (ab')
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude Q/ i is a Nash Equilibria for the local level of pollution.
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Q' is not a Nash Equilibria if pollution is global.

PROOF:

country a ={b, c}%{ﬁ, z} result, W“(abci,) < W“(bcg)

We can see that the dirty country a would deviate by announcing no agreement with either clean
country and improve its welfare.

Q' is a CPNE if pollution is local.

PROOF:

First, we assume that the dirty country a forms a coalition with one of the clean countries, then the
announcements could be as follows:

Q ={0oi={b,2}.0} = {a.2} .0} = {a,b}} or @ = {3} = {5.c}.0} = {a,c} 0] = {a,5}}
As a result of either of these agreements, we have the following levels of welfares W“(abf) =
Wé(ach) > W4 (al") > W4(abc') and WP(abl) = W€ (ac)) < WP(abct) = W€(abc}). We can con-
clude, that though country a would like to form a coalition, none of the clean payers is interested
in the coalition with the dirty country. The only reason for country b or ¢ to get into an agreement
with a is a further deviation to become a hub, because W (b") = W¢(cl") > WP (abci) = W€ (abch).
We can conclude that there would be no coalition between the dirty country a and either of the clean
payers.

Now, we assume that two clean countries decide to form an integrated agreement and exclude the
dirty country a, then the announcement would be as follows:

Q ={c.={b,c},0, ={2,c}, 0. ={z,b}}

We observe the following levels of welfares as a result of this agreement: W? (bcf) = Wc(bcf) <
WP (abct) = W€ (abct). We see that this coalition is not sustainable as well.

We are confident to conclude that Q' is a CPNE if pollution is local.

A. 3.9.2.1 Shallow Trade Agreements Game

Welfare effects of various type of shallow trade agreements:

Wa(ab¥) > We(al) > W(ab;) > W*(N;) > W(abc;) > W(bl') > W4(bc;) > W(bc") Country
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a, local
W“(ag) > W (aby) > W (abg) > W (abcg) > W4 (Ng) > W“(bg) > W4 (bcg) > W (bcy) Country
a, global
WP (bl > WP(ab¥) > WP (bct) > WP(ab;) > WP (abc;) > WP(be;) > WP(al') > WP(N;) Country
b, local

b(p ot b(ph b ACQOBBOA] Ly b b b b h
W?(bey) > WP (by) > WP (bcg) > W?(abg) > W°(abg) > W?(Ng) > W?(abcg) > W7 (agy)
Country b, global & 4 € (0.073,0.1]

A€(0,0.073]

WP (bct) > Wh(bl) > Wh(ab¥) > WP(bcg) > WP(abg) > WP(Ng) > WP (abcg) > WP (dl)
Country b, global & A € (0, 0.073]
We(bc) > W¢(abe)) > W€ (b)) > We(al) > WE(N)) > WE(bl) > W€ (aby) > W€(ab¥) Country c,
local

We(bcg) > We(bcg) > WE(Ng) > W€ (abcg) > Wc(bg) > Wc(ag’,) > W¢(abg) > W¢(abg) Country

¢, global

’ Announcement Profiles \ Shallow Trade Agreements
Q?={o.={2,8},0,={7,%},0.={2,2}} (P)
Q% ={c,=1{b,2},0,=1{a,8},0.={7,2}} (ab)
Q™ = {oy ={V",7},0; = {a", 2} 0! = {7, 7}} (abu)
Qb ={0,=1{2,8},0,=1{%,ct,0. = 12,b}} (bc)
Q" ={o)={7,2} 0y ={2,c"} 0! = {2,b"}} (beu)
Q% =1{c,={b,c},0,={a,2},0.={a,z}} (ah)
‘QbhE{Ga:{bvg}vcb:{avc}ucc:{gJ?}} <bh>
QF' = {of ={b",c"}, 04 ={a", "}, 0} ={a",b"}} (F")
QF ={o,={b,c},0, = {a,c},0. = {a,b}} (F)

Q*={o,={2,8},0,={2,2},0.={2,2}}

Q% is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot get better off by unilaterally changing the announcements; countries have no
incentive to announce any other country unless they are going to be announced back.

Q% is not a CPNE for both local and global levels of pollution.
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PROOF:
Any two countries can be better off by announcing each other; for example, W*(abg) > W*(Ny)

and W% (abg) > W?(Ng) or W9(ab') > W*(Ng) and W’ (ab%) > W?(Ng).
,QabE{Ga:{b,,@'},Gb:{a,,@/},GC:{Q/,Q}}

Q9 is a Nash Equilibria for both local and global levels of pollution.
PROOF:

change result

country a ={b, @ }——— {b,c}—— no change in a’s welfare

change result

country a ={b, &} —— {&,c}/{ &, }{b", g }{z, 2 }{b", "} —— W (abg) > W*(Ny)
We can conclude, that country a has no incentive to change its announcement.
country b ={a, & } *J{a, }L no change in b’s welfare

change

country b ={a, g} —— {&,c}/{ g, }{a", s }/{=z, & }/{a", “}% W?(abg) > WP (Ng)

We can conclude, that country b has no incentive to change its announcement.

change result

country ¢ ={&, g }—— {a,g}/{a", s}{z,b}/{2,b"}{a,b}/{a",b"}—— no change in c’s
welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria for both local and global levels of
pollution.

Q% is not a CPNE for both local and global levels of pollution.

PROOF:

Countries a and b can form a coalition to sign a different PTA, then Q = {o} = {b,2},0} =
{a,2},0"={2,2}}, and We(ab¥) > W(abg) & W (ab) > W?(aby).

We can conclude that 2% is not a CPNE for both local and global levels of pollution.
Qi = {ol = {b", z}, 0 = {a", 5}, 0" = {2, 2}}

Q" is a Nash Equilibria for both local and global levels of pollution.

PROOF:

change { result

country a ={b", &} —— {b",c"} —— no change in a’s welfare
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result

country a ={b", ﬁ}% {z,c}{z,c"V{z,2}{b,c}{b, 2} —— W(ab}) > W*(Ny)
We can conclude, that country a has no incentive to change its announcement.

change It . s
country b ={a", &} 5% {a*, "} “™% no change in b’s welfare

country b ={a", g}%{ﬁ,c} K&, "z, s} {a,c}a, ﬁ}% WP (ab¥) > W?(Ng)

We can conclude, that country b has no incentive to change its announcement.

country ¢ :{ﬁ,ﬁ}%{a,ﬁ} /{a“,ﬁ}/{ﬁ,b}/{ﬁ,b“}/{a,b}/{a“,b”}% no change in c¢’s
welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, Q%" is a Nash Equilibria for both local and global levels of pollution.

Q4 is a CPNE if pollution is local.

PROOF:

To prove the above, in next four step, we consider every possible deviation:

First, we consider a possible coalition of two clean countries, then W’(bc¥) < W’(ab¥) and
WP(bc;) < WP(ab¥). We can see, that a clean country is not interested in excluding the dirty
partner in the form of either PTA which includes only clean countries.

Second, we acknowledge that though a clean partner of this union would rather be a hub than a part
of this bilateral trade agreement, this deviation is not possible due to the nature of customs unions.
Third, we examine the deviation of the members of this union to another form of PTA between
them, then W%(ab") > W9 (ab;) and W?(ab) > W’ (ab;). We can that see this deviation is not
meaningful.

Finally, we consider the grand coalition. In this case, W%(ab¥) > W9(abc;) and W (ab}) >
W?(abc;). We can see that this coalitional deviation is not meaningful as well.

Based on the above, we conclude that Q%" is a CPNE if pollution is local.

Q% is not a CPNE if pollution is global.

PROOF:

Suppose, b and ¢ get into a trade union and exclude a, then W (bcg) > wb (abg) and W€ (bcy) >

W¢(aby), and we can conclude that clean countries would form a trade union and exclude a if
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the pollution exhibits global characteristics. We do not need to check for any further deviations,

because the level of welfares members acquire in this union are the highest in the entire game.
Qb ={o,={2,98},0,={g,c},0.={2,b}}

Qb is a Nash Equilibria for both local and global levels of pollution.
PROOF:

change result

country a ={g, o }——— {b,g}{b", s }{&,c}{z,c"}/{b,c}/{b",c*}—— no change in a’s
welfare
We can conclude, that country a has no incentive to change its announcement.

country b ={ g, } % {a, }% no change in b’s welfare

ch ange result

country b ={ &, c}—— {a, g }/{a", 8 }{&, 8 }{&,c*}{a",c*} == WP (bcg) > WP (Ny)

We can conclude, that country b has no incentive to change its announcement.

change resu
b}

country ¢ ={ &, {a,b} ety o change in ¢’s welfare

change

country ¢ ={ &, b} % Lo, g M {a", 5z, & Y|, b} {a", b} 22 W (beg) > WE(No)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria for both local and global levels of
pollution.

Q¢ is not a CPNE for both local and global levels of pollution.

PROOF:

Countries b and ¢ can form a coalition to sign a different PTA, then Q = {0} = {&,2},0} =
{#,c},0" = {=,b}}, and WO(bc¥) = We(bcl) > WP(bcg) = W¢(bcg). We can conclude that

Q"¢ is not a CPNE for both local and global levels of pollution.
Qb = {Gnlf = {@ﬁ}ﬁg = {g,cu},(yg‘ = {@/,bu}}

Qb is a Nash Equilibria for both local and global levels of pollution.
PROOF:

change

country a ={ &, g }—— {b, g }/{b", & }/{&,c}{&,c*}{b,c}{b" "} e o change in a’s

welfare
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We can conclude, that country a has no incentive to change its announcement.

chané resu

country b ={ &, c*}—— {a" “}—> no change in b’s welfare
country b ={2, ¢} *" {a, 5}/{a", 5} {2, &} {a,c} {2} WP (bely) > WP(Np)
We can conclude, that country b has no incentive to change its announcement.

change It
3} Lt b} 2™ no change in ¢’s welfare

country ¢ ={ &, b"
country ¢ :{ﬁ,b”}c—h%{a, 2} {a", z}{z,2}{a,b}{z,b} result, We(bcl) > W€(Ng)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, 27 is a Nash Equilibria for both local and global levels of pollution.

Qb is not a CPNE for the local level of pollution.

PROOF:

Suppose, that countries a and b get into a trade union and exclude ¢, then W¢(ab}') > W¢(bc}') and
WP (abt) > WP (bct). We can conclude that one clean and one dirty country would form a trade
union and exclude c if pollution is local.

Qb s a CPNE if pollution is global.

PROOF:

Neither b or ¢ can do better by deviating from their original announcements. The level of welfare
clean countries acquire in this customs union is the highest they can achieve in this extended game.

We conclude that, Q% is a self-enforcing commitment between two clean countries if pollution

exhibits global characteristics.
Q% ={c,={b,c},0,={a,2},0.={a,2}}

Q7 is a Nash Equilibria for both local and global levels of pollution.
PROOF:
country a ={b,c} L% (b g }i{ g, c} M We(dl) > W (abg) = W(acy)

change

country a ={b, ¢} "% { g, g }I{b", H{b*, B Y{ 2, "} Wa(ah) > W (Ng)
We can conclude, that country a has no incentive to change its announcement.
country b ={a, & } % {a, }—> no change in b’s welfare

{ﬁ,Qf}/{a“,c“}/{,@(,c}/{ﬁ,c"}/{a",z}% Wo(al) > Wb(acg)

change

country b ={a, g }——
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We can conclude, that country b has no incentive to change its announcement.

change resul

country ¢ ={a, &} %% {a,b} ™™ no change in ¢’s welfare

country ¢ ={a, ﬁ}c—h% {o,z}{a",b"}{=,b}/{z,b"}/{a", &} Lesult, We(al) > W (abe)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we can conclude that 29" is a Nash Equilibria for both local and global levels
of pollution.

Q7 is not a CPNE for both local and global levels of pollution.

PROOF:

Let b and ¢ form a coalition, then Q = {c, = {b,c},0, = {a,c},0. = {a,b}}, then W’ (abcg) >
WP (al) and W¢(abcg) > W (a};). We can see that clean countries would rather be a part of a free

trade world than being spokes. We can conclude that Q%" is not a CPNE for both local and global

levels of pollution.
QM =1o,={b,z},0,={a,c},o.={2,b}}

Q" is a Nash Equilibria for both local and global levels of pollution.

PROOF:

change
S b, }% no change in a’s welfare

{2, 2} b, Mz, Mz, a5} " Wa(blh) > W (beg)

country a ={b, &} ——

change

country a ={b, &} ——

We can conclude, that country a has no incentive to change its announcement.

change

{a, 8 }{,c} 2 Wh(bh) > WP (abg) &WP(bl) > WP (beg)

{2, 2}{a" "} H{a", 2} {2, e} Wh(bh) > Wh(Ne)

country b ={a,c}——

change

country b ={a,c}——

We can conclude, that country b has no incentive to change its announcement.

change resul

country ¢ ={&, b} ——2% {a,b} ™% no change in ¢’s welfare

country ¢ ={ 2, b} 2 (o, g a", b M {a, o} {a", 2 }1{ 2, b"} 2 We(bh) > W (aby)
We can conclude, that country ¢ has no incentive to change its announcement.
Based on the above, we conclude that Q%" is a Nash Equilibria for both local and global levels of

pollution.

Q" is not a CPNE for both local and global levels of pollution.
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PROOF:

Let a and ¢ form a coalition, then Q = {o, = {b,c}, 0, = {a,c},0. = {a,b}}, then W*(abcg) >
W(bl) and W€(abcg) > W(b}). We can see that both countries, a clean country ¢ and the dirty
country a, would prefer to be a part of a free trade world versus being spokes. We can conclude

that 2% is not a CPNE for both local and global levels of pollution.
QF ={c! = {v",c"}, 0 = {a",c"},0f = {a",b"}}

Q" is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

First, we consider the case of local pollution. Country a can unilaterally change its announcement
and improve its welfare:

country a ={b*,c"} LU (p g} 1{ g5, '} M Wa(abt) = W (act) > W (abe;) & WP (abt) =
We(act) > WP (abc;) = W€(abcy).

Country a is indifferent between these announcements, and the lucky country, b or ¢, would im-
prove its welfare. The unlucky one would be simply excluded.

Now, we consider the case of global pollution. In this case, clean countries can improve their
welfare by excluding the dirty country a:

country b ={a,c} T2, {51, ¢} M W (het) > Wh(abe,)

country ¢ :{a,b}% {ﬁ,b}%W"(bcg) > W¢(abcy)

We can conclude, that either of the clean countries can improve its welfare by calling another clean
country only. Clean countries would prefer to exclude the dirty player if pollution is global. Based

on the above, we conclude that Q/" is not a Nash Equilibria for both local and global levels of

pollution.
QF = {Ga = {b>c}v6b = {a,c},ac = {a,b}}

Q! is a Nash Equilibria for both local and global levels of pollution.
PROOF:

country a :{b,c}%{b, z} Lesult, W(abcg) > W(b)
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country a :{b,c}c—hﬁe—) {z,c}% W4 (abcg) > W(ch)

country a ={b,c} U Lo, g V{b", VLB, B V{2, T Waabeg) > WA (beg)
We can conclude, that country a has no incentive to change its announcement.

country b :{a,c}% {a,2} Lesult, WP (abcg) > Wb (al)

country b ={a,c}- L (g, c} M Wh(abeg) > WP(ch)

country b :{a,c}% {9, 2}{d",c"}{a", s }H{, M} Tesult, Wb (abcg) > WP (acq)
We can conclude, that country b has no incentive to change its announcement.

country ¢ ={a,b} L2, {a, &} M We(abeg) > We(al)

country ¢ :{a,b}c—h% {Q)‘,b}%W“(abce) > We(b)

result
—

country ¢ ={a,b} % Lo, gV a1 at, 2 V{2, b} W (abcg) > W€ (abe)
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that 2/ is a Nash Equilibria for both local and global levels of
pollution.

Q! is not a CPNE for both local and global levels of pollution.

PROOF:

If pollution is local, then the dirty country a can form a CU with either clean partner, then
Wa(ab) = W(ac") > W(abc;) and WP (ab?) = W¢(ac*) > WP (abc;) = W¢(abc;). If pollution is
global, then two clean countries can form a coalition in the form of customs union and gain the

highest level of welfare in this game. Based on the above, we can conclude that the announcement

profile 2/ does not survive a coalition-proof Nash equilibria refinement.

A. 3.9.2.2 Deep Trade Agreements Game

Welfare effects of various type of shallow trade agreements:
W (ab) > W4 (abi) > W4(N;) > W (al") > W(abct) > W(bc)) > W(b}') > W(bci*) Country
a, local

2.€(0,0.008] ) . . . . . ‘
WANg) > W ab) > W(abl) > W9(bch) > W (bci) > W(al) > W (abcl) > W (b)

Country a, global & 4 € (0, 0.008]
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o AE(0.008,00] o A€(0,0053] o o . o
We(aby') > We(Ng) > W4 aby) >W4(bcy) >W(bey') >W(ay') > W4 (abcy) >

W“(bgi) Country a, global & A € (0.008, 0.053]

a iu a i A€(0.053,0.1] a a(p, i a(p, i a( ,hi a i a(phi
Wé(aby') > W(aby,) > We(Ng) > W4 (bcg) >W4(bcy') > W (ag') > W (abcy) > W (by')
Country a, global & A € (0.053,0.1]

WP () > Wb (abi*) > WP (abc') > WP (abi) > WP (bci) > WP (bet) > WP (al) > WP (N;) Country
b, local

Wbk > WP (abcl) > WP(all) > W (ab) > WP (ab) > WP (bct) > WP (bcly) > WP (Ng) Country
b, global

We(abch) > We(bci) > We(bcl) > We(alt) > We(bl) > We(N;) > W¢(abl) > W¢(ab*)Country
¢, local

Wc(abcé) > Wc(agi) > Wc(bgi) > Wc(bcé”) > Wc(abé) > W“(bcg) > W€(Ng) > W"(ab;”) Country

c, global*?
Announcement Profiles Shallow Trade Agreements

Q% ={ci={2,2},0,={2,2},0.={2,2}} (@)
Q¥ ={o,={V,2},0;,={d 2} ,0/={2,2}} (abi)
Qin = {git = (b, g}, ot = {a, )} 0" = {#, 7} } (abiu)
QM ={cl = {g,0}.0l = {z.¢} 0. = {@.b}} (bei)
Q= {oy' = {#,8},0p' = {#,c"} 0" = {2,b"}} {beiu)
QU = (g} = {V,c},0} = {5} .0l = {2} (ahi)
@ = {0, = (V. 5},0} = {0} 0l = {5} o)
oF" — {Géu = {bi",ci"}, ol = {aiujciu} Gt = {aiu’biu}} <Fiu>

QF ={o, = {V'.c'}, 0y ={d'.c'} ,op = {a',b'}} (F

Q% = (ol ={2,0},0l={2,2},0. = {z,}}

Q% isa Nash Equilibria for both local and global levels of pollution.
PROOF:
Countries cannot get better off by unilaterally changing the announcements; countries have no

incentive to announce any other country unless they are going to be announced back.

“1n this game, to assure positive imports of good A by country ¢ when we have country b as a hub, we had to
restrict A further, A € (0, 0.01] (similar to I game)
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Q% is not a CPNE for both local and global levels of pollution.
PROOF:

Any two countries can be better off by announcing each other; for example, W¢ (ab’é”) > W% (Np)

and W2 (ab) > WP(Ng) or W9(abiy) > W(Ng) and W’ (ably) > WP (Np).
Qabi — {Gé — {bi,ﬁ},oé — {ai’g},ccl: ={2,2}}

Q% s a Nash Equilibria for the local level of pollution and for the global level of pollution if
A € (0.053,0.1].

PROOF:

result

change ;
{ L }% no change in a’s welfare

country a = {b’ jo 1 }
change

(@6}, e} i{b, 5} {e, o} { b, e} 22 We(abl) > W(N))
& Wa(abl,) > W(N,) if A € (0.053,0.1].

country a ={b', g } ——

We can conclude, that country a has no incentive to change its announcement if pollution is lo-
cal. Also, country a has no incentive to alter its announcement if pollution is global and A €

(0.053, 0.1].

change { i Ci} result
)

country b ={d', & } —— =% no change in b’s welfare

country b={d’, & } —— change, {@,c}{z,c"}{a", &} 1{e, &} {a", "} result, WP (abi) > WP (Ng)
We can conclude, that country b has no incentive to change its announcement.

{d, &Y {a" s}z, b N { &, b" Y {a', b} {a bi*} " no change

change

country ¢ ={g&, g }——
in c¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude 2% is a Nash Equilibria if pollution is local and if pollution is
global and A € (0.053, 0.1].

Q1 s not a Nash Equilibria if the pollution is global and A € (0, 0.053].

PROOF:

change

country a ={b', @ } —— {&,c' }/{ &, "}/ {b", &} {&, 2 }1{b" "} result, W(abl) < W*(N,)

if 2 € (0,0.053].
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We can conclude, that country a can unilaterally change its announcement and gain a higher level
of welfare.

Q91 s not a CPNE for both local and global levels of pollution.

PROOF:

Countries a and b can form a coalition to sign a different PTA, then Q = {c* = {b™, 5}, 0" =
{a", 2} 0l ={2,2}}, and WI(abll) > W(abl) & Wb(abt) > WP (ably). We can conclude that

Q7 is not a CPNE for both local and global levels of pollution.
Qabiu = {Géu — {biu,ﬁ},ﬁiu — {aiu,g} ’Gciu — {ﬁ7,®'}}

Qb js g Nash Equilibria if pollution is local and if pollution is global and A € (0.008, 0.1].
PROOF:

country a ={b™", &} change, {b™ "} resull, o change in a’s welfare

country a ={b, &} LU Lo V1L gr V1, g H{BE VLB, ) T W abit) > WO(N]) &
W4(abi') > W(Ng) if A € (0.008, 0.1].

We can conclude, that country a has no incentive to change its announcement if pollution is lo-

cal. Also, country a has no incentive to alter its announcement if pollution is global and A €

(0.008, 0.1].
}"ESM

country b = {a’” Jof } change, { iu ’”} —— no change in b’s welfare

{2, Y{, "} {z,o}{d ¢ }{a', &} L Wh(abit) > Wh(N)

change

country b ={a", 2 } ——
We can conclude, that country b has no incentive to change its announcement.

country ¢ ={g&,g}—— change, { i,fd} /{a’”,ﬁ}/{ﬁ,bi}/{ﬁ,biu}/{ai,bi}/{ai”,bi”}% no change
in ¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria if pollution is local and if pollution
is global and A € (0.008, 0.1].

Qi js not a Nash Equilibria if pollution is global and A € (0, 0.008].

PROOF:
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result

country a :{bi“,Qf}c—h%e—){@“,c"}/{ﬁ,ci”}/{ﬂ,ﬁ}/{bi,ci}/{bi,zf}—> W(ab') < W*(N,) if
A € (0, 0.008].

We can conclude, that country a can unilaterally change its announcement and gain a higher level
of welfare.

Qabin s q CPNE for the local level of pollution and for the global level of pollution if A €
(0.008, 0.1].

PROOF:

To prove the above, in the next four steps, we consider every possible deviation:

First, we consider a possible coalition of two clean countries, then W’ (bcl) < W?(ab¥) and
WP(bcy) < WP(abit). We can see, that country b is not interested in excluding the dirty part-
ner in the form of either integrated PTA which includes only clean countries, and we conclude that
this deviation is not meaningful.

Second, we acknowledge that though a clean partner of this union would rather be a hub than a part
of this integrated customs union, this deviation is not possible due to the nature of customs unions.
Third, we examine the deviation of members of this union to another form of integrated PTA, then
W4 (ab®) > W(ably) and WP (abt) > W (ably). We can that see this deviation is not meaningful.
Finally, we consider the grand coalition. In this case, if pollution is local, then W“(abf”) >
W4 (abct) and WP (abi) > WP (abc!), and we can see that this coalitional deviation is not meaning-
ful as well. If pollution is global, then the dirty country a would not agree to be a part of a fully
integrated world; it would rather be an outsider of either integrated PTA of clean countries than
join them.

Based on the above, we conclude that Q% is a CPNE if pollution is local, and it is a CPNE if

pollution is global and A € (0.008, 0.1].
Qb= (ol ={z,o},0, ={z,cd} 0l ={2,b}}

Qb¢lis a Nash Equilibria for both local and global levels of pollution.

PROOF:
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country a={g, Qf}c—%e—){b’, ﬁ} /{b’”, ﬁ}/{ﬁ,c’}/{ﬁ,c”‘}/{b’,cl}/{b’”,c‘”}% no change in
a’s welfare
We can conclude, that country a has no incentive to change its announcement.

change { ici} result
)

country b = { Z,c } —— no change in b’s welfare

change

country b={ 25, " {4l gV i{a, 5}, & 1] &, Y a, ) T W (bek) > WP (Np)
We can conclude, that country b has no incentive to change its announcement.

country ¢ {Qf b’} change, { b’}% no change in c’s welfare

country ¢ ={ &,b' } —— change, {d',z}{a", &} {2, 2} {z,b"}{a™, b"} result, We(bcly) > W¢(Ng)
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that 27 is a Nash Equilibria for both local and global levels of
pollution.

Qb€ is not a CPNE for both local and global levels of pollution.

