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Abstract

This thesis presents three essays, where Chapter 1 is based on political economics, and
Chapter 2 and 3 combines both political and environmental economics. Chapter 1
examines trust in the national parliament, using a model to understand factors impacting
political decision-making. It starts with electoral competition where parties competes for
votes. Once in power, the party receives two sets of information: the new state-probability
(internal pressure) and lobbying proposals (external pressure). All these elements will
shape the potential final implemented policy. Additionally, trust in national parliaments
will be then determined based on the final policy’s expected outcomes compared to
electoral promises.

Chapter 2 assesses the effectiveness of raising awareness about renewable energy
as a climate change mitigation strategy. It employs a two-period model within the
energy market, and the study explores various market conditions. Results indicate that
when fossil fuel reserves are not fully depleted, increased green consumer preferences can
enhance environmental well-being, but this effect weakens if it promotes new renewable
energy use, potentially leading to the "weak Green Paradox." Additionally, low-cost
renewable energy may extend emissions growth, causing a "strong Green Paradox."
In scenarios with exhausted fossil fuel reserves, anticipation in extraction levels occurs
increased green consumer preferences. The chapter examines the impact of market
structures and other factors on environmental deterioration.

Chapter 3 examines COP26, specifically the key debate centered on choosing
between "Phase Down" or "Phase Out" strategies for unabated coal power. Using a three-
stage agreement formation game, countries initially decide whether to join the coalition,
influencing their pro-environmental commitment. In the second stage, signatories
cooperate, while non-signatories make independent resource allocation decisions. In the
final stage, countries individually determine energy production levels. Pro-environmental
behavior motivates coalition participation. "Phase Down" strategies are more vulnerable
with lower pro-environmental behavior, while higher levels effectively curb pollutant

extraction.



Contents

Abstract . . . . . . e e e i
List of Tables . . . . . . . . 0 o i i i i s s e e iv
List of Figures . . . . . . . . . . 0 @ 0 it e e e e e e e e e e e e e e e v
Acknowledgements . . . . . . . . L oL e e e e e e e vi
Declaration. . . . . . . . . 0 oL e e e e e e vii
Introduction . . . . . . . . . e 9

Chapterl: Walk the talk. Pressures effects in policy decision-making

and their influence on trust in national parliaments. . . . . . 16
1.1 Motivation . . . . . . . .o 16
1.2 Literature Review . . . . . . . . . . .. 18
1.3 Model . . . . 21
1.3.1 Population . . .. .. ... 22
1.3.2  Parties and politician . . . . . . . . ..o 27
1.3.3 Lobby . . . . . 30
1.4 Equilibrium . . . . . .. 33
1.4.1 Equilibrium in electoral competition (Benchmark) . . . . . . . . . . . .. 33
1.4.2  Equilibrium in national parliament . . . . . . . . ... ... .. ... .. 34
1.4.2.1 Equilibrium under no lobby incentive . . . . . . . . ... ... ... 35
1.4.2.2  Equilibrium under lobby incentive . . . . . . .. ... ... ... ... 36
1.5 Trust in national parliament . . . . . . . . . .. ... 0oL 39
1.6 Results . . . . . . . 42
1.6.1 Internal Pressure . . . . . . . . . . ... .. 42
1.6.2 External Pressure . . . . . . . . ... 44
1.6.3 Internal and External Pressure . . . . . . .. ... .. ... ... .... A7
1.7 Conclusion . . . . . . . .. 51

Chapter2: Too little clean air. Existence of the Green Paradox under

changes in the preference for energy. . . .. ... ... .. .. 53
2.1 Motivation . . . . . . . L o3
2.2 Literature Review . . . . . . . . .. 56
2.3 Model . . . . . 61
2.4 Influence of preference parameter in the extraction of fossil fuel . . . . . . 65
2.5 Competitive equilibrium . . . . . . .. .00 68

i



2.5.1 Perfect competition . . . . .. ... 69

2.5.2 Monopoly . . . . .. 72
2.5.3 Comparative analysis . . . . . . . . ... ... 75
2.6 Conclusion . . . . . . . .. 76

Chapter3: To phase out, or to phase down, that is the question. Stable

coalitions under the Glasgow Climate Pact. . . . . .. .. .. 79

3.1 Motivation . . . . . ..o 79

3.2 Literature Review . . . . . . . . .. 82
3.3 Model . . . 85
3.4 Non-cooperative Equilibria . . . . . .. . ... o000 88
3.5 Cooperative Equilibria . . . . . .. ... ... o o 90
3.5.1 Nointervention . . . . . . . .. ... 93
3.5.2 Phase Out . . . . . . . .. 96
3.5.3 Phase Down . . . . . . ... 98
3.6 Conclusion . . . . . . . . L 103
Conclusion . . . . . . . . . 0 0 e e e e e e e e e 105
Bibliography . . . . . . . . L e e e e e 151

il



List of Tables

1.1 Sequence of the game

v



List of Figures

1.1
1.2
1.3

3.1

3.2

3.3

Effects of internal pressure on individual trust. . . . . . . ... ... .. ..
Effects of external pressure on individual trust. . . . ... . ... ... ..

Effects of both internal and external pressure on individual trust. . . . . .

Variation of the extraction and production of both types of energy before
and after joining the International Environmental Agreement. . . . . . . .
Size, in percentage, of signatory countries in the stable coalition under
Phase Out at different pro-environmental behavior parameter levels, 3.
Size, in percentage, of signatory countries in the stable coalition and
aggregate damage under Phase Down at different pro-environmental

behaviour parameter levels, 8. . . . . . . . . . ... ...

96



Acknowledgements

There is nothing more rewarding than the experience obtained during this doctoral thesis.
Nevertheless, the achievement of this goal would not have been possible without the
support of the group of people that helped me during this journey. First, I would like
to thank Dr. Bipasa Datta for all her academic and emotional support, encouragement,
advice, and comments received in the last years.

I am also thankful to my thesis advisory panel members, Dr. Andrew Pickering,
Mr. John Bone, and Dr. Giacomo De Luca, for their constructive comments, insightful
feedback, and helpful discussions relevant to my future academic career. I would also like
to thank all the administrative staff at the Department of Economics and Related Studies
and the University of York for the help provided in my studies.

Special thanks to the Department of Environment and Geography for considering
me in all their academic projects, having crucial support from Dr. Simone Martino, Dr.
Marco Sakai and Dr. Julia Touza on the achievement of my goals. To my parents, Alicia
and Luis; siblings, Laia and Marc; sister-in-law, Maite; nephew, Nil; aunt, Cristina; and
all my extended family, thanks for all the unconditional support received in the last years.
They constantly encourage me to try new challenges and achieve my goals.

I am grateful for all the academic staff and colleagues that have shared time with
me on this journey, particularly Akseer, Roberto, Alejandro and Willis for making this
period memorable and enjoyable. Additionally, I would like to address some words to
those friends that were with me in this process.I am grateful for their emotional support,
especially, those friends that did not ask to return 36 cents; those friends that always
made unexpected calls during the day; those friends that have shared some academic or
professional moments with me; those that, despite living abroad, make me feel at home
and those friends that have made a simple coffee time a great learning experience. They
were always supporting my dreams and helping me to face the bad moments.

Finally, I would like to thank YOU, the reader of this doctoral thesis. This is a

personal valuable piece of work for which I allocate all my knowledge and efforts.

