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ABSTRACT
Essays on Environmental Cooperation and Trade

Dana Ghandour, Ph.D.
Concordia University, 2024

This thesis investigates the relationship between environmental cooperation and trade within
heterogeneous countries. Comprising three essays, the research delves into the impact of
environmental damage heterogeneity on the stability of environmental coalitions in the presence
of exogenous tariffs, the effect of environmental damage heterogeneity on the stability of
environmental coalitions in the presence of endogenous tariffs, and the role of unilateral Carbon
Border Adjustments (CBAs) in incentivizing environmental cooperation among heterogeneous

countries.

The first essay employs a static three-country model to analyze the stability of international
environmental agreements among heterogeneous trading partners. The study examines the trade-
offs governments face in balancing the enforcement of emissions reductions through higher taxes
against the potential consequences of noncooperation in the form of higher exogenous export
tariffs. The main findings demonstrate that the grand coalition can be stable across various levels
of heterogeneity, while underscoring the critical role of punitive tariffs in determining coalitional

stability.

Building upon these insights, the second essay introduces an endogenous solution to the static
three-country model, incorporating endogenous import tariffs. The research identifies conditions
under which the grand coalition remains stable, showcasing environmental and welfare gains

across varying levels of heterogeneity. The study reveals that as market sizes expand, the grand



coalition transitions from generating both environmental and welfare gains to primarily fostering

only overall welfare gains.

The third essay shifts focus to the implementation of unilateral CBAs, exemplified by the European
Union’s Carbon Border Adjustment Mechanism. Investigating the effects of CBAs in a two-
country trade model with different environmental damage parameters, the study assesses their
impacts on global welfare and emissions. Novel considerations include the time sensitivity of
CBAs, distinguishing between farsighted and myopic approaches, and exploring the potential for
retaliation in myopic CBAs. Results show that farsighted CBAs can generate environmental and
welfare gains under specific conditions, while myopic CBAs without retaliation offer potential

avenues for cooperation.

Collectively, these essays contribute valuable insights into the intricate interplay of environmental
cooperation and trade dynamics, shedding light on the challenges and opportunities presented by
free-riding behavior, enforcement challenges, and environmental damage heterogeneity in the

pursuit of stable environmental coalitions.
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INTRODUCTION

Transboundary pollution and greenhouse gas emissions are some of the most challenging and

pressing environmental problems of the twenty-first century (UNEP, 2019). The latest reports from

the United Nations World Meteorological Organization (WMO, 2023, 2024) warn that the last

nine years (2015-2023) have been the warmest on record, due to the growing concentrations of
greenhouse gases (GHGs). Despite a temporary decrease in global emissions during the peak of
the pandemic in 2020, greenhouse gas emissions have reached new highs in 2022, notwithstanding

the energy crisis resulting from the war in Ukraine (WMO, 2022). In order to achieve the 2015

Paris target of limiting global warming to 1.5°C, nations need to reduce their global emissions

immediately by nearly fifty percent by 2030 (IPCC, 2023). However, strong incentives for free-

riding and the challenges in enforcing International Environmental Agreements (IEAs) lie at the

heart of international failures to tackle climate change (Diamantoudi et al., 2018a).

In the absence of effective enforcement methods, current international environmental agreements
rely on the good faith of signatories. For instance, the United States signed the Kyoto Protocol in
1998 but has never ratified it. Canada ratified the Kyoto Protocol in 2002 but later withdrew from
it in 2011, citing the economic burden of compliance and the lack of commitments from major
emitters like China and India. The 2019 United Nations Conference of the Parties (COP25) in
Madrid, which aimed to finalize the Paris Agreement rulebook, failed to reach a consensus on
several crucial issues. China, the world’s largest carbon emitter, has shown no intention of halting

the construction of coal plants domestically or shutting down existing ones (Standaert, 2021).

Similarly, Canada has pledged to reduce emissions by investing in greener infrastructure but
continues to provide subsidies to one of the country’s largest sources of emissions, the oil and gas

industry (Carter and Dordi, 2021). Moreover, many other major emitter countries, including India,




Indonesia, Russia, and Iran, are still not on track to fulfill their commitments under the Paris

Climate Agreement (CAT, 2021). Furthermore, as governments grapple with post-pandemic
economic recovery and global inflationary pressures, the emissions reductions promised at the
2021 Glasgow Climate Pact (COP26) fell short of the necessary cuts to meet the targets set by the

Paris Climate Agreement (COP21) (Evans et al., 2021). The focus of the 27th Conference of the

Parties (COP27) held in Sharm el-Sheikh, Egypt, in 2022, was on addressing urgent climate action,
strengthening international cooperation, and enhancing global commitments to effectively combat
climate change. However, in such a chaotic world, with global emissions stubbornly high and yet
another round of international environmental negotiations failing to make substantial progress,
current pledges to reduce global emissions under the Paris Agreement remain vague promises

rather than credible actions, and the fight against climate change is just being delayed.

The relationship between trade and the environment has often been viewed as a divergence
between economic development and environmental degradation, with opportunities to align trade
and environmental policies often overlooked. However, trade can play a vital role in reducing
countries’ incentives for free-riding and increasing their willingness to cooperate, while also

providing support for stable climate coalitions (Diamantoudi et al. 2018c).

Bridging the divide between trade and the environment, preferential trade agreements today
increasingly include environmental provisions. As indicated in Figurel, these norms have become
a regular feature of almost 85% of preferential trade agreements signed between 1947 and 2018

(Morin et al. 2018). Moreover, they are gradually becoming more diverse and extensive, covering

an increasingly wide range of environmental protection issues. Some directly address the reduction
of greenhouse gas emissions, cooperation on Multilateral Environmental Agreements (MEAs), and

the leveling of the playing field among trading partners. Some of these clauses are even more



specific and restrictive than those found in multilateral environmental agreements (Morin and

Jinnah, 2018). Assessing the environmental impact of these provisions, scholars have found that

they increased green exports from developing countries (Brandi et al., 2020), and reduced the

greenhouse gas emissions resulting from trade flows (Baghdadi et al. 2013, Zhou et al. 2017,

Martinez-Zarzoso and Oueslati 2018, Sorgho and Tharakan 2022). These empirical studies suggest

that the coordination of trade and environmental policies can be a valuable strategy in diffusing
environmental policies across borders and strengthening international environmental cooperation

beyond what is currently implemented.

Figure 1: Average Number of Environmental Provisions in Trade Agreements 1947 - 2018

40 80
35 70
30 60
25 50
20 40
15 30
10 20
5 10
0 0
N~ S - NS~ NN~ —~0nN NS> —~¢ v~ =0 wv> — N »n o~
<t VWV WV WV O O O O O >0 00 0 0 0 0 DN DN DD OO OO — o~ —
(o) o)l e e e e e e e e e e e o e e e e e N e Mo e e o e el ol el el e el e]
————————————————————————— A A A AQAQQ
Total Number of Trade Agreements
e Average Number of Environmental Provisions per Trade Agreement
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Within this context, this thesis explores the prospects of environmental cooperation among
environmentally heterogeneous trading partners. In the context of international trade, governments
face a tradeoff between enforcing higher environmental taxes to cooperatively reduce global
emissions and facing higher tariffs on exports when acting noncooperatively. However, countries
may not be equally vulnerable to global emissions exposure. The heterogeneity in environmental

damages implies that environmental and trade policies can yield different welfare implications for



different countries, creating diverse incentives for international environmental cooperation. Hence,
in addition to free-riding incentives and enforcement challenges in international environmental

agreements, this heterogeneity poses an additional obstacle to achieving international cooperation.

The first essay of this thesis, therefore, investigates the stability of both partial and global
International Environmental Agreements (IEAs) among heterogeneous countries in a static three-
country coalition formation game, considering the presence of exogenous import tariffs. Since
trade and environmental policies are often not negotiated concurrently, the use of exogenous tariffs

as a trade policy tool is examined in that context.

Building upon these insights, the second essay introduces an endogenous solution to the static
three-country coalition formation game, incorporating endogenous import tariffs. In this essay,
environmental cooperation within a coalition spans over trade and environmental policies, where

environmental taxes and import tariffs are negotiated simultaneously.

These two essays contribute to and connect two branches of the theoretical literature: the one on

Environmental Cooperation and Trade and the other on International Environmental Agreements.

Considering the literature on environmental cooperation and trade, scholars such as Conrad (1993),

Barrett (1994), Kennedy (1994), and Tanguay (2001) have extensively examined strategic

environmental policy within a symmetric trade framework. On the other hand, scholars studying
strategic two-country trade models among heterogeneous countries have found that environmental
cooperation among heterogeneous trading partners can lead to significant overall welfare gains.

Duval and Hamilton (2002) conducted an analysis of environmental tax policies in a two-country

trade union, examining differences in consumer market size, production costs, number of firms,

and pollution diffusion. Cheikbossian (2010) specifically investigated the impact of heterogeneity

in market size under free trade in a global market. Gautier (2017) addressed variations in abatement



and production costs within the context of trade and Cournot oligopoly, focusing on environmental

policy reforms. Baksi and Chaudhuri (2017) examined the heterogeneity in environmental

damages in a two-country infinitely repeated game. Their used trigger strategies and border tax
adjustments to evaluate the stability of environmental cooperation. Their findings indicated that
environmental cooperation among heterogeneous countries resulted in significant overall welfare

gains, which further increased with trade liberalization.

These two essays are comparable to the study carried out by Baksi and Chaudhuri (2017), which

examined environmental damage heterogeneity in a strategic two-country repeated game.

Nevertheless, in contrast to Baksi and Chaudhuri (2017), the present essays introduce a three-stage

static coalition formation game involving three heterogeneous countries. The stability of
environmental cooperation is assessed based on internal and external stability criteria

(D’ Aspremont et al., 1983), rather than exogenous trigger strategies and trade linkages.

These two essays also contribute to the literature on international environmental agreements

among heterogeneous countries. Early studies by Hoel (1992) and Barrett (1997) were among the

first to model heterogeneity in international environmental agreement games. Using internal and
external stability criteria, they found that when countries were modeled as heterogeneous, the

number of signatories remained small. Subsequent studies by Barrett (2001), Finus and

Rundshagen (2003), Pavlova and de Zeeuw (2013), Hagen and Eisenack (2015), and Diamantoudi

et al. (2018b) examined coalitional stability with heterogeneous countries, but not in the context
of international trade, transfer payments, or trade linkages. It was observed that in pure IEAs,
where a coalition only generates positive externalities for non-members, heterogeneity does not
increase the size of stable coalitions and can reduce the likelihood of cooperation. However, when

heterogeneity is associated with direct transfer payments, it can improve the prospects of



cooperation and support the stability of larger coalitions (Biancardi and Villani 2010, Diamantoudi

et al. 2018a, Bakalova and Eyckmans 2019, Finus and McGinty 2019). In this case, the coalition

generates a positive externality through lower global emissions and a negative externality for non-
signatories due to the forgone transfer. Non-members who do not sign the IEA essentially lose the

transfer payment, which constitutes a negative externality generated by the coalition.

Moreover, heterogeneity, when associated with trade linkages, such as trade sanctions, can reduce

free-riding incentives and increase the size of stable coalitions (Nordhaus 2015, Hagen and

Schneider 2021). Similarly, scholars who have examined IEAs with R&D linkages (Biancardi and

Villani 2018, Eichner and Kollenbach 2021) found that R&D linkages, similar to trade linkages,

can improve the stability of environmental coalitions and increase the likelihood of cooperation in

comparison to pure IEA models.

Few scholars, Cavagnac and Cheikbossian (2017), have examined the stability of international

environmental agreements in the context of international trade with heterogeneous countries.

Using Coalition-Proof Nash Equilibria (Bernheim et al., 1987) in a free trade setting, they show

that market size heterogeneity supported the stability of a partial agreement rather than a global
one, and the grand coalition would only form if the singleton structure were the sole alternative.

These two essays are comparable to Cavagnac and Cheikbossian (2017). However, they differ in

their approach to evaluating the stability of environmental coalitions, as they use internal and

external stability criteria (D’ Aspremont et al., 1983) instead of Coalition-Proof Nash Equilibria.

Additionally, the focus is on environmental damage rather than market size heterogeneity,
specifically in a segmented market with positive import tariffs, as opposed to a global market in a

free trade setting.



The primary contribution of these two essays lies in demonstrating that using positive tariffs on
imports within a segmented market setting, as opposed to a global market in a free trade setting,
with punitive tariffs on outsiders, diminishes the free riding incentives of non-signatories and

reinforces the stability of the global agreement, despite the heterogeneity among countries.

The first essay highlights that implementing trade penalties on countries choosing not to participate
in a coalition can be an effective strategy for reducing global emissions and promoting a stable
global environmental agreement. The main findings indicate that the global agreement consistently
yields collective welfare gains, with environmental gains occurring only when exogenous tariffs
are kept sufficiently low. The magnitude of punitive tariffs plays a critical role in determining
coalitional stability. When punitive tariffs are sufficiently low at high degrees of heterogeneity,
the grand coalition can give way to a stable partial coalition, where the two countries suffering the
most from environmental damage form a pair. In the absence of such punitive tariffs or at
sufficiently low levels, both the grand coalition and the partial coalition can become internally

unstable, potentially resulting in a stable singleton structure at various degrees of heterogeneity.

Furthermore, the second essay illustrates that the coordination of environmental and trade policies,
in the presence of endogenous import tariffs, proves to be a valuable strategy for reducing global
emissions in sufficiently small markets, despite differences in environmental damages. With
endogenous tariffs, the fully cooperative agreement emerges as the only stable coalition across

various levels of heterogeneity and alternative market sizes.

Continuing the exploration of environmental cooperation and trade among heterogeneous
countries, the third essay delves into the implementation of unilateral Carbon Border Adjustments

(CBAs), exemplified by the European Union’s Carbon Border Adjustment Mechanism (CBAM).



The urgent need for accelerated global climate action coincides with the imperative to address the
current disparities in carbon pricing. Over the past decade, the carbon pricing schemes landscape
has grown increasingly diverse, and the discrepancy in carbon costs has expanded significantly

(ICAP, 2023), with European industries facing a disproportionately higher burden compared to

other regions (Mathieu, 2021). Particularly, in the light of soaring energy prices in Europe, it

becomes increasingly challenging for EU firms to remain competitive against foreign industries.
To mitigate the risk of carbon leakage and level the playing field for EU and foreign firms, the EU
CBAM, initiated in April 2023 under the EU Green Deal, aims to equalize the carbon price
between EU domestic products and imports, playing a crucial role in the EU’s emissions reduction

efforts (EC, 2023).

The EU CBAM introduces a new concept of carbon pricing by applying it to imports for the first
time. Foreign firms exporting to the EU will be required to pay the price difference between the
carbon price of the country of production (or lack thereof) and the price of carbon allowances in
the EU ETS. Designed to be compatible with WTO rules, foreign firms will not be charged more
than the EU domestic carbon price. The CBAM, which has been gradually phased in starting
October 2023, initially targets emission-intensive and trade-exposed (EITE) goods at a high risk
of carbon leakage, including iron and steel, cement, fertilizer, aluminum, electricity generation,

and hydrogen (EC, 2023). However, countries participating in the ETS or having a linked

emissions trading system, like Switzerland, will be excluded from the CBAM. In the future, it is

anticipated that the CBAM will be extended to encompass more carbon-intensive goods.

The EU Carbon Border Adjustment Mechanism (CBAM) imposes additional production costs on
foreign firms exporting to the EU. The CBAM presents a choice for outsider countries to either

pay the adjustment fee when exporting to the EU or raise the domestic carbon price and collect the



revenues themselves (Tagliapietra and Veugelers, 2021). Developing countries that heavily rely

on EU markets for exports may face challenges in shifting their exports away from the EU,
potentially impacting their competitiveness. For instance, Zimbabwe is a major exporter of iron
and steel to the EU, while Ukraine supplies the bloc with significant quantities of fertilizers

(Maliszewska et al., 2023).

The EU CBAM can potentially discourage free riding behavior and create a “race to the top” in
terms of environmental standards and regulations, thereby improving the global effectiveness of

unilateral carbon emission pricing. Nordhaus (2015) has long been an advocate for a “climate

club” concept, which employs punitive tariffs to penalize countries that fail to take sufficient action
in reducing global emissions. He argued that imposing tariffs on imports from non-signatory
countries to the climate club, the environmental coalition can be stabilized and expanded. While
Nordhaus’ proposal for punitive tariffs differs in design and intention from the CBAM, which
primarily tackles carbon leakage by considering the carbon content of imports, both instruments

could potentially have significant welfare implications for EU trading partners (Magacho et al.,

2023, Zhong and Pei, 2022).

Within this framework, the third essay examines the welfare implications of the CBAM and its
potential to promote increased environmental cooperation among trading partners, with a focus on
addressing environmental damage heterogeneity. Using a two-country strategic trade model, the
analysis focuses on studying the impacts of myopic and farsighted carbon border adjustments
(CBAs) on global welfare and emissions, comparing them with a basic trade model with bilateral
endogenous tariffs on imports. In farsighted CBAs, the government’s welfare optimization
problem and the resulting optimal emissions tax rate consider ex-ante the potential for carbon

adjustments. Conversely, in the myopic CBA scenario, the government’s welfare optimization



problem and the resulting optimal emissions tax rate initially do not account for carbon border

adjustments, but these adjustments are incorporated subsequently.

This third essay contributes to the theoretical literature on environmental cooperation and trade,
discussed in the preceding paragraphs, by providing evidence that international environmental

cooperation among heterogeneous countries can lead to substantial collective welfare gains.

It also contributes to the literature on the strategic implications of carbon border adjustments.
Examining the potential of carbon border adjustments to deter free riding behavior and reinforce

international environmental agreements among homogeneous countries, scholars have obtained

mixed results. Baksi and Chaudhuri (2020) discovered that the imposition of bilateral CBAs tends
to destabilize an otherwise stable grand coalition and reduces the cost of unilaterally defecting
from the grand coalition. Consequently, CBAs cannot always be used as a credible threat to foster

a stable global climate agreement. On the contrary, Al Khourdajie and Finus (2020) found that

CBAs, particularly under open membership, enhance the incentive for countries to participate in a
climate agreement. This holds true whether coalition formation is modeled as a one-shot or

sequential game.

Focusing on heterogeneous countries in two-country trade models with transboundary pollution,
scholars found that CBAs can be a valuable tool to foster greater environmental cooperation.

Eyland and Zaccour (2014) conducted numerical simulations and demonstrated that CBAs allow

countries to set higher carbon taxes as opposed to the noncooperative equilibrium. They also

showed that CBAs can serve as a credible threat to achieve an outcome that closely resembles the

cooperative outcome. Similarly, Hecht and Peters (2018), examining Cournot and Bertrand
competition in a two-country trade model with environmental damage heterogeneity, found that

CBAs support the implementation of more stringent environmental policies. Anouliés (2015)
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shows that CBAs reduce free riding incentives and increase the likelihood of cooperation, even

when countries exhibit heterogeneity in terms of environmental damage. Baksi and Chaudhuri
(2017), in a North-South trade model with Cournot competition, found that unilateral CBAs
imposed by the North can enhance the South’s incentives to cooperate, particularly when

heterogeneity is significant. Additionally, Elboghdadly and Finus (2020) modeling an escalating

penalty game with various forms of CBAs, including import tariffs as well as export rebates with
different rates, observed that CBAs can either fully internalize a global externality by enforcing

complete cooperation or partially internalize it, depending on the CBA design.

This third essay builds upon the existing literature by thoroughly investigating various dimensions
of Carbon Border Adjustments (CBAs). It examines their welfare implications, effectiveness in
reducing global emissions, role in encouraging international environmental cooperation, and their
divergence from the traditional tariff-based approach. Additionally, the study introduces a novel
focus by examining the time sensitivity of CBAs, distinguishing between farsighted and myopic
CBAs, and considering the potential for retaliation in myopic CBAs. Notably, some empirical

studies (Bohringer et al., 2016; Four¢ et al., 2016) underlined the risk of retaliation from non-EU

countries as a response to the implementation of the CBAM.

Moreover, this essay complements the existing literature on carbon border adjustments by
providing evidence that the effectiveness of CBAs ultimately depends on their time sensitivity.
Notably, myopic CBAs fall short in delivering environmental gains when compared to alternative
noncooperative climate measures, such as farsighted CBA and traditional tariff-based approaches.
Only farsighted CBAs can prove to be an effective tool in reducing global emissions, under specific

conditions. However, the essay demonstrates that myopic CBAs can encourage greater
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international environmental cooperation among trading partners, even in the presence of

heterogeneity among countries.

The remainder of this thesis proceeds as follows: Essay 1 examines the impact of environmental
damage heterogeneity on the stability of environmental coalitions in the presence of exogenous
import tariffs. Building upon Essay 1, Essay 2 extends the exploration to investigate the effects of
environmental damage heterogeneity on coalition stability, this time considering the presence of
positive endogenous import tariffs. Finally, Essay 3 delves into the role of myopic and farsighted
Carbon Border Adjustments (CBAs) in incentivizing international environmental cooperation

among heterogeneous countries and their impact on global welfare and emissions.
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ESSAY 1

ENVIRONMENTAL COOPERATION AND TRADE: THE IMPACT OF
HETEROGENEITY IN ENVIRONMENTAL DAMAGES

1.1 Introduction

This essay examines environmental cooperation among heterogeneous trading partners to analyze

the stability of both partial and global international environmental agreements.

The heterogeneity in environmental damages suggests that environmental and trade policies may
lead to varying welfare outcomes among countries, thus creating diverse incentives for
international environmental cooperation. Alongside free-riding incentives and the challenges in
enforcing international environmental agreements, this heterogeneity presents an additional hurdle

to achieving international cooperation.

Therefore, the main objectives of this essay are: i) To determine whether environmental
cooperation among countries with different environmental damage parameters leads to
environmental gains, overall welfare gains, or both. ii) To identify the cooperative scenarios that
would emerge in a stable coalition among countries to exploit these gains. iii) To analyze the effect

of heterogeneity in environmental damages on the stability of these environmental coalitions.

The model considers an open economy with three heterogeneous countries. Each country has a
single firm that produces a homogeneous emission-intensive good while generating an equal
number of transboundary emissions, such as carbon dioxide. Consumers in each country are
affected by global emissions, and every unit produced generates exactly one unit of emissions. The

firm’s choice variable is production (emissions). While abatement is not explicitly modeled as a
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separate choice variable, the firm incurs an abatement cost in terms of forgone profit. Firms can
reduce emissions by producing less output at the expense of reducing profits, and thus, face a
tradeoff between emissions and profits. The three firms compete a la Cournot in a segmented
market, where they serve linear market-specific demands rather than a shared global market

demand.

International trade occurs in domestic markets. Therefore, each country can use import tariffs as a
trade policy instrument to protect local production. The segmented market setting with positive
exogenous tariffs rather than free trade is a novel approach in the theoretical literature, and it is
particularly valuable when trade and environmental policies are not being negotiated concurrently.
Each government imposes on the local firm a per-unit production (emissions) tax as an
environmental policy tool. Collected tax and tariff revenues remain within their respective

countries, with no transfer payments occurring.

The static coalition formation game is divided into three stages and is solved using backward
induction. In stage one, the coalition formation game occurs, where each country selects its
coalition membership. A coalition is considered stable if no country has an incentive to enter or

exit the coalition (D’Aspremont et al., 1983). In the second stage, each country determines the

emissions tax rate that maximizes the coalition’s welfare. Finally, in the third stage, each firm

independently chooses the production level that maximizes its own profits.

The analysis demonstrates that a global agreement, namely the grand coalition, remains stable at
different levels of environmental damage heterogeneity, while still generating welfare gains.
Numerical simulations also indicate that the grand coalition remains stable under various levels of
exogenous tariffs and with different tariff structures. However, as heterogeneity increases, the

stability of the grand coalition becomes more fragile and increasingly sensitive to the underlying
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exogenous tariff structure. A higher punitive tariff imposed on the outsider of the partial coalition
reinforces the stability of the grand coalition. Conversely, at high degrees of heterogeneity, the
grand coalition can give way to a partial coalition agreement when the punitive tariff magnitude is
sufficiently low. In the absence of such punitive tariffs or at sufficiently low levels, the grand
coalition and the partial coalition can become internally unstable, leading to a stable singleton

structure at various degrees of heterogeneity.

Additionally, the main results suggest that the grand coalition generates environmental gains when

exogenous import tariffs are kept sufficiently low. This finding aligns with Nordhaus (2015),

emphasizing that trade penalties imposed on countries opting out of participation can reduce global
emissions and promote a stable environmental agreement, even in the presence of heterogeneity

among countries.

While Cavagnac and Cheikbossian (2017) observed that the grand coalition is less likely to emerge

as a stable coalition structure in a free trade setting once a partial coalition is stable, this essay’s
primary contribution lies in demonstrating that implementing positive tariffs within a segmented
market setting, rather than in a global market under free trade conditions, reduces the free-riding

incentives of non-signatories and can enhance the stability of the global agreement

The remainder of this essay is organized as follows: Section 2 describes the model, Section 3
explores the heterogeneous case, Section 4 provides a summary of the results, and Section 5

concludes the essay.

1.2 The Model

The present model examines an open economy comprising three heterogeneous countries, denoted

as N ={i,j, k}. In each country, a single firm seeks to maximize profits by producing a
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homogeneous emission-intensive good X. The total production of the firm located in country i is

represented by the following expression, for i, j, k where i # j, k:
Xi = (xii + xij + xik), (11)

Where x;; is produced and sold in country i, and x;; is produced in country i and exported to
country j, V i # j. For the market structure to be maintained throughout the game and the model’s
solution to be interior, it is assumed that X;, x;; € R;™ and x;; € Ry, for i, j, k where i # j, k. The

production process generates transboundary air pollution such as carbon dioxide. Every unit
produced generates exactly one unit of emissions. The firm’s choice variables are local production
and exports, which also represent emissions. Hence, abatement! is neither an option nor a choice

variable.
Total consumption in country i, for i, j, k where i # j, k, is expressed as follows:

Qi = (xu + Xji + Xki), (1.2)
where x;; is locally produced and x;; is imported from country j.

Firms compete a la Cournot in a segmented market. The linear demand in country i is given by:

Qi = (a— Py, (1.3)

where Q; is the total consumption of the polluting good in country i, P; is the price of the good in
market i, and a is the maximal marginal utility derived from its consumption. For simplification,
it is assumed that the marginal cost of production is equal to zero, and each firm can export to the

other two foreign markets at no transaction costs.

! Following Duval and Hamilton 2002, Cheikbossian 2010, Baksi and Chaudhuri 2017, and Cavagnac and
Cheikbossian 2017 abatement has not been modeled as a separate choice variable to simplify the model.
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Pollution generates environmental damage in each country; the social cost of pollution is linear in

global emissions, such that:
D;(X) = Bi(X; + X; + X), (1.4)

where [, is the marginal environmental damage in country i caused by aggregate production, that
is, by global emissions. The linear environmental damage function makes the analysis more
readable and the model more tractable. For the market to be active, it is assumed that the marginal
environmental damage parameter cannot be higher than the maximal marginal utility of good X,

given by a, and thus S, € (0, ), for {,j, k. The marginal environmental damage is constant

horizontally but not across countries. Consumers in each country are affected by the global level
of emissions. Differences in environmental damages stem from how the same level of emissions
translates into costs, influenced by underlying factors such as income, health stock, defensive

investment, or baseline exposure (Hsiang et al., 2019). Therefore, in this model, different

environmental damages result from distinct impacts of the same level of global emissions. In other

words, all three countries face the same global level of emissions but experience varying impacts.

The government in country i imposes an exogenous positive tariff 7; ; per unit of imports from
country j and 7;; per unit of imports from country k, where i # j, k. As a result, 7;; and 7y ; are

the effective marginal costs of the firm operating in country i on its exports to countries j and k,

respectively.

In addition to import tariffs as a trade policy tool, each government uses a per-unit of production
tax rate, t;, that is imposed on the local firm as an environmental policy instrument. Since every

unit produced precisely generates one unit of emissions, then a tax per unit of production t; is
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equivalent to a tax per unit of emissions. Thus, the government in country i collects tariff revenues

on imports from foreign markets, expressed by the following equation, for i, j, k where i # j, k:

TRi = (Ti,jxji + Ti’kxki), (15)

and emissions tax revenues defined as:

ER; = t;(xy + x5 + Xg) = t:X;. (1.6)
It is assumed that there are no transfer payments between countries, and fiscal revenues collected
from tariffs and emissions taxes remain in the country of origin.
Let S be a coalition where § € N = {i, j, k}. § represents a group of countries cooperating on
environmental issues. Coalition members will determine their emissions tax rate tg jointly. Each
coalition § is associated with two exogenous tariffs: 75 represents the common tariff rate that
members of § would charge to each other, and 75, where k € S, represents the tariff rate that
members of § would charge to each of its non-members. Therefore, it is explicitly assumed that
coalition members will charge the same tariff rate to each other 73 = 7, ; = 7;; if {,j € §, and the
same tariff rate to non-members g, = T, = T, if {,j € §,and k € S, even if coalition members
are heterogeneous.
In a three-country model, there are three types of coalition structures: 1) the grand coalition, ii) the
singletons, and iii) a pair and a singleton. The static coalition formation game is composed of three
stages and is solved by backward induction. Stage one is the coalition formation game; each
country chooses its coalition membership § given exogenous tariffs. In the second stage, each
country chooses tg, the emissions tax rate that maximizes the coalition’s welfare W5 = Y,;es W;,
given the coalition structure C and exogenous tariffs. In the third stage, each firm chooses
noncooperatively its profit-maximizing production rate X;, given the coalition structure C,

exogenous tariffs, and the emissions tax rates.
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1.2.1 Stage Three - The Firm’s Optimization Problem

In stage three, each firm chooses noncooperatively its profit-maximizing output rate, taking as
given the policies set by all three governments and the output decisions of the other foreign firms.
Firms compete a la Cournot in domestic markets, and each firm has three choice variables:
production for the local market, x;;, and exports to the other two foreign markets, x;; and x;,. The
total profit function for the firm located in country i consists of total revenues from the domestic
market i and the foreign markets j and k, minus the emissions tax imposed on total production and
the tariff costs incurred on exports. The firm’s optimization problem? can be expressed as follows,

fori,j, k wherei # j, k:

max 7m; = max ZjEN(Pj(xij)xij - tl-xij) - ZjEN/{i} TjiXij- (17)
Xij, jeN Xij, jeN

The first order conditions of the profit maximization problem (1.7) yield the following equilibrium

quantities produced by the firm operating in country i, for i, j, k where i # j, k:

xii* = %((1 - 3ti + (tj + tk) + Ti,j + Ti,k) (18)
xij* = %(Oﬁ - 3ti + (t] + tk) + Tik — 3Tj,i)' (19)

The Cournot equilibrium implies that domestic production and exports decrease in the local
emissions tax rate, t;, and increase in the tax rates imposed on foreign firms, ¢; and t;. Domestic
production increases in the local tariff rates, 7; ; and 7;, while exports are decreasing in foreign
tariffs, 7;; and 7, ;. The third stage of the game is common to all coalition structures, and the

welfare function of any country relies on the optimal output quantities obtained in this stage.

2 The firm’s profit maximization problem is detailed in Appendix Al.
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1.2.2 Stage Two - The Government’s Optimization Problem

In a three-country global economy, there are three types of coalition structures:

- A coalition structure Cy., composed of three singletons, where each singleton contains one
country, Cyc = {{i}, j}.{k}}.

- A coalition structure C;, composed of one coalition containing all three countries, the grand

coalition, C; = {{i,j, k}}.

- A coalition structure Cp, composed of two coalitions, a pair and a singleton. There are three
such coalition structures. For example, C¥ = {{i, j},{k}} is composed of the pair formed by

countries i and j, and country k which remains a singleton.

The emissions tax rate tg is determined by maximizing the coalition’s welfare, denoted by W,

given the exogenous tariff rates, and the firms’ optimal output quantities derived in stage three:

max W = mtale-cg W, (tg) where tg = t;3,Vi €S (1.10)
S S

Recall, that firms regardless to which coalition their countries belong, they are competing a la

Cournot, and still act independently of each other in the third stage of the oligopoly game.

The welfare function of country i, denoted by W;, consists of the domestic consumer surplus CS;,
the local firm’s profits m;, the government’s tariff revenues TR; and emissions tax revenues ER;,
minus the environmental damage D; caused by global emissions. Thus, the total welfare function

of country i given any coalition structure C, is expressed as follows, for i, j, k:

3t; and t(;) are used interchangeably in this essay.

20



More specifically, it can be detailed by the following expression, for i, j, k where i # j, k:

%Qiz - ﬂi(Xi + X] + Xk) + (Ti’jx]'i + Ti,kxki)

w;(C) = -
+(a— Qxy + (= Q; — 1) %y + (@ — Qi — Tei )X

(1.12)

1.2.3 Stage One - Coalition Formation

The first stage of the game is the coalition formation stage. In this stage, each country selects its
coalition membership, and the stability of each coalition structure is analyzed. A coalition structure
is deemed stable if no country has an incentive to either enter or exit a coalition within the structure.

This definition of stability is based on the original definition of cartel stability as per D’ Aspremont
et al. (1983).

Let C be the coalition structure to which a coalition S belongs; W denotes the welfare of country

k i
i, where i belongs to S. As such, Wl.CN ¢ Wl.CG, WiCP , and Wl.CP , represent, respectively, the welfare
function of country i when i is a singleton, a member of the grand coalition, a pair member of a
partial coalition formed by countries i and j, and an outsider to a partial coalition formed by

countries j and k.

DEFINITION: A coalition § € N, where S € C is stable, if it is both internally and externally

stable.
- S isinternally stable & Vi € S, WE > WS where ¢/ =C/S U {s/€i}. {13} (1.13)
- & is externally stable © Vi € §, W{f} > WiCCCS where C€ = {C/{i} U {S U {i}}} (1.14)

In particular, C f is a finer coalition structure than C; that is, as country i leaves the coalition § to

become a singleton, C/ contains the remaining members of § and a singleton {i}.

In contrast, C¢ is a coarser coalition structure than C; since country i, initially behaving as a

singleton {i}, now joins the other member(s) in the coalition S.
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Notably, the singleton coalition structure Cy. is internally stable by default as it is the finest
coalition structure, and no country has the possibility to leave a coalition formed by itself.
Similarly, the grand coalition C is externally stable by default as all countries are members of the
coalition and there no outsiders to join the coalition. The partial coalition Cp is externally stable if
no outsider has an incentive to join, and is internally stable if no member has an incentive to exit
the coalition and become a singleton. In this framework, therefore, in the partial coalition structure,
it is imperative to investigate whether both internal and external stabilities are satisfied. In the
singleton structure, however, the focus is on checking for external stability, while in the case of
the grand coalition, the emphasis is on checking for internal stability.

1.3 The Heterogeneous Case

The heterogeneous case assumes that countries have different environmental damage parameters,
where fB; > B; > B > 0. Members of a coalition § coordinate their environmental and trade
policies with other members. They enforce a uniform emissions tax rate tg and common positive
exogenous tariffs 75 to be levied on each other, and 75 ; to be imposed on non-members.

1.3.1 The Singleton Structure Cy.

Under the singleton structure Cy., each government independently sets a noncooperative
emissions tax t;N¢, along with two exogenous import tariff rates 7;; and T, imposed on imports
from other countries, for i # j, k. This results in three emissions tax rates, namely

NC NC NC
ti ’tj 9tk D

along with six exogenous import tariff rates: ; j, T;, T

i Tj,k’ Tk,i’ and Tk,j'

The equilibrium quantities produced by the firm operating in country i, given by Equations (1.8)

and (1.9), can, thus, be rewritten as follows, for i, j, k where i # j, k:

% 1
Xii (CNC) = Z(O(, - BtiNC + (thC + tkNC) + Ti,j + Ti,k) (115)
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. 1
xl-j (CNC) = Z((X - 3tiNC + (thC + tch) + Tj,k - 3Tj,i)' (116)

For the market structure to be maintained throughout the game and to guarantee a positive interior

solution, it is assumed that x;;*(Cyc) € R3™ and x;;"(Cyc) € Ry, for i, j, k where i # j, k.

Accordingly, country i’s welfare optimization problem* (1.10) can be written as follows:

%Qiz(tfvc) —Bi (Xi(tfvc) +X;(¢) + Xk(tfvc))
max W, = maxl + (Ti.jx;i(tfvc) + Ti.kx;i(tfvc)) + (Oﬁ - Qi(tzlvc)) xi(&©) | 17

tNC t
(o= Q; (M) = 7;,0)xi; (tN) + (= Qe (€)= 7o) % (¢1)

i

The first order condition of the welfare optimization problem (1.17) yields the following negative

best response function, for i, j, k where i # j, k:

12B8; — 90— 5(¢;N¢ + ;. N°)

tiNc(t_Nc’ tch) — L(
/ 17 +3(Ti,j + Ti,k) + 6(Tj,i + Tk,i) - Z(T]”k + Tk,j)

). (1.18)

The singleton behaves noncooperatively; hence, it has a negative best response function.