PROOF:

Members can form a coalition to sign a different deep trade agreement, then Q = {c! = { &, &}, 0',2“ =
{z,c}, 0/ ={z,b"}}, and WO (bcltt) = We(bci¥) > WP (bcly) = We(bely ). We can conclude that

Q"¢ is not a CPNE for both local and global levels of pollution.
chm_{GW {Q ,@'} Ghu_{’@ czu} Géu:{g,bia}}

Qb s a Nash Equilibria for both local and global levels of pollution.
PROOF:

change

country a ={ &, o }—— {bi, Qf}/{bi”, ﬁ}/{ﬁ,ci}/{ﬁ, ci“}/{bi, ci}/{bi”, ci”} resully o change
in a’s welfare

We can conclude, that country a has no incentive to change its announcement.

country b ={Q, c’”}% { iu ’”} resully o change in b’s welfare

country b={g,c*} LU {4i gV i{a, o} {2, o }{at,c M @, e} 2 Wh(beit) > Wh(Ng)
We can conclude, that country b has no incentive to change its announcement.

.\ change ; ; It
country ¢ ={ &, b’“}ﬁg {a’”, b’”}% no change in ¢’s welfare
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country ¢ :{ﬁ,bi”}c—h% {d',z}/{a" & }{z,z}/{d b’} /{z,b'} result, We(bcl) > W€ (Ng)
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, Q27 is a Nash Equilibria for both local and global levels of pollution.

QPbeit is not a CPNE if pollution is local and if pollution is global and A € (0.008, 0.1].

PROOF:

Any member can form an integrated customs union with the dirty player, exclude the other clean
country, and improve its welfare as follows: W?(abi) = W¢(acl) > Wb(bcit) = W¢(bcik). The
dirty country a would happily agree to that for any levels of lambda if pollution is local and for
relatively high lambda if pollution is global. Based, on the above, we are confident to conclude
that Q¢ is not a CPNE for the local level of pollution and for the global level of pollution if
A € (0.008, 0.1].

QPbeit is a CPNE if pollution is global and A € (0, 0.008].

PROOF:

To prove the above, in the next three steps we consider every possible deviation:

First, though either clean member of the world would prefer to deviate with the dirty player in the
form of an integrated union to gain a higher welfare W?(ab) = W€ (aci) > W?(bci) = W (bcit),
this deviation is not self-enforcing for relatively low levels of lambda. Country a has an incentive
to deviate further into no agreement scenario and improve its welfare.

Second, we acknowledge that though either clean partner of this integrated union would rather be
a hub, but this deviation is not possible due to the nature of integrated customs unions.

Third, we consider the grand coalition. In this case, W’ (bclt) = W¢(bclt) < WP (abcl) = W€ (abc),
but country a would not agree to be a part of a fully integrated world. The dirty country a would
rather be an outsider of an integrated customs union of clean countries than join them.

Based on the above, we can conclude that Q7 is a CPNE if pollution is global and A € (0, 0.008].
'Qahi = {G(; = {bi,Ci}a G[é = {aiw@/} 7Gci = {aiw@/}}

Qi is not a Nash Equilibria for both local and global levels of pollution.

240



PROOF:
country a ={bi,ci}% {o, 2} {b", "} /{p", ﬁ}/{ﬁ,c‘”}% W (al') < W(Ng)
We can conclude, that country a would deviate, and based on that Qi s not a Nash Equilibria for

both local and global levels of pollution.
Qbhi = {G(,ll = {bi,@/},('fé = {aiuci} 7Gci‘ = {gubl}}

QY is not a Nash Equilibria for both local and global levels of pollution.
PROOF:

country a ={b', g } —— change, {z,z}{b", "} {b", z}1{z,c }% W4 (bcly) > W (b))
We can conclude, that country a would deviate, and based on that Qbhiig not a Nash Equilibria for

both local and global levels of pollution.
QF”‘ = {Giu — {biu Ciu} ol — {aiu Ciu} ol — {aiu bzu}}

Q"™ is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

First, we prove that it is not a Nash equilibria if pollution is local. Country a can improve its
welfare by announcing only one out of two clean countries. The lucky clean country would prefer
to form an integrated union with country a versus the union with another clean country. We can
conclude, that Q/ " is not a Nash Equilibria if pollution is local.

Now, we show that it is not a Nash equilibria for the global level of pollution we well. The dirty
country a would prefer to be an outsider of an integrated agreement between two clean countries
than participate in a fully integrated world, W¢ (abcg) < W“(bc;”). Based on that we conclude, that

Q'™ is not a Nash Equilibria if pollution is global as well.
QF = {¢i = {b',c'}, 0, ={d',c'} 0l ={d',b'}}

Q' is a Nash Equilibria if pollution is local.
PROOF:

country a ={b',¢'} —— change, {b',z}1{2,c} resulty W4 (abch) > We (b)) = W ()
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country a :{bi,ci}c—h% {z,zy{b" "} {b", & }1{=,c"} result, W4 (abch) > W (bch)
We can conclude, that country a has no incentive to change its announcement.

country b ={da',c'} —— change, {d Qf}% WP (abch) > Wb (al)

country b ={a’,c'} —— change — {7, }—= resul S5 Wh(abel) > Wh(chh

(&, M {a", "V {a", & Y]z, "} 0 Wh(abel) > WP (ach)

change

country b = {a c }
We can conclude, that country b has no incentive to change its announcement.

country ¢ ={a’,b'} —— change, {d ,@’}M) W¢(abch) > We(alt)

country ¢ ={a’,b'} —— change, {2, b’}%wc(abcl) > We(bht)

country ¢ ={a',b'} —— change — {&, 2} {a",b"}/{a", & }I{2,b"} Lesult, W¢(abch) > W€ (ab')

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q' ' is a Nash Equilibria if pollution is local.

Q" is not a Nash Equilibria if pollution is global.

PROOF:

country a ={b',c'} —— change — {@, 2} {b" "} {b" B} {z, M} —— Lesult, W(abcl) > W4(bck)

We can conclude, that country a will deviate, and Q' is not a Nash Equilibria if pollution is
global.

Q' is not a CPNE if pollution is local.

PROOF:

If pollution is local, then the dirty country a can form an integrated union with either clean part-
ner and exclude the other clean country, then W¢(abi") = W(ac*) > W9(abc!) and WP (abi*) =
We(ac") > W(abc) = W€ (abct). Based on that, we can conclude that the announcement profile

Q"' does not survive a coalition-proof Nash equilibria refinement.

A. 3.9.2.3 The Choice between Deep and Shallow Customs Unions

Welfare effects of various type of deep and shallow trade agreements:

We(ab) > W(ab") > W (N;) > W (abc;) > W9 (abct) > W9 (bc") = W¢(bct) Country a, local
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2€(0,0.008] . . .
W (abg) > Wi(abcg) > W (Ng) > W aby') > W(bcy') > W(bcy) > W4 (abc,) Country

a, global & A € (0, 0.008]

1€(0,0.076] _ 4€(0.008,0.1] . .
Wé(abg) > W (abcg) > W9(aby') > W4(Ng) > W4 (bcy') > W(bcy) > W (abcy,)

Country a, global & A € (0.008, 0.076]

a u a iu A€(0.076,0.1] a a a(p, i a(, U a i
W(abg) > W (aby') > W(abcg) > W4 (Ng) > W (bey') > W (bcg) > W (abcy,) Coun-
try a, global & A € (0.076, 0.1]

WP (abi*) > Wb (abc) > WP (ab¥) > W (bci*) > W (bet) > WP (abc;) > WP(N;) Country b, local
Wb(abcfg,) > WP (aby 0y > wb (bcg iy > wb (bcg) > Wb(ab”) >WP?(N,) >W?(abc,) Country b, global
abct) > c; ) > c;)> aocy) > > a > a ountry ¢, loca
W¢(abcy) > We(bej) > We(bef') > We(abe;) > We(Np) > We(abj") > W¢(abjf) Country c, local
. 1€(0,0.024]
W¢(abch) > We(bcl') > We(bck) > WE(Ng) > We(abeg) > WE(abl) > W€ (abl) Country
¢, global & A € (0, 0.024]

o o . . 2e(0,0007 . A€(0.024,01] o
We(abcy) > We(bey') > W (bcg) > W (Ny) > W€(aby') > W¢(abcg) > W€ (aby)
Country c, global A € (0.024, 0.067]

c i C (it C (Tl c( hilt A€(0.067,0.1] c c c( U
W¢(abcy) > We(bcy') > We(bcg) > W€ (aby') > W€(Ng) > W€ (abcg) > W€ (aby) Country
¢, global A € (0.067, 0.1]

Announcement Profiles Trade Agreements: CU vs. IU
Q% = {0} ={2,2},0; ={2,2},0! = {5,2}} (@)
Qi = (o4 = {b", o}, 0} = {a", 5}, 04 = {2, 2}} {(abu)
Qi = [t = {pi o} oft = {a", &}, 00 = {z,2}} (abiu)
Qb= (ot = {g,2},00 = {7,c"}, 0" = {z,b"}} (bcu)
Qthu — {Gtu {Q’ Q} G];u _ {,@' cm} Glu — {,@' blu}} <bciu>
"= {oy={p",c"}, 0 = {a",c"} , 0F = {a",b"}} (F")
QF’” = {o-éu — {biu’ciu}7o-ll;u — {aiu,ciu} 7O-Ciu — {aiu,biu}} <Fm>

,Q(pu E{Ggf:{/@753/},(7;:{gvg}aag:{’@/v@/}}

Q%" is a Nash Equilibria for both local and global levels of pollution.
PROOF:
Countries cannot get better off by unilaterally changing the announcements; countries have no

incentive to announce any other country unless they are going to be announced back.
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Q%" is not a CPNE for both local and global levels of pollution.
PROOF:

Any two countries can be better off by announcing each other.
Qi = {ol = {b", z}, 0 = {a", 5}, 0" = {2, 2}}

Q% is a Nash Equilibria for both local and global levels of pollution.
PROOF:

change { resu

country a ={b", &} —— {b",c"} ety o change in a’s welfare

change

country a ={b", &} —— {&,c"}{2,c"}{z, 2 }1{b™, & }I{b", "} Tesult, W4 (ab) > W“(Np)

We can conclude, that country a has no incentive to change its announcement.

}ichange { result

country b ={a", & a",c"*} —— no change in b’s welfare

change

country b ={a", &} —— {&, " }{&,c"}{z, s} {a™, " }/{a", &} Lesult, W (ab¥) > WP (Ng)

We can conclude, that country b has no incentive to change its announcement.

change

country ¢ ={g, g} —— {a", & }/{a", ﬁ}/{@(,b“}/{z,bi”}/{a“,b“}/{ai“,bi”}% no change
in c¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, Q%" is a Nash Equilibria for both local and global levels of pollution.

Q4 is a CPNE if pollution is local.

PROOF:

To prove the above, in next three steps, we consider every possible deviation:

First, we consider a coalition of two clean countries, then W?(bc%) < W?(ab") and W (bci) <
wb (ab}). We can see, that a clean country is not interested in excluding the dirty partner in
the form of either customs union which includes only clean countries, and we conclude that this
deviation is not meaningful.

Second, we examine whether members would prefer to add an environmental clause to their orig-
inal agreement: W2 (ab) > W’ (ab"), but W¢(ab") < W%(ab"). We can that see that country a

would not be interested, and we conclude that this deviation is not meaningful as well.
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Finally, we consider the grand coalition. In this case, W¢(ab") > W9(abc;) > W(abc'). We can
see that the dirty player does not prefer a tree trade or a fully integrated world to a shallow union,
and again we find that this deviation is not meaningful.

Based on the above, we conclude that Q%" is a CPNE if pollution is local.

Q% is not a CPNE if pollution is global.

PROOF:

Suppose, b and ¢ form an integrated union and exclude a, then W? (bcg”) >Wwb (abé,”) and W¢ (bci,“) >
W¢(aby) . We can conclude that clean countries would form an integrated union and exclude a if
pollution exhibits global characteristics. Though clean players would prefer to live in a fully inte-
grated world, the dirty country a would rather be an outsider of either union of two clean countries,

deep or shallow, than join a fully integrated world.
Qabiu = {Gaiu — {biu’/@/}’céu — {aiu’/@/}7661:u — {Qf,g}}

Qi s g Nash Equilibria if pollution is local and if pollution is global and A € (0.008, 0.1].
PROOF:

country a ={bi”, & } Change {bi”, ci”} resully o change in a’s welfare

{,cY{ &,V {5, o {b", LB, 5} W (abiv) > W (N,) &

W (abl) > W*(Ng) if A € (0.008, 0.1].

change

country a ={b", & } ——

We can conclude, that country a has no incentive to change its announcement if pollution is lo-
cal. Also, country a has no incentive to alter its announcement if pollution is global and A €

(0.008, 0.1].

result

A L
country b ={a", g} T L gt ¢} "™, no change in b’s welfare

{2, V{2, Yz, #}i{a", "} i{a", g} = W(ably) > WP(Np)

change

country b = {a’” Qf}
We can conclude, that country b has no incentive to change its announcement.

country ¢ ={ &, 2} —— change {a", s} {a™, &} {2z ,b"}1{ &, b" }{a", b} {a™, b} resull, o change
in c¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.
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Based on the above, we conclude that Q% is a Nash Equilibria if pollution is local and if pollution
is global and A € (0.008, 0.1].

Qi js not a Nash Equilibria if pollution is global and A € (0, 0.008].

PROOF:

country a ={b", ﬁ}%{ﬁ,cu}/{ﬁ,cm}/{ﬁ, @ Wb, (b, o} 2 W (ablt') < W(Ng) if
A € (0, 0.008].

We can conclude, that country a can unilaterally change its announcement and gain a higher level
of welfare.

Qi jg g CPNE if pollution is local and if pollution is global and A € (0.008, 0.1].

PROOF:

To prove the above, we consider every possible deviation in the next three steps:

First, we consider a possible coalition of two clean countries, then W’(bcit) < WP(abi) and
WP (bch) < WP (ab*). We can see, that country b is not interested in excluding the dirty partner in
the form of either PTA, deep or shallow, which would include only clean countries.

Second, we examine whether the members of this integrated customs union would prefer to remove
an environmental clause from their agreement. In this case, we have the following welfare gains
Wa(ab¥) > W(ab) and WP (abl') > WP(ab%). We can that see a clean member of this union
would not agree to the change.

Finally, we consider the grand coalition. In this case, if pollution is local, then W“(abf”) >
W4 (abct) and WP (abi) > WP (abc!), and we can see that this coalitional deviation is not meaning-
ful. If pollution is global, then country the dirty country a would not agree to be a part of a fully
integrated world, and it would rather be an outsider of either deep or shallow customs union of
clean countries than join them.

Based on the above, we conclude that Q% is a CPNE if pollution is local, and it is a CPNE if

pollution is global and A € (0.008, 0.1].
Qb = {od = {,@’,g}76;; ={2,c"}, 0! ={2,b"}}

Qb s a Nash Equilibria for both local and global levels of pollution.
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PROOF:

chan(ge

country a ={&, g} ———{b", g }/{b", &} {2z, "} {2, " }{b", " }{b"™, ™} el ho change
in a’s welfare

We can conclude, that country a has no incentive to change its announcement.

country b ={ g, c“}c}m—ng% {a",c"} el o change in b’s welfare

country b={g,c"}—— change, {a", s}{a", &} {2, s} {a", "} {2, "} result, WP (bclh) > WP (Ng)
We can conclude, that country b has no incentive to change its announcement.

h
} change { result

country ¢ ={ &, b" “ b*} — no change in ¢’s welfare

}change { ”7,6}/{aiu,,®'}/{ﬁ,,®'} /{ai”,bi”}/{g,bi”}% Wc(bc ) > WC(NQ)

country ¢ ={ &, b"
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, Q°°* is a Nash Equilibria for both local and global levels of pollution.

Qb is not a CPNE for both local and global levels of pollution.

PROOF:

Suppose, that members add an environmental clause to their agreement, then W (bcié‘) =Wwe (bcié‘) >

WP(bc) = W€ (bc'y), and we can conclude that 27 is not a CPNE for both local and global levels

of pollution.
chzu_{cm {Q ﬁ} Gtu {ﬁ Cm} Gl:l/t: {g7biu}}

Qb s a Nash Equilibria for both local and global levels of pollution.

PROOF:

change

country a ={g&, &} —— {b", g }{b™, & }/{&,c"}{ &, }I{b", "} {b™, ™"} resulty no change
in a’s welfare
We can conclude, that country a has no incentive to change its announcement.

change : ; It
country b = { Z, ’”} RGN { w c’”} % no change in b’s welfare

change

country b ={ &, "} —— {a", g }/{a", & } {2, ﬁ}/{a“,cu}/{,@‘,c"}% WP(bcil) > WP (Ng)
We can conclude, that country b has no incentive to change its announcement.
country ¢ ={ &, b”‘}% {a™ b™} resull, 1o change in ¢’s welfare

result

country ¢ ={ g5, bt} LU, fqu o)L aiv, g V{5, Y {at, b M, b W (beikt) > We(N)
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We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, Q27 is a Nash Equilibria for both local and global levels of pollution.

QPbei is not a CPNE if pollution is local and if pollution is global and A € (0.008, 0.1].

PROOF:

Either member can form either shallow or deep union with the only dirty player, exclude the other
clean country, and improve its welfare as follows:

WP (ab®) = We(aclk) > WP(bcit) = We(beit) or WP(abh) = W¢(ach) > WP(bcit) = We(bcih).
The dirty country a would happily agree to that for any level of lambda if pollution is local and
for relatively high lambda if pollution is global. Based, on the above, we are confident to conclude
that Q% is not a CPNE if pollution is local and if pollution is global and A € (0.008, 0.1].

QPbeit is a CPNE if pollution is global and A € (0, 0.008].

PROOF:

To prove the above, in the next two steps we consider every possible deviation:

First, though either clean member of the world would prefer to deviate with the dirty player in
the form of either deep or shallow trade union to gain a higher welfare, this deviation is not self-
enforcing for relatively low levels of lambda. The dirty country a has an incentive to deviate further
into the no agreement scenario and improve its welfare.

Second, we consider the grand coalition, and we observe that the dirty country a would not agree
to be a part of a fully integrated world, and it would rather be an outsider of an integrated customs
union of clean countries than join them. The dirty country a would not mind to be a part of a
shallow free trade agreement, but the clean countries are better off in a deep CU, so this deviation
is not meaningful.

Based on the above, we can conclude that Q7 is a CPNE if pollution is global and A € (0, 0.008].
Q' = {o! = {b*,c"}, 0} = {a*,c"} 0 = {a",b"}}

Q" is not a Nash Equilibria for both local and global levels of pollution.

PROOF:
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First, we consider the case of local pollution, and we observe that the dirty country a can unilater-
ally change its announcement and improve its welfare:

country a :{b”,c“}c—h@ﬁe—) {v", 2z} {z,c"} result, Wé(ab") = W (act) > W (abc;) & WP (ab}!) =
We(act) > W(abc;) = W¢(abc).

Country a is indifferent between these announcements, and the lucky country, b or ¢, would im-
prove its welfare. The unlucky one would be simply excluded.

Now, we consider the case of global pollution. In this case, either clean country can improve its
welfare by excluding the dirty country a:

country b ={a“,c“}% {&,c"} result, Wb(chf) > Wb (abcy)

country ¢ :{a”,b”}% {o, b“}MWC(bcg) > W¢(abc,)
We can conclude, that either of the clean countries can improve its welfare by calling another clean
country only. Clean countries would prefer to exclude the dirty partner if pollution is global. Based

on the above, we are confident to conclude that /" is not a Nash Equilibria for both local and

global levels of pollution.
QFiu = {Géu — {biu,ciu}’ Giu — {aiLt’Ciu ’O-Ciu — {aiu7biu}}

Q" is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

First, we prove that it is not a Nash equilibria if pollution is local. The dirty country a can improve
its welfare by announcing only one out of two clean countries. The lucky clean country would
prefer to form an integrated union with country a versus the union with another clean country. We
can conclude, that Q' " is not a Nash Equilibria if pollution is local.

Now, we show that it is not a Nash equilibria if pollution is global as well. The dirty country
a would prefer to be an outsider of an integrated agreement between two clean countries than
participate in a fully integrated world, W¢(abcl,) < W(bci'). Based on that we conclude, that

Q'™ is not a Nash Equilibria if pollution is global.
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A. 3.9.2.4 The Choice between Deep and Shallow FTAs

Welfare effects of various type of deep and shallow trade agreements:

Wa(all) > W(ab)) > W4 (abt) > We(N;) > W(al') > W4 (abc;) > We(b) > W(abc) > W4 (bci) >
W4 (bc;) > W4 (b")Country a, local

; ; ; ; A€(0,0.053) . Lropy AE©0.084]
W(a)>W(bg)>W(abcg)>W( o) > W aby) > W(by) > W bcy,) >
W (bcg) > W(al') > W(abck) > W (b )Country a, global & 4 € (0, 0.053]

) ; ) o oy AE(0053,00) oy ME0,0084]
w (a ) > W (abg) > W (abcg) > W (aby,) > We(Ng) > W(by) > W9 (bcg) >
W (bcg) > W(al') > W(abck) > W*(b)Country a, global & A € (0.053,0.084]

; ; ; 0o i AE(053,00] 4 iy AE(OO08400]
w (a ) > W4 (abg) > W4 (abcg) > W(ab,) > We(Ng) > W(bcy) > W (bg) >
W (bcy) > W(al') > W(abck) > W*(b)Country a, global & A € (0.084,0.1]
WP (bl) > WP (bl > Wb (abcl) > WP (abt) > Wb (ab)) > WP (abc;) > WP (be;) > Wb (bch) > Wh(alh) >
W?(al") > WP(N;)Country b, local

A1€(0,0.063] .
Wh(BEY) > WP (abcl) > WP (ali) > WPh(abl) > WP (bh) > WP(bcl) > WP(beg) > WP (abyg) >
WP(Ng) > WP (abcg) > WP(al)Country b, global & A € (0, 0.065]
. 1€(0.065,0.1]

WEh(Bh) > WP (abcl) > WP (ali) > WPh(abl) > WP(bcl) > WP(bE) > WP (bcy) > WP (aby) >
WP (Ng) > WP (abcg) > W (ak)Country b, global & A € (0.065,0.1]
W¢(abch) > W¢(abc;) > We(be)) > W (bch) > We () > We(bl) > We(al) > We(N)) >We(b]) >
W¢(abi) > W¢(ab;)Country c, local
We(abck) >We(ah) > We (k) > W< (abl) > W (bck) > W€ (bcg) > WE(Ng) > W (abcg) > W (bl) >

we (ag) > W¢(ab,) Country c, global**

41In this game, to assure positive imports of good A by country ¢ when we have country b as a hub, we had to
restrict A further, A € (0, 0.01] (similar to I game)

250



Announcement Profiles Shallow & Deep Trade Agreements

Q*={c,={2,2},0,=1{2,2},0.={2,2}} (®)
Q% ={oa=1{b,2},0,={a, 2}, o =1{2,7}} (ab)
Qi ={ci ={b,z},0,={d, 2}, 0l ={2,o}} (abi)
Q" ={o,={2.0},0p = {#,c} 0. = {#,b}} (be)
Qb= (ol ={z,2},0, ={z,c}, 0l ={2,b}} (bci)
Q% ={c,={b,c},0p,=1{a,2},0.= {a z}} (ah)
Qi = ol = {b '}, Gb:{a ﬁ} G‘:{a,ﬁ}} (ahi)
Q" ={o.={b,#},0,={a,c},0. = {#,b}} (bh)
Qi ={ol ={b',z},0, ={d,c'},0l = {2,b'}} (bhi)
QF ={o,={b,c},0p, ={a,c},0. ={a,b}} (F)
F'={ol={b',c'},0} = {d,c'} 0l ={a,b'}} (F")

S)‘D = {(7& = {;5} 95}5 Op = {;5} 25}'7(5b = {;ay 95}’}

Q% is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot get better off by unilaterally changing the announcements; countries have no
incentive to announce any other country unless they are going to be announced back.

QP is not a CPNE for both local and global levels of pollution.

PROOF:

Any two countries can be better off by announcing each other.
“={0,={b,2},0,={a,2},0.={2,5}}

Q% is a Nash Equilibria for both local and global levels of pollution.

PROOF:

change It
S, b, e} ™ no change in a’s welfare

(&, &, Y b, o}z, Wb} 2 We(abg) > W*(N)

country a ={b, o} ——

change

country a ={b, &} ——

We can conclude, that country a has no incentive to change its announcement.

U l . ,
country b ={a, #} %% {a,c} ™% no change in b’s welfare

result

{g,c}{z,c}{d, z}{z, s} {d '} === WPb(abg) > WP (Ng)

change

country b ={a, g} ——
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We can conclude, that country b has no incentive to change its announcement.

chanée

country ¢ ={&, 8} —— {a,o}/{d", s }/{z,b}/{z,b'}/{a,b}/{d',b'} resully ho change in ¢’s
welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria for both local and global levels of
pollution.

Q7 is not a CPNE for both local and global levels of pollution.

PROOF:

To prove the above, we consider the coalitional deviation of two symmetric clean countries, country
b and country c, then Q = {c, = {b, 2}, 0, = {a,c},0. = {&,b}}, and W2 (b)) > WP (abg) and
We(b) > W¢(abg). We can see, that country ¢ would prefer to be a spoke versus being an outsider

of the shallow trade agreement between two other countries. We can conclude that Q¢ is not a

CPNE for both local and global levels of pollution.
QW ={ci={b,z},0l={d, 2}, 0l ={2,2}}

Q%1 is a Nash Equilibria if pollution is local and if pollution is global and A € (0.053, 0.1].