Enjoy it!

vi



Author’s Declaration

I declare that this thesis is a presentation of original work, and I am the solo author of the
first chapter, and co-author of the second and third with Dr. Bipasa Datta. 1 contributed
to every part of the research and Dr. Bipasa Datta contributed at various points with
revisions and comments. This work has not previously been presented for an award at

this, or any other, University. All sources are acknowledged as References.

Lluis Puig-Gonzalez

York, April 2023

vil



Gracias por aquella lucidez, determinacion y emocion de tu mirada cuando, a la vez, me

dedicabas aquellas palabras que siempre guardaré en mi corazon...

viil



Introduction

This thesis comprises of three chapter, one chapter on political economics and two chapters
on political and environmental economics. Chapter 1 contributes to the literature by
explaining, through a theoretical approach, the main factors that affect trust in national
parliaments. Chapter 2 contributes to the literature on environmental economy by
analysing the existence of the Green Paradox in policies that influence the demand-side
of energy. Specifically, this chapter is intended to answer whether the influence in the
preference of use of renewable energy will reduce the potential environmental damage
generated by fossil fuel resources. Chapter 3 provides a new understanding about the
outcome obtained in the Glasgow Climate Pact in relation to the status of unabated coal
power. More precisely, it contributes to analyse under which conditions countries have
incentives for either Phase Down or Qut their unabated coal power. Each Chapter is
introduced in detail below.

Chapter 1 examines the variation of trust in national parliaments and the main
factors that influence their behavior by using a theoretical framework. The role of
trust in the political framework is relevant since it influences the electoral turn-out,
voter choice, or political efficacy (Cox, 2003, Hooghe and Marien, 2013). There are two
different perspectives with respect to the factors that influence political trust. One is
the performance of the institution and social perspective, as shown by Lewis and Weigert
(1985), Rohrschneider (2002) or Hudson (2006). Other is the malfeasance decision of
political entities as a signal of the poor management of the economy (Obydenkova and
Arpino, 2018, Van Erkel and Van der Meer, 2016). Although there is an extended
literature that analyses empirically political trust, the theoretical background is still poor.

According to the literature, trust is defined as “the expected non-negative outcome
that an individual receives based on the expected action from another individual or
institutions under uncertainty” in (Bhattacharya et al., 1998). In political terms, trust is
based on the lack of commitment of politicians in their electoral propaganda, since it will
influence the final expected outcome. The weak commitment of political entities could be
explained by using the presence of two factors. First, the difference in state-probability
beliefs between the population and politicians. Some papers such as Schultz (1996),
Laffont (1999), and Dahm and Porteiro (2008) have contributed to the idea of how parties
design their electoral propaganda based on voters’ perceptions. Second, the presence of
an external agent capable of convincing the politician to implement a different set of

policies. The contribution of lobbies in the political outcome is an extended explored area,



identifying how they alter bureaucracy (Banerjee, 1997); induce proposals in electoral
competition (Grossman and Helpman, 1996); or implement a certain policy (Grossman
and Helpman, 1994). However, few characteristics affect the lobby contribution as the
culture (Cameron et al., 2009); the ability to pay and refusal power (Svensson, 2003); or
the stability of the country (Serra, 2006); among others.

Our model contains two features: the political decision-making process and their
potential effect on trust based on expectations of politician state-probability (called as
internal pressure) and lobby characteristics (called as external pressure). We start by
designing a sequence of eight stages where the population, parties (and politicians), and
lobby interact in order to decide about the final implemented policy. After knowing their
own characteristics, the population cast their votes for the most preferred policy designed
by the parties. Once a party is selected, it becomes politician and seats in the national
parliament. There, it perceives two different shocks. First, a potential change in their
state-probability belief, different from the population one. Second, an offer from the lobby
where it suggests a potential final implemented policy and the utility transfer. If politician
accepts the proposal, then the lobby suggestion becomes the final implemented policy and
receives the utility transfer. Otherwise, if the proposal is rejected, then the internal policy,
based on the politician state-probability, becomes the final implemented policy. By using
some instruments from political economics, to understand the effect of internal pressures,
and contract theory, on the influence of external pressures, we conclude that the final
implemented policy will be determined as the convex combination between the lobby ideal
policy and the politician most preferred policy. Those parameters will be weighted by the
own characteristics of the lobby and the political factors (that comprehends population
and politician).

Behind previous model construction, individuals compute their trust in national
parliaments. As mentioned, individuals are informed about their own, social and politician
parameters; however, they do not have precise information about the potential distortion
of the state-probability and lobby characteristics. Since trust in national parliaments is
based on the formation of the final implemented policy, individuals predict the potential
political outcome based on expectations of the state-probability and lobby characteristics.
Both pressures, separately and then combined, are analyzed through their effect on
individual trust in national parliament.

The results in Chapter 1 show that more differences between states, in the sense of
the most preferred policy, will increase the individual trust asymmetry in the population.

When external pressures are considered, factors such as the number of individuals, policy
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discount factor or the politician ratio (that computes the propensity to care about social
welfare) increases individual trust. This result comes from the fact that increases the
transfer that the lobby needs to do to the politician to convince it to implement the
suggested policy. When both pressures are combined, the individual trust will depend
on the politician ratio degree. At higher values, individual trust will mostly depend on
the internal pressures. At lower values, expectations related to the lobby characteristics
will mainly affect the individual trust, being all the pressure coming from the external
one. Our findings suggest that policymakers need to consider such factors when trust in
national parliament is considered. The potential existence of a lobby that protects the
internal policy designed by the politician will prevent any influence of external agents that
persuades their own benefit. Notice that dropping any influence of exogenous factors in
the individual trust will affect positively the electoral turn-out, voter choice, or political
efficacy.

Chapter 2 examines whether a demand-side policy, such as the promotion of clean
energy in consumer preferences, generates the potential consequence of the so-called
Green Paradox (Sinn, 2008b). The coordination of demand-side policies as a strategy
to reduce emissions in favor of less polluted alternatives is a current political movement.
For example, the Avoid-Shift-Improve is an environmental sustainability approach, used
in Germany, to affect the demand for pollutant alternatives by interrupting consumer
behavior (Santos et al., 2021). Although the increasing awareness of the use of clean
energy is also related to socio-demographic characteristics, (Ramstetter and Habersack,
2020, Tranter, 2011), policy-makers need to be cautious if this initiative does not trigger
unexpected negative environmental consequences. As a contribution to the literature,
this chapter presents a model that captures the consequences of a demand-side policy
that focuses on the preference stimulation of consumers to the consumption of clean
resources.

The effectiveness of the climate change policies have been a big question since Hans-
Werner Sinn, in his academic book Sinn (2012), identified that the design of climate
change mitigation programs to prevent emissions could motivate firms to be more partial
to extract in current periods rather than future ones. Concerning the emissions generated
in the process, Sinn (2008b) argues that the overall level and the timing of greenhouse
gas emissions do matter in evaluating the size of climatic change and their cost in the
aggregate economy. From here, many papers were providing many examples of climate
change policies that were susceptible to the Green Paradox. For example, when the

backstop is considered as alternative energy, an increase in the price of fossil fuels could
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induce the full exhaustion of fossil fuels (van der Ploeg and Withagen, 2012); changes in
the extraction cost (Hoel, 2012); announcement of a rising of carbon tax induces fossil
fuels owner to extract their resources quickly (Di Maria et al., 2014, Sinn, 2008b); or the
likelihood of creating an alternative to fossil fuels (Strand, 2007); among others.

