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ABSTRACT

This thesis consists of three substantive chapters on the impact of externalities
on policy outcomes in selected contexts.

Chapter 2 develops a theoretical model of international environmental agree-
ments between the high-income countries of the world. It contributes to the
literature on carbon leakage by focusing on the investment channel. Three pol-
icy scenarios are considered: full agreement, non-cooperative policy and partial
agreement. The full agreement is characterised by complete cooperation within
the whole high-income bloc, in both deciding the amount of allowed emissions
and setting the ad valorem tax on abatement. The non-cooperative policy is
characterised by the individual high-income country choosing independently both
emissions level and the abatement tax. The partial agreement is characterised by
emissions chosen cooperatively within the high-income bloc and the abatement tax
set non-cooperatively. Our results show that under full agreement carbon leakage
is negative, whilst under the other two policy scenarios it is positive. Indeed, we
show that carbon leakage is due to the design of the partial agreement, which
leaves the choice of the policy instrument to be implemented to the individual
signatory.

The aim of Chapter 3 is to explain why a government signs up to an interna-
tional environmental agreement (IEA), thereby renouncing the freedom to choose
its own environmental policy. In a two-period model of probabilistic voting a la
Lindbeck and Weibull (1987), the incumbent government decides on the level of
commitment to the IEA in the first period. There are two competing political
parties, which care about the environmental policy implemented in the country
and about the rents from being elected.

Each party faces a trade-off between implementing its ideal environmental
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policy and committing to a policy that increases its chances of reelection. The non-
green party’s ideal policy requires rejection of the IEA. However, if the electorate
is sufficiently green, the party will choose a level of commitment to the IEA that
is greater than zero. The green party’ ideal policy requires full commitment to the
IEA. However, if the electorate is sufficiently green, the party will choose a level

of commitment to the IEA that is lower than one.

Chapter 4 develops a static model where there is a political issue of dichoto-
mous type and agents can either be in favour or against it (e. g. peaceful co-living
with the members of the other ethnic community). Our model shows that the evo-
lution over time of the idea depends on the fraction of the population supporting
it. Indeed, if the proportion of the population supporting an idea is lower than
a certain threshold, then the agents supporting it will change their opinion and
switch to the opposite opinion. If the proportions of the population are evenly
balanced between the two opposite ideas, then agents on either side will stick with

their initial opinion.

We apply this model to the Cyprus conflict in order to explain why peace-
keeping authorities have unsuccessfully been trying to find a solution since 1974.
To that end, we use UNDP-ACT Survey data from the period 2007-2013. These
data show that Cypriots are stuck in an impasse, where more than 40% of the
population is highly concerned about the situation of the island, but nonetheless
the fraction of the population who desires to reach a solution is quite low and the
proportion of the population who supports peaceful co-living is stagnant. The
aim of the paper is to give a theoretical explanation of this impasse and explain

the reason why decades of international efforts miserably failed.
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CHAPTER 1

INTRODUCTION

This thesis focuses on the impact of externalities on policy outcomes in selected

contexts. We take into account three different situations where externalities make

a difference, investigate their role and the resulting outcomes. Externalities exist
when an agent’s utility is affected by the action taken by another agent in an
unintended manner and with no compensation (Laffont, 2008). More specifically,
we focus on environmental externalities, defined by Chander and Tulkens (1997)
as externalities that affect all agents in the economy.

Since Pigou (1946), who first discussed the need for government intervention
when externalities arise, they have been widely analysed in economics and their
importance has been broadly recognised. Cornes and Sandler (1996) state that
externalities are "pervasive features of human society", hence their study is of pri-
mary interest for economists. The impact of externalities is not taken into account
through market mechanisms, hence they are considered market failures. Indeed,
market prices do not represent marginal cost (in the case of negative externalities)
or marginal benefit (in the case of positive externalities). Therefore, the outcome
is not Pareto optimal. The traditional economic explanation for environmental
issues relates to the existence of missing markets for property rights and mar-
ket failures. Hence, this is considered one of the areas where the intervention of
governments can improve welfare levels.

Three externality-generating frameworks are considered: an international en-
vironmental agreement with partial coverage, the democratic choice of environ-

mental taxes and social interactions.



The first two topics analyse two different aspects of one of the most well-known
negative externalities: pollution. Indeed, pollution causes, amongst other things,

climate change which has a dramatic effect on human, animal and vegetal life.

The starting point of the second chapter is that at an international level, each
country has the right to decide its own environmental policy and there is no in-
ternational institution that has the power to make countries ratify international
environmental agreements. Moreover, due to the free rider issue, only environ-
mental agreements with only a limited number of signatories have actually come
into force. Worldwide full cooperation generates the first best outcome, whilst
partial cooperation results in carbon leakage. By carbon leakage we mean the

increase in greenhouse gas emissions in countries outside the agreement (IPCC,

2007).

The chapter deals with international environmental agreements with partial
geographical coverage and analyses how the existence of a non-internalised ex-
ternality affects the outcome of the treaty. We consider a world divided into
two blocs: high-income and low-income. Three policy scenarios are considered:
full agreement, non-cooperative policy and partial agreement. It is assumed that
only the high-income bloc has an environmental policy. High-income countries
have emission permits and ad valorem abatement taxes available in order to
achieve their emissions reduction target. Under a full agreement, both allowed
emissions and the ad valorem tax on abatement are chosen cooperatively by the
countries constituting the high-income bloc. Therefore, in this policy scenario,
high-income bloc’s first best policy outcome is reached. On the other hand, un-
der non-cooperative policy both allowed emissions and the ad valorem tax on
abatement are chosen independently by each individual country constituting the

high-income bloc. In this chapter, the relevant externality derives from the fact



that under a partial agreement, allowed emissions are decided cooperatively within
the whole high-income bloc, whilst the ad valorem tax on abatement is chosen in-
dependently by the individual high-income country, taking other countries’ policy
instrument as given. In this policy scenario high-income countries’ policies are
not coordinated and hence the environmental damage inflicted on the rest of the
bloc (through capital movements) is not taken into account. Therefore, the envi-

ronmental externality is not fully internalised.

The main findings of the chapter are that under full agreement carbon leakage
is negative; whilst under the other two policy scenarios carbon leakage is positive.
Under full agreement the optimal ad valorem subsidy level is high, thus attracting
capital from the low-income bloc. As a consequence, the high-income bloc can
reduce its emissions without suffering from a output loss, but at the expense of a
higher distortion in the capital market. On the other hand, under non-cooperative
policy and partial agreement the optimal ad valorem subsidy is low, thus capital
moves away from the high-income bloc. As a consequence, the individual high-
income country can reduce its emissions without distorting its capital market,
but at the expenses of lower domestic output. Another important result of the
chapter is to show that carbon leakage is a by-product of the design of the partial
agreement, which leaves the choice of the ad valorem tax on abatement to the

individual signatory.

The starting point of the third chapter is that more than 400 international
environmental agreements (IEAs) have been ratified in the past 40 years (UNEP,
2012). This is a dramatic number and thus, the analysis of IEAs’ participation has
attracted a great deal of interest, especially the identification of variables that are
significant in order to find out domestic governments’ benefits from IEAs (Con-

gleton, 2001). However, there is still a lot of uncertainty on which factors affect



the likelihood of a country to commit to an IEA (Fredriksson et al., 2007) and few
studies have been devoted to theoretical modelling. Therefore, this chapter wants
to fill this gap in the theoretical literature and analyse the impact of domestic

partisan politics on IEASs’ ratification choice.

The chapter deals with the democratic choice of environmental taxes, which
are instruments to deal with the negative externality at the centre of this chapter,
that is pollution. The aim of this chapter is to give a theoretical explanation of
the reason why a government might renounce the capability to choose its own
environmental policy. Indeed, joining an TEA implies future rules (policy cost)
to be taken into account. Citizens are modeled in such a way that they differ in
their environmental concern, which is distributed according to a known density
function. Two political parties, which differ in their environmental policy prefer-
ences, compete in an election to obtain office. Political parties care about both
the environmental policy implemented in the country and the rents from being
in office. The framework uses a two-period model of probabilistic voting & la
Lindbeck and Weibull (1987). There is an international environmental agreement
in place and in the first period the incumbent government decides on the level
of commitment to the IEA. The level of commitment is defined as the choice of
the extent to which signatories decide to commit to the IEA (e.g. Mattes 2012).
For example, escape clauses (Pelc, 2009) represent a common mechanism through

which governments limit their commitment to IEAs.

In the second period, elections take place and the elected government sets its
environmental policy. The level of commitment is modeled as the probability that
the government will have to comply with the terms of the IEA. If the level of
commitment is equal to zero, then the government does not join the IEA. Hence,

the party in power in the second period will set its ideal policy. If the level



of commitment is equal to unity, then party in power in the second period will
have to comply with the terms of the IEA with a probability of one. A level of
commitment at an intermediate value happens when the incumbent has joined

the agreement, but with the future possibility of not fully complying to it.

Two types of incentives, policy and electoral, appear in this model and are
important in order to explain whether the government in the first period chooses
to commit to the IEA or not. The policy incentive provides a reason for parties
to care about which policy shall be implemented. In the benchmark case the
probabilities of victory are exogenously fixed and hence, there are no electoral
incentives and the only incentive at work is the policy one. In the benchmark case
the non-green party always chooses a level of commitment equal to zero, never
committing to the IEA because it wants to be able to implement its ideal policy
if re-elected. The green party always chooses a level of commitment equal to one,
always fully committing to the IEA because it wants to constrain the policy choice
of the government in power in the second period, in order to make it as close as

possible to its own ideal policy.

With endogenous probability of victory, electoral incentives play a role because
parties can affect their probabilities of victory. Therefore, they will try to increase
their probability of winning the elections. If the proportion of green citizens is
large enough, the non-green party’s (green party) probability of winning the elec-
tions increases (decreases) with commitment. Indeed, an increase in commitment
makes the green citizens better (worse) off in case the non-green (green) party
wins and, consequently, more (less) likely to vote for it. An interesting result is
that a trade-off exists between policy and electoral incentives: a increase at the

margin in the level of commitment has two opposing effects on parties’ payoffs.

When the proportion of the population with high environmental concern is



high enough, an increase at the margin in the level of commitment positively
affects the non-green party’s payoff through an increase in its probability of win-
ning the elections. On the other hand, an increase at the margin in the level of
commitment has a cost in terms of policy loss, given that the policy that will be
implemented will be far from the parties’ ideal one. Consequently, the non-green
party chooses a level of commitment strictly positive when the electoral incen-
tive is bigger than the policy incentive. These results are in contrast with those
obtained with exogenous probabilities of victory, showing that electoral concerns
may be the main reason for a non-green party to join an IEA. When the proportion
of the population with high environmental concern is high enough, an increase at
the margin in the level of commitment negatively affects the green party’s payoft
through a reduction in its probability of winning the elections. On the other hand,
an increase at the margin in the level of commitment has a positive effect due to
the fact that the non-green party will be constrained if elected and hence it will
have to implement a policy closer to the green party’s ideal one. Consequently,
the green party chooses a level of commitment strictly lower than one when the

electoral gains exceed policy gains.

The starting point of the fourth chapter is that social interactions generate
externalities that have an impact on agents’ actions and payoffs. We build up
a static theoretical model that focuses on social interactions and we apply it to
the Cyprus issue. After 1974, Cyprus has been invaded by Turkey and it has
been, since then, a divided island. Over the decades, the UN, the UE and several
other organizations have tried, with no tangible result, to negotiate an agreement
between the two ethnic communities in order to reunify the island. In the model,
utility maximizing agents form their opinions on a salient issue by comparing

their payoffs with those of other agents and their payoffs depend on the number



of individuals with the same opinion.

The aim of the chapter is to give a theoretical explanation of the impasse that
the situation in Cyprus has reached and explain the reason why hundreds of peace
negotiations miserably failed. In our model agents differ only in the opinion they
have over a political issue. Agents’ opinions are the result of a utility maximizing
process. They are randomly matched and meet in pairs at any time period. Agents
occasionally compare their current payoffs with the expected payoff they would
get if they decided to change their opinion. Moreover, we assume that there is a
friction: agents have to bear a strictly positive psychological cost if they decide
to change their opinion. This cost represents the difficulty of changing behaviour

and adapting to new circumstances.

According to the model, the evolution over time of the idea depends on the
fraction of the population supporting it. Indeed, if the proportion of the popula-
tion supporting either idea is lower than a certain threshold (which is less than
half of the population), then over time the agents supporting it will change their
opinion and switch to the other idea. If the population is fairly evenly split be-
tween both ideas, then all agents will stick with their initial opinion. We define

this as the area of inertia.

Using UNDP-ACT Survey data (2007-2013) we show that the situation in
Cyprus is consistent with the assumptions of our model, reinforcing the applica-
bility of our model to this issue. Moreover, the prediction of the model is consistent
with the behaviour of the two Cypriot Communities. We report descriptive statis-
tics from the surveys to support our claim. Moreover, we state that the impasse
in Cyprus is due to the fact that the proportion of the population supporting

peaceful co-living is in the area of inertia.

The last chapter sums up the issues analysed in this thesis, its main findings



and limitations. It also provides ideas for future research.



CHAPTER 2

ENDOGENOUS CARBON LEAKAGE FROM AN
INTERNATIONAL ENVIRONMENTAL AGREEMENT

2.1 Introduction

In the past few decades the concern about pollution and emissions levels has
dramatically increased and, in turn, the efforts in order to cut them down. Indeed,
pollution is responsible for negative phenomena, such as climate change, which
have devastating impacts on human, animal and vegetal life. The final draft of
IPCC (chapter 5, p. 394, 2014) reports that, over the period from 2000 to 2010,
GHGs emissions in developing countries have more than doubled. This figure
is common amongst developing countries exporting carbon-intensive goods to the
developed world. Therefore, IPCC (2014) suggests that this evidence supports the
existence of a carbon outsourcing phenomenon from developed countries towards

developing ones.

The traditional economic explanation for environmental issues relates to the
existence of missing markets for property rights and market failures. Hence, this
is considered one of the areas where the intervention of governments can improve
welfare levels. International environmental regulations are extremely difficult to
implement because each country has the right to decide for itself and no interna-
tional law is able to force them to ratify any international environmental treaty.
Moreover, due to the high incentive for countries to free ride, the only environ-
mental agreements that have been signed included only a limited number of signa-

tories. Worldwide full cooperation does lead to first best outcome, whilst partial

9



2.1. INTRODUCTION 10

cooperation does not achieve it and, as a consequence, carbon leakage arises.

By carbon leakage we mean the increase in greenhouse gases emissions in
certain countries (usually with lenient environmental policies or with no policies

at all), due to other countries stricter environmental policies (IPCC, 2007).

The aim of the present chapter is to show that carbon leakage is a by-product
of the existence of the agreement itself. Indeed, we shall show that carbon leakage
is due to the design of the partial agreement, which leaves the choice of the policy

instrument to be implemented to the individual signatory.

There are several channels involved in carbon leakage (Karp, 2011). Three
of them are the most analysed in the literature. The first one is referred to as
the "investment channel". It predicts the relocation of high-pollutant firms to-
wards countries with more lenient environmental regulation as a consequence of
differentials in the return on capital. Indeed, countries with a unilateral stricter
environmental policy will experience a reduction in their return on capital, whilst
non-environmentally constrained countries will still enjoy higher returns. The
second one is the so-called "competitiveness channel". The main focus of this
mechanism is the change in the international market share configuration. Indeed,
high-polluting industries located in countries with a strict environmental policy
will experience an increase in their production costs and, hence, a reduction in
their international competitiveness. On the other hand, pollution intensive indus-
tries located in countries with no environmental policy will experience an increase
in their international competitiveness. Therefore, market shares will re-allocate:
the former will face a drop in their international market share, whilst the reverse
will happen to the latter. The "fossil fuel price channel" is activated when the
reduction in emissions included in an environmental agreement decreases the de-

mand of fuel by the signatories and, in turn, its world price. As a consequence,
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the non-signatory countries will be able to enjoy lower prices and hence their fuel
demand will increase. This, in turn, will push up their emissions, affecting the

outcome of the environmental agreement.

Carbon leakage is particularly of interest because it makes developed coun-
tries look greener than they really are. In fact, they seem to have apparently
achieved their pollution emissions reduction, due to the fact that their emissions
levels are left unchanged whilst their consumption levels have increased. Actually,
several papers have demonstrated that a number of developed countries are simply
outsourcing their emissions (Cole and Elliott, 2005; Rothman, 2000; Weber and
Matthews, 2007; Aichele and Felbermayr, 2012), passing the burden of high pol-
lution rates to developing countries. In particular, Cole and Elliott (2005) found
evidence of a pollution haven effect by analysing US FDI to Mexico and Brazil
and Aichele and Felbermayr (2012), by using input-output tables, found that the

Kyoto Protocol did not have a positive impact on countries’ carbon footprints.

This chapter contributes to the literature by focusing on the investment chan-
nel. The starting point is the empirical evidence that only partial international
environmental agreements have been signed. Carbon leakage is generated as a
consequence of the inefficiency of partial international environmental agreements,
that do not reach the first best. We consider a world divided into two blocs: high-
income and low-income. Three policy scenarios are considered: full agreement,
non-cooperative policy and partial agreement. The full agreement and the non-
cooperative policy represent our benchmarks, against which the partial agreement
outcome shall be compared. In order to represent a partial agreement it is as-
sumed that only the high-income bloc has an environmental policy. High-income
countries have emissions permits and ad valorem abatement taxes available in or-

der to achieve their emissions reduction target. Welfare-maximizing governments
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cap the total level of emissions and create an amount of emissions permits equal
to the allowed quantity. Therefore, this instrument is necessary for the country
to comply with the terms of the agreement. The second instrument, the abate-
ment subsidy, regulates how the set target shall be achieved: either through the
use of abatement technologies or re-locating capital abroad. The analysis and
comparison of the optimal subsidy level in each of the policy scenarios shall be
crucial in our framework. The main contribution of this chapter is to explain that
carbon leakage is due to the strategic behaviour put into practice by signatories.
Indeed, they have an incentive to use policy instruments, such as tax rates on
capital and abatement subsidies, in a strategic way, without taking into account
the externality they impose on other countries, because the emissions reduction
they agreed to achieve is already higher than the non-cooperative outcome. That
is to say, each country uses its policy instruments in order to maximise its own

welfare, taking the other countries’ emissions levels as given.

Our results show that under full agreement carbon leakage is negative; whilst
under the other two policy scenarios carbon leakage is positive. Optimality under
full agreement requires a high subsidy level and hence, capital inflow from the low-
income bloc. Indeed, the high-income bloc can achieve its emissions target without
suffering from a output loss, but at the expenses of a higher distortion in the
capital market. On the other hand, optimality under non-cooperative policy and
partial agreement requires a low subsidy level and hence, capital outflow towards
the low-income bloc. Indeed, the individual high-income country can achieve its
emissions target without distorting its capital market, but at the expenses of lower

domestic output.

When comparing full agreement and non-cooperative policy we found that

the impact on domestic production and abatement under non-cooperative policy
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is so big that it is the dominant one, regardless of the relative strength of the
impact of an increase in the subsidy on foreign production under full agreement
and non-cooperative policy. Therefore, the optimal subsidy under full agreement
is higher than under non-cooperative policy. When comparing full agreement and
partial agreement we found that under full agreement the dominant effect is the
impact of an increase in the ad valorem tax on abatement on foreign production.
On the other hand, under partial agreement the dominant effect is the impact of
an increase in the abatement tax on domestic production and abatement. There-
fore, the optimal abatement tax under full agreement is lower than under partial
agreement. When comparing partial agreement and non-cooperative policy we
found that carbon leakage is higher under partial agreement. Indeed, under par-
tial agreement the individual high-income country has agreed to cut its emissions
more than under non-cooperative policy. Therefore, the optimal abatement tax
under full agreement is lower than under partial agreement.

The rest of the chapter is organized as follows. Section 2.2 gives an overview
of the main findings of the carbon leakage literature, paying particular attention
to the extensions of the basic carbon leakage model and the policy-related issues.
The model is described in Section 2.3. Section 2.4 analyses how firms and capital
owners behave for given policies. The analysis and comparison of full cooperation,
non-cooperation and partial agreement policy scenarios is the focus of Section 2.5.

Section 2.6 concludes.

2.2 Related Literature

This chapter draws from both the literature on mobile capital and carbon
leakage. The former is extremely broad and, for the sake of this chapter’s analysis,
we are mainly interested in the counter-intuitive result obtained by Oates and

Schwab (1988) and Ogawa and Wildasin (2009), that is to say the optimality of
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the decentralised policy. Ogawa and Wildasin (2009) build from Oates and Schwab
(1988) and add interjurisdictional environmental spillovers. Indeed, in Oates and
Schwab (1988) local pollution only depends on local economic activities, whilst
Ogawa and Wildasin (2009) introduce a parameter that measures to which extend
worldwide production activities impact on local pollution. The current chapter
differs from both, given that it assumes perfect environmental spillovers, that is
to say that one unit of worldwide production activities generate one unit of local

pollution. This is always the case with GHGs emissions.

Ogawa and Wildasin (2009) have shown that under certain conditions, the
decentralised equilibrium is Pareto efficient both with and without transbound-
ary pollution. Its implication is that international cooperation is not necessary,
because uncoordinated policies can reach Pareto efficiency, but it should be em-
phasised that a number of crucial assumptions lie behind these findings. For
example, efficiency in the latter depends on the existence of price-taking firms,
undistorted markets, small countries (with given terms of trade) and the feasi-
bility of lump sum taxation. The Ogawa and Wildasin (2009) finding is only
valid when the rate of return on capital and both the total amounts of capital
and emissions are given, that is there is no abatement or any other activity that
consumes capital. The tax rates are not uniquely defined; hence the efficient al-
location of capital in each region is not given by their absolute values, but only
by their differences. Eichner and Runkel’s (2012) result is coherent with Ogawa
and Wildasin (2009). Moreover, they show that when capital supply is not fixed,
countries can only reach inefficient outcomes when setting their policy instruments
independently. Fell and Kaffine (2014) criticize Ogawa and Wildasin’s (2009) find-
ing by highlighting how it entirely relies on the assumptions of fixed capital and

environmental damage (per unit of capital). Moreover, they extend Ogawa and
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Wildasin’s (2009) model and, by relaxing those essential assumptions, show that

the non-cooperative outcome is not generally efficient.

The current chapter differs from Oates and Schwab (1988) and Ogawa and
Wildasin (2009) in a number of ways. Indeed, it divides the world into two blocs:
the high-income countries’ bloc and the low-income countries’ bloc. Moreover, it
introduces an international environmental agreement signed by all the high-income
countries and assumes that low-income countries have no environmental policy.
Moreover, we introduce a capital-consuming activity in the form of abatement
services, that substantially modifies the initial framework by allowing for capital
used in production activities and emissions to vary. Ogawa and Wildasin (2009)
limit their analysis to the decentralised policy scenario, whilst we expand the
analysis to three policy scenarios: cooperative agreement, non-cooperative policy

and partial agreement.

Ogawa and Wildasin (2009) reach an interesting counter-intuitive result: de-
centralised policy is able to reach the first best outcome. We shall see that in the
current chapter the non-cooperative scenario does not reach the first best out-
come. This result comes from the fact that in the present chapter the amount of
capital invested in production is not given. Indeed, in our model an important
role is played by abatement services, that use capital and hence, impact on the

amount of capital invested in productive activities.

The rest of this section shall introduce the carbon leakage issue and give an

overview of the main themes that have been analysed in the literature.

Carbon leakage. The carbon leakage issue derives from the interaction between
international trade and transboundary pollution when capital is perfectly mobile.

The strict environmental policy in the countries within the agreement causes the
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rate of return on capital in the pollution-intensive sectors to fall. If capital is
mobile, there will be capital offshoring that will contribute to the growth of foreign
production and hence emissions. Linked to carbon leakage there is an important
competitiveness issue. Indeed, one of the main arguments used against non-global
environmental agreements is that the country’s energy intensive industries will
be forced to face higher costs than their competitors based in regions with more
lenient environmental policies. Hence, environmentally cooperative countries will
suffer from a lowering of their investments and flight of capital, leading to lower

employment rates and income levels.

The seminal paper in this literature is Markusen (1975), which models pollu-
tion in an international externalities framework. This is one of the first papers to
analyse the interdependence between two countries when they are tied by a bilat-
eral externality. His main finding is that a production tax is not Pareto efficient
by itself, but it becomes so when accompanied with a redistributive payment. The
mix of the two policies equalizes the marginal benefits of both countries coming
from the other one’s emissions cutting, and this condition makes the cooperative
solution Pareto optimal. The Pareto efficient outcome can only be reached when
the climate policy is implemented as a mixture of optimum production taxes and

transfers, under the condition of free trade.

Economists have reached consensus about the existence of carbon leakage
associated with environmental agreements with partial geographical coverage.
Therefore, a number of studies, both theoretical and empirical, have focussed on
analysing and quantifying the size of carbon leakage. For example, Burniaux and
Martins (2012) use a two-region, two-goods general equilibrium model in order to

analyse the factors that determine the size of carbon leakage. Their simulations

are based on data for the year 1995 and on the OECD GREEN database. The
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main findings of the paper are that the size of carbon leakage is mainly driven
by the coal supply elasticity and the shape of the production function. Moreover,

carbon leakage rate estimates are small in magnitude.