PROOF:

change {

country a = {b‘ o1 } }% no change in a’s welfare

change

country a={b', g } ——{@,c}/{@,c' } [{b, & }I{ =, & }/{b, }MW“(ab’)>W“(N1)&W"(ab’)

W4 (N,)if A € (0.053,0.1].
We can conclude, that country a has no incentive to change its announcement if pollution is lo-

cal. Also, country a has no incentive to alter its announcement if pollution is global and A €

(0.053, 0.1].

change { i,Ci} result

country b = {a o1 } —— no change in b’s welfare

change result

country b ={d', & } —— {&,c}/{ @, }{a,2}{2, 2}{a,c} —— WP(abl)) > WP(Ng)

We can conclude, that country b has no incentive to change its announcement.

changc

country ¢ ={g&, g} — {a,ﬁ}/{ai,ﬁ}/{fz,b}/{ﬁ,bi}/{a,b}/{ai,bl}% no change in c¢’s

welfare
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We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude Q% is a Nash Equilibria if pollution is local and if pollution is
global and A € (0.053,0.1].

Q1 is not a Nash Equilibria if the pollution is global and A € (0, 0.053].

PROOF:

change

country a ={b', & } —— {&,c}/{&,c'}/{b, s} {z, 2 }I{b, }% W (abl) < W*(Ng) if A €
(0, 0.053].

We can conclude, that country a can unilaterally change its announcement and gain a higher level
of welfare.

Q% is not a CPNE for both local and global levels of pollution.

PROOF:

To prove the above, we examine the coalitional deviation of two symmetric clean countries, then
Q={o.={b,2},0,={d,c'},0.={z,b'}}, and WP (D) > W’ (ably) and W* (b)) > W¢ (ab}y).
We can see, that country ¢ would prefer to be a spoke versus being an outsider. We can conclude

that 29" is not a CPNE for both local and global levels of pollution.
Qb ={o,={s,9},0,={s,c},0.={2,b}}

Qb€ is a Nash Equilibria for both local and global levels of pollution.

PROOF:

change

country a={ &, &} —— {b, s }/{b', s } {2, c}/{&,c' } [{b,c}/{b,c }% no change in a’s wel-
fare
We can conclude, that country a has no incentive to change its announcement.

country b ={ &, } % {a, }M no change in b’s welfare

{a,0Y{d, 2}z, 0}z, Y{d, V0 Wh(beg) > WP(Np)

ch ange

country b ={g,c}——
We can conclude, that country b has no incentive to change its announcement.

b}%{ b}L no change in ¢’s welfare

country ¢ ={ &,
country ¢ ={&,b} % {a, g}{al, 5V 1{, 3} {2, b} {d b} We(beg) > WE(Np)

We can conclude, that country ¢ has no incentive to change its announcement.
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Based on the above, we conclude that Q%€ is a Nash Equilibria for both local and global levels of
pollution.

Q¢ is not a CPNE for both local and global levels of pollution.

PROOF:

Country a can form a coalition with either clean country, and in this case welfare levels would be
as follows: W2(bl) = We(ch) > WP (bcg) = We(bcg) and W (b)) = We(cl) > W4 (bcg). We can

conclude that Q%€ is not a CPNE for both local and global levels of pollution.
Qbci — {th; — {,@’,,@'},G[i — {Q/,Ci},cci — {g)bi}}

Qb¢lis a Nash Equilibria for both local and global levels of pollution.
PROOF:

change

country a ={&, g }—— {b,ﬁ}/{bi,ﬁ}/{@‘,c}/{g,ci}/{b,c}/{b"“,c""}% no change in a’s
welfare
We can conclude, that country a has no incentive to change its announcement.

change ; result
{a',c'} === no change in b’s welfare

country b ={&,c'} —=
country b ={ &, ¢’} L (a gV {al, 5V {2, B (&, cHia,c} 2 W (bely) > WP(Np)

We can conclude, that country b has no incentive to change its announcement.

country ¢ {g b’} change, { b‘} resully o change in c’s welfare

country ¢ ={ &, b’} L (a, gV a5V 1{, 3 H{ 2, b}1{a, b} We(bly) > We(Np)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that 27! is a Nash Equilibria for both local and global levels of
pollution.

Qb¢lis not a CPNE if pollution is local.

PROOF:

Members can improve their welfare levels by removing an environmental clause from their agree-
ment, then Q = {0, = {7, 2},0, = {&,c},0. = {&,b}}, and WP (bc)) = WE(be;) > WP (bcl) =
W< (bch). We can conclude that 2%/ is not a CPNE if pollution is local.

Qb s a CPNE if pollution is global.
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PROOF:

To prove the above, we consider every possible deviation in the following five steps:

First, we assume that one clean and one dirty country deviate in the firm of a deep bilateral trade
agreement, then Q = {0} = {b',2},0} = {a', @} 0. = {2,b'}}, and Wb(abg,) > Wb(bci,) &
W(abl,) > W(bcl,). However, this deviation is not self-enforcing. Country b can unilaterally
change its announcement and become a hub, then Q = {c! = {V', #}, O'Ii = {ai, ci} ,0l = {Qf, bi}},
and W (ab;) < Wb (bg’,i) & W“(bcg) > we (bgi). We can see that the initial deviation is not self-
enforcing, and the dirty country a would not agree to form an integrated bilateral trade agreement
with any clean partner.

Second, we consider a shallow trade agreement between one clean and one dirty country, then
Wb(aby) = W¢(acy) < WP (bci,) =Wwe (bci,). We can see that clean countries are not interested.
Third, we examine whether members of this deep trade agreement are interested in removing an
environmental clause, then W’ (bcg) = W(bc,) < WP(bch) = W¢(bcl). We can see that clean
countries prefer to sign a deep trade agreement if pollution exhibits global characteristics.

Fourth, we consider the grand coalition in the form of fully integrated world, and we observe that
the dirty player would actually prefer to face either deep or shallow trade agreement between clean
countries than join them.

Finally, we consider the grand coalition in the form of free trade world, and we observe that clean
countries exhibit higher welfare levels in the bilateral deep trade agreement versus free trade world.

Based on the above, we can conclude that Q¢ is a CPNE if pollution is global.
Q" ={0s={b,c},0,={a,5},0. = {a,7}}

Q% is a Nash Equilibria for both local and global levels of pollution.

PROOF:

country a ={b,c} LY (b, g }i{ &, c} 24 Wa(ah) > Wa(abg) = W (acg)
country a ={b,c}% {=,2}{b ' }I{V, ﬁ}/{ﬁﬁc’}% Wa(alh) > W(Ng)
We can conclude, that country a has no incentive to change its announcement.

change It . ,
country b ={a, &} 2% {a,c} % no change in b’s welfare
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country b :{a,ﬁ}% {Qf,ﬁ}/{ai,ci}/{ﬁ,c}/{ﬂ,ci}/{ai,ﬁ}% Wo(alh) > WP (acy)

We can conclude, that country b has no incentive to change its announcement.

change result
S {a,b} " no change in ¢’s welfare

{2, 2 M{d, b}z, b}{ e, b} {d, o} " we(ah) > We(abg)

country ¢ ={a, &} ——
country ¢ ={a, &} —— Change,
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we can conclude that Q%" is a Nash Equilibria for both local and global levels
of pollution.

Q7 is not a CPNE for both local and global levels of pollution.

PROOF:

To prove the above, we examine the coalition of two clean countries, country b and country c, to
form a free trade world, then Q = {0, = {b,c}, 0, = {a,c},0. = {a,b}}, and WP (abcg) > W (a})
and W¢(abcy) > WC(aZ). We can see that clean countries would rather be a part of a free trade

world than being spokes. We can conclude that Q%" is not a CPNE for both local and global levels

of pollution.
Qi ={ci={b,c'}, 0l ={d, 2}, 0l={d,z}}

Q% is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

country a ={b/, ¢!} LU (o Vb, cH{b, B H{ 5, c} M Wa(ali) < Wa(Ng)

We can conclude, that country a would deviate, and based on that Q% is not a Nash Equilibria for

both local and global levels of pollution.
QM =1o,={b,z},0,={a,c},o.={2,b}}

Qb1 is a Nash Equilibria for both local and global levels of pollution.
PROOF:

change resu

country a ={b, &} —— {b, }—> no change in a’s welfare

country a ={b, &} S (g, gW{b' V{5, cH{z,c a3} 2 Wa(bh) > W(beg)

We can conclude, that country a has no incentive to change its announcement.
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nge result

country b ={a,c} =% {a, #}{ g, c} =L WP (1) > WP (abg) & WP (b)) > WP (bcg)
country b ={a,c}—— change, {@,2}{d " }{d &} /{z,}— result S Wh(Bh) > WP (Ng)
We can conclude, that country b has no incentive to change its announcement.

change It
b} {a,b} % no change in ¢’s welfare

country ¢ ={ &,
country ¢ ={g,b} S (5 gV {al, b} {a, s} {al, 5} 1{ 2, b} M We(bh) > We (abg)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q%" is a Nash Equilibria for both local and global levels of
pollution.

Q" is not a CPNE for both local and global levels of pollution.

PROOF:

We prove the above by examining a coalitional deviation of countries a and ¢, then 2 = {c, =
{b,c},0, ={a,c},0. = {a,b}}, then W9(abcq) > W(b) and W¢(abcg) > WE(bl). We can see
that both countries, the clean country ¢ and the dirty country a, would prefer to be a part of a free

trade world versus being spokes. We can conclude that Q%" is a Nash Equilibria for both local and

global levels of pollution.
Qi = (ol ={b',z},0,={d',c'}, 0l ={2,b'}}

Qb1 is not a Nash Equilibria for both local and global levels of pollution.
PROOF:

country a ={b', & } —— change —— {&,8}{b,c}{b,z}{2,c }M W(bcly) > W (bl
We can conclude, that country a would deviate, and based on that Qbhi ig not a Nash Equilibria for

both local and global levels of pollution.
QF = {Ga = {b7c}76b = {a,c},cc = {a7b}}

Q! is a Nash Equilibria for both local and global levels of pollution.

PROOF:

country a ={b,c} L% b g} {5, c} M W (abeg) > WA(bh) = Wa(ch)

country a :{b,c}%{ﬁ,Q}/{bi,ci}/{bi,ﬁ}/{ﬁ,c }M W4 (abcg) > W4 (bcy)
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We can conclude, that country a has no incentive to change its announcement.

country b ={a,c}- % {a, g} M Wh(abeg) > WP (al)

country b :{a,c}c—h% {ﬁ,c}% WP (abcg) > WP (ch)

country b ={a,c}% {o,2}{d ¢ }{d, ﬁ}/{ﬁ,ci}% WP (abcg) > WP (acy)

We can conclude, that country b has no incentive to change its announcement.

country ¢ :{a,b}% {a, g}% W¢(abcg) > We(a})

country ¢ ={a, b} (g, b} ML We (abeg) > WE(bD)

country ¢ :{a,b}% {z,2}/{d b'}{d, ﬁ}/{ﬁ,bi}% W¢(abcg) > W€ (abg)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that 2/ is a Nash Equilibria for both local and global levels of
pollution.

Q! is not a CPNE for both local and global levels of pollution.

PROOF:

First, we consider the case of local pollution. The dirty country a can form a deep bilateral trade
agreement with one of the clean countries, then W (abl) = W(ac}) > W%(abc;) and WP (abi) =
W¢(ach) > WP(abc;) = W€(abc;). Now, we consider the case of global pollution. Clean coun-
tries can form a deep trade agreement, then W (bci,) = Wc(bc;) > Wb (abcg) = W€(abcy). There
cannot be any further deviations, because an outsider of this agreement does not announce an en-

vironmental clause. Based on the above, we can conclude that the announcement profile 2/ does

not survive a coalition-proof Nash equilibria refinement.
QF' = {6} = (.}, = {d'.c'} 0 = {d bi}}

Q' is a Nash Equilibria if pollution is local.

PROOF:

country a :{bi,ci}% {v', ﬁ}/{z,ci}% W4 (abch) > W (b)) = W ()
country a ={bi,ci}M> {=,2}{b,c}/{b, ﬁ}/{ﬁ,c}% W4 (abct) > W (bct)
We can conclude, that country a has no incentive to change its announcement.

... ch . . .
country b ={a’, ¢’} = {a’,ﬁ}% WP (abct) > Wh(alh)
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country b ={a’,c'} —— change, {#,d}— result, yyb (abch) > WP(c)

change result

country b ={d,c'} — {&, #}/{a,c}/{a, s }{z,c} == W’ (abc)) > W (act)
We can conclude, that country b has no incentive to change its announcement.
country ¢ :{ai,bi}% {d, )’Z}M) We(abch) > We(alt)

country ¢ ={ai,bi}%{z,bi} M>Wc(abc;) > We(bh)

} change result

country ¢ ={d', b’ {,2}{a,b}{a,z}/{=,b}—— W (abc)) > W€ (ab})

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q' is a Nash Equilibria if pollution is local.

Q' is not a Nash Equilibria if pollution is global.

PROOF:

country a ={b',¢'} —— change, {2, 2 }{b,c}{b, 8 }{2,c} 2L W (abcl) > W4(bck)

We can conclude, that country a will deviate, and Q' is not a Nash Equilibria if pollution is
global.

Q' isa CPNE if pollution is local.

PROOF:

To prove the above, we consider every possible deviation in the following five steps:

First, we assume that one clean and one dirty country deviate in the firm of a shallow bilateral trade
agreement, then W?(ab;) = W¢(ac;) < Wb(abci) = W¢(abc}). We can see that clean countries
prefer to leave in a fully integrated world.

Second, we assume that one clean and one dirty country deviate in the firm of a deep bilateral
trade agreement, then W (ab)) = W¢(ac) < WP(abct) = W€ (abcl). Again, we observe that clean
countries prefer to leave in a fully integrated world.

Now, we consider clean countries’ deviation in the form of shallow trade agreement, then wb (bep) =
We(be;) < WP(abch) = W¢(abch). Similar to the above, we observe that clean countries prefer to
leave in a fully integrated world.

In this step, we consider clean countries’ deviation in the form of deep trade agreement, then

Wo(bch) = We(bcl) < WP(abci) = W€(abc!). Again, we observe that clean countries prefer to

259



leave in a fully integrated world.
Finally, we consider a grand coalition in the form of free trade world, and we observe that clean
countries exhibit higher welfare levels in the presence of world environmental agreement.

Based on the above, we can conclude that Q/ i is a CPNE if pollution is local.
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Appendix of Chapter 4

A. 4.3 Environmental and Trade Agreements and their Effects on Tariffs and

Taxes

A. 4.3.1 Pure Environmental Agreements

Tariffs imposed by country a:

4€(0,0.098]
th(abc) > ti(ab®) " > t(N)) > th(bc?) where j € [b, ¢] & A € (0, 0.098]
. 2€(0.098,0.1

tf\(abcl) > 1 (N)) | > ]tA(abf) > tA(bcle) where j € [b, c] & A € (0.098, 0.1]
4€(0,0.090] , 2€(0,0.037]

tH(Ny) > ti(abs) > i (bcs) > th(abct) where j € [b, c] & A € (0, 0.037]
1€(0,0.090] . . 1€(0.037,0.1]

Ny > t(abl) > ti(abes) > th(bet) where j € [b, c] & A € (0.037,0.090]
4€(0.090,0.1] , A€(0.037,0.1]

t} (ab > i (Ng) >r4(abct) > t5(bct) where j € [b, c] & A € (0.090, 0.1]

Tariffs imposed by country b:

th(Ng) = t}(bc§y) = t)(ab%) = t)(abcy) where j € [a, c]

Tariffs imposed by country c:

tL(No) = tl.(bc§) = tl.(ab%) = tl.(abc)) where j € [a, b]

Taxes imposed by country a:

ei (N1) = e (bcy) > ea(abei) > ea(abf) & ea(abcey) > ea(aby) > ef (Ng) = ef (bcg)
Taxes imposed by country b:

ea(bct) > €5 (N;) > ea(abct) > eq(abt) & ealabeg) > ea(beg) > ealaby) = b (Ng)
Taxes imposed by country c:

ea(bcf) > €4 (Ny) > ef (abf) > ea(abcf) & ea(abey) > ea(bey) > €4 (aby) = €4 (N)

Taxes and Tariffs under an Environmental Agreement between two symmetric dirty countries,

18 (bcy) = 18(bch) = th(beg) = tg(beg) = L1=A

b(bcee) _ tz (bce ) _ 1 9+7Lz(22—3)+2/1(4z—2)+14z, then

6) = 16 A1)
N el e 3-A(A+2 e\ — ¢ (ppe 23-A(A-2
th(bef) = 15(bef) = 7 (A_Sg(l+_+%) & 1 (beg) = 15(beg) = 1 (/l+5)((/1+2))
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1 1 13442 (1—2)+A(4—2)+8 1 1342 3 T+A
€X(bcee):‘—‘&€A(bCeB):Z ((1—0—?)(2,4(-2) J Z,thCHEA(bCf):Zw&eA(bC ) Z( £

Taxes and Tariffs under an Environmental Agreement between two asymmetric countries, (a )
11-A
th(aby) = 1¢(abl) = 12(abl) = t5(abl) = 1775

)
b rey _ cfpey 1 (A+1)(252A% 49222~ 1542 +39:-92+24)
talaby) =1i(abl) = 3 (A+5) (13224462 +19) , then
)

1522
t% (abs :tg(abf):l((’”‘)(z“ 15A2—91) &tﬁ(abe):tli(abe) %1

(A+1)(63+10A%+831)

/1+5)2(13/12+46/'L+19) (A+5)(13A2+46A+19)
ealabsy) = % 80-+1° (23z+7();115)(é(1)222166);31(;)21z+255)+35z then
enlabf) = } I g o (apg) — LSO Z T
3 2
5 (abt) = 211 104+131 (1(—;);;;1( l(ggz—iiz);t+jl(92;s1—71z)—21z’ then
eg(abf) 1 104+13213490A2+261A & ¢ (ab?) = 1 83427A%4190A

= 4 (A+5)(13A2+462.119) 4 (A+5) (13224462 +19)

Taxes and Tariffs under World Environmental Agreement, (abcg) :
__4+b __4C _11-2

tg(abcy) = té(abcy) = tp(abey) = tz(abcy) = i1

3 (A+2) (724242624 —3A%+32+3)

ti(abeg) =t (abeg) = s STy then

th(abef) =t abe) = § oS & hlabes) =t abeg) = § T ]
ealabct) = 3 ZH32/13+(Zl7+zg)2(21132]4%/11453i)7t;+67z+801 then

) = Ry & e =

A. 4.3.2 Shallow Trade Agreements

Tariffs imposed by country a:
t5(N)) =15 (be;) = th(bclt) > th (abe)) = th(aby) = th(ab) = th(al) = t5(bI) =0
th(Ng) =13 (beg) = 15 (bcy) > 15 (abeg) =1} (abg) =1} (aby) =13(a}) =13 (bg) =0
< (abt) TS e () = £ (bet) = £ (ber) > 15 (abr) = 15 (B) > 15 (abey) = 1< (al) = 0 if A €
(0, 0.067]
1€(0.067,0.1]
t5(Ny) =t5(bcyf) = t5(bcy) > 1S (abt) > 15 (ab;) = t5(b}) > t(abe;) = t(al) =0 if A €
(0.067,0.1]
15 (Ng) = 15 (bcy) =15 (beg) > 1§ (ably) > t5(aby) = 15(by) > 15 (abey) =1 (ay) =0
Tariffs imposed by country b:

tg(Ny) > 1%(befl) > tg(bey) > t(aber) = th(aby) = th(ab) = tg(a)) = 15(b]) =0

262

A+5)(A+2)



t§(Ng) > 1(bey) > t(beg) > th(abey) = tf(aby) = th(aby) = tg(ay) = 15(by) =0
t5(N) > 1(abff) > tg(aby) = 15(a}) > tg(abey) = tg(beft) = t5(ber) = 15(b1) =0

1<(ablt) > 1°(Ng) > tf(aby) =t (al) > 15 (abeg) = 15 (bet) = 15 (beg) = 15(b) = O
Tariffs imposed by country c:
t8(Ny) = t&(ab¥) = t&(aby) > 1(bclt) > 14 (bcy) = t&(bl) > t&(abc) = t&(al) =0

0

t¢(Ng) = ti(aby) = t¢(abg) > t9(bcy) > té(beg) = tg(bg) > t¢(abcg) = tg(ag)
t2(ab) =t (aby) = t2(N)) > t2(al) > t2(bct) = t2(bc)) = t2(abe;) = 12(b}) =0
(abu) t¢(abg) = 12(Ng) > 18 (a ) > tc(bc ) = t&(beg) = 12 (abc,) = fé(bif)

Taxes imposed by country a:

0

e4(N)) = e (bct) = €4 (bey) > 4 (abt) > €4 (aby) = e4(b]) > €4 (al') = €4 (abe))
4 (N) = el (bet) = el (bey) > e (abt) > et (aby) = e (b1) > ¢4 (al) = ef (abe)
Taxes imposed by country b:

eh(abt) > eb (ab;) = €5 (b) > € (al') = ef (abc;) > €5 (N;) = € (bc) = €f (b))
e (aby) > e (abg) = €} (by) > e (ay) = €] (abeg) > €] (Ng) = € (bey) = el (beg)
Taxes imposed by country c:

e (al) = e (abcy) > e§ (b)) = €5 (aby) > 5 (N;) = e (bct) = €5 (bey) > 5 (ab¥)
eq(ay) = e (abeg) > &4 (by) = e (abg) > &4 (Ng) = e (bey) = €5 (beg) > e (ably)
Taxes and Tariffs under Shallow FTA between two dirty countries, (bcg):

t2(bcg) =1t5(bcg) =0

1242z (A+6)—3A(A+3)+22z
(A+5)(2A+5)

a Y _1 1-A2
1
=3 , then

t2(be) =15 (be;) = %% & tf(beg) = 15 (beg) = %%
¢4 (bcg) = 1

e (bcg) = €5 (bcg) = 4117(4_1)731)55()1(;?1—53%(4_3@’ then

& (ber) = & (ber) = S I & & (bey) = ¢ (beg) = 3 ity

Taxes and Tariffs under Shallow FTA between one clean and one dirty country, (abg):

l‘g(ab9> = tﬁ(abg) =0
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¢ 1 124224 (A+6)—3A(A+3)+222 3 4-A(A+3) ¢ _ 1 34-22431
ta(abe) = g 10A2+67A+107 > then 75 (aby) = g q72re77 107 % 14(abe) = g 175674 1 107
4 _ 14274427 (4-2)+4A (411 —382)—62(7A7+33) + 5092

eilabe) = 4 (A+5)(10A2+694+107) » then

a _ 1427+4A%(4A+41)45091 a __ 1299+2A%(64+61)+357A

eqlab) =g (A+5)(1022+69A+107 ) & ejlabg) = 4 (A+5)(10A24+69A+107)
b __ 1616+10A%(1—2)+A2(101—87z)+A (389—2162)—119z

ealabg) =4 (A+5) (10226924 107) > then

eb (aby) = 161642 (102241014+89) o b(abg) = | _ATHAAHITIA

4 (A+5)(10A2+694+107) eald 4 (A+5)(10A2+692+107)

c _ 1 604+10A3(1-2)+4A (264 —57z)+A(398—89z4)— 1412
¢ylabe) = 5 (A+5) (10224692 +107) , then
1604 1043 +104A24+389A 1 463+15A24+170A4
el (aby) = +04+ + & e (abg) = ; tLA

4 (2+5)(10A24+69A+107) 4 (A+5)(1022+692+107)
Taxes and Tariffs under Shallow Hub-and-Spoke, Country a is the Hub, (az):

th(apg) = 15(ap) = 13(ap) = 1&(ap) = 0

2(aly) = th(al) = b i

e (ag) :%81—4z/1(7tﬁ)§(337;(f7t)+28)—44z’then e (a?) :%%&4 (ah) :%%
ez(a;é) _ é 120+912((1&_—’1_)53(5;/%54_4-77)‘6/1)4—51/1 — o (dg), then

e (alf) = £ BRI — e (af) & €l (al) = 5 25y = 5 (ah)

Taxes and Tariffs under Shallow Hub-and-Spoke, Country b is the Hub, (b%):
th(bh) = 13 (bg) = 12.(b) = 15(b) =0

2+2zA (A+6) =34 (A+3)+22¢ h 3 4-2A(A+3) c(phy — 1 34—A%432
10A24+67A+107 » then tA(b ) 8 10A2+67A+107 &IA(b )_ 8 10A2+67A+107

NN
—
>
D>
SN—
I
0| —

—

427+423(4—2)+42 (411 —382)—62(7A2+33 ) +509A

a(iphy - 1

es(bg) =3 (2+5)(10A2+69A+107) > then
ea(bh) 1 4274442 (4A+41)+5091 & e (bh) 1299+2AZ(67L+61)+3577L
AL 4 (A+5)(10A2+694+107) 4 (A+5)(10A2+691+107)
bphy _ 161641043 (1—2)+A%(101-87z)+A(389—2162)—119z

ea(by) = g (+5)(10A2+69A+107) > then

bphy _ 161642 (10A2+10121+89) h ! 497414224173
i) =1 (A+5)(10A2+69A+107) &e (b )=

(/1+5)(10/12+69/l+107)
< (bh) =1 60441023 (1—2)+4A (264 —572)+A (3988924 ) — 141z
0/ 4 (2+5)(10A24-69A+107)

¢ (phY _ 1 604+10A3+104A%43892 h
(b)) =1 (A+5)(10A2+692+107) & ej(by) =

, then

1 4634+15A%2+170A
4 (A+5)(10A2+694+107)

Taxes and Tariffs under Shallow Tree Trade, (abcy):

th(abcg) = t&(abcg) = t5(abcq) = t2(abcg) = 15 (abcg) = t§(abcg) = 0
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a 1 81—4zA(A+6)+3A(5A+28)—447 a 1 8143A(5A+28) a _ 1 374+11A%+604
¢4 (abcg) = 15 A0 s then ef (aber) = 5 755757y &€ (abeg) = 5355 A1)
b . 1 1204942 (1—2)—5z(5+7.6A)+514 _