It was not until Gerlagh (2011) that the notion of the Green Paradox was extended.
When the effect of low-carbon energy sources and their imperfect substitutes were
introduced in the conventional model, Gerlagh (2011) identified two different trends
related to the emissions level. Specifically, it was called weak Green Paradoxr as the
phenomenon where the climate change policy encourages firms to extract faster fossil fuel
resources, raising, at the same time, the current emissions. However, the strong Green
Paradox occurs when the strategies of policy-makers rush the exploitation of the last unit
of fossil fuel resource, increasing the net present value of cumulative damages from global
warming. Although there are efforts to comprehend the demand-side, Chakravorty and
Krulce (1994), Chakravorty et al. (1997) and Grafton et al. (2012), there is a potential
gap to understand better the effect of preferences between fossil fuels and clean energy in
the increase in the level of emissions.

Intending to provide some understanding about the effect of addressing consumer
preferences to motivate the use of clean energy, we developed a two-periods time model,
where pollutant and clean energy are extracted or produced and finally consumed in a
market. On the one side, consumers seek to maximize their utility function, which contains
a preference parameter that determines the prevalence of clean energy over fossil fuel. As
a contribution, we assume a quasilinear function composed of a strictly concave, with a
convex combination of both types of energy ruled by the preference parameter, plus a
numeraire good. On the other side, there is the multi-supplier firm, newly considered in
the literature, that produces both pollutant and renewable energy. Their role is to decide
the amount of both types of energy to supply into the market, affecting the resource
constraint for future periods. Additionally, we define the competitive equilibrium in our
model. This concept will help us to understand the potential effect of the preference
parameter in different types of markets as perfect competitive ones or monopoly.

In general, two results are detected. When the characteristics of the economy moves
the economy to not fully exhaust their fossil fuel reserves, the exogenous shock generated
in consumer preferences contributes positively to environmental welfare, only if it does
not induce the incorporation of renewable energy as an alternative source. When the
last occurs, the presence of a substitute stimulates the extraction of fossil fuels and rises

the current level of emissions, invoking the weak Green Paradox. In addition, if clean
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energy is relatively cheaper, emissions will be extended for the next periods, worsening
the net present value of emissions and, consequently, the potential environmental damage,
allowing the existence of the strong Green Paradoz. However, when the characteristics of
the economy moves the economy to fully exhaust their fossil fuel reserves, the exogenous
shock generated in consumer preferences contributes to an anticipation of the extraction
strategies to the current periods, generating more emissions and emerging the weak Green
Paradox. Since the fossil fuel remains fully exhausted and the environmental damage
function is linear without discounting future outcomes, this increase in the preference
parameter will not contribute to the strong Green Paradoz.

When market structures are compared, it generates a diversity of consequences.
Following the literature, our model supports the idea that imperfect competitive markets
reduce the net present value of emissions compared to the perfect ones, for all the values
of the preference parameter. We have observed that perfect competitive markets are
the ones that provides more polluting energy in the market, increasing their extraction
compared to monopolies and generating, in this case, more emissions. However, if we
consider the introduction of clean alternatives, monopoly are the ones who highly reacts,
being more susceptible to the strong Green Paradox, if they do not fully exhaust their
fossil fuel resources.

Finally, Chapter 2 allows us to have a wide perspective on the consequences of this
type of demand-side policy in the environment. Our results suggest some coordination
between policies to reduce the potential not tempted impact on the environment. As an
illustration, the United Nations General Assembly could promote the emergence of the
Green Paradox in their Agenda 2030. Specifically, the promotion of population education
about sustainable development, represented as the 13.2 Sustainable Development Goals
(or SDG); plus the increase of the affordable renewable share in the total final energy
consumption, defined as the 7 SDG; both are potential policies that could contribute in the
increase in emissions level. This situation gives us a scenario where an imminent reaction
might be considered; because, otherwise, an increasing preference for the use of clean
energy (compared to fossil fuels) could motivate the production of new renewable energy
methods, stimulating a quick fossil fuel extraction under the presence of an affordable
alternative.

Chapter 3 focuses on explaining the main factors and conditions that have conducted
the Glasgow Climate Pact to determine the Phase Down of unabated coal power. In
2021, the city of Glasgow hosted the 26" Conference of Parties (COP26) ruled by the
United Nations. After two weeks of debates, the 2021 United Nations Climate Change
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Conference ended up with the Glasgow Climate Pact!, an agreement that identified a
plan for the reduction of methane emissions or the decarbonization of road transports,
among others. Another important improvement was the recognition of fossil fuels as one
of the main drivers of global warming. Since coal represents 46 percent of carbon dioxide
emissions worldwide, the COP26 decided to agree on the status of the current unabated
coal power among all the 196 countries members of the 2021 United Nations Climate
Change Conference. Although the main intention of the COP26 was to set the Phase
Out of unabated coal powers, after the influence of some developing countries, such as
India and China, the COP26 decided to “accelerate efforts towards the phase-down of
unabated coal power”, with a “phase-out of inefficient fossil fuel subsidies™. The COP26
also reunited around USD 350 million from the Adaptation Fund and around USD 600
million from the Least Developed Countries Fund, a weak effort compared to the USD 100
billion a year promised by the developed countries to face the challenges from developing
countries.

With these factors in mind, this chapter analyzes the main explanation for the
bargaining process captured by the Glasgow Climate Pact. Additionally, it attempts to
provide an understanding of a new bargaining process not analyzed yet in the literature.
The perspective considered in this chapter is to understand the Glasgow Climate Pact as
an agreement that influences the aggregate emissions level through the resource constraint
of country members. This approach is different from the ones observed in the literature
since they focus specifically on how the bargaining process affects the structure of the
welfare function of countries (the objective function of the optimization problem) rather
than the limitation of inputs that their members are able to use. Furthermore, the term
pro-environmental behavior (Taufik and Venhoeven, 2018) is internalized in the chapter
to represent the potential influence of funding captured by COP26. Such a concept is
related to the warm glow defined in the study by Andreoni (1989, 1990), where individuals
contribute to a public good because of their altruism and the private benefit obtained from
participating. Finally, due to the main intention from the Glasgow Climate Pact, the
coalition focused on reducing the aggregate damage level, subject to the potential impact
that such a decision can generate on the welfare of country members. Mathematically,
all the signatory countries will decide the status of the unabated coal power such that
minimizes the aggregate damage level, respecting always the participation constraint of

those that participate in the agreement.

1See Glasgow Climate Pact for more information.
2From Glasgow Climate Pact, Article 36.
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In order to address this research question, this chapter uses a basic linear-quadratic
model of an emissions game. Under these characteristics, countries choose the level of dirty
(fossil fuel) and clean (renewable) energy to extract or produce, according to their welfare
function. It is assumed that countries will differ in their preference parameter related
only to dirty energy. Before setting those levels of energy, the country decides whether to
join or not an International Environmental Agreement that promotes pro-environmental
behavior, even though the status of fossil fuel resources is decided in common. If the
country rejects the proposal, it will act as an individual member, where first determines
the level of resources to spend and later chooses the level of energy to spend. Otherwise, if
the country accepts the proposal, it will enter into a three-stages bargaining process. After
the individual decision of joining the coalition, all signatory countries decide unanimously
the percentage of fossil fuel resources that they are able to spend in the next stage. Once
this decision is in place, the signatory countries will elect individually the level of both
types of energy that they will extract or produce, always respecting the decision of the
coalition with respect to the maximum amount of input to spend.