Size of carbon leakage. A strand of this literature quantifies the amount of
emissions for a number of developed countries using the consumption based crite-
rion, that is to say the emissions generated in other countries in order to produce
the goods consumed in the considered country (Ghertner and Fripp, 2007; Levin-
son, 2010; Feehn and Bruvoll, 2009) and the carbon leakage embodied in the Kyoto
Protocol (Paltsev, 2001; Kuik and Gerlagh, 2003; Aichele and Felbermayr, 2012).
The empirical results have been controversial and the estimates of carbon leakage
for the signatories with binding targets (the so-called Annex B countries) vary sig-
nificantly, ranging from 10% (Paltsev, 2001) to 130% (Babiker, 2005). Fachn and
Bruvoll (2009) test empirically whether an increase in economic growth and do-
mestic emissions increases carbon leakage. They compute the amount of pollution
embodied in imports and exports in order to quantify the import related leakages
and the export related leakages for Norway. A limitation of the validity of the
findings of this paper is given by the fact that only direct leakages (due to direct
trade) have been considered. The periods considered are from 1980 to 2000 based
on historical data and from 2000 to 2030 based on simulations. For the period un-
til 2000, according to their results, the increase in the import related leakages were
smaller than the expansion of the export leakages. Hence, the pollution leakage
hypothesis finds no support. For the simulations the pollution leakages hypothe-
sis is not supported either. Ghertner and Fripp (2007) and Levinson (2010) use
the input-output life cycle model to analyse US environmental policy. The first

paper focuses on the Environmental Kuznets Curve (EKC), that is the highly de-
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bated relationship between environmental quality and per-capita income found for
the first time by Grossman and Krueger (1993). The main result is that with the
consumption-based method the EKC is N-shaped instead of having the commonly
known inverted U-shape. Levinson (2010) calculates the pollution embodied in
all imports and finds a green shift of imports, that is to say the US have increased
their imports of clean goods and decreased those of dirty goods. The main results
are that the US has changed the composition of its production: higher fraction
of cleaner goods and lower fraction of dirty goods (green shift). The same green
shift happened in the imports, with even a bigger magnitude than the domestic

one and hence, the US does not appear to have offshored pollution.

Carbon leakage due to the Kyoto Protocol is the focus issue of Paltsev (2001).
This paper makes use of a static multi-sector, multiregional CGE model in order
to quantify the magnitude of the carbon leakage phenomenon, paying particular
attention to sectoral and regional differences. Since only a limited number of
countries have agreed to be bound by the Kyoto Protocol, the best available out-
come in this case is the second best, where additional costs due to this inefficiency
have to be taken into account. The carbon leakage rate found for the Kyoto Pro-
tocol is around 10 per cent and the sector where leakage occurs the most is the
chemical industry with a rate of approximately 20%. The countries responsible
for this phenomenon are mainly the EU, whose leakage rate ranges between 36
and 51%, the USA (28-34%) and Japan (13-18%), whilst the most affected areas
are China (24-32% of the total increase) and the Middle East (24-30%). Aichele
and Felbermayr (2012) analyse the effectiveness of the Kyoto Protocol by quan-
tifying signatories’ carbon footprint, as well as domestic and imported emissions.
By carbon footprint we mean the total amount of greenhouse gases embodied in

goods. According to their findings, national emissions reductions have been essen-
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tially counterbalanced by import-related ones, hence carbon footprints remained
unchanged. As a consequence, this paper claims the Protocol has been overall
ineffective, since it has not lowered worldwide pollution levels, but only relocated

their generation.

The effect of trade liberalisation on carbon leakage is analysed in Kuik and
Gerlagh (2003), through the empirical test of the Pollution Haven Hypothesis
(PHH) and the Factor Endowment Hypothesis (FEH). The PHH states that a
stringent environmental regulation can affect the country’s comparative advantage
and the production pattern. Indeed, countries with more lenient environmental
standards, usually developing countries, will develop a comparative advantage in
the production of high-polluting goods, thus becoming pollution havens. On the
other hand, the FEH claims that pollution intensive firms are relatively more cap-
ital intensive and since developed countries are relatively more capital abundant,
they will develop a comparative advantage in the production of high-polluting
goods. As a consequence, developed countries will be the pollution havens, not
the developing ones. They quantify the rate of carbon leakage embodied into
the emissions reductions included in the Kyoto Protocol, both with and without
trade liberalization. This paper follows the standard decomposition into scale,
technique and composition effects implemented by Grossman and Krueger (1993)
and applies it to carbon leakage. The results show that trade liberalization in the
form of a reduction in import tariffs increases carbon leakage under the Kyoto
Protocol, especially for energy goods. Nonetheless, the rate of carbon leakage due
to the Kyoto Protocol is around 5% for Annex B countries and 11% for non-Annex
I countries (countries not bound by emissions limits). Trade liberalization shows
a positive effect in the OECD countries; indeed it partially counterbalances the

competitiveness reduction experienced by energy intensive industries, supporting
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the FEH. On the other hand, China and the Middle East show a shift towards

more energy intensive, thus more polluting goods, supporting the PHH.

Babiker (2005) quantifies the relocation effects caused by the emissions reduc-
tions involved in the Kyoto Protocol. This paper challenges the results obtained
by previous studies that used the general equilibrium model, because they do not
take into account the industry relocation channel. An important feature of this
paper is the introduction into the framework of the market structure character-
istics, such as economies of scale and market power. The results show that the
magnitude of carbon leakage heavily depends on the market structure and the de-
gree of substitutability between pollution intensive goods. When energy intensive
goods are of the Heckscher-Ohlin type, the global carbon leakage rate is between
50% and 130% and the emissions reduction policy may increase global emissions,
instead of cutting them down. These results show the inefficiency of an environ-
mental agreement that aims at lowering emissions when only a certain number of

countries have signed it.

Abatement subsidy. The aim of Fredriksson (1997) is to show why abatement
subsidies, even if inefficient compared to a Pigouvian tax, are used as an instru-
ment in environmental policy. This paper is based on a menu auction model, with
an environmental and an industrial lobby. The lobbies give political contributions
to the government, which then sets the environmental policy. Given the prefer-
ences of the government and the lobby groups, the subsidy increases their payoffs,
even if it lowers total welfare. Eichner and Runkel (2010) use a mobile capital
framework to analyse the impact on country’s emissions level of setting emissions
taxes or subsidizing green energy production. When a country independently sets

emissions taxes as policy instrument in order to reduce pollution emissions, the
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resulting policy is inefficient. The reason is that the country does not take into
account the externality on the other countries, thus setting the taxes at a too
low rate. The emissions taxes lower the country-specific return on capital, whilst
leaving the foreign one unaffected. This leads domestic capital to flee abroad in
order to enjoy the highest return. As a consequence, country-specific emissions
are lower, but there is no impact on global emissions. On the other hand, if the
country decides to subsidise the production of renewable energy, domestic capital
shifts within the country from dirty to clean production. Consequently, country’s
production becomes less polluting and, in turn, global emissions are lower than in

the previous case.

Potential policy responses to carbon leakage. Bohm (1993) analyses three
different policies to address carbon leakage. The first one includes the creation of
a second agreement, where those that did not sign the first treaty agree they will
not increase their fuel demand. The second policy is based on monetary incentives
given by the abating countries to the non-signatories, in order to persuade them
to join at least one of the treaties. In the last potential policy the signatory
countries commit themselves to purchase fuel deposits. The least costly policy
is the one which reduces both fuel demand and supply by the same amount.
Harstad (2012) extends Bohm’s (1993) framework by including the possibility
that countries trade fuel deposits before signing an environmental treaty. Non
signatories’ economically unprofitable deposits can be bought by the signatories
for a reasonable price in order to avoid their exploitation. This equalizes the
international price of fossil fuels and makes non signatories’ fossil fuel supply
curve become locally inelastic. Hence, these countries will not be able to increase
their fuel supply as a consequence of the reduction in fuel supply implemented by

the signatories of a non-global agreement. The main result is that this supply-
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based environmental policy is able to avoid all the drawbacks highlighted in the

previous literature and reach the first best.

Sinn (2008) emphasises that policies that only focus on the demand side may
not be effective in reducing worldwide emissions. Given that current environmen-
tal agreements have only partial geographical coverage, their efforts in limiting
their demand of fossil fuels might be completely offset by a corresponding increase
in the fossil fuels demand of non-signatories. Worse than that, this scenario could
lead to the green paradox. Indeed, if fossil fuels suppliers are worried about a fu-
ture decrease in demand, they might increase their current supply, with a negative
impact on emissions. Moreover, the paper analyses the advantages and disadvan-
tages of several inter-temporal policies that could be better candidates in limiting

global warming.

Eichner and Pethig (2011) use a two-period three-country general equilibrium
model to analyse the impact of a cap constraint on carbon leakage. Their main
results are that the carbon leakage rate is higher than 100% if the country is
constrained in the first period. On the other hand, if the constraint is applied in
the second period, carbon leakage may not happen. These results depend on the
inter-temporal elasticity of substitution of demand. Indeed, if the country reduces
its emissions in the first period and the consumption goods produced in the two
periods are close substitutes, then the rise in the price of the good produced in
the first period makes the agents postpone a large amount of consumption to the
second period. Consequently, carbon leakage is low because production is lower
than before. On the other hand, if the consumption goods in the two periods are
strict complements, then consumption and, in turn, production and emissions are

still high in the first period. Ritter and Schopf (2013) build on Eichner and Pethig

(2011) by introducing a stock-dependent marginal physical cost of extracting fossil
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fuels. They distinguish between a weak and a strong green paradox. The weak
green paradox is the one already highlighted in Eichner and Pethig (2011). On
the other hand, the strong green paradox happens when environmental regulation

generates an increase in the depletion of fossil fuels or even a cumulative effect.

The use of countries’ emission levels as the strategy variables done by previous
studies is challenged by Hoel (2005). With international trade, pollution damaging
a country depends not only on the emission taxes of the country itself, but also
on those implemented in all the other countries. This paper claims that the non-
cooperative equilibrium is characterised by the use of non-uniform emission taxes.
Consequently, the outcome is not cost effective and welfare is not maximised. On
the other hand, the Nash equilibrium is characterised by uniform emission taxes
when trade tariffs are added. Moreover, welfare is maximised in each country and
tariffs might be used in order to manipulate emission levels in other countries.
Maestad (2007) challenges the conclusion reached by previous literature that the
country should endow the firms with free emissions permits in proportion to the
amount of capital used when capital is perfectly mobile. This paper shows that
when there are decreasing returns to scale in the foreign country and the domestic
country has two sectors, namely a clean and a dirty one, the free emissions permits
policy is not the best one. Indeed, this policy determines a distortion in the
capital allocation decisions amongst the clean and the dirty sectors, in favour
of the latter. Hence, this policy contributes to increase overall pollution, so the
government should provide the polluting firms with free emissions permits and

tax the labour inputs they use.

Extensions. Several papers have extended the basic framework, adding new im-

portant features, such as an endogenous number of firms (Gurtzgen and Rauscher,
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2000), technological change (Golombek and Hoel, 2004; Di Maria and Van der
Werf, 2008) and international technology spillovers (Gerlagh and Kuik, 2007).
Gurtzgen and Rauscher (2000) claim the existence of a further carbon leakage
mechanism, called the “market structure effect”. Gurtzgen and Rauscher (2000)
show, in contrast with previous literature, that with endogenous market structure
stricter domestic environmental regulation does not always increase emissions in
foreign countries when demand is very elastic and there is the presence of high
fixed costs. Golombek and Hoel (2004) explore the validity of the carbon leakage
issue under endogeneity of abatement technologies and allowing for the possibility
of technology transmission amongst countries. They use a two-country model and
find that carbon leakage is negative under certain conditions, since technology
spillovers, due to non-cooperative emissions reductions, reduce the cost of abate-
ment in the country without environmental policy. On the other hand, Di Maria
and Van der Werf (2008) argue that the methodology prevalently used in order
to analyse the carbon leakage issue overestimates its magnitude. The key point
is that the changes in factor (fossil fuels) and product (energy intensive goods)
prices due to the signing of the environmental agreement affect the direction and
the level of technological innovations. The policy measure more appropriate in
order to counterbalance the carbon leakage issue in case of an environmental agree-
ment is the one that makes the innovations in the energy intensive sector more
profitable than those for the other one, by affecting the relative prices. With high
elasticity of demand for energy even for the unconstrained country the optimal
policy is to reduce its emissions levels. Gerlagh and Kuik (2007) introduce inter-
national technology spillovers within a carbon leakage framework. They consider
two frameworks: the Pollution Haven Hypothesis (PHH) and the “carbon energy

market” model. The paper quantifies the leakage rates in the Pollution Haven
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model and the "carbon energy market" one and highlights that the latter fits bet-
ter the findings of previous literature. One of the main results is that the presence
of technological spillovers improves environmental quality, because it is associated

with very low or negative carbon leakage.

Negative leakage. The possibility of negative carbon leakage has obtained
more attention in the recent literature. Baylis et al. (2014) criticise the excessive
emphasis given in literature to the extent to which positive carbon leakage oc-
curs. They focus on an individual country with two sectors that produce two non
perfectly substitutable goods: one pollutes and the other one doesn’t. When the
government increases sector-specific carbon taxes, production costs significantly
step up for those sectors and so does the price of its final goods. As a consequence,
consumers substitute the consumption of this good with that of another one, whose
price has remained unchanged. This is the mechanism underlying the existence
of positive carbon leakage rates. On the other hand, when the price elasticity
of demand in the taxed sector is fairly inelastic, a carbon tax increases the price
of the final good, without modifying their demand. Consequently, the firms are
willing to abate more without reducing their production levels. An increase in the
fraction of capital used for abatement for a certain level of output means that the
taxed sector is adding more capital to its share. Hence, if capital supply is fixed,
the other sectors have to face a reduction of the capital amount they use for pro-
duction purposes and thus of their output. This mechanism generating negative
carbon leakage represents the main result of the paper. The theoretical predic-
tions of Baylis et al. (2014) have been empirically tested in Elliott and Fullerton
(2013). Their simulation is based on the CIM-EARTH model and validates the

theoretical predictions about the existence of negative leakage. Moreover, Baylis
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et al.’s (2014) model has been extended by Fullerton et al. (2013). The latter
focuses on welfare and its main finding is that negative leakage (as computed in
Baylis et al. (2014)) is always associated with a welfare loss. On the other hand,

positive leakage is associated with a welfare improvement.

Emission pricing. The starting point of Bohringer et al. (2014) is that two of
the most popular arguments used in support of the use of emission price differen-
tiation are leakage and terms-of-trade motives. These two effects are interrelated
and so, in order to better analyse the role played by each of them, it is essential to
be able to disentangle them. First, they decompose the two effects from a theoret-
ical point of view and then use a multi-country, multi-sector general equilibrium
model for their simulations. The main result of the paper is that carbon leak-
age is mainly driven by international energy market effects and therefore, price
differentiation and uniform emission pricing achieve similar results.

Jacob et al. (2013) challenges from a theoretical point of view the use of
consumption-based pricing of emissions in reducing carbon leakage. This paper
uses a two-country trade framework, where only one country sets an environmen-
tal policy and shows that consumption-based pricing of emissions is not effective
in reducing leakage. Moreover, they empirically test the predictions of their the-
oretical model by simulating the implementation of a full BTA on bilateral trade
between the European Union and China. Their results show that carbon leakage
takes place with both production and consumption-based measures, but the rate

of leakage associated with the second policy is much higher.

Border tax adjustments. Recent empirical literature has focused on the iden-
tification of policy measures able to mitigate carbon leakage. In particular, the use

of border tax adjustments (BTAs) for lowering the magnitude and the negative
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effects of carbon leakage has attracted a lot of interest. Border tax adjustments
are policy measures used to address the polluting industries competitivity issue.
Indeed, taxes on emissions impose a higher burden on national pollution-intensive
industries, making them less competitive both nationally and internationally. In
order to restore competitiveness, BTAs tax imported goods but not exported ones.
Kuik and Hofkes (2010), Bednar-Friedl et al. (2012), Burniaux et al. (2013) and
Bohringer et al. (2012) all focus on the impact of BTAs. Their analyses arrive at

different conclusions.

Kuik and Hofkes (2010) use a multi-sector, multi-region general equilibrium
model to analyse the impact of BTAs in the EU ETS. Their simulations are based
only on selected sectors: electricity, mineral products, iron and steel. One of the
assumptions of the model is that only total emissions are restricted. The bench-
mark case is the one without EU ETS. They use it as a reference for comparison
with other three different scenarios. In the first one the EU ETS system has no

trade restrictions. The other two scenarios consider a situation where the im-

porters of steel and mineral products are required to buy allowances, but they
differ from each other according to the design of the BTA. Indeed, there are two
main criteria that can be followed in order to quantify the amount of allowances
per unit of imports. The first is the direct amount of CO2 emissions generated
in the EU in order to produce a similar good; whilst the second is the average
direct amount of CO2 emissions generated in the exporting country in order to
produce that good. Their work shows that these two different BTA designs result
in different costs. Hence, one of their main conclusions is that the way the BTA
is designed has an impact on its effectiveness. Other findings are that BTAs are
valid instruments to lower leakage only in the iron and steel sectors, even if the

impact on overall leakage is almost negligible.
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The starting point of Bednar-Friedl et al. (2012) is that previous literature
has only quantified fuel-related emissions, omitting those coming from industrial
processes. The scope of this paper is two-fold. First, they examine the economic
impact of a unilateral European environmental policy involving a 20 percent emis-
sions reduction. Second, they assess the effectiveness of BTAs in counterbalanc-
ing the magnitude of carbon leakage coming from this unilateral policy. Hence,
Bednar-Friedl et al. (2012) use a multi-sectoral multi-regional computable general
equilibrium model that includes emissions generated by industrial processes. The
base year is 2004 and the benchmark case is unilateral Furopean policy with no
carbon leakage mitigation measures. In this case, due to the negative effect of
carbon leakage, the actual emissions reductions must be higher than 20%. Their
main results are that previous literature has underestimated both the magnitude

of carbon leakage and the effectiveness of BTAs.

Burniaux et al. (2013) use a global general equilibrium model to quantify
the economic effects of BTAs. They analyse the effects of BTAs in two policy
scenarios where signatories reduce their emissions by 20 per cent in 2020 and by
50 per cent in 2050. In the first one only the EU is taken into account; whilst in
the second one Annex I countries. By Annex I countries we mean OECD countries

and economies in transition. Their main conclusions are that BTAs are effective

in lowering carbon leakage only when the number of the signatories is small and,

in any case, the welfare improvement is almost negligible.

Bohringer et al. (2012) compare the effectiveness of three different policy mea-
sures in reducing carbon leakage. The policy instruments taken into account are:
exempting the industry from carbon regulation, BTAs and output-based emis-
sion allowances. They use a static multi-region, multi-sector computable general

equilibrium model where the benchmark case is unilateral emissions reductions



2.3. THE MODEL 29

with no carbon leakage-control policy. Their findings show that none of the in-
struments is free from drawbacks. Indeed, BTAs are more effective in controlling
emissions and more cost-effective, but might increase inequality. On the other
hand, the other two instruments do not increase inequality, but are less effective

and cost-effective.

2.3 The Model

Before we proceed to introduce all the elements that constitute the model, a
clarification on the way we shall prove our results is in order. Once the model will
be grounded, the conditions for optimal capital allocation within the economy will
be established. Those conditions will prove themselves useful to find the capital
market autarky values of the main variables of interest. We shall refer to the
autarky solution when evaluating whether each policy scenario involves capital
export or import. We shall then discuss and characterise the relevant policy
scenarios and, for each of them, the first order conditions for optimal emissions
and ad valorem tax on abatement shall be presented. The next step in our analysis
will be to evaluate, at the point of autarky in the capital market, the sign of
the marginal utility due to an infinitesimal increase in the ad valorem tax on
abatement. From an analytical point of view, we will substitute the previously
computed autarky values in the equi-marginal rule for the optimal ad valorem tax
on abatement. This exercise will represent the key procedure in uncovering what
type of capital movements characterise each policy scenario. On the one hand, if
marginal utility computed at the point of autarky is negative, then the scenario is
characterised by negative leakage. On the other hand, if marginal utility computed
at the point of autarky is positive, then the scenario is characterised by positive
leakage. Finally, we will compare the results obtained in every policy scenario and

discuss their meaning.
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The basic structure of the model follows that of Ogawa and Wildasin (2009).
We distinguish our analysis by introducing an environmental agreement with par-
tial geographical coverage that takes the form of a two-stage game. In the first
stage, the signatory countries decide the maximum amount of allowed emissions,
set a cap on them and simultaneously the ad valorem tax on abatement is cho-
sen. In the second stage, illustrated in subsection 2.3.1, capital is allocated. We
assume, for comparison purposes, that without environmental policy each high-
income country is in autarky, using exactly its own capital endowment in equi-
librium. In order to reproduce partial geographical coverage let us assume that
only high-income countries agree to sign the treaty. We analyse and compare the
policy outcomes deriving from three different policy scenarios: full cooperation,
unilateral environmental policy and partial cooperation. Subsection 2.3.2 shall
derive the values of output, abatement and environmental policy that implement

autarky in the capital market.

Firms, emissions and abatement. Consider a world constituted of N coun-
tries, where N = N;, + N;. N, represents the number of countries constituting the
high-income bloc and N; the number of those constituting the low-income bloc.
The bloc of high-income countries is formed by identical countries and so is the
bloc of low-income countries. For the rest of the chapter, we shall use the sub-
scripts h and [ to indicate the bloc of high and low-income countries, respectively.
Throughout we shall use the subscript ¢ to indicate each individual high-income
country. For the sake of the analysis, we shall assume through all the chapter that

low-income countries do not have their own environmental policy.

Firms in all countries produce a single homogeneous (composite) good, X,

through a neoclassical production function with constant returns to scale in all
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inputs that uses capital as the only variable input. We refer to K;* as the amount
of capital used in the high-income bloc for the production of good X. Symmetri-
cally, we refer to K; as the amount of capital used in the low-income bloc for the
production of good X. Good X is set as the numeraire, so its price equals unity.
Let us assume that capital is perfectly mobile between the two blocs, but less pro-
ductive in low-income countries. The other production factors (e.g. labour, land)
are immobile and used in production activities in fixed amounts. With regard to
industry structure, let us assume perfect competition. For analytical purposes,
we assume that there is a continuum of identical firms with mass equal to 1 in
both the high and low-income blocs. Therefore, total production in the high and

low-income blocs is, respectively:

Xy = 2K (2.1)

X, = /20K, (2.2)

where 0 < ¢ < 1 is a parameter measuring the productivity of capital in the low-
income bloc relative to the high-income bloc. For the rest of the chapter, we shall
use upper and lower case to indicate variables referring to the bloc of countries
and each individual country, respectively. From our assumptions regarding the
mass of firms in each bloc equal to unity and the symmetry between high-income
countries, it immediately derives that each high-income country i houses a mass
of 1/N,, firms. We refer to k¥ as the amount of capital used in the individual
high-income country for the production of good X. Therefore, production per

high-income country, z; is:
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We assume that production activities pollute the environment, but abatement
services are available in the high-income bloc for firms to control their emissions.

Abatement services, A, are produced by using capital as the only (variable) input,

A, =/2K7/0 (2.4)

a; = \[2k1/0 = /267 /0N,

so that

where 6 > 0 represents the abatement-cost parameter. We refer to K;* and k;* as
the amount of capital used for abatement services in the high-income bloc and in
the individual high-income country, respectively.