Using (1.18) and the symmetry, the singleton’s equilibrium tax rate is, for i, j, k where i # j, k:

1 —108a + 264p; — 60(B; + Bi)

t;"N(Cne) = <
324 +46(Ti,j + Ti,k) + 127(7,']"1' + Tk,i) - 89(Tj,k + Tk,j)

). (1.19)

Under this noncooperative equilibrium, country i’s emissions tax rate is positively related to its

environmental damage parameter £, and inversely related to the other countries’ environmental
damage parameters, ﬂ] and S, , implying solid free-riding incentives. Moreover, higher import

tariffs enable higher environmental taxes by reducing competition from foreign imports.

A singleton’s production, consumption, and welfare equations are detailed in Appendix B1.

4 Country i’s welfare optimization problem under the singleton structure is detailed in Appendix B1.
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1.3.2 The Grand Coalition Structure Cg

The model assumes that any cooperative equilibrium under the grand coalition and the partial
coalition structures, implies a uniform emissions tax adopted by all countries within a coalition S.
Considering a tie-in scenario, members of a coalition S coordinate all their actions with other
members. Thus, it is assumed that they impose a uniform emissions tax rate tg, along with common

positive import tariff rates 7g to be levied on each other, and 75 to be imposed on non-members.

Indeed, economists and academics have frequently advocated uniform emissions tax solutions as

an efficient policy instrument to tackle global environmental problems (Hoel 1992, Finus and

Rundshagen 1998, Nordhaus 2006, Weitzman 2014). Advocates of uniform solutions often argue

that these solutions are straightforward, typically involving less negotiation time and thus fewer
transaction costs than differentiated solutions. It is also argued that uniform emissions taxes appear
equitable since every country faces the same tax rate and are generally viewed as “fair” by the

public (Finus and Rundshagen 1998, McEvoy and McGinty 2018). Moreover, uniform emissions

tax rates are easily verifiable in an agreement. The advantages of having uniform solutions in

negotiations lie in having some sense of focal point, akin to Schelling (1960), around which

bargaining partners find it relatively easy to reach agreement (Finus and Rundshagen 1998).

Under the grand coalition, countries collectively decide to tax the production of the polluting good

at a uniform tax rate, t; (C;), that maximizes the joint welfare of all three countries, such that,

t;(Ce) = tj(Cg) =t (Cg) = ts(Cg)-
Additionally, members of the grand coalition impose a common positive import tariff, such that:

7;,j(Cs) = Tk (Cg) = 7j,(C) = Tjk (Cg) = Ty,i (Cg) = Ty, j(Cg) = T6(Ce)-
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Hence, the equilibrium quantities produced by the firm operating in country i, given by Equations

(1.8) and (1.9), can be reduced to the following expressions, for i, j, k where i # j, k:

%" (Cg) = 7 (00— tg + 275) (1.20)

%1 (C) = xue" (Cg) = 5 (o — tg — 275). (1.21)
It is crucial to note that the three firms, located in the countries that form the grand coalition,
continue to compete a la Cournot in the third stage of the coalition formation game. Given the
restrictions imposed on the model’s parameters, all the above optima are indeed interior solutions,
since it is assumed that x;;"(C;) € R3™ and x;;"(C;) € Ry, for i,j,k where i # j,k, which
guarantee positive production levels under the grand coalition.
In the grand coalition structure Cg;, countries collectively choose a uniform emissions tax rate t;
that maximizes their joint welfare, where W% =¥, WiCG, and a common exogenous tariff rate 7.
Given country i’s welfare maximization problem (1.10), then the grand coalition’s optimization

problem?® can be expressed as follows:

%Qiz(tc;) — Bi (Xi(tG) + X;(te) + Xk(tG))
max W = max ¥ 1, (x;l.(tG)+x;;i(tG)) + (o = Qulte)) x5 () . (122
l+(0€ —Q;(ts) — Tc)xfj(ta) + (o0 — Q(tg) — Ta)xfkk(t(;)J

The first order condition of the joint welfare optimization problem (1.22) yields the following

equilibrium emissions tax rate:
. 1
ta(Ce) = 3 ((421'31' —a)— ZTG)- (1.23)

The fully cooperative agreement denotes that the equilibrium emissions tax is positively related to

all three environmental damage parameters and negatively related to the exogenous tariff 7.

5 Country i’s welfare optimization problem under the grand coalition structure Cg; is detailed in Appendix C1.
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This inverse relationship between emissions taxes and tariffs is unique to a cooperative
equilibrium, where changes in tariff rates are accounted for by changes in emissions taxes.
Consequently, in a fully cooperative scenario, trade liberalization in the form of lower tariffs can
lead to higher emissions taxes in all three countries. Furthermore, a member’s production level
X;(C¢) and global production }}; X; (C;) remain independent of the exogenous tariff rate 7;(Cy),
as changes in tariffs are offset by changes in emissions taxes. Similarly, a member’s individual
welfare W;(C;) and collective welfare Y;; W; (C;;) are also unaffected by the exogenous tariff rate.
Thus, the stability of the coalition structures remains unaltered by the assumed exogenous tariff
value 7., as long as Equation (1.23) is satisfied. The production, consumption, and welfare

equations of a member of the grand coalition, are detailed in Appendix C1.

Moreover, Equation (1.23) implies that members of the grand coalition can impose a positive
emissions tax rate to reduce production levels and thus global emissions, when the market is
sufficiently small, where @ < (4 ); §; — 27;). However, when the market is sufficiently large and
driven by consumption and profits, that is when & > (4 Y,; 8; — 27¢), they can enforce a subsidy
to increase production since the polluting good can be underproduced due to the Cournot

competition.
1.3.3 The Partial Coalition Structure Cp

Under the partial coalition structure Cp, two countries, i and j for example, form a coalition §, and
the third country, k in this case, remains a singleton. The pair cooperatively decides to tax the

production of the polluting good X at a uniform tax rate, t;; (C ,’3‘), that maximizes their joint

welfare, where Wl-jC"D( = Wf’lg + chjg. As such, for i, j, k where i # j, k:

t:(CK) = t;,(CF) = t;;(C).
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The pair within a partial coalition structure also imposes common exogenous tariffs among

themselves and levies the same tariff on imports from the outsider, that is, for i, j, k where i # J, k:
7,i(CF) = 7;:(CF) = 75 (CF)
ik (CF) = 1, (CF) = i (CF).
Let 7 ; j(C {f) represents the tariff rate that a singleton will charge to the pair of countries in the

same coalition structure. The singleton within the partial coalition structure treats the pair as one

entity and charges the same tariff rate to each member of the pair, that is, for i, j, k where i # j, k:
kY — k) — K
T1i (CF) = 710, (CF) = 1345 (CE).
The outsider to the pair, country k in this case, behaves noncooperatively as a singleton,
maximizing its individual welfare function, given the pair’s emissions tax t; j(C X ) and exogenous

tariffs Tij(CIL‘) and ‘L'l-j'k(C/J‘). It is assumed, however, that the outsider can be denied the

preferential market access enjoyed by pair members, and hence, for i, j, k where i # j, k:

Tij,k(C;’f) = Tij(Cr’f)'
The use of preferential tariffs as a carrot-and-stick mechanism to promote environmental policy
and other non-trade policy objectives, including human rights, labor standards, the production of
narcotic drugs, and security issues, has been a common practice in the European Union (EU). For
instance, in 2010, when Sri Lanka violated several UN human rights conventions, the European
Union revoked its trading partner’s preferential market access with lower tariffs. Similarly, the EU
withheld preferential access to the European market from Venezuela in 2010 when it failed to

ratify the UN convention against corruption (Borchert et al., 2021). Consistent with these practices,

it is assumed in this essay that the pair would penalize the outsider for his free-riding behavior by

denying preferential access with lower tariffs to their markets.
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Under the partial coalition structure Cp, there are three possible arrangements, namely, {{i, j3}, {k}},

{{i, k}, {j}}, and {{j, k}, {i}}. Therefore, there are three emissions tax rates among pair members:
t; j(C }f), tik(C F{), and tjk(C ,i), along with the corresponding outsider’s emissions tax rate t} (C ,’,‘),
tf (Cg), and tf (C},).In terms of exogenous tariffs, there are six pair members rates, Ti]-(C}f),
Tij,k(C,’f), Tik(CI{), Tik,j(C,f), Tjk(Cli), and Tjk'i(C}i), and three tariffs imposed by the outsider on
pair members, Tk’ij(C/f), Tj’l-k(CF],'), and ‘L'L-,jk(C};).

1.3.3.1 The Partial Coalition’s Pair

Given the outsider’s emissions tax rate, tf (Ck), and exogenous tariff, 7y ;;(C¥), the equilibrium

quantities produced by the firm operating in any country within a pair, given by Equations (1.8)

and (1.9), can thus be reduced as follows, for i, j, k where i # j, k:

xii*(C{;) =i(a—2tu+t,f+ru +Tij,k) (124)
xl]*(C,’f) =i(a_2tl}+tl€_31—l}+rl},k) (125)
xi"(CF) = 7 (00— 2ty + £ — 2701)). (1.26)

It is important to recognize that the two firms located in the countries forming the pair still act
independently of each other in the third stage of the coalition formation game. Given the imposed

restrictions on the parameters of the model, local production x;;* (C X ) € R} *and exports x; i (C X ),

xy"(CK) € R}, for i, j, k where i # j, k.

The pair collectively decides to tax the production of the polluting good at a rate that maximizes

e k k k
their joint welfare, where W;;°F = W;°F + W;°P.
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The pair’s joint welfare optimization problem® (1.10) can be written as follows:

[ %(Qiz(tij) + sz(tij)) —(Bi+B)) (Xi(fij) +X;(ty) + Xk(tij)) |
I’IESX Wijcg = IT%SX (OL - Ql(tll)) (xfi(tij) + x]f"i(tij)) + ((X - Q](tl])) (Xl*](tl]) + x;j(tij)) (127)
+(o = Que(tis) = Triy) (xfk(tij) + xj*k(tij)) + Tijk (xii(tij)+x2j(tij))
The first order condition of the welfare optimization problem (1.27) yields the following upward

sloping best response function:
1
tij(te) = 75 (—Ba +6(B;+B;) +tf + (5T, — 3rl-j)). (1.28)

A pair member exhibits a positive upward sloping best response function implying a cooperative
response towards the outsider, while the latter is behaving noncooperatively as a singleton. A
higher emissions tax rate levied on the firm operating in the noncooperative country, country k in
this case, increases its costs and reduces its competitiveness. Hence, it prompts pair members to
increase the emissions taxes levied in their own countries, leading to more stringent environmental

regulations despite the singleton’s noncooperative behavior.

The pair members equilibrium tax rate is expressed as follows, for i, j, k where i # j, k:
. 1
5(CK) = = (102(8; + B;) + 12, — 60a — 557;; + 977y + 674)).  (1.29)

The positive best response function indicates that the pair’s equilibrium emissions tax is positively
related to its own damage parameters, as well as to the outsider’s parameter. Like members of the

grand coalition, countries within the pair impose a positive emissions tax when the market size,
captured by a, is sufficiently small, Va < 61—0(102([31- + ﬁj) + 12B) + 9775 + 6Ty ;5 — 551'ij),

and they can opt for a subsidy when the market is sufficiently larger, due to the Cournot dynamics.

¢ Country i’s optimization problem as a pair member in the partial coalition structure is detailed in Appendix D1.
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Changes in import tariffs are twofold. Firstly, import tariffs among pair members, t; j(C }f), are
indirectly related to their emissions tax. Similar to the grand coalition, this inverse relationship
between emissions taxes and tariffs is due to the cooperation among countries within the pair. It
follows that aggregate production Y; X; (C ,’)‘) under the partial coalition structure is independent
of the exogenous tariff rate t; j(C ,L‘), as changes in tariffs are offset by changes in emissions tax
rates. Secondly, the emissions tax rate is positively related to the tariff imposed by the pair on the
outsider, 7;; (C XY, and that imposed by the outsider on imports from the pair, Ty, (C %Y. In this
partially cooperative scenario, lower tariffs among the pair and the outsider will decrease the pair’s
emissions tax, potentially leading to laxer environmental regulations.

A pair member’s production, consumption, and welfare equations are detailed in Appendix D1.

1.3.3.2 The Partial Coalition’s Outsider
Given pair members’ emissions tax rate t;; (C ,’f) and tariffs ; j(C }f) and 7;; (C }f), the equilibrium
quantities produced by the firm in country k (the outsider to the pair), expressed in Equations (1.8)

and (1.9), can be reduced as follows, for i, j, k where i # j, k:

R * 1
Xki (C}’)‘) = xkj (C{f) = Z(O(. - 3t]€ + Ztl] - (3Tij,k - TU)) (131)
The constraints imposed on the parameters ensure that x,*(C¥) € R and x,;*(CF) € R}, for
i,j,k wherei # j, k.

The outsider to a pair behaves noncooperatively and its optimization problem’ (1.10) is as follows:

k

[ 2 Q) = Bie (X)) + X, () + X, (D)) ]
n}gx W;(cp = H;%X| +Tk,ij ((x;k(tlf)'i'xfk(tl}c) ) + (o0 — Qi (tR))xier (eF | (1.32)
|+(a = QD) = Ty )% (6) + (0 = Q;(&]) — T ) %y ()]

7 Country k’s optimization problem as an outsider in the partial coalition structure is detailed in Appendix D1.
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The first order condition of the welfare maximization problem (1.32) yields the following

downward sloping best response function:
1
t’};(tl]) = E (12[3]( —9a — 10tl] - 4'Tl'j + (12'[1’]"]{ + 6Tk,ij))' (133)
Unlike the pair, the outsider has a downward sloping best response function.

The outsider’s equilibrium emissions tax rate, for i, j, k where i # j, k, is as follows:
« 1
tkP(C[If) = 1_8(12ﬁk - 6(31 + ﬁj) —6a + (6Tk,ij + 7Tl'j,k) - Tij)' (134)

The outsider’s equilibrium tax rate is positively related to its own environmental damage parameter
and negatively related to those of the pair, as it free rides on the environmental benefits provided
by them. With exogenous positive tariffs in place, numerical simulations indicate that the outsider

subsidizes the production of the polluting good.

Furthermore, higher tariffs between the outsider and the pair, allow for higher environmental taxes
in the outsider country. Conversely, a higher tariff rate among countries within the pair, t; j(C X ),

which reduces the trade between them, lowers the outsider’s environmental tax rate.

The outsider’s production, consumption, and welfare equations are detailed in Appendix D1.
1.4 Results

Having examined all possible equilibria, the aim is to identify which cooperative scenarios will
emerge in a stable environmental coalition and to capture the effect of environmental damage
heterogeneity on the stability of these coalitions. Due to the complexities of the equations, the
analysis had to rely on numerical simulations, which are subject to certain parameters restrictions.

The analytical and simulation results are summarized in the following two subsections.
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1.4.1 Analytical Results

Proposition 1.4.1.1: Compared to the singleton and the partial coalition structures, the grand
coalition can yield environmental benefits in terms of lower global emissions when exogenous

tariff rates are sufficiently low.
The complete proof of Proposition 1.4.1.1 is delineated to Appendix GI.

Let X(Cyc), X(Cg), X(CK), represent global production under the singletons Cyc, the grand

coalition Cg, and the partial coalition C¥, respectively. These production levels are, respectively:

X(Cne) = TiXi(Cne) = 5(27a— 3%, B, — 4 %% 74) (1.35)
X(Cg) =X X; (Ce) =3(a— 2 By) (1.36)
X(CI{-.() = ZiXi (Cg) = %(156‘(— BZi,Bi — 4(Tk,ij + 2Tij,k))' (137)

Using (1.35) and (1.36), the collective environmental gains provided by the grand coalition in

comparison to the singleton structure are as follows:
4
X(Cn¢) — X(Cg) =;(6Ziﬁi — i %Ti)- (1.38)

Equation (1.38) clearly indicates that the grand coalition provides environmental gains, when

Xi2jTij < 6X;p; fori,j, k where i # j, k. This holds true at various degrees of environmental

damage heterogeneity, and these gains improve as global damage, }:; ;, becomes more significant.

Using (1.36) and (1.37), the collective environmental gains provided by the grand coalition in

comparison to the partial coalition C¥, and by symmetry for C [{ and Ct, are as follows:

X(CE) = X(Ce) = 2 (358 — (2ijuc + Teiy))- (1.39)
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Equation (1.39) demonstrates that the grand coalition results in lower global production in

comparison to the partial coalition CX, when (ZTl-j_k + ‘rk’ij) < 3);PB; fori,j, k wherei # j, k.

Notably, these environmental benefits in terms of lower emissions are directly tied to global
environmental damage, as captured here by Y; B;. Tariffs act as the effective marginal costs on
exports, reducing global production under the singleton and the partial coalition structures, as
shown by Equations (1.35) and (1.37). Lower import tariffs will lead to more output under these

coalitions, and therefore, more significant environmental gains under the grand coalition compared

to the other structures. This finding aligns with Baksi and Chaudhury (2017), who demonstrated

that trade liberalization generates more significant environmental gains from cooperation.

Proposition 1.4.1.2: In a free trade setting, the grand coalition is stable only in the homogeneous

benchmark case and some scenarios with sufficiently low degrees of heterogeneity.

The complete proof of Proposition 1.4.1.2 is delineated to Appendix H1.

Let W;(C;) — Wi(C{;) be country i’s individual welfare gains as a member of the grand coalition
in comparison to behaving as an outsider to a pair within the partial coalition structure. Given the
stability conditions (1.13) and (1.14), the grand coalition is externally stable by default, and

internally stable if W;(C¢) — Wi(C{;) >0, for i, j, k where i # j, k.

In a free trade setting, these individual welfare gains are as follows, for i, , k where i # j, k:

3

Wi(Co) - Wi(Ch) = = |2 (186, = 7(B; + Bi) )| (1.40)

Given the heterogeneity assumption, where g; > B; > By > 0, it is evident from Equation (1.40)

that members of the grand coalition do not benefit equally from the fully cooperative agreement.

Country i consistently favors the grand coalition, whereas countries j and k, would only favor the
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fully cooperative agreement, when the degree of heterogeneity is sufficiently low®. With free trade,
the stability of the grand coalition requires that 5; > 17—8 (,Bj + ,Bk) where g; > B > B > 0, for
i,j,k wherei # j, k.

This finding aligns with Cavagnac and Cheikbossian (2017), who found that a global coalition

within a free trade framework is less likely to form as a stable equilibrium when there is significant

asymmetry in country sizes.

In the homogeneous case, where B; = B; = By = B > 0, Equation (1.40) is reduced to, for i, j, k:

Wi(C) — Wi(cs) = (46 (141)

Equation (1.41) clearly indicates that the grand coalition is unambiguously stable at any value of
the marginal environmental damage f, since W;(C;) — W; > 0, VB > 0. Also, these individual

welfare gains can improve exponentially as the damage parameter j takes a higher value.

Proposition 1.4.1.3: In a free trade setting, the singleton structure is stable only in the

homogeneous benchmark case and some scenarios with sufficiently low degrees of heterogeneity.

The complete proof of Proposition 1.4.1.3 is delineated to Appendix I1.

Let W;(Cyc) — Wi(C; ) be country i’s individual welfare gains when behaving as a singleton in
comparison to forming a pair with country k within the partial coalition Cé'. Given the stability
conditions (1.13) and (1.14), the singleton k is internally stable by default, and externally stable,

if W;(Cye) — Wi(sz) = 0 and W;(Cyc) — VI/}(C,Q) > 0, and by symmetry for singletons i and j.

8 For instance, (B;, Bj, Bi) = (0.50,0.34,0.33) and (B;, B;, i) = (0.39,0.33,0.28), both satisfy Equation (1.40).
These sets correspond to a level of heterogeneity, with values of 21% and 16.4%, respectively, as measured by

(Bi — Br)/ (Bi + Br)-
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In a free trade setting, these individual welfare gains, for i, j, k where i # j, k, are expressed as:

Wi(Cye) = Wi(Ch) = ——=X: B: [(2478, — 2398.) + 4B;]. (1.42)

2x3%4x5
In the presence of heterogeneity, where ; > B; > B) > 0, the stability of the singleton structure
requires that 239, < (247,Bk + 4,8]-), for i,j, k where i # j, k. This condition represents a range

of parameters’ that corresponds to very low degrees of environmental damage heterogeneity.

Alternatively, in the homogeneous benchmark case, where B; = B; = By = B > 0, Equation
(1.42), can be reduced as follows, for i, j, k:

2 52
32><5ﬁ . (1.43)

W;(Cne) = Wi(CJ) =
Equation (1.43) indicates that in a free trade setting, the singleton structure is unambiguously stable
in the homogeneous case at any value of marginal environmental damage £, where § > 0.

Proposition 1.4.1.4: In a free trade setting, there isn’t a range of parameters where the partial

coalition structure is stable.
The complete proof of Proposition 1.4.1.4 is delineated to Appendix J1.

Let Wi(Cé) — W;(C;) be country i’s welfare gains as an outsider to a pair in the partial coalition
ng in comparison to being a member of the grand coalition. Given the stability condition (1.14),
the partial coalition C}, is externally stable, if W;(C}) — W;(C;) = 0, and by symmetry for C; and

Cz’,‘. With free trade, these welfare gains are expressed as follows, for i, j, k where i # j, k:

Wi(Ch) = Wi(Co) = = X B: (7(B; + Bic) — 185:). (1.44)

? For instance, (B;, B, Bi) = (0.50,0.49,0.48) and (B;, B;, B ) = (0.342,0.33, 0.328), both satisfy Equation (1.42).
Both sets of values correspond to a level of heterogeneity, as measured by (8; — Bx)/(B; + Bx), equivalent to 2%.

35



In the presence of heterogeneity, where B; > B; > ), > 0, Equation (1.44) indicates that the
partial coalition C} is externally unstable, since Wi(CIS) —W;i(C) <0,V B; > B;j > By > 0. For

the partial coalitions CI{ and sz, their external stability requires, respectively, f; < % Bi + Br)
7
and B, < 1—8(&- + ﬁj), where ; > B; > By > 0.

Let Wi(Cg) — W;(Cyc) be country i’s welfare gains when forming a pair with country j, in
comparison to behaving as a singleton. Given the stability condition (1.13), the partial coalition
Cy is internally stable, if Wi(Cz’,‘) — W;(Cy¢) = 0 and WJ(C{,‘) — W;(Cyc¢) = 0. With free trade,

these individual welfare gains are expressed as follows, for i, j, k where i # j, k:

Wi(CK) = WiCue) = iz i (2398 — 2476;) — 45, (1.45)

2x34x5

When B; > B; > B > 0, Equation (1.45) demonstrates that all partial coalition arrangements, C. L
CZ{ and Cz’; , are internally unstable. Country k, is consistently better off as a singleton in C}, since
Wy, (Cz‘;) — Wi (Cne) <0, VO < By < B; < p;. It also favors the singleton structure to c’, since
Wk(Cé.) — Wi (Cyne) < 0,V0 < By < Bj < B;. For CX, country j will deviate from the pair, since
W;(CF) = W;(Cye) < 0,V0 < By < B; < Bi.

Hence, in the presence of heterogeneity, the partial coalition is internally and externally unstable.
Additionally, in the homogeneous case, where B; = B; = By = B >0, the partial coalition
remains internally and externally unstable, as Equations (1.44) and (1.45) are negative, Vf > 0.

Proposition 1.4.1.5: In a free trade setting, a member of the grand coalition can be individually

better off than when it behaves noncooperatively as a singleton.

The complete proof of Proposition 1.4.1.5 is delineated to Appendix K1.1.
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Let W;(C;) — W;(Cyc) be country i’s individual welfare gains as a member of the grand coalition

in comparison to a singleton. With free trade, these welfare gains are, for i, j, k where i # j, k:
Wi(Co) = Wi(Cno) = 5 % i (97 — 49B;) + (976 — 496))  (1.46)
Equation (1.46) demonstrates that country i, having the highest environmental damage parameter,
consistently benefits from the fully cooperative agreement, with its welfare gains improving when
the degree of heterogeneity rises. Though, given the heterogeneity assumption, g; > B; > By > 0,
members of the grand coalition do not benefit equally from the fully cooperative agreement.
Country j would only be better off under the grand coalition, when 194f ;> 49(B B k), and

country k, when 1948, > 49 (B, +8,), ¥ B > B; > fi > 0.

In the homogeneous case, where B; = B; = B = B > 0, Equation (1.46) is reduced to, for i, , k:

W) — Wi () =2 (8) (1.47)
Equation (1.47) indicates that any country is always individually better off within the grand
coalition in comparison to behaving as a singleton, since W;(C;) — W;(Cyc) > 0, VB > 0, and
these welfare gains can significantly improve as the damage parameter f takes a higher value.

Proposition 1.4.1.6: In a free trade setting, a member of the grand coalition is not always

individually better off than when forming a pair in the partial coalition structure.

The complete proof of Proposition 1.4.1.6 is delineated to Appendix K1.2.

Let W;(Cg) — Wi(Cé‘) be country i’s individual welfare gains as a member of the grand coalition
in comparison to forming a pair with country j in the partial coalition C,’,‘ . In a free trade setting,

these individual welfare gains are expressed as follows, for i, j, k where i # J, k:
3
Wi(Co) - Wi(ck) =236 ((78: - B;) — 2Bv.). (148)
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Since B; > B; > Py > 0, Equation (1.48) indicates that these welfare gains are unambiguously
positive, when f; > %(ﬁj + Zﬁk), fori,j, k where i # j, k. It is also evident that country i, with
the highest environmental damage parameter f3;, consistently favors the grand coalition, since
W;(C¢) — Wi(Cz’f) >0, VB; > B;j > Br > 0.However, countries j and k may, depending on the

degree of heterogeneity, favor the partial cooperative agreement to the fully cooperative one.

Alternatively, when B; = B; = By = B > 0, Equation (1.48) can be reduced as follows, for i, J k:

18

Wi(Co) - Wi(cf) = 247 (1.49)
It is evident from Equation (1.49) that any country is always individually better off within the
grand coalition compared to forming a pair within the partial coalition structure, since, for i, j, k,

Wi (C;) — I/T/l-(Cz’,‘) > 0, VB > 0. Moreover, these welfare gains from the grand coalition can

increase exponentially as the marginal environmental damage parameter f takes a higher value.

Proposition 1.4.1.7: A larger value of the parameter o reinforces the stability of the grand

coalition when punitive tariffs are sufficiently high.

Let W;(Cs) — Wi((,’;) be country i’s individual welfare gains as a member of the grand coalition

in comparison to being an outsider in the partial coalition C;;. Using (1.13) and (1.14), the grand

coalition is externally stable by default, and its internal stability requires W;(C;) — Wi(Cz‘;) >0,

for i, j, k where i # j, k. These welfare gains are expressed as follows, for i, j, k where i # j, k:
54 Ziﬁi (18:81 — 7(,81 + ,Bk)) - 25Tjk(3a’ + Tjk + Ti,jk — 6Tjk,i)

Wi(CG) - Wl(CzlJ) = 41; +6Tl"jk(—25a - 58Bl + 17(ﬁ] + Bk) + 43Ti,jk) (150)
| +75:(225a + 204(B; + Bi) — 696B; — 29370 + Triji) |
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The impact of the value of & on the grand coalition’s internal stability condition is given by:

alwice)-wi(ct 1
[ 0 )] _ 2By — (T + 21,50)]. (1.51)

The grand coalition’s stability can be reinforced by a larger o value, when punitive tariffs are such

a(wica)-wi(ch))

that 7, ; > %(Tjk + ZTi,kj), which guarantee that > 0, for i,j,k where i # j, k.

1.4.2 Simulation Results

In the numerical simulations, the model’s parameters are constrained to ensure several conditions.
First, the restrictions ensure an active market by setting any marginal environmental damage
parameter to be less than the maximal marginal utility of good X, denoted by the parameter o,

such thato > 3, > ,Bj > p, > 0.Second, the restrictions maintain the market structure throughout

the game and ensure a positive interior solution by restricting local production in any country to
be strictly positive and requiring exports to be positive. Third, the constrained parameters set an
upper bound on non-negative import tariffs to guarantee positive trade flows among countries. The
parameters chosen in the numerical simulations adhere precisely to these restrictions'?.

Given the stability conditions defined in Equations (1.13) and (1.14), the numerical simulations
demonstrate that the grand coalition remains stable across various degrees of environmental
damage heterogeneity and levels and structures of exogenous import tariffs. However, the stability
of the grand coalition becomes more fragile and increasingly sensitive to exogenous tariffs as the
degree of heterogeneity increases. At high degrees of heterogeneity, when punitive tariffs are
sufficiently low, the grand coalition can give way to the partial coalition arrangement Cz',‘ . While,
at sufficiently low levels or in the absence of such punitive tariffs, the singleton structure can

become stable at various degrees of heterogeneity.

10 The most restrictive conditions on the model’s parameters are summarized in Appendix E1.
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Remark 1.4.2.1: There exists a range of parameters where the grand coalition is stable in the
homogeneous benchmark case and at different levels of environmental damage heterogeneity.
The numerical simulation of the model reveals that the grand coalition is stable across varying
degrees of environmental damage heterogeneity. It also confirms that the grand coalition remains
stable at various levels of exogenous tariffs and different tariff structures. Nevertheless, at high
levels of heterogeneity, the stability of the grand coalition becomes more fragile and increasingly
sensitive to the underlying exogenous tariff structure. A higher punitive tariff on the outsider in a
partial coalition consistently reinforce the stability of the grand coalition and extends the range of
parameters where it is stable.

Let (B; —Br)/(B; + Br) be a measure of heterogeneity, where B; denotes the marginal
environmental damage incurred by the country that suffers the most, and S denotes the marginal
environmental damage incurred by the country experiencing the least damage. The numerical

simulations indicate that the grand coalition is stable over a wide range'! of heterogeneity, where
0<(Bi—B)/(Bi+B) <1

Let W;(Cg) — Wi(C;;) be the individual welfare gains achieved by country i for being a member
of the grand coalition in comparison to being an outsider to a pair within the partial coalition Cg.
Given the stability conditions (1.13) and (1.14), the grand coalition is externally stable by default,
and internally stable & W;(C;) — Wi(Cr‘;) >0, for i,j, k where i # j, k.

These individual welfare gains are given by the following expression, for i, j, k where i # j, k:

Wi(Co) - Wi(Ch) = = (5428 (186 — 7(B; + Bi) ) — u(Ci) - (152)

' The upper bound of this range is very sensitive to the assumed parameters values in the simulations, in particular,
the o value and the underlying exogenous tariff structure. This upper bound is based on the following assumptions:
YiBi =1, a =350, and the following exogenous tariff structure, for i, j, k where i # j, k: t7;(C;) = 0,

7;,;(Cne) = % (3Bi — 2B + By + @), 7 (CY) = %Avg(Ti,j'Tj,i)f T (CF) = EAVQ(Ti,k:Tj,k): T1,ij(CF) = Avg(Tii, T j)-
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where Qi(Cé) captures the exogenous tariff structure of the partial coalition CJ, and is given by:

25Tjk(3a + Tjk + Ti,jk) + 6Ti’jk(25a + 58,31 — 17(18] + Bk) — 43Ti,jk)

Q,(ch) = . (1.53
l( P) +Tjk,i(_225a - 204‘(,8] + ﬁk) + 696181 - 150T]k + 293Tjk,i - 7Ti,jk) ( )

Given the heterogeneity assumption, where f; > ; > B > 0, members of the grand coalition do
not benefit equally from the fully cooperative agreement. Assuming & = 3.5),; 5; and X}; 5; = 1,
Figure 1.1 depicts the individual welfare gains derived by countries i, j, k from joining the grand
coalition at varying levels of environmental damage heterogeneity. In this scenario, f; takes a
higher value, fB; has the same value, and Sy takes a lower value, drifting further away from f; and

B;, leading to an increasing degree of heterogeneity, while maintaining }; §; = 1.

Figure 1.1 shows that country i enjoys greater welfare gains, while country k derives smaller
welfare gains as the degree of heterogeneity increases. The lower production resulting from the
grand coalition significantly reduces country i’s environmental damage, consequently boosting its
net consumer surplus as f; takes a higher value. These improvements, coupled with higher pre-
tax profits, outweigh the reduction in tariff revenues brought about by the grand coalition and lead

to increasing welfare gains for country i.

Figure 1.1: Grand Coalition Stability - Varied Heterogeneity and High Punitive Tariffs
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By contrast, country k has weaker incentives to join the grand coalition. As £, takes a lower value,
the welfare gains from reduced production and subsequent lower environmental damage diminish,

resulting in a decreased net consumer surplus and less significant improvements in its welfare.

The magnitude of the punitive tariff on the outsider in the partial coalition structure plays a critical
role in determining coalitional stability. The numerical simulations demonstrate that when such
punitive tariffs are relatively low, the grand coalition can become unstable at high degrees of
heterogeneity, and instead the partial coalition arrangement Cz’,‘ becomes stable, where countries i

and j coordinate their environmental and trade policies, and country k behaves as a singleton.

Figure 1.2 depicts Equation (1.52) for countries i, j and k under the same conditions as Figure 1.1,
except the values of the punitive tariffs'? imposed on outsiders are lower. It is evident from Figure
1.2 that the grand coalition is stable at various degrees of heterogeneity up to 60%, while at higher

levels, country k no longer favors the fully cooperative scenario.

Figure 1.2: Grand Coalition Stability - Varied Heterogeneity and Low Punitive Tariffs
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12 Figure 1.2 assumes Y; f; = 1, a. = 3.5); B;, and the exogenous tariff structure, for i,j, k and i # j: 75(Cg) = 0,
1 1 12
73, (Cne) = 1z (381 — 2B + Bie + @), 74 (CF) = 15 Avg(7i,jo 7). Tijk (C5) = 15 Av9 (Tik Tjk)s Thoij (CF) = Avg(Thoi T )
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For country k, the lower punitive tariff reduces the cost of deviation from the grand coalition. As
an outsider, country k benefits from increased production and consumption, leading to a higher
net consumer surplus. This improvement, along with additional tariff revenues, outweighs the
losses in pre-tax profits, resulting in welfare gains. For both countries i and j, their welfare
improvements as a pair are mainly driven by higher pre-tax profits compared to behaving

noncooperatively as singletons.

For the assumed tariff structure and set of parameters, these results remain consistent for any

Ti,k"'Tj,k

punitive tariff 7;;,(Cy), where 7;;,(CF) > %( .

). Moreover, when punitive tariffs are

sufficiently high, the grand coalition’s stability can be reinforced by a larger a value as indicated

by Proposition 1.4.1.7. These results are robust to changes in exogenous tariff levels and structures,
changes in a values, where a > 61—0[66 (,Bl. + ﬂ]) —24p, —251; + (311'l-j,k + 78rk,ij)], and

when relaxing the }; ; = 1 assumption!3,

Remark 1.4.2.2 There exists a range of parameters where the partial coalition Cz’,c is stable at

sufficiently high levels of environmental damage heterogeneity.

The numerical simulations of the model reveal that the partial coalition CI',‘ can be stable at
sufficiently high degrees of environmental damage heterogeneity. Given the stability conditions
(1.13) and (1.14), the partial coalition Czi‘ is externally stable & Wk(Cz’,‘) — W,(Cs) =0, and

internally stable & Wi(Cl’,‘) — W;(Cy¢) = 0, for i, j where i # j.

13 When ¥'i B; is increasing compared to when Y,; 8; = 1, keeping a constant to explore the effect of heterogeneity
restricts the range of parameters that satisfy all the constraints imposed on the model’s parameters, as outlined in
Appendix El. Nevertheless, the grand coalition remains stable over some range of heterogeneity. The simulation
results for the case where Y ; 8; increases are presented in Appendix L1.
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Using (1.52), country k’s individual welfare gains from behaving as an outsider to the pair formed
by i and j, in comparison to joining the grand coalition, are given by the following expression:

1

Wie(CX) = Wi (Ce) = 3rmzs [ (€K — 5428 (188 — 7(B: + )| (1.54)

where Qk(C{)‘) captures the exogenous tariff structure of the partial coalition CZQ‘ and is outlined in
Equation (1.53).

For a member within the pair, the welfare gains from the partial coalition in comparison to
behaving as a singleton, are expressed as follows, for i, j where i # j:

1
25x36x5

wi(CK) = Wi(Cye) = 144 % 5, (2398, — 247; — 4p;.) + (819:(CE) — 52(Cwc) )], (1.55)

where Qi(C{,‘) and Q;(Cyc) capture the underlying exogenous tariff structure of the partial
coalition’s pair and the singleton, respectively, and are detailed in Appendix F1.
Figure 1.3 depicts Equations (1.54) for country k and (1.55) for countries i and j, under the same

conditions as Figure 1.2, thatis, @ = 3.5),; f;, 2.; fi = 1, and the same exogenous tariff structure.