As a result, the pro-environmental behavior characterization of the International
Environmental Agreement helps the countries to participate in the agreement. Depending
on the level of the previous parameter, the coalition will accelerate the efforts towards
the Phase Down of fossil fuel resources. The Phase Out strategy is a potential solution
that could bring an increase in the aggregate damage and reduced size of the stable
coalition compared to the optimal decision of Phase Down. However, large efforts in the
pro-environmental behavior will help the International Environmental Agreement to set
the Phase Out as an optimal solution for the coalition. Apart from the asymmetry of
countries with respect to the relevance of fossil fuel in their economies, it is also important
to observe that COP26 was ineffective to provide the financial support required to halt

the extraction of the fossil fuel reserves to reduce the aggregate damage.
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Chapter 1

Walk the talk.
Pressures effects in policy decision-making and
their influence on trust in national parliaments.

(Solo-authored chapter)

1.1 Motivation

The concept of trust has become important in the political framework, given its influence
on electoral turn-out, voter choice, or political efficacy, as specified in Cox (2003) or
Hooghe and Marien (2013), among others. Further research has been developed around
the main covariates that influence the dynamic of political trust, motivated by the issues
of power, public behavior, or protests observed over recent years. On the one hand, the
performance of the institution and social perspective are identified with high explanatory
power concerning the trust in the political institution, as analyzed in Lewis and Weigert
(1985), Rohrschneider (2002) or Hudson (2006). On the other hand, the malfeasance
decision of political entities contributes to the variation of this typology of trust, since
it provides a signal of the poor management of the economy (Obydenkova and Arpino,
2018, Van Erkel and Van der Meer, 2016). Nevertheless, given the empirical studies that
identify the main determinants for the formation of trust in the political institution, it
is lacking a potential theoretical approach that captures those ideas. With this purpose,
along the following lines, we will provide a perspective of how trust is constituted and
which are the potential factors that could determine it.

Conceptually, trust is often related to honesty, confidence, or belief in a certain
outcome. In the political framework, we can still use this concept if we contemplate
elections, where parties (and future politicians) announce the policies that they would
apply in the national parliament. Assuming that individuals rely on this proposal, they
could expect the final implemented policy in the next legislature, predicting their pay-off
at the end of this period. But, will politicians respect the electoral proposal? If it is so,
individuals will trust fully in the policies revealed in the election. However, any political

deviation will affect the potential political outcome, having some implications on the
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perspective of individuals. As a result, there will be a lack of confidence in the political
decision. If it occurs, will individuals react equally under any final implemented policy
different from the electoral one?

Under the several reasons behind the non-full commitment in the electoral word, we
will distinguish between two different factors: the internal and external pressures. The
former occurs when a politician does not share the same information as the population,
since they could update their current beliefs, such as imminent crisis or pandemics, being
able to change their policies from the ones established in elections. From this asymmetric
information scenario, individuals could expect a different outcome from the one revealed
in elections. The latter occurs when the politician decision making-process is influenced
by a third agent, called lobby. In this typology of pressure, a politician receives a policy
proposal, which it must either accept or not. If its accepted, the lobby proposal affects
the political outcome, being able to reduce the expected politician utility at the end of
the legislature. In this case, the lobby will provide a transfer as a counterpart to help the
politician to accept their offer. As an illustration, corruption could be a potential example
of external pressures when the lobby proposes a policy in exchange for economic aid.
Another example could be international institutions orders, where their implementation
prevents the government to be punished. Finally, the presence of both pressures will affect
the trust in the national parliament, since it could imply a change in the political outcome
obtained at the end of the legislature.

According to this perspective, we aim to design a theoretical model that could help
us to understand the identification problem of the potential factors that could influence
individual political confidence, being able to assess the consequences of previous pressures
on individual trust. As required, the political-decision making will be designed in a
sequence that allows the interaction of all players: the population, parties (or politician),
and lobbies. After identifying the equilibrium, trust will be defined and computed as
the individual likelihood of obtaining a higher pay-off than the one promised under an
electoral competition. Once defined, both internal and external pressures will be under
review, concluding how they influence the trust in national parliaments.

In order to achieve this goal, we will present our research as follows. First, in
section 1.2, we will mention the literature as an approach to building our model. Next,
we will proceed by introducing our model in section 1.3, where the timing and the agents
characteristics are defined. The previous section will help us to determine the equilibrium
in our model in section 1.4. Once we have identified this result, we will compute the trust

function in section 1.5, in order to analyze the future results in section 1.6 and conclude
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with some remarks in section 1.7.

1.2 Literature Review

Our purpose is to understand, through a theoretical economic model, how the concept of
trust in national parliaments is formed. Before starting with the relevant literature about
our model, it is important to clarify the concept of trust.

Among all the social science fields, there is a joint basis that encompasses trust as
an individual feature that captures the belief in exchanges between people, see Lewicki
and Bunker (1995) and Cook and Santana (2018). It is believed that the formation
of trust depends on many different factors: as past experience (Glanville and Paxton,
2007, Uslaner, 2002); or network effects (Glanville, 2016); among others. Both of them
will contribute to the formation of trust explained in Bhattacharya et al. (1998), where
it is defined as “the expected non-negative outcome that an individual receives based
on the expected action from another individual or institutions under uncertainty”. In
mathematical words, they compute the probability that an individual gets a pay-off weakly
higher than the one defined previously with a second player. Due to this interaction, they
formalized trust in three different scenarios: simultaneous, sequential, and deterministic
outcomes. Thanks to this approach, we interpret trust in the national parliament as
the belief of individuals to get, at least, the same outcome that they had arranged with a
politician in an electoral competition. In other words, we will understand that in elections,
both politician and individuals decide their best strategies, by designing their electoral
propaganda or assigning their votes, respectively. At this level, both will determine their
expected pay-off level at the end of the legislature. But, given the politician’s power of
modifying policies, there is a likelihood that the final implemented policy will be different
from the electoral one. Hence, the trust could be diminished if any political modification
reduces the final outcome received by individuals. However, regardless of where their
behavior comes from, it is proved that political trust is linked with the turn-out (Cox,
2003, Gronlund and Setéld, 2007); the voter choice (Bakker et al., 2016, Hetherington
and Husser, 2012); and the political efficacy (Hooghe and Marien, 2013). In the last one,
they show that positive effects in trust conduct to the reduction of non-institutionalized
participation (such as the petition, the boycotted products, or the demonstrations)
organized by non-elite actors. As we may induce, both three consequences interfere with
the national eligibility criteria and affect the welfare benefits generated by democracy,

(Larsen, 2007).
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After defining trust, we will focus on the different reasons that conduct a political
non-commitment. Before starting, it is crucial to understand how electoral promises
are settled. In Palfrey (1984), it identifies the electoral competitive equilibrium in a
framework where vote-maximizing parties choose their optimal policy. In addition, it
considers that their strategies are rationally anticipating the entrance of a third party.
Close to this idea, Feddersen et al. (1990) developed a timing where candidates decide
whether to enter or not in the electoral competition. After this stage, those that have
entered choose their optimal utility policy over the expected policy outcomes. From this
game, they identified that the equilibrium in the electoral competition will be located
in the median voter’s policy. Those conclusions will help us to determine the electoral
competitive equilibrium. However, we need to consider two different factors that would
drive the politician to deviate from the electoral outcome: changes in state-probability
belief and lobby contributions.