Following Ogawa and Wildasin (2009), we assume that pollution is trans-
boundary and pollutants are uniformly mixed. This means that each country
suffers from environmental damage caused by global emissions. This assumption
is consistent with the behaviour of major pollutants, such as greenhouse gases.
Total emissions are given by the difference between pollution generated through
production activities and abatement. Hence, total emissions in the high-income

bloc and in each high-income country are, respectively:

B, =X, — A, (2.5)

€; = T; — a; (2.6)
Therefore, worldwide environmental damage E is, from (2.6):

Nh N}L
—1 ‘

1= =1

Worldwide environmental damage is given by the sum of pollution generated

in the high and low-income blocs.
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Let K, and K, represent total capital endowment in the high and low-income

bloc, respectively. Consequently, the individual high-income country capital en-

dowment is k; = K, /N,. The global resource constraint for capital is given by
the sum of the capital invested in the high and low-income blocs for production
and abatement activities and for production activities, respectively:

X7

= = (1 2 1 2

25 (2.8)

From our assumption about identical countries it immediately derives that

(2.8) can be expressed such that:

- 1 1
Kh+Kl:§X,f+§9A,%+

Xz

> (2.9)

Consumers. Let us assume that the bloc of high-income countries is composed
of a large number of individuals (a continuum of mass 1), who act both as con-
sumers and factor owners. We refer to U; as the utility of all the individuals
residing in this bloc. It positively depends on the amount of good consumed, Y},

and negatively on environmental damage, E':
Uh =1In (Yh) — AFE (210)

where A > 0 represents the degree of harm suffered by consumers due to en-
vironmental degradation. From our assumption about symmetric high-income
countries, it immediately derives that each high-income country houses a mass
of 1/Nj, consumers. Consequently, total utility in each individual high-income

country is:

In(Nwyi)

- \NE 2.11
5 (2.11)

U; =
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with A\; = A/N,. Consumers in the high-income countries own their own coun-
try’s capital endowment and the immobile factors of production. The production
factors are supplied to local firms: capital is rented at an endogenous world net
return equal to p > 0 and the return on the fixed inputs is quantified as a residual.
The total amount of good consumed in every country is given by the sum of its
production level and the return on capital invested abroad (expressed in terms of
the numeraire good X). Therefore, the total amount of good consumed in the

high-income bloc and individual country, respectively, are such that:
i = x; + pw; (2.13)

where we define €2, and w; as the difference between the capital endowment and
the amount of capital invested domestically in the high-income bloc and individual

country, respectively:

— 1 1

QU = Kj— §be - 59/1,3 (2.14)
T 1 2 1 2

w; = K@ — —Nh.IV — —HNha- (215)

2 L2 ‘

2.3.1 Capital allocation

For the sake of the analysis we shall abstract from enforceability and stabil-
ity issues. Let us assume that the total amount of emissions permits issued by
high-income country i is €? and the ad valorem tax or subsidy on abatement in
high-income country i is o;. It is then straightforward that three scenarios are
possible. In the first one the government subsidises abatement, that is 0 < o; < 1.
In the second one the government taxes abatement, that is o; > 1. In the last

one the government neither taxes nor subsidises abatement, that is o; = 1. For
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the rest of the chapter, we shall use the subscript f to indicate the individual
firm in the individual high-income country. Let us assume that every high-income
country has its own domestic emission trading scheme and that emissions trading
between high-income countries is not allowed. Tradable permit schemes with in-
ternational tradability (e. g. the EU ETS and the flexibility mechanisms in the
Kyoto Protocol) are used when the emission ceilings have been set cooperatively.
Our chapter focuses on three policy scenarios: full agreement, non-cooperative
scenario and partial agreement. On the one hand, we could have assumed inter-
national tradability in the full and partial agreement scenarios, where emissions
reductions are set in a cooperative fashion. On the other hand, it doesn’t seem
plausible that when countries set their emission ceilings non-cooperatively, they
would allow for international tradability. Therefore, allowing for international
tradability would introduce another difference between these scenarios and the
non-cooperative case. Hence, if we relax this assumption, our results would be

much more difficult to interpret.

Each high-income country’s government gives an initial allocation of EJQ per-

f
mits to each domestic firm, where / EY} = ¢, that is the sum of all the endowments
0

is equal to the country’s emissions allowances. From our assumption of a contin-
uum of firms of mass 1, it immediately follows that in the high-income bloc firms
take the permit price as given and equal to p,. Therefore, the cost of polluting

for the firm is

pn (0 — E9) (216)

The high-income bloc’s firm objective is to maximise its profit 7, with respect

to Xj and Ay, subject to non-negativity constraints for output and abatement.
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Taking (2.1), (2.5) and (2.16) into account, the firm’s maximization problem be-

comes

1 1
0 2 2
th(l]%zo T = Xh — Ph (Xh — Ah — Eh) —p (5 h -+ §QOhAh) (2.17)

The first order conditions for profit maximization are such that

dﬂ'h

1 — X, = 2.1
X, pr— pXp =0 (2.18)
dm

The two conditions (2.18) and (2.19) can be simplified by eliminating the

permit price, p,. This yields

1-— p@O’hAh - th =0 (220)

Condition (2.20) can be re-written for each high-income country ¢ such that

Low-income bloc I’s firm optimization problem is to maximise its profit m;

1 2
r)?lzgé m =X — 2—¢le

with respect to X; and subject to non-negativity constraint for output. The first

order condition for profit maximization is:

¢ = pX, (2.22)
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2.3.2 Autarky

For comparison purposes, let us assume that with an unlimited supply of
permits and without an abatement tax or subsidy, that is to say without envi-
ronmental policy, each high-income country is in autarky, using exactly its own
capital endowment in equilibrium. If this were not the case, each high-income
country would have an incentive to set up an environmental policy (even if it was
not concerned about environmental damage) in order to affect in its favour the
return on capital, p. This assumption will make comparison of the sign of carbon
leakage in different policy scenarios possible. This subsection shall derive the so-
lution of the autarkic equilibrium and for the rest of the chapter we shall use the
superscript hat to indicate it. From (2.15) it immediately follows that the capital

market autarky condition for every high-income country is w; = 0.

In order to find the values of output, z; and X 1, abatement, @, return to capital,
p and environmental policy, o, that implement autarky in the capital market we
need to notice that when the high-income country government decides not to
apply any environmental policy, emissions are not restricted. Therefore, firms
in the high-income country have no incentive to abate and, in turn, abatement
a is zero. It is important to notice that when firms are not abating emissions
coincide with output. Moreover, from our assumption about the symmetry of
high-income countries, it immediately follows that when the high-income bloc is

in autarky, then every high-income country is also in autarky. Consequently, for

sake of simplicity, we shall use the aggregate variables X n and A in our discussion
of the autarky solution. We can then re-write the autarky condition in aggregate

terms as €, = 0 in (2.14). Substituting this into (2.12) yields:

X, =Y, (2.23)
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i.e. per-capita production equals per-capita consumption in autarky.

In order to find the autarky value of the return to capital we solve expression

(2.20) for the non-restricted emissions case (that is A = 0), such that:
pXy =1 (2.24)
Substituting (2.1) into (2.24) yields the return to capital autarky value:

1

P V2K,

(2.25)

Substituting (2.25) into (2.22) we obtain the autarky value of the low-income

bloc output:

X, = ¢\ 2K}, (2.26)

The autarky solution for output, X n, abatement, ﬁ’ and environmental policy,
0, is determined by a system of three equations: (2.5), (2.20) and 2, = 0in (2.14),

that can be re-written such that

~ o~

X, = E,+ A

)
Il
S
«
S
—
)

=
>
|
i
~

Q)
Il
/N
—
|
)

<)
>
N———

(2.27)

Solving the system (2.27) and substituting (2.25) where appropriate, yields
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the following solution:

~ 1 — 5
~ 1 — 9
e (\/2(9 + 1)K — 0E2 — Eh) (2.29)

V200 + VE, —6E — 2K,

0 <Eh+ \/ﬁ)

(2.30)

Q)

In Appendix A we prove that the autarky solutions (2.28), (2.29) and (2.30)

are feasible. Moreover, we can show that:

Lemma 1 In autarky, when emissions in the high-income bloc are below emis-

stons without environmental policy:
1. Abatement is subsidised, that is 0 <o <1 in (2.50).
2. A—5X, > 0.

Proof. See Appendix D. =

It follows from the system (2.28) to (2.30) that:

5 (\/2(9 + 1)K, — 0E2 — Eh>
h— >0 (2.31)

Er(041) /26 + VE, — 0

dA aEh+\/2(9+1)m—0E,§

<0 (2.32)
B0 +1) /20 + VE - 0

s V2K, (eEh +(0+ 1)V2K), — \/2(0 + 1K), — 0E,2L>
d];f _— . <0 (233)
h 0 (En+ V2K,) V200 + ), — 0E




2.3. THE MODEL 40

— A

Figure 2.1: Domestic production and abatement in autarky as a function of do-
mestic emissions (K = 18, § = 2).

Appendix A proves the inequality for equation (2.33). System (2.31), (2.32)
and (2.33) shows the sign of the impact of a small increase in emissions in au-
tarky on domestic production, abatement and the ad valorem tax on abatement,
respectively. Intuitively, as the amount of allowed emissions increases, firms face
an incentive to increase their production and reduce their abatement. In autarky,
this reduction in abatement pushes domestic production further up. Therefore,
as emissions approach their no-environmental policy value, the subsidy needed for

firms to abate is higher and higher.

From Lemma 1 we know that in autarky 0 < ¢ < 1 and, as emissions approach

their no-environmental policy level, from (2.5), (2.1) and (2.31) we know that
emissions increase and tend to production, that is E, — /2K,. We see from

(2.30) that & — 0 as Ej, — \/2K,. Figure 2.1 and 2.2 show these results. They

have been plotted for K} = 18 and 6 = 2.
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0.4

Figure 2.2: Sigma in autarky as a function of domestic emissions (K, = 18, 6 = 2).

2.4 Policy scenarios

This section shall analyse three different policy scenarios. The first scenario
represents a situation where both allowed emissions and ad valorem abatement tax
are chosen by the signatories in a cooperative fashion. In this case, signatories fully
internalise the environmental externality and we shall see that there is negative
carbon leakage. We then derive the outcome of non-cooperative environmental
policy. In this case, each high-income country chooses its own emissions level
and policy instrument independently. We shall see that non-cooperative policy
does not fully internalise the environmental externality, causing positive carbon
leakage towards low-income countries. In the last scenario the signatories decide
cooperatively the emissions reductions but the policy instrument choice is left
independent. We shall see that the partial agreement does not fully internalise
the environmental externality, causing positive carbon leakage towards low-income
countries. Moreover, we shall see in subsection 2.5.2 that carbon leakage under

partial agreement is of a bigger magnitude than under non-cooperative policy.
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This section shall derive the first order conditions for each policy scenario.
In order to analyse the sign of carbon leakage, let us assume that without en-
vironmental policy every high-income country is at the capital market autarky
equilibrium point. We will then evaluate the sign of the first order condition at
the point of autarky, in order to analyse the sign of the leakage effect in every

scenario.

2.4.1 Full Agreement

We begin our analysis by characterizing the full agreement solution. For all the
rest of the chapter we shall use the subscript ¢ to denote the cooperative outcome.
In this subsection we assume that the bloc of high-income countries participates
in the environmental agreement. As previously mentioned, we abstract from en-
forceability and stability issues, in order to focus on the sign of carbon leakage.
In this policy scenario, the bloc of high-income countries quantifies the amount of
emissions permits and the subsidy such that the joint welfare of their residents is
maximised. Therefore, the environmental externality is fully internalised by the

signatories and the first best outcome is achieved.
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2.4.1.1 Stage two
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Totally differentiating (2.5), (2.9), (2.20) and (2.22) with respect to E; yields

the following system:

Xy _

dE, dE,
TR
Qpahjg + 'OZ)E(Z + (BonAn + Xh)dcgh =0
,03—2 + X dcgh =0

Using the first order conditions for firms’ profit maximizat

low-income blocs, that is (2.20) and (2.22), respectively, we o

matrix:
-1 1 0 O dAy/dE},
eAh Xh % 0 dXh/dEh .
Opon p 0 - dX,/dE, |
0 0 p X dp/dE},

(2.34)

ion in the high and

btain the following

(2.35)

o O O

Solving system (2.35) by applying Cramer’s rule and using (2.22) yields:

Eli_g: _ _(XZ—:XI) <0 (2.36a)
2_2 _ 9(A+hath) 50 (2.36b)
Z_;(;L _ 90 (AhA_hOhXh) >0 in autarky (2.36¢)
dp - _ =07 (A —0nXn) g arky (2.36d)

dE), N
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where A}, represents the determinant of the matrix (2.35) and it is such that
Ah = Xh+(9Ah+Xl(1—|—90h) (237)

Inequalities (2.36¢) and (2.36d) follow from Lemma 1.2.

Totally differentiating (2.5), (2.9), (2.20) and (2.22) with respect to o, yields:

%—% - 0 (2.38)
Qpah% + p% + (fon Ay + Xh)%‘ph = —pbA,

Applying the first order conditions for firms’ profit maximization in the high
and low-income blocs, that is (2.20) and (2.22), respectively, we obtain the fol-

lowing matrix:

-1 1 0 0 dAh/dO'h 0
04, X, 1 0
h h P . dXh/dO'h _ 0 (239)
HpO'h P 0 ; Xm/dO'h —pGAh
0 0 p X dp/doy, 0

Solving system (2.39) by applying Cramer’s rule and using (2.22) yields:

dAh dXh - —QAth <

- 2.4
dO’h dO’h Ah 0 ( Oa)
dX; PO A (0A, + X3)
- 2.40b
o A, >0 (2.40b)
d — 0204, (A, + X
po_ AN (2.40c)

dO‘h Ah
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2.4.1.2 Stage one
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In stage one, the high-income bloc sets the emission ceiling £, and the abate-

ment subsidy o, that maximise their joint welfare (2.10). The first order conditions

for the welfare maximization are:

dU. — 1dY.
dE.  Y.dE.
av. — 1dy.
do.  Y.do.

dE
CE_O

dE
ch‘_c—O

Totally differentiating (2.7) with respect to E. and o, yields:

dX;
dE,

dE
dE,
dE dX;
do.  do.

(2.41a)

(2.41D)

(2.42a)

(2.42D)

Totally differentiating (2.12) with respect to E. and o yields, using (2.14)

and (2.38):
Zgz = (=% Zgz * ch—gc = pGAcz_‘g‘;
Z:Z = (1—pX.— pbA,) ‘Z(: N Qc(;l?pc
Substituting (2.20) into (2.43b) yields:
fl}:: =—-(- ac)pﬁflci%ic +Qc%i

(2.43a)

(2.43D)

(2.44)

Equation (2.44) represents the effect of a marginal change in the subsidy on

domestic consumption. A glance at it reveals that there are two effects associated
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with a marginal increase in the ad valorem tax on abatement. The first effect is due
to the impact that the subsidy has on domestic production and abatement, whilst
the second one is due to the impact on the return to capital. First, let us consider
the effect on production and abatement. An increase in the ad valorem tax on
abatement at the margin increases the cost of abating, hence reducing abatement
and production. When the high-income bloc does not implement any environ-
mental policy, the effect on consumption is null. This is due to our assumption
of perfectly mobile capital, that implies the equality between marginal product
of capital in both blocs. When the high-income bloc decides to cap emissions
(without subsidizing or taxing), the effect on consumption is also zero. Indeed,
an increase in domestic production due to an increase in the amount of capital
invested must be followed by an increase in abatement (to keep emissions at the
set level). Therefore, with perfectly mobile capital and fixed capital endowment,
the increase in domestic production will be offset by the reduction in production

in the low-income bloc.

When the policy in place is constituted of both an emissions cap and a sub-
sidy, the effect on consumption of increasing the ad valorem tax on abatement is
positive because firms are investing in domestic activities (both in production and
abatement) an amount of capital in excess of the consumption maximizing level.
Given that a marginal increase in the ad valorem tax on abatement will lower
the level of the subsidy, it will reduce the distortion in the investment choices
and the amount of capital invested in abatement, thus having a positive impact
on production and consumption. In autarky the only effect that plays a role is
the one on production and abatement. When the policy in place is constituted of
both an emissions cap and a tax on abatement, the effect on consumption is neg-

ative because firms shall reduce their abatement level. The outstanding amount
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of capital shall be exported to the low-income bloc.

Second, let us consider the effect on the return to capital. An increase in the
ad valorem tax on abatement at the margin lowers the return to capital. This has
a negative impact on consumption when the high-income bloc is exporting capital
and a positive impact when capital is being imported.

Substituting (2.12), (2.43a) and (2.42a) into (2.41a) yields the first order con-

dition for E,:

dE. Y.

U, 1 dx, dp A, X,
1—0pX Q. —/— — phA —A 1 = 2.4
(1= X T2+ 01— o chj ( +dEC) 0 (2.45)

From (2.20) and given the non-negativity constraints on our variables and

parameters, we know that
1-— th = pHO'hAh >0

Expression (2.45) represents the full agreement equi-marginal rule for allowed
emissions: the first term represents the marginal benefit and the second one the
marginal cost of an increase in allowed emissions. The marginal benefit is due to
the fact that an increase in allowed emissions makes an increase in domestic output
possible and, by reducing abatement, increases the amount of capital that could
be used in productive activities. The marginal cost associated with an increase
in allowed emissions is due to the fact that the amount of capital not used for
abatement activities anymore, shall be invested abroad, thus increasing foreign

dp

cd—Ec> represents a benefit when (). < 0, that is

output. In autarky, the term (Q

when foreign capital is invested domestically. On the other hand, when . > 0,
that is when domestic capital is invested abroad, it represents a cost.

Substituting (2.36a), (2.36b), (2.36¢) and (2.36d) into (2.45), solving for A.
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and then simplifying, we obtain:

A — O[A.+ 0.X; + (A. — 0.X.) (6 — p*Q.)] (2.46)
Y X (1 +00.) + X+ 0A. + 0 (A, — 0. X.)] '

Substituting (2.12), (2.44) and (2.42b) into (2.41b) yields the first order con-

dition for o,:

—0 (2.47)

dU. p0A dX. Q. dp dX;
do. {_(1 — o) < Y. ) do. + ?Cdaj _ACE

Expression (2.47) represents the full agreement equi-marginal rule: the first
term represents the marginal benefit and the second one the marginal cost of an
increase in the ad valorem tax on abatement. The marginal benefit coincides with
(2.44) and hence, it has already been discussed. The marginal cost associated
with an increase in the ad valorem tax on abatement is due to the corresponding
reduction in the return to capital that stimulates capital re-location abroad, hence
increasing foreign production and emissions.

Substituting (2.40a), (2.40b) and (2.40c) into (2.47) we obtain:

dU. P0* A% (1 — o) _ APOA (X +0A)
do, Y. [X;(1+00.)+X.+0A] X, (1+00,)+ X, +0A,

(2.48)

0% A, (X, + 0A,)
Y. [ X, (14 00.)+ X, +0A,]

=0

2.4.1.3 Autarky

In order for us to be able to say whether there is carbon leakage associated
with the full agreement outcome, we evaluate the sign of dU./do. at the point of
autarky in the capital market. A value of the derivative dU./do. equal to zero at

the point of autarky means that the optimal subsidy set under full agreement is
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exactly the same as the one that implements autarky. In this case there would be
no capital movements and, in turn, no leakage associated with restricting high-
income bloc’s emissions. On the other hand, a negative (positive) value of the
derivative means that autarky in the capital market is not an optimal outcome
because the high-income bloc’s utility is lower than at the optimum. The optimal
policy for the high-income bloc is to act strategically and set a subsidy higher
(lower) than the one that implements autarky. In this case, the distortion in the
capital market will be larger (smaller) than in autarky and, as a consequence,
there will be a capital inflow to (outflow from) the high-income bloc.

We shall now evaluate the derivative in (2.48) at the point of autarky. Substi-
tuting the autarky condition Q. = 0 and (2.23) into (2.46) and (2.48) and using

(2.22) yields, respectively:

0 [21+8)?l+¢(ﬁ—55(h>]

A= ——— = — — = — (2.49)
e [Xh + X+ 0 (A n 8Xl> + 0 (A . 8Xh>]
v, #0A[0A(1-5)— A (K +04)] 0
doe X [)?;(1+03)+X’h+92}
Plugging (2.49) into (2.50) yields:
U, 0?2 (1 - 5) (251)

do. X, [)?l (1+65)+ X, + 62}

0 [?H X, + ¢ (2— 6)?,1)} OA <)?h + M)
X, [)?h+)?l+e (2+a)?l) + B0 (E_a)?h)} X (14+606)+ X, +0A

We refer to Appendix B for a detailed explanation of the calculations that
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lead (2.51) to become:

U, — 0?5 A2
doe X, | X, + 04+ ¢0A (05> +1) + )A(l]

<0 (2.52)

This inequality implies:
Proposition 2 There is negative leakage in the full agreement.

According to our result, dU./do. shows a negative sign when evaluated at the
point of autarky. We can see from (2.47) that high-income bloc’s utility under
autarky is lower than under full agreement and, in turn, autarky is not an optimal
outcome because the ad valorem tax on abatement is higher than at the optimum
and hence the marginal benefit is smaller than at the optimum. It immediately
follows that optimality under full agreement requires a higher level of subsidy
(compared to autarky), that attracts a capital flow from the low-income bloc.
Therefore, the full agreement outcome is characterised by negative leakage. A
subsidy higher than the one implementing autarky induces domestic firms to cut
their emissions by increasing abatement rather than reducing production. The
high-income bloc, by subsidizing abatement draws resources away from the low-
income bloc, hence reducing the latter’s production and emissions. Therefore, the
high-income bloc can achieve its emissions reduction target without suffering from

output loss, but at the expense of a much more distorted capital market.

2.4.2 Non Cooperative Policy

This subsection shall characterize the non-cooperative policy solution. For all
the rest of the chapter we shall use the subscript j to denote an individual high-

income country, where j # ¢. In this subsection we assume that every high-income
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country has its own unilateral environmental policy, set in a non-cooperative fash-
ion. In this policy scenario, each high-income country ¢ maximises its residents’
welfare by quantifying the amount of emissions permits e; and the ad valorem tax
on abatement o;, taking other countries’ environmental policies as given. This
implies that country ¢ decides its environmental policy without taking the envi-
ronmental damage inflicted to the rest of the bloc into account. Therefore, the
environmental externality is not fully internalised and the outcome shall not be

optimal.

2.4.2.1 Stage two

Totally differentiating (2.6), (2.8), (2.21) and (2.22) with respect to e; yields

the following system:

dﬂ?i _ dCLi "
dei dei -
dl’j _ daj - 0
d€i dei N
dx dx da; Xl dX;
N i J N J =
"%delJrZ +29h3 + 0
J=1j#i j=1,j%#i
da; dx; dp
9 i Q 7 i) 5 — 0
POige, e T 0otz
da; dx; dp
Gpaj dej +,0d€: + ((QO]'G]' —|—x])d—el =0
Xm dp
X, =
pdei * ldei 0

We shall use our assumption about the symmetry of all the high-income coun-

tries in order to simplify this system. For the rest of the chapter we shall use the
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subscript n to denote the non-cooperative solution. Using the first order con-

ditions for firms’ profit maximization in the high and low-income blocs, that is

(2.20) and (2.22), respectively, we obtain the following matrix:

0 -1 0 1 0 0 da;/de; 0
HA}L (Nh — 1)(9Ah X5 (Nh — 1>Xh % 0 . dg;z/dez B 0
Opo; 0 p 0 0 - drj/de; | | O
0 Opo; 0 p 0 2 dX;/de; 0
p
0 0 0 0 p X dp/de; 0
(2.53)

Solving system (2.53) by applying Cramer’s rule and using (2.22) yields:

d(li
dei

d(lj
dei

d(l]i
dei

dX,
dei

dp
d@i

— ((90'1 + 1) (Xl + Xh) - (Nh — 1) (Xh + QAh>

A <0 (2.54a)
CZZ — Q(A%iai‘xh) =~ 0 in autarky (2.54b)
0[(00; +1) (An+0:X0) + (Nu = D 0iXa] _ (2.54c)
A

0(A, —0:X)) (00 + 1
90 (An JZA.h)( oi+1) >0 in autarky (2.54d)
—0p% (A}, — 0, X3,) (Bo; + 1

p° (An — 0 Xp) (0o; + 1) <0 in autarky (2.54e)

A;

where A; represents the determinant of the matrix (2.53) divided by p and it is

such that:

Inequalities (2.54b), (2.54d) and (2.54e) follow from Lemma 1.2.

To compare the relative magnitude of the effects of an increase in emissions on

non-cooperative and cooperative variables, we first multiply (2.54a) and (2.54c) by
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N}, to obtain the per-capita values X; and A; and we can then have the following

result:

Lemma 3 Given X, An, Xi, p, o = 0, an increase in allowed emissions will

lead to:

(i) bigger impact on A, compared to A.;

(ii) bigger impact on X,, compared to X.;

(iii) smaller impact on non-cooperative X; compared to the full agreement;

(iv) smaller impact on non-cooperative p compared to the full agreement.

Proof. See Appendix D. m

In order to see the intuition behind the first two results, we first need to notice
that abatement and domestic production are much lower in the individual high-
income country than in the whole bloc. Hence, the impact of a given increase in
emissions on domestic production and abatement will be of a bigger magnitude
under non-cooperative policy, rather than under full agreement. In order to see the
intuition behind the last two results, we first need to notice that the whole high-
income bloc’s capital endowment is much bigger than that of the individual high-
income country. Consequently, a given increase in emissions reduces capital re-
location abroad much more under full agreement and, hence, has a bigger impact

on p and X; than under non-cooperative policy.
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o4

Totally differentiating (2.6), (2.8), (2.21) and (2.22) with respect to o; yields:

d(l]i dai
dO'Z' dO',L'
de _ daj
dO'Z' dO'i
Ny, Np,
dx; dx; da; da; X;dX
Ny — Npz;—2 + ONpa;—- ONpa;— + =L
- doﬁ.Z‘ hx]dai—{_ n doﬁ.Z‘ ha]d0i+ ¢ do;
J=1j#i J=1j#i
da; dx; d
do; do; 0;
da; dx; dp
(ngde_]i +pdo_j2 + (Hajaj —HEJ)d_m
Xm dp
X
de'l‘ + ldO'Z'

=0 (2.56)

=0

=0

We shall use our assumption about the symmetry of all the high-income coun-

tries in order to simplify this system. Using the first order conditions for firms’

profit maximization in the high and low-income blocs, that is (2.20)

respectively, we obtain the following matrix:

-1 0 1 0 0 0 da;/do;
0 -1 0 1 0 O da;/do;
QAh HAh(Nh — 1) Xh Xh(Nh - 1) % 0 « dﬂfl/d(fz .
Opo; 0 p 0 0 2 da;/do; |~
0 Opo; 0 p 0o 1 dX;/do;
p
0 0 0 0 p X dp/do;

and (2.22),
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Solving system (2.57) by applying Cramer’s rule and using (2.22) yields:

dai de’Z —QA}L [Xl (90’1 + 1) + (Xh + QA}J (Nh — 1)]

do; — do; NA <0 (2.58)
EZZZZ N % - (XZ;F ) o (2.58b)
ij 004, (X, } fi?) (boi+1) _ 2550
japi _ —P0A (X, Niijjh) (boi+1) _, 2550

where A, is given by (2.55).
To compare the relative magnitude of the effects of an increase in the ad
valorem tax on abatement on non-cooperative and cooperative variables, we first

multiply (2.58a) by N, and we can then have the following result:

Lemma 4 Given X3, An, X, p, on = 05, an increase in the ad valorem tax on

abatement will lead to:
(i) bigger impact on A, compared to A.;
(ii) bigger impact on X,, compared to X.;
(#i) smaller impact on non-cooperative X; compared to the full agreement;
(iv) smaller impact on non-cooperative p compared to the full agreement.