2
eh (abe)) = %W = ¢S (abc;) & €4 (abcg) = %% = e (abcy)

Taxes and Tariffs under Shallow Union of Two Dirty Countries, (bc”é):

12424 (A46)—3A(A+3)422
beg) =3 (arsynrs) - then

b U\ __ 4C uwy _ 3 _4-A(A43) b U\ __ 4C wy 1 34—A(A-3)

tf(bef) = t3(bef) = s ars)mars) & 1A(beg) = 13(beg) = 5 sy

t%(bcy) = %%

u c u — A2(1— A(4—
¢4 (bely) = e (bey) = 118 Z)jL(iJrs()l(zi)i;) 43 then
u 144+A(A+6 u c u
ex(bef) = ey (bef) = %(xjs)((uttg) & ez(bcg) - eA(bcg) - %(l+57)J(r2;L/1+5)

Taxes and Tariffs under Shallow Union of One Dirty and One Clean Country, (ab'):

ta(abl) =tb(ab%) =0

(ab) 1462—7A%(zA+30)—3A2(11z+131)+3A (294 —71)+3852 then
8 32.(93A+302)+14(243+68.5) ’

el oy 1 462—3A%(13A4+70)—2134 cloruy 847—9A (27A+14)—46A3

t (abl) ~ 83A(93A+302)+14(243+68.5) &t (ab )= 83/’L(93/’L+302)+14(2/’L3+68 5)

e (ab) = 142494244 (19-72)—5zA% (37A+181.4)+A2 (5261 +2633) —z(1951A+1551)+ 55864 then
ANTTO T 4 (2+5)(2843427922+9061 4959 ) ’

% (ab") = 14249+2A3 (1914263)+A (26331 +5586) & e ( bu) 1269842444 +341A3+1726A2+36351
AV 74 (A45)(28A3+27942+9061+959) 4 (2+5)(2843+279A2+9061 +959)
b (ab) = 1565642844 (1—2)+35543(1—2)+A2(1401z+1904)+2 (5089—22812) —9952 then

AT T4 (A+5)(2823+279A24906A+959 ) ’

et (abt) = 1 565642817 1+355A° +1904A2+50894 o b (abt) = 1 46614202 34+5031%+28082
AVTTO T 4 (2+5) (2843 42794249064 +959 ) A 4 (A+5)(2843+279A2+9061+959)
¢ (abt) = 1259741444 (1—2)+A%(197—1642)+A2 (1057 —684z)+A (2651 —1184z) —690z then

ANTTe/ 2 (A+5)(2823+279A24+906A+959 ) ’

e (ab) = 12597+ 14A*+197A°+1057A> 426514 g, ¢ (ab") =} 1907+3343+3734%4 14671
AVTEL) 72 (2+5) (2843+27942+9064.+959) A 2 (A+5)(28A3+279A2+9064+959)

A. 4.3.3 Deep Trade Agreements

Tariffs imposed by country a:
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th(Ni) > 13 (bej) = 15 (be}") > 1] (abep) = 13 (aby) = 13 (ab}) = 13 (a)") = 13 (b)) = 0
t2 (Ng) > ffi(bc ) =t4(bey') > fA(abCi) = ffi(ab’ ) =tg(aby') =t (ay') = tg(b?) =0
15(N1) > 15 (bey) =15 (be) > 1(abj!) > 15(b]") > 15 (ab)) > 15 (abcy) =15 (a)") =0
15 (Ng) > 15 (bck) = 15 (bcit) > 1°(abl) > 15 (abl) > 1§ (b4 > 15 (abcl) = 15 (al’) = 0

t§(Ny) > 14(bej) > t5(bej) > 1§ (abej) = 1g(ab}) = tg(abj) = t§(a)") = 15(bi") = 0

) > tg(bch) > 14 (abch) = tg(abl) = t§(ab) = tg(al) = 14 (bh) = 0
t5(abl) = 15(a) > tg(abct) = tg(bci) = t§(bch) = t5(bl) =0

> t§(abl) = 15(al) > t5(abcl) = 15(bcl) = t5(bch) = 15(b)

(

15(Ng) > t“(bc U
B(
( 0

N;) > t°(abl") >
t(ab) > 1°(N,)
Tariffs imposed by country c:

t8(Ny) = t&(ab) = t&(abl) > t9(bcit) > té(bch) = t4(b1) > t&(abcl) = t(al’) = 0
)

(
1&(Ng) = tg(abg” = tg(abfg) > t“(bc’”) > tc(bc )= tg(bhi) > t(“:(abcfg) = tg(afgli) =0
t2(Ny) = t2(ab") = t2(abl) > t2(al) > t2(abcl) = 12 (bci) = 12 (bch) = 12(BM) =0
t2(N,) = tg(abg” = tg(abg) > tg(ag’) > rc(abc’g) = tc(bc‘g“) = rg(bc;) = tg(bf,i) =0

Taxes imposed by country a:

ea(ab) > e4(N)) = e (bci") = €4 (bch) = ea(al) = ea(abch) > ea () > es(ab))
eA(abcé) =ey (azi) > eA(bZi) > e (ab;”) > eA(abi,) > €4 (N,) = ¢4 (bcg”) = ez(bcfg,)
Taxes imposed by country b:

ea(bc) = es(bcth) > €5 (N)) > ea(abi™) > ea(al) = eq(abct) > ea (b)) > es(ab))
ea(abcy) = ey (agl) > eA(bZ’) > es(bclt') = ea(bck) > ex(ablt) > eq(abl) > b (Ng)
Taxes imposed by country c:

ea(bc) = es(bch) > e (abh) > €5 (N;) > € (ab™) > es(al) = ea(abct) > ea(bM)

. 1€(0,0.090] , .
ea(abcy) = es (a?’) > eq (bg’) > eq(bel) = ea(bcl) > €§(Ng) > e(abl¥) = e (abl) if A €
(0, 0.090]

i hi hi i i ¢ (it o piy FEO0001] ~
ealabey) = ealag') > ea(by') > ea(bcy') = ea(bey) > ef(aby') = ef(aby) > S (Ny) if
A € (0, 0.090]

Taxes and Tariffs under Deep FTA between Two Dirty Countries, (bc’é):
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(
t5(bel) = 18(beh) = §
th(bey) = 15 (bely) = 6= AL then
th(bej) = 15(bc}) = & Gravnon & th(be) =15 (bel) = e 2 H5
¢4 (beo) = § & ea(be) = § FHGEHEA then e (bel) = § (25 & ealbel) = oKy

Taxes and Tariffs under Deep FTA between one Clean and One Dirty Country, (abie):

t§(aby) =13 (aby) =0

1¢(abl) =18 (abj) = G375

thlaby) = izt

ri(aby) = S then g (ab]) = § iy & th(ab)) = b
eaabi)) = % 396412z (6/1+65();j§)(é;15195z))(1—2é§37l+171)+28lz then

erlat) = | SETEI g g, ap)) = TN T

R

€ (abl) i 1(2/164(333(/12)7L++21;L 52)((11154;) & ¢ (abjy) = %(alg)g(ﬁfl?f?ﬁs)

Taxes and Tariffs under Deep Hub-and-Spoke, Country a is the Hub, (a}):

th(ay) = 15(ag) = t(ap) = 1&(ag) =0

b (alf) = () = L rlsie

en () = %51 then e (df) = } & e (al) = 3

Taxes and Tariffs under Deep Hub-and-Spoke, Country b is the Hub, (bgi):

(3(6l) = 14 (bl) = 12(bl) = 156l = 0

1¢(bg) = zlm Jlr7/%<2u4

i< (b’é") _ % (A+2)(72A%+26zA—34%+32+3) then 1€ (bh’) (A+2)(1-22%) &1 (bg") =§, ((;1:52))((92;22:5163;:637))

(245)(922+564+67) (/1+5)(9/12+567L+67)
en (bh’) 1 3324254 (zA2+14) +24% (34+52)+2A (2211 +671) +667z then
4 (2+5)(9A2456A+67) ’
1332+6;L3+1047Lz+350,1 & ey (bhl) 1999+3143432542+10211

4 (A+5)(9A2+56A+67)

4 (A+5)(922+56A+67)
Taxes and Tariffs under Deep Tree Trade, (abcig):

th(abch) = té(abcly) =t (abch) = t2(abcly) = 5 (abch) = t§(abcly) =0

i
9
es (abce) ZZ+1 , then ey (abcl) 7 L & ey (ab i) %
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Taxes and Tariffs under Deep Union of Two Dirty Countries, (bc’é”):

(B(bely) = t5(belf) = 0

1&(bcl) = 1§ (bcll) = 1%(bclh)

(3 (belt) = 5 (bel) = XA IO hep

th(bef) = 15 (bej) = %—(i @5?{3)- & 13 (bey') = 5 (bey') = Lﬁ‘(zfi?)‘(@fz—))

t%(bcl) = %ﬁ

(bc) = § & ealbey) = GGG, then ealbel’) = LG & ealbey) =

3 T4+A
4 (A+5)(2+2)

Taxes and Tariffs under Deep Union of One Dirty and One Clean Country, (abié‘):

rg(aby) = 1} (ably) = 0
15 (aby) = tg(a b’”) = t°(abyy)
a iy b iu 11-4
t&(abl) =12 (abl¥) = It
c(pitty — 11804543 (z—3)+A%(59:—88)+A(227:—77)+2852
1“(aby) = 3 8A3+89A21332A+415 , then
c( il 1180—15A3—88A2—774 cf o piny — 1465—10A3—29A2+1504
1°(ab") = ggarrsonrranarais & 1°(aby) = g v son7 3394 1415
iy 12141424 (32+7)+ A3 (602+117)+42 (4222+738)+A (12682+2061)+ 13912
ealaby) = 5 (A+5) (8231894243322 +415) > then
iy 1 214147A% 411743 +7384242061A iy _ 13532410A%+117A%+11604.2+3329A
ealab}’) =g (A+5)(8A3 4892243322 +415) & ealaby’) =3 (A+5)(8A3 4892243322 +415)
¢/ o qiu 1 11174424 (1—2)—6A%2(8+35)+A2(59A +353)+4(999—3227) 2582
ealabg) =5 (A+5)(8A3+8942+3324+415) > then
€ (abiu) 1 11174+4A%4+59A3 43531249992 & e (ab") = 1 859+11A3+143A2+607A
AN 2 (2+5)(823+89A243324+415) A 2 (A+5)(28A3+279A2+9061+959)

A. 4.4 Environmental and Trade Agreements and their Effects on the Envi-

ronmental Damages

A. 4.4.1 Pure Environmental Agreements

World Damages:
d"(abc)) > d"(abj) > d"(N;) > d" (bcy)
d"(Ng) > d" (abg) > d"(bcg) > d"(abcy)

Environmental damages in Country a:
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d“(abf) > d*(bcj) > d*(abcf) > d*(N;)
d*(Ng) > d“(aby) > d“(bcg) > d“(abcy)
Environmental damages in Country b:
d(ab¢) > d®(abct) > dP(N;) > d®(bc?)
d’ (Ng) > d’(ab$) > d®(bc$) > d”(abct)
Environmental damages in Country c:
d“(abcf) > d°(N;) > d°(ab§) > d°(bc])
d°(Ng) > d°(abg) > d°(bcg) > d°(abcg)
World Exports and Production of the Dirty Good A:
xa(abcf) > xa(abf) > x4 (N;y) > xa(bcf)
xa(Ng) > xa(abg) > x4(bcg) > xa(abcy)
sa(abci) > sa(abf) > sa(N;) > sa(bcy)
sA(Ng) > sa(abg) > sa(bcg) > sa(abey)
Export of Good A by Country b:
x5 (ab¢) > x5 (abct) > x5 (N;) > x5 (be$)
2€(0,0.012]
x5 (Ng) > xﬁ(abg) > xz(bc‘;) > xh (abc$) if A € (0,0.012]
2€(0.012,0.1]
X (Ng) > xh(be) > xh(abt) > xh (abc) if A € (0,0.012]
Export of Good A by Country c:
x4 (abcf) > x4 (Np) > x§(bef) > x4 (abf)
x4 (abg) > x4 (Ng) > x4 (bcg) > x4 (abe)
Export of Good A by Country b:
xX; (aby) =
& (aby) =

x5 (B > x5 (abey) = x5 (al") > x5 (b)) = X5 (N))
i (by) > xi (abeg) = x5 (ap) > x5 (beg) = x4 (N)
Export of Good A by Country c:

x5 (abey) = x§(af') > x5 (aby) = x4 (b)) > x5 (bey) = x5 (V)

xy(abeg) = xj(a ) > xy (abg) = xfx(bZ) > xj (beg) = xj (N)
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A. 4.4.2 Shallow Trade Agreements

World Damages:

d"(abc;) = d" (al) > d" (b}) = d"(ab;) > d" (ab") > d"(bc;) = d" (bct) = d" (N,)
d"(abcg) = d"(al) > d" (bl) = d"(abg) > d* (abl) > d* (bcg) = d* (bck) = d" (N,)
Environmental damages in Country a:

d“(abc;) = d*(al) > d*(b}') = d*(ab;) > d*(ab¥) > d*(bc;) = d*(bc¥) = d*(N,)
d“(abcg) = d*(alt) > d*(b}) = d“(abg) > d*(ab¥) > d*(bcg) = d“(bc4) = d*(Ny)
Environmental damages in Country b:

d(ab?) > db(ab;) = d®(b") > d®(abc;) = d®(a?) > d®(be;) = db(bct) = db(N))
d®(abcg) = d’(al) > d”(abg) = d”(b) > dP(ab¥) > d”(bcg) = d”(bct) = d”(Ny)
Environmental damages in Country c:

d(abc)) = d(a}t) > d°(ab;) = d°(b}') > d°(bc;) = d°(bct) = d°(N;) > d°(ab¥)
d“(abcg) = d°(al) > d(abg) = d° (D) > d(ab¥) > d*(bcg) = d“(bck) = d°(Ny)
World Exports of the Dirty Good A:

xa(aber) = xa(a)) > xa(b}') = xa(aby) > xa(abyf) > xa(be;) = xa(bef') = xa(Ny)
xa(abeg) = xp (a?) > XA (bg) = xa(abg) > xa(aby) > xa(bcg) = xa(bey) = xa(Ng)
Export of Good A by Country b:

x5 (ab) > xb(aby) = x5 (b1) > xb (abe)) = x5 (alt) > x5 (be)) = X4 (bet) = x5 (N))
xg(abz) > xb(aby) = X4 (bz) > xb (abey) = xf‘(ag) > xb (beg) = xz(bcg) = x4 (Ng)
Export of Good A by Country c:

x5 (abey) = x5 (al) > x5 (aby) = x4 (b)) > x4 (bc;) = x5 (bct) = x5 (N;) > x5 (ab?)

X (abeg) = x5 (al) > x5 (abg) = x§ (b)) > (beg) = x5 (belh) = 5 (N) > 25 (abt)

A. 4.4.3 Deep Trade Agreements

World Damages:
d"(abl) > d" (abc) = d¥(al) > d" (ab) > d" (bct) = d" (N;) > d" (bcit)
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d"(Ng) = d" (bcy) > d*(aby) > d"(ab}') > d* (bci) > d"(abcl) = d* (a
Environmental damages in Country a:
d*(bci") > d*(N;) = d*(bct) > d(abi) > d(ab™) > d(abct) = d*(al")
d*(Ng) = d“(bcly) > d(ab},) > d*(ab) > d*(bc) > d*(abcl) = d*(a})
Environmental damages in Country b:
d’(abt) > db(abct) = db(al) > db(ab") > d®(bc) = d°(N;) > d®(bcit)
d’(Ng) = d”(bcly) > d”(ab,) > d®(ablt') > d®(bclt) > d(abcl) = d(al)
Environmental damages in Country c:
d¢(abc) = d(a") > d°(abl) > d°(bc)) = d°(N}) > d°(abi") > d°(bci")
d°(Ng) = dc(bc;;,) > dc(abi,) > dc(abé") > dc(bci,“) > dc(abci,) = dc(agi)
World Exports of the Dirty Good A:
xa(abct) = x4 (al) > xa(abt) > xa(ab™) > x4(N;) > x4 (bc') = x4 (bcit)
xA(abi,) > X (abi,”) > x4 (Ng) > xA(abcé,) = xA(aZi) > X4 (bcé) = xA(bci,“)
Export of Good A by Country b:
x5 (ab) > x5 (abl) > x4 (abel) = x4 (al) > x5 (Ny) > x5 (bch) = x5 (beit)
x5 (a b”‘) >xA(ab’) > x5 (Ng) > (abcl) z( ) >xA(bc )= xg(bc;")
Export of Good A by Country c:
x5 (abch) = x5 (al) > x4 (ab) > x5 (N;) > x5 (bch) = x4 (bei) > x4 (abi™)

. i 2€(0,0.090] . .
xy(aby) > x4 (Ng) > xg(aby') > x4 (abcy) = xf\( B > xA(bc )=

c i c iu #€(0.090,0.1] c c i c (hi c i
x4 (aby) > x4 (aby') > X4 (Ng) > x4 (abcly) = xA(ag ) > x4 (bcy)

A. 4.6 The Environmental Agreement Game

Welfare effects of various type of environmental agreements:

Wé(abcj) > W (abf) > W(N;) > W¢(bcf) Country a, local pollution

S

(
“(abcg) > W (bcg) > W(abg) > W(Ng) Country a, global pollution
WO(N;) > WP (bct) > WP(ab$) > WP(abct) Country b, local pollution

(

Wb (bcs) > WP(abcs) > WP(Ng) > WP (ab) Country b, global pollution
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WE(N;) > W€ (bcj) > W€(abf) > W€ (abcf) Country c, local pollution

W€(bcg) > We(abcg) > W€ (abg) > W€ (Ng) Country c, global pollution

Announcement Profiles Environmental Agreements
Q¥ ={o¢={2,0},0f ={2,2},0f ={z,2}} (P°)
Qe = {o¢ = {b¢, },0f = {a*, 8}, 0¢ = {#, #}} (abe)
Qb ={o¢ ={o,2},0f ={7,c*},0f = {2,b°}} {bee)
QF = {c¢ = {b°,c*},0f = {a*,c*}, 0¢ = {a®,b°}} (E)

Q¥ ={of={ov,8},0f ={2,9},0! ={2,2}}

Q% is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot change their welfares by unilaterally changing the announcements.

Q% is a CPNE if pollution is local.

PROOF:

We prove the above by examining all possible deviations. First, we analyze the coalitional devia-
tion of two asymmetric countries, the clean country a and the dirty country b, then their announce-
ments would be as follows: 6¢ = {b°, 2} and of = {a®, 2}, and as a result, W’ (ab$) < WP(N))
and W% (ab{) > W*(N;). We can conclude, that though the clean country would benefit from the
coalition with the dirty country, the dirty country is not going to be interested in that environmental
union. We can conclude, that this initial deviation is not meaningful. Second, we assume that two
dirty countries form a coalition, then the announcements would be as follows: of = {&,c¢} and
of = {&,b°}, and it will result in W/(bc¢) < W/(N,;) where j # a. Again, we can conclude that
this deviation is not meaningful. Now, we examine the grand environmental coalition, then the
announcement profile would be as follows: QF = {of = {b°,c’},0f = {a®,c*},0¢ = {a®,b°}}
and W/(N;) > W/ (abcf) where j # a. We observe that this deviation is not meaningful as well.
Based on the above, we can conclude that Q%° is a CPNE for the local level of pollution.

QP is not a CPNE if pollution is global.
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PROOF:

To prove the above, we examine the coalitional deviation of two symmetric dirty countries, country
b and country c¢. Their announcements would be altered as follows: of = {&,c‘} and of =
{#,b°}, and as a result, we observe that W/ (bcg) > WJ(N,) where j # a. Further deviations
are not meaningful, because the level of welfares both members achieve under this environmental
agreement is the highest in the entire game. Based on the above, we are confident to conclude that

Q% is not a CPNE if pollution is global.
Q" ={o; ={b*,2},0; = {a*, 2} ,0{ = {7, 2}}

Qe is not a Nash Equilibria for both local and global levels of pollution.
PROOF:
country b ={a*, &} 7 {5, ¢°} / {1, 2} M WP(ably) < WP (Np)

We can conclude, that country the dirty country » would deviate to improve its welfare. Based on

that, 29 is not a Nash Equilibria for both local and global levels of pollution.
Qbee = {05 = {g7g}76be = {Q,Ce},Gg = {gvbe}}

Qb€ is not a Nash Equilibria if pollution is local.

PROOF:

country b ={ g, ¢} LU (a¢ o5} [ {8, &} 2 W (b)) < WP (No)

country ¢ :{ﬁ,be}%{ae,ﬁ}/{ﬁ,ﬁ}% W€ (bcy) < W¢(Np)

We can conclude, that either of the dirty countries, country b and/or country ¢, can deviate and
improve its welfare. Based on that, 2¢¢ is not a Nash Equilibria if pollution is local.

Qbe¢ is a Nash Equilibria if pollution is global.

PROOF:

country a ={ &, Q}% {b¢, 2} /{=,c}/ {be,ce}% no change in a’s welfare

We can conclude, that country a has no incentive to change its announcement.

change It . ,
country b ={&,c*} 5% {a¢, ¢} ™ no change in b’s welfare

result

country b ={¢,ce}%{ae,,@(}/{ﬁ,ﬁ}—> Wh(bct) > WP (Ny)
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We can conclude, that country b has no incentive to change its announcement.

country ¢ ={ &, be}%{ae, be}M no change in ¢’s welfare

country ¢ :{ﬁ,be}%{ae,ﬁ} /{2, 7} W€(bcg) > We(Ng)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q°°¢ is a Nash Equilibria if pollution is global.

Qbee is a CPNE if pollution is global.

PROOF:

We prove the above by examining all possible deviations. First, we examine the coalitional devi-
ation of two asymmetric countries, the clean country a and the dirty country b, then W? (abz,) <
wb (bcg). We can see that this deviation is not meaningful. Next, we examine the grand envi-
ronmental coalition, then W/ (abc§) < W/ (bcg) where j # a. Again, we can see that this initial
deviation is not meaningful for dirty countries. Based on the above, we can conclude that Q¢ is

a CPNE if pollution is global.
QF = {of = {b*.c}, 0 = {a*,c} .o = {a b}

QF is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

We prove the above in two steps: first, we consider the case of local pollution, and then we examine
the case of global pollution.

result

country b :{ae,ce}%{ﬁ,ﬂ}—) WP (abct) < Wb(ac§)
country ¢ ={a®,b¢} % £ g o} M We(abet) < We(abs)
We can conclude, that either of the dirty countries, country b and/or country ¢, can deviate and

improve its welfare. Based on that, QF is not a Nash Equilibria if pollution is local.

country b ={ae,ce}M {ﬁ,ce}% WP (bct) > W (abey)

h . .
country ¢ :{ae,be}ﬂ){z,be}%W%bcg) > W€ (abcy)
We can conclude, that either of the dirty countries can improve its welfare by calling another dirty

country only. Dirty countries would prefer to exclude the clean partner for both local and global
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levels of pollution. Based on the above, we are confident to conclude that QF is not a Nash

Equilibria for both local and global levels of pollution.

A. 4.7.1 The Customs Union Game

Welfare effects of various types of trade agreements

W4 (ab}) > W (abc;) > W*(N;) > W (bc}f) Country a, 6 =1

(
WANg) > We(ablt) > Weabeg) o WA (bet) Country a, 6 = g & A € (0, 0.089)
W(Ng) > W (ab¥) > W (bc) Ae0g004 W(abcg) Country a, 6 = g & A € (0.089, 0.1]
WP(bclt) > WP(abe;) > WP(abt) > WP(N;) Country b, 6 =1
WP (bct) > WP (ab%) > WP(N,) > W"(abc,) Country b, 6 = g
We(bc) > W¢(abc;) > WE(N;) > W€ (abl) Country ¢, 6 =1
W¢(bcy) > We(Ng) > W€(abcg) > W€(aby) Country ¢, 6 = g
Announcement Profiles Trade Agreements
Q% ={o,={2,9},0) ={2,9},0!' = {2,2}} (@)
Qi = (ot = {b", o}, 0 ={a", 5}, 0" ={z,2}} (abu)
Q' ={oy = {2, 2}, 04 ={@,c"},0! = {2,b"}} (beu)
Q" ={o} = {p",c"}, 0 = {a",c"},0¢ = {a",b"}} (F")

Q(pu E{Gau:{Q/7@/},Gl,::{gw@/}aGg:{/@/?’@/}}

Q%" is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot get better off by unilaterally changing the announcements; countries have no
incentive to announce any other country unless they are going to be announced back.

Q%" is not a CPNE for both local and global levels of pollution.

PROOF:

We assume that countries b and ¢ get form a trade union, then the announcement profile would be

altered as follows: Q = {c’ ={g,2},0) ={a,c"}, 0! = {z,b"}}. As aresult, we observe an

275



increase in members’ welfare levels, W2 (bc) > WP (Ng) and W€(bc) > W€(Np). The trade union
of two dirty countries brings them the highest level of welfare in this game, so we can conclude
that those counties can form a self-enforcing trade agreement for both levels of pollution, and no

further deviations can occur.
Q" ={c; ={b", #},0} = {a",2},0! = {2,2}}

Q% is a Nash Equilibria if pollution is local.

PROOF:

change { result

country a ={b", & } ———{b", "} —— no change in a’s welfare

} change result

country a ={b", {@,c} /{2, 2}—— W (ab}) > W*(N;)

We can conclude, that country a has no incentive to change its announcement.

change

country b ={a", &} ——{a", "} reully o change in b’s welfare

change result

country b ={a", g} ——{&,c"}{ &z, 5} —— W’ (ab") > Wb(N))

We can conclude, that country b has no incentive to change its announcement.

change result

country ¢ ={ &, @} ——{a", @ }/{=&,b"}/{a",b"} —— no change in c¢’s welfare
We can conclude, that country ¢ has no incentive to change its announcement.
Based on the above, Q9 is a Nash Equilibria if pollution is local.