Starting with the effect of state-probability, many references claim their relevance in
the politician’s decision-making. In Schultz (1996), it considers that electoral candidates
are the exclusive agent who knows about the real state of the world. But, under the
potential divergence in beliefs, the electoral candidates will consider population intuitive
criteria in order to design their policies across states. In Laffont (1999), they analyze
asymmetric information between policy maker and individuals, generating the existence
of interest groups that participates in the policy implementation by offering bribes,
campaign contributions, and other favors. Similarly, Dahm and Porteiro (2008) focus
also on the political competition where parties anticipate the most likely state in the
economy. In addition, they include a lobby that aims to implement their most preferred
policy by investing and offering information about the real state of the economy to the
politician. From previous papers, we will assume a potential bias of the politician’s state-
probability belief concerning the population one. But, in our model, we will exclude any
potential lobby influence in the new politician’s belief, being this knowledge exogenous
from the model. As we will see later, any difference between individuals’ and politicians’
state-probability will generate a deviation from the implemented policy compared to the
promised one.

For the remaining factor, lobby contributions, there are many different ways to
influence the political outcome in an economy, such as affecting information about states
(Dahm and Porteiro, 2008); altering bureaucracy (Banerjee, 1997); inducing proposals in
electoral competition (Grossman and Helpman, 1996); or implementing a certain policy

(Grossman and Helpman, 1994). Despite the large range of lobby mechanisms to interrupt
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the political outcome, we will reduce our perspective by not distinguishing among them. In
our case, we will specify lobby contribution as the contract that contains the lobby policy
and the respective transfer. Although a politician could receive many lobby offers, we will
restrict it to accept one of them. For example, Bernheim and Whinston (1986) model this
competition in a first bid auction, where every lobby establishes a transfer for every policy
level that they would like to implement. There, they define the truthful equilibrium, as the
situation where each lobby offers a transfer for the implementation of a policy that reflects
their willingness-to-pay. From this concept, they show that in every truthful equilibrium,
policy maximizes the sum of lobby and politician outcomes, being this level efficient.
But, in their analysis, they do not study the possibility that politician chooses a political
alternative not designed by lobbies. This situation was analyzed in Kirchsteiger and Prat
(2001) by studying the two lobby competition. They identified that, under equilibrium,
each lobby suggests their most preferred policy, without politician preference, and the
accepted proposal will generate the greater aggregated outcome. It is relevant to consider
the current working paper of Duggan (2018), where it largely contributes to the lobby
competition in a spatial model with quadratic utilities. There, it is assumed complete
information and externalities across lobbies, where the politician preference is determined
by the policy level. This model goes in the same direction as the literature, showing that
in equilibrium, each lobby proposes the policy that maximizes the aggregate lobby and
politician outcome. Additionally, it shows that the equilibrium is constrained efficient!
under two lobby competitions. The same concept is used under the presence of multiple
competitors, where the lobby with the maximal acyclic competitiveness is the winner?.
From previous models, we observe that the politician preference parameter is
important in the bargaining between lobbies. For example, there is a large literature
that shows that lobby contributions depend on political factors, such as the individual
and/or group past behavior (Tirole, 1996); the culture (Cameron et al., 2009); the
personal and country characteristics (Mocan, 2008); the ability to pay and refusal power
(Svensson, 2003); the national characteristics as protestant traditions, histories of British
rule, developed economies, imports, federal states or degree of democracy, as analyzed
in Treisman (2000); or the stability of the country, (Serra, 2006); among others. In our
model, we will characterize this politician’s characteristics by a parameter that determines

the relevance of politicians about their own profit compared to the social welfare.

!Similar concept in Dekel et al. (2008). The aggregate utility of the winning lobby and politician at
the pairwise optimum exceeds the aggregate utility of the competitor lobby and politician at the pairwise
optimum

2A generalized constraint efficiency result for the comparison between two lobbies
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Our approach relies on building a timing to understand the different effects of
internal and external pressure on trust. First, an electoral equilibrium policy will be
identified as a benchmark scenario, required to be compared to the final implemented
policy observed in the last stage of the game. Then, we will observe the effect of both
pressures. Starting with the internal pressure, it will capture the asymmetric information
case between individuals and politicians, where it will occur if the state-probability belief
is not equal among these two players. Later, we will introduce the lobby, and their
final outcome will depend on the implemented policy. In this situation, a lobby will
have the opportunity of suggesting a policy proposal to the politician in exchange for
a monetary transfer, contributing to the concept of external pressure. Politicians, after
observing policy and transfer level, will decide whether to accept or not the proposal.
By considering both pressures, the difference between the electoral and final implemented
policy will emerge, being important to determine trust among individuals. In the end, we
will run simulations to observe the effect of both types of pressures on trust in national

parliaments.

1.3 Model

Consider a population of N individuals characterized by their own political preferences.
They are able to allocate a vote in order to choose who is going to seat in the parliament
for the next legislature. In addition, we consider the presence of parties, with the aim of
becoming politicians in order to determine their own set of policies, and lobbies, whose
profit depends on the final policy implemented. All players are affected by the policy
level finally implemented in a legislature, P = {p € R | 0 < p < 1}. We will assume that
individuals are not sure about the real state of the economy in the next legislature, but
they believe that the economy could be in one of the states of the economy S = {A, B}.
Depending on the state of the economy, individuals would prefer a specific policy level.
The decision of players will be restricted to a certain timing, where they interact in
order to decide the policy level that will be established in the next legislature. Our timing,
specified in Table 1.1 is composed of eight different stages. In the first one, all individuals
(Vi € N) know their preferred policy profile (political ideology) and their beliefs about
state- probablity. Then, parties, with the previous information, will decide their electoral
program (or promised policy) and announce them to the population. In the third stage,
the population will observe the set of promised policies that parties offer, and, depending

on their political preference, they will allocate a vote to the closest electoral program
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to their ideology profile. Therefore, the winner, based on the plurality rule, becomes a
politician and seats in the parliament. This role allows the politician to decide the set
of policies that will be implemented in the next legislature. In the fifth stage, politician
reveals their belief about states. In this case, we will assume that politicians could not
share the same beliefs as the population (internal pressure). In addition, as the sixth
stage, the lobby will have the incentive to persuade the politician to accept their proposal
(external pressure), the one that would maximize their profit function, in exchange for
a payment transfer. Given the offer characteristics, the politician will decide whether to
accept or not the lobby suggestion. When a politician decides, the real state is revealed

and players receive their own outcome in the last stage.

Stage 1 Nature define individual policy profiles and beliefs about state.

Stage 2 Parties design their promises and announce them.

Stage 3 Population observe the sets of policies and cast votes.

Stage 4  Winner party becomes politician and seats in the national parliament.
Stage 5 Politician reveal their belief about state.

Stage 6  Lobby make their offer.

Stage 7 Politician decide either accepting or rejecting lobby offer.

Stage 8  Real state is revealed and players receive their pay-offs.

Table 1.1: Sequence of the game

Once we have explained the sequence of the game, we will characterize the players
in the game. For this reason, we will define players and their roles in the game in the
next subsections. In subsection 1.3.1, the population is defined, explaining their utility
functions and their role in the model. Later, in subsection 1.3.2, parties are introduced,
specifying more their paper in elections and their preferences when they become politician.
And, in subsection 1.3.3, it will specify the role of lobbies, with some detail about their
profit function and their suggestion method to persuade the politician to modify their

final implemented policy.

1.3.1 Population

Population is composed of N individuals, denoted by i € (1,...,n), that perceives the

impact of a certain policy p € P = [0,1] in their utility function. Before starting the
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legislature, individuals are able to allocate a vote to one of the different parties through
an electoral competition.