Proof. See Appendix D. =

In order to see the intuition behind the first two results, we first need to notice
that an increase in the ad valorem tax on abatement under non-cooperative policy
generates capital re-location towards the low-income bloc and the other high-

income countries as well; whilst under full agreement capital can only re-locate
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towards the low-income bloc. Hence, the impact on domestic production and
abatement will be of a bigger magnitude under non-cooperative policy, rather
than under full agreement. The intuition behind the last two results, is that
a given increase in the ad valorem tax on abatement moves much more capital
under full agreement and, hence, has a bigger impact on p and X; than under

non-cooperative policy.

2.4.2.2 Stage one

In stage one, the high-income country sets the emission ceiling e, and the
abatement subsidy o,, that maximise its own welfare (2.11). The first order con-

ditions for the welfare maximization are:

du, 1 dy, dE

_ ldyn dbE 2.
de,, Y. de,  ae, 0 (2.59)
d 1d dE
L L Wy (2.59b)

dO'n ?ndO'n B dan

Totally differentiating (2.7) with respect to e, and o, yields:

dE dX;
- —- 1 2.
dc. + de. (2.60a)
dE dX;
= 2.60b
do, do, (2.60b)

Totally differentiating (2.13) with respect to e, and o,, yields, using (2.15),
(2.20) and (2.56):

dyn, dz,, dp da,,
- = (1-pX,)— — — A, — 2.61
de, ( pXn) de, + Wn de,, P "de, (2.61a)
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Substituting (2.60a) to (2.61b) into (2.59a) and (2.59b) yields the first order

conditions:

du,, (1—pX,)dz, w,dp pfA,\ da,
A _ In AP - 2.62
de, Y, de, (Y,de, \ v, )de, (2.622)
dX;
A (1 =0
( + den)
du, pOA,\ dz, dX;  wp dp |
i, — o) ( Y, ) do, { "don Y, doy| 0 (262D)

Expressions (2.62a) and (2.62b) represent the non-cooperative equi-marginal
rules. The first term in (2.62a) represents the marginal benefit and the second
one the marginal cost of an increase in allowed emissions. Symmetrically, the first
term in (2.62b) represents the marginal benefit and the second one the marginal

cost of an increase in the ad valorem tax on abatement. In order to obtain the

per-capita values we multiply (2.62a) and (2.62b) by N, such that

e - DU pXge S dp (0 S (s
N <1 + ‘%) —0
Nh% = —(1—-o0,) (pe];;:A”> Zﬁz - (2.63b)
s o)

We shall refer to these expressions when comparing the non-cooperative policy

outcome with the other scenarios.

Substituting (2.54a), (2.54c), (2.54d) and (2.54e) into (2.62a) and simplifying
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by using (2.22), we obtain:

du,  0(1—pX,) [0, X; (00, +1) + 0, Ny (X +04,) — 0, X + Ay

de, Y, (0o, + 1) [X; (00, + 1) + N, (X, + 0A,)]

pOA, [Ny (X, +0A,) + X, (0o, + 1)+ 0 (0,X,, — A,)]

+ 0 (2.64)

Qp2wn (Uan - ATL)
Y, [X; (0o, + 1) + N, (X, +0A,)]

An |1+
Xl (QO'n + 1) + Nh (Xn + GAn)

=0

Simplifying by using (2.20) and then solving (2.64) for A, yields:

(002 + 1) [N}, (X, + 0A,) + X (000 + 1)] + 0 (Ay — 00 Xn) (00 — 1)

A, = phA,
p (00, + 1) Y, [X; (00 + 1)+ Np (X, + 0A4,) + 60 (A — 0 X,0)]

0p*w, (0,X, — Ay)
Y, [Xi (B0, + 1) + N (X, + 0A,) + 90 (A, — 0,X,,)]

(2.65)

Substituting (2.58a), (2.58¢) and (2.58d) into (2.62b) and then simplifying by

using (2.20), yields the first order condition for o,,:

do, NvY, (0o, + 1) [X; (0o, + 1) + N, (X, + 0A,)] ’

PP0A,w, (X, +0A,)
NhYn [Xl (HO'n + 1) + Nh (Xn + QAn)]

AnPOA, (X, +0A,)

=0
Ny, [X; (0o, + 1) + Nj, (X, + 0A,)]
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2.4.2.3 Autarky
Substituting the autarky condition w, = 0 into (2.65) and (2.66) yields, re-

spectively:

o2 [G@ )+  (Gur0d)| 06 - b (A-0%,)
X, (05 + 1) H,

(2.67)
du 24 A(1 ~ %) [)?l (eAa+ 1)+ ()?h + 9%) (NhA— 1)] .
do, Nu X (65 + 1) [X, (05 + 1) + N, (Xh + HAH
Ay dOA ()?h + eﬁ)
Ny, [)?l (05 +1) + Ny, (X’h + M)]
where ﬁn is defined such that:
H,=X, (06 +1)+ N, ()?h + 92) +of (21 . a)?h) (2.69)

From (2.36a), (2.36b), (2.36¢), (2.54a), (2.54c) and (2.54d) we know that, in
autarky, an increase in emissions has a positive impact on domestic and foreign
production and a negative impact on abatement. From (2.45) and (2.63a) in
autarky and Lemma 3 we know that the marginal benefit under non-cooperative
policy is larger than under full agreement; whilst the reverse is valid for the
marginal cost if Ny\, = A.. Given that the optimality condition requires both

expressions to be equal to zero, the next lemma immediately follows.

Lemma 5 In autarky N\, > A..



2.4. POLICY SCENARIOS 60

In autarky, for a given level of emissions, marginal environmental damage in
per-capita terms is bigger under non-cooperative policy than under full agreement.

Plugging (2.67) into (2.68) yields:

- P62 A% (1 —75) [Xl(90+1) <Xh+9A>( h_l)} 2.70
0w N (04 1) [ (65 +1 +Nh(f(h+021)] N (2.70)

du,

SP02A? (Xh+0 ) 052 + 1) [Xl (05 + 1) + N, ()A(thHE)]

NhXth(Ga 1)[ l(ea+1)+Nh()A(h+92>] +

$p0° A2 ()?h v 921) (2 - a)?h) (1-3)
NuXnH, (65 + 1) [)?, (06 +1) + N, ()?h + eﬁ)}

We refer to Appendix C for a detailed explanation of the calculations that
lead (2.70) to become:

du, PP [(Nh 1) (1-79) ()?h + M) _5X, (05 + 1)} -
do, N, X, (05 + 1) [)AQJFN,L ()?h+92) +¢0E(«9&2+1)} 20

Proposition 6 There is positive leakage in the non-cooperative equilibrium.

Proof. See Appendix D. m

According to our result, du, /do, shows a positive sign when evaluated at the
point of autarky. In autarky, the marginal benefit is larger than the marginal cost.
This is due to the fact that the optimal value of the ad valorem tax on abatement
is higher than the autarky one. It immediately follows that optimality under uni-
lateral policy requires capital outflow towards the low-income bloc. Therefore, the
non-cooperative outcome is characterised by positive leakage. On the one hand,

a subsidy lower than the one implementing autarky induces domestic firms to cut
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their emissions by re-locating capital abroad rather than increasing abatement.
The individual high-income country, through capital re-location injects resources
into the low-income bloc, hence increasing the latter’s production and emissions.
On the other hand, domestic production and the distortion in the domestic cap-
ital market both decrease. Therefore, the high-income country can achieve its
emissions reduction target without distorting its domestic capital market, but at

the expense of lower domestic output.

2.4.3 Partial Agreement

This subsection shall characterize the partial agreement solution. In this pol-
icy scenario we assume that the bloc of high-income countries participates in the
environmental agreement. As previously mentioned, we abstract from enforceabil-
ity and stability issues, in order to focus on the sign of carbon leakage at the point
of autarky in the capital market. The bloc of high-income countries quantifies the
amount of emissions permits in a cooperative fashion, such that the joint welfare
of their residents is maximised. The difference with the full agreement scenario is

that now the choice of the ad valorem tax on abatement is left to the individual

country. Therefore, every high-income country chooses the subsidy to be imple-
mented by maximizing the welfare of its own residents and taking other countries’
policy instrument as given. In this scenario high-income countries’ policies are
not coordinated and this implies that the environmental damage inflicted on the
rest of the bloc (through capital movements) is not taken into account. Therefore
the environmental externality is not fully internalised and the outcome shall not
be optimal. For the rest of the chapter we shall use the subscript p to denote the

partial agreement solution.
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2.4.3.1 Stage one

Under partial agreement the country chooses its emissions allowances coop-
eratively and the ad valorem tax on abatement non-cooperatively. Therefore,
the first order conditions for welfare maximization are (2.45) or (2.46) for £ and

(2.62b) for o. In order to obtain the per-capita values we multiply (2.62b) by N,

such that
du pONLA,\ dx ax;, €, dp
N,—2 = — (1 - L) =2 N\, — — 21 =0 2.72
hdgp (=) ( Yy ) do [ " "do, Y, do, (2:722)

We shall refer to this expression when comparing partial agreement with the

other scenarios.

The first order conditions (2.46) and (2.66) can be written as:

04y + 0, X1 + (Ap — 0 X,) (¢ — PQQP)]

A\ = 2.73
P N©Y, [Xl (Gap + 1) + (Xp + QAP) + @0 (Ap - Upo)] ( )
duy, _ p02Az2) (1 —0,) [Xi(Oop + 1) + (X, + 0A4,) (N, — 1)] _ (2.74)
do, N.Y, (o, + 1) [ X, (B0, + 1) + Ni (X, + 0A,)] '
9p2QpAp (X, +60A4,) ) P0A, (X, +0A,) _0

N, [Xi (0o, + 1) + Ny (X, + 0A4,)] "Ni [Xi (00, + 1) + Ny (X, + 04,)]

2.4.3.2 Autarky

Substituting the autarky condition €2, = 0 into (2.73) and (2.74) yields, re-

spectively:

L 0[ﬁ+8}?,+¢<ﬁ—8)?h>]

TN X054 1)+ (B4 04) + 00 (-5, (2.75)
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q, PR -5)[Zi05+1)+ (D +04) (N 1)]
= — _ 1 (2.76)
do N X (65 + 1) [ X065 + 1) + N (o + 0)]

P

GOA ()?h + 911)

Y[R+ 1+ N (% s 02)]

From (2.58a) and (2.58¢c) we know that an increase in the ad valorem tax on
abatement has a negative impact on domestic production and abatement and a
positive impact on foreign production. In addition, from (2.62b) in autarky, we can
see that the non-cooperative and the partial agreement only differ for the values
of A\, and )\, and from Lemma 5 we know that A\, N, < A. = A\,N},. Therefore,
given that from Proposition 6 we know that there is positive carbon leakage under

non-cooperative policy, then it must be the case under partial agreement as well.

Proposition 7 There is positive leakage in the partial agreement.

According to our result, du,/do, shows a positive sign when evaluated at the
point of autarky. In autarky, the marginal benefit is larger than the marginal
cost. This is due to the fact that the autarky value of the ad valorem tax on
abatement is lower than in the optimum. It immediately follows that optimality
under partial agreement requires a capital outflow towards the low-income bloc.
Therefore, partial agreement is characterised by positive leakage. The mechanism
is similar to the one described for the non-cooperative policy and the differences

shall be highlighted in subsection 2.5.2.
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2.5 Comparisons between policy scenarios

This section shall compare the policy scenarios previously analysed and their
policy outcomes. The first comparison shall be between the policy outcomes under
full agreement and partial agreement. We already know that in autarky carbon
leakage under full agreement is negative, whilst under partial agreement it is pos-
itive. We shall see that under full agreement the dominant effect is the impact
of an increase in the abatement tax on foreign production. On the other hand,
under partial agreement the dominant effect is the impact of an increase in the
abatement tax on domestic production and abatement. Therefore, the optimal
ad valorem tax on abatement under full agreement is lower than under partial
agreement. Then, we shall compare the policy outcomes under non-cooperative
policy and partial agreement. We shall see that under partial agreement the in-
dividual high-income country has agreed to cut its emissions more than under
non-cooperative policy. Therefore, the optimal ad valorem tax on abatement un-
der full agreement is lower than under partial agreement. Moreover, we shall
show that, for a given level of domestic emissions, the partial agreement outcome
is always characterised by higher carbon leakage than under non-cooperative pol-
icy. Finally, the last comparison shall be between the policy outcomes under full
agreement and non-cooperative policy. We already know that carbon leakage un-
der full agreement is negative, whilst under non-cooperative policy it is positive.
The impact on domestic production and abatement under non-cooperative policy
is so big that it is the dominant one, regardless of the relative strength of the
impact of an increase in the ad valorem tax on abatement on foreign production
under full agreement and non-cooperative policy. Therefore, the optimal subsidy

under full agreement is higher than under non-cooperative policy.
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2.5.1 Comparison between full agreement and partial agreement

This subsection focuses on the comparison between the full agreement and
the partial agreement policy outcomes. To this end, we shall recall that from
Proposition 2 we know that under full agreement there is negative leakage and
from Proposition 7 we know that under partial agreement there is positive leak-
age. Hence, it is straightforward to conclude than under partial agreement the
magnitude of carbon leakage is bigger than under full agreement.

From Lemma 3 we know that an increase in the ad valorem tax on abatement
has a bigger impact on domestic production and abatement under partial agree-
ment than under full agreement. Therefore, from (2.47), (2.72a) and Lemma 3
it immediately follows that the marginal benefit of an increase in the ad valorem
tax on abatement under full agreement is smaller than under partial agreement.
On the other hand, from Lemma 3 we know that an increase in the ad valorem
tax on abatement has a smaller impact on low-income country production under
partial agreement than under full agreement. Therefore, the marginal cost under
full agreement is bigger than under partial agreement. Therefore, the optimal
ad valorem tax on abatement under full agreement is lower than under partial

agreement.

2.5.2 Comparison between non-cooperative policy and partial agree-

ment

This subsection focuses on the comparison between non-cooperative policy
and partial agreement policy outcomes. From Proposition 6 and Proposition 7
we know that both scenarios are characterised by positive leakage. Therefore, in
order to find out the relative magnitude of carbon leakage in the two scenarios,

we need to compare them directly for a given level of domestic emissions.
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The noncooperative policy equilibrium is given by du,/de, = 0 in (2.62a)
and du,/do, = 0 in (2.62b). Define A, = An(e;,0,) and G, = O'n<€i,/~\n) as the
environmental damage parameter and the ad valorem tax rate on abatement under

which (2.62a) and (2.62b) hold for a given e;.

We now analyse how the same e; would be implemented in a partial agreement.
The partial agreement is characterized by du,/do, = 0, as with non-cooperative
policy, and dU,/dE, = 0 as in (2.45). For a given e;, we can determine from
(2.73) for which A,(e;,5,) the partial agreement would result in the same 4,, as
would non-cooperative policy. The equilibrium capital allocation would then be
exactly the same. However, the countries would now want to set a different ad

valorem tax on abatement in the partial equilibrium. From (2.62b) and since

dug(X,6,,)/do; = 0 by definition:

dui()\p(ei,ﬁn),c}n) Y - Xm
o = [ = Mylen )] = (2.77)

By (2.58c), the sign of the LHS is the sign of [5\” — Ap(e, 5,)] Thus there
is higher leakage, i.e. the ad valorem tax on abatement is higher, in the partial
agreement if and only if (2.77) is positive, which happens if and only if A >
Ap(€i,7,). From (2.65) and (2.73) this inequality holds if and only if, in the non-
cooperative policy equilibrium for a given e;:

pAn {(002 + 1) [Ny (X, + 0A,) + X (B0, + 1)) + 06, (0, — 1)}

In Oon + 1) *

— (0o, +1) p’wi,, A+ 0. X1 + 6, (¢ = p*)
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with

$n (An - Uan)

U

(X1 (00 + 1) + N (X, + 0A,) + $06,)]

2.5.3 Comparison between full agreement and non-cooperative pol-
icy

This subsection focuses on the comparison between full agreement and non-
cooperative policy outcomes. From Lemma 5 we know that in autarky, for a given
level of emissions, the marginal environmental damage in per-capita terms is bigger
under non-cooperative policy than under full agreement. In (2.47) and (2.62b) in
autarky (i.e. with 2, = 0 and w,, = 0), we can recall that the first term represents
the marginal benefit and the second one the marginal cost of an increase in the

ad valorem tax on abatement. From Lemma 3 we know that an increase in the

ad valorem tax on abatement has a bigger impact on non-cooperative domestic
production and abatement than under full agreement. Therefore, from (2.47),
(2.62b) and Lemma 3 it immediately follows that in autarky the marginal benefit
under full agreement is lower than under non-cooperative policy. On the other
hand, from (2.47) and (2.62b) we can see that in autarky the marginal cost is
constituted of two parts: the impact on foreign production of a change in the
ad valorem tax on abatement and the optimal emissions target. From Lemma 3
and Lemma 5 we know that the former is bigger under full agreement and the
latter is bigger under non-cooperative policy. Therefore, using this approach we
cannot state the relative magnitude of the marginal costs. However, we know
from Proposition 2 and Proposition 6, that in autarky carbon leakage is negative
under full agreement and positive under non-cooperative policy. The impact on

domestic production and abatement under non-cooperative policy is so big that it
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is the dominant one, regardless of the relative strenght of the impact of an increase
in the ad valorem tax on abatement on foreign production under full agreement
and non-cooperative policy. Therefore, the optimal subsidy under full agreement

is higher than under non-cooperative policy.

2.6  Conclusion

In the past 40 years environmental issues have attracted a great deal of atten-
tion and significant improvements have been made towards environmental aware-
ness. To that end, a number of international environmental agreements (IEAs)
have been ratified. Unfortunately, those agreements are either bilateral or, even if
of a multilateral nature, have only been ratified by a limited number of countries.
Amongst the IEAs with the highest geographical coverage, the most famous is
probably the Kyoto Protocol (1997), that aimed at reducing the greenhouse gases
(GHGs) emissions during the period 2008-2012. Its ratification and entry into
force created the illusion of further steps made towards the mitigation of climate
change. Actually, the final draft of IPCC (chapter 5, p. 394, 2014) found evidence
that during the period 2000-2010, GHGs emissions in developing countries more
than doubled.

We argue that this counter-intuitive evidence does not come as a surprise,
but actually it should have been foreseen from the structure of the IEA itself.
Indeed, we argue that IEAs with partial geographical coverage that leave it to
the individual signatory to set its own policy instrument (in order to achieve the
agreed target), generate carbon leakage. Carbon leakage can be defined as the
increase in non-signatories emissions due to capital inflows from the emissions-
restricted countries. The aim of the chapter is to show how carbon leakage arises

from an IEA with partial geographical coverage. We distinguish between high and
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low-income countries and assume that only the former join the IEA.

Three policy scenarios are considered: full agreement, non-cooperative policy
and partial agreement. The full agreement is characterised by complete coop-
eration within the whole high-income bloc, in both deciding the amount of al-
lowed emissions and setting the policy instrument. The non-cooperative policy is
characterised by the individual high-income country choosing independently both
emissions level and the policy instrument. The partial agreement is characterised
by emissions chosen cooperatively within the high-income bloc and the policy

instrument set non-cooperatively.

Our results show that under full agreement carbon leakage is negative; whilst
under the other two policy scenarios carbon leakage is positive. Optimality under
full agreement requires a high subsidy level and hence, capital inflow from the low-
income bloc. Indeed, the high-income bloc can achieve its emissions target without
suffering from a output loss, but at the expenses of a higher distortion in the
capital market. On the other hand, optimality under non-cooperative policy and
partial agreement requires a low subsidy level and hence, capital outflow towards
the low-income bloc. Indeed, the individual high-income country can achieve its
emissions target without distorting its capital market, but at the expense of lower

domestic output.

When comparing full agreement and non-cooperative policy we found that
the impact on domestic production and abatement under non-cooperative policy
is so big that it is the dominant one, regardless of the relative strength of the
impact of an increase in the ad valorem tax on abatement on foreign production
under full agreement and non-cooperative policy. Therefore, the optimal subsidy
under full agreement is higher than under non-cooperative policy. When compar-

ing full agreement and partial agreement we found that under full agreement the
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dominant effect is the impact of an increase in the ad valorem tax on abatement
on foreign production. On the other hand, under partial agreement the dominant
effect is the impact of an increase in the ad valorem tax on abatement on domestic
production and abatement. Therefore, the optimal ad valorem tax on abatement
under full agreement is lower than under partial agreement. When comparing par-
tial agreement and non-cooperative policy we found that carbon leakage is higher
under partial agreement. Indeed, under partial agreement the individual high-
income country has agreed to cut its emissions more than under non-cooperative
policy. Therefore, the optimal ad valorem tax on abatement under full agreement

is lower than under partial agreement.

These results show that carbon leakage shall inevitably arise whenever an TEA,
that leaves to the individual signatory the choice of how to reach the emissions
target, is signed. Our chapter suggests that, instead of adding further policy
instruments (e.g. BTAs), the most effective way to avoid carbon leakage is to
include the choice of the carbon tax or abatement subsidy within the terms of the
IEA. Insofar as all the policy instruments are chosen cooperatively, there will be

no capital outflows towards the non-signatories.

Our model has enabled us to better understand IPCC (2014) empirical evi-
dence about emissions’ increase in developing countries. Nonetheless, there are
undoubtedly other factors that can affect capital inflows towards developing coun-
tries, such as availability of cheap labor, lower taxation and more lenient health
and safety regulations. Taking those factors into account could impact on full
cooperation’s optimality conditions, thus resulting in negative leakage of smaller
magnitude or even positive leakage (depending on the relative importance of those
factors). The IEA could circumvent these issues by further lowering the cost of

abatement services up to the point where firms are indifferent between producing
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nationally or abroad.

Moreover, we did not include low-income countries’ welfare considerations.
Indeed, the model does not feature welfare functions due to our focus on envi-
ronmental policy. Providing in-depth consideration to the matter is beyond the
scope of this chapter, but a note on this issue is in order. Given that positive
carbon leakage provides capital inflows to developing countries, they might well
experience an increase in welfare due to it. Indeed, the theoretical literature has
emphasized a number of ways in which FDI might positively impact on economic
growth. For example, an increase in the capital stock is the way in which FDI trig-
gers economic growth according to the standard Solow-type neoclassical model.
The works of Romer (1990), Aghion and Howitt (1992), Grossman and Helpman
(1991) and Rivera-Batiz and Romer (1991) have started a whole strand in the eco-
nomic literature, based on the assumption that the productivity of foreign-owned
firms is higher than that of those domestically-owned. There are two main chan-
nels involved in productivity-increasing technological knowledge transfers from
developed to developing countries. The first one focuses on the transmission of
ideas and the second one on internationally traded technology-intensive interme-
diate and capital goods. This strand of the literature claims that FDI generates
endogenous growth through both these channels. Another strand in the litera-
ture, pioneered by Agosin and Machado (2005) warns about the importance of
distinguishing between diferent FDI types. Indeed, they claim that mergers and
acquisitions might just relocate resources and not generate capital stock accumu-
lation and that FDI might negatively perturb domestic investments. In addition,
foreign-owned firms might accelerate human capital formation and improve its
quality, due to their impact on both demand and supply of skilled labour (Kram-

mer, 2010; Belderbos et al., 2014). Indeed, there are two channels involved in
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human capital formation: education and professional experience. The former
generates the so-called "generic" human capital and the latter a more "specific"
one, but both play an extremely important role in co-determining firm’s produc-
tivity. The empirical literature on spillovers has highlighted that, if FDI recipients
protect investors’ rights and intellectual property rights, FDI will play a key role
in boosting economic growth. Otherwise, recipient countries might not experience
any tangible improvement from FDI. Indeed, due to a lack of protection, firms
might fear to invest in the country, with a negative impact on technology transfer

and human capital formation.