Q" is not a Nash Equilibria if pollution is global.

PROOF:

change result

country a ={b", &} ——— {&, &} —— W (aby) < W(N,)

We can conclude, that country the clean country a would deviate to improve its welfare. Based on
that, Q%" is not a Nash Equilibria if pollution is global.

Q" is not a CPNE if pollution is local.

PROOF:

Suppose, two dirty countries, b and ¢, form a trade union and exclude a, then

WP(bch) > WP (ab¥) and W€ (bcl) > W€ (ab¥)

The trade union between two dirty countries, » and ¢, brings members the highest level of welfare

in this game. We can conclude that those counties can form a self-enforcing trade agreement and
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exclude the clean country a. Also, no further deviations can occur.
Qb = {Gau = {/@7/@}761[; = {gacu}>dcu = {gvbu}}

Qb is a Nash Equilibria for both local and global levels of pollution.

PROOF:

country a ={ &, Q}M {",2}{=, c”}/{b“,c“}% no change in a’s welfare
We can conclude, that country a has no incentive to change its announcement.

change result
f—

country b ={&,c" {a",c"}—— no change in b’s welfare

h
country b ={ &, ¢} "5 { &, g} {a", ﬁ}% W (bcl) > WP(Ng)
We can conclude, that country b has no incentive to change its announcement.

change sult . ,
country ¢ ={&,b"} "% (g4 b4} Y, no change in ¢’s welfare

country ¢ :{ﬁ,b"}% {a”,ﬁ}/{ﬁ,ﬁ}% We(bcl) > W€(Np)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, 27 is a Nash Equilibria for both local and global levels of pollution.

Qb s a CPNE for both local and global levels of pollution.

PROOF:

Neither member can do better by deviating from their original announcement for both levels of
pollution:

local pollution: W2 (bclt) > W?(abc)) > WP(ab¥) > WP(N;) & W€ (bct) > W€ (abe) > WE(N;) >
W¢(ab});

global pollution: Wb(bcg) > Wb (abg) > Wb(Ng) > Wb (abcg) & Wc(bcg) > W (Ng) >W¢(abcg) >
We(aby).

We conclude that, Q¢ is a self-enforcing commitment between two dirty countries for both local

and global levels of pollution.
Q' = {ot = {b*,c"}, 00 = {a",c"} 0% = {a",b"}}

Q" is not a Nash Equilibria for both local and global levels of pollution.

PROOF:
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Either dirty country can improve their welfare by excluding the clean country a:

country b ={a,c"}- L8 {55} U b (pet) > W (abeg)

country ¢ :{a“,b“}%{ﬁ,b”}%Wc(bclé) > W¢(abcy)
We can conclude, that either of the dirty countries can improve its welfare by calling another dirty
country only. Dirty countries would prefer to exclude the clean partner for both local and global

levels of pollution. Based on the above, we are confident to conclude that /" is not a Nash

Equilibria for both local and global levels of pollution.

A. 4.7.2 The Free Trade Agreement Game

Welfare effects of various type of trade agreements:

Country a, local pollution

o . . . re(0,0023 .
W (a}) > W4 abc;) > W?(ab;) > W bc;) > W4b}) >WN;) A € (0,0.023]

o . . Lo AE(0023,00] .
Wé(a}) > W4 (abc;) > W (ab;) > W4 (b)) > Wé(bc;) > W4N;) A € (0.023,0.1]

Country a, global pollution
W (bcg) > W4(Ng) > W4 (alk) > W (abcg) > W (abg) > W4 (b?)

Country b, local pollution

1€(0,0.027
WP (bl > WP (abe)) > Wb(be)) > Wh(alt) > WP (aby) ( > | WP (Ny) A € (0,0.027]

b(ph b b b, gy AE(0,0.082  A€(0.027,0.1]
Wo(by) > W(aber) > Wo(ber) >W2(ay) > WP(N) > WP(abi) A €(0.027,0.082]

bk b b b A€(0.082,0.1] bi h b
Wh(bt) > WP(abc)) > Wh(be)) > WP (N)© > WP(al) > WP(ab;) A € (0.082,0.1]

Country b, global pollution

A€(0,0.065
W (b)Y > W (bcy) > WP (aby) ! > | WP (Ng) > WP (abcg) > WP(ak) A € (0, 0.065]

bl b b A€(0.065,0.1] b b b/ h
WE(bl) > Wh(bey) > WP(Ng) > WP(abg) > WP(abcy) > WP(al) A € (0.065, 0.1]

Country c, local pollution

2€(0,0.043] N s 4€(0,0.082]
We(abe)) > We(aby) > We(be)) > We(bl) > We(al) ™ > WE(N;) A € (0,0.043]

21€(0.043,0.1] 1€(0,0.082]
We(ab)) > WCabe))>WE(be)) >WE(b) >We(al) > WE(N,) A € (0.043, 0.082]
. A€(0.043,0.1] . ik . Ae(0.082,00]
We(ab)) > We(abc) >We(be)) > Wbl >We(N) > We(al) A€ (0.082,0.1]

Country c, global pollution
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We(bcg) > WE(Ng) > W€ (abcg) > W(al) > W€ (abg) > W€ (b})

Announcement Profiles Trade Agreements
Q% ={0,={9,8},0,={2,2},0. = {2,0}} (®)
Q% ={c,={b,z},0,=1{a,2},0.={2,2}} (ab)
Q¥ ={o,={2,2},0,={2,c},0. ={2,b}} (be)
Q" = {0, = {b,c},0p = {a,2},0. = {a,}} (ah)
Q" ={o,={b,2},0, ={a,c} 0. = {&,b}} (bh)
Q" ={o,={b,c},0p = {a,c},0. = {a,b}} (F)

Q‘PE{Ga:{Q’,Q},Gb:{,@’,ﬁ},ﬁc:{g,g}}

Q% is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot get better off by unilaterally changing the announcements; countries have no
incentive to announce any other country unless they are going to be announced back.

Q% is not a CPNE for both local and global levels of pollution.

PROOF:

To prove the above, we assume that two symmetric dirty countries, b and ¢, form a bilateral free
trade agreement, then their announcement profiles would be altered as follows: o, = {&,c} and
o. = {&,b}. As aresult, we observe the increase in the members’ welfares: W/ (bcg) > W/ (Ng) ,
where j # a. We are confident to conclude that Q% is not a CPNE for both local and global levels

of pollution.
Q" ={o,={b.2},0,={a, 8} 0. ={7.2}}

Q% is a Nash Equilibria if pollution is local and A € (0, 0.027].

PROOF:

h
country a ={b, &} ——2% {b, }L no change in a’s welfare

change result

country a ={b, o} —— {&,c} /{2, 2} —— W ab;) > W4(N))
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We can conclude, that country a has no incentive to change its announcement.

country b ={a, QJ‘}M {a, c}% no change in b’s welfare

country b ={a, 2} LU {5} /{2, 2} LW (aby) > WP(N) & A€ (0, 0.027]

We can conclude, that country b has no incentive to change its announcement.

country ¢ ={&, ﬁ}% {a,2}/{2,b}/ {a,b}% no change in ¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria if pollution is local and A £ (0, 0.027].
Q% is not a Nash Equilibria if pollution is local and A € (0.027, 0.1].

PROOF:

country b ={a, 2+ L (g ¢} /{2, 2} W (aby) < WE(N;) & A€ (0.027,0.1]

We can conclude, that country b can improve its welfare by unilaterally changing its announcement
and deviating into no agreement scenario, and based on that, we conclude that Q9 is not a Nash
Equilibria if pollution is local and A € (0.027, 0.1].

Q s not a Nash Equilibria if pollution is global.

PROOF:

country a ={b, ﬁ}c—h% {o,c} /{2, ﬁ}% W (abg) < W*(Ng)

We can conclude, that country a can improve its welfare by unilaterally changing its announcement
and deviating into no agreement scenario, and based on that, we conclude that 0 is not a Nash
Equilibria if pollution is global.

Q% is not a CPNE if pollution is local and ) € (0, 0.027].

PROOF:

We prove the above by considering the grand coalition. We observe that all three countries can
improve their welfares by deviating to form a free trade world: W%(abc;) > W4 (ab;); W’ (abc;) >

WP(ab;); W€ (abc;) > W€ (ab;) if A €(0,0.043]. We can conclude, that Q% is not a CPNE if
pollution is local and A € (0, 0.027].

Qb ={o,={9,0},0,={2,c},0. ={2,b}}

Q¢ is a Nash Equilibria for both local and global levels of pollution.
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PROOF:

change result

country a={g&, o }—— {b, o} /{2,c} /{b,c}—— no change in a’s welfare

We can conclude, that country a has no incentive to change its announcement.

change { result

country b ={&,c}——— {a,c}—— no change in b’s welfare

change

country b ={&,c} =% {a, &} /{2, 2} 2 Wb (beg) > W (Np)

We can conclude, that country b has no incentive to change its announcement.

change resul

country ¢ ={&,b} 2% {a,b} % no change in ¢’s welfare

change

country ¢ ={&,b} ——{a ,Qf}/{ﬁ,ﬁf}% W€(bcg) > W€(Ng)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria for both local and global levels of
pollution.

Q"¢ is not a CPNE if pollution is local.

PROOF:

We prove the above in two steps. First, we examine the grand coalition. We observe that all
three countries can improve their welfares by deviating to form a free trade world: W¢(abc;) >
W (bc)); W(abe)) > WP(be;); We(abe) > W€(bc;) and W€ (abe;) > W€(aby) if A g(0,0.043].
This deviation is self-enforcing, because any change in either member’s announcement would turn
one of the two other countries into a hub or make the country, which changes the announcement,
into an outsider of a bilateral trade agreement, and either move would lead to lower welfare gains.
We can conclude, that this deviation is both meaningful and self-enforcing, and consequently, Q¢
is not a CPNE if pollution is local and A € (0, 0.043]. Now, we examine the coalitional deviation of
one clean and one dirty country in the case of local pollution and A € (0.043, 0.1]. Either member
of (bc;) is interested in making a side deal with the only clean member of the world, country a.
Country a would except this offer from either dirty country. The clean player is better of as a spoke
than as an outsider of a shallow FTA of two dirty countries if pollution is local and A € (0.023, 0.1].

Based on the above, we conclude, Q%€ is not a CPNE if pollution is local.

Q"¢ is a CPNE if pollution is global.

281



PROOF:

To prove the above, we examine all possible meaningful deviations. First, we consider the coalition
of two asymmetries countries, country a and country b, and we observe the following changes in
the members’ welfares: W¢(abg) < W9(bcg) and WP (abg) < W?(bcy). We can conclude that this
deviation is not meaningful. Now, we consider the grand coalition, and we observe the following
changes in the welfares: W%(abcy) < W4 (bc,) and W/ (abcg) < W (bcg) where j€ [b,c]. Again,
we can see that this deviation is not meaningful. Based on the above, we conclude, Qb is a CPNE

if pollution is global.
Q% ={c,={b,c},0,={a,2},0.={a,2}}

Q% is not a Nash Equilibria if pollution is local.

PROOF:

country ¢ ={a, 2} 22 (&b} /{2, 2} 2 We () < W (aby)

We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we can conclude that Q% is not a Nash Equilibria if pollution is local.
Q% is not a Nash Equilibria if pollution is global.

PROOF:

country a ={b, c}% {o, ﬁ}% W“(ag) < W*(Ny)

We can conclude, that country a has an incentive to self-exclude itself.

Based on the above, we can conclude that Q% is not a Nash Equilibria if pollution is global.
QM =1{c,={b,z},0,={a,c},o.={a,b}}

Q" is not a Nash Equilibria if pollution is local.

PROOF:

country ¢ :{ﬁ,b}%{a, z} /{2, Qf}% We(bl) < We(ab))

We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude that Q%" is not a Nash Equilibria if pollution is local.

Q" is not a Nash Equilibria if pollution is global.
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PROOF:

chan&e result

country a={b, g }—— {&, g} —— W“(bg) < Wé(bcg)

We can conclude, that country a has an incentive to self-exclude itself.

Based on the above, we can conclude that Q%" is not a Nash Equilibria if pollution is global.
QF ={o,={b,c},0, = {a,c},0.={a,b}}

Q' is a Nash Equilibria if pollution is local and A € (0, 0.043].

PROOF:

change result bh)

country a ={b,c}—— {b, &} /{&,c} = W9(abc;) > W(bl') = W(cl)

result

country a ={b,c}—— change — {&,9} —— W%abc;) > W (bcy)

We can conclude, that country a has no incentive to change its announcement.

result

country b ={a, c}—>{ B} == WP(abc;) > Wb(a})

country b ={a,c}—— change, {o, }M W(abe;) > Wo(cl)
change result

country b ={a,c}— {&, 8} W’(abc;) > WP (ac;) & A €(0,0.043].
We can conclude, that country b has no incentive to change its announcement.
country ¢ ={a,b}—— change, {=,b} %Wc(abcl) > We(bh)

hange result

country ¢ ={a,b}——{a, o} —— W¢(abc;) > W¢(a}")

country ¢ ={a,b}—— change, {z,2} Lesult, W¢(abcy) > W€ (ab;) & A €(0,0.043]

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q/ is a Nash Equilibria if pollution is local and & A € (0, 0.043].
Q' is not a Nash Equilibria if pollution is local and 2 € (0.043, 0.1].

PROOF:

country ¢ ={a,b} —— change, {z,2} Lesult, W¢(abc;) < W¢(ab;) & A €(0.043,0.1]

We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude that Qf is not a Nash Equilibria if pollution is local and &

A €(0.043,0.1].

Q! is not a Nash Equilibria if pollution is global.

PROOF:
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country a :{b,c}c—hﬂe—) {9,2} result, W (abc;) < We(bc))

We can conclude, that country a has an incentive to self-exclude itself.

Based on the above, we conclude that Q' is not a Nash Equilibria if pollution is global.

Q! is a CPNE if pollution is local and A € (0, 0.043)].

PROOF:

To prove the above, we examine all possible meaningful deviations. First, we consider the coali-
tion of two asymmetries countries, country a and country b, and we observe the following changes
in the members’ welfares: W¢(ab;) < W% (abc;) and WP (ab;) < W(abc;). We can conclude that
this deviation is not meaningful. Now, we consider the coalition of two symmetries dirty coun-
tries, country b and country ¢, and we observe the following changes in the members’ welfares:
W/(bc;) < W/(abc;), where j # a. Again, we can see that this deviation is not meaningful. Based

on the above, we conclude, QF is a CPNE if pollution is local & A € (00.043].

A. 4.8.1 The Integrated Customs Union Game

Welfare effects of various type of trade and environmental agreements:

W4 (abch) > W(ab") > W*(N;) > W*(bc*) Country a, local pollution

(
W“(abcg) > W“(bc’”) > W“(abfg”) > W4(Ng) Country a, global pollution
WP(bci) > WP (abi*) > W?(abci) > WP(N;) Country b, local pollution
WP (bcly > Wh(abch) > WP(Ng) > WP (ab) Country b, global pollution
We(bci) > W€ (abcl) > WE(N;) > W¢(ab'") Country c, local pollution
We(bc') > W€ (abcl) > W€ (abi¥') > W¢(N,) Country c, global pollution
Announcement Profiles Integrated Agreements
Q%" ={oi"=1{2,2},0/"={2,8}, 01 ={2,2}} (@)
Qi = {oi = {b", 7}, 0" = {a", &} 0" = {2, 2}} (abiu)
Qbin = (ol = {g,z}, 0" = {&,c"} 0/ = {&,b"}} (bciu)
QF" = {oit = {pit ¢} Git = {a, ¢} ot = {a, b} } (Fiv)
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Q%" ={ci"={2,2},0/"={2,2},0l" = {2,2}}

Q%" is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot change their welfares by unilaterally changing the announcements.

Q" is not a CPNE for both local and global levels of pollution.

PROOF:

We prove the above by considering a deep trade union of two symmetric dirty countries, b and c.
The trade union of two dirty countries brings its members the highest level of welfare in this game,
so we can conclude that those counties can form a self-enforcing deep trade agreement for both
levels of pollution, and no further deviations can occur. Based on the above, we can conclude that

Q%" is not a CPNE for both levels of pollution.
Srwm__{cm {bm ﬁ} q#__{am ﬁ} Gm {ﬁAﬁ}}

Qb js g Nash Equilibria if pollution is local.
PROOF:
h L
country a = {b’” & } LN {b’”, c } resully o change in a’s welfare

S (g, [ {2, 23 Wa(abit) > We(N)

change

country a ={b", & } ——

We can conclude, that country a has no incentive to change its announcement.
h

country b = {a’” 71 } LN { iu ’”}% no change in b’s welfare

change

country b ={a", &} —— {ﬁ,c’”}/{ﬁ,ﬁ}% WP (abi") > Wb (N,)

We can conclude, that country b has no incentive to change its announcement.
country ¢ ={ &, &} 45, {a™, ﬁ}/{ﬁ,biu}/{aiu,biu}% no change in ¢’s welfare
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q%™ is a Nash Equilibria if pollution is local.
Qi js not a Nash Equilibria if pollution is global.

PROOF:

country b ={a, &} LY £ o1 cind /{5, g} 2 Wb (abiv) < Wh(N,)
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We can conclude, that country b has an incentive to self-exclude itself.

Based on the above, we conclude that Q% is not a Nash Equilibria if pollution is global.

Qb s not a CPNE if pollution is local.

PROOF:

To prove the above, we consider a trade and environmental union between two symmetric dirty
countries, b and ¢, then W (bci*) > Wb (abi*) and W€(bcit) > W (abi). Also, the level of welfare
countries b and ¢ achieve from forming an integrated union is the highest in this game, so none of

the members would deviate any further.
Qi ={oy' ={,0}. 0y = {g,c"}, 0" = {7, b"}}

Qb s a Nash Equilibria for both local and global levels of pollution.
PROOF:

change

country a ={ &, &} —— {b™, & }/{&,c"}1{b", ’”}M no change in a’s welfare

We can conclude, that country a has no incentive to change its announcement.

country b ={ &, "} —— change, {a™, c’”}% no change in b’s welfare

country b={ ¢} S5 {ain o5} {15, 5) W (b > WP (Ng)

We can conclude, that country b has no incentive to change its announcement.

country ¢ :{;z, bi”}c—h%{ iu b’”}% no change in c’s welfare

country ¢ ={ & ,b" } —— Change, {a", &} {2, ﬁ}% We(bcl) > W€ (Ng)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that 27 is a Nash Equilibria for both local and global levels of
pollution.

Qbein s g CPNE for both local and global levels of pollution.

PROOF:

Neither member can do better by deviating from their original announcement for both levels of
pollution. The level of welfare members achieve in this deep trade agreement is highest in this

entire game, and based on that we conclude that, Qbeiv jg self-enforcing commitment between

two dirty countries for both local and global levels of pollution.
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QF”‘ = {qu {bzu m} Gll)u_ {am czu} Gm_ {am bm}}

Q™" is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

Either dirty country can improve their welfare by excluding the clean country a:

country b ={a™, c™ change, {#,c"} == result, yyb (bci) > WP (abcly)

country ¢ ={a™,b™} —— change, {z,b"}— Tesull, yye (bcl) > We(abcl)

We can conclude, that either of the dirty countries can improve its welfare by calling another dirty
country only. Dirty countries would prefer to exclude the clean partner for both local and global
levels of pollution. Based on the above, we are confident to conclude that QF " is not a Nash

Equilibria for both local and global levels of pollution.

A. 4.8.2 The Integrated Free Trade Agreements Game

Welfare effects of various type of trade and environmental agreements:

Country a, local pollution

a(  hi a i a(phi A€(0,0.009] a i a a(bet) A
Wa(al') > We(abcl) > Wa(bl) "5 Wa(abi) > WA(N) > Wa(bel) A € (0,0.009]

a(  hi a i a i 2€(0,009,0.1] a(hi a a i
Wé(a}") > W¢(abc)) > W (ab)) > We(b]") > W4(N;) > W4(bc)) A € (0.009,0.1]
Country a, global pollution
W (al) > We(abcl) > WA (b)) > W (bck) > W9 (abl,) > W*(Ny)

Country b, local pollution

by iy FECL008L Ly b b( g b b( i b( 1
Wh(bcl) S Wb > Wh(abcl) > WP (Np) > WP (al?) > WP(abi) A € (0,0.008]
by phin FEO00801] b, i b b hi b(pi
W2 (b}") WP (bch) > WP(abch) > WP (N;) > WP(al") > WP(ab}) A € (0.008, 0.1]
Country b, global pollution
Wb (bl > Wb (bcl)) le(oio'ogg] Wb(abcl) > Wb (al) > WP(ab}) > WP(N,) A € (0, 0.089]

) * 2.€(0.089,0.1] ’ ’ j : N

Wh (k) > WP (abcl) WP (bclh) > WP(al') > WP(abl) > WP(Ng) A € (0.089,0.1]

Country c, local pollution
We(bch) > W¢(abl) > W¢(abcl) > WE(N;)) > WE(bI) > We(all)

Country c, global pollution
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. A€(0,0.089] . . , .
Webch) > W<(abck) > We(ah) > We(ab) > We(bk) > W (Ny) A € (0,0.089]
1€(0.089,0.1]

We(abck) > WC(bck) > We(al) > We(abl) > WE(bl) > W(N,) A € (0.089,0.1]
Announcement Profiles Integrated Agreements
Q¥ ={ci={g,2},0l = {2,2},0i = {&,}} (@)
Q¥ ={oj={V',2},0,={d 2}, 0i={2,2}} {abi)
Qb= (ol ={z,2},0,={z,c}, 0l ={zb}} (bei)
QM = {6} = {b.c'}, 0! = {d', 5} 0l = {dl, &)} (ahi)
Qi = {gi = {bi,g},cf; _ {ai,ci},o.ci: {g’bi}} (bhi)
QF = {ci = {V',c'},0} = {d,¢'} ol = {d,bi}} (F")

Q* ={c.={g,2},0l = {5,2},0. = {5, 2}}

Q% is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot get better off by unilaterally changing the announcement.

Q% is not a CPNE for both local and global levels of pollution.

PROOF:

To prove the above, we assume that two symmetric dirty countries, b and ¢, form a deep bilateral
free trade agreement, then their announcement profiles would be altered as follows: Gll; = { ,c }
and o) = {&,b'}. As a result, we observe the increase in the members’ welfares: W/ (bch) >
W/ (Ng) , where j # a. We are confident to conclude that Q%' is not a CPNE for both local and

global levels of pollution.
Qabi = {Gal — {biV@/}?Gli — {ai’g}’(yg — {gw@/}}

Q% is not a Nash Equilibria if pollution is local.
PROOF:

i change i result b o 1i b
country b={d', &} —— {&,c' }{&, 5} —— W’ (ab}) < WP(N))

We can conclude, that country b has an incentive to self-exclude itself.
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Based on the above, we conclude 2% is not a Nash Equilibria if pollution is local.
Q% is a Nash Equilibria if pollution is global.
PROOF:

change { i7C } result

country a = {b’ o1 } —— no change in a’s welfare

change

country a ={b', g } —— {ﬁ,ci}/{ﬁ,ﬁ}% W (abl) > W(Ng)

We can conclude, that country a has no incentive to change its announcement.

change {

country b = {a o1 } }% no change in b’s welfare

change

country b ={da', &} —— {&,c'}{z, 2} — Tesult, Wh(abl) > WP(Ny)

We can conclude, that country b has no incentive to change its announcement.

country ¢ ={ &, ﬁ}m—mge> {d, ﬁ}/{@‘,b"}/{ai,b‘}% no change in ¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude Q% is a Nash Equilibria if pollution is global.

Q% is not a CPNE if pollution is global.

PROOF:

To prove the above, we examine the grand coalition. We observe that all three countries would
benefit from this deviation relative to a deep bilateral trade agreement between one clean and one
dirty country: W% (abl,) < W*(abc), wb (ab}) < wb (abck), and W (ab),) < W€(abch). This devi-
ation is self-enforcing, because though the dirty countries would benefit from forming a coalition
if 1 €(0,0.089], it will never be exercise in equilibrium. Country b has a an incentive to deviate
and include country a in its announcement to turn into a hub. Country ¢ would prefer to be an

outsider of a deep bilateral FTA than being a spoke. Based on the above, we conclude that Q% is

not a CPNE if pollution is global.
Qb= (ol ={z,2},0,={z,c}, 0l ={2,b}}

Qb is a Nash Equilibria for both local and global levels of pollution.
PROOF:

change

country a ={@, &} —— {b', @ }/{=,c' }{b',c }M no change in a’s welfare

We can conclude, that country a has no incentive to change its announcement.
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change : res
{d',c }—> no change in b’s welfare

country b ={ &, '} ——
country b ={&,c'} —— change, {a i7ﬂ}/{ﬁ,¢}% WP(bciy) > WP (Ng)

We can conclude, that country b has no incentive to change its announcement.

country ¢ {g b’} Change { i ,bi} resully o change in c’s welfare

country ¢ ={ﬁ,b’}% {aﬂﬁ}/{ﬁ,ﬁ}% We(bcly) > W€ (Ng)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we can conclude %/ is a Nash Equilibria for both local and global levels of
pollution.

QP is a CPNE if pollution is local & A € (0, 0.008].

PROOF:

The level of welfare members of this deep bilateral FTA achieve is the highest in the entire game.
Based on that, we conclude that there no coalitional deviations which can be meaningful for either
member. Q7 is a CPNE if pollution is local and A € (0, 0.008].