Consider an individual 7 who knows its set of preferred policies (or ideology profile),
v € [0,1], such that, when the policy in the current legislature (p) reaches this level
(p = ), the individual achieves their maximum level of utility (u#;). When the final
implemented policy differs from the preferred policy (p # =), then the individual utility
function will be reduced by a quadratic loss multiplied by a parameter d € RT+, named
as individual policy discount parameter. Without loss of generality, we will assume that
d is common among individuals. According to previous terms, when an individual i faces

a potential policy p, their utility level u;(p) will be:

ui(p) = u; — d(y; — p)? (1.1)

where u; is the utility level function; p is the policy level; u; is the maximum utility level
that an individual ¢ may achieve; ~; is the preferred policy for individual 7; and d is the
policy discount parameter when policy p do not coincide with the individual 7 preferred
policy ;.

From the previous utility function, we observe a quadratic loss function (y; — p)?
that increases when individual 7 preference and policy are distant. This quadratic loss
function is multiplied by the parameter d that captures the social cost multiplier at any
quadratic difference from their most preferred policy. Both discount the maximum utility
level u;. In this case, we observe that the individual utility function is continuous and
single-peak at -;, increasing the utility function when the policy gets closer to ;. In
addition, individuals show risk-aversion since u; (p) < 0.

In our model, we consider that in the next legislature, the entire economy could be
in one of both states S = { A, B}. Depending on it, an individual has different preferences.
In this case, we will consider the pair {7,772} as the level of preferred policies in state
A and B, respectively. Furthermore, the probability of state A occurrence will be equal
to m; € [0, 1], whereas the remaining probability, (1 — 7;), will be allocated to state B.
Given this uncertainty, individuals will evaluate policies in their expected utility function

(E [ui(p;)]) that shapes as:

E [ui(p)] = m [t — d(v{* — p)*] + (1 — m) [w; — d(7 — p)?] (1.2)

where p € P = [0, 1] is the policy level; 7; € [0, 1] is the individual probability that state
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A occurs, whereas (1 — ;) is the individual probability that state B occurs; u; is the
maximum utility level that an individual may achieve (unconditional on the state)?®; the
pair of {7/},7”} is the preferred policy for individual 7 in states A and B, respectively;
and d captures the policy discount when policy does not coincide with the individual ¢
most preferred policy, unconditional on the state.

Equation 1.2 shows that the individual expected utility function is the convex
combination of the individual utility function for each state multiplied by their probability.
The individual expected utility function is still single-peak in the individual expected
preferred policy across states (w77 + (1 — m;)7?) and risk-averse since E [u;(p)]” < 0. In
this case, when p gets closer to the individual expected preferred policy, the individual
expected utility function will increase. Concerning the state-probability belief, consider

the following assumption:

Assumption 1 Population is homogeneous in state probability beliefs (wy ):
T =-""=Tp=TN

Population will share a common state probability belief 7). Then, in an electoral
competition, parties will design their set of policies considering a common state probability
belief 7. If this statement is not considered, parties will design their set of policies
by inducing population state probability belief, competing in order to attract different
population groups with similar state probability belief. Then, Assumption 1 restricts
parties to compete in policies rather than population beliefs.

When an individual decides where they will cast their vote in an electoral
competition, they use Equation 1.2 to compute their preference relationship by satisfying

the following property:

Assumption 2 Vj,—j € (1,...,m), an individual will prefer {j} over {—j} if:

Elui(p)] = Elui(p-;)] & {5} Z {7}

where {j} and {—j} denotes party {j} and {—j}, respectively; E [u;(p;)] and E [u;(p—;)]
interpret the expected utility level of individual i for policies proposed by parties {j} and
{—i}-

In other words, if a menu of policies from party {j} results in a higher individual

3%; will not indicate the maximum utility level that an individual may achieve, since the convex

combination of two independent distribution weighted by two non-zero linear parameters. Theorem 2.3
from Proschan (1965).
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expected utility than {—j}, individual will prefer party {j} and {—j}. Furthermore, if
the individual cannot distinguish between policies from party {j} and {—j} in terms of
utility, it will be indifferent between both.

Although all individuals share the same belief with respect to the state-probability,
they do differ in their political preferences. As we have revealed before, our economy is
composed of a large n individuals that present preferences in policies, that are conditional

on the state such that:

Assumption 3 Population political preferences in any state S is uniformly distributed

around ¥° = E(v7).

In a nutshell, political preference will be uniformly distributed along political levels
(that it will be restricted between 0 and 1, by definition). From this assumption, we
observe that the cumulative distribution function of most preferred policies is continuous
and strictly increasing on P. This distribution will be centered at 4° that it will be
denoted as the median most preferred policy in state S. When we add both independent

distributions in a convex combination, then:
v =an(3) + (1= 7n)(F7)

The resulting expected median most preferred policy will be 74y, where the suffix
N indicates the population state-probability belief. By aggregating the utility functions
for all n individuals that compose the population, we will find the expected social welfare

function, E[W (p)]:

EW ()] =Y [E[w®)]] =) [mn [ —d(y = p)’] + (1 = 7n) [w — d(vf = p)?]]
i=1 i=1
Under an egalitarian social economy, where all individuals are considered equal,
the resulting expected social welfare function, when policy p is applied, will be equal to
E[W (p)]. Furthermore, if we consider that u; and d are unconditional on states, our

social welfare function will be:
EW (p)] = Wo—d > [nn [(3 = p)*] + (1 —7n) [0 — )*]]
i=1

where Wy, = > " u; represents the addition of all maximum utility levels of all

individuals®.

4This level will not be achieved since individuals are heterogeneous and convex combination of
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From previous characteristics, individuals will decide where to allocate their votes
in electoral competition. After observing the policies announced by parties, individuals,
under a plurality rule with no abstention for one office, can allocate a vote to one party
to induce them to seat in the national parliament. In this case, we will assume that
individuals allocate sincerely a vote to the party whose announced policy reports a higher

utility level. Denote v; as the vector of votes that from an individual 7:

v (P)" > R= {(rl, ) 17 € {0,1} Vj;zm:rj = 1} (1.3)

where v; will be the vote distribution; and R will be the vector of score ranking r; and m
is the dimension of parties.

Given the policies announced by parties, the population will allocate a unique vote,
without abstention, to one party (denoted by j € M, their characterization will be defined
later). For the allocation of the vote, individuals will decide sincerely where they will cast

their vote (known as sincere vote):

=it # Ut wiley) > wlay) = ri(p) =m =1
v{—j} # i}, wilay) <wila_y) = ri(p) =rn =0

And for all candidates {j} and {—j}:
U/i(aj) > Uz’(a—j) = T;:(p) > Ti—j(p)

In case where individual is indifferent (u;(a;) = u;(a—;)), nature will determine 7% (p)
and 7 (p).

A party, with the most preferred policy for individual ¢, will receive his sincere vote
since it is ranked first. In the case where an individual cannot distinguish among them, a
fair lottery will decide the ranking. Once everyone assigns their vote, the party with the
highest amount of votes becomes politician and seats in the parliament.

Given the sequence of the game, electoral competition does not determine the final
implemented policy in a legislature. First, individuals decide where they will allocate their
vote among parties’ announcement and, once they have decided on the winner, politician
decides the policy that they will implement in the legislature. Remember that our model
is based on a sequential game where individuals and politician, in an electoral competition,

determine a potential strategy that the last player could implement in the future. In this

independent states.
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case, the politician will decide whether to commit to the announced policy or, depending
on the pressures, implement a different one. Individuals are not able to predict the final
implemented policy in our game, but they can expect if the announced policy will be
applied in the legislature. Under this uncertainty, individuals will determine their trust
level as the probability of politician fulfilling their electoral announcement (or promised
policies).