In the context of our chapter, technological transfer and improvements in hu-
man capital would imply that in the long term low-income countries would gain
the technology and the technical knowledge and skills to produce in a cleaner
way. Applying the findings of this literature to our chapter would probably lead,
in a long-term perspective and provided that local institutions and governance are
able to capture the positive effects of capital inflows, to the prediction that cur-
rent carbon leakage might actually generate a reduction in future emissions (due
to worldwide adoption of cleaner production technologies) and higher standards
of living for low-income countries. This prediction could provide an explanation
of why a number of developing countries have taken part to the Kyoto Protocol
(1997) as Non-Annex 1 parties. Indeed, through some mechanisms, such as the
Clean Development Mechanism, they could benefit from technological coopera-
tion and emissions reductions projects funded by Annex 2 parties, that is to say

developed countries.



2.7. APPENDIX A: AUTARKY SOLUTION 73

2.7 Appendix A: Autarky Solution

For the solutions (2.28), (2.29) and (2.30) to be feasible, the square root

\/ 200+ 1)K, — fE? must exist and output, X n, abatement, 121\, and the effective

price of abatement, o, must be non-negative.

First, we will prove that the square root \/ 2004+ 1)K, — OE? exists. This is

the case if and only if:

20+ 1)K, —0E? >0 (2.78)

From (2.1), (2.4) and (2.12) with Q, = 0 and A, > 0 it immediately follows

that

E, < )?h < 2?;1

so that:

E} < 2K, (2.79)
If we plug condition (2.79) into (2.78) we obtain:
2K, (14 0) —0EF > 2K, (1+0) — 20K, = 2K, >0 (2.80)

We now turn to the non-negativity conditions. From (2.28) it immediately

follows that )A(h > 0.

We shall now see that abatement A in (2.29) is positive because:

V26 + VK, — 05} > B,
Raising both sides by the power of two and simplifying yields:

(0+1) (2K, — E}) >0
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This inequality holds by (2.79).

Finally, we shall see that the effective price of abatement & in (2.30) is positive,

because:

\/2(9 +1)K), — 0E? > \/th (2.81)
Raising both sides by the power of two and simplifying yields:
0 (2K, — E;) >0

The inequality follows from (2.79).

Inequality (2.33). We can show that

0+ 1)\/2E + 0\/2Fh +0E), > \/2(9 +1)K), — 0F?
Raise both sides at the power of two, such that
— — 2 — —
(\/ZK;L + 0/ 2K}, + QEh> > 20K, — 0F} + 2K,
Expanding and simplifying yields:

2
0(9+1)( QFh—FEh) >0
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2.8 Appendix B: Full Agreement

Equation (2.51) can be rewritten as:

dU. 0> AT,

Ao R, [Ru 04+ 81 (1+09)] [Ro+ X+ 0 (A+58) + 00 (A-3%,)]

(2.82)
where I',. is defined such that
r, = (92 n )?h> [ﬁ 15X, + 6 (21 _ a)?hﬂ _ (2.83)
A1-7) [)?h+)?l+9(ﬁ+a)?,) + 00 (fx—a)?hﬂ
Expanding the right hand side of (2.83) yields:
r. = <9E+ )?h> <E+ 8)?,) +¢ (921+ )?h) (2— 8)?,1) +
GA ()?h L X 40 <E+a)?l>) —$hA(1—75) (21— a)?h) -
A [}?h + X, 496 (?1+6)?l>]
Re-arranging the terms yields:
r, = (92+)?h> (2+8)?,) —E()?h+)?l+0 (2+8)?l>> +
® (2— a)?h) ()?h + 082) +GA ()A(h +X,+0 <2+ 8)5))
Simplifying and using (2.22) we obtain:
. = 6A [)A(h+)?l+0 <E+8)?l)} + (2.84)

X, [(a)?h _ 21) 47 (2 _ a)?h) ()?h + 9321)]
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We can re-arrange further the second term on the right hand side of (2.84)

such that
I.=6A X, +X,+0 <2+ 8)@)} + X, [(2— 8)?h> (ﬁ)?h + P0G A — 1)]
By (2.20), this simplifies to:
[.=GA|X,+X,+6 (ﬁ+a)?l)]
Substituting this into (2.82) yields:

dUe —$6°5 A2
o %, [%+ X+0 (1+5%) +00 (A-5%))] (25

Using (2.20) and (2.22), this becomes (2.52).

2.9 Appendix C: Non Cooperative Policy

Equation (2.70) can be re-written as:

~n2 /\2
dun pUAT, (2.86)
don N, X H, (65 + 1) [Nh (Xh + 9A> 4 X (05 + 1)}

where I',, is defined such that
r, = H,(1-9) [Nh ()?HM) + X (93+1)} —Hd,(1-73) ()?h+92) -

0 ()A(h + 02) (032 + 1) [Nh (Xh + 92) + )A(l (05 + 1)} +

60 (1 —5) ()?h + 92) (2 - a)?h) (2.87)



2.9. APPENDIX C: NON COOPERATIVE POLICY 7

Expanding the right hand side of (2.87) yields, using (2.69):

r, = H,(1-9) [Nh (X'h + M) + X (05 + 1)] -

(1-73) (X'h + 921) [Nh ()?h + eﬁ) + X (05 + 1)] -
o0 (1 — ) ()?h + 92) (2 - afch> -
¢ ()?h - 92) (05 +1) [Nh ()?h + (92) + X, (05 + 1)] +
o0 (1 - 5) ()?h + 02) (21 _ af(h>

Re-arranging the terms and using (2.22) and (2.69) yields:

T, =-X% [Nh ()?h + 92) X, (65 + 1)] (05 + 1) (ﬁ)?h 05 A - 1) +

[Nh ()?h + eﬁ) + X (05 + 1)] [(Nh ~1)(1-79) ()?h + 9@) — X, (65 + 1)}

Since the last term in brackets on the RHS equals zero by (2.20), this simplifies

to:
Do = [No (R +04) + X (65 +1)] [(Va = 1) (1= 5) (£ +04) - 55,65+ 1)
Substituting this into (2.86) yields:

du, P> A2 [(Nh ~1)(1-7) ()?h + 92) —5X, (05 + 1)]

don N, X, (66 + 1) [N (K0 +04) + X, (65 +1) + 00 (A - 5%,.) |

Using (2.20) and (2.22) this becomes (2.71).
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2.10 Appendix D: Proofs

Lemma 1.1. In equation (2.81) we have already shown that & > 0. From (2.30),

o < 1 if and only if:

\/2(0 + 1)K, — 0E? — \/QE <0 < 2K, + Eh) (2.88)

We can re-write (2.88) as

V200 + VK, — 05} < (94 1)1/2K, + 0B,

Raising both sides by the power of two and re-arranging the expression yields:

2. From (2.28) to (2.30) we obtain:

(\/2(9 + DKy — 0E? — Eh>

A-5X, = 07D
(\/2(9 + 1)K, — 0} — Jﬁ) (eEh /200 + D - GE;%)
0(0+1) (En+ V2K, -

By simplifying, we obtain the following

V2K, (\/2(9 + 1K), — 0E2 — 27h)
0 (Eh + \/ﬁ)

>0
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Lemma 3.i. From (2.54a) and (2.55) we find:

dai
N, — —
hdei

—Nh [Xl (90’1 + 1) + (Nh + Qai)Xh + (Nh — 1)9Ah]

We see that the numerator on the RHS is decreasing in N, and the denomi-

nator is increasing in N,. Thus:

9 (th‘“) <0 (2.89)

8Nh dei

Since dAy,/dEy, = Npda;/de; at Ny, = 1, it follows from (2.89) and dA,/dE},

dAp
de;

dA,,
> | e,

da;/de; < 0 in (2.36a) and (2.54a) respectively that

ii. Differentiating Njdz;/de; with respect to N}, yields, from (2.54c):

— | IV = 5 (2.90)
8]\/vh dei (QO’Z—FI) [Xl (90h+1)+Nh (Xh—i—QAh)]
with ¥ defined such that

\If = [(QUZ—FI)(A}L—FO'%XZ)—|—<2Nh—1)O'ZXh] [Xl(00h+1)+Nh(Xh+9Ah)]_

Ny, (Xh + HAh) [(QO'Z + 1) (Ah + O'Z'Xl) + (Nh — 1) UiXh] >0 (291)
The inequality follows from the fact that we can re-write (2.91) such that

U= [(901 + 1) (Ah + Uin) + (Nh - 1) UiXh] Xl (90’h + 1) +

Nyo; Xy, [Xl (QO'h + 1) + N, (Xh + 9Ah)] >0

Since dX},/dE, = Nyda;/de; at N, = 1, it follows from (2.90) and d X} /dE},

dx,
dE),

dx;/de; < 0 in (2.36b) and (2.54c) respectively that

dXy,
de;

> |
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ili. We can re-write (2.54d) as:

dX
de-l - ”lez (Ah - UhXh)

where the sign of dX;/de; is the sign of (A, — 0, X}), because:

Pl
= >0 2.92
w Xl (90’h+1)—|—Nh (Xh+9Ah) ( )

We see that 1 is decreasing in N,. Combining this with the fact that from

dXx;
dE;,

(2.36¢) and (2.54d), dX;/de; = dX;/dE}, at N, = 1, we find that

X,
deqj

<|

iv.  We can re-write (2.54e) as:

dp

Jo = Vp (Ap — o Xh)

where the sign of dp/de; is the sign of (A, — 0, X)), because » > 0 by (2.92).

Combining this with the fact that from (2.36d) and (2.54e), dp/de; = dp/dE), at

N, =1, we find that ‘d%) < ‘d—%% )

Lemma 3.i. From (2.55) and (2.58a) we find:

dai . —QAh [Xl ((90'1 + 1) + (Xh + QAh) (Nh — 1)]

"do; (0o, + 1) [X; (0on + 1) + Nj, (X5 + 0A,)]

We see that the numerator on the RHS is decreasing in N, and the denomi-

nator is increasing in NVy,. Thus:

9 (Nh da") <0 (2.93)
da,-
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Since dAy,/doy, = Nypda;/do; at N, = 1, it follows from (2.93) and dA,,/dop,

da;/do; < 0 in (2.40a) and (2.58a), respectively that ‘% > % .

ii. Follows from (2.56) and Lemma 3.i.
ili. We can re-write (2.58c) as:

dX,

= 00 (X + 0Ay)

g
where the sign of dX;/do; is positive, because:
A
(= h >0 (2.94)

Ny [Xi B0y + 1) + Ny (X + 0A,)]

We see that ( is decreasing in N,. Combining this with the fact that from

dx;
dop,

<

(2.40b) and (2.58¢), dX;/do; = dX,/do), at N, = 1, we find that \%

iv. We can re-write (2.58d) as:

dp 9
= — X+ 0A
do; p7C (X + 04n)

with ¢ defined as in (2.94). Combining this with the fact that from (2.40c) and

dp
dop,

(2.58d), dp/do; = dp/doy, at Nj, = 1, we find that

dp.
do;

<

Proposition 6. The sign of the RHS of (2.71) is the sign of:

4= (Np—1)(1—73) ()?h+92) 5%, (65 + 1)
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We shall prove that p, > 0. Note that p, is increasing in /V;,. In order to prove

that pu, > 0, it is thus sufficient to prove that p. > 0 for N, = 2, or:
(1-7) ()?h + 92) X, (05 +1)>0 (2.95)

If we substitute the solutions for autarky (2.28), (2.29) and (2.30) for X,, A

and X; into (2.95) and re-arrange the expression, we obtain

(1-8) /200 + VK, — 07 — 65 (65 + 1) /2K, > 0

Since 0 < ¢ < 1, a sufficient condition for this inequality to hold is:

(1-8) /200 + DK, — 02 — 5 (65 + 1) /2K, > 0
By (2.81), a sufficient condition for this inequality to hold is:
1-65°—-25>0 (2.96)

Substituting (2.30) into (2.96) yields:

(\/2(9 + DK — 0E? — zm)

0 (Eh+ \/ﬁ)

1—-6

<\/2(9 + 1)K, — 02 — Jﬁ)
0 <Eh + \/2_Fh>

2 >0

Re-arranging the terms we obtain:

25, (QEh —~ \/2(9 + 1)K, —0E2 4+ (6 + m/ﬁ)
0 (\/ﬁ + Eh>2

>0 (2.97)
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The inequality holds if and only if:

OB, + (6 + 1)\/ 2K, > /200 + VK, — 02 (2.98)

If we raise both sides of (2.98) to the power of two and then simplify, we

obtain:

2
0(9+1)( 2Kh—|—Eh> >0



CHAPTER 3

INTERNATIONAL ENVIRONMENTAL
AGREEMENTS AND DOMESTIC POLITICS

3.1 Introduction

In the past few decades, environmental concerns have increased their impor-
tance in worldwide politics. Evidence of this growing relevance can be found by
noticing that more than 400 international environmental agreements (IEAs) have
been signed and ratified in the past 40 years (UNEP, 2012). IEAs’ participation
has captured the interest of environmental scientists, especially the identification
of variables that impact domestic governments’ benefits from joining IEAs (Con-
gleton, 2001). Despite the great deal of effort in analysing it, there is still a lot
of uncertainty on which factors affect the likelihood of a country to commit to
an IEA (Fredriksson et al., 2007). Moreover, the majority of these analyses focus
on the empirical side and few studies have been devoted to theoretical modelling.
Therefore, we want to help bridge this gap in the theoretical literature and analyse
the impact of domestic partisan politics on IEAS’ ratification choice.

There is general consensus on the importance of domestic institutions on IEAs’
ratification. Congleton (1992) was the first to model and estimate the role of
democracy; after it, a number of other studies (Murdoch and Sandler, 1997;
Fredriksson and Gaston, 2000; Neumayer, 2002; Beron et al., 2003) confirmed
Congleton (1992)’s finding that democratic countries are more likely to join IEAs.
Therefore, we narrow our research area and focus on the role of domestic polit-

ical parties’ environmental concerns on IEAs’ ratification decision in democratic

84
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countries. In contrast with previous studies, whose analyses of domestic politics
mainly focussed on the impact of environmental and industrial lobbying groups
(Conconi, 2002, 2003; Neumayer, 2002; Fredriksson and Ujhelyi, 2006) or corrup-
tion (Fredriksson and Svensson, 2003; Pellegrini and Gerlagh, 2006; Fredriksson et
al., 2007) or left-right dichotomy (Jahn, 1998; Neumayer, 2003, 2004; Knill et al.,
2010), we introduce electoral concerns. We shall see that, when electoral concerns
are introduced into the model, counter-intuitive results are found. In addition,
the body of research on partisan politics has centred its attention on domestic
environmental policy (Neumayer, 2003; List and Sturm, 2006); our model extends
those analyses and shows that domestic parties’ preferences have an impact on

international commitment as well.

The aim of the chapter is to explain why a government may decide to re-
nounce the freedom to choose its own environmental policy. Indeed, if it joins
an IEA, in the future it will have to comply with its rules (policy cost). The
starting point of our analysis is that citizens differ in their environmental concern,
which is distributed according to a known density function. In the economy there
are two competing political parties, which differ for their environmental policy
preferences. Political parties care about the environmental policy implemented in
the country and about the rents from being elected. Our framework is based on
a two-period probabilistic voting framework a la Lindbeck and Weibull (1987).
Comaner (1976) and Hinich (1977) pioneered in the application of probabilistic
voting theory to the analysis of unidimensional policy issues. They both proved
that, when voters’ preferences are single-peaked, setting a policy equivalent to
the median voter’s preferences may not be an equilibrium. Subsequently, Hinich
(1978) extended Hinich’s analysis to multidimensional policy spaces. Amongst

the most notable characteristics of probabilistic voting models is the uncertainty
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about voters’ behaviour, which is modeled by using a probabilistic distribution
over voters’ bahaviour. Several papers in the empirical literature attempted to test
the capability of probabilistic voting models to correctly predict real world voters’
behaviour. For example, Fiorina (1981), Enelow and Hinich (1984), Merrill and
Grofman (1999) and Enelow, Hinich, and Mendell (1986), challenge the predictive
power of deterministic voting models and, by means of empirical tests, argue that
probabilistic voting models possess a better explanatory power. In Lindbeck and
Weibull (1987), the utility function of the voters has two components. The first
depends upon the policy implemented by the incumbent political party or candi-
date. The second accounts for all the other factors that might impact on voter’s

preferences for different candidates.

Following probabilistic voting theory, in our framework parties differ not only
in regard to their preferred environmental policy platform, but also in another
dimension, unrelated to the environmental dimension. The latter can be inter-
preted as voters’ ideology or sympathy towards a specific political party. Indeed,
voters care about the policy platform offered by the party along with the ide-
ology. Furthermore, they differ in the way ideology or sympathy is evaluated.
An important feature that our model shares with probabilistic voting theory is
that voters close to the swing voter are targeted by office-seeking politicians, who

modify their policy in order to gain votes.

In addition, our framework applies the standard probabilistic voting model to
a setting where an environmental agreement is in place at the international level.
In the first period the incumbent government decides on the level of commitment
to the IEA. By level of commitment we refer to the opportunity that an inter-
national agreement’s signatories have to choose to what extent they commit to

its rules (e.g. Mattes 2012). For instance, escape clauses, designed in order to
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increase flexibility and encourage membership of the agreement (Pelc, 2009), con-
stitute a typical mechanism through which governments limit their commitment
to IEAs. Indeed, they allow signatories to temporarily get round the terms of the
agreement or even to completely withdraw from it (Rosendorff and Milner, 2001).
This is the main argument of Rosendorff (2005) and Johns and Rosendorff (2009).
Both papers focus on international trade agreements and the Dispute Settlement
Procedure (DSP) in particular. Indeed, they argue that the Dispute Settlement
Procedure (DSP) is a flexibility mechanism that increases countries’ participation
and, by allowing them to temporarily not comply with the terms of the agreement,
has the merit of avoiding the collapse of international trade agreements. Kucik
and Reinhardt (2008) support a similar argument and find that the use of flexibil-
ity mechanisms has a positive impact on international cooperation. According to
Koremenos (2005) policymakers introduce flexibility mechanisms within interna-
tional agreements in order to reduce uncertainty about future situations that could
impact on their payoffs. Hafner-Burton, Helfer, and Fariss (2011) use the same
argument, applied to human rights treaties violations. An example relevant to
our IEAS’ case refers to the Kyoto Protocol (1997), where there are several escape
clauses: the clean development mechanism, joint implementation and emission
trading (Karp and Zhao, 2007). We take this feature into account by modelling
the level of commitment as the probability that the period-2 government will have
to comply with the terms of the IEA. A level of commitment equal to zero is in-
terpreted as the government deciding not to join the IEA. This in turn implies
that the party in power in the second period will be able to implement its ideal
policy, unbound by international commitments. On the other extreme, when the
level of commitment is equal to unity, the period-2 government will have to com-

ply with the terms of the IEA with a probability of one. All the intermediate
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values represent situations where the incumbent has joined the agreement, but
with the possibility of not complying to it in the future. In the second period,
elections takes place and the period-2 government implements its environmental

policy possibly constrained by the IEA joined in period 1.

The aim of the chapter is to analyse incumbent governments’ choices of com-
mitment level. The incumbent government chooses the level of commitment that
maximises its own expected payoff. The expected payoff depends on the prob-
ability of victory weighted by the utility gain or loss engendered by the policy
implemented in period 2. This is the approach developed by Wittman (1973),
whose seminal paper introduced policy preferences into political parties’ objec-
tives. Indeed, before its publication, the main model of electoral competition was
that of Downs (1957), in which political parties were only office-motivated and
did not care about the implemented policy. Our model differs from the traditional
partisan theory based on Downs (1957) because parties’ payoffs include two com-
ponents: one is Downs’s (1957) rents from being in power; the other one the utility

derived from the implemented policy.

Thus, one of the main features of our model is that period-1 incumbents’
decisions are driven by two types of incentives: policy and electoral incentives.
According to the former, parties want their ideal policy to be implemented. This
is the only effect present in our benchmark case, where probabilities of victory
are exogenously fixed. In this case, there are no electoral incentives as incumbent
governments cannot affect their parties’ probability of winning the elections. The
main result in this benchmark case is that the non-green party always chooses
a level of commitment equal to zero; that is, it never commits to the IEA. This
results from the fact that the non-green party wants to be able to implement

its ideal policy if re-elected. On the other hand, the green party’s optimal level
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of commitment is one, that is it always fully commits. Indeed the green party
wants to constrain the period-2 government policy choice and make it as green as

possible — i.e. as close as possible to its own ideal policy.

When we endogenize the probability of victory and the proportion of green
citizens is large enough, the non-green party’s (green party) probability of victory
increases (decreases) with commitment. Indeed, an increase in commitment makes
the green citizens better off in case of party 1’s victory and, consequently, more
likely to vote for it. Therefore, when this proportion is sufficiently large, party 1’s
probability of winning the election increases with the level of commitment x. The
reverse is true for party 2. Therefore, parties can affect their own probability of
winning the elections. This introduces electoral incentives into the model. Owing
to these electoral incentives, parties will try to increase their probability of victory,
in order to enjoy the benefits from being in office. For both parties there is a trade-
off between policy and electoral incentives, reflected in the fact that a marginal

increase in the level of commitment has two opposing effects on their payoffs.

Let us first consider the non-green party’s payoff. The first effect is positive
and is due to the fact that a marginal increase in the level of commitment in-
creases its probability of winning the elections. Indeed, when the proportion of
the population with high environmental concern is high enough, an increase in the
non-green government’s commitment level increases the probability that period-2
environmental policy will be stricter and so closer to the green population’s policy
preferences. The second effect is negative and represents the utility loss due to the
cost of commitment. When choosing a strictly positive level of commitment, the
non-green party increases the probability that, if re-elected, it will have to choose
a policy different from its ideal one in period-2. Consequently, the non-green party

chooses a level of commitment that is greater than zero when the electoral incen-
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tive is bigger than the policy incentive. These results are in contrast with those
obtained with exogenous probabilities of victory, showing that electoral concerns

may be the main reason for a non-green party to join an IEA.

Considering now the case of a green incumbent party, a marginal increase in
the level of commitment has a positive impact on the green party’s payoff. This
effect is due to the fact that the non-green party will be constrained if elected
and hence it will have to implement a greener policy — closer to the green party’s
ideal policy — with positive probability. The negative effect is given by the fact
that a marginal increase in the level of commitment decreases the green party’s
probability of victory. Consequently, the green party will choose not to fully

commit to protect the environment when the electoral gains exceed policy gains.

The rest of the chapter is organised as follows: Section 3.2 introduces the
model. In Section 3.3, the optimal choice of the level of commitment is derived
with both exogenous and endogenous probabilities of victory. Finally, Section 3.4
concludes. Before introducing the model, the next subsection shall discuss the

main relevant literature.

Related Literature

This chapter is related to two main strands of literature. Within the first
strand, a number of political science papers acknowledge that an important role
is played by incumbent governments’ incentives to constrain future policymakers’
decisions (Mattes, 2012). Those papers argue that precommitting future lead-
ers enables current incumbents to maintain their preferred policies in the long
run. For example, this is the thesis supported by Lipson (1991) and Abbott and
Snidal (2000) with regard to alliance treaties. Along this line Moravcsik (2000)

empirically tests the same hypothesis, but with regard to the creation of human
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rights international organizations. His argument is that the creation of interna-
tional organizations is a strategic way in which incumbents try to prevent future
governments from becoming dictatorships. This is true in particular for newly
democratized countries, where the incumbent wants to avoid the anti-democratic
drift. He uses data on the negotiation of the European Convention for the Pro-
tection of Human Rights and Fundamental Freedoms (ECHR) and his findings
fully support his argument. Mansfield and Pevehouse (2006, 2008) use a similar
argument and argue that countries self-bind in order to increase the costs asso-
ciated with going back to a non-democratic situation. Mattes (2012) empirically
tests the reliability of democratic countries as military allies. She distinguishes
between defence pacts and consultation pacts, and analyses when each of them
is more likely to be signed. Defence pacts are more structured military coopera-
tion alliances, whilst consultation pacts are less structured. The argument is that
governments decide to sign a defence pact if polarisation of policy preferences
between the incumbent and the potential successor is high and if the associated
political costs are low. On the other hand, governments sign consultation pacts
when the policy preferences are less polarised. This analysis uses the Alliance
Treaty Obligations and Provisions (ATOP) data between 1945 and 2003 and the

findings are consistent with the tested hypotheses.

In the economic literature, Brett and Keen (2000) apply a similar argument
to earmarking of environmental taxes. They suggest that the incumbent may
earmark the revenues from environmental taxes in order to constrain future gov-
ernments and avoid a dissipation of the revenues. Moreover, North and Weingast
(1989) apply this argument to the analysis of the evolution of institutions in Eng-
land in the seventeenth century. Incumbent’s strategic behaviour in constraining

its successors is the topic of Persson and Svensson (1989) and Alesina and Tabellini
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(1990). They argue that the incumbent strategically decides to bind the future
government in presence of differences in policy preferences: differences in lev-
els of public expenditure for Persson and Svensson (1989) and differences in its

composition for Alesina and Tabellini (1990).