QP¢t is not a CPNE if pollution is local & A € (0.008, 0] or if pollution is global.

PROOF:

We prove the above by examining the coalitional deviation of one clean and one dirty country.
Either member of this deep bilateral trade agreement is interested in making a side deal with the
only clean member of the world, country a. Country a would except this offer from either dirty
country. The clean player is better of as a spoke than as an outsider of a deep FTA of two dirty

countries.
Qi ={cl={b,c'},0l ={d, 2}, 0l={d,z}}

Q% i not a Nash Equilibria if pollution is local.

PROOF:

country ¢ :{ai,ﬁ}cm—nge>{¢,bi} /{2, o} We(al') < W¢(abi)
We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude that Q" is not a Nash Equilibria if pollution is local.
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Qi is g Nash Equilibria if pollution is global.
PROOF:
country a :{bi,ci}c—h% {v',z} /{2, '} Lesult, W(all) > W(abl)) = W9 (aci)

} change result

country a ={b',c {9,8} — W“( ) > W(N,)

We can conclude, that country a has no incentive to change its announcement.

change {

country b = {a o1 } } resully o change in b’s welfare

change

country b={d', &} —— {2, } {2, 8} —— result, Wb(agi) > Wb(ac;)

We can conclude, that country b has no incentive to change its announcement.

country ¢ {a o1 } Change {ai ,bi} resulty o change in c’s welfare

country ¢ ={d’, &} LY o5 bV {2, 5} Z2 We () > WE(ab)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q" is a Nash Equilibria if pollution is global.

Q% is not a CPNE if pollution is global.

PROOF:

To prove the above, we consider a coalitional deviation of two dirty countries, country b and
country c¢. By forming this coalition these two players would “drive” the clean country into a deep
free trade agreement, and improve their welfare levels. Dirty countries would prefer to live in a

fully integrated world versus being spokes. Based on the above, we conclude that Q" is not a

CPNE if pollution is global.
Qi = (ol ={b,z},0l ={d',c'}, 0l ={2,b'}}

Qb1 is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

country ¢ ={ &, b1} U gl ) /{8, 2} We(bl) < WE(ab)

We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude that Q%" is not a Nash Equilibria for both local and global levels

of pollution.
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QF = {ci = {V',c'},0} = {d,¢'} i = {d,b'}}

Q' is not a Nash Equilibria if pollution is local.
PROOF:

} change result

country ¢ ={d’, ' {2, 8} W (abl) > W¢(abc})

We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude Q" is not a Nash Equilibria if pollution is local.

Q' is a Nash Equilibria if pollution is global.

PROOF:

country a ={b',¢'} —— change, {b', 2} /{z,c'} Lesult, Wé(abc! ?) > W“(bgi) = W“(Cgi)

country a ={b’,c’}% {2.2} result, W (abcl) > W(bcy)

We can conclude, that country a has no incentive to change its announcement.
result

country b ={da’,c'} —— change, {d', o} == Wb(abc ) > WP(a h’)

country b ={da’,c'} —— change, {z,d} == Lesult yyb (abck) > Wh(chh)

change result

country b ={d',c'} —— {&, 2} —— WP(abc},) > W’ (ac})
We can conclude, that country b has no incentive to change its announcement.
country ¢ :{ai,bi}% {z,b'} Lult>W”(abc ) > We(bk)
country ¢ :{ai,bi}%{ai, a} result, Wc(abc’ ) > Wc(agi)

} change result

country ¢ ={a’, b’ {g,9} — Wc(abc ) > Wc(abg,)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q/ "is a Nash Equilibria if pollution is global.

Q' is a CPNE if pollution is global.

PROOF:

We prove the above by examining all possible deviations. First, we assume that the clean country
a forms a coalition with one of the dirty players, then W¥(abl) = W*(acl) < W%(abc’y), and we
conclude that this deviation is not meaningful. Second, we consider the coalitional deviation of

two symmetric dirty countries and A € (0, 0.089], and as a result of this agreement, we have the

following levels of welfares W/ (bc},) > W/ (abc) where j # a. However, both countries have an
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incentive to deviate further and become a hub: W/( ji,‘i) > Wi (bci,). We conclude that this deviation
is not self-enforcing. Now, we consider the coalitional deviation of two symmetric dirty countries
and A € (0.089, 0.1], and we observe that the only reason dirty countries would form this agreement
is a further deviation to become a hub: W/(ji) > W/ (abc;) > W/(bch) where j # a. We conclude

that there are no possible meaningful deviations, and Q/ "is a CPNE if pollution is global.

A. 4.9.2.1 Shallow Trade Agreements Game

Welfare effects of various type of shallow trade agreements:

Country a, local pollution

a(h a u a a a A.€(0,0.023] a(ph a a u
Wé(a}) > W (ab}) > W (abc;) > W(ab;) > W*(bc;) > WUbY) > WAN;) > Wé(bcl)

A € (0, 0.023]

a( h a u a a a(ih 2€(0.023,0.1] a a a u
W (a}) > We(ab}) > W (abc;) > W(ab;) > W4(b}) > W4 (bc;) > W(N;) > W4 (bcl)

A € (0.023,0.1]

Country a, global pollution

2.€(0,0.046]
W4 (bcg) > W9(Ng) > Wi (ab¥) > W(al) > W(abcg) > W (abg) > WI(bE) > W4(bck)

A € (0,0.046]

2€(0,0.083] 2€(0.046,0.1]
W4 (bcg) > W*(Ng) > W9(ab¥) > Wi(ah) > W (abcg) > Wi(abg) > Wi(bch) >

W4(bh) A € (0.046,0.083]

(
(
2€(0,0.089] 21€(0.083,0.1]
W4(bcg) > W4(Ng) > W9(ab¥) > Wi(ah) > W(abcg) > W4 (bc¥) > W4 ab,) >
(
(

=

“(b) A € (0.083,0.089)

1€(0.089,0.1]
Wé(bcg) > W9(Ng) > W (aby) > W“(ag) > W4 (bcy) > W (abcg) > W9 (abg) > W“(bg)
A € (0.089, 0.1]

Country b, local pollution
b(ph by b b b( b(h b A(0,0.027]
Wo(b}) > W?(bct) > W?(abc;) > WP (bc;) > WP(ab}) > WP(a}}) > W?(aby) > WP(Ny)
A € (0,0.027]
2€(0,0.082] 2€(0.027,0.1]
Wo(bl) > WP(bct) > Wh(abc)) > WP (b)) > WP(ab¥) > Wo(dl) > WP(N)) >

Wb (ab;) A € (0.027,0.082]

293



21€(0.082,0.1]
WP (bl > Wh(bct) > WP(abe)) > WP (be)) > Wh(ab¥) > Wo(N)) > Wh(al) > Wb(ab))

A € (0.082,0.1]
Country b, global pollution

A€(0,0.065]

WE(BE) > WP(bck) > Wh(ab¥) > WP (bc) > WP (aby) WP (Ng) > Wh(abc,) > WP (al)

A € (0,0.065]

A€(0.065,0.1]
WEh(BE) > WP (bct) > WP(ab¥) > WP (bcg) > WP (N,) > WP(abg) > WP (abcy) > WP(al)
A € (0.065,0.1]

Country c, local pollution

2€(0,0.043] 2€(0,0.082]
We(bc¥) >W¢<(abc;)) > W<(ab)) >WE(bc)) >We(b})>We(al) > W(N;)>We(ab)
A € (0,0.043]

_ i 2€(0.043,0.1] ) _ ] 2€(0,0.082]

We(bct) > We(aby) > We(abc)) > We(be) > WE(B!) > We(al) > WE(N) >
We(ab¥) A € (0.043,0.082]

2€(0.043,0.1] 2€(0.082,0.1]
We(bclt) > W (ab;) > W¢abc;) > We(bc)) > WE(bl) > W(N) > Weal) >
We(ab}) A € (0.082,0.1]

Country c, global pollution

We(bck) > We(bcg) > WE(Ng) > W€ (abcg) > W€ (ah) > W (abg) > We(bl) > W€ (abk)

Announcement Profiles Shallow Trade Agreements

Q*={0,={9,2},0,={2,2},0.={2,2}} (D)
Q% ={c,={b,z},0,={a,2},0.={2,2}} (ab)
Q" = {oy = {b", 2}, 05 ={a", 7} 0 = {#,7}} {abu)
Q¢ =lo,={2,8},0,={2,c},0.={a,b}} (bc)
Q' = {o; ={#,8} 0y = {#,c"} of = {#,b"}} (beu)
Q% ={o,={b,c},0p ={a,2},0. = {a,7}} (ah)
QM =1o,={b,z},0,={a,c},o.={z,b}} (bh)
QF ={o,={b,c},0, = {a,c},0. = {a,b}} (F)
QF" = {c = {b*, "}, o) = {a",c"}, 0! = {a",b"}} (F")

Q*={o,={2, 2} 0,={2,2},0.={2,2}}

Q% is a Nash Equilibria for both local and global levels of pollution.
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PROOF:

Countries cannot get better off by unilaterally changing the announcements; countries have no
incentive to announce any other country unless they are going to be announced back.

Q% is not a CPNE for both local and global levels of pollution.

PROOF:

We prove the above by examining the coalitional deviation of two dirty countries in the form of
a customs union. In this case, the announcement profile would be altered as follows: Q = {c, =
{@,2},0p ={2,c"},0! ={7,b"}}, and as aresult, we observe the increase in members’ welfare
levels, WP (bc) > W?(Ng) and W¢(bcY%) > W¢(Ng). Though both members have an incentive to
deviate and form a side deal with the clean country a, the nature of customs unions prevent this
deviation, and we conclude that no further deviations can occur. Based on the above, Q% is not a

CPNE.
QabE{Ga:{bw@/}?Gb:{a?g}ﬂGC:{g?/@/}}

Q% is a Nash Equilibria if pollution is local and A € (0, 0.027).

PROOF:

result

country a ={b, ﬁ}%} {b,c}—— no change in a’s welfare
country a ={b, 5} “% {, ¢} {2, ¢ }{b, g }{, B}, S W (aby) > WA (N)
We can conclude, that country a has no incentive to change its announcement.

change sult . ,
country b ={a, &} 2% {a,c} ™% no change in b’s welfare

country b={a, 2} LU Lo, V{2,V {at, 2 V{2, 2V {at, Y W (aby) > WP (N)) & A € (0, 0.027]
We can conclude, that country b has no incentive to change its announcement.

country ¢ ={&, g}% {a,2}{a", s}{ 2 ,b}/{=,b"}/{a,b}/{a", b“}% no change in c¢’s
welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria if pollution is local and A £ (0, 0.027].

Q% is not a Nash Equilibria if pollution is local and A € (0.027, 0.1].

PROOF:
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change

country b={a, 2} 22 { &, cH{ @, Wa", g Y{ 2, 2 H{a", "} M Wh(aby) > WE(N)) & A €(0.027, 0.1]
We can conclude, that country b can improve its welfare by unilaterally changing its announcement

and deviating into no agreement scenario, and based on that, we conclude that 0 is not a Nash
Equilibria if pollution is local and A € (0.027, 0.1].

Q9 is not a Nash Equilibria if pollution is global.

PROOF:

change result

country a ={b, &} —— {&,c}/{a,c"}{b", o }{z, & }/{b" '} —— W (ab,) < W*(N,)

We can conclude, that country a can improve its welfare by unilaterally changing its announcement
and deviating into no agreement scenario, and based on that, we conclude that 0 ig not a Nash
Equilibria if pollution is global.

Q% is not a CPNE if pollution is local and ) € (0, 0.027].

PROOF:

We prove the above by examining the coalitional deviation of two dirty countries in the form of
a customs union. In this case, the announcement profile would be altered as follows: Q = {oc, =
{b,2},0/ ={2,c"},0f={,b"}}, and as aresult, we observe the increase in members’ welfare
levels, WP (bclt) > W (ab;) and W€(bcY) > W€(ab;). Though both members have an incentive to
announce a as well, and consequently, turn into a hub, the nature of customs unions prevent this

deviation, and we conclude that no further deviations can occur. Based on the above, 2% is not a

CPNE if pollution is local and A € (0, 0.027].
Qi = {ol = {b*, z}, 0 = {a", 5}, 0" = {2, 2}}

Q% is g Nash Equilibria if pollution is local.

PROOF:

h
country a ={b", &} % {p 4} ety o change in a’s welfare

change

country a ={b*, 2} %% { &5, c}{ &, c"}{ &, 2 }I{b,c}I{b, &} " Wa(abl) > W(N;)

We can conclude, that country a has no incentive to change its announcement.

change { u

country b ={a", g} ——{a",c"} resully o change in b’s welfare
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change result

country b ={a", o} ——{&,c} {&,c"}{2, 2 }{a,c}{a, 8} ——= WP(ab¥) > WP (N))

We can conclude, that country b has no incentive to change its announcement.

change

country ¢ ={&, & }——{a, 2} H{a", 2 }/{z,b}{z,b"}/{a,b}/{a", b“}% no change in c¢’s
welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, Q9 is a Nash Equilibria if pollution is local.

Q% is not a Nash Equilibria if pollution is global.

PROOF:

change

country a ={b", &} —— {&,c}{ &, }{z, 2 }/{b,c}/{b, ﬁ}% W (aby) > W(Ny)

We can conclude, that country the clean country a would deviate to improve its welfare. Based on
that, Q%" is not a Nash Equilibria if pollution is global.

Q" is not a CPNE if pollution is local.

PROOF:

We prove the above by examining the coalitional deviation of two dirty countries, country b and
country c, in the form of a customs union. In this case, the announcement profile would be altered
as follows: Q = {o; = {b",2},04 = {=,c"},0f = {=,b"}}, and as a result, we observe the
increase in members’ welfare levels, W’ (bc) > WP (ab) and W€ (bc¥) > W¢(ab*). Though both
members have an incentive to announce a as well, and consequently, become a hub, the nature of

customs unions prevent this deviation, and we conclude that no further deviations can occur. Based

on the above, Q" is not a CPNE if pollution is local.
Q" ={0,=1{2,8},0,={2,c},0.={,b}}

Qb¢ is a Nash Equilibria for both local and global levels of pollution.
PROOF:

change

country a ={ g, g }—— {b,ﬁ}/{b“,Qf}/{fzf,c}/{;zf,c“}/{b,c}/{b“,c“}% no change in a’s
welfare

We can conclude, that country a has no incentive to change its announcement.
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h .
country b ={ 7, c} 5% {a,c}% no change in b’s welfare
country b ={@,c} T (a, g}/{a", & }{ 2, 2 }{@, "} {a", My L Wh(beg) > WP (Ng)
We can conclude, that country b has no incentive to change its announcement.

change It . ,
country ¢ ={&, b} ——2%{a,b} “% no change in ¢’s welfare

result
—_—

country ¢ ={ﬁ,b}% {a,z}{a", 2} {2, 2 }{2,b"}{a",b"} W€(bcg) > W€¢(Np)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q°¢ is a Nash Equilibria for both local and global levels of
pollution.

Q¢ is not a CPNE for both local and global levels of pollution.

PROOF:

Members of this bilateral trade agreement, countries b and ¢, can form a coalition to sign a dif-
ferent PTA, then Q = {0, = {#,2},0!' = {&,c"},0" = {&,b"}}, and W0 (bcl) = We(bcY) >
W?(bcg) = W€ (bcg). No further deviation can occur, because the nature of customs union prevents

hub-and-spoke trade regimes. We can conclude that Q%€ is not a CPNE for both local and global

levels of pollution.
Qe ={oy ={# 2}, 0} ={2,c"} o = {7,b"}}

Qb s a Nash Equilibria for both local and global levels of pollution.
PROOF:
country a :{Q,ﬁ}% {b,zY{b", s} {z,c}{z,c"}{b,c}{b", "} el no change in a’s
welfare
We can conclude, that country a has no incentive to change its announcement.
country b ={ g, c“}% {a", cu}% no change in b’s welfare
country b ={ g, c”}%{a, gY{a", 2} {&, g}/{a,c}/{ﬁ,c}% WP (bch) > WP (Ng)
We can conclude, that country b has no incentive to change its announcement.
result

h .
country ¢ ={ @, b"} =% {a* b} Y, no change in ¢’s welfare

country ¢ ={, 6"} (a, &} Ha", o Y{ 2, 8} {a,bY{ 2, b} " We(beh) > We(Np)
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We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, 2”¢“ is a Nash Equilibria for both local and global levels of pollution.
QP is a CPNE for both local and global levels of pollution.

PROOF:

We prove the above by examining every possible meaningful deviation:

* first, we consider a coalitional deviation of one dirty and one clean country, countries a and
b, in the form of either FTA or CU, and as a result, we observe that neither of these deviations

is meaningful: W (bc) > WP (ab¥) > W(aby);

* second, we consider a coalitional deviation of two dirty countries, country b and country
¢, into a different PTA, and again we find that this deviation is not meaningful as well:

Wi(bc) > W/ (bcg), where j +# a;

* now, we examine the grand coalition, and again, we observe that this deviation is not mean-

ingful, too: W/ (bc%) > W/ (abcg), where j # a;

* finally, we acknowledge that though both members of this coalition would benefit from sign-
ing a side deal with the clean country a, and consequently, become a hub, the nature of

customs unions prevents hub-and-spoke trade regimes from arising.
Based on the above, we conclude that Q%°“ survives all coalition-proof Nash equilibria refinements.
Q% ={c,={b,c},0,={a,z},0.={a,2}}

Q% is not a Nash Equilibria if pollution is local.

PROOF:

country ¢ ={a, ﬁ}% (2, 2", b Wz, b}{z, b {a", &} 22 We(al) < We(ab)
We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we can conclude that Q% is not a Nash Equilibria if pollution is local.

Q7 is not a Nash Equilibria if pollution is global.

PROOF:

299



result

country a ={b, C}% {2, 2}{b", " Y{b", Y { 2, "} —— W (ak) < W*(N)
We can conclude, that country a has an incentive to self-exclude itself.

Based on the above, we can conclude that Q% is not a Nash Equilibria if pollution is global.
Qbh = {Ga = {bvg}vcb = {avc}7GC = {Q/7b}}

Q" is not a Nash Equilibria if pollution is local.

PROOF:

country ¢ ={ﬁ,b}% {@, z}{a",b"}{a, & }I{a", ﬁ}/{ﬁ,b“}% We(bl) < We(ab))
We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude that Q%" is not a Nash Equilibria if pollution is local.

Qb1 is not a Nash Equilibria if pollution is global.

PROOF:

country a ={b, JZ}M){Q, 2} b Mz, Y, }{a", o} L2 W (bl) < W9(bc)
We can conclude, that country a has an incentive to self-exclude itself.

Based on the above, we can conclude that Q%" is not a Nash Equilibria if pollution is global.
QF ={o,={b,c},0, = {a,c},0.={a,b}}

Q! is a Nash Equilibria if pollution is local and A € (0, 0.043].
PROOF:

change result  r.q arih ar h
country a={b,c}—— {b, 2} /{2, c} —— W (abc;) > W*(b}') = W*(c})
country a ={b,c} LU Lz, g V{b*, Vb, 2V Z, Y T W abe)) > W (be)
We can conclude, that country a has no incentive to change its announcement.

country b :{a,c}%{a, z} result, W (abc;) > Wb(al)

country b ={a, c}% {ﬂ,c}% W(abc;) > Wo(cl)
country b={a,c} 2% (&, g} {a", Y a", 2 }{ B, "} " WP (aber) > WP(ae)) & A € (0, 0.043].
We can conclude, that country b has no incentive to change its announcement.

country ¢ ={a,b} L2 (g, b} LMW (abey) > W (b))

country ¢ :{a,b}%{a, 2z} result, W¢(abcy) > We(al)
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result

country ¢ ={a, b}c—h% {&,z}{a",b"}{d", s }{z,b"} —— WC(abc;) > W€ (ab;) & A € (0, 0.043]
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q7 is a Nash Equilibria if pollution is local and & A € (0, 0.043].
Q! is not a Nash Equilibria if pollution is local and 2 € (0.043, 0.1].

PROOF:

country ¢ ={a, b}% {,2}H{a",b"}{a", s }{z,b"} result, W¢(abc;) <W¢€(ab;) & A €(0.043,0.1]
We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude that Q/ is not a Nash Equilibria if pollution is local and &

A €(0.043,0.1].

Q! is not a Nash Equilibria if pollution is global.

PROOF:

country a :{b,c}% {,z}{b", M}{b", &} {z,c"} Lesult, W (abcy) < W9 (bcg)

We can conclude, that country a has an incentive to self-exclude itself.

Based on the above, we conclude that 2/ is not a Nash Equilibria if pollution is global.

Q' is not a CPNE if pollution is local and A € (0, 0.043].

PROOF:

We prove the above by examining the coalitional deviation of two dirty countries, country b and
country c, in the form of a customs union. In this case, the announcement profile would be altered

as follows: Q = {0, = {b,c},0} = {&,c"},0! = {=,b"}}, and as a result, we observe the in-
crease in members’ welfare levels, W/ (bc}) > W/ (abc;) where j # a. Though both members have
an incentive to announce a as well, and consequently, become a hub, the nature of customs unions
prevent this deviation, and we conclude that no further deviations can occur. Based on the above,

Q7 is not a CPNE if pollution is local.
Q" = {0} ={b",c"},0 = {a",c"} 0! = {a",0"}}

Q" is not a Nash Equilibria for both local and global levels of pollution.

PROOF:
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Either dirty country can improve their welfare by excluding the clean country a:

Country b ={au,cu} change {/@/ } result Wb(bc ) > Wb(abce)

} change result

country ¢ ={a",b" {@,0"} ——=W¢<(bcy) > W¢(abcy)
We can conclude, that either of the dirty countries can improve its welfare by calling another dirty
country only. Dirty countries would prefer to exclude the clean partner for both local and global

levels of pollution. Based on the above, we are confident to conclude that /" is not a Nash

Equilibria for both local and global levels of pollution.

A. 4.9.2.2 Deep Trade Agreements Game

Welfare effects of various type of shallow trade agreements:

Country a, local pollution

a( ,hi a i a(phi A€(0,0.009] a i a iu a a(p i a(p, i
W (a") > W abc)) >Wb)) > W ab)) > Wab}") > W4(N;) > W4 (bc)) > W4 (bc}")
A € (0,0.009]

a( ,hi a i a i A€(0.009,0.1] a(phi a iu a a(p i a(p, i
Wé(a") > W (abc)) > W4 (ab)) > W (b)) > W (ab}) > W*(N;) > W (bc)) > W (be})
A € (0.009, 0.1]

Country a, global pollution
W4(al') > W(abcl) > We(bl) > W(bck) > W(bcl) > W4 (abl) > W9(ab) > W (Ny)

Country b, local pollution

by iu bog iy FEO0008] by, piu b( i b by, hi bl i
Wo(bc') >WP(bc)) > WP(b") > W?(ab}") > W?(abc;) > W?(N;) > WP(a}") > W’ (abc))
A € (0,0.008]

; . 2€(0.008,0.1 _ _ . . .
WP(bcit) >Wh(phiy > ] W (bch) > WP (ab) > Wb (abcl) > WP (N;) > WP (al") > WP (abct)

A € (0.008,0.1]

Country b, global pollution

2€(0,0.006] 2€(0,0.089)]
>

b (,hi b [ j b hi b j b
Wo(by') > WP(bc,) > W(abcy) > WP(a,') > WP (aby,) > W?(N,) >

=.

=

bbc)

b AE(0006,00] by iy A€(0,0.089] l_ b b . )
b ) > WP(bcy') > WP(bcy) > W(abcy) > WP(ay') > W2(ab,) > W?(Ng) >

=

(

Wb (ab) 4 € (0,0.006]
(
(

WP (ab) A € (0.006, 0.089]
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boopi AE000600] b ;.\ A€(0.089,0.1] ; b b b i b
Wo(bg') > W?(bcy') > W?(abcy) > W(bcg) > W?(a,') > W?(aby) > W”(N,) >

WP (ab) A € (0.089,0.1]
Country c, local pollution
We(bcit) > We(bch) > We(abt) > W€ (abct) > WE(N;) > WE(BI) > We(al') > We(abi")
Country c, global pollution

. o Ae(0,0.089] : o : Lo b :
We(bcy') >We(bcy) > WCabcy) >We(ag') > W€ (aby) > W€ (aby') > W(Dy') > We(Ng)
A € (0,0.089]

o ‘ . A€(0.089,0.1] o o o o _
We(bclt) >W¢(abcy) > WC(bch) >We(alh) > W¢(abl,) > W€ (abit') > W (k) > W*(N,)
A € (0,0.089]

Announcement Profiles Shallow Trade Agreements

Q% ={c.={g,2},0,={2,2},0l = {2,2}} (@)
Q¥ ={c,={V',2},0,=1{d,2},0l={2,2}} (abi)
Qabin = [t = (pi g} ot = {a g} oM = {z,5}} (abiu)
Q" ={0, ={2,2},0,={2.,c'} oc = {7,V'}} (bei)
Qb ={oi ={g,0},0)' = {&,c"}, 0l = {2,b"}} (bciu)
QM = {o} = {¥,c'},0}={d,2},0.={d,o}} {(ahi)
9= (o} = (1,70, = (¢} = {11 [
QF ={ol = {b,c'}, 0 = {dl,c'} 0t = {d,bi}} (F7)
_QFiu = {G;” — {bi”,ci“}, Glz;u _ {aiu’ciu} ’GLI:M — {aiu’biu}} <Fiu>

Q% ={c.={#,2},0l={2,2},0l={2,2}}

Q% isa Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot get better off by unilaterally changing the announcements; countries have no
incentive to announce any other country unless they are going to be announced back.