Figure 1.3: Partial Coalition Stability - Varied Heterogeneity and Low Punitive Tariffs
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It is evident from Figure 1.3, that the partial coalition Cz’,‘ is stable at degrees of heterogeneity above

60%. As an outsider to the pair, country k benefits from increased production and consumption,
which lead to a higher net consumer surplus and greater tariff revenues. These improvements
surpass the losses in pre-tax profits, resulting in welfare gains as £, takes a lower value. Due to
their cooperation, countries i and j experience welfare improvements as a pair, mainly driven by

higher pre-tax profits compared to behaving non-cooperatively as singletons.

While there exists a range of parameters where the partial coalition CZ',‘ is stable at sufficiently high

levels of heterogeneity, this range depends heavily on the assumed value of the parameters and the
underlying exogenous tariff structure, in particular the magnitude of the punitive tariff enforced

on the partial coalition’s outsider. For the assumed tariff structure and parameters, these results

. . .- . k i TiktTjk k 1_5 TiktTjk
remain consistent for any punitive tariff 7;; ; (C]D ), where 0 (—2 < Tijk (Cp ) <L =)

Additionally, the numerical simulations indicate that the external stability of the partial coalition
C,’,‘ is reinforced when the punitive tariff on the outsider decreases, reducing its cost of deviation,

and when the tariff imposed by the outsider on the pair increases, improving its tariff revenues.

These results remain consistent when modifying exogenous tariff levels and structures, when
varying o values, where a > % [66 (ﬂi + ﬂj) —24p, — 257 + (3lrij,k + 78Tk,ij)], and when
relaxing the assumption'* of }; B; = 1.

It should be noted that C,’,‘ is the only partial coalition arrangement that is stable under specific
conditions, while Cz{ and Czi are externally unstable. The numerical simulations did not reveal any

range of parameters where C; and C;; are stable.

14 The simulation results for the case where ¥; B; increases are presented in Appendix L1.
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Remark 1.4.2.3 In the absence of punitive tariffs or at sufficiently low levels, there exists a range
of parameters where the singleton structure is stable in both the homogeneous benchmark case

and at various levels of environmental damage heterogeneity.

Given the stability conditions (1.13) and (1.14), the singleton structure is internally stable by
default, and externally stable & W;(Cy¢) — Wi(C{,‘) > 0 and W, (Cy¢) — Wk(ng) >0, fori,J, k,

where i # j, k.

For the singleton i, and by symmetry for the singletons j and k, the welfare gains from behaving
noncooperatively in comparison to forming a pair, are as follows, for i, j, k, where i # j, k:

1

Wi(Cne) = Wi(CF) = 5[ (50u(Cue) — 819:(ch)) — 144 2,5 ((2396; — 2478;) - 4B, ). (1.56)

where Q;(Cy.) and Qi(C{,‘ ) capture the underlying exogenous tariff structure of the singleton and

the partial coalition’s pair, respectively, and are detailed in Appendix F1.

Figure 1. 45, with its three panels (a), (b), and (c), depicts the stability conditions of singletons i,
J, and k, respectively, while @ = 3.5 8;, ¥; f; = 1, and 75, (C¥) = 7;;(Ck), for i, j, k, where
i # j, k. In the absence of punitive tariffs, Figure 1.4 demonstrates that the singleton structure is

stable in the homogeneous benchmark case and at different degrees of heterogeneity.

At high levels of heterogeneity, in the absence of or with sufficiently low punitive tariffs on
country k, the partial coalition C,f becomes internally unstable, leading to a stable singleton
structure. Countries { and j are net importers under C, since Q;(C}) — X;(C}) > 0, for i, j where

i # j. Lower tariff revenues, coupled with lower production and pre-tax profits within the pair,

15 Figure 1.4 assumes Y; B; = 1, a = 3.5Y; B;, and the following exogenous tariff structure, for i, j, k where i # j, k:
1 1
73 (Cne) = 75 (3B — 2B + Bi + @), 7 (CF ) = T (CF) = 75 Avg(vi . 71), T (CF) = Avg(Thein T 1)-
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destabilize the partial cooperative agreement C;f. While, at low levels of heterogeneity, sufficiently
low punitive tariffs can destabilize the grand coalition, leading to a stable singleton structure.

Figure 1.4a: Stability of Singleton i - Varied Heterogeneity
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Figure 1.4b: Stability of Singleton j - Varied Heterogeneity

Wi(Cnc) — Wi(Cpk) BWk(Cnc) — Wk(Cpi)

0.5
0 | [ ] | [ | | | m m [ - - - - —_ — — _ _ _
-0.5
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 99
Environmental Damage Heterogeneity 100[(Bi — Bk)/(Bit+pk)]%
Figure 1.4¢: Stability of Singleton & - Varied Heterogeneity
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As singletons, all three countries benefit from larger production leading to improved pre-tax
profits, which coupled with increased tariff revenues, surpass losses in net consumer surplus. This
leads to significant welfare gains and a stable singleton structure at various levels heterogeneity.
However, when punitive tariffs on outsiders are gradually increased, the range over which the

singleton structure is stable contracts. For the assumed exogenous tariff structure and parameters,

Ti,k'l'Tj,k

the singleton structure remains stable, where t; j(C,’,‘) <T j,k(Cz’f) < %( >

) for i, j, k, where

i # J, k. These findings remain consistent when modifying exogenous tariffs, varying o values,
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1 .
where a > = [66 (,Bi + ﬂj) —24p, —257; + (311'1-]-’,( + 78Tk,ij)], and in the case where ); 3;
increases!¢.

Remark 1.4.2.4: Members of the grand coalition can be better off individually and collectively in

comparison to the singleton structure, across various heterogeneity levels.
Let W;(C;) — W;(Cyc) be country i ’s individual welfare gains as a member of the grand coalition
in comparison to behaving as a singleton. These welfare gains are, for i, j, k where i # j, k:

1

Wi(Ce) = WiCne) = 370288 X1 6; (1948, — 49(B; + i) ) - auCue)|.  (1.57)

where Q;(Cy¢)?7 captures the singleton’s underlying exogenous tariff structure.

Assuming @ = 3.5)}; B; and )}; §; = 1, the model’s numerical simulations demonstrate that these
individual welfare gains can be positive across various levels of heterogeneity. It is evident from
Figure 1.5'8, that country i achieves the most significant welfare gains, while country k, with the

lowest damage parameter, experiences the least substantial welfare gains. In this scenario, the
grand coalition imposes a positive emissions tax rate, where t;(C;) = %(4 YiBi—a)>0,
resulting in lower global production and, hence, lower global emissions.

The reduction in production levels within the grand coalition notably elevates prices across all
markets. When combined with lower tariffs, the firm operating in country i observes an increase

in pre-tax profits. These gains exceed any reductions in tariff revenues and net consumer surplus,

ultimately contributing to an improvement in country i’s overall welfare.

16 The simulation results for the case where Y; ; increases are presented in Appendix L1.
170, (Cyc) is expressed in detail in Appendix F1.

18 In Figure 15, a=3.5 Ziﬁi' Ziﬁi =1, Tg(CG) =0, Ti,j(CNC) = %5(3[;,' - ZBJ + Bk + Of), TU(CII;) = %Avg(ri‘j,‘[j,i),
Tijlk(cg) = %sAvg(Ti,vaj,k)r Tk,ij (C{f) = Avg(‘[k,iv‘[k,j)' for i,j,k where i # ],k
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Figure 1.5: Individual Welfare Gains: Comparing the Grand Coalition to the Singleton
Structure - Varied Heterogeneity
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By contrast, countries j and k do not experience the same benefits over the same range of
heterogeneity. Country k, for instance, experiences modest welfare gains at sufficiently low
degrees of heterogeneity, and welfare losses when the degree of heterogeneity surpasses 42%. In
such cases, the losses primarily stem from reductions in net consumer surplus and government
tariff revenues induced by the grand coalition, outweighing the increase in pre-tax profits. As
heterogeneity increases, the reductions in net consumer surplus become more significant, as S}

takes a lower value.

In this scenario, country i emerges as the primary beneficiary of the grand coalition due to its

highest environmental damage parameter. These results are consistent when varying the values of
the parameter o, where a > % (66 (ﬁl. + ﬁ]) —24p, — 257 + (3111-]-,,{ + 781,(,1-]-)), and when

modifying exogenous tariff levels and structures. They also remain valid in the case where );; 5;

increases!® in comparison to where Y; B; is held constant and normalized to 1.

19 The simulation results for the case where }; f; increases are presented in Appendix L1.
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In comparison, while examining the homogeneous benchmark case, where f; = B; = B = p,

equation (1.57) can be reduced as follows, for i, j, k where i # j, k:
- - VZioa a2
Wi(Ce) = Wi(Cne) = 5= (36 — ) (1.58)

These individual welfare gains are unequivocally positive for any member of the grand coalition,

increasing when the damage parameter 3 takes a higher value and as exogenous tariffs decrease.

The collective welfare gains from the grand coalition compared to the singletons are expressed as:

9628, (XiB: —32%:X;7i)

) +(Ti,j + Ti,k) (418('1'1,] + Ti,k) + 175(1']',1' + Tj,k + Tk,i + Tk,j))

W(C;) —W(C =
( G) ( NC) 25x3% +(Tj,i + Tj,k) (418('[]’1 + Tj,k) + 175(1’1’_]’ + Ti,k + Tk,i + Tk,j))

. (1.59)

_+(Tk,i + Tk,j) (4‘18('[](‘1' + Tk,j) + 175('[1"]' + Tik + Tj,i + Tj,k))_

The numerical simulations confirm that these welfare gains are strictly positive across alternative

exogenous tariff structures.

Remark 1.4.2.5: 4 member of the grand coalition is not always individually better off than when

forming a pair in the partial coalition structure.

Let W;(Cg) — Wl-(C;‘) be country i’s welfare gains as a member of the grand coalition in
comparison to forming a pair with country j in the partial coalition Cl'f. These individual welfare
gains are given by the following expression, for i, j, k where i # j, k:

1

Wi(Co) - Wi(ck) = =432 %5, (76: - B;) — 26:) — (). (1.60)

where Qi(C,’,‘)ZO captures the exogenous tariff structure underlying the partial coalition structure.

20.0,;(Ck) is expressed in detail in Appendix F1.
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Assuming @ = 3.5Y; B; and }; B; = 1, Figure 1.6%! depicts Equation (1.60) for countries i and j.

It indicates that country i, with the highest environmental damage parameter, consistently achieves
higher welfare gains than country j, and these gains are positive over a wide range of heterogeneity.
The numerical simulations consistently indicate a positive value for the term (; (C{,‘ ) This suggests

that countries would see overall welfare improvements by joining the grand coalition with trade

liberalization.

Figure 1.6: Individual Welfare Gains: Comparing the Grand Coalition to the Partial
Coalition Structure - Varied Heterogeneity
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In this scenario, t;(Cg) = §(4 2iBi —a) > 0, and the grand coalition generates environmental

gains compared to the partial coalition Cz’,‘. Country i experiences higher pre-tax profits, along with
improvements in net consumer surplus with higher values of f;, leading to increasing welfare
gains. In contrast, country j experiences increasing welfare losses over the same range of
heterogeneity, except in the homogeneous case. Initially, country j benefits from higher profits as

the grand coalition reduces production. However, as f§; takes a higher value and B; stays the same,

2 Figure 1.6 assumes the following exogenous tariff structure, for i, j, k where i # j, k: 15(C) = 0
1 1 15
73,/ (Cne) = 15 (3B — 2B + B + @), 1ij = 5 Avg (i), Tji), Tijke = 10 AVI(Tiger Tik)s Thoij = AV (Thoio Tho j)-
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the welfare gains from reduced production and subsequent higher profits fall short of the losses in
net consumer surplus and tariff revenues caused by the grand coalition, resulting in welfare losses.
Having the highest marginal environmental damage parameter, country i stands out as the main

beneficiary of the grand coalition.

These results are robust to changes in exogenous import tariffs, changes in the values of a, where
a= %(66 (ﬂi + ,Bj) —24p, — 257 + (31Tij,k + 78Tk,ij)), and when assuming that all three
marginal environmental damage parameters take higher values?? with rising heterogeneity.

Let W(C;) — W(C{,‘) be the collective welfare gains experienced by members the grand coalition

in comparison to the partial coalition structure C¥; these gains are expressed as follows:

1152(%; £1)? — 41,,;(192 %, B; — 1037, — 5771 ;;
W(Cg) . W(Czlf) _ L (ZL,BL) k,l]( Zlﬁl ij,k k,l]) ' (161)
1200 _251’-1']' (4Tk,ij - 2Tij,k — Tl'j) - 3Tij,k(512 Ziﬂi - 179Tij,k)

While the individual impacts of these exogenous tariffs are not straightforward on collective gains,
the numerical simulations reveal that these gains are diminished by bilateral tariffs, emphasizing
the importance of trade liberalization for members of the grand coalition to benefit fully from

cooperation.
1.5 Conclusion

The current essay, which incorporates exogenous import tariffs, demonstrates the stability of a
fully cooperative equilibrium even when environmental and trade policies are not negotiated
concurrently. Numerical simulations confirm that the grand coalition can be stable across different

levels of exogenous import tariffs and various tariff structures. Considering the model’s parameter

22 The simulation results when assuming Y; f; is increasing as opposed to ¥,; B; = 1, are detailed in Appendix L1.
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restrictions, which maintain the market structure throughout the game and ensure a positive interior
solution with positive trade flows, it is always possible to find a combination of positive tariffs
that leads to a stable grand coalition over a broad range of heterogeneity, even when tariffs are

exogenous and suboptimal.

The main contribution of this essay to the literature lies in demonstrating that the use of positive
tariffs on imports within a segmented market setting, rather than in a global market with free trade
conditions, reduces the free-riding incentives of non-signatories and enhances the stability of the
global agreement. It underscores that the magnitude of punitive tariffs on outsiders in the partial
coalition structure plays a critical role in determining coalitional stability. At high degrees of
heterogeneity, the stability of the grand coalition becomes more fragile and increasingly sensitive
to exogenous tariffs. At high levels of heterogeneity when punitive tariffs are sufficiently low, the
grand coalition can give way to the partial coalition arrangement Cg. Conversely, at sufficiently
lower levels or in the absence of such punitive tariffs, the singleton structure can become stable at

various degrees of heterogeneity.

In the absence of effective enforcement methods, current international environmental agreements
pose a real challenge, and their effectiveness hinges on countries’ willingness to adhere to their
commitments. However, the current essay demonstrates that using preferential market access as a
reward for coalition members and imposing higher tariffs as a penalty on non-signatories can
effectively promote international environmental cooperation among heterogeneous trading
partners. This approach offers a novel perspective on the trade and environment relationship,
typically perceived as one of divergence rather than synergy. It highlights environmental benefits

and overall welfare improvements when trade and environmental policies are pursued in tandem.
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However, the simplified framework of the current model introduces certain limitations.
Specifically, to examine the impact of environmental damage heterogeneity, the model assumes
that all three countries have the same market size, incur identical marginal production costs, and
that each firm can export to the other two foreign markets without any shipping costs. Furthermore,
it assumes that environmental damage is a linear function of aggregate production to make the
model more tractable. These simplifications lay the groundwork for future research inquiries to

explore potential outcomes if any of these assumptions were relaxed.

In summary, countries do not equally experience the consequences of environmental damage, and
they vary in their institutional and individual capacity to adapt to climate change swiftly. However,
given the recent alarming levels of the climate crisis, it becomes imperative to enhance our
environmental policies beyond what is currently implemented. This essay highlights that
coordinating environmental and trade policies can prove to be a valuable strategy in fostering a
stronger international commitment, even amidst the heterogeneity among countries. This
coordination can result in environmental gains, notably in terms of reducing global emissions,

particularly when tariffs are maintained at sufficiently low levels.
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1.6 Appendices

1.6.1 Appendix Al: The Firm’s Optimization Problem

In stage three, firms compete a la Cournot in domestic markets. Each firm independently chooses
its profit-maximizing output rate, considering the policies set by all governments and the output
decisions of foreign firms. The firm’s optimization problem (1.7) is detailed as follows:

((X. - (xii + in + xki) - tl-)xil-
max 7m; = max +((X.—(ij+xij+xkj)_ti _Tj'i)xl'j . (All)

XiiXijXik XiinXij Xik
+(O(. - (xkk + Xik + xjk) - ti - Tk’i)xik

The first order conditions with respect to local production and exports, are, respectively:

om;

%l.i:o:”(a—zxii—xji—xki—ti)=0 (A1.2)
aTL'L' _ N
axij—0:>(a—zxij—ij—xkj—ti—Tj,i)—0 (A13)
om;

Knik =0 = (o — 2x5 — X = Xjk — t; — Ty,i) = 0. (A1.4)

The second order conditions (SOCs) are satisfied, as per the following conditions:

azﬂi < 0 ale'i < 0’ and azﬂ'i azﬂi _ ( azTL'i ) > 0

axiiz > axijz azxii axijz axiiaxij

By symmetry, using (A1.3) and (A1.4), the FOCs with respect to x;; and xy;, are respectively:

om;j

?;izOz(a_zxji_xii_xki_tj_Ti,j)=O (A1.5)
d

o = 0= (= 2006 — x5 — X5 =t = Tyc) = 0. (A1.6)

Using (A1.2), (A1.5), and (A1.6), the equilibrium quantities (1.8) and (1.9) produced by the firm

operating in country i, for i, j, k where i # j, k, are expressed as follows:

% 1

Xy = Z(a - 3tl + (t} + tk) + Ti,j + Ti,k) (A17)
% 1

xl'j = Z ((l - 3tl + (t] + tk) + Tj,k - 3Tj,i)' (Alg)
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1.6.2 Appendix B1: The Government’s Optimization Problem - The Singletons

Let WiCN ¢ be the welfare equation of country i under the singleton structure Cy, then country i’s

welfare maximization problem (1.17) can be detailed as follows, for i, j, k where i # j, k:

3a(5a—24B;)
+¢,N¢ (—18a +24B; — 176N — 10(;V + tkNC))

+(5M¢ + 6,.V°) (6a + 248 + 7(4N + tkNC))
+7,; (8B + 6+ 66,7 — 186N + 146, + (111, — 217;))
+Tig (8ﬂi + 60+ 66N + 145,V — 18, + (117, — 2111-,,{)) BL.1)
+7; (88 — 120+ 126" — 12, + £,°) + 6(37;,; — 71) )
+Tj (Sﬁi + 4o — 4N+ 4N + 6V) + 2(7y — 3rj,i))

+70i (8B — 12 + 126 — 12(8M + %) + 6(37; — 7))

+Tk,j (831 + 4a — 4tiNC + 4(tJNC + tkNC) + Z(Tk'j - 3Tk,i))
The first order condition with respect to the emissions tax rate, t;V, is expressed as follows:

12‘81 — 90 — 5(thC + tkNC)
+3(Ti,j + Ti,k) + 6(7,']"1' + Tk,i) — Z(Tj,k + Tk,j)

switNC _ NC _
6tiNC =0= 17tl =

). (B1.2)

By symmetry, using (B1.2), the FOCs with respect to th € and ¢, V¢, are, respectively, as follows:

c 12B; — 9o — 5(¢; V¢ + ¢, V¢
e = 0= 174N = < g (& ) > (B1.3)
Stj +3(Tj,i + Tj,k) + 6(1'1"]' + Tk,j) — Z(Ti,k + Tk,i)
spve = 0= 1747 = . (Bl4)
k +3(Tk,i + Tk,j) + 6(Ti,k + Tj,k) - Z(Ti,j + Tj,i)

Using (B1.2), (B1.3), and (B1.4), the singleton’s equilibrium tax, for i, j, k where i # j, k, is:

1
;" (Che) = 55

( 2643, — 1082 — 60 (4, + 5, ) B15)
+46(Tl"]' + Ti,k)+127(Tj,i + Tk,i) - 89(Tj,k + Tk,]')
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Given (A1.7), (A1.8), and (B1.5), country i’s local production x;; (Cy¢) and exports x;;(Cyc) are

expressed as follows, respectively, for i, j, k where i # j, k:

54a — 1148 + 48 (6. +
xii(Cne) = — pi+48(5 + 5,) (B1.6)
+28(Ti,j + Ti,k) + 55(Tj,k + Tk,j) — 53(Tj,i + Tk,i)
108a — 2283 + 96 ( 5. +
xij(Cne) = 31; /i (ﬂ’ ﬂ") . (BL7)
—25(t;; + Tix) — 3497;; + 1917, + 1107, ; — 1067,

The total quantities produced and consumed in country i are, respectively, for i, j, k where i # j, k:

1
Xi(Cne) = 55

( 108a — 2284, + 96 (/3,- +ﬂk) ) (B1.8)

+2(ty; + Tix) — 187(7j; + Ty) + 137(Tj8 + 71 )
Qi(Cne) = —(108a = 125 , — 34(ry; + Tyxc) = 7(Tji + Tjse + Tuy + 7uj))- (BLI)
The world market clears as global production equals global consumption, given by this expression:
%iXi(Cne) = X Qi (Cye) = %(2701 —3%iB 4% Ti5)- (B1.10)
Given the assumption that every unit of production generates exactly one unit of global emissions,

then Equation (B1.10) represents global emissions as well.

Country i’s welfare, W;(Cyc), for i, j, k where i # j, k, is given by the following expression:

144[81a2 — 486ap, + 17(3, 5’|
, 1944a + 54240, — 62403, + 54243,
ot —114687;; + 79727, — 31637;; + 10497, + 16977;; — 18677, ;
, 1944a + 54245, + 54243, — 62403,
+ Ti'k +7972Tl,] - 114681—1";( + 1697'[]"1' — 1867Tj,k - 31637,'/{’1' + 104’9’[](,]'
. 5832 + 151683, — 8160 (5, + 3, ) l
‘L’. .
WiCve) =2—=| | +1854(;; + 11)) + 162771;, — 83471, + 31557, — 39737,,;] | (BL.11)
1944a + 6528, B,
+ .
Tk +54(7;; + 75y ) — 88517 + 54057; ) — 44777y, + 39471
58320 + 15168, — 8160 (6, + )
Tk,'
l +1854(7; ; + 7y ) + 31557;; — 39737, + 162771, — 83477
1944a + 6528 %, B,
+ .
Tk‘J +54(Ti,j + Ti,k) - 4477Tj,i + 3947Tj,k - 88511—[{'1’ + 54’05’[](,]'
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1.6.3 Appendix C1: The Government’s Optimization Problem - The Grand Coalition
Let W be the collective welfare of all three members within the grand coalition Cg;, then their
joint welfare optimization problem (1.22) can be detailed as follows:

max W6 o max |(15%" — 24aXiB) + to(—6a + 24 % ; — 9t;)

tg te +1,(16Y; B; — 4a — 12t; — 41;) (CL.1)

The first order condition with respect to the tax rate, t;, is given by the following equation:

swé
E=0$(4‘Ziﬁi—a’_3ta—2'l'c)=0. (Clz)

The first order condition yields the following equilibrium tax rate, for i, j, k where i # j, k:
t5(Ce) = 3 (4% B — @) — 215). (CL.3)
Using (A1.7), (A1.8), and (C1.3), country i’s local production and exports are, respectively, for

i,j,kwherei # j, k:
x4(Co) = 5 (@ — % i + 275) (C1.4)

x1(C6) = x4(C) = 5 (@ = X By — ). (CL5)

The total quantities produced and consumed are equal in any market, for i, j, k where i # j, k:

Xi(Ce) = Q:i(Cg) = (a — X B). (Cl.6)
The global market clears as global production equals global consumption, as expressed here:
2iX; (Cg) = X;Q; (Cg) = 3(a — X; B (CL.7)

Given the assumption that every unit of production generates exactly one unit of global emissions,
then Equation (C1.7) represents global emissions as well.

Country i’s welfare, as a member of the grand coalition, W;(C;), for i, , k where i # j, k, is:
Wi(Co) =5 (a~ i) (a = 5B+ (8 + i) (C18)
The grand coalition’s collective welfare, W (C;) = X; W;(C;;), is expressed as follows:
W(C) == (a—%iB)> (C1.9)

Note that X;(C;), W;(C¢), Yi X; (Cg), and W (C), are independent of the exogenous tariff 7;(C;),

since changes in tariffs are offset by changes in emissions taxes, as shown in equation (C1.3).
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1.6.4 Appendix D1: The Government’s Optimization Problem - The Partial Coalition

Let W;; CF = W; ¢ + ch[; be the joint welfare equation of the pair within the partial coalition C¥.
Their joint welfare optimization problem (1.27) is expressed as follows, for i, j, k where i # J, k:

[(15a2 — 36ap; — 36ap;) + t;;(—12a + 24(B; + B;) — 20t;; + 2tf )]
+tf (6a + 12(B; + B;) + 2t;; + 7tf)

H}f’i,x WijC}f = rr%ax +TU(8(,BL + ﬁj) — 6a — 12tij + Zt][; - 3Tij + 5Tij,k) . (Dll)

Y v +Tij,k(8(ﬁi + ﬁ]) + 10a + ZOtU - 14t;€ — 19Tl'j,k + STij)

+87yj ((ﬁi +Bj) —a—tf + Tk,ij)

The first order condition with respect to the tax rate t;;(C XY, is given by the following equation:

k
(SWijCP

s, 0= (=3a+6(Bi + ;) — 10t;; +t§ — 37 + 57454 ) = 0. (D1.2)

Given the pair’s tax rate, t; j(C ,’,‘), and import tariffs, t; j(C ,’,‘) and t; j’k(C ,’,‘), the outsider to the
pair behaves as a singleton, and its welfare maximization problem (1.32) is detailed as follows:

[(15a® — 72apy,) + th (—18a + 24, — 10t;; — 17t])]
+t;;(12a + 48p;, — 10t + 28t;;)
max W, % = max|  +7,,;(16B, + 12a + 12f — 8t; — 207,,;) | (D1.3)
i |1y (168, — 240 + 24tF — 48t + 361, — 127;))
+7;;(16By + 8a — 8t + 16t;; + 47;; — 12755, )

The first order condition of the welfare optimization problem with respect to t (C F’,‘), is:

k
GWkCP
st

=0= (—18a + 24y — 20t;; — 34tF + 127y 45 + 2475 — 8Tl'j) =0. (D1.4)

Using (D1.2) and (D1.4), the pair’s equilibrium tax rate, for i, j, k where i # j, k, is as follows:
t5(CK) = = (102(B; + B;) + 128, — 60a + (6744 + 9774jx) — 557;;).  (DL.5)

Using (D1.2) and (D1.4), the outsider’s equilibrium tax rate, for i, j, k where i # j, k, is as follows:

65(CE) == (1281 — 6(Bi + ) — 6a + (6Tpj + TTijic) — T1))- (D1.6)
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Using (A1.7), (A1.8), (D1.5) and (D1.6), a pair member domestic production is expressed as

follows, for i, j, k where i # j, k:

xii(CK) = xj;(CK) = o= (30a = 33(B; + B;) + 12y + 35Ty + Tryjpc + 67). (DL7)
Exports among them are given by the following expression, for i, j, k where i # j, k:

x1j(CE) = x;:(CK) = o= (30a = 33(B; + B;) + 12y + Trijpe — 557 + 6T).  (D1.8)
While exports from any of the countries within the pair to the outsider are, for i, j, k where i # J, k:

xi(CF) = x;.(Ck) = % 60a — 66(B; + B;) + 24Py — 311 + 257;; — 787y;;). (D1.9)

The total production and consumption of a pair member are, respectively, for i, j, k where i # j, k:
X:(k) = x;(ck) = = (60a — 66(B; + ;) + 248, — (5T + Tyj + 1874;5))  (D1.10)
Q:(Ck) = 0;(ck) = = (60a — 123 f; — (514 + 37750 + 67,5)).  (DLID)

The difference between total consumption and production, for i, j, k where i # j, k, is given by:
Qi(Ck) = x:(Ck) = = (54(B: + B;) — 368 + 12(Thij — 37ij)) (D1.12)

The joint production of the pair within the partial coalition C¥ is:

X;(CK) + X,(Ck) = = (60a — 66(; + ;) + 24B; — (57 + Tyjuc + 1874;;) ) (D1.13)

The individual welfare of country i within the pair, is given by, for i, j, k where i # j, k:

720a(a — 6, + 144 %, B; (4B: — 2B; + Br)
W) = ;[ +57;;(—24a — 11755 + 4275 + 47y))

1440 47, (360a + 96(258; + B;) — 1928, — 7917 — 2367,)

[ +127;,;;(—20a + 4(258; + B;) — 8Bk + 23744;) J

. (D1.14)
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The joint welfare of the pair is expressed as follows, for i, j, k where i # j, k:

7200% — 2160a(B; + B;) + 144(Z; B))?
1 —STij (240( + 11Tij - (42Tij,k + 4Tk,ij))

w;(CK) + wi(ck) = (D1.15)
t\~p J\~P 720
+7;,(360a + 1248(B; + B;) — 192B, — 79174 1 — 236T44;)
+127;,;;(—20a + 52(B; + B;) — 8Bk + 237y;)
The outsider’s local production and exports, are, respectively, for i, j, k where i # j, k:
1
xkk(C{)‘) = 4—5(15a + 24(,81 + ,Bj) - Zlﬁk + 12Tk,ij - Tij,k — 5Tij) (D116)

1
xi(CE) = x;(Ck) = E(60a +96(B; + B;) — 84py, — 427y — 139745, + 257;;). (D1.17)
The outsider’s total quantities produced and consumed are, respectively, for i, j, k where i # j, k:

X (ck) = %(300{-&- 48(B; + B;) — 42Py — 6Tyi; — 477Tij + 57)) (D1.18)

Qi(CK) === (30a = 6(B; + B + Bi) — 1874y — 11745 + 57). (D1.19)

The world market clears, as global production equals global consumption, as indicated here:

1

%o X; (CE) = 2:Qi (CK) = 3 (152 3% B — 4(Tieij + 27i1) ) (D1.20)

Given the assumption that every unit of production generates exactly one unit of global emissions,
then Equation (D1.20) represents global emissions as well.

The outsider’s welfare is given by the following expression, for i, j, k where i # J, k:

225“(“ — 6ﬁk) + 153(Zlﬁ1)2 + ZSTU(B(X + Tij — 6Tij,k + Tk,ij)
+7k(—225a — 204(B; + B;) + 6966 + 2937y, — TTiy;) | (D1.21)
+6Tk'l'j(25a - 17(,81 + ﬁj) + 58ﬂk — 43Tk,ij)

1
450

W, (CF) =

The collective welfare under the partial coalition C¥ is as follows, for i, j, k where i # j, k:

1800a(a — 23 B;) + 648(3; B:)>
W(CK) = —— |25t + 215k — 4tiey) + 12730564 Xi B = 197ii)) | (D1.22).
+7;; (1536 X B; — 5377, — 41273,55)
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1.6.5 Appendix E1: Restrictions on the Model’s Parameters
Due to the complexities of the equations, the analysis had to rely on numerical simulations, which
are subject to certain parameters restrictions.
First, for the market to be active, it is assumed that any marginal environmental damage parameter
B, cannot be higher than the maximal marginal utility of good X, given by ., and thus £, € (0, a),
fori,j,k wherei # j, k.
Second, for the market structure to be maintained throughout the game and to guarantee a positive
interior solution, it is assumed that, for i,j, k where i # j, k: X;, x;; € Rj;"and x;; € R}.
Third, the constrained parameters set an upper bound on non-negative import tariffs to warrant
positive trade flows among countries.
The most restrictive conditions on local production and exports are summarized here:
- From the Singleton Structure:
xij(Cye) 2 0=
a = %(228@. =96 (8, + ) +25(11 + Tix) + (3497 + 1067,;) — (1917 + 1101,(,,-)) (E1.1)
Xix(Cne) 2 0=

= %(228/31. =96 (8, + f,) +25(11 + Tix) + (34975, + 1067;,;) — (19115, + 1101,-,,()) (E1.2)
- From the Grand Coalition Structure:

xij(Ce) 20=>0=<1; < (a—2pB) (E1.3)

Xi(Cg) >0=>0<%;B, <a (E1.4)

- From the Partial Coalition Structure:

xi (CK) = x(CK) = 0>
a = %(66 (ﬁi + ﬂj) —24f, — 257;; + (317y + 781,(,1-]-)). (E1.5)
xik(Cli) = xu(C,é) =>0=>

@ 2 (846, — 96(B; + i) — 25T + (1397, + 427, 1) ). (E1.6)
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1.6.6 Appendix F1: Exogenous Tariff Structures in Remarks 1.4.2.2, 1.4.2.3, 1.4.2.4, and

1.4.2.5.
Using (B1.11) and (C1.8), country i’s welfare gains from the grand coalition in comparison to
being a singleton, for i, j, k where i # j, k, are expressed as follows:

1
1082

Wi(Co) = WilCn) = 3155 (288 55 (1945~ 49(8; + £)) - u(Cyo)).  (FLD)

where Q;(Cy) captures the singleton’s underlying exogenous tariff structure, and is given by:

" 1944a + 5424p; — 62400; + 54240, ]
+ Ti'j [—114687:1’] + 7972Ti,k - 3163Tj,i + 10491']"]( + 1697Tk,i - 1867Tk’j
, 1944a + 5424p; + 5424p; — 62408, ]
HoTik [+7972‘5in — 114687, + 16977;; — 18677, — 31637 + 10497,
[ —5832a + 15168p; — 8160(B; + Bi) ]
‘L’. .
0 (Cur) = P +1854(7;; + Tix ) + 162777 — 83477, + 31557, — 39737 (F1.2)
i(Cne 1944a + 6528 B; o
+Tj +54(7;; + 7 ) — 88517, + 54057, — 44771); + 39477,
. —5832a + 15168p; — 8160(B; + fi)
U1 +1854(t;; + 7;4) + 31557;; — 39737, + 162771, — 83477,
[ 1944a + 6528 Y; B; ]
Tk j +54(T;; + Tyx) — 44777 + 39477;, — 88517 ; + 54057,

Using (C1.8) and (D1.14), country i’s welfare gains from the grand coalition in comparison to

forming a pair with country j within the partial coalition CX, for i, j, k where i # j, k, are given by:

1

Wi(Ce) —Wi(Ck) = — (432 2 Bi (7.3i - (B + Z.Bk)) - Qi(C;’f))a (FL.3)

1440

where Qi(Cz’,‘) captures the exogenous tariff structure underlying the partial coalition C;‘ and is

expressed as follows, for i, j, k where i # J, k:

|— +5TU(—24C¥ — 11Tij + 42Tij,k + 47:](’1']')
0,(ck) = i+rij,k (360a +24008; + 96B; — 192, — (7917, + 236Tk.u'))
+127;,;;,(—20a + 1008; + 4B; — 8By + 237y,;)

. (FL.4)

N —— |
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1.6.7 Appendix G1: Proof of Proposition 1.4.1.1

Using (B1.10), global production in the singleton structure, X(Cy¢) = X; X;(Cyc), is as follows:
X(Cne) = 5(27a = 3% B — 4 %% 7)). (GL.1)

Using (C1.7), the grand coalition’s aggregate production, X(C;) = Y,; X; (Cy), is as follows:

X(Cg) =3(a—X;Bi). (G1.2)

Using (G1.1) and (G1.2), the collective environmental gains provided by the grand coalition in

comparison to the singletons, is as follows, for i, j, k where i # j, k.
4
X(Cne) —X(C) = ;(62iﬁi — i %Ti))- (G1.3)
X(Cne) —X(Ce) >0>V6), 6, > X X Ti-

Using (D1.20), global production in the partial coalition C¥, X (C ,’3‘) =2 X; (C }’f), is given by:

X(ck) =2(150 = 3% B; — 4(Tuis + 2735))- (G1.4)

Using (G1.2) and (G1.4), the collective environmental gains provided by the grand coalition in
comparison to the partial coalition C¥, and by symmetry for C F{ and C}, are as follows:

4

x(ck)-x(Cp) = 5(3 YiBi — (21, + Tk,ij))- (GL5)

X(Ck)—X(Ce) > 0= V(2tyy + Try;) <3XiB; * QED.
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1.6.8 Appendix H1: Proof of Proposition 1.4.1.2

Using (C1.8), country i’s welfare as a member of the grand coalition, W;(C;), and by symmetry

for countries j and k, can be expressed as follows:
1
Wi(Co) = 5|ala — 68:) + i B (58— (8 + Bi) )| (H1.1)

Using (D1.21), country i’s welfare as an outsider to a pair in the partial coalition structure, W; (C Fi,),

and by symmetry for countries j and k, can be reduced as follows in a free trade setting:
Wi (CE) = —[225a(a — 68;) + 153(%; £)?] (H1.2)

Using (H1.1) and (H1.2), country i’s individual welfare gains in a free trade setting, as a member
of the grand coalition in comparison to being an outsider to a pair within the partial coalition Cg,

and by symmetry for countries j and k, are expressed as follows:

Wi(Co) - Wi(Ch) =2 [ (186, = 7(8; + B1))| (H1.3)

Given (1.13) and (1.14), the grand coalition is externally stable by default, and internally stable
o Wi (Ce) — Wi(C;;) >0, fori,j, k where i # J, k.
Since by assumption, ; > B; > By > 0, then: W;(Cs) — Wi(ng) > 0, when ; > B; > B, > 0.

j 7
W;(Ce) = Wi(Cy) = 0, when f; = —(B; + ) and B; > f; > By > 0.