The second strand in the literature is based on the idea that pre-committing
future leaders is considered a strategic behaviour to increase the chances of being
re-elected. There is a well-known line of research that analyses political business
cycles, that is the empirical evidence according to which next to the elections,
the incumbent decides to cut taxes and expand public expenditure. Along this
line are the papers by Rogoff and Sibert (1988) and Rogoff (1990). They aim
at building the theoretical foundations to explain this empirical evidence. Their
analyses shows that the incumbent government uses policy instruments to signal
to the voters that its competency shock is high and gain an electoral advantage.
Anesi (2006) also belongs to this second strand and focusses on tax earmarking
using a probabilistic voting model a la Lindbeck and Weibull (1987). Anesi’s
(2006) argument is that the incumbent government might increase its probability
of winning the elections by the means of earmarking. This might happen when
a high proportion of citizens has preferences over the public good valued less by
the incumbent. The mechanism is that binding future governments to provide
this public good will positively impact on the incumbent’s probability of victory.
Therefore, Anesi (2006) shows the importance of electoral incentives with regard

to tax earmarking decisions.

The present chapter differs from the existing literature in two respects. First,
it focuses on IEAs. Second, and more importantly, it combines the arguments
developed in the two strands of literature discussed above: as in the first strand,

our model captures incumbent governments’ incentives to constrain future policy-
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makers; as in the second strand, it captures incumbents’ incentives to use current

policies to affect electoral outcomes in their favour.

3.2 The Model

Economic Setting. Consider a two-period economy with two sectors. The first
one is a green sector that produces the numeraire good ¢ without emissions. The
second is a polluting sector that produces good x. Both goods are produced and
consumed in the second period. The economy is populated by a large number

of citizens — i.e. a continuum of size 1 — who act both as consumers and as

voters. They differ according to their environmental concern a € [0, 1], which is
distributed according to a continuous, positive density function f with full sup-
port. The consumers derive utility from consuming the two goods and experience
disutility from environmental degradation associated with production activities.

Individuals of type « are assumed to maximise the following utility function:
c+u(x) —aX (3.1)

where ¢ and x are individual consumption of the numeraire and the polluting good,
respectively. X stands for aggregate consumption of the polluting good. All the
agents have the same taste for individual consumption of good x, which is repre-
sented by the continuous function w. This function is at least twice differentiable
and has the following properties: u' > 0, u” < 0. Both goods are produced at a
constant marginal cost, normalized to unity. Markets are perfectly competitive,
so that prices are equal to unity.

Assume further that all citizens have the same (exogenous) income I. At the
start of the second period, the government in office implements an environmental
tax on the consumption of the polluting good, ¢ € [0,1], the proceeds of which

are redistributed lump sum to all citizens. Consumers of type « choose their con-
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sumption levels of both goods by maximizing (3.1) subject to the private budget
constraint

c+(1+t)e<I+T
where T represents the lump sum transfer from the government. Hence, the type-a

consumer chooses x to maximise:

max/ + 717 — (1 +t)z 4+ u(z) — aX (3.2)

>0

From the first order condition of the consumer’s maximization problem (3.2),

we obtain that each consumer’s demand for the polluting good, x, satisfies
u'(x) =1+t (3.3)

Let z(t) be the unique solution of equation (3.3); that is x(¢) is the consumption of
the polluting good as a function of the environmental tax ¢. It is readily checked
that citizens will reduce consumption of good x as the tax increases: ' < 0. Tax
revenues are used to finance the lump sum transfer 7" to all citizens. Hence, the

government budget constraint is
T=tX (3.4)

Each agent consumes the same quantity of the good z; hence X = x (t). This
is due to the quasi-linearity of preferences and the fact that average consumption
is not affected by the small size of individual consumption.

Plugging (3.3) into (3.1) and using (3.4), we obtain the policy preferences of
a type-a citizen:

v(t,a) = u(z(t)) — (1 + a)x(t) (3.5)

Differentiating v with respect to t yields

v / / o I
oL = () — 1= a) () = (t — a)a'(1) (3.6)
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We know from (3.3) and (3.6) that 2/(¢) < 0 and Jv/dt = 0 at t = a. Conse-
quently, when (¢ — «) < 0, function (3.5) is increasing. When ¢ — o > 0, function
(3.5) is decreasing. Moreover, when t —a < 0 (t — a > 0), the above derivative is
positive (negative); so that v(-, @) increases (decreases). We have thus established
that v(-, «) is single-peaked with a peak at t = a. Hence, the ideal policy of
type-a citizens is t = a.

Policy is chosen through electoral competition between parties 1 and 2, whose
policy preferences are exogenously given by v (-,ay) and v (-, a3), respectively.
Party ¢ = 1,2 thus shares the same policy preferences of a citizen of type «;. We

assume, without loss of generality, that a; < as.

Timing. The timing is as follows:

(1) In the first period, the incumbent party has a chance to join an interna-
tional environmental agreement (IEA), which requires the signatories to maintain
their emissions below some exogenous level . The incumbent decides whether to
commit to the IEA and chooses the level of commitment x the period 2 government

will have to commit to.

(2) At the start of the second period, elections take place.

(3) The elected party takes office and sets the environmental tax t for period

When constrained by the IEA (i.e. with probability ), the period 2 govern-
ment must choose an environmental tax ¢ > « () — 1 = 7. In order to avoid
trivialities, we assume the following throughout: 7 € (ay, as).

Before we proceed any further, an explanation of the predictions of the model

when 7 < «aq or 7 > «y is in order. Let us consider the scenario where 7 < ay

first. When 7 < aq, regardless of who the incumbent is, if the IEA is signed,
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both parties will choose to set their preferred policy, if elected. As a consequence,
in this scenario electoral incentives do not play a role for parties’ choice of level
of commitment. Therefore, there is no need to analyse this scenario specifically
within the chapter, given that its outcome will coincide with that of the benchmark
case. Let us now consider the scenario where 7 > as. In this case, regardless
of who will be elected, if the IEA is signed, the policy will be set equal to .
Therefore, signing an IEA has no impact on the electorate’s choice and so, when

T > ao, the party with the highest ideological bias will win the elections.

Electoral Competition. We assume that parties cannot make credible com-
mitments before the election. As a consequence, the elected party will implement
its deal policy in [r, 1] with probability x, and its ideal policy in [0, 1] with prob-
ability (1 — k). Hence, party 1 (if elected) implements 7 with probability x and
a; with probability (1 — k). On the other hand, given that we assumed 7 < aq,
party 2 (if elected) always implements its ideal policy as.

Following Lindbeck and Weibull (1987), we use a probabilistic framework to
model electoral competition between the two parties. Parties not only differ with
regard to their policy platforms, but also with respect to specific characteristics.
We assume that citizens differ in the way they evaluate those party-specific char-
acteristics. The utility received by a voter of type o when party 1 is elected is
given by

Vik,a) = kv (r,0) + (1 — K)o (ag, @) + (ba +7) (3.7)

where b, is an individual-specific parameter that measures a voter’s ideological
bias in favour of party 1. This represents the idiosyncratic component of the noise
and it is distributed independently throughout the electorate. For every a € [0, 1],

we assume that b, is distributed according to a strictly positive, continuous density
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function g¢,, with support [—f, 8], where 5 > 0 is an arbitrarily large parameter.
A positive value of b, stands for a positive bias towards party 1 and the reverse for
a negative value. If b, = 0 for some type-a voter, then she only cares about the
policy platform offered by the party. The parameter r can be interpreted as party
1I’s relative (average) popularity or sympathy within the population. We assume
it is distributed according to a continuous density function h with support [—p, p|,
where p > 0 is an arbitrarily large parameter. This term represents average voter’s
preferences, it is common throughout the electorate and unknown. The parameter
r plays an extremely important role in our model, because it constitutes a source
of uncertainty over voters’ behaviour and thus, over the elections’ outcome. From
a more technical point of view, the parameter r guarantees uncertainty by making

the probability of victory stochastic.

In this setting, voters care about the policy platform along with other di-
mensions unrelated to environmental policy. Therefore, these two terms might be
considered as accounting for all the not explicitly modeled factors that impact on
voter’s preferences for different candidates. According to an alternative interpreta-
tion, these components summarise voters’ preferences over parties’ characteristics,
like parties’ competences, image, personality and likeability, the way they han-
dle electoral campaigns or even scandals. An extensive political literature has
been developed on these components, defined as candidate’s valence advantage.
For example, Groseclose (2001) defines it as superior character, charisma, name
recognition or intelligence; Snyder and Ting (2002) as party discipline and Bruter
et al. (2010) as vestigial party loyalties. In the literature, a great deal of atten-
tion has been devoted to the study of candidate’s valence advantage and how the
uncertainty faced by political parties affects their decisions. A number of papers

reached the finding that, within this setting, the median voter position does not
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represent an equilibrium. As a consequence, if the electorate is biased against a
party, it should avoid to choose the median voter position (Ansolabehere and Sny-
der, 2000; Groseclose, 2001; Aragones and Palfrey, 2002; Carrillo and Castanheira,
2008; Ashworth and Bueno de Mesquita, 2008).

After the period-1 decision is taken and just before the elections, the actual
value of r is realized. Hence, when the incumbent decides whether or not to join
the IEA in period 1, there is still uncertainty on the future winner of the elections.

The utility received by a type-a citizen when party 2 is elected is given by
V3K, a) = v(ay,a) (3.8)

Given the value of x inherited from period 1, each voter compares the payoff

expected upon re-electing the incumbent to that following the election of the
challenger. Given k, a type-a citizen votes for party 1 if and only if V(k,a) >

V2(k, «) or, equivalently, from (3.7) and (3.8):
bo > v (a2, ) — kv (T,0) — (1 — K)v (a1, ) — 17 = A(R, o, 1)

The proportion of type-a citizens who vote for party 1 is therefore

B
p(k,a,r) = / 9o (b)db (3.9)

A(k,a,r)

so that the total vote share going to party 1 is:

Pl(/ﬁ,r)z/o p1(k, a, 1) f(a)da

Finally, we obtain party 1’s probability of victory as the probability that

Pi(k,r) > 1/2. Given that Pj(k,r) = 1/2 is a zero-probability event, we can
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restrict our attention to the case when Pj(k,r) > 1/2 and party 1’s probability of

victory becomes

(k) = h(r)dr (3.10)

/{TG[—AP]:H (r,r)>1/2}

Party 2’s probability of victory is then my(k) = 1 — m1(k) for all k € [0, 1].

Party ¢ € {1, 2} seeks to maximise:
Q; (k) =m(k) ko (T, @) + (1 — K)o (a1, )] + (K)o (e, ;) + mi(k)R - (3.11)

where R > 0 stands for the office-holding rents received by the winner of the

election.

Alternative Setting. Before we proceed any further, a remark on the way we
model commitment to the IEA is in order. As we discussed in the introduction, the
probability x must be thought of as the extent to which the period-1 government
constrains future governments to abide to the terms of the IEA. It is worth not-
ing, however, that alternative ways of modeling commitment would yield similar
conclusions. For instance, we could instead assume that the period-1 government
signs a completely binding IEA, but chooses (i.e. commits future governments to)
the period-2 environmental tax 7. In this alternative setting, the party in power
in the second period would be compelled to implement the environmental tax pre-
scribed by the IEA (i.e. the tax chosen by the period-1 government). It is readily
checked that this alternative approach would yield exactly the same conclusions
as ours. Indeed, increasing x in our model has the same impact on parties and
citizens’ expected payoffs as increasing 7 in the alternative model. This is mainly

a matter of relabeling.
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3.3 Political Equilibrium

In this section we characterise commitment levels x in subgame perfect equi-
libria — simply referred to as "equilibria" in what follows — of the political game
introduced in the previous section. Therefore, equilibrium values of x are obtained
by maximising incumbent parties’ objective functions in (3.11) with respect to
k € [0, 1]. The existence of an equilibrium follows directly from the application of

Weierstrass’ Theorem (Chiang, 2005).

3.3.1 Benchmark: Exogenous Probabilities of Victory

Our aim is to analyse the effect of electoral competition on the incumbent’s
party decision to join the IEA. It is therefore useful to start with the benchmark
case in which probabilities of victory are exogenously fixed, so that parties are not
able to modify their probability of winning the election. In this case, the period-1
decision is not influenced by future electoral prospects. Let 7; € (0,1), with i
€ {1,2}, be party i’s exogenous probability of victory. Party ¢ € {1,2} chooses

its level of commitment to an IEA x by maximizing the following

Q; (k) =71 [ko (T, 04) + (1 — K)o (g, ;)] + Tov (g, ) + T R (3.12)

Here, we need to distinguish between the two parties. Indeed, the derivative with

respect to k of party 1’s objective function (3.12) is

391 (F&)
ok

=7 [v(T,01) — v (a1, 0q)] (3.13)

Given that party 1 strictly prefers a; to 7, it immediately follows that function
(3.13) is lower than zero and, therefore, that (3.12) is strictly decreasing in k.

Consequently, the solution of the maximization problem for party 1is x = 0. This
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means that with fixed probabilities of victory, party 1 never chooses to constrain
future policy choice by joining an TEA.

The reverse holds for party 2: the derivative of its objective function is

892 (/‘i)
ok

=71 [v(7,02) — v (a1, as)] (3.14)

Given that party 2 strictly prefers 7 to «y, it immediately follows that the
righ-hand side of equation (3.14) is positive and, therefore, that (3.12) is strictly
increasing in k. As a consequence, the solution of the maximization problem for
party 2 is kK = 1. This means that party 2 always chooses to join an IEA with
probability one when the probabilities of victory are exogenous.

We record this as

Proposition 8 If parties’ probabilities of victory are exogenously fixed — and
therefore independent of the period-1 decision — then:
(i) Party 1 always chooses k = 0; and

(i) party 2 always chooses k = 1.

3.3.2 The Probability of Victory Functions

The result stated in Proposition 8 is intuitive: only the party with a higher
environmental concern chooses to join an IEA. However, the above analysis does
not take into account the fact that voters’ preferences over candidates may be af-
fected by parties’ behaviour, thus influencing the probabilities of victory. In what
follows we will show that endogenizing these probabilities may impact our previ-
ous result. To this end, we first need to establish a key result on the probability
of victory functions.

Henceforth, we will refer to citizens whose types « exceed 7 as “green citizens”.
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Let us define the green citizens as

¥ E/ f (o) da (3.15)

with v € (0, 1).

Lemma 9 There exists 7 € (0,1) such that the following is true if v > 7: party
1’s probability of victory m, is strictly increasing in k; and party 2’s probability of

victory mo s strictly decreasing in K.

Proof: Brief inspection of (3.10) reveals that 7; is strictly increasing whenever
Pi(-,r) is strictly increasing for all r € [—p,p]. To analyse the shape of this
function, it is convenient to begin with the analysis of p; (-, a, 7). Applying Leibniz

Integral Rule to (3.9), we obtain:

op1(k, a, 1) OA(k, a, )

Ok - Ok 9o Alr, ;1)

= [U (7-7 O‘) -v (alv Oé)] ga(A(’iv a, T))

As go(A(k,a,r)) > 0, this derivative is non-negative if and only if v (7,a) >
v (a1, ). Therefore, pi(+, a,7) is increasing in & if and only if the type-« citizens

prefer 7 to ;.

Now let
0
D™ (k,7) = min Ipirs ) <0
a€0,7] Ok
0
DY (k,7) = min Ipirs ) >0

a€glr,1] Ok
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‘We then have

0P (k, ) /1 op1(k, a, 1)
Ok 0 Ok

fla)da

Ok - oK

> /0 "D (5,7) fla)da + / "Dt (1) f(a)do

— D" (k) /0 f(a)da + D" (x,7) /Tl f(a)da

By definition of v, we consequently have

OBUT) 5 D () (1) + D* (1) 7 > 0

if and only if

—D~ (k,T)

>
77 Dr (k,7) — D= (Rr,T

] =9(k,r) € (0,1)

(recall that D~ (k,r) < 0, so that —D~ (k,r) > 0).

Finally, we define 7 as

7 =max {¥(k,r) : k €[0,1] & r € [—p, p|}

/0 I ) b o+ / oplmaor) f(a)da

103

Observe that, from Weierstrass’ Theorem, 7 is well-defined. Indeed, % is a con-

tinuous function and [0,1] x [—p, p] is compact in R%. We have thus proved that

Py (-, ) is strictly increasing for all r and, therefore, that 7 is strictly increasing

whenever v > 7.

As my = 1 — mq, this in turn implies that 75 is strictly decreasing whenever

> .
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As previously discussed, the utility of a type-« citizen is determined by the
winner of the elections. Recall that party 2 always implements its ideal policy
ag if elected. Therefore, the utility obtained by type-a citizen if party 2 is in
power, that is V?(k, @), is not affected by the level of commitment chosen by the
incumbent in stage 1. However, switching from no commitment (i.e. x = 0) to
a positive level of k does impact the type-a voter’s utility if party 1 is in power,
that is V'(k,a). In particular, V!(k,«) is increasing in x for all @« > 7 and
decreasing in it for a < a;. To see this, recall that citizens have single-peaked
preferences, v(-, «), with a peak at t = a. As a; < 7, this implies that all types
a > 1 strictly prefer policy 7 to policy ay: v(7,a) > v(ay,«). Put differently,
an increase in the commitment variable x makes the green citizens — namely
those whose environmental concern « exceeds 7 — better off in case of party 1’s
victory and, consequently, more likely to vote for it. Recall that the proportion of
the population who shows such a high environmental concern has been defined in
(3.15) as 7. When this proportion + is sufficiently large — that is, higher than a
certain threshold 7 — party 1’s probability of winning the election increases with
the level of commitment . This result will have important implications when we
turn to the analysis of the incumbent’s choice of commitment level.

Henceforth, we make the following assumption:

Al: v > 7.

3.3.3 A Non-Green Incumbent May Commit to Protect the Environment

In this subsection we investigate under which conditions party 1 — the party
with low environmental concerns — decides to commit to protect the environment.
Suppose party 1 is the incumbent. Differentiating (3.11) with respect to £ when

t = 1 reveals that a marginal increase in x has two opposing effects on party 1’s
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expected payoff:

891 (/‘i)
Ok

= 7 (k) [kv(T,00) + (1 — kK)v (a1, 1) — v (g, a1) + R] —

mi(k) [v (a1, 1) — v (T, 1)

The first term represents the positive effect; that is the electoral gain from
increasing . As previously shown, this is due to the fact that, by raising its level
of commitment r, party 1 can increase its chances of re-election. This increase in
its probability of victory is weighted by the utility gain from being in office. The
second term is negative and shows the policy cost of committing to environmental
protection in period 1. Indeed, when the incumbent chooses a positive level of
commitment it constrains the period-2 government policy choice. Consequently,
if party 1 is re-elected (i.e. with probability m(k)), it will have to set a policy
different from its ideal one, thus incurring a utility loss of v (avy, 1) —v (7, ). In
equilibrium, party 1 chooses the level of commitment x € [0, 1] that maximises its
objective function (3.11). The expression above thus shows the trade-off between
policy preferences and electoral incentives faced by party 1 in period 1.

From the above argument, in equilibrium party 1 commits to protect the
environment — i.e. chooses £ > 0 — in period 2 if the (marginal) gains from
increasing the probability of winning the elections exceed the (marginal) policy

loss:
71(0) [v (an, 1) — v (a2, 1) + R] > m1(0) [v (o, 1) — v (7, 1))] (3.16)

Inspection of the left-hand side of inequality (3.16) reveals that two factors
are conducive to commitment. First, the polarization of parties’ preferences (i.e.

the difference between s and o) increases the expected gain from re-election, as
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v (-, ) is strictly decreasing on the interval (a,a;). Second, an increase in the

rent from holding office R similarly raises the gains from re-election.

Inspection of the right-hand side of inequality (3.16) reveals that two factors
have a negative impact on the non-green party’s commitment level. First, the
higher the IEA requirements (i.e. the level of taxation 7 the period-2 government
will have to set in order to comply with the emissions reductions) the higher the
distance between the tax 7 and the party’s ideal policy a;. Second, an increase
in party 1’s initial chances of re-election, 7 (0), raises the probability of incurring

the utility loss v (a1, 1) — v (7, o).

Proposition 10 Suppose party 1 is the period-1 incumbent. It commits to pro-
tecting the environment if and only if condition (3.16) holds. Hence, party 1 is
more inclined to commit to the IEA terms when:

(i) polarization of policy preferences among the two parties increases;
(ii) the rents from holding office increase; and

(iii) the IEA’s requirements decrease.

Proposition 10 describes the factors that can make incumbent party 1 commit
to protect the environment despite its low environmental concern. This stands
in sharp contrast to the result stated in Proposition 8, where the probabilities of
victory were exogenous. Introducing electoral concerns into the model has allowed
us to identify factors that may drive a non-green government to commit to an
IEA. In subsection 3.3.5, we will use numerical simulations to show that there
exist parametric configurations of the model such that the non-green incumbent

actually chooses positive commitment levels (i.e. x > 0).
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3.3.4 A Green Incumbent May Not Commit to Protect the Environment

Let us now turn to the case where the incumbent is party 2; that is the green
party. In this subsection we want to analyse the impact of endogenizing the prob-
abilities of victory on party 2’s choice of the commitment level. In particular, we
want to see whether, in contrast to the case without electoral concerns, this party
may choose not to fully commit the future government to protect the environment.
To this end, let us consider the impact of a marginal increase in x on party 2’s
expected payoff by differentiating (3.11) when ¢ = 2:

892 (/‘i)
Ok

= (k) [v(7,a2) —v (a1, a2)] +
7h(k) [V (a2, a0) + R — kv (T,02) — (1 — K)v (ay, ag)]

As previously, this expression shows a trade-off between policy preferences
and electoral incentives. The first term represents the expected benefit from con-
straining party 1 if the latter wins the elections. This term is positive due to the
fact that party 1, if elected, will have to choose a policy T € [ay, ] closer to party
2’s ideal policy. The second term represents the electoral cost of committing party
1 to protect the environment. Indeed, as stated in Lemma 9, increasing the level
of commitment x reduces party 2’s probability of victory (by 74(x)) when v > 7.
This effect is weighted by the utility gain from staying in office.

In equilibrium, party 2 chooses a positive level of commitment s such that
the objective function (3.11) is maximised. Hence, party 2 will not fully commit

to protect the environment — i.e. will choose a value k < 1 — if:
m1(1) [v (7, 2) — v (@1, a2)] < —m5(1) [v (a2, g) — v (T, 2) + R) (3.17)

Inspection of the left-hand side of equation (3.17) shows that party 1’s chances

of re-election under full commitment, 7;(1) have a negative impact on party 2’s
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likelihood of full commitment. Recall that m9(1) = 1 — 7;(1). Hence, party 2’s
probability of re-election under full commitment, 75(1) has a positive impact on

its likelihood of full commitment.

Inspection of the right-hand side of equation (3.17) shows that two factors
reduce party 2’s optimal commitment level. First, party 2 is less likely to choose
full commitment (i.e. x = 1) the higher are the rents from holding office, R. Sec-
ond, when party 1’s consideration for the environment increases (i.e. a; becomes
closer to aw) its electoral gain also increases.

This leads to the following result:

Proposition 11 Suppose party 2 is the period-1 incumbent. It does not fully
commit to protecting the environment if and only if condition (3.17) holds. Hence,
party 2 is less inclined to fully commit to the IEA terms when:
(i) polarization of policy preferences among the two parties decreases; and
(ii) the rents from holding office increase.

The effect of the IEA’s requirements is ambiguous.

Proposition 11 shows that when electoral motives are taken into account, party
2’s choice of the level of commitment x may differ from the result obtained when
the probabilities of victory are exogenous. In the next subsection, we show that

this can actually be the case in equilibrium.

3.3.5 Numerical Simulations

The previous subsections described how the various exogenous variables of

the model affect incumbents’ choices of x. In this subsection we check that is

actually possible for a non-green incumbent (resp. a green incumbent) to choose

a value of k greater than zero (resp. smaller than one) in period 1. To this end we
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use a simple numerical example. We concentrate on one specific functional form,
assuming the utility function takes the form:
L,

u(z) =10z — %

The model is simulated assuming that § = 3 and p = 5 in (3.9) and (3.10), respec-
tively, and then varying the values of our main variables: the policy preferences,
a1 and as; and the rents from being elected, R. We also assume that b and r are
all uniformly distributed on their respective supports. The environmental concern

a € [0, 1] is distributed according to the following density function

) f0<a<r
= 3.18
f (a) {11__TT¢ fr<ax<l ( )

where parameter ¢ allows us to control for 7. From (3.15) and (3.18) it immedi-
ately follows that a large value of ¢ represents a small value of 7. In this example,
we will take ¢ = 0.9 to show that the results can hold even when 7 is small. (The
condition on 7 in the propositions is sufficient, but not necessary.)

Table 3.1 shows the level of commitment x chosen by party 1 — the non-green
incumbent — according to different levels of type-a; policy preferences and rents

from being elected, R.