Q% is not a CPNE for both local and global levels of pollution.

PROOF:

We prove the above by examining the coalitional deviation of two dirty countries in the form of
an integrated customs union. In this case, the announcement profile would be altered as follows:

Q={c.={9,2},0"={2,c"}, 0" ={z,b"}}, and as a result, we observe the increase in
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members’ welfare levels, WP (bcll') > W?(Ng) and W€ (bcllt) > W€(Ng). This deep trade union of
two dirty countries brings its members the highest level of welfare in this game if pollution is local
and if pollution is global and A € (0, 0.006], and though both members have an incentive to deviate
and form a side deal with the clean country a if pollution is global and A € (0.006, 0.1], the nature
of customs unions prevents this deviation. We conclude that no further deviations can occur. Based

on the above, Q% isnota CPNE.
Qi ={oi ={b',2},0,={d, 2}, 0l ={2,o}}

Q% is not a Nash Equilibria if pollution is local.

PROOF:

change

country b = {a ﬁ} {ﬁ,ci}/{ﬁ,ciu}/{aiu,z}/{ﬁ,ﬂ}/{am,c’” result Wb(ab’)<Wb(N1)

We can conclude, that country b has an incentive to self-exclude itself.
Based on the above, we conclude 2 is not a Nash Equilibria if pollution is local.
Q% is a Nash Equilibria if pollution is global.

PROOF:

change { i,C } result

country a = {b’ & } —— no change in a’s welfare

change

country a ={b', o} —— {&,c' }/{ @, }/{b", & }{z, s} {b" M} M>W“(ab‘) > W9(N,)

We can conclude, that country a has no incentive to change its announcement.

change {

country b ={d', & } ——{d',c'} resull, o change in b’s welfare

change

country b ={d', & } — {&,c' }/{&,c"}/{a", & }{2, 2} {a™, "} —= result Wb(ab‘) > Wb(Ny)

We can conclude, that country b has no incentive to change its announcement.

{d' z}{a", &} {2 b} /{z,b"}/{d b'}/{a" b™} e, ho change

change

country ¢ ={&, g }——
in c¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.
Based on the above, we conclude Q2% is a Nash Equilibria if pollution is global.
Q1 is not a CPNE if pollution is global.

PROOF:
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We prove the above by examining the coalitional deviation of two dirty countries in the form of
an integrated customs union. In this case, the announcement profile would be altered as follows:
Q={o,={V,2},0/={z,c"}, 0 ={z,b"}}, and as a result, we observe the increase in
members’ welfare levels, W/ (bcé”) > Wi (abi,) where j # a. This deep trade union of two dirty
countries brings its members the highest level of welfare in this game if pollution is global and
A £(0, 0.006], and though both members have an incentive to deviate and form a side deal with the
clean country a to become a hub if pollution is global and A € (0.006, 0.1], the nature of customs
unions prevents this deviation. We conclude that no further deviations can occur. Based on the
above, Q9! is not a CPNE.
Qabiu — {qu {bm } G[’)“ — {am Q,} Gl” {/@ ,@}}
Qi i g Nash Equilibria if pollution is local.
PROOF:

result

A o
country a ={b™, &} =75 [pin ¢l ", no change in a’s welfare

{2, {3, @, g YI{b i VI{b, o} 220 Wa(abit) > We(N))

change

country a —{b’“ Jof }
We can conclude, that country a has no incentive to change its announcement.

country b ={a", &} —— change, {a™, "} Tesull, o change in b’s welfare

country b ={a", ﬁ}% {2, {z, "} e, 2}{d ¢ }{d, &} Lesult, WP (abi") > Wb (N,))
We can conclude, that country b has no incentive to change its announcement.

country ¢ ={g,g}—— change, { i,;z} /{ai”,ﬁ}/{ﬁ,bi}/{ﬁ,bi"}/{ai,bi}/{ai",b”‘}% no change
in ¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria if pollution is local.

Qi js not a Nash Equilibria if pollution is global.

PROOF:

country b ={a", ,@}M {2, {z,c"}{e, 2}{d ¢ }{d, &} Lesult, Wb(abg,”) < Wbh(Ny)
We can conclude, that country b has an incentive to self-exclude itself.

Based on the above, we conclude that Q9% is not a Nash Equilibria if pollution is global.
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Q@ is not a CPNE if pollution is local.

PROOF:

We prove the above by examining the coalitional deviation of two dirty countries in the form of
an integrated customs union. In this case, the announcement profile would be altered as follows:
Q={ol={bv" 2},0/={z,c"}, 06 ={z,b"}}, and as a result, we observe the increase in
members’ welfare levels, W2 (bci*) > W (abi*) and W€ (bci*) > W€ (abi). This deep trade union of
two dirty countries brings its members the highest level of welfare in this game, and we conclude

that no further deviations can occur. Based on the above, Q% is not a CPNE.
QM ={o,= {2, 2}.0,={2.c'} 0= {2.b'}}

Qb is a Nash Equilibria for both local and global levels of pollution.

PROOF:

country a={g, & }—— change, {b', 2} 1{b™, &} {2, }1{a,c}I{b', e HI{b™, ’”}M no change in
a’s welfare

We can conclude, that country a has no incentive to change its announcement.

change {

country b = { Z,c } } resully o change in b’s welfare

country b={ g, ¢/} LU, {ai g 1{ai, 5 V{5, 2 }1{ 5, M {a, cit

result
—_—

WP(bcy) > WP (Ny)
We can conclude, that country b has no incentive to change its announcement.

country ¢ { &, b’} Change {ai b’}% no change in c’s welfare

country ¢ ={ &b} LU Lo, gV {a, 5V, B {2, b L1 b} S W (bel) > W (Np)
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q%< is a Nash Equilibria for both local and global levels of
pollution.

Qb js not a CPNE for both local and global levels of pollution.

PROOF:

Members can form a coalition to sign a different deep trade agreement, then Q = {c! = { &, 7}, Gé”
{z,c"}, 0! ={@,b"}}, and W/ (bcl') > W/ (bcly) where j # a. We can conclude that 2°¢ is

not a CPNE for both local and global levels of pollution.
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chqu {Géuz {Q,ﬁ},Giu: {g7ciu}’céu — {g,bi”}}

Qbein s a Nash Equilibria for both local and global levels of pollution.

PROOF:

country a :{ﬁ,ﬁ}% {v', z}1{b™, 2} 1{ @, }1{ @, I{b',c }1{b™, ™} resull, o change
in a’s welfare

We can conclude, that country a has no incentive to change its announcement.

country b ={ &, c"”}c—h% {a™, "} resull, o change in b’s welfare

country b ={;Z,ci”}% {d', @ }1{a", &} {2z} {d ' }1{2,c} Lesult, WP(bcil') > WP (Ng)
We can conclude, that country b has no incentive to change its announcement.

.\ change ; : It . s
country ¢ ={ &, b’”}—g> {a™, b’”}ﬂ) no change in ¢’s welfare

country ¢ ={ &, 61} L, Lai g {ai, gV 1, B} {a b} I{ 2, b7} T2 We(beit) > WE(Ng)
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, Q27 is a Nash Equilibria for both local and global levels of pollution.
Qbeiu s a CPNE for both local and global levels of pollution.

PROOF:

We prove the above by examining every possible meaningful deviation:

* first, we consider a coalitional deviation of one dirty and one clean country, countries a and
b, in the form of either FTA or CU, and as a result, we observe that neither of these deviations

is meaningful: W (bcj) > W (ab}") > WP (ab;) and WP (bclt') > WP (abl,) > WP (abt);

* second, we consider a coalitional deviation of two dirty countries, country b and country
¢, into a different PTA, and again we find that this deviation is not meaningful as well:

W (bcl) > W (bch), where j # a;

* now, we examine the grand coalition, and again, we observe that this deviation is not mean-

ingful, too: W/ (bc#) > W (abcly), where j # a;

* finally, we acknowledge that though both members of this coalition would benefit from sign-

ing a side deal with the clean country a, if pollution is global and A € (0.006, 0.1], and conse-
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quently, become a hub, the nature of customs unions prevents hub-and-spoke trade regimes

from arising.

Based on the above, we conclude that Q% survives all coalition-proof Nash equilibria refine-

ments.
QM ={oj={V',c'},0, = {d', 5} 0l = {d, 2 }}

Q7 is not a Nash Equilibria if pollution is local.

PROOF:

country ¢ ={al, #} L (g, gh{ai, b} i{ @, b ] 5, b} {a, &} 22 We () < We (abl)
We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we can conclude that Q" is not a Nash Equilibria if pollution is local.

Qi is a Nash Equilibria if pollution is global.

PROOF:

country a ={b',¢'} —— change, {b', 2} /{2,c'} Lesult, W (a ) > W(abl,) = W(ac)

country a ={b, '} L5 g, g} {bi VLB, g Y1, e} LM Waahy > We(N,)

We can conclude, that country a has no incentive to change its announcement.

change { i,Ci} result

country b = {a o1 } —— no change in b’s welfare

change

country b ={da', &} —— {Qf,ci}/{ﬁ,ﬁ}/{a”‘,ci“}/{ai“,ﬁ}/{ﬁ,ci”}% WP (k') > WP(ack)
We can conclude, that country b has no incentive to change its announcement.
country ¢ {a %] } Lhange { b’} resull, o change in ¢’s welfare

(2,6 { &, &M {a" b} {a, g }1{ 7, bin} 2 We(alh) > W¢(ab))

change

country ¢ ={d', g } ——
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q4" is a Nash Equilibria if pollution is global.

Q™ s not a CPNE if pollution is global.

PROOF:

We prove the above by examining the coalitional deviation of two dirty countries in the form of

an integrated customs union. In this case, the announcement profile would be altered as follows:
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Q = {ol = {b',c'},o/" = {Qf,c“‘} , oM = {g,b”‘}}, and as a result, we observe the increase in
members’ welfare levels, W?(bci*) > WP (al') and W€ (bci) > W€ (al). This deep trade union of
two dirty countries brings its members the highest level of welfare in this game if pollution is global
and A € (0, 0.006], and though both members have an incentive to deviate and form a side deal with
the clean country a if pollution is global and A € (0.006, 0.1], the nature of customs unions prevent
this deviation. We conclude that no further deviations can occur. Based on the above, Q" is not

a CPNE.
Qi = {0} = (b, 5}.0] = {d.'} .ol = {1.b1}}

Qb is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

country ¢ ={&,b' } —— change, {d' &} /{2, z}{d" b"}{a™, & }1{ 2, b‘“}% We(bl) < We(ably)
We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude that Q% is not a Nash Equilibria for both local and global levels

of pollution.

QF = {ci = {V',c'},0} = {d,¢'} i = {dl,bi}}

Q" is not a Nash Equilibria if pollution is local.

PROOF:

country ¢ ={a’,b'} —— change — {g,2}{d" b"}/{a", &} /{2, b’“}% We(abt) > W¢(abc})
We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude Q" is not a Nash Equilibria if pollution is local.

Q' is a Nash Equilibria if pollution is global.

PROOF:

country a :{bi,ci}% {v', &} {z, '} Tesult, W (abcly) > W (b)) = W9 (clh)

country a ={b', ci}c—h% {o,z}{b" "} {b", &} /{z, "} Tesult, W“(abcé,) > W“(bcg)
We can conclude, that country a has no incentive to change its announcement.

change result

country b ={d’,c'} —= {da', 2 } —— W (abcl)) > W’ (a¥)
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change

{&,c} 2 Wh(abel ) > WP(ch)

change result

{o,2}{a", c"}/{a" &} /{2, "} — Wb(abc ) > Wb(ac )

country b ={a’,c'} ——
country b = {a c}
We can conclude, that country b has no incentive to change its announcement.

country ¢ :{ai,bi}% {d, Q’}M) Wc(abc ) > Wc(ahi)

country ¢ ={a’,b'} —— change, {z,b'} result, Wc(abc ) > Wc(bh’)

country ¢ ={d',b'} —— change, {o,2}{a" b"}1{a", & }I{=,b"} esult, W¢(abcly) > W (abl,)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q' is a Nash Equilibria if pollution is global.

Q"' is not a CPNE if pollution is global.

PROOF:

We prove the above by examining the coalitional deviation of two dirty countries in the form of
an integrated customs union. In this case, the announcement profile would be altered as follows:
Q= {c.={b,c}, 0/ = {&,c"} 6! ={z,b"}}, and as a result, we observe the increase in
members’ welfare levels, W (bci') > WP (abcl,) and W€(bcl) > W€ (abc}). This deep trade union
of two dirty countries brings its members the highest level of welfare in this game if pollution
is global and A € (0, 0.006], and though both members have an incentive to deviate and form a
side deal with the clean country a if pollution is global and A4 € (0.006, 0.1], the nature of customs
unions prevent this deviation. We conclude that no further deviations can occur. Based on the

above, QF" is not a CPNE.
QFiu — {Gi” — {biu Cin} Gm _ {am Cm} Giu — {ain biu}}
— a ) ) i )

Q'™ is not a Nash Equilibria for both local and global levels of pollution.
PROOF:

Either dirty country can improve their welfare by excluding the clean country a:

change

country b ={a",c"} —— {g,c"} —= Tesult yyb (bcit) > WP (abcly)

; : change
country ¢ ={a”‘7 b’”}

(2,6} M We (beity > We (abc)
We can conclude, that either of the dirty countries can improve its welfare by calling another dirty

country only. Dirty countries would prefer to exclude the clean partner for both local and global
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levels of pollution. Based on the above, we are confident to conclude that Q/ " is not a Nash

Equilibria for both local and global levels of pollution.

A. 4.9.2.3 The Choice between Deep and Shallow Customs Unions

Welfare effects of various type of deep and shallow trade agreements:
Country a, local pollution
W4 (abch) > W(abl") > W(ab) > W*(abc;) > W (N;) > W(bct') > W(bci")
Country a, global pollution
a i a(p, i a iu a a u a A€(0,0.089] a(p U
W (abc,) > W (bcy') > Wi (aby') > W(Ng) > W(abg) > W (abcg) > W bcy) A €
(0, 0.089]
a i a(p, i a iu a a u a(y, u A€(0.089,0.1] a
Wé(abcy) > W(bey') > Wi (aby') > W (Ng) > W(aby) > W(bcy) > W (abcg) A €
(0.089, 0.1]
Country b, local pollution
WP(bci) > WP(bclt) > WP (abe) > Wb(ab) > WP(abi") > Wb (abc) > WP (N;)
Country b, global pollution
WP (bcit) > WP(abck) > WP (bc) > WP(abl) > WP(Ng) > W (abcg) > W (abl)
Country c, local pollution
We(bci) > We(bct) > W (abc;) > W€ (abch) > WE(N;) > W¢(abl") > W€ (ab")
Country c, global pollution

We(bcit) > W(abel) > We(abi) > We(bc) > W€ (Ny) > W (abeg) > W*(abt)

Announcement Profiles Trade Agreements: CU vs. [U
={o'={g,2},0¢={2,2},0"={2,2}} (")
Qabu— {G” {bu Qf} Gb — {(l /@’} G” {/@’ g}} <abu>
Qabin = gt — (pin g} ol = {a &) .o = {7, 7))} (abiu)
Qb= (ol = {g,8},0 = {&,c"}, 0" = {z,b"}} (bcu)
QbC!M — {Gm {2,2}, ol — {Qf CM} Gl“ = {/@’ b’“}} (bciu)
= {og = {b",c"}, 0 = {a", "}, 0 = {a", b"}} (F)
QF”‘ = {Géu — {biu,ciu},ﬁéu — {aiu,ciu} 7G£u — {aiu,biu}} <Fiu>
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Q¥ = {CZ? = {95795}7(75 = {ﬂjvﬁj}”(z? ={2,9}}

Q®" is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot get better off by unilaterally changing the announcements; countries have no
incentive to announce any other country unless they are going to be announced back.

Q®" is not a CPNE for both local and global levels of pollution.

PROOF:

We prove the above by considering a deep trade union of two symmetric dirty countries, b and c.
The trade union of two dirty countries brings its members the highest level of welfare in this game,
so we can conclude that those counties can form a self-enforcing trade agreement for both levels
of pollution, and no further deviations can occur. Based on the above, we conclude that Q2 2" is not

a CPNE for both levels of pollution.
Qi = {ol = {b*, z}, 0 = {a", 5}, 0" = {2, 2}}

Q% is g Nash Equilibria if pollution is local.

PROOF:

change { result

country a ={b*, &} ——— {b",c"} —— no change in a’s welfare

change

country a ={b", &} —— {&,c"}{ &, }{z, s} {b", & }/{b™, "} esult, W (ab) > W*(N;)

We can conclude, that country a has no incentive to change its announcement.

chanée
{a

country b ={a", g} —— {a",c"} T o change in b’s welfare

change

country b ={a", g} —— {&,c"} {2, c"}{ &, z}/{a", "} /{a", &} result, WP (ab) > WP(N))

We can conclude, that country b has no incentive to change its announcement.

change

country ¢ ={g, g} —— {a", @ }/{a", &} {2, b“}/{z,bi“}/{a“,b“}/{ai“,bi”}M no change
in c¢’s welfare
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, Q%" is a Nash Equilibria if pollution is local.

Q% is not a Nash Equilibria if pollution is global.
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PROOF:

chanée

country a ={b*, 2} T (&, V{2,V { @, o} {b", o { b, ¢} M Waabt) < W(N,)
We can conclude, that country the clean country a would deviate to improve its welfare. Based on
that, 2" is not a Nash Equilibria if pollution is global.

Q% is not a CPNE if pollution is local.

PROOF:

We prove the above by examining the coalitional deviation of two dirty countries, country b and
country c, in the form of a deep customs union. In this case, the announcement profile would
be altered as follows: Q = {c¥ = {b", 2}, 0/ = {&,c"},0" = {2,b™}}, and as a result, we
observe the increase in members’ welfare levels, W’ (bci) > W?(ab!) and W€(bci*) > W€(ab¥).

The level of welfare both members achieve is the highest in this game, and we conclude that no

further deviations can occur. Based on the above, Q% is not a CPNE if pollution is local.
Qablu — {Gm {bm } GIlJM — {am Q} qu {/@ ,®'}}

Qb s q Nash Equilibria if pollution is local.
PROOF:
country a ={b™, &} =T Lpin cinl Tesull, 1o change in a’s welfare

{&,c V{2,V { &, o {b", MDY 2 Waabit) > WA(N]).

change

country a = {b’“ Jof }

We can conclude, that country a has no incentive to change its announcement.
h i !

country b ={a™, &} T Lgi ¢} "L, no change in b’s welfare

{2, }{ 2,2, oYHa" " a", &} “5 Wh(abi) > WP(N)

change

country b = {a’” Jof }
We can conclude, that country b has no incentive to change its announcement.

change

country ¢ ={ g, g} —— {a*, g }/{a", & } /{2 ,b"}/{ &, b" }/{a", 6"}/ {a™,b" } sl o change
in ¢’s welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria if pollution is local.

Qi js not a Nash Equilibria if pollution is global.

PROOF:
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country b ={a™, g}% {@,c} {2z, "} {z,z}{a", "} {a", 5} result, WP (abl) < WP(Ny)
We can conclude, that country b has an incentive to self-exclude itself.

Based on the above, we conclude that Q% is not a Nash Equilibria if pollution is global.

Q@ is not a CPNE if pollution is local.

PROOF:

To prove the above, we consider a trade and environmental union between two symmetric dirty
countries, b and ¢, then W (bci*) > W (abi*) and W€(bcit) > W (abi). Also, the level of welfare
countries b and ¢ achieve from forming an integrated union is the highest in this game, so none of

the members would deviate any further.
Q¥ ={oj ={g,0},0) ={z,c"} 0 = {2,0"}}

Qb is a Nash Equilibria for both local and global levels of pollution.

PROOF:

country a ={&, ﬁ}%{b“, g H{v", o Y { &, "Mz, "B, "3 {b™, ™} e o change
in a’s welfare

We can conclude, that country a has no incentive to change its announcement.

change result . ,
S {at, My Y no change in b’s welfare

country b ={&,c"}
h . A .

country b={2,c*} 2%, {at, g}1{a, 5} {5, 5}, M} 1] 2,y T W (bet) > WP (Ng)

We can conclude, that country b has no incentive to change its announcement.

resu

country ¢ ={ &, b“}m—nge> {a",b"} resully o change in ¢’s welfare

country ¢ ={;Z,b“}c—h%e—> {a", 2} {d", &} {2, 2} /{ai”,bi”}/{g,bi“}% We(bcl) > W(Ng)
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, Q2°°* is a Nash Equilibria for both local and global levels of pollution.

Qb is not a CPNE for both local and global levels of pollution.

PROOF:

To prove the above we suppose, that members add an environmental clause to their agreement,

then W2(bcil') = We(bcllt) > WP(bc) = W€ (bc'), and no further deviations can occurs because
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this welfare level is highest in the entire game. Based on the above, we conclude that Q¢ is not

a CPNE for both local and global levels of pollution.
chm_ {qu {ﬁ /®/} Gllyu_ {ﬁ Cm} Gm_ {@/ blu}}

Qb s a Nash Equilibria for both local and global levels of pollution.
PROOF:

change

country a ={&, &} —— {b*, g }/{b™, & }/{&,c"*}{ &, }I{b", "} {b™, ™} sl no change
in a’s welfare

We can conclude, that country a has no incentive to change its announcement.

country b ={ &z, c" } change, { iu ’”} resully o change in b’s welfare

country b ={ &, ¢} LU, fqu gV ifait g V{5, @} 1{a", Y2, ¢} W (belt) > W (Ng)
We can conclude, that country b has no incentive to change its announcement.

country ¢ ={;z , bi"}% { iu b’”} resully o change in c’s welfare

country ¢ ={ g, b} LU fau gy 1L an gV 1{ @, o} {at, b H 2, b} We (bellt) > We(Ng)
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, 2% is a Nash Equilibria for both local and global levels of pollution.
Qe s a CPNE for both local and global levels of pollution.

PROOF:

We prove the above by examining every possible meaningful deviation:

* first, we consider a coalitional deviation of one dirty and one clean country, countries a and
b, in the form of either deep or shallow customs union, and as a result, we observe that

neither of these deviations is meaningful: W?(bcitt) > W (ab'y) > WP (abit);

* second, we examine whether two dirty countries, country b and country c, are interested in
removing an environmental clause and sign a shallow CU instead of a deep one, and again

we find that this deviation is not meaningful as well: W/(bcli') > W/(bcly), where j # a;

* now, we examine two possible grand coalitions, shallow and deep free trade agreements, and
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again, we observe that neither of these deviations is meaningful: W/(bc") > W/(abc;) >

W/ (abc}) and W (bclt) > W (abcl) > W (abc,) , where j # a.