7

Wi (Ce) = Wi (C) = 0, when B, = — (B + B;) and B; > B; > By > 0.
In the homogeneous case, where B; = B = ), = £ > 0, equation (H1.3) is reduced to:
2

Wi(Co) - Wi(ch) = (28) (H1.4)

Equation (H1.4) demonstrates that W;(C;) — Wi(C;',) >0,V > 0. * Q.E.D.
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1.6.9 Appendix I1: Proof of Proposition 1.4.1.3

Using (B1.11), country i’s individual welfare as a singleton, W;(Cy¢), and by symmetry for

countries j and k, can be reduced as follows in a free trade setting:

Wi(Cne) = = | (81a(a - 68) +17(2:8)°) | (11.1)

Using (D1.14), country i’s individual welfare as a pair member under the partial coalition C¥,

Wi(C & ), and by symmetry for countries j and k, can be reduced as follows in a free trade setting:
1
w;(ck) = " [Sa(a — 6B + X B (4B: — 2B; + Bi) - (I1.2)

Using (I1.1) and (I1.2), country i’s individual welfare gains as a singleton in comparison to
forming a pair with country j, and by symmetry for countries j and k, are given by the following

expression in a free trade setting:

Wi(Cne) — Wi(CF) = ==X B: [(2478; — 2398;) + 4B, ]. (11.3)

2X34x5

Given (1.13) and (1.14), the singleton structure is internally stable by default, and externally stable

& Wi(Cne) — Wi(CK) = 0 and Wy (Cyc) — Wi (CL) = 0, for i, j, k where i # j, k.
Since B; > B; > B > 0 by assumption, then for i, j, k and i # j, k:

W;(Cne) — Wi(CK) = 0, when 2398, < (247p; + 4By ), and

Wi (Cne) — Wi (C)) = 0, when 2398, < (2478; + 4B;).

In the homogeneous case, where B; = B; = ), = B > 0, equation (I1.3) is reduced to:

2

Wi(Cne) = Wi(CF) = 5 B~ (I1.4)

Equation (I1.4) indicates that, W;(Cy¢) — W;(CK) > 0, v >0. + Q.ED.
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1.6.10 Appendix J1: Proof of Proposition 1.4.1.4
Using (H1.1) and (H1.2), country i’s welfare gains as an outsider in the partial coalition C;,

compared to the grand coalition in a free trade setting, are, for i, j, k where i # J, k:

Wy(Ch) = Wi(Co) = =% B: (7(B; + Bi) — 18B;). (1.1
Given (1.14), C}, is externally stable < Wi(Czi) — W;(C;) = 0, and by symmetry for Cz{ and Cf.
Wi(Czi,) —Wi(Ce) <O, VOB <Bj<pi= C;; is externally unstable.
The external stability of the partial coalition Cz{ requires, f5; < 1ls (Bi + Br), VO < B < Bj < B;.

The external stability of the partial coalition Cjf requires, B < % (B + ,Bj), VO < B < Bj < Bi-

Using (I1.3), country i’s welfare gains when forming a pair with country j, in comparison to

behaving as a singleton, in a free trade setting, are, for i, j, k where i # j, k:

Wi(CE) = WiCne) = sos 5 B (2398, — 2478)) — 4B, J1.2)
Given (1.13), C¥ is internally stable & W;(CX) — W;(Cy¢) = 0 and W;(CX) — W;(Cyc) = 0.
The partial coalition C{,‘ is internally unstable, as W](Cé‘) —W;(Cne) <0,V 0 < By <Bj <B;.
The partial coalition Cé is internally unstable, as Wk(Cz{ ) = Wi (Cne) <0,V 0 < By < Bj < Bi.
The partial coalition C{; is internally unstable, as W, (Cé) — Wi (Cne) <0,V 0 < By <Bj < B
It follows that C, C/, and Cz’,‘ are all unstable, V 0 < B < B; < f;.

p7 p)

When f; = B; = By = B > 0,(J1.1) and (J1.2) are reduced, respectively, as follows:

w(C) - WiCo) = - (28) (13)
W(Ck) - WilCne) = — = (B)° (J1.4)

The partial coalition remains internally and externally unstable, V8 > 0. + Q.E.D.
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1.6.11 Appendix K1: Proves of Propositions 1.4.1.5 and 1.4.1.6
1.6.11.1 Proof of Proposition 1.4.1.5

Using (H1.1) and (I1.1), country i’s welfare gains from the grand coalition compared to being a

singleton in a free trade setting, and by symmetry for countries j and k, are:

Wi(Ce) = Wi(Cnc) = 5[ 2882 B: ((978: — 498)) + (976 = 4980)) | (K1.1.1)
W;(Cg) = Wi(Cne) >0,V B; > B > B > 0.
W;(Ce) — Wj(Cye) = 0, when 194, = 49(B, + B,) and B; > B; > By > 0.
Wi (Cg) = Wie(Cic) = 0, when 1948, > 49 (B, + B,) and B; > B; > B > 0.
When f; = B; = By = B > 0, equation (K1.1.1) can be reduced as follows:

Wi(Co) - WiCue) = 2 (B)” (K1.1.2)

Equation (K1.1.2) indicates that W;(C;) — W;(Cyc) > 0, VB > 0. + Q.E.D.

1.6.11.2 Proof of Proposition 1.4.1.6

Using (H1.1) and (I1.2), country i’s welfare gains from the grand coalition compared to forming

a pair with country j in the partial coalition Cé‘ in a free trade setting, are, for i, j, k where i # J, k:
3

Wi(Ce) — Wi(CF) = 235 (78, — (85 + 2B1) ). (K12.1)

As By > Bj > B > 0, W;(Cg) — Wi(CE) = 0, when B; = = (B; + 2By, for i, j, k where i # j, k.

When f; = B; = By = £ > 0, equation (K1.2.1) can be reduced a s follows:

—~ o~ 18 A
Wi(Ce) = Wi(C5) = - B2 (K1.2.2)
Equation (K 1.2.2) indicates that, W;(C;) — W;(Cyc) > 0, VS > 0. * Q.E.D.
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1.6.12 Appendix L1: Coalitional Stability and Welfare Simulations - Increasing Y ; ;.

The analysis here and the subsequent figures depict the simulation results under an increasing Y.; 5;
scenario compared to the case where Y; 8; = 1. As f;, f;, and B take higher values, while
maintaining the heterogeneity assumption, where f; > f; > B >0, X;p; increases. In this
scenario, keeping o constant to explore the effect of heterogeneity restricts the range of parameters
that satisfy all the conditions imposed on the model’s parameters, as outlined in Appendix El1.
Hence, for any particular o value, the comparison is only possible within a limited range of
heterogeneity. Nevertheless, the numerical simulation results remain consistent when assuming

that )}; B; increases, in contrast to when ); §; is held constant and normalized to 1.

Figure 1.7: Grand Coalition Stability -
Varied Heterogeneity, High Punitive Tariffs, Increasing ) i
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Assuming a = 3.5 and the same exogenous tariff structure as in Figure 1.1, Figure 1.7 depicts
Equation (1.52) for countries i, j, and k as ),; §; increases. Figure 1.7 indicates that the grand
coalition remains stable over certain degrees of heterogeneity. Similar to Figure 1.1, as
heterogeneity increases, country k has weaker incentives to join the grand coalition and may
deviate from the agreement. In this case, the fully cooperative agreement becomes unstable after
30% heterogeneity. As demonstrated in Proposition 1.4.1.7, a higher a value can reinforce the

stability of the grand coalition and extend the range over which the grand coalition remains stable.
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Figure 1.8: Grand Coalition Stability -

Varied Heterogeneity, Low Punitive Tariffs, Increasing > Si
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Assuming « = 3.5 and the same exogenous tariffs as in Figure 1.2, Figure 1.8 depicts Equation
(1.52) for countries i, j and k with low punitive tariffs. Similar to Figure 1.2, Figure 1.8 indicates
that lower punitive tariffs reduce the range over which the grand coalition is stable. Here, the grand
coalition is only stable up to 27% heterogeneity, compared to 30% in Figure 1.7. As heterogeneity

increases, country k no longer favors the grand coalition, causing it to become unstable.

Figure 1.9: Partial Coalition Stability -
Varied Heterogeneity, Low Punitive Tariffs, Increasing Y fi
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Assuming a = 3.5 and the same exogenous tariff structure as in Figure 1.3, Figure 1.9 depicts
Equations (1.54) for country k and (1.55) for countries i and j with low punitive tariffs. Similar to
Figure 1.3, Figure 1.9 shows that the grand coalition, which is externally unstable at sufficiently

high degrees of heterogeneity, gives way to a stable partial coalition C;f above 27% heterogeneity.
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In the absence of punitive tariffs or at sufficiently low levels, the singleton structure becomes
stable, as ),; ; increases. Assuming @ = 3.5 and the same exogenous tariff structure as in Figure
1.4, Figure 1.10, with its three panels (a), (b), and (c), depicts the stability conditions of singletons
i, j, and k, respectively, when 1, (C¥) = 7;;(CF), for i, j, k, where i # j, k. Similar to Figure
1.4, in the absence of punitive tariffs, Figure 1.10 demonstrates that the singleton structure is stable

in both the homogeneous benchmark case and at various degrees of heterogeneity.
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Figure 1.10c: Stability of Singleton & - Varied Heterogeneity, Increasing Y f5i
0.800
Wi(Cnc) — Wi(Cpj) Wj(Cnc) — Wj(Cpi)
0.600
0.400
0.200
0.000

0 3 6 9 12 15 18 24 27 30
Environmental Damage Heterogeneity 100[(Bi — Bk)/(Bi+pk)]%

)
w
>
O,
N
w
Ne)
o~
)

Assuming @ = 3.5 and the same exogenous tariffs as in Figure 1.5, Figure 1.11 depicts the welfare

gains of countries i, j, and k as members of the grand coalition compared to behaving as singletons,

71



when the grand coalition is stable and t;(C;) = §(4 Y. B; — @) > 0. Similar to Figure 1.5, Figure

1.11 demonstrates that these individual welfare gains can be positive for all members over a range

of heterogeneity, with country i continuing to be the primary beneficiary of the grand coalition.
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Figure 1.11: Individual Welfare Gains: Comparing the Grand Coalition to the
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Finally, assuming a = 3.5 and the same exogenous tariff structure as Figure 1.6, Figure 1.12

depicts Equation (1.61) for countries i and j, as pair members in the partial coalition Cz’,‘. Similar

to Figure 1.6, it is evident from Figure 1.12 that both countries can be better off in the grand

coalition compared to the partial agreement C,’,‘.Country i, having the highest marginal

environmental damage parameter, consistently achieves higher welfare gains than country j, while

these gains remain positive across various levels of heterogeneity for both countries.
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ESSAY 2

ENVIRONMENTAL COOPERATION AND TRADE: THE IMPACT OF
HETEROGENEITY IN ENVIRONMENTAL DAMAGES - AN
ENDOGENOUS SOLUTION

2.1 Introduction

The present essay extends the previous analysis in the first chapter by incorporating endogenous
import tariffs into the static three-country coalition formation game. It examines the stability of
both partial and global International Environmental Agreements (IEAs) among heterogeneous

trading partners, when environmental taxes and import tariffs are negotiated simultaneously.

The main objectives of this essay, therefore, are: i) To determine whether environmental
cooperation among countries with different environmental damage parameters leads to
environmental gains, overall welfare gains, or both. ii) To identify the cooperative scenarios that
would emerge in a stable coalition to exploit these gains. iii) To analyze the effect of heterogeneity

in environmental damages on the stability of these environmental coalitions.

The current essay examines an open economy with three heterogeneous countries, each
characterized by a different environmental damage parameter. In each country, there is a single
firm producing an emission-intensive good, generating transboundary emissions, such as carbon
dioxide. Consumers in each country are affected by global emissions, and each unit of production
generates precisely one unit of global emissions. The firm’s choice variable is the production level,
which also represent emissions. Although abatement is not explicitly modeled as a separate choice

variable, the firm incurs an abatement cost in terms of forgone profit. The firms compete a la
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Cournot in a segmented market, where each firm serves linear market-specific demands rather than

a shared global market demand.

International trade occurs in domestic markets, allowing each country to use import tariffs as a
trade policy instrument to protect local production. The use of a segmented market setting with
endogenous import tariffs, in comparison to free trade conditions, represents a novel approach in
the theoretical literature. This approach proves especially valuable when coordination involves
environmental and trade policies concurrently. Furthermore, each government uses a per-unit-of-
production (emissions) tax rate as an environmental policy tool. It is assumed that transfer

payments do not occur between countries, and fiscal revenues remain within the state of origin.

The static coalition formation game consists of three stages. In the first stage, the coalition
formation game takes place, with each country selecting its coalition membership. A coalition is

considered stable if no country has an incentive to enter or exit the coalition (D’ Aspremont et al.,

1983). In the second stage, each country determines the emissions tax and endogenous tariff rates
that maximize the coalition’s welfare. Finally, in the third stage, each firm independently chooses
the production rate that maximizes its own profit. The solution to the coalition formation game is
determined through backward induction, starting from the third stage and progressing backward

to the first stage.

The numerical simulations reveal that the grand coalition remains stable across various levels of
environmental damage heterogeneity. When the market size is sufficiently small, the grand
coalition results in both environmental and overall welfare gains. However, as the market size
grows sufficiently larger, the grand coalition only yields overall welfare gains. While it cannot be
proven analytically, a range of parameters where the grand coalition is not stable has not been

identified.
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The main policy implications suggest that implementing trade penalties on countries opting out of
participation is a valuable strategy to foster a stable global agreement, even in the presence of
heterogeneity in environmental damages. Furthermore, the coordination of environmental and

trade policies proves effective in reducing global emissions in sufficiently small markets.

The primary contribution of this essay to the literature lies in demonstrating that using positive
tariffs on imports within a segmented market instead of a global market in a free trade setting,
reduces non-signatories’ free riding incentives and reinforces the stability of the global agreement.

The results confirm Nordhaus (2015) concept of the “Climate Club” which suggests that imposing

trade penalties on non-members can promote greater cooperation in addressing climate change.

The rest of the essay is structured as follows: Section 2 describes the model, Section 3 explores
the heterogeneous endogenous case, Section 4 provides a summary of the results, and Section 5

concludes the essay.
2.2 The Model

The static coalition formation game unfolds in three stages: first, coalition formation; then,
government welfare optimization; and finally, firm profit maximization. The model considers an
open economy with three heterogeneous countries, N = {i, j, k}. Each country has one profit-
maximizing firm, producing a homogeneous emission-intensive good X. The total production of

the firm located in country i is given by,
Xi = (xii + xl'j + xik), (21)

where x;; is produced and sold in country i, and x;; is produced in country i and exported to

country j, V i # j. For the market structure to be maintained throughout the game and to guarantee

a positive interior solution, it is assumed that X;, x; € R;;* and x;; € Ry, for i, j, k where i # j, k.
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The production process generates transboundary air pollution such as carbon dioxide. Every unit
produced generates exactly one unit of global emissions. The firm’s choice variables are local
production and exports, which also represent emissions. Firms can reduce emissions by producing
less output, at the expense of reducing profits, and thus face a tradeoff between emissions and

profits. Hence, abatement is neither an option nor a choice variable.
Total consumption in country i is given by:

Qi = (i + xj; + x1), (2.2)
where x;; is locally produced and x;; is imported from country j, for i # j.

Firms compete a la Cournot in a segmented market where each firm faces linear market-specific

demands. The market demand in country i is given by:

Qi = (a— Py, (2.3)

where Q; is the total consumption of the polluting good in country i, P; is the price of the good in
market i, and a is the maximal marginal utility derived from its consumption. For simplification,
it is assumed that the marginal cost of production is equal to zero, and each firm can export to the

other two foreign markets at no transaction costs.

Pollution generates environmental damage in each country; the social cost of pollution is linear in

global emissions:
D;(X) = Bi(Xi + X; + X)), (2.4)

where £, is the marginal environmental damage in country i caused by aggregate production, that

is, by global emissions. The linear environmental damage function makes the analysis more

readable and the model more tractable. For the market to be active, it is assumed that a marginal
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environmental damage parameter cannot be higher than the maximal marginal utility of good X

represented by o, and thus S € (0, o), for i, j, k. Consumers in each country are affected by the

global level of emissions. As such, variance in environmental damages does not manifest through
different emissions exposure levels, but how the same number of emissions translates into costs,
given the underlying determinants of heterogeneity, such as income, health stock, defensive

investment, or baseline exposure (Hsiang et al., 2019). In this model, therefore, different

environmental damages result from varying impacts of the same level of global emissions.

The government in country i imposes a positive endogenous tariff 7; ; per unit of imports from
country j and 7;; per unit of imports from country k, where i # j, k. As a result, 7;; and 7 ; are

the effective marginal costs of the firm operating in country i on its exports to countries j and k,
respectively. The main distinction between this essay and the previous one is that import tariffs

are endogenous, that is optimal, rather than exogenous.

In addition to import tariffs as a trade policy tool, each government uses a per-unit of production
tax rate t; that is imposed on the local firm as an environmental policy instrument. Since every
unit produced precisely generates one unit of emissions, then a tax per unit of production is
equivalent to a tax per unit of emissions. Thus, the government in country i collects tariff revenues

on imports from foreign markets given by,
TR; = (Tl-,jxﬁ + Tl-,kxki), (2.5)
and emissions tax revenues expressed as,
ER; = ti(xl-i +x;; + xik) =t; X;. (2.6)

It is assumed that there are no transfer payments between countries since transfers can alter the

incentives behind environmental cooperation.
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Let S be a coalition where § € N = {i,], k}. A coalition § represents a group of countries
cooperating on environmental and trade policies concurrently. Coalition members will determine
their emissions tax tg jointly. Each coalition § is also associated with two endogenous import
tariffs: 75 represents the common tariff that members of § would charge to each other, and 75
where k & S, represents the tariff that members of § would charge to each of its non-members.
Therefore, it is explicitly assumed that coalition members will charge the same tariff to each other,
Ts = T;j = Tj;, 1l [, j € § and the same tariff to non-members, T, = T;x = Tj, il i,je Sand k ¢
S, even if coalition members have different marginal environmental damage parameters.

In a three-country model, there are three types of coalition structures: 1) the grand coalition, ii) the
singletons, and iii) a pair and a singleton. The static coalition formation game is composed of three
stages. Stage one is the coalition formation game; each country chooses its coalition membership
S. A coalition is deemed stable when no country has an incentive to join or leave the coalition

(D’Aspremont et al., 1983). In the second stage, each country chooses the emissions tax ts and the

import tariffs 75 and 75, that maximize the coalition’s welfare Ws = }};cs W;, given the coalition
structure C. In the third stage, each firm chooses independently its profit-maximizing production
level X;, given the coalition structure C, emissions taxes, and import tariffs. The coalition
formation game is solved by backward induction, starting from the third stage, and moving
backward to the first stage.

2.2.1 Stage Three - The Firm’s Optimization Problem

In stage three, each firm chooses noncooperatively its profit-maximizing output, taking as given
the policies set by all governments and the output decisions of the other two foreign firms. Firms
compete a la Cournot in domestic markets, and each firm has three choice variables: production

for the local market x;;, and exports to the other foreign markets x;; and x;,. The profit function
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of the firm located in country i consists of total revenues from the domestic market i and foreign
markets j and k, minus the emissions tax imposed on its total production and the tariff costs

incurred on its exports. The firm’s optimization problem?? is expressed as follows, for i, j, k:

max m; = max ¥ jen(P;(xi)xi; — tixij) — Ejensiy Tiixij 2.7)
Xij jeEN Xij jeN

The first order conditions yield the following equilibrium quantities, for i, j, k where i # j, k:
xi' =5 (@3t + (& + t) + 70 + Tuk) (2.8)
X"t = i(a— 3t; + (tj + tk) + T — 3‘[]-,1-). (2.9)
The Cournot equilibrium implies that domestic production and exports are decreasing in the local
emissions tax t;, and increasing in the taxes imposed on foreign firms t; and ¢;. Domestic
production increases in local tariffs 7; ; and 7; s, while exports are decreasing in foreign tariffs 7;;
and 7, ;. The third stage of the game is common to all coalition structures. A country’s welfare
function is based on the optimal output quantities obtained in this stage.
2.2.2 Stage Two - The Government’s Optimization Problem

In a three-country global economy, there are three types of coalition structures:

- A coalition structure Cy, composed of three singletons, containing one country each, where
Cne = {{i}, {J};{k}}

- A coalition structure C;, composed of one coalition containing all three countries, the grand
coalition, where C; = {{i,j, k}}

- A coalition structure Cp, composed of two coalitions, a pair and a singleton. There are three
such coalition structures. For example, C¥ = {{i, j},{k}} is composed of the pair formed by

countries i and j, and of country k which behaves as a singleton.

23 The firm’s profit maximization problem is detailed in Appendix A2.
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The emissions tax rate ts and the tariff rates 75 and 7sy, are determined by maximizing the

coalition’s welfare W, given the firms’ optimal output quantities derived in stage three, Vi € S

max WS = max ZiCS Wi (tS' Ts, Ts k)’ where ts = ti24 (210)
s, Ts, Ts k ts,Ts,Ts k ’

The current model assumes that any cooperative equilibrium under the grand coalition and the
partial coalition structure, would imply a uniform emissions tax rate tg, adopted by all countries
within the coalition §, and common import tariffs 75 and 7g ;. Indeed, scholars have frequently
advocated uniform emissions tax solutions as an efficient policy instrument to address global

environmental problems (Hoel 1992, Finus and Rundshagen 1998, Nordhaus 2006, Weitzman

2014). Proponents of uniform solutions argue that they are straightforward, typically involving
less negotiation time, and therefore, fewer transaction costs than differentiated solutions. It is also
argued that uniform emissions taxes appear equitable, as every country faces the same tax rate,

and are generally perceived as “fair” by the public (Finus and Rundshagen 1998, McEvoy and

McGinty 2018). Moreover, uniform emissions tax rates are easily verifiable in an agreement.
Recall, that firms regardless to which coalition S their countries belong, they are competing a la

Cournot, and still act independently of each other in the third stage of the oligopoly game.

The welfare function of country i, denoted by W;, consists of the domestic consumer surplus CS;,
the local firm’s profits m;, the government’s tariff revenues TR; and emissions tax revenues ER;,
minus the environmental damages D; caused by global emissions. Thus, country i’s individual

welfare function can be written as, for i, j, k and i # j, k:

W;(C) = (CS; — D; + m; + ER; + TR)), (2.11)

2t and t(; will be used interchangeably in this essay.
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and more specifically, it can be detailed by the following expression:

%(Qi)z —Bi(Xi + X; + X)) + (7 jxji + Ty exni)

wi(C) = :
+(a = Q)i + (o= Qj — 75,)xy; + (00 — Qe — Toe) Xk

(2.12)

2.2.3 Stage One - Coalition Formation

In the first stage, the coalition formation game occurs, during which each country selects its

coalition membership. The stability of each coalition structure is analyzed based on internal and

external stability criteria, as developed by D’ Aspremont et al. (1983), where a coalition is deemed

stable if no country has an incentive to enter or exit the coalition within the structure.
Let C be the coalition structure to which a coalition S belongs; W< s denotes the welfare of country

k i
i, where i belongs to §. As such, Wl-CN ¢ WiCG, Wl.CP , and Wl.CP , represent, respectively, the welfare
function of country i when i is a singleton, a member of the grand coalition, a pair member of a

partial coalition formed by countries i and j, and an outsider to a pair formed by countries j and k.

Definition: A coalition § € N, where § € C, is stable if it is both internally and externally stable.
_ Sis internally stable < Vi € S, WE > WE where ¢/ = C/S U {$/4}, (i3} (2.13)
- §is externally stable & Vi € S, W{f} > Wi(éig where C¢ = {C/{i} U {5 U {i}}}. (2.14)

In particular, C f is a finer coalition structure than C; that is, as country i leaves the coalition § to

become a singleton, C/ contains the remaining members of S and a singleton {i}.

In contrast, C¢ is a coarser coalition structure than C; since country i, initially behaving as a

singleton {i}, now joins the other member(s) in the coalition S.
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The singleton coalition structure, Cyc, is internally stable by default as it represents the finest
coalition structure, where no country can depart from a coalition formed by itself. The grand
coalition, C, is externally stable by default, since all countries are members, leaving no outsiders
with the opportunity to join. The partial coalition, Cp, achieves external stability when no outsider
has an incentive to join and internal stability when no member has an incentive to leave the

coalition and form a singleton.

Within this framework, it is crucial to investigate whether both internal and external stability
conditions are met in the partial coalition structure. In contrast, in the singleton structure, the focus
lies solely on confirming external stability. Whereas, for the grand coalition, the emphasis is only

on verifying internal stability.
2.3 The Heterogeneous Endogenous Case

The heterogeneous case assumes that countries have different environmental damage parameters,
where B; > B; > B > 0. In a tie-in scenario, members of a coalition § coordinate their
environmental and trade policies with other members. They enforce a uniform emissions tax tg

and common positive tariffs 7s to be levied on each other, and 75 ;, to be imposed on non-members.

2.3.1 The Singleton Structure Cy. - Noncooperative Equilibrium

In the singleton structure Cy, the government in country i independently sets a noncooperative

t;N¢, as well as two tariff rates imposed on imports from other countries. The

emissions tax rate
analysis examines two different endogenous tariff scenarios within the singleton structure: optimal
unrestricted tariffs, which are not restricted by WTO regulations, and WTO-restricted tariffs,
which are constrained by the WTO Most-Favored-Nation (MFN) principle that prohibits

discriminatory treatment between trading partners.
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2.3.1.1 Optimal Unrestricted Tariffs

Let 7;; and 7, be the tariff rates imposed by country i on imports from countries j and k,

respectively, for i, j, k where i # j, k. There are, therefore, three emissions taxes, t;¥¢, t;V¢, t,V¢,

and six endogenous tariff rates, 7; j, Tj k» Tji» Tj k> Tk,i> and Ty ;.

The equilibrium quantities produced by the firm operating in country i, given by Equations (2.8)

and (2.9), can thus be reduced to the following expressions, for i, j, k where i # j, k:
. 1
Xii (CNC) = Z ((X - 3tiNC + (thC + tkNC) + Ti,j + Ti,k) (215)
. 1
xij (CNC) = Z(a - 3tl'NC + (thC + tkNC) + Tj,k - 3'1']"1'). (216)

For the market structure to be maintained throughout the game, and to guarantee a positive interior

solution, it is assumed that x;;*(Cyc) € R;™ and x;;"(Cyc) € R, for i, j, k where i # j, k.
Accordingly, country i’s welfare optimization problem?® (2.10) as a singleton can be written as,

1,27.NC NC NC NC
7 Qi (Nt Tik) — Bi (Xi(ti T Tik) + X (86 70, Tik) + Xe (8N 705, Ti,k))
Cne
N W= e T (01 - Qi(8", Ti,j,Ti,k))xfi(tfvc,‘fi,j,fi,k) + (0= Qi(tNC Titin) — 7)xi (67 T g Tin)
i 2 Tij Ti, i LT,

(o= Qu(tN tijitin) = T )X (BN 7o Tire) + iy x5i (6 70, Tik) + T (6N Ti 0 Tik)

(2.17)

The first order condition of the welfare maximization problem (2.17) with respect to the emissions

¢

tax yields the following negative best response function, for i, j, k where i # j, k:

tl’NC(thC’ tkNC,T) 1 12ﬁl — 9 — S(tJNC + tch)

_ L . (2.18)
17 +3(Ti,j + Ti,k) + 6(Tj,i + Tk,i) - Z(Tj,k + Tk,j)

The singleton, which behaves noncooperatively, has a negative best response function, implying

free riding behavior as demonstrated by Equation (2.18).

25 Country i’s optimization problem as a singleton with optimal unrestricted tariffs is detailed in Appendix B2.1.
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The equilibrium emissions tax and import tariff rates are, respectively, for i, j, k where i # j, k:
. 1
t;"™N(Cne) = 5 (12900 + 4998, — 13(B; + Bi)) (2.19)

7" (Cye) = —— (3870 + 19(458; — 194;) + 1518,). (2.20)

1376

In this noncooperative equilibrium, each country’s emissions tax rate is positively related to its
own environmental damage parameter and inversely related to the parameters of the other two
countries, implying solid free-riding incentives. Moreover, as indicated by Equation (2.19), the

singleton’s emissions tax rate is positive at sufficiently small values of the parameter o, that is,
when a < % (49951' - 13(,8]- + ,Bk)), and becomes negative otherwise. Essentially, when a low

value of a is coincides with high damage, as captured by f;, then a singleton’s welfare is mainly
driven by damage. In this case, the singleton internalizes the negative externality associated with
the production of the polluting good X by implementing a positive emissions tax, which reduces
its production. Alternatively, when a high value of o concurs with a low damage parameter, then
a singleton’s welfare is basically driven by consumption and profits. Thus, a singleton can enforce

a subsidy to increase production of the polluting good, and subsequently increasing welfare.

Additionally, Equation (2.19) demonstrates that country i, having the highest environmental

damage parameter, sets the highest emissions tax rate as demonstrated by the following equation:

5
£,V — ;e = %(ﬁi —B)>0 VB >pi>0. (2.21)

Country i’s local production x;;(Cy¢) and exports x;;(Cyc) are, respectively, Vi, j, k and i # j, k:
1
% (Cne) = == (3010 — 167p; + 105(B;+5i) ) (2.22)

x;;(Cye) = ﬁ (2150 — (4538; + 1658;) + 596;). (2.23)
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Moreover, country i is a net importer when behaving as a singleton, as Q; (Cyc) — X;(Cy¢) > 0,

VB > Bj > By > 0, as demonstrated by the following equation, for i, j, k where i # J, k:

Qi(Cne) = Xi(Cuc) = = (B = B) + (B = B))- (224)

While country j can either be a net exporter or a net importer depending on the degree of
heterogeneity. Country k, on the other hand, is consistently a net exporter when acting as a

singleton, given that X, (Cyc) — Qi (Cnc) > 0, VB > B > B, > 0.
2.3.1.2 WTO-Restricted Tariffs

Under the WTO-restricted tariff scenario, countries are obligated to adhere to the WTO Most-
Favored-Nation (MFN) principle, which ensures that they do not show preferential treatment or
discriminate against their trading partners, thereby promoting fairness and non-discrimination in
international trade. Hence, in this case, each government sets independently a noncooperative
emissions tax £N¢, and charges the same tariff on imports from the other foreign markets, that is

T;j = Tk = T;, for i, j, k where i # j, k. Thus, there are three emissions tax rates and

ENe, E}z_vc, ENC
three endogenous import tariff rates, specifically, 7;, 7;, and 7y.

The equilibrium quantities produced by the firm operating in country i, given by Equations (2.8)

and (2.9), can thus be rewritten as follows, for i, j, k where i # j, k:
%" (Cne) =7 (@ = 35" + (F" + &) +28,) (2.25)
%' (Cne) = 7 (a— 38" + (5" + ") - 21)). (2.26)

For the market structure to be maintained throughout the game, and to guarantee a positive interior

solution, it is assumed that %;;"(Cyc) € R;™ and %;;"(Cyc) € RY, for i, j, k where i # j, k.
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Accordingly, country i’s welfare optimization problem?¢ (2.10) as a singleton can be written as,

Lo, f-))z B (BB 2) + K (E 7)) + Re(67, 7))
r%g);WCNC = max + ((Z Q (t )X*( lNC ~ ) + ((Z Q}(t NC E ) T]) (t NC P i (227)
+(0‘ 0 (& Ti) -8 )% (5" 1) + 1 (fji(fi )+ xki(tiNC'fi))
The first order condition of the welfare maximization problem (2.27) with respect to the emissions

tax rate ;" © yields the following negative best response function, for i, j, k where i # j, k:

BV 8 1) = S (—9a+ 126 - 55"+ BM) + 61+ 4(5+ 1)) (228)

The singleton behaves noncooperatively, which results in a negative best response function as
demonstrated by Equation (2.28), suggesting solid incentives for free-riding behavior.

The singleton’s equilibrium emissions tax and tariff are, respectively, for i, j, k where i # j, k:

,., *NC

(Cne) = 5 (—21a+ 1114, - 17(B; + ﬁk)) (2.29)

7" (Cye) = 213 (63a+ 1638, — 29(B; + Bi)). (2.30)

In this noncooperative equilibrium, each country’s emissions tax rate is positively related to its
environmental damage parameter and inversely related to the other two countries’ parameters.
Furthermore, the country with the highest environmental damage parameter sets the highest

emissions tax rate as shown here, for i, j, k where i # j, k:
£V - = -(ﬁl B)>0 VB >Pj>pB>0. (2.31)

Comparing emissions taxes under the WTO restricted and the unrestricted tariff scenarios, the

difference in country i’s emissions tax rates is expressed as follows, for i, j, k where i # j, k:

£NE _ g oNe = (Zﬁl (B +Bx)) >0 VB > B > P > 0. (2.32)

T 7x43

26 Country i’s welfare optimization problem as a singleton with WTO-restricted tariffs is detailed in Appendix B2.2.
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Equation (2.32) unequivocally illustrates that in the case of tariffs being constrained by WTO
regulations, country i consistently imposes a higher emissions tax rate compared to the scenario
with unrestricted tariffs. Conversely, country k benefits from the restrictions by enforcing a lower
emissions tax rate and takes advantage of the environmental benefits provided by country i.

Country i’s local production %;;(Cy¢) and exports %;;(Cy¢) are, respectively as follows, for i, j, k

where i # j, k:
o~ 1
%ii(Cne) = 75 (49a =518, + 29(B; + Bi.)) (2.33)

% (Cne) = 552 (35— (1696; + 9B;) + 87B)- (2.34)

With WTO restricted tariffs, country i is a net importer, while country k is a net exporter, when

behaving as singletons, VB; > B; > By > 0, as shown here, for i, j, k where i # j, k:

i (Cne) — Ri(Cuc) = 2 (28— (B + Be)). (2.35)

Country i’s individual welfare and collective welfare equations with optimal unrestricted and

WTO-restricted tariffs are detailed in Appendix B2.1 and B2.2, respectively.

In essence, while the WTO’s Most-Favored-Nation (MFN) tariff constraint is intended to promote
fairness and non-discrimination among trading partners, the analysis indicates that it fails to
enhance their collective welfare, and countries are better off with optimal unrestricted tariffs.
Indeed, the collective welfare associated with the WTO Most-Favored-Nation tariff constraint falls

short of that in the optimal unrestricted tariff case, as shown by Equation (2.36), where i # j, k:

23x32x13

W(Cne) =W (Cne) = 2 [(Bi = B) + B — B+ (B = B)] (236)

While the three countries do not benefit equally from the WTO tariff regulation and the resulting
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tariff constraints, Equation (2.36) undoubtedly demonstrates that global welfare is enhanced with

optimal unconstrained tariffs, VB; > B; > B > 0. Moreover, it is evident from Equation (2.36)

that these collective welfare gains become more substantial at higher levels of heterogeneity.
2.3.2 The Grand Coalition Structure C; - Fully Cooperative Equilibrium

In the grand coalition, countries collectively decide to tax the production of the polluting good at

a uniform emissions tax rate, t;(Cy;), that maximizes the joint welfare of all countries, such that,
t;(Cs) = t;(Ce) = 6, (Cg) = te(Co).
Also, members of the grand coalition agree on a common positive tariff rate, 7, (Cy;), such that,
Ti,j(CG) =1, (Cs) = Tj,i(CG) = Tj,k(CG) = 74,(Cg) = Tk,j(CG) = 14(Co).