In order to represent this concept, we will assume that individuals consider the
outcome obtained in an electoral competition to set their individual trust, evaluating
which policy range will increase their utility level. In other words, individuals determine
their trust by assuming which policies will increase their satisfaction in relation to the one
obtained in elections. Then, if we consider the promised policies outcome as a benchmark,

trust will be defined as:

Definition 1 Individual trust, T;(7;), is a function that computes the probability that the
final implemented policy achieves, at least, the promised level of utility obtained in the

electoral competition:

T,(3) = Pr(Elus(pr)] > Elui(po)

)

where Elu;(pr)] is the expected individual utility under the final implemented policy

whereas Elu;(po)] is the expected individual utility under the promised policy.

From Definition 1, trust function, T;(%;), will provide the likelihood of an individual
i, characterized by 7;, to obtain an expected utility level at the end of the legislature, at

least higher than the one obtained from the electoral competition.

1.3.2 Parties and politician

At the beginning of the game, |M| = 2 parties compete in an electoral competition for
one seat in the national parliament. In this game, parties will design their set of policies

depending on their expected political pay-off (7;(p;.p—;)):

75(pj-p—j) = F(pjlp-5) (1.4)

where 7;(p;.p—_;) is the expected political pay-off that party j will get from announcing
p; € P over competitor announcement p_; € P. Therefore, 7,(p;.p—;) could be interpreted

as the individual distribution function that weakly prefers p; over p_; ({j} = {—7}).
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Furthermore, parties have the incentive to participate in the political competition
since the minimum utility level achieved in the national parliament exceeds the one
obtained by not being elected (normalized at 0), min,cpUp > 0. After announcing
their policies, a party will become a politician if their expected political pay-off exceeds
the competitor one. In case of a tie, nature decides with the same probability among
parties.

When a party becomes a politician and gets a utility function that contains two
factors: expected social welfare and own private profit. Both are weighted by a linear
parameter, [ € (0,1), that measures the importance of politicians about their own profit
(whereas (1—/3) denotes the relevance of politicians about expected social welfare). About
this parameter, we will not consider cases where politician utility faces their own private
gain (§ = 1), or it is affected purely by the expected social welfare (5 = 0). By considering

previous aspects, politician utility function (Up(p)) will shape as follows:

Up(p) = B lw +tpo)] + (1 = B) [EWr(p)]] (1.5)

where [ determines the private gain rate parameter (whereas (1 — ) captures the
magnitude effect of social welfare in politician utility function); w represents politician
wage; t(pr) is the transfer from the lobby to a politician when the offer is accepted
and lobby suggested policy is finally implemented, (p = pr); and E[Wp(p)] is the social
expected welfare level at the set of policies p and politician state probability 7p.

Equation 1.5 show the utility function of a party that seats in the national parliament
and becomes a politician. As we have mentioned before, we observe the politician utility
function is a convex combination of own private gain (that contains politician wage and
lobby transfers) and expected social welfare (that considers all individual’s utility under
politician state-probability belief). Notice that under no lobby transfers, the politician’s
utility function will depend on the politician’s wage and expected social welfare. But,
when the politician agreed in adapting the lobby proposal as a final implemented policy
their utility function will include, not only the politician’s wage and expected social
welfare, but also the transfer made by the lobby.

From the politician utility function, we observe that any policy deviation could
generate two shocks. First, the politician could perceive an expected social welfare
variation generated by the deviation from promised policies. Any change observed in
the expected social welfare is weighted by the parameter (1 — [3). Second, if the deviation

of policy is due to a lobby suggestion, the politician could receive an impact in their own
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private gain function by obtaining the lobby transfer. This impact is weighted by the

parameter 3 in its utility function.

Another aspect to consider from the politician utility is the expected social welfare,
E[Wp(p)]. Remember that in elections, the politician will design their set of policies
under the population state-probability (my). But, after becoming a politician, a piece
of new information concerning the state-probability is revealed, generating a new belief,
mp. Motivated by this change, the politician will design their set of policies adapting the
new state-probability (mentioned as internal pressures). Then, their utility function is

extended as:
Up(p) = Blw +t(pr)] + (1 — B) |Wo — dz {mp [ = p)*] + A —7p) [(vF —D)?]} (1.6)

where 7p is the politician probability belief that state A occurs (whereas (1 — 7p) is the
probability belief that state B occurs).

From Equation 1.6, the politician utility function considers the expected social
welfare under politician state-probability belief. Then, any policy deviation will generate
a quadratic variation discounted by the policy discount parameter d and weighted by the
politician state-probability belief 7p.

At stage 5, the politician learns new information about the state-probability
(internal pressures). As we have seen before, this information changes the politician’s
perspective with respect to the expected social welfare. Hence, this new information
could generate a deviation from the promised policies in electoral competition (pg) to the
internal policy (pp) by adapting it in their state-probability belief. After observing this
feature, lobbies are able to offer a proposal to the politician in order to adopt a profitable
policy (external pressures) In this case, the politician must decide whether to accept their
proposal (and implementing their proposals named as external policy, pr) or reject it and
implementing their internal policy. In order to persuade the politician, lobbies will design
a contract, which contains their political proposal and the transfers that they will do if
their offer is accepted. In this case, the lobby must design a beneficial contract to the
politician over pp. In other words, the lobby will attract the politician’s acceptance by
suggesting the external policy that increases their outcome over the one obtained from the
internal policy. Any contract designed by the lobby will be computed with respect to the
internal policy level that the politician has determined previously. Then, the politician

will accept a lobby proposal if:

Up(pr) = Up(pp) (1.7)
—— N——
Accepting contract Not accepting contract
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where Up(py) indicates the politician utility function when the lobby offer is accepted and
implemented; and Up(pp) represents the politician utility function when the lobby offer
is rejected and the internal policy is implemented.

Equation 1.7 will be satisfied if and only if:

d Z {(pr —pp)* +2(pL — pP) (PP — TP4) } (1.8)

=1

where t(pr,) is the transfer made from lobby to politician if lobby suggestion is finally

implemented; yp; = 7py + (1 — 7p)yP

> 1s the expected individual 7 preferred set of

policies for the pair of {77,77} in states A and B, respectively; pp is the internal policy
level; and py, is the lobby suggested policy.

Equation 1.8 shows the transfer range where the politician will accept a lobby
proposal. In this case, the politician will implement lobby proposal as a final policy
if the transfer weakly exceeds the expected social welfare loss of deviating from internal
policies level pp to the ones offered by the lobby py. In other words, the politician will not
accept any offer that reduces their pay-off. Hence, it will implement a lobby proposal if the
transfer amount covers, at least, the reduction in social welfare generated by implementing
pr. Otherwise, if the previous condition is not satisfied, the politician will not accept a
contract from the lobby since their utility function will decrease because of the reduction

of the expected social welfare.

1.3.3 Lobby

Our last character, lobby, has the possibility of suggesting a policy p;, € P to the politician
in order to implement it in the next legislature. Given this role, lobbies are aimed to
maximize their profit function, which depends, among others, on a certain exogenous
parameter ¢, called lobby maximizer revenue policy level that optimize their benefit.
When the implemented set of policies p is closed to 1, the lobby increases its profit.
Sometimes, the promised set of policies that the politician made in elections py could
be far enough from 1 such that lobby would offer a transfer to the politician in order to
implement another set of policies close to their maximizer revenue one. In this case, lobbies
will have the possibility of offering a new set of policies through a contract that contains
the suggested policy (pr) and the transfer (¢(pr)). The last term will be conditional on
the implemented policy, in the sense that, if it achieves the suggested policy (p = pr),
then the lobby will transfer #(py) to the politician. Then, the profit lobby function will
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be characterized by:
Mp(p) =Y — (v —p)* — t(pr) (1.9)

where 11 (p) is the lobby profit function when implemented policy is p; Y is the maximum
level of revenue that lobby may achieve; 1 is the policy level where lobby maximizes profit;
c € R" is the variation in revenue when p is moved towards v; py, is the suggested set of
policies from lobby to politician; and #(py) is the amount of profit than lobby transfer to
politician once the implemented equals the suggested policy, p = py.