These results confirm that non-green incumbents can choose high levels of
commitment to environmental protection. In addition, they confirm that when
polarization between the policy preferences increases — that is when the distance
between parties’ policy preferences increases — the level of commitment chosen
by party 1 also increases. Moreover, the level of commitment s chosen by party 1

increases with the rents. This is consistent with our theoretical results.
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oy oy | R K

0.12 1 0.6 | 5.5 | 0.65215
0.1 [06 |55 |0.82990
0.08 1 0.6 | 5.5 | 0.96701
0.1 [0.6|545]0.58299
0.1 06|54 |0.33608
01 |06|54 |0.21522
0.1 |06 |54 |0.45747

Table 3.1: Choice of level of commitment for non-green incumbent

o ay | R K

0.1 |06 6.7 |0.62788
0.11 1 0.6 | 6.7 | 0.42155
0.12 | 0.6 | 6.7 | 0.18764
0.1 |06 |6.65|0.42586
0.1 |06 6.6 |0.22384

Table 3.2: Choice of level of commitment for green incumbent
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We now test the predictions of the model regarding party 2 — the green in-

cumbent — choice of level of commitment x. Table 3.2 shows that the green

incumbent may choose small levels of commitment. In addition, the level of com-

mitment k is chosen by party 2 according to different levels of as and R. When

the polarization between the policy preferences decreases — that is, when party

1’s concerns for the environment increase — the level of commitment chosen by

party 2 decreases. Moreover, when the rents from being elected, R, decrease, the

level of commitment chosen by party 2 also decreases.

3.4 Conclusion

The starting point of our analysis was the increasing importance of IEAs in

international politics and the subsequent necessity to identify the factors affecting

domestic governments’ choice of joining IEAs.

To the best of our knowledge,

very few papers have analysed the impact of domestic partisan politics on IEAS’
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ratification choice. Moreover, they have mainly focussed on a limited set of issues,
namely the impact of the degree of democracy and civil liberties, corruption and
environmental lobbies’ strength. In addition, the majority of papers have followed
the traditional partisan theory, based on Downs (1957). Therefore, our model tries
to fill this gap by applying to IEAs the framework that extends Downs’ (1957)

theory by introducing political parties’ electoral concerns.

The aim of the chapter is to explain the reasons behind the choice of com-
mitment to an IEA. Using a probabilistic framework a la Lindbeck and Weibull
(1987), this chapter analyses how electoral concerns affect the choice of the level
of commitment to an IEA in a framework where parties maximise their expected
payoffs and choose the level of commitment to an IEA. Political parties’ choices
are driven by policy and electoral incentives. The former kind of incentive results
from the utility obtained by the political party when a policy is implemented
and depends on its policy preferences. The latter results from the ability the in-
cumbent has to enhance its probability of winning the elections by increasing the
commitment level to the IEA. We first derive the level of commitment chosen by
the incumbents — non-green and green — when the probabilities of victory are
exogenous. This eliminates the electoral incentive and the main findings are not
surprising. On the one hand, a non-green incumbent never commits to an IEA;
that is, the level of commitment chosen is always null. On the other hand, a green
incumbent always commits to an IEA; that is, the level of commitment chosen is

always equal to unity.

We then derive the level of commitment that maximises the incumbent’s ex-

pected payoff when the probabilities of victory are endogenous. Endogenizing the
probabilities of victory introduces electoral incentives into the framework. The

main results interestingly differ from the predictions obtained in the previous case.
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Indeed, they highlight that non-green parties may choose a strictly positive level
of commitment if, by doing so, the electoral gain — i.e. the increase in the proba-
bility of victory — exceeds the policy loss —i.e. the fact that period-2 government
is constrained in its policy choice. We also show that a green government’s level
of commitment to the IEA may be less than 1 if the electoral cost of commitment
— i.e. the decrease in its probability of victory — exceeds the policy gain — i.e.

constraining the non-green party.

Our model has enabled us to better understand the domestic-politics incen-
tives that drive policymakers to join IEAs. Nonetheless, there are undoubtedly
other factors that can affect such a decision. First, we have ignored that small
countries might be obliged to sign the IEA in order to please important economic
partners. Indeed, incumbent governments would gain from having a powerful ally
supporting them. This would result in small countries having a higher level of
commitment — i.e. high value of x — independently of their governments’ elec-
toral incentives. For example, the candidate member states of the EU have to
commit to the so-called acquis communautaire, that is the entire body of EU leg-
islation published in the Official Journal of the European Union. Therefore, they
are forced to commit to all the IEAs in place, regardless of policy and electoral

incentives.

Second, the chapter does not account for the costs of not complying to the
IEA. We can broadly identify two types of costs associated with non-compliance:
explicit and reputational costs. The former regards actual expenditures to be
incurred instead of cutting own emissions. For instance, the Clean Development
Mechanism within the Kyoto Protocol (1997) allows signatories to fund emissions
abatement projects in developing countries in order to earn certified emission re-

duction (CER) credits that will be equivalent to domestic emissions reductions
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(UNFCCC, 2006). This flexibility mechanism is based on the assumption that
abating in developing countries is less costly that in developed countries, but still
costly. The latter is related to the cost due to the exclusion from future interna-
tional treaties when a country is labelled as an unreliable partner. DeSombre’s
(2006) analysis focuses on the shipping industry and the incentives linked to ex-
clusion. Her findings show that compliance with IEAs’ requirements increases
when the culprits of violating them are excluded from valuable services — i.e.
club goods.

Third, we focussed on the individual country’s decision without analysing the
strategic interactions with other governments. Indeed, each country’s choice of
level of commitment will impact the levels of commitment chosen by the other
signatories and therefore, the value of the IEA. For example, the Kyoto Protocol
(1997) could only have a positive impact on environmental quality if at least 55
countries, representing at least 55 percent of the base-year carbon-dioxide emis-
sions, would have ratified it. When the USA decided to withdraw from the treaty,
the other signatories, especially the EU, had to engage in a series of negotiations
with Russia in order to convince it to commit. Otherwise, the Kyoto Protocol
(1997) would have been void. We leave these and other interesting issues, includ-

ing an empirical test of the theory, for future research.



CHAPTER 4

SOCIAL INTERACTIONS IN CYPRUS: AN
EVOLUTIONARY APPROACH

4.1 Introduction

The island of Cyprus has always been the centre of attention, not only for its
beautiful natural landscape, but also for its strategic location. Indeed, Cyprus is
located at the point where Europe, Middle East and Africa meet. This privileged
position and the efforts of many countries to strategically control it has been the
main cause of its problems. Since the Ottoman conquest the Cypriot population
has been of two main ethnicities: an Orthodox majority of Greek descent and a
Muslim minority of Turkish descent. They were living together with no major
ethnic conflicts until the beginning of the nineteenth century. Since then, the
situation has experienced an escalation of violence (in the 1970s) and then finally
peace, but at the expense of a country now divided. The UN Buffer Zone (estab-
lished in 1963 as a consequence of over a decade of interethnic conflict) divides the
Republic of Cyprus area (in the Southern part of the island) from the Northern
area, occupied by the Turkish army.

The Cyprus conflict is considered to be intractable, given that peacekeeping
authorities (funded by international donors) have unsuccessfully been trying to
find a solution since 1974. Nowadays, United Nations Development Programme -
Action for Cooperation and Trust in Cyprus (UNDP-ACT) Survey data (covering
the period 2007-2013) are the most reliable and long-term data available about the

Cyprus issue. UNDP-ACT Surveys include several questions about the political,
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economic and social situation in Cyprus, asked to a statistically representative
sample of respondents from both ethnic communities. Those data show that
Cypriots are stuck in an impasse, where more than 40% of the population is
highly concerned about the situation of the island, but nonetheless the fraction
of the population who thinks that a solution will be reached is quite low and the

proportion of the population who supports peaceful co-living is stagnant.

The aim of the chapter is to give a theoretical explanation of this impasse and
explain the reason why decades of international efforts miserably failed. We use a
static model where there is a political issue of the dichotomous type, meaning that
agents can either be in favour or against it (peaceful co-living with the members of
the other ethnic community). Agents decide which idea to follow by maximizing
their own utility. We assume that every agent has an opinion (no undecideds
exist). They are randomly matched and meet in pairs at any time period. Agents
occasionally compare their current payoffs with the expected payoff they would

get if they decided to change their mind and adhere to the other idea.

We assume that there is a friction: agents pay a cost for switching opinion,
which represents the psychological cost associated with behavior change. Indeed,
a strand of literature has shown that behavioural changes are costly due to a
number of agents’ biases. This research has been applied to a number of products
and suppliers’ choices, adoption of innovations and can be successfully extended
to opinion change. In particular, the endowment and the status quo biases are the
most appropriate in our scenario. According to the "endowment effect", agents
value their endowment more than goods or features that do not belong to them.
For example, Thaler (1980) found that agents overvalue goods or features belong-
ing to them by three times. According to the "status quo bias", agents tend to

maintain their goods or actions even when faced with a more valuable alternative.
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This bias has been pionereed by Samuelson and Zeckhauser (1988), who showed
its existence through the use of experimental data. In our framework, individuals
might overvalue their initial opinion and fail to switch even if the other idea yields
a higher payoff. This irrational behaviour might be due to several factors. For ex-
ample, Cyprus is a small island where family structure is still extremely powerful
and hence, political ideas are usually inherited from other members of the family.
As a consequence, in the event of a behavioural change, an individual will have
to face within-family conflicts. Similar conflicts might arise with friends and work
collegues in extremely politicized areas. Therefore, agents are likely to change
their opinion only if the prospective payoff is able to cover the psychological cost

and still yield a payoff higher than the current one.

Our model shows that, within each ethnic community, the evolution over time
of the idea depends on the fraction of the population supporting it. Indeed, if
the proportion of the population supporting either idea is lower than a certain
threshold (which is less than half of the population), then in the course of time
the agents supporting it will change their opinion and switch to the other idea. If
the population is fairly evenly split between both ideas, then all agents will stick

with their initial opinion. We define this as area of inertia.

Using UNDP-ACT Survey data we show that the situation in Cyprus is con-
sistent with the assumptions of our model, reinforcing the applicability of our
model to this issue. Moreover, the prediction of the model is consistent with the
behaviour of the two Cypriot Communities. We report descriptive statistics from
the surveys to support our claim. Moreover, we state that the impasse in Cyprus is
due to the fact that the proportion of the population supporting peaceful co-living

is in the area of inertia.

The rest of the chapter is organized as follows. Section 4.2 gives an overview
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of the relevant literature, paying particular attention to evolutionary models and
wishful thinking. The model is described in Section 4.3. The empirical illustration

using the situation in Cyprus is the focus of Section 4.4. Section 4.5 concludes.

4.2 Related Literature

This chapter is related to two strands of literature: the non-contractual social

interactions literature and the wishful thinking literature.

According to the former, social interactions and the actions taken by the
agents are based on their self-interest and not regulated by law (Bowles, 2004).
Social interactions can be found in a context where agents’ actions impact directly
on other agents’ choices. The economic literature assumes that the individuals’
behavioural responses come from replicating the behaviour of successful agents.
Agents are perceived as successful when they obtain a payoff higher than the one

of some other individuals (Bowles, 2004).

According to this literature, social interactions may take the form of spillovers
or social multipliers. If two paired agents are aware that their choices influence
and are influenced by the other agent’s choices, then this situation is defined as
characterised by the existence of a social multiplier. Otherwise, the situation is
defined as characterised by the existence of spillovers. Another difference rele-
vant in literature is between active and passive interactions. Active interactions
involve that all agents are affected by each other’s choices; while passive interac-
tions involve that some agents are not affected by other’s choices. An important
point stressed in this literature is that passive interactions cannot produce social

multipliers.

From an economic point of view, the role played by social interactions is

extremely important for policymakers, who could use them to spread certain be-
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haviours in a faster and more effective way, rather than trying to directly affect
every single individual’s behaviour. Indeed, one of the most interesting findings
of the literature on social interactions is that aggregate effects are not merely the
sum of individual effects. Several studies found that when each individual follows
self-interest motives, the aggregate outcome is not socially optimal (Schelling,
1971; Granovetter, 1973, 1978; Bowles, 2004). Indeed, evolutionary theory mod-
els agents’ payoffs in such a way that they do not depend on aggregate outcomes.

Therefore, there is no incentive for the individual to take socially optimal actions.

Bowles (2004) reports an extremely interesting example where self-interest
generates aggregate unintended outcomes. In the US, individual preferences re-
garding mixed ethnicity neighbourhoods are not consistent with their actual racial
composition. Indeed, according to Clark’s (2011) survey, in Milwaukee, Cincin-
nati and Los Angeles, both whites and Afro-Americans would prefer to live in a
fairly split neighbourhood. These preferences sharply contrast with the fact that,
in reality, these big cities are mainly composed of segregated neighbourhoods.
Therefore, the investigation of social interactions and their role in explaining the

aggregate outcome is of primarily interest for social scientists.

The seminal papers in this literature are Schelling (1971) and Granovetter
(1973, 1978), who introduced threshold models of social interactions in order to
explain certain social phenomena. Schelling (1971) focuses on neighbourhood
segregation, Granovetter (1973) on social interactions between friends and Gra-
novetter (1978) on riots. The main characteristic of those papers is that agents’
marginal utility from choosing an action is increasing in the proportion of the
population making the same choice. These models generate a "critical mass ef-
fect", that is, when the proportion of the population choosing a specific action

is above a certain threshold, the only stable equilibria in the system are the ex-
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tremes (i.e. one of the two actions completely disappears and all the agents will
choose the same action). Indeed, in those models there is a first agent who chooses
an action and then other agents will take the same action only if the number of
agents already choosing it is higher than their individual-specific threshold. A
critical assumption in this literature is that social interactions are of a sequential
nature: individuals who choose to take an action are affected by the behaviour
of individuals who chose the same action in the past, but the reverse is not true

(Granovetter and Soong, 1983).

At its early stages, this literature mainly focused on testing if social inter-
actions had a real impact on agents’ behaviour. Then, it started growing in
importance and a wide variety of issues are now being studied. Presenting an
exhaustive literature review is beyond the scope of this chapter, therefore we shall
limit our discussion to the most relevant papers. For example, Bernheim (1994),
analyses agents with heterogeneous features and finds that the outcomes from a
social point of view are usually either common behaviour or polarized behaviours.
Economides and Himmelberg (1995) examine network effects in the American fax
market. Their main result is that perfect competition does not generate first best
outcome, due to the externalities coming from the existence of networks. Glaeser
et al. (1995) study the variance of crime rates in different cities. A social inter-
action index is constructed and different types of crimes are empirically tested.
Their main finding is that this variance is not due to geographical features, but

to social interactions.
Dasgupta (1995), Kohler (1997), and Durlauf and Walker (1998) analyse fer-
tility rates and the use of different types of birth control tools. Dasgupta (1995)

links population growth, poverty and local environmental quality in order to study,

from an economic point of view, the impact of high population growth. His main
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finding is that there is dominant effect, but these three elements are interrelated
and affect each other. The starting point of Kohler (1997) is the empirical evi-
dence about across space and social classes’ differences in birth control practices.
He argues that word-of-mouth-type communication is the main factor responsible
for these differences. Durlauf and Walker (1998) state that fertility transitions are
due to the interconnection of both economic and cultural factors. In their book,

they build up several models, able to shed light on selected specific issues.

An extensive literature review on economic social interactions has been pro-
vided by Manski (2000). He discusses both the theoretical and empirical advances
and provides suggestions on how to proceed further. Topa (2001) studies the role
of social interactions in unemployment. He models agents who interact within
their own network by sharing valuable information about their local job mar-

ket. He simulates his model and the results show that social interactions are

significant and stronger in more deprived areas. Hong et al. (2004) empirically
examine whether social interactions have an impact on stock-market participa-
tion by using data from the Health and Retirement Study. They define as “social
households” the households who have a close connection with other agents within
their neighbourhood, or go to their local church. Their main result is that those

“social households” participate significantly more to the stock market than other

households.

Christakis and Fowler (2007) empirically test the hypothesis that obesity is
linked to social interactions. They use a dataset including data from a large social
network over a period of time of 32 years. Their main finding is that obesity
does spread through social networks. This result is challenged by Cohen-Cole
and Fletcher (2008), who argue that Christakis and Fowler (2007) had incurred

in a spurious result, due to the misspecification of their model. Cohen-Cole and
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Fletcher (2008) apply Christakis and Fowler’s (2007) empirical model to an alter-

native dataset in order to prove their claim.

A critical literature review of the progresses made in the empirical analysis of
social interactions is provided by Blume et al. (2010). Moreover, they highlight
some topics for future research. Ioannides (2013) provides an exhaustive literature
review on social interactions, summarising all the main issues and models that

have been used across time from both a theoretical and empirical point of view.

According to wishful thinking theory, agents’ beliefs are affected by events
or actions they want to happen or to be true. This means that an individual is
more likely to believe that a utility enhancing event will happen. This extensive
literature has identified in over-confidence, over-optimism, self-serving beliefs and
cognitive-dissonance the most common biases source of wishful thinking. Three
main wishful thinking theories have received the majority of attention within
the literature: the universal theory, the ego-utility theory and the cognitive bias

theory.

According to the first theory, wishful thinking has an impact on subjective
judgments. This means that when an event increases agents’ utility, they are more
likely to believe that the event is true. Mayraz (2011) developed an experiment
where agents were provided with a financial asset’s historical price chart and
were asked to predict the asset’s future price. During the experiment, agents
were given two bonuses. The former was an "accuracy bonus", whose size was
proportional to the accurateness of the prediction. The latter bonus’ size was
proportional to the size of the predicted price. A fraction of the individuals was
given bonuses increasing with the size of the predicted price and the other fraction
was given bonuses decreasing with the size of the predicted price. The results

showed that agents whose bonus was increasing with the size of the prdicted price
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made dramatically higher predictions compared to the other group. In addition,

the bias’ size was independent from the "accuracy bonus".

According to the ego-utility theory, wishful thinking has an impact only on
subjective judgments related to the agent’s skills and characteristics. For example,
Koszegi (2006) introduces “ego utility” as a further component of agents’ utility
function. "Ego utility" is the idea that agents derive extra utility when they are
perceived as talented in performing certain tasks. According to his findings, agents
show overconfidence in the task choice when agent’s skills might be inferred from
the chosen task.

According to the cognitive bias theory, wishful-thinking is caused by the
agent’s systematic incapacity in processing information asymmetries. For ex-
ample, Kataria (2012) performs an experiment where undergraduate students are
asked whether they believe the Porter hypothesis to be true. The Porter hypoth-
esis is extremely controversial and claims that strict environmental regulations
have a positive impact on innovations and efficiency (Rubashkina, 2008). The
main findings of the paper show that more environmentally concerned students

are more likely to believe the Porter hypothesis to be true.

The existence of wishful thinking poses a number of issues of extreme impor-
tance in a policy decision making environment. Indeed, individual agents affected
by wishful thinking face a distorted decision process, where risks are underes-
timated and uncertain rewards are overestimated. In strategic decision-making
processes, agents’ beliefs differ according to their interests. On the empirical side,
a number of papers found evidence of wishful-thinking in many areas. For ex-
ample, Babcock and Loewenstein (1997) in bargaining processes, Olsen (1997) in
investment management, Camerer and Lovallo (1999) in market entry, Malmendier

and Tate (2008) in mergers and acquisitions, Mullainathan and Washington (2009)
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in political economy.

4.3 Theoretical model and general solution

There is a society with a population of constant size where there is a political
issue of dichotomous type: agents can have one of two opinions about this subject.
For instance, people in Cyprus are either in favour or against reconciliation. In
our model, the agents’ payoffs are completely symmetric with regard to the two
opinions. We shall use the subscripts ¢ for one opinion and j for the other opinion.
The share of agents of type i (j) in the population is z; (z;), with z; + z; = 1.
We assume that there are many agents in the economy, such that each agent is
infinitesimally small with respect to the total population and x; can be treated as

a continuous variable.

At any time t, each agent meets another agent. Matching is completely ran-
dom: each agent of type i has the same probability of meeting any other agent in
the population. The probability of meeting someone of the same type (the other
type) is thus z; (1 — z;).

An agent of type i obtains positive utility u from meeting other agents of type
7, such that v > 0. The utility to a type-i agent of meeting an agent of type j is
normalized to zero.

Agent i and agent j expected payoffs, U* and U’ respectively, are:

U' = zu (4.1)

U= (1—m;)u (4.2)

We assume that when agents switch opinion, they have to pay a cost 0 < ¢ < w.
This cost represents the psychological cost of changing a consolidated behavioural

pattern. For example, in our specific framework, it could represent the cost of
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distancing themselves from previous "friends", that is those who shared their
former opinion.
Therefore, agent i’s expected utility after switching to opinion j is given by

U¥, defined as:

U =(1—x)u—c (4.3)

When considering whether to change her opinion, agent < compares her payoft
from keeping the present opinion, U?, with the expected payoff from switching to
the opposite one, U%“. Therefore, she will decide to support idea j only if the
expected utility from changing her opinion, (4.3), is higher than the one she is

currently obtaining, (4.1), such that:
(1 —z;)u—c>zu (4.4)

By re-arranging expression (4.4) we obtain the population threshold needed
for agent i to decide and support idea j, that is x. Therefore, she will change her
opinion if the probability z; of meeting another individual of type 7 is below the

threshold, such that:

(4.5)

Lemma 12 z € (0,1) with z defined by (4.5).

Proof. From our assumptions 0 < ¢ < u and u > 0, it immediately follows in

(4.5) that z > 0. Moreover, (4.5) can be re-written as

- 1 c
;< T= - — —
-2 2u

Therefore, it immediately follows that z < % [
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Symmetrically, if agent j decides to change her mind, her expected utility

after switching to idea i is given by U7%, defined as:
U =zu—c (4.6)

When agent j considers switching to opinion ¢, she compares her payoff from
keeping the present opinion, U7, to the expected payoff she would obtain by switch-
ing, U’". Therefore, she will change her opinion if the probability z; of meeting

an individual of type ¢ is above the threshold, such that:

The intersection between U? and U% represents the opinion change threshold
for agent 7. If the proportion of the population supporting type-i idea is lower
than x then over time agents ¢ will change their opinion and switch to idea j. Thus
x; rises and z; falls. The intersection between U’ and U’ represents the opinion
change threshold for agent j. If the proportion of the population supporting type-:
idea is higher than = then over time agents j will change their opinion and switch
to idea ¢. Thus z; rises and x; falls. If the proportion of the population supporting
type-i idea is included between the two thresholds, then both types of agents will
stick with their initial opinion. Therefore, we define this as area of inertia.

Thus we have:

Proposition 13 The evolution over time of the opinion path depends on the pro-

portion x; of the population supporting type-i idea such that:
(1) If x; < x as defined by (4.5) then x; falls and x; rises over time;
(i1) If x; > T as defined by (4.5) then x; rises and x; falls over time;

(iit) If x < x; < T, then x; and x; remain constant over time.
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The model shows different time paths for the spread of idea ¢, according to
where the initial proportion of the population supporting it is located. We shall

now discuss the several possible cases.

Initial fraction of the population supporting idea : higher than the
threshold. At time ty the initial fraction of the population supporting idea 7
is g > T. This means that agent ¢’s current utility is higher than her expected
utility from switching to opinion j. Therefore, agents i will keep on supporting
idea i. On the other hand, agent j’s current utility U’ is lower than her expected
utility U’ from switching to opinion i. Therefore, over time agents j will switch
to supporting idea i. As a consequence, x; will increase, thus further increasing
U? and U%¥, while decreasing U’. Therefore, this process will go on over time,
until the fraction of the population supporting idea ¢ will reach x; = 1, that is the
stable equilibrium in this case. A value of z; = 1 means that every agent will end

up supporting idea ¢ and idea j will disappear.

Initial fraction of the population supporting idea : lower than the
threshold. At time ¢, the initial fraction of the population supporting idea
1 is xg < x. This means that agent j’s current utility is higher than her expected
utility from switching to opinion 7. Therefore, agents j will keep on supporting
idea j. On the other hand, agent i’s current utility U is lower than her expected
utility U¥ from switching to opinion j. Therefore, over time agents 7 will switch
to supporting idea j. As a consequence, z; will decrease, thus further increasing
Ug and Ugi, while decreasing U®. Therefore, this process will go on over time,
until the fraction of the population supporting idea ¢ will reach o = 0, that is
the stable equilibrium in this case. A value of xyg = 0 means that every agent will

end up supporting idea j and idea ¢ will disappear.
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Initial fraction of the population supporting idea i within the area of
inertia. If the initial fraction of the population supporting idea i is x < g < 7,
agent ¢’s current utility is higher than her expected utility from switching to
opinion j and agent j’s current utility is higher than her expected utility from
switching to opinion ¢. Therefore, both agents will keep on supporting their
initial idea. As a consequence, xy will remain unchanged. Therefore, every value

of x < xg < T represents a stable equilibrium in this case.

4.4 Empirical illustration

In this section we shall apply our theoretical framework to the Cyprus issue
in order to give an economic explanation of the impasse in which the island has
been trapped. The next subsection shall introduce the historic roots of the Cyprus
issue. Then, we will introduce the data we shall use in our empirical illustration
and provide several descriptive statistics useful to that end. The final subsection
shall provide an illustration of the data and the Cyprus issue in the light of our
model. We shall see that our model is able to shed new light on the causes of the

current situation in Cyprus.

4.4.1 The Cyprus Issue: historical overview

A complete and detailed historical analysis of the Cypriot history is beyond the
scope of this chapter and we refer the interested reader to the extensive literature
on the subject (e. g. Hakki, 2007). Nonetheless, a brief historical overview of
the roots of the Cyprus issue and its development until the Annan Plan (2004) is
useful for the sake of our chapter.