Based on the above, we conclude that Q¢ survives all coalition-proof Nash equilibria refine-

ments.
QF" = {o¥ = {p*,c"}, o) = {a",c"}, o) = {a",b"}}

Q" is not a Nash Equilibria for both local and global levels of pollution.
PROOF:

Either dirty country can improve their welfare by excluding the clean country a:

change result

country b ={a",c"}—— {&,c"}—= WP(bc%) > WP (abcg)
country ¢ ={a",b"} —— change, {2, b“}%WC(bcbé) > W€(abcy)

We can conclude, that either of the dirty countries can improve its welfare by calling another dirty
country only. Dirty countries would prefer to exclude the clean partner for both local and global
levels of pollution. Based on the above, we are confident to conclude that /" is not a Nash

Equilibria for both local and global levels of pollution.
QF”’ = {Giu — {biu Ciu} Gliu — {aiu Ciu} Gl:u — {aiu bzu}}

Q'™ is not a Nash Equilibria for both local and global levels of pollution.
PROOF:
Either dirty country can improve their welfare by excluding the clean country a:

}change {Q m} result Wb bczeu) > Wb(abce)

country b = {a’” iu
country ¢ ={ai*, bt} <415, change, [, by Te2y result, e (beit) > W(abcly)

We can conclude, that either of the dirty countries can improve its welfare by calling another dirty
country only. Dirty countries would prefer to exclude the clean partner for both local and global

levels of pollution. Based on the above, we are confident to conclude that QF" is not a Nash

Equilibria for both local and global levels of pollution.
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A. 4.9.2.4 The Choice between Deep and Shallow FTAs

Welfare effects of various type of deep and shallow trade agreements:

Country a, local pollution
4€(0,0.009] . 1€(0,0.023]
W () > W (abct) > W (al) >Wabl) > Weabl) >W9(abc;) >W(ab)) >W4(be)) >
Wa(bl) > We(N;) > W9(bcl) if A € (0,0.009]
;, A€(0.009,0.1] . 1€(0,0.023]
() > W(abcl) > Wa(al) > W4 (abt) > W (bl) > Wa(abe;) > W (ab)) > W (bc)) >
(&) ( (
(af’ (ab
(

S

S

a(bl) > We(N)) > W9 (bcl) if A € (0.009, 0.023]
L A€(0.009,00] . . sy AE(0.023,0.1]
DTS WAl > W (abey) > WA (ab) > WeBE) T >

=

() > W(abct) > W(alt) > W4
We(bcp) > W(N;) > W(bcl) if A € (0.023,0.1]

Country a, global pollution

W (all) > W*(abcl) > W9(bk) > W9 (bck) > W (abl) > W(bcg) > W*(Ng) > W9(ak) > W (abc,) >
W (abg) > W(bh)

Country b, local pollution

. 2€(0,0.008] . 2.€(0,0.009] .
WP (bl > WP (bch) WP (bl) > Wb(abc)) > WP(be;) > Wh(alh) > Wb(abc) >
b 2€(0,0027) b i by i 45
Wo(ab)) > WP(N) > WP(dl) > WP(abl) #if A € (0, 0.008]
2€(0.008,0.1] . 2€(0,0.009] .
WP (bl > Wwo(bli)y > WP (bcl) > Wh(abc)) > Wh(be)) > Wh(al) > Wb(abcl) >
b 2€(0,0.027) , 46
Wo(ab)) > WP(N) > WP(d) > WP(abi) %if A € (0.008, 0.009]
. 2€(0.008,0.1] . . 1€(0.009,0.1]
Wo(bl) > W (bl WP(bcl) > WP(abe;) > WP (be)) > Wh(abch) > Wh(al) >
2€(0,0.027 . o
Wo(ab)) > WP(N) > WP(d) > WP(abi) #if A € (0.009, 0.027]
b b/ hi A€(0.008,0.1] b ; b b b ; A€(0.009,0.1] b b A€(0,0.082]
WP (bl > wo (b > W?(bc)) > WP (abc;) >W?(bc;) > WP (abc)) > Wo(a}) >
b 2€(0.027,0.1] b bl hi b i
Wo(N) > Wh(ab) > Wh(al) > WP(abl) if A € (0.027,0.082]
biih b/ ohi A€(0.008,0.1] b ; b b b ; b 1€(0.082,0.1]
W2 (b)) > W (b)) > W?(bc)) > WP(abc;) > W?(bc;) > WP (abc)) > WP(Np) >
Wh(al) > WP(ab;) > W (a) > WP (ab}) *8if 2 € (0.082, 0.1]
BW(alt) AE(OQOSZ] W?(N;) holds as well
1€(0,0.082]
OWh(al) > WP(N,) holds as well
xe(o,o.osz]
Twh(al) > WP(N;) holds as well
. 2€(0.009,0.1]
BWb(abct) > W (al") holds as well
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Country b, global pollution

1€(0,0.089) 1€(0,0.019]

WoBh) > Wh(bch) > Wh(abcl) > WP(alh) > WP(b!) > WP(bey) > Wh(abg) >
Wb (abl) > WP(Ng) > WP (abcg) > WP (al) ¥ if A € (0,0.019]
. A€(0,0.089) . . 2€(0,0.035] . A€(0.019,0.1]
Wh(BEY >WP(bch) > WP(abck) >WP(alh) > WP (bl) >WP(bc,) > WP(abi)
1€(0,0.065
Wb(aby) > ]Wb(Ng) > Wh(abcg) > WP(al) 20 if A € (0.019, 0.035]
. A€(0,0.089] . . 21€(0,0.083] . A€(0.035,0.1]
Wh(BEY >WPh(bch) > WP(abck) >WP(alh) >WPh(bl)y > WP(abl) > WP(beg) >
1€(0,0.065
WP (ab,) | > ]Wb(Ng) > WP (abcg) > WP(al) if A € (0.035,0.065]
b hi by i\ ME(0,0089] ; b hi ooy ME0,0083 o A€(0.035,0.1]
w (b )>Wo(bc,) > WP(abcy) >W7(a,') >W(by) > W7(aby) > W?(bcg) >
1€(0.065,0.1
WP (N,) ( > ]Wb(abg) > WP (abcg) > WP(al) if A € (0.065,0.083]
bryhi b iy ME(0,0089] . be ki b, oy AEO08300] bry i
w (b ) >W2(be,) > W7(abcy) > W2 (ay') > W7 (abl) > WP(bg) > W?(bcy) >
21€(0.065,0.1]
WE(Ng) > WP(abg) > WP(abcg) > WP(ak) 1 if A € (0.083,0.089]
b i b . A€(0.089.00] br hi b o\ ME0083,00] by i
W(b ) >W?(abc,) > W?(bc,) > W?(ay') > W?(aby,) > W2 (bg) >W?(bcy) >
1€(0.065,0.1
Wh(N,) > | Wb(abg) > WP (abcg) > WP(al) 2% if 2 € (0.089, 0.1]

Country c, local pollution

1€(0,0.043) _ 2€(0,0.009] .
We(bcl) >W¢(abe)) > W<(ab) >W¢(bc)) >W<(abl) >We(b})>We(a}) >  WC(abc)) >
WE(N,) > We(bP) > We(al")> if A € (0, 0.009]
1€(0,0.043] . . A€(0.009,0.1]
We(bc ) >We(abe)) > W<(ab;) > W€ (bc)) > We(abl) > We(b}) > W¢(abc)) >
€(0,0.082] . .
we(al ) > WEN) > W) > We(dl) if A € (0.009, 0.043)]
2€(0.043,0.1] , N . 1€(0.009,0.1]
We(bch) > W< (ab;) > W¢(abcy) > W€(bc;) > W€ (ab)) > W€(b}') > W€ (abc)) >
2€(0,0.082]
weal) > WEN) > WE(bl) >We(al) if A € (0.043,0.082]
2€(0.043,0.1] ) o _— _ . _ 2€(0.082,0.1]
We(bch) > W€ (aby) > W¢(abc) > W< (bcy) > W€ (aby) > W€ (b}) > W¢(abc;) > W (N)) >
We(al) > We(bl) > We(al')>* if A € (0.082,0.1]
49Wb(b’;) 0>O 83] Wh(abi) & W (bc,) AE(OQ'OSS] WP (abi) & WP (aby) xe(oﬁ'%s] WP(N,) hold as well
SOWe (bl helogos W (ab},) holds as well
2.€(0.035,0.1]
51Wb(abfg,) > WP (bcg) holds as well
. 1€(0.035,0.1]
52Wb(ab’g) > Wb (be,) holds as well
21€(0,0. 082]
Bweal) > WE(N,) holds as well
o 2€(0.009,0.1]
S4We(abch) WP (al") holds as well
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Country c, global pollution

C(py i A€(0,0.089] c i c(  hi c i c(1,hi c c c
(bcy) > We(abcy) >We(ay') >W¢(aby) >We(bg') > W€ (bcg) > W(Ng) >W€(abeg) >
h

S

We(al) > W¢(abg) > We(bl) if A € (0, 0.089]

(
. A€(0.089,0.1] o o o _ . _
“(abcl) > WE(bch) >WE(alh) > WE(abl) >We(Di) > We(beg) > W€ (Ng) > W (abcg) >
(

W
We(al) > We(abg) > We(bl) if A € (0.089, 0.1]
Announcement Profiles Shallow & Deep Trade Agreements

Q*={o,={9,8},0,={9,2},0.={5,9}} (D)
Q" ={o,={b,s},0p,={a,2},0.={2,9}} (ab)
QW ={cl={b,z},0,={d, 2}, 0l ={2,2}} (abi)
Q" ={o.={#,2},0,={2,c},0. = {2,b}} (bc)
Qb= (ol ={z,o},0,={z,d} 0l ={2,b}} (bci)
Q%" ={c,={b,c},0,={a,2},0.={a,z}} (ah)
Qi ={ci={b,c'},0l ={d,}, 0l={d,z}} (ahi)
QM =1{o,={b,z},0,={a,c},o.={2,b}} (bh)
QP = (i = (I, 5}.0, = {d.c'} .ol = {2.b'}} (bhi)
QF ={o,={b,c},0, = {a,c},0.={a,b}} (F)
QF = {0, = (V,c}.0} = {d.c} .o = {d,b}} ()

Q*={o,={9,2},0,={9,2},0.={5,9}}

Q% is a Nash Equilibria for both local and global levels of pollution.

PROOF:

Countries cannot get better off by unilaterally changing the announcements; countries have no
incentive to announce any other country unless they are going to be announced back.

Q% is not a CPNE for both local and global levels of pollution.

PROOF:

To prove the above, we assume that two symmetric dirty countries, b and ¢, form a deep bilateral
free trade agreement, then their announcement profiles would be altered as follows: Gé = {Qf ,c! }
and ¢! = {;25 ,bi}. As a result, we observe the increase in the members’ welfares: W/ (bcie) >
W/(Ng) , where j # a. We are confident to conclude that Q% is not a CPNE for both local and

global levels of pollution.
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Q% ={o,={b,&},0p=1{a,2},0.={27,2}}

Q» is a Nash Equilibria if pollution is local and A € (0, 0.027].
PROOF:

change resul

country a ={b, 2} ——2% {b,c} ™ no change in a’s welfare

change

country a ={b, g} —— {&,c}/{ &, }/{b', o }[{z, s}/ {b',c'} result, W4 (ab;) > W*(N;)
We can conclude, that country a has no incentive to change its announcement.
country b ={a, g}—— } % {a, }—> no change in b’s welfare

change

country b={a, 2} =% (o5 {5, ¢ M, & V{5, &} {dl '} Z Wh(aby) > WE(N)) & A€ (0, 0.027]

We can conclude, that country b has no incentive to change its announcement.

change

country ¢ ={&, 8} —— {a,2}/{d', s }/{z,b}{z,b'}/{a,b}/{d b} el no change in c’s
welfare

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria if pollution is local and A £ (0, 0.027].
Q% is not a Nash Equilibria if pollution is local and A € (0.027, 0.1].

PROOF:

change

country b={a, 2} =% (o5, W &, ¢ M, & V{2, &}l ! } 2 W (aby) < WP(N)) & A €(0.027,0.1]
We can conclude, that country b can improve its welfare by unilaterally changing its announcement

and deviating into no agreement scenario, and based on that, we conclude that Q9 is not a Nash
Equilibria if pollution is local and A4 € (0.027, 0.1].

Q9 is not a Nash Equilibria if pollution is global.

PROOF:

change

country a ={b, g} —— {&,c}/{ &, }/{b', z}{z, 2 }/{b',c'} ety Wa(aby) < WO(N,)

We can conclude, that country a can improve its welfare by unilaterally changing its announcement
and deviating into the no agreement scenario, and based on that, we conclude that Q9 is not a Nash
Equilibria if pollution is global.

Q% is not a CPNE if pollution is local and A € (0, 0.027].

PROOF:

320



We prove the above by examining the coalitional deviation of two dirty countries in the form
of a deep bilateral trade agreement. In this case, the announcement profile would be altered as
follows: Q = {0, = {b,2},0, = {,c'} 6! = {#,b'}}, and as a result, we observe the increase
in members’ welfare levels, W®(bcl) > WP (ab;) and W (bc!) > W€ (aby). Though both members
have an incentive to announce a as well, and consequently, turn into a hub, the nature of their
agreement prevents this deviation (announcements should match at both levels, the partner’s name
and the type of FTA), and we conclude that no further deviations can occur. Based on the above,

Q% is not a CPNE if pollution is local and A € (0, 0.027].
Qi ={ci={b,z},0l={d, 2}, 0l ={2,2}}

Q% is not a Nash Equilibria if pollution is local.

PROOF:

change

country b = {a ﬁ} {ﬁ,c}/{ﬁ,ci}/{a,Q}/{ﬁ,g}/{m c — result Wb(ab’)<Wb(Nl)

We can conclude, that country b has an incentive to self-exclude itself.
Based on the above, we conclude 2% is not a Nash Equilibria if pollution is local.
Q% is a Nash Equilibria if pollution is global.

PROOF:

change {

country a = {b‘ o1 } }% no change in a’s welfare

change

country a ={bi, 5 } “ (o, c}{ @, ¢l }{b, 2 }1{ 2, 2 }/{b,c} 1 We(abl) > WA(N,)

We can conclude, that country a has no incentive to change its announcement.

change {

country b = {a o1 } } resully o change in b’s welfare

change

country b ={d’, 2} " (&, 3 7, ¢ Y {a, 2} {2, 2}/ {a,c} s Wh(abl) > WP(N,)

We can conclude, that country b has no incentive to change its announcement.

change

country ¢ ={g,g}—— {a,ﬁ}/{ai,ﬁ}/{ﬁ,b}/{ﬁ,bi}/{a,b}/{aﬂb’}% no change in c¢’s
welfare
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude Q2% is a Nash Equilibria if pollution is global.

Q91 is not a CPNE if pollution is global.
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PROOF:

We prove the above by examining the grand coalition. In this case, the announcement profile
would be altered as follows: Q = {c} = {b',c'},0; = {d',c'} 0. = {d',b'} }, and as a result, we
observe the increase in members’ welfare levels, W*(abc),) > W¥(ab}) & wb (abc) > wb (ab},)
& W¢(abcly) > W€ (ab),). Though for some levels of lambda, dirty countries would achieve higher
welfare levels if they exclude the only clean country form the deep free trade agreement, country
¢ would not agree to sign such agreement with b, because b has an incentive to deviate further and
still announce the clean country a, and by doing so, turn into a hub. Based on that, we conclude

that no further deviations can occur. and Q2% is not a CPNE.
Qb= {Ga = {,@',Q’},Gb = {,@',C},GC = {/®/7b}}

Qb€ is a Nash Equilibria for both local and global levels of pollution.
PROOF:

change

country a={g, &} —— {b, g }/{b', & }{&,c}/{ &, } [{b,c}I{b',c }M no change in a’s wel-
fare
We can conclude, that country a has no incentive to change its announcement.

change result . ,
S {a,c} 2™ no change in b’s welfare

country b ={&,c}——
country b ={&,c}—— Change, {a,2}/{d', 5} {2z, 2}{z, ' }{d '} == resul T WP(beg) > WP (Np)
We can conclude, that country b has no incentive to change its announcement.

change It
b} L0, b} Y no change in ¢’s welfare

country ¢ ={ &,
country ¢ ={g,b} 2 {a, gV al, oV 1{z, 1 2, b }i{ad b} We(beg) > WE(Np)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q%€ is a Nash Equilibria for both local and global levels of
pollution.

Q¢ is not a CPNE for both local and global levels of pollution.

PROOF:

First, we consider the case of local pollution and relatively high lambda, A £ (0.023, 0.1]. In this

case, the clean country a is interested in forming a coalition with either dirty country, and welfare
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levels would be as follows: Wo(b) = We(c!) > WP(be;) = W¢(be;) and We(bl) = Wa(cl) >
W4(bc;) if 2£(0.023,0.1]. We can conclude that Q%¢ is not a CPNE if pollution is local and
A €(0.023, 0.1]. Now, we examine two cases together, the case of local pollution and relatively low
lambda, A € (0.023, 0.1], and the case of global pollution and any level of lambda, and we observe
that though the clean country a is not interested in the forming a trade union with either dirty
country, those countries can simply add an environmental clause to their shallow trade agreement
and gain higher levels of welfares, W/(bcy) > W/(bcg). Based on the above, we conclude that

Q"¢ is not a CPNE for both levels of pollution and any level of lambda.
chi = {Gé — {/®/7/®/}7Gé — {/®/7Ci}7cci = {bel}}

Qb is a Nash Equilibria for both local and global levels of pollution.
PROOF:

change

country a ={g, g} —— {b, & }/{b', & }/{&,c}{z,c }I{b,c}I{b", ’”}M no change in a’s
welfare
We can conclude, that country a has no incentive to change its announcement.

change {

country b = { Z,c } }% no change in b’s welfare

h
country b ={ &, } = (a, g} a', 2 {2, 2 Y{ &, c}H{a,c} L Wh(beh) > WP (Ng)
We can conclude, that country b has no incentive to change its announcement.
country ¢ ={g,b'} —— change, {a',b'} et o change in ¢’s welfare

VR o g Vi{d, oMz, 2 {2, b} a, b} We (bely) > WE(Np)

country ¢ ={ &, b’
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q%< is a Nash Equilibria for both local and global levels of
pollution.

Qb¢lis a CPNE if pollution is local & A € (0, 0.008].

PROOF:

Though both members of this deep bilateral trade agreement would prefer to make a side deal with

the clean country a, and consequently, assume the role of a hub in a shallow hub-and-spoke trade

regime, this deviation is not possible due to the nature of the original agreement (announcements
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should match at both levels, the partner’s name and the type of FTA). All other deviations are not
meaningful, simply because they bring lower levels of welfares to their members. Based on that,
we conclude that there are no coalitional deviations which can be meaningful for either member,
and Q"¢ is a CPNE if pollution is local and A & (0, 0.008].

QP¢tis not a CPNE if pollution is local & A € (0.008, 0] or if pollution is global.

PROOF:

We prove the above by examining the coalitional deviation of one clean and one dirty country.
Either member of this deep bilateral trade agreement is interested in making a side deal with the
only clean member of the world, country a. Country a would except this offer from either dirty
country. The clean player is better of as a spoke than as an outsider of a deep FTA of two dirty

countries.
'Qah = {Gu = {b,C}7G[, = {a,ﬁ},oc = {a“@/}}

Q% is not a Nash Equilibria if pollution is local.

PROOF:

country ¢ ={a, &} 295 (&, g}i{al b Y2, b} 2, b M {al, 2} s We(al) < W (aby)
We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we can conclude that Q4" is not a Nash Equilibria if pollution is local.
Q% is not a Nash Equilibria if pollution is global.

PROOF:

country a ={b,c} = (o1, gy {1, YI{bi, 2} 1{ 5, ¢} s W) < W(N,)

We can conclude, that country a has an incentive to self-exclude itself.

Based on the above, we can conclude that 2% is not a Nash Equilibria if pollution is global.
Qi ={ci={b,c'},0l={d, 2}, 0l={d,}}

Qi is not a Nash Equilibria if pollution is local.
PROOF:

country ¢ :{ai,ﬁ}%{ﬁ,ﬁ}/{a,b}/{ﬁ,bi}/{ﬁ,b}/{a,ﬁ}% We(all) < W¢(abi)
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We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude that Q4" is not a Nash Equilibria if pollution is local.

Q% is a Nash Equilibria if pollution is global.

PROOF:

country a ={b',¢'} —— change, {b', 2} /{@,c} — ety wa(q ) > W9 (abl) = W(act)

country a :{bi,cl}c—h@g—) {2,z }Y{b,c}/{b,2}{z,c} result, W (all) > W*(Ny)

We can conclude, that country a has no incentive to change its announcement.

change
{a,

country b ={a’, &} ——

country b ={da’, & } —— change, {,2}{a,c}{z,c}{z,c}{a, &} — Lesult, Wb(aifi) >Wb(ac2)

res
} resully o change in b’s welfare

We can conclude, that country b has no incentive to change its announcement.

country ¢ {a o1 } Change { bl} resully o change in c’s welfare

country ¢ ={d’, ﬁ}%{ﬂ, @ }{a,b}{=,b'} {2, b}/{a, &} result, We(all) > W (ab})

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q% is a Nash Equilibria if pollution is global.

Qi is not a CPNE if pollution is global.

PROOF:

To prove the above, we consider a coalitional deviation of two dirty countries, country b and
country c. By forming this coalition these two players would “drive” the clean country into a deep
free trade agreement, and improve their welfare levels. Dirty countries would prefer to live in a
fully integrated world versus being spokes. Though for some levels of lambda, clean countries
would achieve higher welfare levels if they exclude the only clean country form the deep free trade
agreement, neither of them would agree to that, because in this case both members would have an
incentive to keep country a in their announcement and turn into a hub themselves. Based on the

above, we conclude that Q" is not a CPNE if pollution is global.
QM =1{c,={b,&},0,={a,c},o.={a,b}}

Q" is not a Nash Equilibria if pollution is local.

PROOF:
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change

country ¢ ={&,b}——{z, 2} /{d',b'} /{a, 2} /{d', 2}/ {fd,bi}% we(bl) < We(aby)
We can conclude, that country ¢ has an incentive to self-exclude itself.
Based on the above, we conclude that Q%" is not a Nash Equilibria if pollution is local.

QY is not a Nash Equilibria if pollution is global.

PROOF:

change

{z,2}/{V, c}/{fd C}/{,@‘ c}/{a g} — Tesult, bh)<W“(bcg)

We can conclude, that country a has an incentive to self-exclude itself.

country a ={b, g} ——

Based on the above, we can conclude that Q%" is not a Nash Equilibria if pollution is global.
Qi = (ol ={b,z},0l ={d',c'} 0l ={2,b'}}

Qb1 is not a Nash Equilibria for both local and global levels of pollution.

PROOF:

country ¢ ={Q,bi}%{ﬁ,ﬁ}/{a,b}/{aﬂﬁ}/{a,ﬁ}/{ﬁ,b}% We(bl) < We(abiy)
We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude that 2% is not a Nash Equilibria for both local and global levels

of pollution.
QF = {Ga - {b,C},Gb - {a,c},GC - {Cl,b}}

Q' is a Nash Equilibria if pollution is local and A € (0, 0.043].
PROOF:

country a ={b,c} L% (b g} {25, c} M W (abey) > W(bl) = We(ch)

change

country a ={b,c}———{&, g }/{b',c'}1{b', 2 }/{z,c }M W (abc;) > W (bc;)

We can conclude, that country a has no incentive to change its announcement.

ch ange result

country b ={a,c}—— {a, 8} —— W’(abc;) > W>(a")

change

country b ={a,c}—— {4, }resuh W(abc;) > Wo(cl)
country b={a,c}—— change, {g,2}{d ¢ }{d, &} /{7, d}—— resul T Wh(abe) > WP(ac;) & A € (0, 0.043]

We can conclude, that country b has no incentive to change its announcement.

result

country ¢ ={a,b}—— change {a, 2} =5 We(abc)) > We(a})
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country ¢ :{a,b}c—h% {ﬁ,b}%W"(abq) > We(bl)

country ¢ ={a,b}% {o,2}{d b'}I{d, g}/{g,bl‘}% W¢(abc;) > W€ (ab;) & A € (0, 0.043]
We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q' is a Nash Equilibria if pollution is local and A € (0, 0.043].
Q" is not a Nash Equilibria if pollution is local and 2 € (0.043, 0.1].

PROOF:

country ¢ ={a, b} 2 { &, a}{a,b'}{d, g}/{g,bl’}% W€ (abc;) < W€ (ab;) & A £(0.043,0.1]
We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude that Q/ is not a Nash Equilibria if pollution is local and &
A €(0.043,0.1].

Q" is not a Nash Equilibria if pollution is global.

PROOF:

country a ={b,c}% {o,2}{b',c}I{V, ﬁ}/{ﬁ,ci}% W% (abcy) < We(bcy)

We can conclude, that country a has an incentive to self-exclude itself.

Based on the above, we conclude that 2/ is not a Nash Equilibria if pollution is global.

Q" is not a CPNE if pollution is local and A € (0, 0.043].

PROOF:

We prove the above by examining the coalitional deviation of two clean countries, country b
and country c, in the form of a deep bilateral free trade agreement, then Wb(bc;) = W"(bc;) >
wb (abcg) = W€ (abc,). There cannot be any further deviations, because an outsider of this agree-
ment does not announce an environmental clause. Based on the above, we can conclude that the

announcement profile Q/ does not survive a coalition-proof Nash equilibria refinement.
QF ={cl = {b,c},0} = {d',c'} ,ol = {d,b'}}

Q' is not a Nash Equilibria if pollution is local.
PROOF:

country ¢ ={ai,bi}% {ﬁ,ﬁ}/{a,b}/{a,ﬁ}/{ﬁ,b}% W¢(abl) > W¢(abct)
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We can conclude, that country ¢ has an incentive to self-exclude itself.

Based on the above, we conclude Q" is not a Nash Equilibria if pollution is local.
Q"' is a Nash Equilibria if pollution is global.

PROOF:

country a :{bi,ci}% {b',z}1{2,c }M W (abcl) > We(bhi) = wa(ch)
country a :{bi,ci}c—h% {z,2}{b,c}{b,z}{2, }% W (abcly) > W (bck)

We can conclude, that country a has no incentive to change its announcement.

change

{d', o} —— resully Wb (b L) > Wh(alh)
country b ={a } change {Q } result Wb Cle ) > Wb(CZi)

country b :{a‘,ci}% (2,2 a,cH{a, &} {2, ct Wb (abcl)) > WP(ack)

country b ={a’,c'} ——

We can conclude, that country b has no incentive to change its announcement.

country ¢ ={ai,bi}M> {d, ;Z}M) W¢(abcy) > Wc(agi)

country ¢ :{ai,bi}%{ﬁ,bi} %Wc(abc ) > We(bk)

country ¢ ={ai,b’}% {o,2}{a,b}{a, &} {2, b}% W¢(abcl) > W (ab},)

We can conclude, that country ¢ has no incentive to change its announcement.

Based on the above, we conclude that Q7 "is a Nash Equilibria if pollution is local.

Q' isa CPNE if pollution is global.

PROOF:

To prove the above, we consider every possible deviation in the following six steps:

First, we assume that one clean and one dirty country deviate in the form of a shallow bilateral
trade agreement, then W¢(ab,) = W9 (acy) < W“(abcg). We can see that this deviation is not
meaningful.

Second, we assume that one clean and one dirty country deviate in the form of a deep bilateral
trade agreement, then W“(abi ) = W4(acl) < W* (abc ), and again, we observe that this deviation
is not meaningful.

Next, we consider the coalitional deviation of two symmetric dirty countries in the form of a shal-

low bilateral trade agreement, then W/ (bey) < W/ (abci,) where j # a. We can see that this devia-
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tion is not meaningful as well.

Now, we consider the coalitional deviation of two symmetric dirty countries in the form of a deep
bilateral trade agreement and A € (0, 0.089], and as a result of this agreement, we have the following
levels of welfares W/ (bci,) > W/ (abci,) where j # a. However, both countries have an incentive
to deviate further and become a hub: W/ () > W/(bc}). We conclude that this deviation is not
self-enforcing.

In this step, we consider the coalitional deviation of two symmetric dirty countries in the form
of a deep bilateral trade agreement and A € (0.089, 0.1], and we observe that the only reason dirty
countries would form this agreement is a further deviation to become a hub: W/( jé,) > Wi (abcj) >
W/ (bc},) where j # a.

Finally, we consider a grand coalition in the form of free trade world, and again we observe that
this deviation cannot be meaningful.

Based on the above, we can conclude that Q' is a CPNE if pollution is global.
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