Hence, the equilibrium quantities produced by the firm operating in country i, given by equations

(2.8) and (2.9), can be reduced as follows, for i, j, k where i # j, k:

x44(Co) = 7 (00— tg + 27¢) (2.37)

x4 (C6) = x3(Cg) = = (00 — tg — 27). (2.38)

The restrictions on the model’s parameters ensure that all the above optima are interior solutions.
Given country i’s welfare optimization problem (2.10), the grand coalition’s joint welfare
optimization problem?’ is given by the following expression:

1

> Q:*(ts,76) — B; (Xi (t,16) + X (te, 16) + Xk (ts, TG))

max W = max 3 +7¢ (x;i (€6, T6)+xg (tG'TG)) + (o — Q;(t6,76))x;; (t6, 76) - (2.39)

te, Tc te, 6
l+(0€ —Q;(ts t6) — TG)x;j(tGITG) + (o0 — Qi (tg,76) — TG)xi*k(tG'TG)J

27 Country i’s optimization problem as a member of the grand coalition is detailed in Appendix C2.
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The first order conditions of the optimization problem (2.39) yield the following cooperative set
of solutions, where any emissions tax and positive import tariff rates, (t;, ), satisfying Equations

(2.40) and (2.41) represent an equilibrium solution:
3t;(Co) + 275(C6) = (42 B — @) (2.40)
t:(Ce) < (4% B — ). (2.41)

The fully cooperative agreement denotes that the uniform emissions tax rate is positively related
to all three environmental damage parameters and negatively related to the tariff rate ;. Moreover,

assuming that members of the grand coalition create a custom union, such that 7; = 0, then

(ts",16") = G 4y, —a), 0) is an equilibrium solution. Alternatively, assuming positive

import tariffs, then (t;*,75%) = : 4y, —a), L (4Y; B; — @) | is another equilibrium solution.
4 8

Equation (2.40) clearly indicates that there exists a negative relationship between emissions taxes

at;(Ce) _

o —g < 0. This suggests that trade liberalization in the form of
G

and import tariffs, since

lower import tariffs, which entails higher production levels and more substantial environmental
damages, requires higher emissions taxes. This inverse relationship between emissions taxes and
tariffs is unique to a cooperative equilibrium, where changes in import tariffs are offset by changes
in the emissions tax rates. Thus, in a cooperative scenario where taxes and tariffs are substitutes,

lower tariffs will increase the emissions tax rate, fostering an environmental “race to the top”.

Moreover, when changes in tariffs are offset by changes in taxes, individual production X;(C;)
and welfare W;(C;), as well as global production ),; X; (C;) and collective welfare Y;; W; (C;), are
all independent of the common tariff rate 7,*(C;). Consequently, the stability conditions outlined

in Equations (2.13) and (2.14) are unaffected by the assumed solution (t;*, 75").
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Furthermore, since individual welfare W;(C;), for i, j, k where i # j, k, and collective welfare
W(C;) = X; W;(C;) under the grand coalition are independent from 7;*(C;), then these welfares

remain affected by whether 7;(C;) is exogenous or endogenous, with the same set of parameters.

The equations detailing a member’s total production, consumption, individual welfare, and

collective welfare in the grand coalition, are provided in Appendix C2.
Country i’s local production x;;(Cg) and exports x;;(Cs) in the grand coalition are, respectively,
fori,j, k wherei # j, k:

xi1(Cq) = 5 (@ = % By + 275) (2.42)

1
xij(CG) = x(Cg) = 3 (a — X Bi — 16)- (2.43)
To guarantee that local production x;;(Cy) is strictly positive and exports x;;(Cs) and x;,(C) are
positive, then 5 (% ; — @) < 76" (Co) < (a = i B).

Moreover, if members of the grand coalition create a custom union, where 7;*(C;) = 0, then the

equilibrium emissions tax rate is given by the following expression:
N 1
ts"(Ce) =3 (4% i — ). (2.44)

Equation (2.44) makes it evident that when the market size, as captured by a, is sufficiently small,
where a < 4 ), f;, the grand coalition imposes a positive emissions tax to reduce production and,
consequently, global emissions. Conversely, when the market is sufficiently larger, Va > 4); S;,
the coalition can opt for a subsidy to boost production. Essentially, the coalition can internalize
the negative externality associated with the production of the polluting good by implementing a
positive emissions tax, reducing production and lowering global emissions. Alternatively, it can

enforce a subsidy to counteract the underproduction resulting from the Cournot competition.
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2.3.3 The Partial Coalition Structure Cp - Partial Cooperative Equilibrium

In the partial coalition structure Cp, two countries, i and j for example, form a coalition S, and the
third country, k in this case, remains a singleton. Pair members cooperatively decide to tax the

production of the polluting good at a uniform tax rate, t;;(C kY, that maximizes the joint welfare of

k k k
both members, where Wif" = Wic” + WjCP . Hence, for i, j, k where i # j, k, it is assumed that:

ti(CF) = t;(CF) = t;;(CF).
Environmental cooperation spans over global production and trade flows. It is assumed, therefore,

that pair members within a partial coalition structure can have zero tariffs among themselves and

levy the same positive tariff rate on imports from the outsider, that is, for i, j, k where i # j, k:
7,;(CF) = 7;:(CF) = 7;(C¥) = 0
T (CE) = 7 (CF) = 73, (CF).
The European Union (EU) commonly employs preferential tariffs as a tool to incentivize
adherence to non-trade policy objectives, including environmental policies, human rights, labor
standards, narcotics production, and security issues. In 2010, the EU withheld preferential market
access with lower tariffs from Sri Lanka for violating UN human rights conventions. Additionally,
Venezuela lost preferential access to the European market in 2010 for failing to ratify the UN

convention against corruption (Borchert et al. 2021). More recently, in 2020, the EU withdrew

Cambodia’s duty-free quota-free access to its market due to serious human rights concerns in the

country (EC, 2020). In line with these practices, it is assumed that 7;; (C }’f) = 0, and pair members

can restrict the preferential tariff access to the outsider by imposing a positive tariff rate 7;; (C k ),

such that Tij,k(C,’f) = Tij(C},‘).
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Note that the two firms located in the countries forming the coalition § still act independently of

each other and compete a la Cournot in the third stage of the oligopoly game.
Let 7 ; j(C }f) be the positive tariff rate that the singleton charges to the pair of countries in the

same coalition structure. The singleton within the partial coalition structure treats the pair as one

entity, and charges the same tariff rate to each member of the pair, that is, for i, j, k where i # J, k:
T, (CF) = 7, (CK) = 711 (CF).

The outsider to the pair, country k in this case, behaves noncooperatively, maximizing its

individual welfare function, given the pair’s emissions tax rate t; ]-(C X ) and tariff rate 7; j,k(C ,’3‘)

There are three possible arrangements under the partial coalition structure, namely

{{i, j}, {k}}, {{i, k}, {j}}, and {{j, k}, {i}}. There are, therefore, three pair members emissions taxes
t;;(CK), ta(CL), ti(C}) and the corresponding outsider’s emissions tax tf (CK), t]P(Cg), and
tf (C },) With respect to import tariffs, there are three pair members tariff rates, imposed by the
pair on the outsider, Ti]-’k(C};c),Tik‘ j(le), and Tjk,i(C},), and three import tariffs levied by the
outsider on pair members, Tk,ij(C}‘), Tj'ik(Cg), and 7; j (C,E).

2.3.3.1 The Partial Coalition’s Pair

Given the outsider’s emissions tax, tf (C¥), and tariff, Thi j(C k ), the equilibrium quantities

produced by the firm operating in a country within the pair, given by Equations (2.8) and (2.9),

can be reduced as follows, for i, j, kK where i # j, k:

xii*(C}f) = %(a - Ztl] + t;: + Tij,k) (245)
xlk*(C}f) = %(a - ZtU + t}l{’ - ZTk,ij)' (247)
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Note that local production x;;*(Ck) is strictly positive, and exports x;;*(C§) and x;;*(CF) are
positive, given the imposed restrictions on the parameters of the model.

The welfare optimization problem?® (2.10) of a pair member in the partial coalition structure is

expressed as follows, for i, j, k where i # j, k:

%(Qiz(fijrfij.k) +Q;°(tij» Tij,k)) —(Bi+8) (Xi(ti,-,ri,-,k) + X (tyj, Tijc) + X (ti), Tij.k))
max W;f‘g = max (OC - Qi(tij’ Tij,k)) (xi*i(fij"fij,k) + xfi(fij,fij,k)) + (01 - Qj(tij’ Tij,k)) (Xf}(fijr‘fij,k) + x;j(tij:‘[ij,k)) .

tij) Tijk tij) Tijk
+(ot = Qi (tij Tijk) = Thoif) (x;k(tijr‘[ij,k) + x;k(tijffij,k)) + (Tij,k (x;:'.i(tijJTij,k)'l'x;j(tijr‘[ij,k)))
(2.48)

The first order conditions of the welfare maximization problem (2.48) with respect to t;; yields
the following upward sloping best response function, for i, j, k where i # j, k:

ty (68, Ti0) = 15 (=3 + 6(Bi + B)) + tf + 57y5). (2.49)
Interestingly, a pair member exhibits a positive best response function, indicating a cooperative
response towards the outsider, whereas the latter behaves noncooperatively as a singleton. A higher
emissions tax rate levied on the firm operating in the noncooperative country, country k in this
case, increases the cost and reduces the competitiveness of that firm. Consequently, it encourages

pair members to elevate the emissions taxes in their respective countries, fostering more stringent

environmental regulations, despite the singleton’s behavior.

The best response function (2.49) shows a positive relationship between the pair’s emissions tax
and the tariff rate imposed on the outsider 7;; (C [f) Lower tariffs between the pair and the outsider

reduce the emissions tax under this partially cooperative scenario, leading to looser environmental
regulations. Intuitively, when tariffs decrease between the pair and the outsider, local production

faces intensified competition from foreign imports. Consequently, a lower emissions tax rate

28 Country i’s optimization problem as a pair member in the partial coalition structure is detailed in Appendix D2.1.
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supports local production, while a higher emissions tax undermines the local firm, making it less

appealing compared to the foreign alternative.
The pair’s equilibrium tax ti*j(C ,’f) and endogenous tariff t; j,k*(C ,’3‘) are, respectively, as follows,
fori,j, k wherei # j, k:

t5(CK) = = (—176a + 809(B; + B;) — 72B:) (2.50)

70" (CK) = — (29 + 106(B; + ;) — 45p). (2.51)

Pair members in a partial agreement may either impose a tax or provide a subsidy to their local

firms. Equation (2.50) shows that when the market size, as captured by «, is sufficiently small,
where a < ﬁ (809(ﬁi + ﬁj) — 723k), the pair enforces a positive emissions tax. In scenarios
with sufficiently larger markets and low damages, the pair can provide a subsidy instead.

The restrictions imposed on the model’s parameters warrant positive trade flows and ensure that

T (CK) = 0, for i, j, k where i # j, k.
Domestic production in a country within the pair is expressed as follows, for i, j, k where i # j, k:
xii(CK) = xj;(CK) = = (3080 — 269(B; + B;) + 1268y, (2.52)
and exports among pair members are given by, for i, j, k where i # j, k:
x;;(CE) = x;;(Ck) = @ (308a. — 269(B; + B;) + 1266). (2.53)

While exports from a pair member to the outsider are given by, for i, j, k where i # j, k:

% (CE) = x5 (CK) = = (47— 111(B; + B;) — 2564). (2.54)

The total production, consumption, and welfare equations of country i as a pair member are

detailed in Appendix D2.1.
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2.3.3.2 The Partial Coalition’s Outsider
Given the pair’s emissions tax rate, t;;(Ck), and tariffs, 7;;(Cf) and 7;;,(Ck), the equilibrium
quantities produced by the outsider, country k in this case, outlined in Equations (2.8) and (2.9),

can be reduced as follows, for i, j, k where i # j, k:
x(CK) = —(a 3tf + 2t + 27y) (2.55)
xii"(CF) = 2y (CF) = 7 (00— 3¢ + 2t — 3735 (2.56)
The imposed restrictions on the model’s parameters guarantee that the outsider’s local production
Xkk (C lﬁ‘) is strictly positive, and exports to pair members xj; (C P) and xy (C p) are positive.

The outsider behaves noncooperatively, and thus, its optimization problem?® (2.10) is given by:

[ leZ(tII:er ij) — Br (X'(tlfrrk i)+ X (th i) + Xk(tlfvfk,ij)) 1
fnax we" o fnax +Th i ((xlk(tk'Tk i)+ k(th‘fku)) (ov_Qk(tlf"[k,ij))ka(tlfka,ij) - (2.57)

tk Tk, ij tk Tk”
+(0€ - Qi(tk:fk,ij) - Tij,k)xki(tvak,ij) + ((1 - Qj(tlfrrk,ij) - Tij,k)xij(tzf;fk,ij)
The first order condition with respect to tf yields the following negative best response function:
P _ 1
tk (tileij,kiTk,ij) = E(lzﬁk —9a — ]-Otl] + 6(2Tij,k + Tk,ij))' (258)

Unlike countries within the pair, the outsider has a downward sloping best response function,

implying a noncooperative behavior and free-riding incentives.

The outsider’s equilibrium emissions tax t;’ (C ) and tariff 7, ;;*(C K, are, respectively, for i, j, k

where i # j, k:
te (CF) =1 — (3158, — 47(B; + B;) — 64a) (2.59)

75" (C) = = (2470 + 5376, — 190(8; + 5;))- (2.60)

2 Country k’s optimization problem as an outsider in the partial coalition structure is detailed in Appendix D2.2.
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As indicated by Equation (2.59), the outsider, behaving as a singleton, imposes an emissions tax
rate that is directly related to the country’s own environmental damage parameter [, and

indirectly related to the pair’s environmental damage parameters, f; and f;. The restrictions

imposed on the model’s parameters warrant positive trade flows and ensure that 7 ;;*(C Xy > 0.

The outsider’s local production and exports are, respectively, for i, j, k where i # j, k:

xiac(CK) = == (170 + 19(B; + B;) — 12) (2.61)

1

xi(CF) = x,;(Ck) = 0 (430 — (B; + B;) — 153B). (2.62)
The outsider’s total production, consumption, and welfare equations are listed in Appendix D2.2.

2.4 Results

After a thorough examination of all potential coalition structures and their equilibria, the goal is to
identify stable environmental coalitions among countries and assess the impact of environmental
damage heterogeneity on the stability of these coalitions. Due to the complexity of the equations,
the analysis had to rely on numerical simulations. The analytical and simulation results are

summarized in the following two subsections.
2.4.1 Analytical Results

Proposition 2.4.1.1: Compared to the singleton and the partial coalition structures, the grand
coalition provides environmental gains in terms of lower global emissions, when market sizes are

sufficiently small.

The complete proof of Proposition 2.4.1.1 is delineated to Appendix F2.
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Let X(Cnc), X(Cg), X(CK), represent global production under the singleton structure Cyc, the

grand coalition structure Cg, and the partial coalition structure CX, respectively. These global

production levels are expressed in the following equations, respectively:

X(Cye) = ZiXi(Cne) =5 Ba— %) (2.63)
X(Ce) = 2:X; (Cg) =3(a— 2 By) (2.64)
X(cH)=2x;(ck) = ﬁ (1013 — 683(B; + B;) — 249B). (2.65)

Using (2.63) and (2.64), the collective environmental gains provided by the grand coalition in
comparison to the singleton structure are given by the following expression:

X(Cne) = X(Ce) =2 (3LiB; — @), (2.66)
Equation (2.66) clearly indicates that the grand coalition yields environmental gains, in terms of
lower global emissions, when a < 3 ); 8;, corresponding to a range in which the grand coalition
imposes a positive emissions tax rate, as shown by Equation (2.44). These environmental gains
arise from higher emissions taxes enforced by all members of the grand coalition, in contrast to
the singleton structure. Furthermore, they are unaffected by the degree of heterogeneity but would
become more significant as ); 8; takes higher values.
Using (2.64) and (2.65), the collective environmental gains provided by the grand coalition in

comparison to the partial coalition structure, are as follows, for i, j, k where i # j, k:
2
X(CF) = X(Co) = ;5 (—119a + 284(B; + B;) + 5015,). (2.67)
Equation (2.67) demonstrates that the grand coalition yields lower global production in comparison
to the partial coalition C¥, when a < ﬁ (284(,8i + ,Bj) + 501Bk). Notably, these environmental

gains are also independent of the degree of heterogeneity, but are directly related to all three

marginal environmental damage parameters.
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Proposition 2.4.1.2: A larger value of the marginal environmental damage parameter can
increase the individual welfare gains from joining the grand coalition.

The complete proof of Proposition 2.4.1.2 is delineated to Appendix G2.

Let WiCG — Wic” be country i’s welfare gains as a member of the grand coalition compared to
being an outsider within the partial coalition C}. These welfare gains are, for i, j, k where i # j, k:
" ) a (9913 — 2159704; + 117259(B; + fi) )

W — WP = '
2x(417)2 +8099735;% + (ﬂ] + Bi) (166227[31' - 312140(ﬂj + ﬁk))

L L

(2.68)

Using (2.68), the effect of the marginal environmental damage parameter (; on country i’s

individual welfare gains is given by the following expression, for i, j, k where i # j, k:

ct
9 [VVL-CG _ Wi P

1
ap; T 2x3x1392

[539982p; + 55409(B; + Bi) — 71990a]. (2.69)

Equation (2.69) reveals that country i’s individual welfare gains from joining the grand coalition

can improve as its marginal environmental damage parameter takes a higher value, when f; < a <

1
71990

(5399826; + 55409(8; + B) ). for i,j, k where i # j, k.

Proposition 2.4.1.3: 4 larger value of the parameter a can increase the individual welfare gains
from joining the grand coalition.

Let WiCG — Wic‘i’ be country i’s individual welfare gains as a member of the grand coalition in

comparison to being an outsider within the partial coalition C}, as expressed in Equation (2.68).

Using (2.68), the effect of the parameter a on country i’s welfare gains is, for i, j, k where i # j, k:

ci
B[W.CG— w, P ]
i i 1

da 2%(417)2

[46(431a — 4695p;) + 117259(B; + Bi) - (2.70)

1
19826

Equation (2.70) demonstrates that when o > [215970[3i - 117259(,8]- + ﬁk)], its effect on

country i’s welfare gains is strictly positive. Thus, within this range, a higher a value can lead to

more significant individual welfare gains from joining the grand coalition, for i, j, k where i # j, k.

98



2.4.2 Simulation Results

The parameters chosen in the numerical simulations strictly comply with the following restrictions.
First, the imposed constraints ensure that the market is active, under the assumption that no
marginal environmental damage parameter can exceed the maximal marginal utility of good X,
denoted by o, thatis, a0 > f, > ﬁj > p, > 0. Additionally, the imposed constraints ensure that the
market structure is maintained throughout the game, and the model has a positive interior solution,
by guaranteeing that X;, x;;* € Ry and x;;* € R}, for i, j, k where i # j, k. Also, the restricted
parameters ensure positive tariff rates and warrant positive trade flows. While the complete set of
constraints is detailed in Appendix E2, the most restrictive conditions are given by these two
expressions, o = %(111(31- + ,Bj) + 25,Bk) and o > 31—5 (169&- +9B; — 87Bk), to guarantee

positive quantities in the partial coalition and the singleton structures, respectively.

Furthermore, since the singletons’ collective welfare associated with the WTO Most-Favored-
Nation tariff constraint falls short of that in the optimal unrestricted tariff scenario, as shown by

Equation (2.36), the current simulations are based on the model with optimal unrestricted tariffs.

Based on the stability conditions (2.13) and (2.14), numerical simulations of the model reveal that
the grand coalition remains stable across varying levels of environmental damage heterogeneity.

The key findings from the numerical simulations are summarized in the subsequent remarks.

Remark 2.4.2.1: There exists a range of parameters where the grand coalition is stable in the

homogeneous benchmark case and at different levels of environmental damage heterogeneity.

Let (B; — Br)/(B; + Bi) represents a measure of environmental damage heterogeneity, where £;
refers to the marginal environmental damage experienced by the country suffering the most, and

P denotes the marginal environmental damage incurred by the country suffering the least damage.
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The numerical simulations reveal that the grand coalition is stable over a range of environmental
damage heterogeneity, and specifically within the bounds®® of 0 < (B8; — Bx)/(Bi + Bi) < 1.

Let W, — W

" be country i’s individual welfare gains as a member of the grand coalition in
comparison to being an outsider in the partial coalition C}, as expressed in Equation (2.68). Given
the stability conditions (2.13) and (2.14), the grand coalition is externally stable by default, and

internally stable®! & WiCG — WL.C;’

>0, fori,j, k.
Assuming @ = 2.4Y,; B; and }; B; = 132, Figure 2.1 depicts the welfare gains of countries i, j, and

k, as expressed by Equation (2.68). In this scenario, §; takes a higher value, B; has the same value,

and f, takes a lower value, drifting further from f; and B}, leading to higher heterogeneity levels.

Figure 2.1: Grand Coalition Stability - Varied Heterogeneity, a = 2.4> fi
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Figure 2.1 demonstrates that all three countries favor the grand coalition, while they do not benefit
equally from joining it. A larger value of the marginal environmental damage parameter can

increase the welfare gains from joining the grand coalition, as demonstrated in Proposition 2.4.1.2.

30 The upper bound of this range may vary with the assumed parameters values in the numerical simulations.

31 The stability of the grand coalition remains unaffected by the WTO constraints imposed on import tariffs within the
singleton structure.

32 The simulation results, assuming Y; §; is increasing as opposed to Y; §; = 1, are detailed in Appendix H2.
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For country i, the lower global production resulting from the grand coalition significantly reduces
its environmental damage, consequently boosting its net consumer surplus as f; takes a higher
value. These improvements, coupled with higher before-tax profits, outweigh the reduction in tariff
revenues brought about by the grand coalition, and thus, lead to increasing welfare gains.

In contrast, country k experiences diminishing welfare gains over the same heterogeneity range,
and thus, has weaker incentives to join the grand coalition. As [ takes a lower value, the welfare
gains from reduced production and subsequent lower environmental damage diminish, resulting

in a decreased net consumer surplus and less significant welfare gains.

Figure 2.2: Grand Coalition Stability - Varied Heterogeneity, a = 3.5 fi
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Assuming a = 3.5); §; and ),; B; = 1, Figure 2.2 depicts countries i, j, and k’s welfare gains, as
outlined in Equation (2.68), when the grand coalition does not generate environmental gains. In
this case, the grand coalition remains stable across various heterogeneity levels, while country k
has the strongest incentives to join the grand coalition. As outlined in Equation (2.70), a larger a
value can increase country k’s welfare gains, and reinforce the stability of the grand coalition,

when a > @ [215970ﬁk — 117259(&- + Bj)]. However, for country i, larger production in

the grand coalition leads to higher damage, and ultimately, decreasing its individual welfare gains.
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These results remain consistent when varying a values, where a0 > % (1 1 1(ﬂi + ,Bj) + 25 ,Bk) and

o= 4%((,81- + ﬁj) + 153,Bk), and in the case where Y; B; rises. Although it cannot be proven
analytically, a range of parameters where the grand coalition is not stable has not been identified.

It’s also important to note that even with a linear damage function, higher collective welfare gains

can be achieved as heterogeneity rises in the grand coalition, as evident from Figures 2.1 and 2.2.

Remark 2.4.2.2: A member of the grand coalition can be better off individually in comparison to

the singleton structure.

Let WiCG - WiC’V ¢ be country i’s welfare gains as a member of the grand coalition in comparison

to behaving as a singleton. These individual welfare gains are given by, for i, j, k where i # j, k:

43a (43— 1114, + 170(8; + Bi) ) + 767186;(8; + fi)
VViCG _ VViCNC — = 1 > 2 . (271)
23T 41278337 — 5 (5599(ﬁ,- +Bi) +1952(8,% + ﬁk2)>

The simulation results show that members of the grand coalition do not benefit equally from the
fully cooperative agreement in comparison to the singleton structure. Assuming a = 2.4 Y; §; and
Y.iBi = 1, Figure 2.3 depicts the individual welfare gains, fori,j, k where i # j, k, at varying
degrees of heterogeneity. In this scenario, the grand coalition enforces a positive emissions tax

rate, leading to environmental benefits, as expressed in Equation (2.66).

The reduction in production and consumption levels within the grand coalition helps alleviate
country i’s environmental damage as f3; takes a higher value, boosting its net consumer surplus.
Additionally, the local firm sees higher pre-tax profits from increased prices and reduced tariffs
within the grand coalition, outweighing any loss in government tariff revenues and leading to
increasing welfares gain for country i. By contrast, countries j and k see diminishing welfare gains

over the same range of heterogeneity. Country k, for instance, experiences welfare losses from
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reductions in net consumer surplus and tariff revenues, when heterogeneity exceeds 9%, while
country j experiences losses beyond 51%. Hence, country i emerges as the primary beneficiary of

the grand coalition due to its highest marginal environmental damage parameter.

Figure 2.3: Individual Welfare Gains: Comparing the Grand Coalition to the Singleton
Structure - Varied Heterogeneity, a = 2.4 (i
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These findings remain consistent when assuming that },; 8; increases®, and when changing the

value of the parameter a, where % (111(B; + Bj) + 25B) < a < 3%, B:.

Alternatively, Figure 2.4 depicts the welfare gains in Equation (2.71), for i, j, k where i # j, k,
with }; B; = 1 and a = 3.5); B;. Here, the grand coalition enforces a positive emissions tax rate,

but it does not generate environmental gains in comparison to the singletons, as shown by (2.66).

In a sufficiently large market driven by consumption and profits, countries j and k experience
more significant welfare gains than country i as shown in Figure 2.4. Here, country k emerges as
the main beneficiary of the grand coalition. With the lowest environmental damage parameter,
country k’s increasing welfare gains stem from significant improvements in net consumer surplus

and pre-tax profits. In contrast, country i incurs overall welfare losses when environmental damage

33 The simulation results, assuming Y; B; is increasing as opposed to Y; §; = 1, are detailed in Appendix H2.
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heterogeneity exceeds 3%. As a net importer when behaving as a singleton, as shown in Equation
(2.24), country i incurs losses in tariff revenues that outweigh the improvements in net consumer

surplus and pre-tax firm profits, resulting in decreasing welfare gains.

Notably, these results are robust to changes in the value of @, where 3),; 8; < @, and when

assuming that ),; §; increases.

Figure 2.4: Individual Welfare Gains: Comparing the Grand Coalition to the Singleton

Structure - Varied Heterogeneity, a = 3.5) i
0.300

0.250
0.200

0.150

0.100

0.050 I I I I
0,000 == _-m A 0 i

-0.050
-0.100
-0.150
-0.200
-0.250

Wi(Cg) — Wi(Cnc) Wj(Cg) — Wj(Cnc) B Wk(Cg) — Wk(Cnc)

0 6 9 12 18 24 30 36 42 48 51 54 60 66 72 78 84 90 96 99
Environmental Damage Heterogeneity 100[(Bi — Bk)/(Bi+pk)]%

Let W¢6 — WENC be the collective welfare gains provided by the grand coalition in comparison to

the singletons. These are given by the following expression:

W€e — WEne =

s [1849a(a— 6% B;) + 17441(B% + B;* + ﬁkz)l (2.72)

25x43? 32482(BiBj + BiBr + BiBrk)
The simulations indicate that these collective welfare gains are consistently positive at various
heterogeneity levels, where a > — (111(,& + ,BJ) + ZSBk) and o> — ((ﬁl + ﬁj) + 153,8k)

Additionally, they can become more substantial as f; takes on higher values and heterogeneity
increases, even when }; 5; is held constant and normalized to one, as demonstrated in Equation

(2.72) and in Figures 2.3 and 2.4.
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Remark 2.4.2.3: A member of the grand coalition may experience a lower individual welfare

compared to forming a pair in the partial coalition structure.

cl . : o .
Let WiCG — W, P be country i’s welfare gains as a member of the grand coalition in comparison to

forming a pair with country k, within the partial coalition sz. These individual welfare gains are
expressed as follows, for i, j, k where i # j, k:

334502 + B,(21982a — 152163 ; — 216973 ;)
—B;(137549a — 301382, — 3401398, — 286956B,)|.  (2.73)
—B,(5221cr + 144268,)

Jj
C c 1
W —-w>r*r=s—"———
t L 12%(139)2

The simulations reveal that a member of the grand coalition can experience lower individual
welfare when compared to forming a pair in a partial coalition agreement. Assuming »,; 5; = 1

and a = 2.4, B;, Figure 2.5 depicts countries i and k’s welfare gains in the grand coalition to
what they would have attained under the partial coalition Cé. . Here, the grand coalition enforces a

positive emissions tax rate and generates environmental gains, as shown in Equation (2.67).

Figure 2.5: Individual Welfare Gains: Comparing the Grand Coalition to the Partial
Coalition Structure - Varied Heterogeneity, a = 2.4> Si
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As [; takes a higher value, only country i experiences positive welfare gains, stemming from

higher pre-tax profits and lower reductions in net consumer surplus, at heterogeneity levels above
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63%. In contrast, country k’s reductions in net consumer surplus become more substantial as [
takes a lower value, leading to continued welfare losses over the same heterogeneity range. These

results remain consistent when assuming that Y}; §; increases®, and when changing the value of

1 1
the parameter «, where e (111(,8i + Bi) + 25/3j) Sas_ (284(& + Bi) + 501/3j).

Figure 2.6: Individual Welfare Gains: Comparing the Grand Coalition to the Partial
Coalition Structure - Varied Heterogeneity, a = 3.5% i
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Alternatively, Figure 2.6 depicts countries i and k’s welfare gains in the grand coalition compared
to forming a pair within the partial coalition C J when YiBi =1and @ = 3.5); ;. In this case,
the grand coalition imposes a positive emissions tax>> but does not yield environmental gains.
Both countries are incurring individual welfare losses. As the level of heterogeneity rises, country
k’s damage parameter is taking a lower value, resulting in smaller reductions in net consumer
surplus and hence less significant welfare losses. Conversely, as f5; takes a higher value, country i
experiences more substantial reductions in net consumer surplus, driving its welfare losses.

These results remain consistent when assuming that )'; 8; increases, and when changing the value

of the parameter a, where %19 (284(B; + Bi) + SOlﬁj) <a<4);pB.

34 The simulation results, assuming Y; B; is increasing as opposed to Y; 5; = 1, are detailed in Appendix H2.
35 A larger a value, where a > 4Y); 5; and t;*(Cg) = %(4 i B; — @) < 0, increases production and consumption in
the grand coalition, boosting the welfare gains of country k, while further depressing those of country i.
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Let WS — WS be the collective welfare gains provided by the grand coalition in comparison to

the partial coalition structure C; . These welfare gains are expressed as follows:

W —web — 1 _|9974a’ + (Bi + B)(59147(f; + ) — 48448a)

T @2 | 65;(29248(B; + Bi) + 29457p; — 12502) @79

The simulation results confirm that these collective welfare gains remain positive across various
1 1
values of o, where a > E(lll(ﬁi + ﬁj) + 25[>’k) and a > e ((,Bi + Bj) + 153[3k), and at

different degrees of environmental damage heterogeneity.
2.5 Conclusion

The current model’s solution with positive endogenous tariffs on imports, demonstrates that a fully
cooperative equilibrium is stable when environmental and trade policies are negotiated
simultaneously. Considering the model’s parameter restrictions, which guarantee an active market,
maintain the market structure throughout the game, and ensure an interior solution with positive
trade flows, the grand coalition remains stable in the homogeneous benchmark case and in the
presence of varying degrees of environmental damage heterogeneity. Although not proven
analytically, a range of parameters where the grand coalition is unstable has not been identified,

nor has a range where other coalition structures are stable.

The main contribution of this essay to the literature lies in using positive endogenous tariffs on
imports within a segmented market setting instead of a global market under free trade conditions.
This approach diminishes the free-riding incentives of non-signatories and strengthens the stability
of the fully cooperative agreement. These results also align with the concept of establishing a
“climate club” to address free-riding behavior in international climate policy, a concept that has

gained significant popularity since Nordhaus (2015).
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The present essay demonstrates that at sufficiently low market sizes, the grand coalition yields
both environmental and overall welfare gains. However, at sufficiently larger market sizes, the
grand coalition no longer provides environmental gains but rather delivers collective welfare gains,

particularly benefiting monopoly firms with higher profits.

The simplified framework of the current model does introduce certain limitations. To specifically
examine the impact of environmental damage heterogeneity, the model assumes that all three
countries have the same market size, incur identical marginal production costs, and that each firm
can export to the other two foreign markets without any transaction costs. Additionally, it assumes
that environmental damage is a linear function of aggregate production, which simplifies the
analysis. These simplifications, while necessary for the current study, serve as a foundation for

future research to explore potential outcomes when any of these assumptions are relaxed.

Despite the growing recognition of the climate crisis, ambitious climate policies are consistently
undermined by government inaction or inadequate responses. While discussions about climate
action have certainly grown louder, actual emissions reductions have been limited. Given the
alarming levels the climate crisis has reached, it is imperative to strengthen our environmental
policies beyond current measures. This essay reflects the current state of global climate action,
where international environmental commitments are often weakened by the provision of subsidies
to polluting industries, especially in the world’s largest economies. It also underscores the value
of coordinating environmental and trade policies as a crucial strategy for reducing global

emissions, particularly in smaller markets, despite the heterogeneity among countries.
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2.6 Appendices

2.6.1 Appendix A2: The Firm’s Optimization Problem

The firm’s optimization problem (2.7) is expressed as follows, for i, j, k where i # j, k:

(O( — (xl'i + in + xki) — ti)xii
max 71m; = max +(O(. - (x” + xij + xk]) -t — lei)xl-j . (A21)

XiiXijXik XiiXij Xik
+((X - (xkk + Xik + X]k) - ti - Tk,i)xik

The first order conditions with respect to local production and exports, respectively, are as follows:

om;

Jnﬁ =0=> (O( — qu- — Xji — Xgi — ti) =0 (A22)
aTL'i _ _
%—0:((X—inj—xjj—xkj—ti—‘[j'i) =0 (A23)
om;

Wﬂik =0= (oc — 22Xk — X — Xjig — b — Tk'l-) =0. (A2.4)

By symmetry, using (A2.3) and (A2.4), the FOCs with respect to x;; and xy;, are, respectively:

om;j
a —

The second order conditions (SOCs) are satisfied, as shown in the following expressions:

2. 2., 2. 2. 2.
O 0,9 0 and 2™ a”‘—( o7m; >>0.