Cyprus has been ruled by foreign conquerers for centuries. The Ottomans

conquered Cyprus in 1571 and then brought twenty thousands Turkish settlers to
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the island: that was the beginning of the Cyprus issue (Drevet, 2000). At the
beginning, the settlers and the native Cypriot community of Greek descendence
were living together peacefully (Drevet, 2000). Aimilianides (1938) highlights
that during the nineteenth century inter-religious marriages were quite common
and even conversion from one religion to the other one was not a taboo (as it
is nowadays). According to Pollis (1973), during this period Cypriots used to
distinguish themselves according to their religion (e.g. Orthodox vs Muslims) and

not to their nationality (e.g. Greeks vs Turks).

Under the Ottomans, from the seventeeth century, economic conditions in
Cyprus worsened dramatically, generating discontent amongst the population.
Moreover, during the Greek War of Independence from the Ottomans (1821-1827),
the Turkish Governor in Cyprus decided to kill hundreds of Greek Cypriots (in-
cluding the Archbishop of the Orthodox Church), in order to scare them and avoid
their uprising. These killings stopped the peaceful co-living of the two ethnic com-

munities (Darrell, 1957).

In 1878 the British obtained control of Cyprus from the Berlin Congress and a
new colonization era started (Pollis, 1973). The British ruled following the "divide
et impera" of Roman memory (Jacovides, 2011) and they started categorising the
inhabitants by their descent, i.e. Greeks vs Turks (Pollis, 1973). "Divide et im-
pera" was based on dividing the two ethnic communities and pitting them against
each other in order to avoid them to jointly fight against the colonizer. Some
authors argue that Cypriots were completely unaware of nationalistic ideology
(Pollis, 1973). Other authors, such as Peristianis (2008), support the argument
that Cypriots were not extraneous to the concept of nationality, but there is wide

consensus about the idea that ethno-nationalism in Cyprus became so relevant
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only as a consequence of the British colonial policy.

As foreseeable, this policy resulted in Cyprus becoming a powder keg ready to
explode. Moreover, the British soon after the acquisition of the island realised that
massive investments would be needed in order to make use of it, by transforming
it into a naval base (Varnava, 2012). Therefore, the plans they had about Cyprus
soon vanished and they never helped the island to fully develop its potential
(Varnava, 2012).

In the ’30s the first riots took place against the British Empire and the Gov-
ernor’s House was burned down by the protesters. The riots were led by Greek
Cypriots, who wanted the British to leave the island and, based on their cultural
and linguistic affinities with Greece, were claiming their "enosis" (e. g. union)
to it (Holland, 1998). The riots worried the Turkish Cypriots, who were afraid
of unification with Greece. Indeed, they were a minority (at that time they were
around 20% of the total population), but first under the Turkish Governor and
then the British, they always felt "protected". Enosis, on the other hand, would
mean being completely left unprotected in their own homecountry (Drevet, 2000).

In 1923 the Greek minority living in Turkey and the Turkish minority living
in Greece were forced to migrate to their original countries. Faulkenberry (2012)
argues that this forced exchange, even if violated individual human rights and
displaced millions of people, actually avoided a potential genocide of the Greek
Orthodox Christians living in Turkey.

In the ’50s both Cypriot communities organised themselves into secret para-
military groups fighting each others and the British (Drevet, 2000). Cyprus finally
reached its independence from the British in 1960. The Cypriot Constitution re-
garded the two ethnic communities as peers, but Turkish Cypriots (being only less

than 20% of the whole population) failed to occupy their institutional seats, thus
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making institutions unable to work (Pollis, 1973). Therefore, in 1963 the Cypriot
President Archbishop Makarios, in order to overcome the institutional deadlock,
tried to modify the Turkish Cypriots’ status into national minority (Drevet, 2000).
This scared the Turkish Cypriot Community and ethno-nationalism on the island
had gone so far that inter-communal conflict started again and lasted for all the
’60s. Indeed, a UN Buffer Zone separating the two communities in Nicosia was es-
tablished in 1964 (S6zen, 2013), following inter-communal violence the preceding
winter.

The decade of violence ended in 1974, when Turkey invaded Cyprus (twice
in the same year) with the official reason of protecting the Turkish Cypriot mi-
nority from the "enosis" with Greece attempted by the Greek Cypriot military
coup d’état in that same year (Henn, 2004). Archbishop Makarios (the Greek
Cypriot leader in power) was destituted after publicly showing disagreement with
the Greek military Junta (Mallinson, 2005). Moreover, Turkey illegally started
bringing Turkish settlers from the mainland with the intention of modifying the
island’s ethnic composition. Greek Cypriots were expelled from the Northern
area and Turkish Cypriots from the South, leaving 215,000 displaced, that is a
third of the overall Greek Cypriot Community and half of the overall Turkish
Cypriot Community (Prio, 2011). The UN Buffer Zone was then extended to
stretch across the island, completely dividing the island and separating the two
communities from each other. The first crossing point across the Buffer Zone,
allowing Cypriots to reach the “other side” was only opened in 2003 (Broome,
2005). Before that, only limited physical interaction had taken place, in the form
of groups of citizens taking part in inter-communal conflict resolution workshops

and other activities in the Buffer Zone (Broome, 2005).

At the beginning of 1975 the Northern area auto-declared itself "Turkish Fed-



4.4. EMPIRICAL ILLUSTRATION 131

erated State of Cyprus". In this way the Turkish Cypriots tried to lead the way
towards the creation of a Federal Republic of Cyprus, strongly disapproved by
the Greek Cypriot community. Since then, a number of political and diplomatic
bodies have tried to intervene and thousands of negotiations have taken place in
order to settle the Cyprus issue and reunite the island. It goes without saying
that the Cyprus issue is still unsolved.

An extremely important event took place in 1983, when the "Turkish Fed-
erated State of Cyprus" became "Turkish Republic of Northern Cyprus", an al-
legedly independent and sovereign state only recognised by Turkey (Mallinson,
2005). In 1996 Greece and Turkey almost declared war on each other, due to the
dispute over the possession of two small Aegean islands (the so-called Imia inci-
dent). US diplomatic intervention avoided a war, but the dispute over the islands
is yet to be solved.

In the meantime, the peace negotiations to reunite Cyprus continued under
the UN first and then the EU flag, with no positive results. In 2002 the process
leading to the drafting of the Annan Plan (2004) started and it took two years
of work and five different versions of the Plan before the UN decided to put it
on a referendum. It contained a solution to the Cyprus issue that was supposed
to be agreed by both communities through a referendum. The Turkish Cypriot
community voted in its favor, whilst the Greek Cypriot community rejected it.
Therefore, it never entered into force and the UN dismissed it.

In 2004 the Republic of Cyprus joined the European Union and the Greek
Cypriots thought they had now the EU on their side and hence, increased bargain-
ing power whilst negotiating with the Turkish Cypriots (Kaymak, 2009). Several
sources consider this as one of the causes of the rejection of the Annan Plan (2004)

by the Greek Cypriot majority (Tocci, 2004; Theophanous, 2004; Kaymak, 2009).
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Unfortunately, their hopes once again vanished, given that the EU efforts have

not been able to generate any real effects.

In 2008 the newly elected President Dimitris Christofias announced in his
initial speech that finding a solution to the Cyprus issue was the main goal of its
government. The Turkish Cypriot leader Mehmet Ali Talat expressed optimism
and availability to discuss a solution. Unsurprisingly, after the initial openings,
the negotiations went on a wrong track, generating tensions instead of an agreed
solution. Indeed, the Turkish Cypriot side tried to support the creation of a

confederation, thus shocking the Greek Cypriot side.

The following year the European Court of Justice sentenced the Orams, a
British family who had bought a piece of land in the Northern area of Cyprus,
to give it back to its original owner. Indeed, that land was originally owned by
Mr. Apostolides, a Greek Cypriot displaced in 1974 due to the Turkish invasion.
After the opening of the crossing points (i.e. in 2003), he visited the Northern
area and realised that his property had been sold without his consent to the
Orams’ family. In an attempt to win his property back, Mr. Apostolides took
the case first to the Nicosia Court, obtaining a legal victory in 2004 and then to
Her Majesty’s High Court of Justice in England, where he lost the case. In 2009,
after Mr. Apostolides’ appeal, the European Court of Justice decided against
the Orams, thus giving the property back to its legal owner, Mr. Apostolides.
This sentence had a strong impact on the relations between Greek and Turkish
Cypriots, especially due to the fact that it made impracticable for foreigners to
buy property in the Northern area, with consequent negative economic effects on

the Turkish Cypriot community.

The 2009 economic crisis had a strong negative impact on the island, increasing

unemployment and reducing economic growth. In the aftermath, the negative
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effects on the real economy summed to a big financial crisis that exploded in
2012. The Cypriot Government received an emergency loan from Russia in 2012
and then a bailout loan from the European institutions and the International
Monetary Fund.

The next subsection shall show the data and descriptive statistics relevant for

our analysis.

4.4.2 Descriptive Statistics

The data used in this chapter come from the UNDP-ACT Trust Surveys
(UNDP-ACT), commissioned by the UNDP Action for Cooperation and Trust
(UNDP-ACT) and conducted in Cyprus during the period 2007-2013 on an an-
nual basis, by the research companies Prologue Consulting (in the Turkish Cypriot
Community) and CYMAR Market Research (in the Greek Cypriot community).
These two agencies collaborated on the compilation of the survey results. The
survey is composed of a representative sample of 1,000 Cypriots over eighteen
years old, 500 from each ethnic community. The method of contact was face-
to-face interviews at the residence of respondents, with the help of a structured
questionnaire. The study covered the entire island of Cyprus, and the sample
distribution by region within each community was statistically significant, that is
it represented the distribution of the true population. Data in the Greek Cypriot
Community (GCC) were not weighted, but data in the Turkish Cypriot Commu-
nity (TCC) were weighted by age and sex. The respondents were asked a number
of questions about the situation in Cyprus.

For the sake of our analysis we are interested in the importance the respon-
dents give to the Cyprus issue and their opinion about the feasibility of peaceful

co-living for the two communities.
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Figure 4.1: Major issues: Greek Cypriot Community (UNDP-ACT, 2013)

In the first question we are interested in, the respondents were asked to list
the "major issues the two societies face at present" (p. 26, UNDP-ACT, 2013).
Multiple answers were possible and we focus on the three that obtained the highest
ranking. Figures 4.1 and 4.2 show the three answers that obtained the highest

importance, by ethnic community for the period from 2007 to 2013.

It is clear from Figures 4.1 and 4.2 that the situation in Cyprus represents a
major concern for both communities. Over the years it has always been mentioned
by at least 40% of the respondents. The slight reduction of its importance in the
last couple of years is probably due to the financial crisis that in 2012-2013 struck
down the Cypriot banking system. Indeed, we can see that the economic situation
in that same period became a major source of concern, especially for the Greek

Cypriot Community.

The question we focus on in order to analyse peaceful co-living willingness

reads "I believe that Greek Cypriots (GCs) and Turkish Cypriots (TCs) can live
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Figure 4.2: Major issues: Turkish Cypriot Community (UNDP-ACT, 2013)

together peacefully" (p. 53, UNDP-ACT, 2013). The respondents were given five
possible answers to choose from, that is: do not know, totally agree, agree, disagree
and totally disagree with the question statement. Figures 4.3 and 4.4 show the
respondents’ answers by ethnic community for the period from 2007 to 2013. For
the sake of readability, the categories agree and totally agree have been aggregated,
as have the categories disagree and totally disagree. Figures 4.3 and 4.4 show
that the Greek Cypriot Community appears to be more open to reconciliation
than the Turkish Cypriot one. Indeed, the percentage of respondents within the
GCC who answered agree or totally agree is always around 50%. It must be
noticed that the 2007 survey was based on a different sampling method compared
to the following one and the major discrepancy between the 2007 percentage and
the other ones might be attributed to this. The 2008 big drop in support for
reconciliation within the GCC might depend on the fact that the new rounds

of peace talks between the newly elected President Dimitris Christofias and the
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Turkish Cypriot leader Mehmet Ali Talat generated tensions instead of a solution.
Indeed, the Turkish Cypriot side supported the creation of a confederation: an
idea absolutely unacceptable for the Greek Cypriot side. For the rest of the time

period, the percentages remain quite stable.

On the other hand, the percentage of respondents within the TCC who an-
swered agree or totally agree is always below 30%. On the contrary, Turkish
Cypriots in 2008 increased their support for reconciliation due to the hope of ob-
taining the creation of a confederation. This hope faded and that explains the
drop in the following year. Moreover, in 2009 the Grand Chamber of the European
Court of Justice in Luxembourg decided in favour of a Greek Cypriot architect,
Mr. Apostolides, on an extremely important case, Apostolides v Orams. An in-
depth explanation of this landmark legal case is beyond the scope of this chapter.
Here, we shall only highlight that Mr. Apostolides’ legal win had an enormous
impact on the peace talks, because since then the purchase of lands and estates
vacated by their Greek Cypriot owners in the northern part of Cyprus has been

de facto prevented, with negative consequences on the TCC.

The last relevant question for the sake of this chapter is about the expectation
that a solution to the Cyprus problem will be reached. The question (p. 51,
UNDP-ACT, 2013) asks the respondents to which extent they agree or disagree
to the following statement "I believe that there will be a solution to the Cyprus
problem". The possible answers are totally agree, agree, disagree, totally disagree
or the respondents may decide not to give an answer. Figures 4.5 and 4.6 show the
respondents’ answers by ethnic community for the period from 2009 to 2013. It
must be noticed that this question has been asked starting from the 2009 survey,
hence the different time horizon compared to the previous data. As previously

mentioned, for the sake of readability the categories agree and totally agree have
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Figure 4.5: Expectation of a solution: Greek Cypriot Community (UNDP-ACT,
2013)

been aggregated, as have the categories disagree and totally disagree. It is not
surprising that, after more than 30 years from the beginning of the Cyprus issue,
few individuals from both ethnic communities still believe in the possibility of
a solution. For the GCC, around a quarter of the respondents believes that a
solution is possible. That percentage sees a dramatic reduction in 2012, probably
due to the fact that the failure of the 5th UN-held peace meeting had a big echo
on the news and even the Special Advisor of the Secretary-General Alexander
Downer admitted the UN could not do more if the parties stubbornly kept their
on sides. For the TCC, the percentages are not stable and change dramatically
from one year to another. This could be due to the fact that the new rounds of
peace talks started from 2008 have been a rollercoaster, with more than a hundred

negotiations and different news coming quite frequently.
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Figure 4.6: Expectation of a solution: Turkish Cypriot Community (UNDP-ACT,
2013)

4.4.3 Interpretation of results

This subsection shall provide an interpretation of the survey results in the light
of our theoretical results. First of all, it must be noticed that Figures 4.1, 4.2, 4.3
and 4.4 show the applicability of our theoretical model to the situation in Cyprus.
Indeed, from Figures 4.1 and 4.2 we can see that the Cyprus issue is extremely
important for Cypriots and this is coherent with our theoretical assumption of an
economy where individuals have an opinion over an issue of a dichothomous type.
Moreover, Figures 4.3 and 4.4 are consistent with our assumption of an economy
where no undecideds exist, given that the percentage of the respondents who
decided not to answer (the category closest to the undecideds) is never above 5%.
As we can see from Figures 4.3 and 4.4, the percentages of individuals supporting
reconciliation are quite stable over time, apart from years 2007 and 2008 for
which an explanation has already been provided in the previous subsection. The

percentages of individuals in favour of reconciliation do move a bit, but this could
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be due to the fact that the surveys do not represent a panel. The theoretical
model assumes all agents have the same utility functions: in the applied context
this assumption can be considered as representing a population-wide average. In
the region of inertia, the fact that occasionally individuals change their opinion
can be considered as “noise” that cancels out on aggregate. We argue that this
stability over time is due to the fact that the percentages of individuals in favour
of reconciliation lie in the area of inertia. Therefore, deviations from the initial
equilibrium due to small exogenous shocks, lead the society to another equilibrium
still within the area of inertia and are not able to move the system far from that
area. In order for the system to move away from the area of inertia a strong
positive exogenous shock is needed, e.g. some kind of incentive able to induce the
parts to compromise. Indeed, after years of failed peace talks, it is quite obvious

that they are not providing the right incentive for the two communities.

4.5 Conclusion

The international community has attempted to solve the Cyprus issue since
1974. Hundreds of meetings and several rounds of peace talks have been organised
and funded by the UN and international donors and they all miserably failed.
One of the most popular efforts has been done through the Annan Plan (2004),
submitted to referendum to the two ethnic communities: a shattering 76% of the

Greek Cypriot Community rejected it, thus causing the whole Plan to fail.

Why have 40 years of international efforts not been able to settle this issue?
The aim of this chapter is to give a theoretical explanation to this well-known and
internationally relevant question. We use a static framework to model an economy
where agents differ only in the opinion about a political issue of dichotomous

type. They are randomly matched and meet in pairs at any time period. In this
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situation, agents occasionally compare their current payoffs with the expected
payoff they would get if they decided to change their mind and adhere to the
other idea. One of our most important assumptions has been introduced to make
the model particularly adherent to the situation in Cyprus: a small island where
people know each other very well (especially in the small villages and rural areas),
where family is still a very powerful institution and opinions are handed down from
parents to children. To this end, we assume that if agents change their opinion,
they have to bear a psychological cost. Indeed, usually political ideas are inherited
from the family environment and if one of the members decides to modify their

opinion, it is likely that some conflicts within the family will be generated.

Our model shows that the evolution over time of the idea depends on the frac-
tion of the population supporting it. Indeed, if the proportion of the population
supporting the peaceful co-living idea is lower than a certain threshold, then the
agents supporting it will change their opinion and switch to the other idea. On the
other hand, if the proportion of the population believing that peaceful co-living
is possible is higher than a certain threshold, the agents supporting the opposite
idea will change their opinion and switch to supporting peaceful co-living. If the
proportion of the population supporting peaceful co-living is included between the
two thresholds, then all agents will stick with their initial opinion. We define this

as area of inertia.

We use UNDP-ACT Survey data for the period 2007-2013 to test the predic-
tions of our model and its applicability within each Cypriot ethnic community.
Our results show that the prediction of the model is consistent with the situation
in Cyprus, as highlighted by the respondents’ answers to some selected survey
questions. The main finding of the chapter is that all the international efforts to

solve the Cyprus issue failed because the proportion of the population supporting
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peaceful co-living is within the area of inertia. Therefore, these efforts have not
been able to move the system far from the area of inertia.

One of the limitations of the theoretical model is its specificity, but it could
be extended in order to make it more general. For example, some assumptions
could be dropped, such as the symmetry of the agents’ payoffs or random match-
ing. Indeed, in reality individuals have different preferences, reflected in different
payoffs. Moreover, even if random matching is a relatively painless assumption
for an island as small as Cyprus (it takes more or less two hours to drive from
one side to the opposite one), it does not generally hold in a much more general

context.

In this chapter we applied this theoretical model to the Cyprus issue, but it
might well applied to any situation where there are two competing issues that
oppose citizens and that have the capability of spreading through their social
interaction. For example, the apartheid issue, the abolitionist or the women’s

suffrage movements.



CHAPTER 5

CONCLUSION

Externalities play such an important role in our lifes that their study and the
understanding of how they work is of a primary interest for economists. More
specifically, environmental externalities have been at the centre of attention in
the last 40 years, especially due to the negative effects caused by pollution. In-
deed, scientists nowadays agree about how dangerous pollution is and on the
anthropogenic source of climate change. Scientists agree about the dangerousness
of climate change as well and the need to stop it in order to save the planet. As a
consequence, measures to reduce pollution emissions have attracted a great deal
of attention, both from civil society organizations and policymakers. Therefore, a
number of international environmental agreements (IEAs) have been ratified with
the clear intent of reducing pollution and putting a stop on its negative effects.
Unfortunately and unsurprisingly, greenhouse gases (GHGs) emissions in develop-
ing countries increased over the period from 2000 to 2010 according to final draft
of IPCC (chapter 5, p. 394, 2014). Indeed, there is still a lot to be done from a
policy point of view, especially because the free riding incentive applies to IEAs
as well. The aim of this thesis is to give a theoretical contribution to the under-
standing of environmental externalities in selected contexts. We have analysed
an international environmental agreement with partial coverage, the democratic
choice of environmental taxes and social interactions.

The second chapter has focused on an international environmental agree-
ment with partial coverage. We have analysed three cases: full agreement, non-

cooperative policy and partial agreement. The full agreement is characterised by
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complete cooperation within the whole high-income bloc, in both deciding the
amount of allowed emissions and setting the ad valorem tax on abatement. With
non-cooperative policy, each high-income country sets both the emission level and
the abatement tax noncooperatively. The partial agreement is characterised by
emissions chosen cooperatively within the high-income bloc and the abatement
tax set non-cooperatively. Our results show that carbon leakage is negative under
full agreement and positive under the other two scenarios. Moreover, we show
that leakage arises due to the design of the IEA. Indeed, individual countries have
an incentive to set their abatement tax in a way that does not internalise the
externality. Hence, we suggest that the most effective way to avoid carbon leak-
age is to include the choice of the domestic policy instrument within the terms of
the IEA. If all the policy instruments are chosen in a cooperative fashion, carbon

leakage shall be negative.

Suggestions for further research include using more general functional forms
for the production, abatement and utility functions. For analytical purposes we
found it expedient to work with the ad valorem tax on abatement as the domestic
policy instrument. However, it remains to be seen whether our results hold for

other instruments. The choice of instruments to be studied could be motivated

by policies that governments have actually used to implement TEAs. It would
also be interesting to investigate whether there has been any recognition in ne-
gotiations or in the IEAs themselves that the noncooperative choice of domestic
policy instrument can undermine the agreement. Finally, the model could be sim-
ulated with Computable General Equilibrium (CGE) models. This would give an

indication of the size of carbon leakage to be expected from partial agreements.

The third chapter has analysed the democratic choice of environmental taxes.

We have used a two-period model of probabilistic voting & la Lindbeck and Weibull
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(1987), where political parties care about both the environmental policy imple-
mented in the country and the rents from being in office. There is an international
environmental agreement in place and the incumbent government in the first pe-

riod has to decide on the level of commitment to the IEA. The level of commitment

is defined as the choice of the extent to which signatories decide to commit to the
IEA (e.g. Mattes 2012). Two types of incentives play a role in our model: policy
and electoral. Our results show that when the probability of victory is exogenous,
both political parties choose to implement, if elected, their preferred policy. This
is due to the fact that with an exogenous probability of victory only the policy
incentive plays a role. On the other hand, when the probability of victory is en-
dogenous, that is when parties can affect it with their actions, both incentives
play a role. Indeed, our results show that in this case, when the proportion of
green citizens is large enough, both parties choose a policy to be implemented, if
elected, different from their preferred ones. The non-green party chooses a strictly
positive level of commitment and the green one chooses a level of commitment
strictly lower than one. Therefore, we have uncovered a domestic-politics incentive

for policymakers to join IEAs.

One of the limitations of the model is that there might be other factors that
have an impact on this decision. Indeed, we have ignored that small countries
might be obliged to sign the IEA in order to please important economic part-
ners, that is small countries might have a high level of commitment, independent
from domestic-politics incentives. Moreover, not complying to the IEA might
bear some costs: explicit and reputational. Indeed, a country might be asked
to incur actual expenditures or it might be labelled as unreliable and excluded

from future international treaties. Another limitation is that there could be some

strategic interactions between governments. Indeed, each country’s choice of level
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of commitment will affect the levels of commitment chosen by the other signa-
tories. Following Mattes (2012), this model could be easily empirically tested in
order to analyse both the significance of domestic politics and of the predictions,

but we leave it for future research.

The fourth chapter has analysed the impact of the externalities caused by
social interactions in a society where agents are divided by their views on a salient
issue. In our static model, an agent is randomly paired with agents of the same
opinion and those of the opposite opinion. Agents occasionally consider changing
their opinion. However, when agents change their opinion, they will incur in a
psychological cost representing the difficulty of changing behaviour and adapting
to new circumstances. The main result of the model is that if the proportion of the
population supporting either idea is lower than a certain threshold (which is less
than half of the population), then over time the agents supporting it will change
their opinion and switch to the other idea. If the population is fairly evenly split
between both ideas, then all agents will stick with their initial opinion. We define

this as area of inertia.

We have applied our theoretical model to the Cyprus issue, as represented by
the UNDP-ACT Survey data (2007-2013). We found that the assumptions of our
model are coherent with the Cypriot environment. We verified that the behaviour
of the two Cypriot Communities is coherent with the prediction of the model. We
can then argue that the impasse in Cyprus is due to the fact that the proportion

of the population supporting peaceful co-living is in the area of inertia.

One of the limitations of the theoretical model is its specificity, but it could be
easily generalised. Agents’ payoffs could be asymmetric, in order to represent the
fact that agents might have different preferences. Moreover, the assumption of

agents being paired through random matching does not generally hold and might
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be replaced by taking into account agents’ own network of social interactions. In
future research, this theoretical model could be applied to situations where, as
in Cyprus, an important issue causes a division in society between two opposing

views that have the capability of spreading through social interactions.
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