0x;i2 ’ 6xi,-2 02x;; 6xij2 6xii6xij
Using (A2.2), (A2.5), and (A2.6), the equilibrium quantities (2.8) and (2.9) produced by the firm

operating in country i, for i, j, k where i # j, k, are expressed as follows:

xii* = i(OL - 3ti + (tj + tk) + Ti,j + Ti,k) (A27)
xl’j>k = i(a — 3ti + (t] + tk) + Tj,k - 3Tj,i)' (A28)
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2.6.2 Appendix B2: The Government’s Optimization Problem - The Singletons

2.6.2.1 Optimal Unrestricted Tariffs
Let W,V be country i’s individual welfare under the singleton structure Cyc, then country i’s

welfare optimization problem (2.10) can be detailed as follows, for i, j, k where i # j, k:

(1502 — 72ap;)
+t;V¢(—18a + 24p; — 176N — 10¢;¥¢ — 10¢,V°)
+(N + V) (6a + 24B; + 74NC + 71, M)
+7,;(8B; + 6+ 6t,V¢ — 18t + 146,V + 117, — 217y ;)
max WM = max | +7ix(8B; + 6a+ 6t;V¢ + 146N — 186,V + 117, ; — 2175, ) | (B2.1.1)
tNC T Tk tNCT Tk NC NC NC

+Tj,i (831 — 120+ 12t1 — 12t] — 12tk + 18Tj,i - 6Tj,k)

+Tj,k(8ﬁi + 4-a - 4‘tiNC + 4thC + 4tkNC + 2Tj,k - 6Tj,i)
+7;,(86; — 12a + 12;V¢ — 12¢V¢ — 126,V + 187, ; — 67, )

+74;(8B; + 4a — 46, + 46" + 46,V + 273, — 674;)

The first order conditions with respect to t;"¢ and 7; j» fori,j, k where i # j, k, are, respectively:

swieNe _ N 126, — 9o — 17¢;V¢ - S(thC + 6¢) =0 (B2.1.2)
56;NC +3(Ti; + Tixd) +6(T) + Toer) — 2(Tige + T ) -
5WiCNC

= 0= [4B; +3a + 3t/ — 9t + 7t;,N¢ — 217;; + 1175 =0 (B2.1.3)

51'1"]'
Using (B2.1.2) and (B2.1.3), and by symmetry, the singleton’s equilibrium tax and import tariff

rates are given by the following equations, respectively, for i, j, k where i # j, k:

6N (Cne) = g5 (—12900+ 4998, = 13(B; + Bi) (B2.1.4)
7" (Cne) = —(387a + 19(458; — 196;) + 1515;). (B2.1.5)

1376

Using (A2.7), (A2.8), (B2.1.4) and (B2.1.5), country i’s local production x;;(Cyc) and exports

xl-j(CNC) are, respectively, for i, j, k where i # J, k:
x;i(Cne) = %(301(1— 1678; + 105(ﬁj+ﬁk)) (B2.1.6)

% (Cne) = ﬁ(ZlSa— 453B; — 165B; + 59p). (B2.1.7)
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Country i’s total quantity produced X;(Cy.) is expressed as follows, for i, j, k where i # j, k:
1
Xi(Cne) = = (129a— 1558, + 13(8;+5y)). (B2.1.8)
Country i’s total quantity consumed Q; (Cy¢) is expressed as follows, for i, j, k where i # j, k:
1
Qi(Cne) = (1290 - 836, — 23(B;+£y)). (B2.1.9)
Global production equals global consumption, as shown by the following equation:
i Xi(Cne) = % Qi (Cue) = >(Ba— L B). (B2.1.10)
Country i’s individual welfare W;(Cy.) and collective welfare W (Cyc) = X; W;(Cyc) achieved

under the singleton structure are, respectively, for i, j, k where i # J, k:

) a(277350 — 129602; — 7310(B;+Bx))

Wi(Cue) = —— B2.1.11

() = 35 +5; (20087B; +41618(8;+B,) ) + 8171(B;% + %) — 3178,y ( :
(277350 — 48074 5, B;) + B (12143B, + 266868;)

W(Cne) = gorp B, (12143B; + 266868)) +ﬁjk(12143ﬂjlil-26686ﬁk) ] (B2.1.12)

2.6.2.2 WTO-Restricted Tariffs

~C . . . . .
Let W; ™ be country i’s welfare under the singleton structure Cy., with WTO-restricted tariffs,

then country i’s welfare optimization problem (2.10) is as follows, for i, j, k where i # j, k:
3a(5a—24p;)
+5" (—18a+ 24, - 175" — 10" + £, )
+(E + 8N (6a +24p,+7(5" + fk"’c))
i| +47,(4B; +3a+ 385" — (" +£") - 5%)
+8%(28 —a+ & = (5" + 1) + 1)
+8%,(28, —a+ £ = (F" + £7°) + £)

(B2.2.1)

The first order conditions with respect to fl-NCand T; are, respectively, for i, j, k where i # j, k:

~C
5;?_NNCC =0 [128; - 9a— 178" = 5(§" + £ ) + 67, + 4(3; + )] =0  (B2.2.2)
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sWENC

~NC (=NC , = NC .
s, — 0= [Ba+4p; +38 " —(§" +& ) —10%]=o0. (B2.2.3)

The first order conditions (B2.2.2), (B2.2.3) and the symmetry yield the following equilibrium

emissions tax and import tariff rates, respectively, for i, j, k where i # j, k:

~ *NC

(Cne) = o5 (—21a+ 1116, — 17(8; + fi) ) (B2.2.4)

- 1
T (Cne) = 53 (63a+ 163B; — 29(B; + Br)). (B2.2.5)
Using (A2.7), (A2.8), (B2.2.4) and (B2.2.5), country i’s local production X;;(Cyc) and exports
%;j(Cyc) are given by the following expressions, respectively, for i, j, k where i # j, k:
~ 1
%ii(Cne) = 755 (49— 51B; + 29(B; + Bi)) (B2.2.6)
~ 1
%ij(Cne) = 53 (35a— (169B; + 9B;) + 87By). (B2.2.7)
The total quantity produced in country i, X;(Cyc), is as follows, for i, j, k where i # j, k:
. 1
X.(Cye) = E(zm— 558; + 17(B; + Bx))- (B2.2.8)
The total quantity consumed in country i, Q; (Cyc), is as follows, for i, j, k where i # j, k:
Qi(Cne) = 55 (7= 58— (B + Bi)). (B2.2.9)
Global production matches global consumption, as demonstrated by the following equation:
. ~ 3
2 Xi(Cne) = Xi Qi (Cye) = ;Ba— X By). (B2.2.10)
Country i’s individual welfare, W;(Cy.), and collective welfare, W (Cyc) = X; W;(Cyc), in the

singleton structure, are given by the following expressions, respectively, for i, j, k where i # j, k:

73502 + B;(—3458a+ 3676, + 1082(B; + i)

Wi(Cne) = 7572 B;(~182a+ 283, — 5B,) + B, (—182c + 2836 — 5/;])] ®B221D
73502 + B;(—12740a + 311B; + 718(B; + Br))

W (Ce) = 25x7z B;(—12740a + 311B; + 718By) + B (—1274a + 3118, | (B2.2.12)
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2.6.3 Appendix C2: The Government’s Optimization Problem - The Grand Coalition
Let W;%¢ be country i’s individual welfare in the grand coalition C. It is expressed as follows, for
[,j,k where i # J, k:

_ 1 [(A5a% = 72apB;) + t;(72B; — 6a — 9t;)

w.€é =
! 32 +TG (48)8l - 4‘“ - 12tG - 4‘TG)

(C2.1)

Let WC =¥, W;%6, be the collective welfare of all members within the grand coalition C, then

their joint welfare optimization problem (2.10) can be detailed as follows:

2
Cg (15a — 24« Ziﬁi) + tg(—6a + 24 Zi Bi - 9tG)] 79
max W< = max 1o (16 Y, B; — 4a — 12t — 415) ' (€22)
The first order conditions with respect to t; and 7, are expressed as follows, respectively:
Cc
=023t = (—a+ 4% 6 — 215) (C2.3)
G
Cc
=02 215 = (—a + 4355 — 3t5). (C2.4)
G

The first order conditions (C2.3) and (C2.4) yield the following cooperative set of solutions, where

any (t;*,15") satisfying the following two conditions is an equilibrium solution:
3t (Ce) + 216(Co) = (4 X B — @) (C2.5)
t:(Ce) <5 (4%iB; — ). (C2.6)
Using (A2.7), (A2.8) and (C2.5), country i’s local production and exports are, respectively, for

i,j,kwherei # j, k:
xi4(C) = 5 (@ — i By + 275) (C2.7)

1
xij(Ce) = x(Ce) = 5 (@ = Xy Bi — 7). (C2.8)
To guarantee that local production x;;(Cg) is strictly positive, and exports x;;(Cs) and x;,(C;) are

positive, then%(ziﬁi —a) <1 (Ce) < (a— 2 Bo)-
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Total production X;(Cg;) and consumption Q;(C;;) are, respectively, for i, j, k where i # j, k:

Xi(Ce) = Q:i(Cg) = (a — X; ). (C2.9)
Under the assumption that members of the grand coalition agree on a custom union, where

75" (C;) = 0, the equilibrium emissions tax rate t;(C;) becomes as follows:
. 1
tg(Co) =5 (4% B — ). (C2.10)

Using (A2.7), (A2.8) and (C2.10), local production and exports are as follows, respectively, for

i,j,kwherei # j, k:
x:1(Ce) = x1;(Ce) = x5 (Ce) = 5 (@ — X B). (C2.11)
The total quantities produced and consumed in country i, for i, j, k where i # j, k, are given by:
Xi(Ce) = Qi(Ce) = (a — X; B (C2.12)
The global production level, which is equal to the global consumption level, is equal to:
2iX; (Cg) = X Q: (Cg) = 3(a — X ). (C2.13)
Country i’s welfare as a member of the grand coalition, W;(C;) is, for i, j, k where i # j, k:
Wi(Ce) =5 (a = 2iB) (@ — 5B + (B + B))- (C2.14)
The grand coalition’s collective welfare, W (C;) = X; W; (C;), is expressed as follows:
W(C) == (a—%iB)> (C2.15)

Individual production X;(C;), global production X(C;) = Y.; X; (C;), individual welfare W;(C;),
and collective welfare W (C), are all independent of the tariff 7 (C;;), since changes in tariffs are

offset by changes in the emissions tax, as indicated by equation (C2.3). Thus, the stability condition

(2.13) is not affected by the assumed solution (t;*, ;") = (% 4B —a), 0).
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2.6.4 Appendix D2: The Government’s Optimization Problem - The Partial Coalition

2.6.4.1 The Partial Coalition’s Pair

k
Let W;“P be country i’s individual welfare as a pair member in the partial coalition structure C¥.

It is expressed as follows, for i, j, k where i # j, k:

(15(12 - 720cﬁi)
+t;(—120 + 488, — 20t; — 3t,7) + ;.7 (6a + 245, + 7t; + 7t,7)
W =L +7;(168, — 60. — 12¢; + 26, + 57y — 37;) (D2.1.1)
+7,, (168, + 100 + 20t;; — 14t,° + 7;; — 197;;,.)
+7;,,,(16B, — 8a — 8t + 817, ;)

k k k . . . . . .. .
Let Wl-jCP = W;°P + W]-CP be the pair’s joint welfare in the partial coalition C¥. Assuming

Tjj (C k ) = 0, the pair’s optimization problem (2.10) is detailed as follows, for i, j, k where i # j, k:

3(5a% - 12a(B; + ;)
+2t;;(—6a + 12(B; + B;) — 10t;; + tf )
max Wy = max. +tf (6a + 12(B; + B;) + 2tj; + 7tf) . (D2.1.2)
’ 4Tk (8(B: + Bj) + 10a + 20t;; — 14t — 197;5,)

+8Tk,ij ((‘81 + ,B]) - — t,f + Tk,ij)

The first order conditions with respect to t; j(C ,’,‘) and 7 (C k ) are as follows:

5Wi'cll'§’

5, = 0= 10 = (6(B; + Bj) — 3a + tf + 574j) (D2.1.3)
5Wi'cllg p
e = 02197, = (4(Bi + ) + 5a + 10t; = 7). (D2.1.4)

Using the first order conditions (D2.1.3), (D2.1.4), (D2.2.2), and (D2.2.3), the pair’s equilibrium
emissions tax t{*j(C,’,‘) and tariff Tij’k*(C,ﬁ‘), are as follows, for i, j, k where i # j, k:

1

t;j(CF) = ; (=176a + 809(B; + B;) — 726;) (D2.1.5)
T (CF) = == (29a + 106(B; + B;) — 45B:). (D2.1.6)
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A pair member domestic production and exports, are, respectively, for i, j, k where i # j, k:

xi(CK) = x;;(Ck) = 813(308(1— 269(B; + B;) + 1264 ) (D2.1.7)
xi;(CE) = x;(Ck) = -~ — (3082 — 269(B; + B;) + 126B;) (D2.1.8)
% (CK) = xp(CK) = = (47a— 111(B; + B;) — 2564). (D2.1.9)

The total quantity produced in a country within the pair is as follows, for i, j, k where i # j, k:

x;(ck) = x;(ck) = = (757a— 871(B; + B;) + 177By). (D2.1.10)

834

The total quantity consumed in a country within the pair is as follows, for i, j, k where i # j, k:
Q:(ck)=0;(ck) = 139(1305 10(B; + B;) — Br)- (D2.1.11)
The joint production level generated by the pair is as follows, for i, j, k where i # j, k:
X,(CK) + X;(Ck) = — (757 a— 871(B; + B;) + 177). (D2.1.12)
The welfare of country i in the pair, W; (C p) is expressed as follows, for i, j, k where i # j, k:
112581¢* + B, (36237, — 21982¢)

B:(278248(B; + B;) + 123565B; — 558007a)|.  (D2.1.13)
+B;(5221a— 101500(B; + B;) — 14879p)

Wi(C};) - 12><(139)2

2.6.2.1 The Partial Coalition’s Outsider

Given 1; j(C }f) =0t j(C}f), and T; j,k(C ;’f), the outsider behaves as a singleton, and its welfare
optimization problem (2.10) can be detailed as follows:

3(5a? — 24apy,)
+tf (—18a + 24B; — 10¢;; — 17¢f)
Max W, K _ Max +2t;;(6a + 24B, — 5tf + 14t;;) | (D2.2.1)
tle T | g, (4Bx + 3a + 360 — 2t — 5Ti)
| +47;; (4B — 6a + 6tf — 12t;; + 97y ).
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The first order conditions with respect to tf and 7 ; j» respectively, are as follows:

SWy, ck
s = 0= 1760 = (128, — 9a — 10t + 127y + 67y ) (D2.2.2)
5chl’§ p
so = 0= 107k = (4B, + 3a + 3t — 2t;)). (D2.2.3)

Using the FOCs (D2.1.3), (D2.1.4), (D2.2.2), and (D2.2.3), the outsider’s equilibrium solution

t?"(Ck) and 14, i;*(CE), is as follows, for i, j, k where i # j, k:
tr"(Ck) = — (315, — 47(B: + B;) — 64a) (D2.2.4)

Ty (CE) = == (247 + 5376, — 190(B; + 5;))- (D2.2.5)

The outsider’s local production and exports are, respectively, for i, j, k where i # J, k:

x(CE) = E; 22 (17a+19(B; + B;) —12B;) (D2.2.6)

xki (CE) = xj(CE) = e —(43a— (B; + B;) — 153B;). (D2.2.7)

The outsider’s total quantities produced and consumed are, respectively, for i, j, k where i # j, k:

X (CK) = (256 + 188(B; + ;) — 4268 (D2.2.8)

1
Q(Ck) = E(?’““‘ 143(B; + B;) — 195B4). (D2.2.9)
The world market clears, as global production equals global consumption, as shown here,

Y X (Ck) =20 (ck) = (1013a 683(B; + B;) — 249B). (D2.2.10)

417

The outsider’s welfare Wk(C ,’,‘) is expressed as follows, for i, j, k where i # J, k:

16397602 + 12, (—68947 a + 4956p,,)

Wy (Ck
W(CF) = 2><(417)2 l(ﬁl + B;)(—117259a + 138251(B; + B;) + 5293296,

(D2.2.11)

The partial coalition’s collective welfare W(C P) ¥ Wi (CF) is expressed as follows:

w(ck) = — [501719a2 + (B; + B;)(403373(B; + B;) — 946438q)

. (D2.2.12
2x(417)2 +3B,(230786(B; + ﬂj) + 560618, — 297770«) l ( )
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2.6.5 Appendix E2: Restrictions on the Model’s Parameters
The parameters chosen in the simulations strictly adhere to these conditions, aiming to guarantee:

- An active market, by ensuring that o > S, > ,Bj > g, > 0.

- A positive interior solution maintaining the market structure throughout the game, by ensuring

that X;, x;;* € Ry * and x;;* € R}, for i, j, k where i # j, k.
- Positive import tariff rates and trade flows.
.. .. 1 1
- The most restrictive conditions: o > (111(B; + B;) + 25B¢); o0 = £(169ﬁi +9B; — 87B%).
The complete set of the most restrictive constraints pertaining to each structure is detailed here:

- From the Singleton Structure with Optimal Unrestricted Tariffs:

% (Cne) > 0 = o > = (1676 — 105(5;+) ) (E2.1)
x;;(Cye) 20= 0 = $(4’53Bi + 165B; — 59P%) (E2.2)

% 1
71 (Cne) 2 0= o = ———(19(456; — 196;) + 151By). (E2.3)

- From the Singleton Structure with WTO-Restricted Tariffs:

%:(Cnc) > 0 = a > (518, — 29(8; + B)) (E2.4)
% (Cne) 2 0= o= - (1696, + 96; — 87 (E2.5)
7' (Cne) 2 0= a = = (29(B; + Bi) — 163B,). (E2.6)

- From the Grand Coalition Structure:

x;;(Cg) = x;j(Ce) = x4 (Cq) > 0= a > ¥ f; (E2.7)

1:7(Ce) =0 t," < §(4ziﬁi —a). (E2.8)
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From the Partial Coalition Structure - The Pair:
xii(CK) = x;(CK) > 0= a > —(269(B; + ;) — 126p)
xi(CK) = x3(CE) = 0= a = —(269(8; + B;) — 126p)
% (CE) = x5 (CK) = 0= a = = (111(B; + B;) + 256

Tyi"(CE) 2 0= o > (458, — 106(B; + ;) ).

From the Partial Coalition Structure - The Outsider:
1 (CK) = x;(CE) 2 0 = a = —((B: + ;) + 1535
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2.6.6 Appendix F2: Proof of Proposition 2.4.1.1

Using (2.1), (B2.1.6), and (B2.1.7), country i’s total quantity produced as a singleton is as follows,

fori,j, k wherei # j, k:
Xi(Cxe) = = (129 — 1556, + 13(B;+Bx) ). (F2.1)
Using (F2.1) and the symmetry, the singletons’ global production, X(Cyc) = X; X; (Cnc), is:
X(Cne) = TiXi(Cne) =5 Ba— X ). (F2.2)

Using (2.1), (C2.7), and (C2.8), country i’s total production in the grand coalition is as follows,

fori,j, k wherei # J, k:
Xi(Ce) = (a — X B (F2.3)
Using (F2.3), the global production in the grand coalition, X(C;) = ).; X; (C¢), is as follows:
X(Ce) = XX (Cg) =3(a— X Bo). (F2.4)

Using (F2.2) and (F2.4), the environmental gains provided by the grand coalition in comparison

to the singleton structure are:
3
X(Cne) — X(Cp) = 2 BXiBi — a). (F2.5)
Equation (F2.5) proves that X(Cy¢) — X(C;) > 0, when a < 3); ;.

Using (2.1), (D2.1.7), (D2.1.8), and (D2.1.9), country i’s total production within the pair in the

partial coalition CX, is as follows, for i, j, k where i # j, k:

X,(CK) = X;(Ck) = = (757a— 871(B; + B;) + 177p;). (F2.6)
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Using (F2.6), the joint production level within the pair is as follows, for i, j, k where i # j, k:
1
Xi(CF) + X;(C¥) = 5 (757 a— 871(B; + B;) + 177B,). (F2.7)

Using (2.1), (D2.2.6), and (D2.2.7), country k’s total quantity produced as an outsider to a pair, is

expressed as follows, for i, ], k where i # j, k:
1
Xi(CE) = 5 (2560 + 188(B; + B;) — 426By). (F2.8)

Using (F2.7) and (F2.8), global production in the partial coalition C¥, and by symmetry for C ;{ and

C};, is given by:
X(Ck) = 2iX; (Ck) = = (10132 — 683(8; + ;) — 249By). (F2.9)

Using (F2.4) and (F2.9), the environmental gains in terms of lower global emissions, provided by

the grand coalition when compared to the partial coalition C¥, and by symmetry for C 1{ and C}, are
expressed as follows:

2
417

x(€k) —X(Ce) = = (—119a + 284(B; + B;) + 5018, (F2.10)

Equation (F2.10) proves that X(C¥) — X (Cg) > 0, when a < %19 (284(B; + B;) + 501B;).

It is worth mentioning that the condition @ < i (2 84(Bi + Bj) + 501 Bk) is more restrictive than

a<3);Bi, when };8; =1, and hence, when a < %(284(& +ﬁj) +501B,), the grand

coalition results in lower global emissions in comparison to both the singleton and the partial

coalition structures. * Q.E.D.
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2.6.7 Appendix G2: Proof of Proposition 2.4.1.2

Using (D2.2.11), country i’s individual welfare as an outsider to a pair in the partial coalition C},

1s as follows:

16397607 + 123;(—68947 o + 49563;)
2><(417)2 (B; + Bi)(—117259a+ 138251(B; + i) + 5293298;)

w;(ch) = (G2.1)

i
Let WiCG — WiCP be country i’s individual welfare gains as a member of the grand coalition in

comparison to being an outsider to a pair within the partial coalition C}.

Using (C2.14) and (G2.1), these welfare gains are expressed as follows, for i, j, k where i # J, k:

a (9913 — 215970; + 117259(B; + fi) )

ch 1

we — '
>N 1809973 6,% + (B; + fi) (1662276; — 312140(8; + i)

i i

(G2.2)

Using (G2.2), the first order condition with respect to £5;, is given by the following expression,

fori,j, k wherei # j, k:

c ct
B[W. G_w. P]
i i 1

apBi T 2x3x1392

[539982p; + 55409(B; + i) — 71990al. (G2.3)

Equation (G2.3) clearly indicates that a country’s individual welfare gains from joining the grand

coalition can improve as its marginal environmental damage parameter takes a higher value, when

1 .. . .
Bi < a < ——(539982p; + 55409(B; + fi.) ). for i,j, k where i # j,k. + Q.ED.
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2.6.8 Appendix H2: Simulation Results with Increasing Y ; ;

The analysis and figures presented here depict the simulation results assuming that ); 8; increases
compared to the case where Y; B; = 1. As f;, B, and B, take higher values, while maintaining the
heterogeneity assumption where B; > B; > B > 0, X; B; increases. Keeping the value of a
constant to explore the effect of heterogeneity restricts the range of parameters that satisfy all the
conditions imposed on the model’s parameters, as outlined in Appendix E2, and specifically the
most restrictive condition expressed in Equation (E2.11). Hence, the comparison is only possible
within a limited range of heterogeneity. For instance, with « = 2.4, the range where the restrictions
are met diminishes to a 14% heterogeneity level. Thus, @ = 3.5 will be used in the current
numerical simulations, where all the restrictions are met up to a 28% heterogeneity level.
Nevertheless, the simulation results remain consistent when assuming that ); 5; increases, in

contrast to when ); f; is held constant and normalized to 1.

Figure 2.7: Grand Coalition Stability - Varied Heterogeneity, Increasing > i
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Assuming « = 3.5, Figure 2.7 illustrates the welfare gains of countries i, j, and k, as expressed by
Equation (2.68), when Y}; 8; increases. Similar to Figures 2.1 and 2.2, Figure 2.7 indicates that the

grand coalition is stable across various heterogeneity levels. Country i’s welfare gains significantly
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increase when the grand coalition reduces global production and thus damage, while countries j
and k see diminishing welfare gains over the same range. The simulations reveal that the stability

of the grand coalition can be reinforced by a larger a value, confirming proposition 2.4.1.3. These

results remain consistent when varying o values, where oo > ﬁ (111(,&- + ,Bj) + ZSﬁk).

Similar to the scenario where ),; 8; = 1, arange of parameters where the grand coalition is unstable

has not been identified when assuming };; B; increases.

Figure 2.8: Individual Welfare Gains: Comparing the Grand Coalition to the Singleton
Structure - Varied Heterogeneity, Increasing ) fi
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Assuming a = 3.5, Figure 2.8 depicts the individual welfare gains of countries i, j, and k as
outlined in equation (2.71), as members of the grand coalition in comparison to the singletons. In
this case, the grand coalition is stable, with t;(C;) = %(4 YiBi —a) > 0. As Y,; f; takes higher
values, while a is held constant, the grand coalition deliver environmental benefits in terms of
lower production (emissions), when a < 3 }; B;, since X(Cyc) — X(Cg) = %(3 YiBi — ).

When it does (above 9% in Figure 2.8), country i sees increasing welfare gains associated with

lower production levels. When it doesn’t (at or below 9% in Figure 2.8), country k is the main

beneficiary. Similar to Figures 2.3 and 2.4, Figure 2.8 confirms remark 2.4.2.2 that a member of
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the grand coalition may be better off when compared to behaving as a singleton. These results are

robust to changes in the value of a, where o > 41—7 (111(&- + ﬁj) + ZSﬁk).

Alternatively, Figure 2.9 depicts countries i and k’s individual welfare gains in the grand coalition

compared to forming a pair within the partial coalition C J , when B;, B;, and By, take higher values
and a = 3.5. With t;(C;) = %(4 Y.i B; — a) > 0, the grand coalition imposes a positive emissions
tax rate. Given Equation (2.67), the grand coalition provides environmental gains compared to C. J ,

when a < $(284(ﬁi + Bi) + 501[3]-). Similar to Figure 2.6, Figure 2.9 indicates that both

countries are experiencing individual welfare losses up to 24% heterogeneity.

Figure 2.9: Individual Welfare Gains of Countries i and k. Comparing the Grand Coalition
to the Partial Coalition Structure - Varied Heterogeneity, Increasing ) fi
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As p; takes a higher value, country i sees improving welfare gains after 6% heterogeneity,
stemming from the environmental gains brought about by the grand coalition after this level. In
contrast, as 3 takes a higher value, country k experiences increasing welfare losses over the full
range of heterogeneity. Similar to Figures 2.5 and 2.6, Figure 2.9 confirms remark 2.4.2.3 that a

member of the grand coalition can be often worth off than a pair member in a partial coalition.

These results are robust to changes in the values of a, where a > % (111(,&- + ﬁj) + 25ﬁk).
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ESSAY 3

THE IMPACTS OF UNILATERAL CARBON BORDER
ADJUSTMENTS AMONG HETEROGENEOUS COUNTRIES

3.1 Introduction

The pressing demand for swift global climate action aligns with the necessity to rectify disparities
in current carbon pricing. Within this framework, the present essay examines the impacts of
unilateral Carbon Border Adjustments (CBAs) on global emissions and welfare, as well as their
potential to promote increased international environmental cooperation among heterogeneous

trading partners, with a focus on addressing environmental damage heterogeneity.

The main objectives of this essay are, therefore: 1) To investigate whether unilateral CBAs lead to
environmental gains, overall welfare gains, or both. ii) To assess the potential of CBAs to
encourage convergence of environmental standards among heterogeneous countries. iii) To
evaluate the ability of CBAs to incentivize international cooperation, considering the effects of

environmental damage heterogeneity on the likelihood of cooperation.

The essay introduces a novel focus by examining the time sensitivity of CBAs, distinguishing
between farsighted and myopic CBAs, considering the potential for retaliation in myopic CBAs,

and comparing their effectiveness to the basic trade model with bilateral endogenous tariffs.

The current essay examines an open economy featuring two countries, each with a single firm
producing a homogeneous emission-intensive good and generating transboundary emissions such
as carbon dioxide. Consumers in each country are affected by global emissions, and every unit

produced generates exactly one unit of emissions. The firm’s choice variable is production, which
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also represents emissions. As such, abatement3® is not modelled as a separate choice variable, but
forgone profit is the firm’s abatement cost. Firms compete a la Cournot in a segmented market

rather than a shared global market.

Each government uses a per-unit of production (emissions) tax rate as an environmental policy
tool. The two countries experience varying consequences from environmental damage, resulting

in different marginal environmental damage parameters.

The game consists of two main stages, encompassing the optimization of governments’ welfares
and the maximization of firms’ profits. In the first stage, each country determines the emissions
tax rate that maximizes its individual welfare. The country with the highest emissions tax rate
unilaterally implements a carbon border adjustment that requires the foreign firm to pay the
difference between the emissions tax rates on its exports. In the second stage, each firm
noncooperatively chooses its production level to maximize profits. The game is solved by

backward induction, starting from the second stage and progressing backward to the first stage.

In comparison to the basic trade model with bilateral endogenous tariffs, the numerical simulations
demonstrate that farsighted CBAs can generate environmental gains and overall welfare gains, but
only under specific conditions, and lead to higher emissions taxes in both countries. On the other
hand, myopic CBAs without retaliation offer a greater potential for cooperation, regardless of the
level of heterogeneity in environmental damages. However, myopic CBAs with retaliation can

result in collective welfare gains under specific conditions.

The main policy implications of this essay suggest that farsighted CBAs can be an effective

approach to reducing global emissions, particularly in sufficiently small markets, while myopic

36 Following Anouliés (2015). Baksi and Chaudhuri (2017), Hecht and Peters (2018), Al Khourdajie and Finus (2020).
and Elboghdadly and Finus (2020), abatement is not modelled as a separate choice variable to simplify the model.
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CBAs fall short in delivering environmental gains when compared to alternative noncooperative
measures, such as farsighted CBAs and bilateral endogenous tariffs. Additionally, the analysis
shows that myopic CBAs can foster greater international cooperation among trading partners, even

in the presence of heterogeneity among countries.

The primary contribution of this essay to the literature lies in presenting evidence that the
effectiveness of CBAs is inherently tied to their time sensitivity. Additionally, the essay assesses
the environmental and welfare impacts of unilateral CBAs, emphasizing their divergence from the

bilateral endogenous tariff approach.

The rest of the essay is structured as follows: Section 2 describes the model; Section 3 examines
the noncooperative solutions; Section 4 explores the cooperative solution; Section 5 summarizes

the main findings, and Section 6 concludes the essay.
3.2 The Model

The model examines an open economy comprising two heterogeneous countries, N = {i, j}. In
each country, there exists a single profit-maximizing firm producing an emission-intensive
homogeneous good X. The total production of the firm located in country i is given by the

following expression, for i, j where i # j:
Xi = (xil- + xij), (31)

where x;; is produced and sold in country i, and x;; is produced in country i and exported to
country j, for i, j where i # j. For the market structure to be maintained throughout the game and

to guarantee a positive interior solution, it is assumed that X;, x;;* € R} ™ and x;;* € Ry, for i,

where i # j. The production process generates transboundary air pollution such as carbon dioxide.

It is assumed that every unit produced generates one unit of global emissions. The firm’s choice
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variables are local production and exports, which also represent emissions. Firms can reduce total
emissions by producing less output at the expense of reducing profits. Hence, abatement is neither

an option nor a choice variable, but forgone profits would be the firm’s abatement cost.

Total consumption in country i, for i, j where i # j, is denoted by the following expression:

Qi = (xi + xj1), (3.2)
where x;; 18 locally produced and x;; is imported from country j, where i # j.
Firms compete a la Cournot in a segmented market, where each firm faces linear market-specific
demands, rather than a shared global market demand. The market demand in country i, is given
by, for i, j where i # j:
Qi = (a—Py), (3.3)
where Q; is the total consumption of the polluting good in country i, P; is the price of the good in

market i, and a is the maximal marginal utility derived from its consumption.

For simplification, it is assumed that the marginal cost of production is equal to zero, and each

firm can export to the other foreign market at no transaction costs.

Pollution generates environmental damage in each country; the social cost of pollution is a linear

function of global emissions:
D;(X) = Bi(X; + X;), (3.4)

where £, is the marginal environmental damage in country i caused by aggregate production, that

is, by global emissions. The linear environmental damage function makes the analysis more
readable and the model more tractable. For the market to be active, it is assumed that the marginal

environmental damage parameter cannot be higher than the maximal marginal utility of good X,
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given by o, and thus S, (0, o), for i, j. Consumers in each country are affected by the global level

of emissions. As such, variance in environmental damages does not manifest through different
emissions exposure levels, but how the same amount of emissions translates into costs, given the

underlying determinants of heterogeneity, such as income, health stock, defensive investment, or

baseline exposure (Hsiang et al., 2019).

The model is solved by backward induction. First, the government in any country i enforces a per-
unit of production (emissions) tax rate t; that is imposed on the local firm as an environmental
policy instrument. Since every unit produced precisely generates a unit of emissions, then a tax
per unit of production t; is equivalent to a tax per unit of emissions. Thus, the government in

country i collects emissions tax revenues, for i, j where i # j, defined as:
ERi = ti(xii + xij) = tiXi' (35)

Given that the two countries have different environmental damage parameters, they are likely to
apply different tax rates on the production of polluting good. The country with the highest
environmental damage parameter will impose a higher emissions tax. Consequently, the country
with the highest emissions tax rate will unilaterally implement a border adjustment mechanism,
which entails adjusting for the differences in emissions tax rates on imports. The firm producing
in the country with the lowest emissions tax will be required to pay the difference between the
domestic and the foreign emissions tax rates on its exports. The objective of this carbon border
adjustment (CBA) is to equalize the emissions taxes between the two firms. This mechanism has
been carefully designed to comply with WTO rules. Therefore, the foreign firm will be charged
precisely the difference between the emissions tax rates as a means of achieving emissions tax

parity. The carbon border adjustment (CBA) is, therefore, defined as:
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The country with the highest emissions tax collects fiscal revenues from the adjustment, given by:
CBRl = (,l)ix]'i = (tl - tj)xji, \4 ti > t] (37)

It is assumed that there are no transfer payments between countries and fiscal revenues remain in

the state of origin, since allowing for transfers can alter the incentive behind cooperation.

In this essay, a novel perspective is presented, focusing on the time sensitivity of Carbon Border
Adjustments (CBAs). Consequently, the study investigates two types of carbon border
adjustments, namely Farsighted and Myopic CBAs, and compares them with the basic trade model
with bilateral endogenous tariffs. Farsighted CBAs involve a scenario where the government’s
welfare optimization problem and the resulting optimal emissions tax rate consider ex-ante the
potential for carbon adjustments. In contrast, in the myopic CBA scenario, the government’s
welfare optimization problem and the resulting optimal emissions tax rate initially ignore the
potential for carbon adjustments, but these adjustments are accounted for subsequently. The

current essay also explores the possibility of retaliation in the context of myopic CBAs.

Moreover, the two noncooperative CBA scenarios are compared with the basic trade model with
bilateral endogenous tariffs. In the context of using bilateral endogenous tariffs as a trade policy
tool, the government in country i imposes a positive tariff 7; per unit of imports from country j.

The collected tariff revenues, retained in the state of origin, are as follows, for i, j where i # j:
TRi = (Tix]'i). (38)

The welfare function of country i, denoted by W;, consists of the domestic consumer surplus CS;,
the profits of local firm m;, the government’s tariff revenues TR; or the revenues from carbon

border adjustments CBR;, and the emissions tax revenues ER;, subtracting the environmental
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damage D; caused by global emissions. Thus, country i’s welfare function in the case of bilateral

tariffs, can be expressed as follows, for i, j where i # j:
Wi(tr, 'l') = (CSL + TT; + ERL + TRL - DL) (39)

However, in the case of unilateral border adjustments imposed by country i on imports from

country j, V t; > t;, the welfare functions of countries i and j become, respectively, as follows:
W;(t, w;) = (CS; + m; + ER; — D). (3.11)

Subsequently, each firm noncooperatively selects its profit-maximizing production rate, while

considering the policies enforced by both governments and the other firm’s output decisions.

The essay, therefore, examines the fully cooperative case and four noncooperative scenarios:
unilateral myopic CBAs without retaliation, unilateral myopic CBAs with retaliation, unilateral

farsighted CBAs, and the basic trade model with bilateral endogenous tariffs.
3.3 Noncooperative Solutions

In the upcoming subsections, the analysis delves into the diverse strategies pursued within the
noncooperative framework. These strategies include unilateral myopic CBAs with and without
retaliation, unilateral farsighted CBAs, and the basic trade model with bilateral endogenous tariffs.
Each strategy represents distinct approaches taken by individual countries to optimize their welfare

amidst environmental concerns and economic objectives.
3.3.1 The Firm’s Optimization Problem

Each single firm independently determines its profit-maximizing output, while considering the

policies established by both governments and the output decisions made by the other foreign firm.
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Firms compete a la Cournot in domestic markets, and each firm has two choice variables:
production for the local market x;; and exports to the foreign market x;;. The firm’s total profit
function in country i comprises revenues from both its domestic market i and foreign market j,
deducting domestic emissions taxes on production in all cases, and tariffs on exports only in the
context of the bilateral tariff model. The firm in country j subtracts from total revenues either the
tariff or the adjustment on exports in the CBA case, in addition to emissions taxes. Consequently,

firms’ i and j optimization problems can be formulated, respectively, as follows:

maxm; = max [(a — Qi - ti)xil- + (a - Q] - ti)xij - zjij] (312)
Xii, Xij Xii, Xij
max 71t; = max [(0( - Qj - tj)x” + (a - Qi - t])x]l — TiXj; — (,l)ini]. (313)
XjjXji XjjXji

The welfare function of country i, for i, j where i # J, is determined based on the optimal Cournot
quantities obtained here. The firms’ optimization problems3’ under each noncooperative scenario

are described in the following subsections.
3.3.1.1 Under Myopic Carbon Border Adjustments

In the myopic CBA scenario, the firm’s optimization problem initially does not consider the
potential for carbon border adjustments. The total profit function of the firm located in country

i includes the total revenues from its domestic market i and the foreign market j, where i # j.

Let t;""* be the noncooperative emissions tax rate enforced by country i, then the local firm deducts
only the domestic emissions tax imposed on total production. These initial Cournot quantities are,
subsequently, readjusted to allow for the unilateral CBA imposed by the government in country i

on imports from country j, to equalize emissions tax rates.

3"The firms’ optimization problems under each noncooperative scenario are detailed in Appendix A3.
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In this case, in Equations (3.12) and (3.13), 7; = 0, for i, j and w; = 0. The optimization problems

of firms i and j, stated in (3.12) and (3.13), respectively, are reduced to, for i, j where i # j:

Xy xri??Z(N[Zj en(Pi(xy;) — t™)xy] (3.14)

The equilibrium quantities produced by the firm operating in country i, for i, j where i # j, are:
* % 1
Xii (tm) = Xij (tm) = E((l— Ztim + t]m) (315)
For the market structure to be maintained throughout the game and to guarantee a positive interior
solution, it is assumed that x;*(t™) € R} "and x;;*(t™) € R}, for i, j where i # j. The Cournot

equilibrium quantities demonstrate noncooperative behavior, where domestic production and

exports decrease with the local emissions tax ¢;™, and increase with the foreign emissions tax t;".
3.3.1.2 Under Farsighted Carbon Border Adjustments

In the farsighted CBA scenario, the firm’s optimization problem considers ex-ante the carbon
border adjustment. Country i, possessing the highest environmental damage parameter, and
consequently, enforcing a higher emissions tax rate, unilaterally introduces a border adjustment

mechanism to rectify the disparity in emissions taxes on imports from country j.

Let t;/ be the emissions tax rate enforced by country i. The firm operating in country j will need
to pay the domestic emissions tax imposed by the government in country j on total production,

denoted by t;/, as well as the carbon border adjustment on its exports, denoted as w;”, such that:

f—t¢.f Fs¢f
s oo (& =67) vl >y
o/ (t7, ) { 0 vis <)

The carbon border adjustment revenues CBR; are collected by the government in country i. In this

case, in Equations (3.12) and (3.13), w;/ = (¢ — ¢/),v ¢/ > ¢/, and 7, = 7; = 0.
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Firms i and j’s optimization problems, stated in (3.12) and (3.13), respectively, are rewritten as:

max m; = max [Z]EN(P (xij)xi; — 67 %)) (3.16)
Xij jeN Xij
xmaX T[] =4 max [ZiEN(Pi(xji)xji - t]ijl) - ((tlf - tjf)) in] . (317)
ji ieN Xjiie

The equilibrium quantities produced by the firm operating in country i are as follows:
xi" (¢, 0) = 5 (a—t;) (3.18)
Xt (@t @) =§(a—2tif +t7). (3.19)
While the equilibrium quantities produced by the firm operating in country j are given by:
1" (tF wp) =5 (a+ 67 - 26;7) (3.20)
X, wp) = %(a— t.0). (3.21)
Local production is constrained to be strictly positive, that is, x;;(t/, w;) € R;;™, and exports are
required to be positive, such that, x; j(tf ,w;) € R}, fori,j where i # j.

Compared to myopic CBAs, the farsighted anticipation of the adjustment maintains the exports of
country i and country j’s domestic production unchanged. However, the CBA imposes identical
emissions taxes on country i’s domestic production and country j’s exports, making the latter
solely dependent on the emissions tax rate enforced in country i. Essentially, the anticipated CBA

equalizes the emissions tax between country i’s local production and its imports from country j.
3.3.1.3 Under Endogenous Bilateral Tariffs

Let t;* and 7; be the emissions tax and tariff enforced by country i in the basic trade model with

bilateral endogenous tariffs, respectively. The firm located in country i deducts from total revenues
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the domestic emissions tax, t;*, imposed on total production, and the tariff, 7;, imposed on its
exports to country j. Hence, in Equations (3.12) and (3.13), 7; =0, 7; = 0, and w; = 0. The
optimization problems of firms i and j, expressed in (3.12) and (3.13), respectively, can be reduced

as follows, for i, j where i # j:

xmaX m; = maX [ZjeN(Pj(xl'j)xij - tirxij) - zji]']' (322)
ij JEN Xij jEN

The equilibrium quantities produced by the firm operating in country i, for i, j where i # j, are:
xy (£5,7) = 5 (00— 267 + 47 + 1) (3.23)
xy' (¢7,7) = 5 (@ — 27 + 47 = 27j). (3.24)
The Cournot equilibrium implies that production decrease with the local emissions tax rate, t;°,
and increase with the tax rate imposed on the foreign firm, ;. As anticipated, domestic production
increases with the local tariff rate, 7;, while exports decrease with the foreign tariff, 7;. Local
production is constrained to be strictly positive, that is, x;;(t%,7) € R}:*, and exports are required
to be positive, x;;(t*,7) € Ry, for i,j where i # j.
3.3.2 The Government’s Optimization Problem

In this essay, the central premise revolves around the assumption that both countries exhibit
distinct marginal environmental damage parameters, denoted as f; and f;, where ; > p; > 0. If
countries were homogeneous, that is with identical environmental damage parameters, they would
enforce the same emissions tax rate. However, due to their heterogeneity, the country with the
highest environmental damage parameter [5;, will implement a higher emissions tax rate t;.
Consequently, the disparity in emissions taxes calls for a carbon border adjustment to be imposed
by country i on its imports from country j, given that country j has a lower emissions tax. In the

basic trade model, there is an additional aspect at play - the inclusion of bilateral endogenous tariffs
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on imports. This tariff can be used strategically by a country to protect its domestic industry from
foreign competition while also accounting for the environmental impact of imported goods.
3.3.2.1 Myopic Carbon Border Adjustments

The case of myopic carbon border adjustments assumes that the government’s optimization
problem and the resulting optimal emissions tax do not take into consideration ex-ante the potential
for CBAs. This adjustment is applied after the government’s optimization process, and production
quantities are adjusted subsequently. Therefore, the firm producing in country j and exporting to
country i, will be required to pay on its exports, the difference between the foreign emissions tax
t;" and the domestic tax ¢;"™. To be compatible with WTO rules, it will be charged precisely the
difference between the emissions tax rates as a means of achieving emissions tax parity.

3.3.2.1.1 Without Retaliation

In the myopic CBA case, country i noncooperatively sets an emissions tax rate, denoted by t;™.
Given the equilibrium quantities produced by the firms, described in Equation (3.15), country i’s
welfare optimization problem? can be expressed as follows, for i, j where i # j:

2(Qu(e)’ = B (Xl + X; ("
g W = g ACIGRIRIACACOEDACH)

4 . (3.25)
! |+ (o= Q)i (™) + (o = Q™)) iy (61

The first order condition of the welfare maximization problem (3.25) with respect to the emissions

tax rate, t;", yields the following negative best response function, for i, j where i # j:
1
t™ (™) = - (—4o + 6 — ;™). (3.26)

Equation (3.26) demonstrates each country’s noncooperative behavior with a negative best

response function.

3Country i’s optimization problem with myopic CBAs without retaliation is detailed in Appendix B3.1.
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The equilibrium emissions tax rate, for i, j where i # j, is given by the following expression:
6™ = (—4a + (78— B)))- (3.27)

In this noncooperative equilibrium, each country’s emissions tax rate is positively related to its

own environmental damage parameter while inversely related to the other country’s parameter,

implying solid free-riding incentives. Equation (3.27) also demonstrates that the difference in

emissions tax rates boils down exactly to the difference in environmental damage parameters,
where (¢;™ —t;"™) = (Bi — B;) > 0, since §; > B; > 0.
With myopic CBAs, firms react to current government policies. If governments are myopic and
their emissions taxes ignore the potential for such adjustments, then, the firms’ initial optimal
quantities, expressed in Equation (3.15), do not account for the CBA, but these need to be adjusted
subsequently to account for the unilateral carbon border adjustment, w/™ = (ti*m - tj*m). The
adjusted equilibrium quantities are detailed in Appendix B3.1.
After the adjustment, country i’s local production and exports are, respectively, as follows:
xy™ = —(12a = 76; + B;) (3.28)
xy™ = %(4(1 — 58, +38)). (3.29)

Country j’s local production and exports are expressed, respectively, as follows:

%™ = = (4a — 56, + 34, (3.30)
™ = (12a — 7, + ;). (3.31)

From country i’s perspective, the carbon adjustment reduces country i’s imports and increase its
domestic production, enhancing its total production level. On the other hand, the carbon border

adjustment decreases country j’s exports as well as its total production®.

3 Countries i and j’s production, consumption, and welfare equations are detailed in Appendix B3.1.
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3.3.2.1.2 With Retaliation

The country with lower taxes can either comply with the unilateral adjustment and pay the
difference between the emissions tax rates on its exports, or it can retaliate by imposing an
endogenous positive tariff on imports from the other country. Few empirical studies (Bohringer et

al., 2016; Fouré et al., 2016) have notably highlighted the potential risk of non-EU countries

retaliating in response to the unilateral implementation of the EU CBAM.

In the myopic case, country i’s decision to unilaterally harmonize emissions taxes across borders,
as well as country j’s retaliation, both occur after governments have finalized their emissions tax
rates. At this point, the optimal taxes, as expressed in Equation (3.27), have been determined

without accounting for the possibility of unilateral carbon adjustment and retaliation.

Moreover, firms initially do not consider the potential for CBAs or the possibility of retaliation in
their optimization problem, as they react to current policies. However, the quantities they produce
will eventually be influenced by the unilateral carbon adjustment, w/™ = (ti*m - tj*m), and the
retaliatory tariff 77, imposed by country j on its imports from country i. These changes will impact

both firms’ production decisions, as they will need to adapt to the new cost structures and trade
conditions resulting from these policy measures. Therefore, the equilibrium quantities produced

by the firm operating in country i, for i, j where i # j, expressed in Equation (3.15) are adjusted

to account for w/™* = (ti*m —t; *m) and Tjﬁl. The adjusted quantities are detailed in Appendix B3.2.

Subsequently, based on the adjusted quantities, country j’s welfare optimization problem to

determine the endogenous retaliatory tariff, denoted by 777, is expressed as follows:

2 . . . o
s 3 (@) =B (KG) + %) + ()
j E)

. i i ! CED
ki T | (0= @) i) + (o= ™) = (@ = ) %7
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The first order condition*® with respect to the tariff rate ij yields the following positive tariff rate:
an 1
™ =(a—Bi+2B). (3.33)
Given the assumption that @ > f; > f; > 0, it follows that T;m >0,V a,p;, B

Hence, following the retaliation by country j, the local production and exports produced by the

firm operating in country i become, respectively, as follows:
xi™ = —(12a = 76; + B;) (3.34)
xy™ = = (20a — 29B; — 56)). (3.35)
Country j’s local production and exports are given, respectively, by the following equations:
xj;™ = — (44a + 196, — 296)) (3.36)

%™ = —(12a = 7, + B;). (3.37)

Country j’s retaliation to country i’s unilateral CBA reduces country i’s total production as
expressed by the following expression, Va > f5; > 0:

~

2
X" = X" == (a— B +2B)). (3.38)
While retaliation increases country j’s total production as shown by this equation, Va > f; > 0:

X - X" =L@ B+ 28). (3.39)

The equations detailing total production, consumption, and welfares of countries i and j are

provided in Appendix B3.2.

4OCountry j’s optimization problem with myopic CBAs with retaliation is detailed in Appendix B3.2.
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3.3.2.2 Farsighted Carbon Border Adjustments

With farsighted carbon border adjustments, the government in country i selects noncooperatively
an emissions tax rate, denoted by t;/. Given the equilibrium quantities expressed by Equations

3.18), (3.19), (3.20) and (3.21), country i’s welfare optimization problem*' can be expressed as:
try

max W,/ = max i(Qi(tif))z -5 (Xi(tif) + Xf(tif)) + ((x B Qi(tif)) x;i(tif) :

(3.40)
d + (@ = (&) xis(eD) + (& - e

The first order condition with respect to the tax rate tif yields the following positive best response:
1

On the other hand, given the equilibrium quantities described in Equations (3.18), (3.19), (3.20)

and (3.21), country j’s welfare maximization problem can be expressed as follows:

max W,” = max é(Qj(tff))z N ﬁ] (Xi(tjf) + Xj(tjf))
j

7 7 Y o (oS f ff*f'(3'42)
] t] +(a—Qj(tj))xjj(tj)+(oL—Qi(tj)—(ti —tj)>xji(tj)

The first order condition with respect to the tax rate tjf yields the following negative best response:

t (¢ = (8; - t). (3.43)

Country i demonstrates a positive best response function, whereas country j exhibits a negative
best response, indicating a tendency towards free-riding behavior. Using (3.41) and (3.43), the

optimal equilibrium emissions tax rates of countries i and j are, respectively, as follows:

tf = % (@ —9B; + 10B)). (3.45)

“ICountries i and j’s optimization problems with farsighted CBAs are detailed in Appendix C3.
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With such anticipated adjustments®?, t;* > t;*/, V0 < B; < B; < a < (96 — 4B)).
Country i’s local production and exports are, respectively, expressed by the following equations:
xy” = - (13a - 96 — 28)) (3.46)
xil = 11—2 (5a —9B; + 28)). (3.47)
Country j’s local production and exports are, respectively, expressed by the following equations:
%" =—(3a+ 96— 6;) (3.48)
%" == (13a — 96, — 28;). (3.49)
Countries i and j’s production, consumption, and welfares equations are detailed in Appendix C3.
3.3.2.3 Endogenous Bilateral Tariffs
With endogenous bilateral tariffs, a government selects noncooperatively an emissions tax t;*, and

an import tariff rate 7;, for i, j. Given the equilibrium quantities expressed by Equations (3.23) and

(3.24), country i’s welfare optimization problem* is as follows, for i, j where i # j:

1 2 )

HOICEN YA ACEAES ACR N EEEACEN
max W;" = max .(3.50)
ft T+ (o= Qu(tF, 7)) x5 (¢, 7)) + (Ot —Q;(tf, ) — Tj(tiT,Ti)) xi;(t5,70)

The first order condition with respect to the tax rate t yields the following negative best response:

1
t7(tf,7) =2 (—4a + 6B — ] + (31, + 21;)). (3.51)
Country i’s equilibrium emissions tax rate, for i, j where i # j, is expressed as follows:

£, = % (—28a + 103B; — 11B)). (3.52)

While the equilibrium import tariff rate is expressed as follows, for i, j where i # J:

T = i (16a + 35B; — 198)). (3.53)

42 The model’s parameters have been restricted to ensure that (¢;*/ — t;*/) > 0 throughout the simulations.
43 Country i’s welfare optimization problem with endogenous bilateral tariffs is detailed in Appendix D3.
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Under this noncooperative equilibrium, each country’s emissions tax rate is positively related to
its own environmental damage parameter while inversely related to the other country’s parameter.

Equation (3.52) clearly indicates that country i consistently enforces a higher emissions tax rate

compared to country j, since (ti*T —t; *T) =2 (,Bl- - ,Bj) and §; > B; > 0 by assumption.

T 16
Country i’s local production and exports are, respectively, as follows, for i, j where i # j:
Xt = % (52a — 49p; + 29B)) (3.54)
xyj" = = (20a = 47; = 56)). (3.55)
Country i’s total production, consumption, and welfare equations are detailed in Appendix D3.

3.4 The Cooperative Solution

In the cooperative scenario, it is assumed that countries collectively agree to impose a uniform
emissions tax on the production of the polluting good, denoted as t¢, such that, t;¢ = tjC = t€.
This tax rate is chosen to maximize the joint welfare of both countries, where W¢ = ¥,y Wi.

Scholars have frequently advocated for uniform emissions tax solutions as an efficient policy

instrument to address global environmental issues (Hoel 1992, Finus and Rundshagen 1998,

Nordhaus 2006, Weitzman 2014). Indeed, uniform emissions tax solutions have gained support

for several reasons. Firstly, they offer a straightforward approach. Unlike differentiated solutions,
uniform taxes simplify the decision-making process and reduce the time required for negotiations,
thereby lowering transaction costs and making it more appealing for countries to engage in
cooperative efforts. Equity is another key aspect of uniform solutions. When all countries face the
same tax rate, there is a sense of fairness and equal burden-sharing. This uniformity can enhance
public acceptance and support for such policies, as it avoids perceptions of one country being

unfairly favored over another (Finus and Rundshagen 1998, McEvoy and McGinty 2018).
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Moreover, the enforcement and verification of uniform taxes in an agreement are relatively

straightforward. Consequently, the uniform tax rate acts as a focal point (Schelling, 1960), a

solution that stands out as an obvious choice, making it more likely for bargaining partners to

converge and reach an agreement (Finus and Rundshagen 1998).

Due to the adoption of a uniform tax rate in both countries in a cooperative agreement, the necessity
for carbon border adjustments is eliminated. Furthermore, the need for bilateral tariffs is also
obviated, as changes in tariffs can be accounted for through changes in the emissions tax rate.
Consequently, it is assumed that countries eliminate import tariffs, leading to the formation of a

custom union, where 7,¢ = 7,¢ = ¢ = 0.

In the current duopoly game, however, the firms continue to compete a la Cournot, where they set
their production rates independently of each other. Thus, the optimization problems of firms i and

J, given respectively by Equations (3.12) and (3.13), are reduced as follows, for i, j where i # j:

max m; = max Yen(Pi(x;) — t€)xy;. (3.56)
Xij jeN Xij jeN

The equilibrium quantities produced by the firm operating in country i are, for i, j where i # j:
xii" (¢9) = xy” (t€) = 2 (@ = £©). (3.57)

The above optima represent positive interior solutions, considering the constraints imposed on the

model’s parameters.

With cooperation, a uniform emissions tax rate t¢ is chosen to maximize the joint welfare of both

countries, and thus the maximization problem** of countries i and j can be expressed as follows:

%(Qi (tc))z — Bi (Xi(tc) + Xj(tc))
(00— Q)i (t9) + (o0 = () (¢ |

max Y; W = maxy; (3.58)
tC tC

4 The fully cooperative optimization problem is detailed in Appendix E3.
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The first order condition yields the following equilibrium emissions tax rate:

¢ =>(—a +3(8 + ). (3.59)
The cooperative equilibrium implies that the uniform emissions tax is positively related to both
environmental damage parameters. It is evident that when the market size, as captured by the
parameter «, is sufficiently small, where a < 3(,[)’i + ﬁj), the uniform tax rate is positive.
However, when the market is sufficiently larger, the emissions tax rate becomes negative, where
a > 3(51’ + ,8]-). Essentially, the cooperative equilibrium addresses the negative externality linked
to the production of the polluting good by implementing a positive emissions tax rate. This tax
reduces aggregate production, consequently lowering global emissions. Alternatively, the
cooperative agreement may enforce a subsidy if the production of the polluting good is deemed
insufficient due to the dynamics of Cournot competition.

Country i’s local production and exports, for i, j where i # j, are given by the following equation:

*C

. 1
Xii = xij ¢ = E((X - (ﬂl + ﬁj)) (360)
Country i’s total production, consumption, and welfare equations are detailed in Appendix E3.
3.5 Results

Having thoroughly examined the case of unilateral myopic carbon border adjustments (CBAs)
with and without retaliation, the goal is to analyze the impacts of myopic CBAs on global welfare
and emissions. This analysis will be compared to the basic trade model with bilateral endogenous
tariffs and the model with farsighted CBAs. Specifically, the aim is to evaluate the effectiveness
of myopic CBAs in reducing global emissions, their ability to level up the playing field concerning
the convergence of environmental standards, their role in encouraging international environmental
cooperation, their capacity to generate collective welfare gains, and their divergence from the

bilateral tariff-based and the farsighted CBA approaches.

145



3.5.1 Analytical Results

Proposition 3.5.1.1: Myopic CBAs, with and without retaliation, do not generate environmental
gains in terms of lower global emissions, when compared to the farsighted CBA and bilateral
endogenous tariff approaches.

The complete proof of Proposition 3.5.1.1 is delineated to Appendix G3.

Let X™, X™, X/ and X7, represent global production under the myopic CBA without retaliation,
myopic CBA with retaliation, farsighted CBA, and endogenous bilateral tariff scenarios,

respectively. These global production levels are expressed in the following equations, respectively:

Xm =3 x™ =1(12a - (56, + ;) (3.61)
X =y x™ = %8(3404 — (138, + 78;)) (3.62)
X =3 X == (250 - (96, +88))) (3.63)
XT=Y3,X" = Z(Za —(B:+B)). (3.64)

Using (3.61) and (3.63), global production with myopic CBAs without retaliation always exceeds

what would occur with farsighted CBAs, as expressed by this equation, Va > ; > f; > 0:
xm—xf = %8 (11a — 6pB; + 5B)). (3.65)

Using (3.61) and (3.64), global production with myopic CBAs without retaliation always exceeds

what would be the case with bilateral endogenous tariffs, Va > p; > B; > 0, as shown here:
XM — X* = = (6a = fi +7B)). (3.66)
Notably, Equations (3.65) and (3.66) are strictly positive, since @ > f; > ; > 0, by assumption.

Similar results are obtained when considering the myopic CBA scenario with retaliation. Using

(3.62), (3.63), and (3.64), global production with myopic CBAs with retaliation consistently
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exceeds what would be the case with farsighted CBA and bilateral endogenous tariff approaches,

as expressed by the following equations, respectively, Va > f; > ; > 0:
XM — X1 = = (9a — 4B + ) (3.67)
XM XT = %(14(1 + B + 13B)). (3.68)

Thus, myopic CBAs, regardless of retaliation, when compared to farsighted CBA and bilateral
tariff approaches, are less effective in reducing global emissions. Unlike farsighted CBAs,
environmental taxes under the myopic CBA model do not account ex-ante for carbon adjustments;

instead, these adjustments occur after the welfare optimization process.

In terms of the capacity of carbon border adjustments to reduce global emissions beyond the scope

of the bilateral trade model, only farsighted CBAs demonstrate this potential. However, this
potential is only realized under certain conditions, where §(9,3L- + 11/3]-) <a < (9,&- — 4Bj),
V0 < B; < B; < 25, or where, 21—0(47&- +5B;) < a < (9B, —4pB;), V0 < B; < 258, < B;.
Proposition 3.5.1.2: Myopic CBAs do not lead to higher environmental taxes, when compared to
the farsighted CBA and bilateral endogenous tariff approaches.

The complete proof of Proposition 3.5.1.2 is delineated to Appendix H3.

Using (3.27), (3.44), and (3.45), countries i and j’s emissions tax rates with myopic CBAs,

compared to the farsighted CBA case, are expressed by the following equations, respectively:

tf“f —t;™m = i (10a — 3B; + 7ﬁj) (3.69)

1

t) —tm = 2—14(14a — (158, + B))). (3.70)

It is evident from Equation (3.69), that country i consistently enforces a lower tax with myopic

CBAs in comparison to the farsighted CBA scenario, since t; f_ t;"™ >0,Va > p; > p; > 0.

147



Equation (3.70) shows that tj*f - "™ >0,ifa > i (15,8i + ,Bj). Since the farsighted CBA case
requires that 15a > (27Bi - 6ﬁj), then t;f —t"™ >0, Vlis(27ﬁi - 6ﬁj) < a < (9B —4B)).

Using (3.27) and (3.52), country i’s emissions tax rate with myopic CBAs is consistently lower

than the bilateral tariff model, as demonstrated by the following equation, for i, j where i # j:
T — M = %(200( + 198, + B)). (3.71)

It follows that t;* — ;"™ > 0, Va > B; > B; > 0, for i, j where i # j. Equation (3.71) shows that
any country implements a lower emissions tax with myopic CBAs in comparison to the tariff

model, while the difference widens when the marginal damage parameters take higher values.

Hence, given the model’s restrictions, specifically a > f; > ; > 0 and a = %5 (27,31' — 6ﬁj),

emissions taxes with myopic CBAs are lower compared to the other noncooperative scenarios,

regardless of retaliation and irrespective of the extent of heterogeneity in environmental damages.

Bear in consideration that emissions taxes remain unchanged with or without retaliation, given that
unilateral carbon border adjustments introduced by country i and the subsequent retaliation by

country j, both occur after the emissions taxes of both governments have already been established.

When assessing the ability of CBAs to promote a convergence in environmental standards, only
farsighted CBAs, subject to specific conditions, demonstrate the capability to increase emissions

tax rates in both countries beyond what would occur in the basic endogenous tariff model.

Using (3.44), (3.45), and (3.52), countries i and j’s emissions tax rates with farsighted CBAs,

compared to the bilateral tariff case, are, respectively, expressed by the following equations:

£ — 7 = % (20a — 31pB; + 276)) (3.72)
* % 1
tjf — ;T = - (36a — 61p; — 23f;). (3.73)
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Given the parameters constraints, specifically a > ;> ;>0 and a = % (47,61- + 5/3]-),

equations (3.72) and (3.73) are strictly positive, indicating that both countries impose higher
emissions taxes when anticipating carbon border adjustments in comparison to endogenous tariffs.
For country i, a positive best response with farsighted CBAs, raises the tax above the tariff model,

0 (ti*f—ti*r)

T > 0. For country j, a domestic higher tax,
J

while the difference widens as f; rises, since

. . . . . . owjf
lowers the adjustment bill paid to country i and raises its welfare, since 6t} > 0.
J

These findings are in close agreement with Hecht and Peters (2018), who observed that CBAs

support the implementation of more stringent environmental policies across countries.

Proposition 3.5.1.3: In the context of Myopic CBAs, collective welfare can be higher when country

Jj retaliates, as opposed to the scenario without retaliation.
The complete proof of Proposition 3.5.1.3 is delineated to Appendix I3.

Let W™ be the collective welfare with myopic CBAs without retaliation. It is expressed as follows:

Wm =3, W = ——[144a® + B;(—288a + 91B; + 1428)) + B;(—288a + 198))]. (3.74)

24x32

Let W™ be the collective welfare with myopic CBAs with retaliation. It is expressed as follows:

W = ZiWim -t [12880{2 + B;(703B; + 1418p; — 2468a) + ﬁj(SSSﬁj - 2516a)]_ (3.75)

24x3%

Using (3.74) and (3.75), the collective welfare gains from retaliation are expressed as follows:

W = L ((Za ~298,-238,) (a— B, + 23}.)). (3.76)

22x34
Since (a —Bi + Zﬁj) >0, Ya > B; > B > 0, these welfare gains are strictly positive, when
21—0 (29&- + 5,8]-) <a< %(29,81- + 23,8]-). Also, they become more significant as f8; takes a higher

alwm-wm|  (92B;+35B;+19a)
ap; 22x34

value, since >0,YVa>p >p >0.
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Moreover, they are associated with environmental gains measured in terms of lower global

emissions, as shown by the following expression, Va > ; > f; > 0:

1

TiX" =2 X" =2 (a— B +2B)). (3.77)

o9
These collective welfare improvements in the retaliatory scenario stem from country j’s post-
retaliation individual welfare gains. The reduced global production after retaliation, as outlined in
(3.77), comes at the expense of country i, as the reductions in country i’s production, as shown in
(3.38), outweigh the post-retaliation improvement in production for country j, as shown in (3.39).
This leads to higher prices and profits in country j, driving its welfare gains, while country i incurs

welfare losses primarily due to lower before-tax profits.
3.5.2 Simulation Results

Due to the complexities of the equations, the analysis had to rely on numerical simulations, which
are limited by certain parameter constraints*. The model ensures an active market by assuming
that any marginal environmental damage parameter cannot exceed the maximal marginal utility of

good X, that is, a > £, > ﬂ] > 0. Additionally, it imposes certain restrictions to maintain the
market structure throughout the game and guarantee a positive interior solution. Therefore, X;,
x;" € Ry*and x;;" € Ry, for i, j where i # j. Also, the constrained parameters warrant positive
trade flows and positive import tariffs.

The main findings of this essay reveal that myopic CBAs, with or without retaliation, do not

generate environmental gains. In contrast, farsighted CBAs can lead to both environmental gains

and overall welfare gains, but only under specific conditions. They also result in higher emissions

4The most restrictive conditions on the model’s parameters are summarized in Appendix F3, with the most restrictive
on a’s lower bound (F3.5), where a > % (47B; + 5B;), and on a’s upper bound (F3.4), where a < (9f; — 4B;).
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tax rates in both countries. However, myopic CBAs without retaliation offer a greater potential for
cooperation, across various levels of heterogeneity. On the other hand, myopic CBAs with
retaliation can lead to collective welfare gains under specific conditions. The numerical simulation

results are summarized in the following remarks.

Remark 3.5.2.1: Myopic CBAs without retaliation generate greater incentives for environmental

cooperation, when compared to farsighted CBA and bilateral endogenous tariff approaches.

Let W and W™ represent country i’s welfares under the cooperative and myopic CBA without
retaliation scenarios, respectively, for i,j where i # j. The individual welfare gains of countries

i and j from cooperation are expressed in the following equations, respectively:

1

wE —wn = [(1078; — 53B,)(B: + B;) — 32a(B; — B;)] (3.78)

25%3

WE —wm = " _[96a(B; — B;) — 215> + 130B,8; + 4098,°]. (3.79)

T 25x32

The numerical simulations reveal that both countries derive positive welfare gains with

cooperation when compared to the myopic CBA case without retaliation. This holds true across

varying degrees of heterogeneity and various values of a, where a > % (Sﬁi -3 ,8]-) anda > Y, ;.

Figure 3.1: Individual Welfare Gains: Comparing Cooperation to Myopic CBAs -
Varied Heterogeneity

Wi(C) — Wi(m) Wj(C) — Wj(m)

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 99
Environmental Damage Heterogeneity 100[(Bi—f;)/(Bi+pj)]%
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Assuming a = 2.4Y,; B; and ); B; = 1, Figure 3.1 depicts Equations (3.78) and (3.79), where
pi takes a higher value and B; takes a lower value as the degree of heterogeneity increases. As
clearly depicted in Figure 3.1, while their benefits may not be equal, both countries still prefer the
cooperative scenario to the myopic CBA case. This preference holds true not only in the
homogeneous benchmark case, but also over a wide range of environmental damage heterogeneity.
For country i, having the highest damage parameter, lower production and consumption under
cooperation, lead to improvements in net consumer surplus and before-tax profits, enhancing its

welfare gains. A higher damage parameter promotes increasing welfare gains from cooperation

compared to myopic CBAs, when a < % (107,81- + 27,8]-). Still, as the market becomes larger, as

aw-wi"| _ (Bj=Bi)

captured by a, these welfare gains will diminish, since
Jda 3

<0,VB; > B;.

For country j, the benefits mainly arise from enhanced before-tax profits and savings on border

adjustment payments, leading to lower welfare gains from cooperation. As f; takes a lower value,

country j sees diminishing welfare gains, as long as a < 41—8 (65ﬁi + 409ﬁj). Unlike country i,

olwf-wi| _ (8i-8))
Ja - 3

country j benefits from a larger market size, since >0,VB; > p;.

Alternatively, let W, — Wif represent country i’s individual welfare gains from cooperation in

comparison to the farsighted CBA case. These welfare gains are as follows, for i, j where i # j:

w,¢ —w/ = = (13a® - 5a(30B; — 4B;) + 297> + 1568,8; — 1288,°)  (3.80)

t 216

1
W€ — V‘Gf = (112 + a(72p, - 182B;) - 24387 + 126;8; + 3928;%).  (3.81)

Figure 3.2 depicts Equations (3.80) and (3.81) with the same conditions as Figure 3.1. It clearly
indicates that the potential for cooperation is confined to a narrow window, primarily within the

homogeneous case, beyond which countries i and j consistently exhibit divergent preferences for
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the cooperative agreement. In this case, country i benefits from rising net consumer surplus and
pre-tax profits, enhancing its welfare gains. In contrast, country j saves the CBA payment to
country I, but faces more significant declines in net consumer surplus and pre-tax profits, leading

to individual welfare losses, since cooperation reduces its production and consumption.

Let W — W] represent country i’s individual welfare gains from cooperation in comparison to

the bilateral tariff model. These individual welfare gains are as follows, for i, j where i # j:

WE — W = ——[48a + B;(1847B; + 546B; — 848a) + §;(368a — 1193B))]. (3.82)

Figure 3.2: Individual Welfare Gains: Comparing Cooperation to Farsighted CBAs -
Varied Heterogeneity
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Figure 3.3: Individual Welfare Gains: Comparing Cooperation to Bilateral
Endogenous Tariffs - Varied Heterogeneity
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Figure 3.3 depicts Equation (3.82) for both countries, with the same conditions as Figures 3.1 and
3.2. It’s noteworthy that the range of cooperation with bilateral endogenous tariffs closely mirrors
that of farsighted CBAs, where countries mostly display divergent preferences for the cooperative

scenario, across various degrees of heterogeneity. These findings are consistent when assuming

153



that )}; B; increases*® compared to where ); 8; = 1, and when changing the value of a, where
1

Remark 3.5.2.2: In the presence of heterogeneity, myopic CBAs with retaliation can eliminate any

prospects for international environmental cooperation.

Let W£ and Wim denote country i’s individual welfare, under the cooperative and the myopic CBA
retaliatory scenarios, respectively. The individual welfare gains stemming from cooperation,
compared to the myopic CBA case with retaliation, for countries i and j, are, respectively:

W,¢ — Wit = - [160a2 — 560(258; — 238;) + 32658;> — 12238, + 6028,5;] (3.83)

T 25x34

W€ =W = ——[16a® + B,(231B; — 194B; — 128a) + B;(160a — 3456))]. (3.84)

The simulations reveal that country i consistently benefits from cooperation, while country j

mostly prefers the retaliatory scenario, across varying degrees of heterogeneity and various values

1
of o, where & > — (29B; + 5p;) and a > ¥; ;.

Assuming a = 2.4),; §; and }; B; = 1, Figure 3.4 depicts Equations (3.83) and (3.84), where
B; takes a higher value and ; takes a lower value, as the degree of heterogeneity increases. In this
case, the simulations do not reveal any range of parameters where cooperation is feasible.

As B; takes a higher value, country i experiences welfare gains from cooperation. These gains
primarily stem from reduced production and consumption, notably boosting its net consumer

surplus and the local firm’s pre-tax profits, which outweigh the losses in CBA revenues. However,

as f; drifts further away from f;, the losses in CBA revenues become more significant reducing

country i’s overall welfare gains.

6 The simulation results, assuming Y; §; is increasing as opposed to Y; f; = 1, are detailed in Appendix J3.
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In contrast, country j experiences a decrease in net consumer surplus, which, combined with losses
retaliatory tariff revenues, outweigh the improvement in pre-tax profits, leading to overall welfare

losses. Nevertheless, as 8 takes a lower value with higher degrees of heterogeneity, country j faces

diminishing losses in retaliatory tariff revenues, reducing its overall welfare losses.

Figure 3.4: Individual Welfare Gains: Comparing Cooperation to Myopic Retaliatory

CBAs - Varied Heterogeneity
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These results are consistent when assuming that Y; B; increases*’ compared to where }; ; = 1,
. 1
and when changing the value of the parameter a, where a > % (29[3i + Sﬁj) and a > )}; B;.

Remark 3.5.2.3: Based on the numerical simulations, in the absence of cooperation, collective
welfare is mostly highest under the basic trade model with bilateral endogenous tariffs.
Let WT, W/, and W€ represent collective welfare under bilateral endogenous tariffs, farsighted

CBAs, and cooperation, respectively. These are expressed in the following equations:
wr =%, W’ =2% [240a? + B;(—432a + 147p; + 3308)) + B;(—432a + 147B;)] (3.85)
wlr=y,w/l, =ﬁ [587a2 + B;(—990a + 243pB; + 576p;) + B;(—992a + 248[?j)] (3.86)

we = i WiC =(a - Ziﬁi)z- (3.87)

47 The simulation results, assuming Y; f; is increasing as opposed to ); f; = 1, are detailed in Appendix J3.
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The numerical simulations demonstrate that the cooperative equilibrium consistently leads to the
highest collective welfare at alternative degrees of heterogeneity. However, beyond cooperation,
the basic trade model with endogenous tariffs achieves the highest collective welfare. This holds

true across varying degrees of heterogeneity and various values of the parameter o, where either

1
164

(4598, +361B;) < a < (9B; — 4B;), or
V0 < B < B <2585 (478 + 56;) < a <= (9B, + 118;).

Figure 3.5: Cooperative and Noncooperative Collective Welfares - Varied Heterogeneity
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Assuming @ = 2.4),; B; and )}; B; = 1, Figure 3.5 illustrates collective welfare under cooperation
(3.87) and all noncooperative scenarios: bilateral tariff model (3.85), farsighted CBA case (3.86),
and myopic CBA cases without (3.74) and with (3.75) retaliation. It is evident that collective

welfare is highest with cooperation, regardless of heterogeneity levels.

Beyond cooperation, the basic trade model incorporating endogenous bilateral tariffs emerges as
the strongest contributor to substantial collective welfare. These findings support Markusen’s
(1975) argument that addressing the externality caused by a global pollutant without global

cooperation requires a mix of Pigouvian taxes and import tariffs.
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However, the farsighted CBA case emerges as a viable alternative, representing a second-best
option. It closely mirrors outcomes akin to the endogenous bilateral tariff model, as CBA
adjustments are anticipated and integrated into optimal emissions tax rates, while providing
environmental and collective welfare gains, in some specific conditions*®. This potential is realized

within a narrow range of parameters, specifically, where either:
1 1

V0 < B < B <258, (9B + 11B;) <a < — (4595, + 3618;), or
1 1

V0 < B <25B; < Bi, 55 (47B; + 5B;) <a < — (4598, +3618;).

These results closely align with Eyland and Zaccour (2014) who demonstrated that CBAs could

serve as a credible threat to achieve an outcome that closely resembles the cooperative outcome.

Conversely, as detailed in Proposition 3.5.1.3, the myopic CBA case with retaliation can

outperform the scenario without retaliation in terms of collective welfare under specific conditions,

where —— (29, + 56;) < @ < (298, + 23;).

These results remain consistent at alternative degrees of environmental damage heterogeneity and

when assuming Y; B; is increasing* as opposed to }; B; = 1.
3.6 Conclusion

The present essay demonstrates that the effectiveness and outcomes of unilateral carbon border
adjustments ultimately depends on their time sensitivity. Notably, myopic CBAs fall short in
delivering environmental gains when compared to alternative noncooperative climate measures,

such as farsighted CBA and bilateral tariff approaches. In terms of promoting convergence in

“8 The collective welfare comparison between bilateral tariff and farsighted CBA cases is provided in Appendix D3.
4 The simulation results, assuming Y; §; is increasing as opposed to ); f; = 1, are detailed in Appendix J3.
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environmental standards, myopic CBAs do not contribute to an environmental race to the top.
However, it is farsighted CBAs that exhibit the potential, under specific conditions, to elevate
emissions taxes beyond the confines of the reciprocal trade model with endogenous tariffs. When
it comes to fostering international environmental cooperation, myopic CBAs without retaliation
offer strong incentives for such cooperation. Conversely, myopic CBAs with retaliation can
significantly reduce the prospects for international environmental cooperation. Finally, in the
context of generating collective welfare gains in the absence of cooperation, the basic model with
bilateral endogenous tariffs stands out as the most favorable option. Only the farsighted CBA case
closely mirrors the outcomes of the reciprocal tariff model since CBA adjustments are anticipated

and incorporated into optimal emissions tax rates.

The simplified framework of the current model does introduce certain limitations. To specifically
examine the impact of environmental damage heterogeneity, the model assumes that both countries
have the same market size, incur identical marginal production costs, and that each firm can export
to the other foreign market without any transportation costs. Additionally, it assumes that
environmental damage is a linear function of aggregate production, which makes the model more
tractable. These simplifications, while necessary for the current study, pave the way for many
research questions that can be addressed in the future, to explore potential outcomes when any of

these assumptions are relaxed.

Despite the increased recognition of the climate crisis, significant disparities persist in
environmental standards and regulations. The proliferation of carbon pricing schemes is certainly
becoming more evident in both affluent and less affluent countries. However, the impacts of many
of these schemes on global emissions require time, particularly in regions where environmental

regulations remain too lax to drive substantial and immediate changes. The pressing need for
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accelerated global climate action calls unequivocally for a reduction in these disparities. In the
absence of a quick-fix solution, owing to the diversity of the regulatory landscape and substantial
differences in environmental regulations, carbon border adjustment (CBA) measures emerge as a
viable alternative for immediate climate action. This essay reveals, however, that only farsighted
CBAs can effectively reduce global emissions in sufficiently small markets and generate overall
welfare gains. It also highlights the role of myopic CBAs in promoting international environmental

cooperation, despite the differences in environmental damages across countries.
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3.7 Appendices

3.7.1 Appendix A3: Noncooperative Solutions - The Firm’s Optimization Problem

The firms’ optimization problems in countries i and j, are expressed, respectively, as follows:

max 77; = max [(a —Q—tdxy + (a— Qj — ti)xij - rjxij] (A3.1)
Xii» Xij Xii» Xij
max 7t; = maX [(0( t])x” + (a - Qi - t])le — TiXj; — (J)ini]. (A32)
Xjj Xji Xjj %

The firms’ optimization problems in each scenario are described in the following subsections. For
the market structure to be maintained throughout the game and to guarantee a positive interior
solution, it is assumed in each case that X;, x; € R} ™ and x;; € R, for i, j where i # j.

3.7.1.1 Under Myopic Carbon Border Adjustments

With myopic CBAs, Equations (A3.1) and (A3.2) are reduced as follows, for i, j where i # J:

max 77; = max [(a — Qi —t™x; + (a— Qj — tim)xij]. (A3.1.1)

Xij, Xij Xij, Xij

The first order conditions (FOCs) with respect to country i’s local production and exports are:

om; "
% =0=2x;" = (a—x; - ") (A3.1.2)
oy . _

oxy 07 2Ny = (@—x;—t™). (A3.1.3)

By symmetry, the FOCs with respect to country j’s local production and exports are:

om; «
ar; = 02 2% = (@—x; — ™) (A3.1.4)
om; "
ﬁ;i =0=2x;" = (a— x5 — ;™). (A3.1.5)

The second order conditions (SOCs) are satisfied, as shown here, for i, j where i # j:

o%m;

d%m; 9%m; d%m;
<0;—<0;and 5 -— — — ) > 0.
ax” > dx ” 02 Xii 6xl-j2 axiiaxij
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Using (A3.1.2), (A3.1.3), (A3.1.4), and (A3.1.5), the Cournot equilibrium quantities produced by

the firm operating in country i, for i, j where i # j, are given by the following expressions:
*(pm 1 m m
xi"(t™) =3 (-2t + ™) (A3.1.6)
. 1
i (™) =S (a—2t™ + ™), (A3.1.7)

3.7.1.2 Under Farsighted Carbon Border Adjustments

With farsighted CBAs, Equations (A3.1) and (A3.2) are reduced to the following equations:

maxm; = max [(a - Qi - tif)xl-i + (a - Qj - tlf)xu] (A321)
Xij, Xij Xij, Xij
max 7; = max [(a — Q; — t;)x;; + (@ — Q; — t;)x;]. (A3.2.2)
Xjj, Xji Xjj, Xji

The first order conditions (FOCs) with respect to country i’s local production and exports are:

om; |
% =0=x;" = (00— x;; - t/) (A3.2.3)
oy __ 1
oy = 02 %" = 5 (0=~ t7). (A3.2.4)

The first order conditions (FOCs) with respect to country j’s local production and exports are:

om; « 1
E]j =02, =1 (a-xy—t/) (A3.2.5)
Jji

The second order conditions (SOCs) are satisfied, as shown here:

azﬂi < 0 aZTEi < 0’ and 62ni azTL'i _ ( azﬂi ) > 0

axiiz ’ axijz azxii 6xij2 axiiaxij
Using (A3.2.3), (A3.2.4), (A3.2.5), and (A3.2.6), the Cournot equilibrium quantities produced by

the firms operating in countries i and j, respectively, are given by the following equations:
. 1
Xij (tf» (¢ - tjf)) =3 (o - t;") (A3.2.7)

Xy (tf’ (t) - tjf)) - %(a -2t + ) (A3.2.8)
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1
x;i" (tf, (tf — tjf)) =2(a—t). (A3.2.10)
3.7.1.3 Under Endogenous Bilateral Tariffs

With positive endogenous tariffs, Equations (A3.1) and (A3.2) are reduced to, for i, j where i # j:

max 77; = max [(a —Q—tDx; + (a— Qj — tif)xl-j - zjij]. (A3.3.1)

Xii, Xij Xii, Xij

The first order conditions (FOCs) with respect to country i’s local production and exports are:

ng =0=2x;" = (a—x; — ;") (A3.3.2)
z?Tn, =0=2x;" = (a—x; — " — 7). (A3.3.3)

By symmetry, the FOCs with respect to country j’s local production and exports are as follows:

=02 = (a-x; -4 (A3.3.4)
Xjj 7] J ]
om; %
Jjji =0=2x;" = (0 — x5 — ;7 = 1;). (A3.3.5)

The second order conditions (SOCs) are satisfied, as we have:

2. 2. 2. 32, 2.
6nl<0;6nl2<0;and6nlanl_<an'l>>0'

axiiz axij azxii axijz axiiaxij
Using (A3.3.2), (A3.3.3), (A3.3.4), and (A3.3.5), the Cournot equilibrium quantities produced by

the firm operating in country i are given by the following expressions, for i, j where i # j:
xi" (5,7) = 5 (0= 267 + 47 +1;) (A3.3.6)

Xij*(tT,T) = %((X. - Ztl‘T + th - ZT]) (A337)
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3.7.2 Appendix B3: Noncooperative Solutions - The Government’s Optimization Problem,
Myopic CBAs

3.7.2.1 Myopic Carbon Border Adjustments without Retaliation

Let t;" be country i’s emissions tax rate in the myopic CBA case, then country i’s welfare

maximization problem can be expressed as follows, for i, j where i # j:

max W;™ = max[8a(a — 3B;) + t*(12f; — 76" — 24" — 8a) + t/"(4a + 12B; + 5¢™)]. (B3.1.1)
t t
The first order condition with respect to the emissions tax rate t;™, for i, j where i # j, is as follows:

W 0= (—8a + 128, — 141" — 2t,™) = 0. (B3.1.2)

atm
Using (B3.1.2), country i’s equilibrium emissions tax rate is as follows, for i, j where i # j:
£ = (—4a+ 76— B)). (B3.1.3)
Equation (B3.1.3) indicates that (¢;™ — t;"™) = (B; — B;) > 0, since ; > f3; by assumption.
The initial equilibrium quantities (A3.1.6) and (A3.1.7) produced by the firm operating in country
i, for i, j where i # j, are adjusted to account for the CBA, w;,™ = (t;"™ — tj*m), imposed by

country i on imports from country j. These adjusted quantities are expressed as follows:

xy (™, 0™) = < (a— ™) (B3.1.4)
xy (™ 0™) = < (a— 2™ + ™) (B3.1.5)
1 (™ 0™ = 7 (a— 2™ + ™) (B3.1.6)
x (™ w™) = 5 (a— ™). (B3.1.7)

Substituting for t;*" given by (B3.1.3), country i’s local production and exports are, respectively:
1
x;™ = Z(1204 — 7B + B;) (B3.1.8)

xy™ = = (4a — 56, + 36)). (B3.1.9)
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Using (B3.1.3), country j’s local production and exports are expressed, respectively, as follows:

x;™ = = (4a — 56, + 36, (B3.1.10)
1™ = - (12 = 7B; + B;)- (B3.1.11)

CBAs reduce country i’s imports, increase its local production, increasing its total production.

Country i’s total quantity produced, X;™, and total quantity consumed, Q;™, are, respectively:
1
X™= E(12a —11B8; + 5p;) (B3.1.12)
1
Q™ =5 (12a =76 + B;)- (B3.1.13)
For country j, the CBA decreases its exports and its total production. Country j’s total quantity

produced, X;™, and total quantity consumed, Q;™, are given, respectively, as follows:

1
Xm= 5(12“ — 7B + Bi) (B3.1.14)

Q™ =1 (4a— (B +B))- (B3.1.15)

The world market clears, as global production equals global consumption, as expressed by:
ToX™ =% Q™ =1 (12a - (56, + 5;))- (B3.1.16)
Given the assumption that every unit of production generates exactly one unit of global emissions,

then Equation (B3.1.16) represents global emissions as well.

Countries i and j’s individual welfares, W™ and W™, respectively, are expressed as follows:

W = 2_15L [144a? + B;(—480a + 1118, + 1268;) + B;(—96a + 158))] (B3.1.17)

32

wm = 215312[1440(2 + Bi(—96a + 71B; + 158B)) + p;(—480a + 23B;)]. (B3.1.18)

Collective welfare, W™ = ),; W™, with myopic CBAs without retaliation is as follows:

wm = 1 _[144a? + B;(~288a + 91B; + 142B)) + B;(—288a + 198))]. (B3.1.19)

24x32
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3.7.2.2 Myopic Carbon Border Adjustments with Retaliation

With myopic CBAs, the government’s welfare optimization problem and the resulting optimal
emissions taxes precede country i’s implementation of the adjustments and country j’s retaliation.
The equilibrium emissions tax (B3.1.3) is unchanged, that is t;*™ = t,*™, for i, j where i # j.
The initial equilibrium quantities (A3.1.6) and (A3.1.7) produced by the firm operating in country
i, for i, j where i # j, are adjusted to account for the CBA, w/" = (ti*m - tj*m), and the
retaliatory tariff imposed by country j, T}Tl.

Firms i and j’s optimization problems are expressed, respectively, as follows:

max 77; = max [(0{ - (xii + xﬁ) —t;™)xy; + (a — (xjj + xl-j) —t;"™ — T}ﬁ)xij] (B3.2.1)
Xii Xij Xii Xij

max 71']' = max [(a — (x” + xij) - t]m)x” + (0( - (xii + in) - tjm - (tim - t]m))x]l] (B322)

Xjj Xji Xjj Xji
The first order conditions with respect to x;; and x;; are expressed, respectively, as follows:

% =0= inl- = (CZ — in - tim) (B323)

axii

The first order conditions with respect to x;; and x;; are expressed, respectively, as follows:

o
ar,; = 0= 2% = (@ —xy — ;™) (B3.2.5)
om;
e = 0= 2 = (@ —xy — ;™). (B3.2.6)

Using (B3.2.3), (B3.2.4), (B3.2.5), and (B3.2.6), the quantities (A3.1.6) and (A3.1.7) produced by

the firm operating in country i, for i, j where i # j, are adjusted as follows:

xy (6™, (6™ — ™), 77) = - (122 — 76, + B)) (B3.2.7)

xit (6™, (6™ — ™), 7)) = - (12a — 158, + 9p; — 167]") (B3.2.8)
x; (E™ (6™ — ™), 7)) = — (12 + 96; — 156, + 87") (B3.2.9)
(6™, (6™ — ™), ") = - (120 — 7, + ;). (B3.2.10)
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Given (B3.2.7), (B3.2.8), (B3.2.9), and (B3.2.10), country j’s welfare maximization problem to

determine the endogenous retaliatory tariff rate, denoted by 777, can be written as follows:

_ 144a(a — 4B;) + B;(—96a + 71pB; + 158p;))
max W;™ = max ( '8]) mﬁl l ’ an |- (B3.2.11)
o o |+B;(96a + 23B)) + 7] (96a — 963; + 192B; — 1441]")

J J

The first order condition with respect to the tariff rate, T}ﬁ, is given by the following equation:

ow ;™ 7
afj.m =0= (96a — 96p; + 192p; — 2887]") = 0 (B3.2.12)

Using (B3.2.12), the endogenous positive retaliatory tariff, V a > f; > f;, is as follows:
an 1
™ = E(oc — B+ 2B)). (B3.2.13)

Following the retaliation by country j, country i’s local production and exports are, respectively:

xy™ = —(12a - 76; + B;) (B3.2.14)
xy™ = = (20a — 29B; — 58;). (B3.2.15)
Country j’s local production and exports become, respectively, as follows:
1™ = — (44a + 196, — 296)) (B3.2.16)
1™ = — (120 = 7; + B;)- (B3.2.17)
Country i’s total production X l-"vl and consumption Qim are, respectively:

x™ = 31—6 (28a — 25B; — B)) (B3.2.18)

Q" = (122 =76+ ). (B3.2.19)
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Country j’s retaliation to country i’s unilateral CBA reduces country i’s total production as

expressed by the following expression, Va > f5; > 0:

7 2
X" -x" ==z (a — B + 2B;). (B3.2.20)

Country j’s post-retaliation total production X jm and consumption Q jm are, respectively:

X;™ = — (40 — f; — 136)) (B3.2.21)

Q™ =--(32a— 55, — 176)). (B3.2.22)
Retaliation increases country j’s total production as shown by this equation, Va > f; > 0:
7 1
X" —-X" = 5(05 — Bi +2B)). (B3.2.23)
The world market clears, and global production equals global consumption, as expressed by:

TiX™ = %0 = - (34a — 136, — 7). (B3.2.24)

Under the assumption that every unit of production generates exactly one unit of global emissions,

Equation (B3.2.24) also represents global emissions.

Countries i and j’s individual welfares, Wiﬁ‘ and ij, are expressed, respectively, as follows:

W.ﬁ/l =

l 2534

[1136a? + B;(—3784a + 623p; + 19908;) + B;(—1288a — 736))| (B3.2.25)

wn ! [160a2 + B;(—128a + 87B; + 94B;)) 4 p;(—416a + 87Bj)]_ (B3.2.26)

] = 2532

Collective welfare, W™ = ¥, Wl-m, with myopic CBAs with retaliation is expressed as follows:

W™ = —_[1288a? + f;(7035; + 1418p; — 2468a) + §;(3556; — 2516a)]. (B3.2.27)

24x3%
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3.7.3 Appendix C3: Noncooperative Solutions - The Government’s Optimization Problem,

Farsighted CBAs

With farsighted CBAs, the government in country i selects noncooperatively an emissions tax rate
denoted by t;/. Given the equilibrium quantities (A3.2.7), (A3.2.8), (A3.2.9) and (A3.2.10),

countries i and j’s welfare optimization problems can be expressed as follows:

f f f f f
migx w/ = mt?x[éla(a =3B)+t/ (9B —a—5¢t] +2t/ )+t (3 —a+t])] (C3.1)

l l

max w/ = rr;af1x[8a(a —3p;) +t/ (188, — 4a + 5] —6t]) + £/ (68, — 3t])]. (C3.2)

J J

The first order conditions with respect to tl.f and tjf , respectively, yield the following equations:

aWif

Sor=0= 10t] = (—a +96; +2t]) (C3.3)
aw;f f f
atj’f =0=t = (B —t]). (C3.4)

Using (C3.3) and (C3.4), countries i and j’s equilibrium emissions taxes are, respectively:
t == (—a+ 96 +26) (C3.5)
t*f = % (@ —9B; + 108)). (C3.6)
Country i’s local production and exports are given, respectively, by the following equations:
xy” === (13a - 96, — 28;) (C3.7)
xif == (5a—9B; + 2)). (C3.8)
Country j’s local production and exports are as follows, respectively:

%" == (3a+ 96— 65)) (C3.9)

1
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Country i’s total production X L-f and consumption Qif are expressed as follows, respectively:

XS =-(Ta=96i+B)) (C3.11)

1
Q) = —(13a— 9B - 28;). (C3.12)
Country j’s total production X jf and consumption Q jf are as follows, respectively:

X/ == (11a+ 96— 106)) (C3.13)

1
ij = E(za — ,3]')- (C3.14)
The world market clears, as global production equals global consumption, as expressed by:
1
X =30 = (252~ 98; — 8B;). (C3.15)

Under the assumption that every unit of production generates exactly one unit of global emissions,

Equation (C3.15) also represents global emissions.

Countries i and j’s individual welfares with farsighted CBAs, Wif and Wj'.f , respectively, are:
Wif = i [95a® + B;(—282a + 27pB; + 60B;) + B;(—20a + 208))] (C3.16)

ij - ﬁ [151a% + B;(=72a + 81B; + 198B;) + p;(—466a + 94B))].  (C3.17)

Collective welfare with farsighted CBAs, W/ =Y, Wl.f , 1s expressed as follows:

wf =1 [587a2 + B;(—990a + 243p; + 576p;) + B (—992a + 248,[3]-)]_ (C3.18)

23x3%
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3.7.4 Appendix D3: Noncooperative Solutions - The Government’s Optimization Problem,

Bilateral Endogenous Tariffs

With bilateral endogenous tariffs, each government selects an emissions tax rate, t;*, and a positive
endogenous tariff, 7;, for i, j where i # j. Given the equilibrium quantities (A3.3.6) and (A3.3.7),

country i’s welfare optimization problem is expressed as follows, for i, j where i # j:

i 8a? — 24af; + tF(—8a + 12f; — 7t} — 2tf) + t7(4a + 12; + 5¢])
max W;" = max

.(D3.1
tho tini |+7;(6a+ 66 + 6t — 6t —97;) + T (—8a + 6f; + 4t] — 8t +87)) ( )

The first order condition with respect to the emissions tax rate, t;, yields the following equation:

ow;*
= 0= 7tf = (—4a+6B —tf +37; + 2Tj). (D3.2)
The first order condition with respect to the tariff rate, 7;, yields the following equation:

ow;"
a‘fi

=0=37=(a+pf+t —t)). (D3.3)

Using (D3.2) and (D3.3), country i’s equilibrium emissions tax and tariff rates are, respectively,

for i, j where i # j:
t;"" = = (~28a + 103; — 11)) (D3.4)
T = 418 (16a + 358, — 195)). (D3.5)
Using (D3.4), country i’s emissions tax rate exceeds that of country j, since §; > f; > 0:
6 — 4 == (B = By, (D3.6)
Country i’s local production and exports are, respectively, for i, j where i # j:
Xt = %(5205 —49B; + 296)) (D3.7)

xyj® = o (20a— 47; = 56)). (D3.8)
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Country i’s total production X;* and consumption Q;* are, respectively, for i, j where i # j:

X" =Ba—4p+B) (D3.9)

Q" == (4a— (36 + B)). (D3.10)

The world market clears, as global production equals global consumption, as expressed by:

3

YiX =20 ==(2a— (B +B)). (D3.11)

4
Under the assumption that every unit of production generates exactly one unit of global emissions,

Equation (D3.11) also represents global emissions.

Countries i’s individual welfare, W', is expressed as follows, for i, j where i # j:

WF = ——[720a? + B;(457B; + 9908, — 2224a) + f;(4250; — 368a)].  (D3.12)

~ 1536

Collective welfare with bilateral endogenous tariffs, W* = Y; W;*, is expressed as follows:
Wt = 2%[2400(2 + B,(—432a + 147; + 3308)) + B;(—432a + 1475;)]. (D3.13)

Using (C3.18) and (D3.13), the collective welfare gains with endogenous tariffs in comparison to

the farsighted CBA case, are given by the following expression:

wr-ws=—_ ((164a — 4598, — 3618,) (4a — 9B; — 113,-)). (D3.14)

Given (D3.14) and restrictions (F3.4) and (F3.5), then W* — W/ > 0, in any of these two cases:
i) (164a — 4598; — 361p;) > 0 and (4a — 98; — 11p;) > 0.
164a — 459p; — 361B; > 0 = 164a > (459&- + 361,[3]-)

(4a — 9B, — 11B;) > 0 = 4a > (9f; + 11B;) =164a > (369B; + 451p;)
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[(4598; + 361B;) — (369B; + 451B;)] = 90(B; — B;) > 0,VB; > B; > 0.
= 164a > (459&- + 361,[3]-) is more restrictive than 4a > (9ﬁi + llﬁj).

> W =W >0,V — (4596, + 3616;) < a < (96 — 45)).

(164a — 4598; —361p;) < 0 and (4a — 9B; — 11B;) < 0

=> W' —W/ >0,V 4a < (96; + 11p;), that is, when 20a < (45p; + 558;).
The tariff model restricts 20a > (47Bl- + 5,8]-).

Thus, this case requires in addition that: (45[3i + 55,8]-) > (47[3i + 5,8]-)

= 0< B <p; <258

= W™ =W >0,V (478 +58;) < a <7 (9, + 118;).
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3.7.5 Appendix E3: The Cooperative Solution
In the cooperative case, it is assumed that t;¢ = tjC =t¢ and ;¢ = TjC = t¢ = 0. The firm’s
optimization problem, expressed in (A3.1) and (A3.2), is reduced as follows, for i, j where i # J:

max m; = max_[(a —Q; =t + (a — Q; — t€)xy]. (E3.1)

Xii) Xij Xii) Xij

The first order conditions with respect to country i’s local production and exports are as follows:

% =0=2x;" = (a—xj; — t°) (E3.2)
aﬂi _ *
_axij =0= le-j = (a_ x]] - tc) (E33)

By symmetry, the FOCs with respect to country j’s local production and exports are as follows:

E’j_o:ijj = (a—x;; — t©) (E3.4)
o «
o, = 02 20 = (a—xy — t9). (E3.5)

The second order conditions (SOCs) are satisfied, as we have:

2%m;

0x;;%

0%m; 0%m; 0°m; 0%m;
<0,—<0,and —— = — — ] > 0.
’ axl’jz i 02x;; axijz axiiaxij

Using (E3.2), (E3.3), (E3.4), and (E3.5), the equilibrium quantities produced by the firm operating
in country i are, for i, j where i # j:

xi" (69) = x;7(¢9) = 5 (@ — ). (E3.6)
Given (E3.6), country i’s welfare function is as follows, for i, j where i # j:

WE ==[2a(a - 3B;) + t(—a + 6B; — t°)]. (E3.7)

OIN

Let W¢ = Y, W be the joint welfare function of both countries; their maximization problem can

be expressed as follows, for i, j where i # j:

max wet = rr%%x[Zaz —3a(B; + B;) + t¢(—a + 3(B: + B;) — t°)]. (E3.8)
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The first order condition of the joint welfare maximization problem (E3.8) with respect to t¢ is:

W0 (—a+3(fi+ ;) — 266) = 0. (£3.9)

The first order condition yields the following cooperative emissions tax rate:

1

2

Country i’s local production and exports are as follows, respectively, for i, j where i # j:
1 =276 =3 (0= (B + B))- (E3.11)
Country i’s total production X;¢ and consumption Q; are equal, for i, j where i # j:
X =0 =(@-%iB). (E3.12)
The world market clears, as global production equals global consumption, as expressed by:
X =20 = 2(a = X B (E3.13)

Given the assumption that every unit of production generates one unit of emissions, then Equation

(E3.13) also represents the cooperative global level of emissions.

Under the cooperative agreement, country i’s welfare WiC, for i, j where i # j, is as follows:

W = %[OL(OL —4B) + (B + B;)(3B: — B))- (E3.14)
The collective welfare, W< = ¥, WE, is expressed as:
W= (a—-X:B8) (E3.15)

Equation (E3.15) demonstrates that collective welfare with cooperation is unambiguously positive.

Given the restrictions imposed on the model’s parameters, W¢ > 0, Va > Y; f; and a > B; > B;-

Collective welfare is also independent from the degree of environmental damage heterogeneity,

but rather negatively related to }}; B;.
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3.7.6 Appendix F3: Restrictions on the Model’s Parameter

The model ensures an active market by assuming that any marginal environmental damage

parameter cannot exceed the maximal marginal utility of good X, that is, o > S, > ﬂj > 0.

For the market structure to be maintained throughout the game and to guarantee a positive interior

solution, it is assumed that X;, x;; € R;™ and x;; € R}, for i, j where i # j.

These restrictions also ensure positive import tariffs and warrant positive trade flows.

The complete set of the most restrictive constraints pertaining to each scenario is detailed here:

Myopic Carbon Border Adjustments, without Retaliation:
xmz0=>az i(5.3i —35;)
- Myopic Carbon Border Adjustments, with Retaliation:
i 1
- Farsighted Carbon Border Adjustments:

1
xijf 20> a2=(27p - 66)

t =t > 0= a < (96— 4B;)

- Bilateral Endogenous Tariffs:
X2 0= a=—(47B;+58;)
y o= =20 : J
- Cooperation:

xi;¢>0=>a>3; B
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3.7.7 Appendix G3: Proof of Proposition 3.5.1.1
Using (B3.1.16), global production with myopic CBAs without retaliation is given by:
T XM =2 (120 - (56, + ;) (G3.1)
Using (C3.15), global production with farsighted CBAs is expressed as follows:
y.x/[ = % (25a — 9B; — 8B;). (G3.2)

Using (G3.1) and (G3.2), global production with myopic CBAs without retaliation always exceeds

what would occur with farsighted CBAs, as given by the following equation, Va > f; > B; > 0:
NiX" - %X = (1la = 65+ 56)). (G3.3)

Using (D3.11), global production with bilateral endogenous tariffs is expressed as follows:
T X" =2(2a— (B + By)). (G3.4)

Using (G3.1) and (G3.4), global production with myopic CBAs without retaliation always exceeds
what would be the case with bilateral endogenous tariffs, Va > p; > f; > 0, as expressed here:
DX =N X = 11—2 (6a— B +7B)). (G3.5)
Using (B3.2.24), global production with myopic CBAs with retaliation is as follows:
T X" = = (34a — 135, = 7B)). (G3.6)
Using (G3.2) and (G3.6), global production with myopic CBAs with retaliation consistently

surpasses that of farsighted CBAs, Va > g; > f; > 0:

X" - XX == (9a— 4B+ B)) (G3.7)
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Using (G3.4) and (G3.6), global production with myopic CBAs with retaliation consistently

surpasses that of bilateral endogenous tariffs, Va > g; > ; > 0:
YXT Y X = 3i6(14a + B + 13B)). (G3.8)

Hence, myopic CBAs, regardless of retaliation, when compared to farsighted CBA and bilateral

tariff approaches, are less effective in reducing global emissions.

Using (G3.2) and (G3.4), farsighted CBAs can reduce global emissions beyond the scope of the

bilateral trade model, under specific conditions, as detailed in the following equation:
1
S X" = %X == (4a — (96, +118))). (G3.9)
Equation (G3.9) shows that ¥; X;* = ¥; X;” > 0, Va > %(9& +11B)).

Given the restrictions (F3.4) and (F3.5), the farsighted CBA and bilateral tariff models require,
respectively, that & < (9f; — 4.3]') and 20a > (478; + SBj). It follows that ¥}, X;* — ¥, X;” > 0,

under these two conditions:
Y0 < f; < B; < 256; = (9B; + 118;) < a < (9B; — 4p;). o

VO < B <258, < B; = 21—0(47&- +58;) <a< (98, —4B;). * QED.
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3.7.8 Appendix H3: Proof of Proposition 3.5.1.2
Given the welfare optimization problem (B3.1.1) in the myopic CBA case, country i’s optimal

emissions tax is given by the following equation, for i, j where i # j:
£, m = %(—40: + 7B — B)). (H3.1)
Given the welfare optimization problems (C3.1) and (C3.2) in the farsighted CBA case, the optimal

emissions taxes of countries i and j, are given by the following equations, respectively:
t,f = %(—a +9B; + 2B)) (H3.2)
. 1
The CBA requires that ¢;*/ > ¢;*/. Since ¢;*/ —¢;*/ = %(9&' —4f; — a), the parameters are

constrained to guarantee that, 0 < a < (9B; — 4p;), Va > B; > B; > 0.

Using (H3.1), (H3.2), and (H3.3), countries i and j’s emissions taxes with myopic CBAs, in

comparison to farsighted CBAs, are, respectively, expressed by the following equations:

6" — ;™ = —(10a = 36+ 78)) (H3.4)

L

t) —m = i (14a — (156, + B;)). (H3.5)

It is evident from equation (H3.4), that country i consistently enforces a lower tax with myopic

CBAs in comparison to farsighted CBAs, since t; - t;"™ >0,Va>p; > p; > 0.

Equation (H3.5) shows that t;f —Mm>0=>a> 11—4(1551' +B;).

Since the farsighted CBA case requires that 15a > (2 76; — 6Bj), which is more restrictive than
a>=(156,+p) =t — ™ >0, vlis(zwi —6B;) < a < (9B — 4B)).

Since, t;"™ = t;*™, for i,j where i # j, then equations (H3.4) and (H3.5) also imply that both

countries implement lower emissions taxes in the case of myopic CBAs, regardless of retaliation.
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Given the welfare optimization problem (D3.1) with bilateral endogenous tariffs, the optimal

emissions tax rate of country i, for i, j where i # j, is as follows:

£,7 = 9_16 (—28a + 103B; — 11p)). (H3.6)

Using (H3.1) and (H3.6), country i’s emissions tax rate with myopic CBAs in comparison to the

bilateral tariff model, is given by the following equation, for i, j where i # j:

T — M = % (20a + 198, + B)). (H3.7)
Since @ > f; > f; > 0 by assumption, then t;* — t;"™ > 0, for i, j where i # J.
Equation (H3.7) indicates that any country implements a lower emissions tax with myopic CBAs
in comparison to the tariff model.

Using (H3.2), (H3.3), and (H3.6), countries i and j’s emissions taxes with farsighted CBAs in

comparison to the bilateral tariff model, are, respectively, expressed by the following equations:

£ — 7 = % (20a — 31B; + 27p)) (H3.8)
* . 1
t) — 7 = o (36a — 61B; — 23f)). (H3.9)

Equation (H3.8) shows that ¢,/ —¢,** >0, Va > 21—0(3 16; — 27,8]-). The farsighted CBA and
bilateral tariff models require, respectively, that o < (9,8i - 4,6’]-) and 20a > (47,81- + 5,6’]-).
Since @ > — (47B- + 5,8-) is more restrictive @ > — (313- — 273-)

— 20 t J 20 l ]/
Equation (H3.9) shows that tj*f -4 >0,Va> % (61ﬁ’i + 23,8]-).
Since a > 21—0 (47&- + S,Bj) is more restrictive than a > % (61ﬁi + 23ﬁj),

=t — ;> 0, fori,j where i # j, V%(47,Bi +5B)) <a< (9B —4B)) + QED.
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3.7.9 Appendix I3: Proof of Proposition 3.5.1.3

Using (B3.1.19) and (B3.2.27), the collective welfare gains from retaliation are expressed by:

W —wm = ——((2a - 298, - 234;)(a - f; +2,8j)). (13.1)
Using (I3.1), W™ — W™ > 0, if (2a — 298, — 23p;)(a — B; + 2B;) < 0.

Since a > B; > B; > 0, by assumption, then (a - Bi + 2,6’]-) >0,Ya>p;>p >0.
If(@—Bi+2B;)>0,Va>p;>p; >0, then W™ —W™ > 0= (2a — 298, — 23B;) < 0.
(2a — 298, — 23;) < 0= a < (296 + 23B)).

Given the restrictions (F3.1) and (F3.2), that is, a > i(sm —3p;) and a = %(2931. +5B;),
respectively, a = 21—0 (29[3i + SBj) is more restrictive than a > i(Sﬁi - Bﬁj).

It follows that W™ — W™ > 0, when - (298; + 56;) < a < (298, + 236;).

Taking the first order condition of (I3.1) with respect to 8; yields the following equation:

owm-wm) 1
ap;  22x34

(92B; + 35, + 19a). (13.2)

a(wm—wm)

Since a > B; > B; > 0, by assumption, then T
)

>0, Va>p; > p; >0 = collective

welfare gains from retaliation can improve as f8; takes on a higher value. « Q.E.D.
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3.7.10 Appendix J3 : Simulation Results with Increasing };; B;

The analysis and figures presented here depict the simulation results assuming that ); 8; increases
compared to the case where Y; f; = 1. As ; and f; take higher values, while maintaining the
heterogeneity assumption where 5; > f; > 0, ¥; B; increases. However, keeping the value of a
constant to explore the effect of heterogeneity restricts the range of parameters that satisfy all the
conditions imposed on the model’s parameters, as outlined in Appendix F3, and specifically the

most restrictive conditions expressed in Equations (F3.4) and (F3.5).

Hence, for any particular o value, the comparison is only possible within a limited range of
heterogeneity. For instance, with @ = 2.4, the range where all the restrictions are satisfied is up to
21% heterogeneity. Nevertheless, the simulation results remain consistent when assuming that

Y. Bi increases, in contrast to when Y}; 5; is held constant and normalized to 1.

Figure 3.6: Individual Welfare Gains: Comparing Cooperation to Myopic CBAs -
Varied Heterogeneity, Increasing > fi
1.000
Wi(C) — Wi(m) Wj(C) — Wj(m)
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0.400
0.200
0.000
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Environmental Damage Heterogeneity 100[(Bi—[j)/(Pi+pj)]%

Assuming a@ = 2.4 and )}; B; increases, Figure 3.6 depicts Equations (3.78) and (3.79), where both
pi and B; take higher values as the degree of heterogeneity increases. Similar to Figure 3.1, while
both countries do not experience the same benefits, they still prefer the cooperative scenario to the
myopic CBA case. This preference holds true not only in the homogeneous benchmark case, but

also over the full range of environmental damage heterogeneity, where the restrictions are met.
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Alternatively, Figure 3.7 depicts Equations (3.80) and (3.81) with the same conditions as Figure
3.6. Similar to Figure 3.2, it clearly indicates that the potential for cooperation is confined to a
narrow window, primarily within the homogeneous case and up to 1% heterogeneity, beyond

which countries i and j consistently exhibit divergent preferences for the cooperative agreement.

Figure 3.7: Individual Welfare Gains: Comparing Cooperation to Farsighted CBAs -

Varied Heterogeneity, Increasing Y i
0.350
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-0.050
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0 3 6 9 12 15 18 21
Environmental Damage Heterogeneity 100[(Bi—f3)/(Bi+fj)]%

Figure 3.8 depicts Equation (3.82) for both countries, with the same conditions as Figures 3.6 and
3.7. Similar to Figure 3.3, it is evident that the range of cooperation with bilateral endogenous
tariffs closely mirrors that of farsighted CBAs, being mainly in the homogeneous case. Both

countries display divergent preferences for the cooperative scenario, above 1% heterogeneity.
Figure 3.8: Individual Welfare Gains: Comparing Cooperation to Bilateral Endogenous
Tariffs - Varied Heterogeneity, Increasing Y f5i

Wi(C) — Wi(7) Wi(C) = Wj(7)

0.150
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-0.050
-0.150
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Environmental Damage Heterogeneity 100[(Bi—f;)/(Pit+pj)]1%

These findings remain consistent when changing «, where zio (47ﬂi + Sﬁj) <a< (9,8i — 4ﬂj).
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Assuming a = 2.4 and Y; 5; increases, Figure 3.9 depicts Equations (3.83) and (3.84), where ;
and f; take higher values as the degree of heterogeneity increases. Like Figure 3.4, it is evident

that there isn’t a range of parameters where both countries would cooperate. They display

divergent preferences for the cooperative scenario across various levels of heterogeneity. These

findings remain consistent when changing a, where % (47/3i + SBj) <a< (9,8i — 4,6’]-).

Figure 3.9: Individual Welfare Gains: Comparing Cooperation to Myopic Retaliatory
CBAs - Varied Heterogeneity, Increasing > i
1.000
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Assuming @ = 2.4 and Y}; ; increases, Figure 3.10 illustrates collective welfare under cooperation
(3.87) and all noncooperative scenarios: bilateral tariffs (3.85), farsighted CBAs (3.86), and

myopic CBAs without (3.74) and with (3.75) retaliation.

Figure 3.10: Cooperative and Noncooperative Collective Welfares - Varied Heterogeneity,
Increasing > Si

= W(C) W(7) W(f) =———W(m) =—W(m)
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Similar to Figure 3.5, it is evident from Figure 3.10 that collective welfare is always highest with
cooperation, regardless of heterogeneity levels. Since W¢ = (a — Y; B;)?, collective welfare in
the cooperative scenario decreases as Y,; 5; takes a higher value. However, in the absence of
cooperation, the endogenous bilateral tariff and the farsighted CBA cases emerge as the strongest
contributor to substantial collective welfare. While the myopic CBA case with retaliation can
outperform the scenario without retaliation in terms of collective welfare, as detailed in Proposition
3.5.1.3. However, as both marginal environmental damage parameters take higher values here,

collective welfare in each scenario diminishes.
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