Equation 1.9 shows the lobby profit function depends on two different elements:
a quadratic policy loss function and lobby transfers. First, lobbies reduce their profit
when implemented policy is away from their maximizer level ¢ (quadratic policy loss
function). In other words, if lobbies can convince a politician to accept their proposal
(pr), then they will increase their profit by moving closer to the implemented policy to
their maximizer level. But, doing this action, they will need to compensate the politician
for the social welfare losses. In this case, we are introducing the second element that
interacts with the lobby profit, lobby transfers. The politician is willing to accept a lobby
proposal if they receive compensation for them. As politician will increase their utility
function by accepting transfers, lobbies will interact with them through a side-payment
in order to implement their suggested policy. Notice that we use the term “suggested” set
of policies (pr) instead of maximizer revenue level (¢)), since the lobby must compensate
the quadratic social welfare loss to the politician. For this reason, it is not optimal to
suggest the maximizer revenue level since it could improve its profit level by proposing
a different policy level (close to the promised one). This result is due to the quadratic
policy loss function in the expected welfare function. Given this fact, the lobby transfers

function ¢(py) is translated as:

=] L T (110
0 otherwise
where t is the transfer from lobby to politician; p is the policy level; and p;, is the lobby
suggested set of policies.

According to Equation 1.10, the lobby transfer will be made if and only if the
politician finally implements the suggested policy, pr. Then, the politician will either
accept or reject the offer, by implementing policy p;. Suppose that the politician decides
to accept the offer, but deviate marginally from the policy from the lobby suggested one.

In this case, they will not be compensated for moving the policy and, furthermore, they
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will reduce the expected social welfare, being worse-off than ex-ante, where the set of
policies p was modified by internal pressure.

Once we have introduced the lobby behavior, we will understand when they suggest
a policy to the politician. Remember that the lobby aims to maximize its own profit.
Therefore, the lobby will suggest a policy if it reports a higher profit than the promised

ones. In other words:

Ip(pr) > I1..(pp) (1.11)
~—— ~——
Offering contract Not offering contract

where I (pr) indicates the lobby profit when its suggested set of policies is implemented;
and I17 (pp) represents the lobby profit when the politician applies their own set of policies.

Equation 1.11 will be satisfied if and only if:

t(pr) < c[(pp — p)’ +2(pp —p1) (pr — V)] (1.12)

Equation 1.12 shows the range of potential transfers from the lobby. In this case, the
lobby is willing to transfer part of their profit if the transfer level is weakly lower than
the revenue variation generated by changing from pp to pr. Otherwise, if the previous
condition is not satisfied, the lobby would prefer not to suggest a policy to the politician,
since the acceptance cost (transfers) is greater than the revenue generated by changing

from pp to pr.
Then, by considering the politician and lobby transfer range, a lobby proposal will

be accepted and implemented if:

c [(pp —pr)’ +2(pp —p1) (P — V)| > a ;B)d [Z {(or —pr)* +2(pr —pP)(pp —7pi)}| (1.13)

=1

Equation 1.13 shows the condition for the existence of external pressure. A lobby
will suggest a policy py, if the revenue obtained from deviating the policy weakly exceeds
the cost of getting the politician’s acceptance. Notice that any proposal that satisfies

Equation 1.13 will be a core solution since both of them increase their outcome:

Up(pr,t(pr)) + Ur(pr, t(pr)) = Up(pp) + UL(pp)

Once we have described timing and players, we will analyze the procedure of the
model in the next section, describing and computing the equilibrium in the different stages
of the game. First, we will identify the equilibrium in electoral competition and define the

resulting set of promises policies defined as py. Later, we will define the equilibrium when
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the politicians observe another state-probability (pp) and/or lobby suggests a potential
policy (pr). Both pressures will determine the final implemented policy (p*).

1.4 Equilibrium

The sequence of the game shows eight stages that explain the potential incentives of
politicians to deviate their policies from the original set of promised policies. First, we
start by electing the politician among parties in an electoral competition. In order to
win, they must offer an interesting set of policies to attract the maximum number of
votes. Once they are elected, they receive information about the probability state or
lobby suggestions that are characterized exogenously in the game. Remember that our
goal is to understand the potential shocks that a politician can receive by seating in the
national parliament. Therefore, our model will be composed of two different equilibriums:
the electoral and the policy design. In the first one, the parties will determine their set
of promised policies. Then, once they are elected, they will receive different incentives to

determine their set of implemented policies.

1.4.1 Equilibrium in electoral competition (Benchmark)

In an electoral framework where two parties announce their set of policies and individuals
cast their votes sincerely over their expected individual utility function, a set of policies

and individuals’ votes, [{ﬁj, p—i}, {‘Z}] € P™ x R", is called electoral equilibrium if:

i) For all parties j € M and policies p; € P:

73 (Pj> D-5) 2 753, D—;)
ii) For all individuals i € N and votes v; € R:
Efuil{pj, p—s}, (0:,09-)] = E [wil{p;, -5} (vi, )]

iii) No party or individual uses a weakly dominated strategy.

First, parties will compete through the announcement of their policies to attract
more individuals to vote for their platform. Furthermore, individuals will cast their
votes for the most preferred political platform. In this case, individuals will decide

by evaluating platforms in their individual expected utility function. Given these two
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factors, parties and individuals will play their non-dominated strategies, converging to

the electoral equilibrium.

Proposition 1 A pair [{ﬁj,p,j}, {V@}} € P™ x R"™ is the unique two parties electoral
equilibrium if and only if py coincides with the median voter policy.

Proof: See in Appendiz, Proof 1.

Given that individuals are allocated uniformly in the policy space, parties will
announce pg as their best reply in the electoral competition, since it is a strict Condorcet
winner. Moreover, this policy level will coincide with the median voter policy, allocated
in 7y (named as the social most preferred policy).

One could understand that the equilibrium could be different since individuals have
expectations concerning the potential pressures of politicians in their decision-making
process. Given individuals decide at the beginning of the game, their expectations will
be distributed symmetrically at no existence of any pressure. In other words, the most
believed scenario will be that politicians will not receive any pressure to change the final
implemented policy from the promised one. But, in the case that a politician receives any
pressure (either internal or external), their potential effects (represented in movements
of promised policy level along policy space) will be distributed with the same probability.
Given that individuals are risk-neutral, their expected utility function will coincide with
Equation 1.2.

From the characteristics of our model, we have computed and identified the
equilibrium in the electoral competition (and promised policy) py. Therefore, the potential
set of policies obtained from this process converges to the median most preferred policy
that maximizes the expected social welfare at population state-probability belief. Then,
if the finally implemented policy differs from py, it will reduce the expected social welfare
according to their state probability belief (7). In the next subsections, we will determine
the equilibrium when a politician decides about the implemented policy under no lobbies,

one lobby presence and/or lobby competition.

1.4.2 Equilibrium in national parliament

After defining the equilibrium in electoral competition, the politician seats in the national
parliament and receives two sets of information. The first one contains the politician
probability-state, which could distort the implemented policy from the promised one (pp #
po).- Then, as the second set of information, the politician receives lobby suggestions,

where they propose a potential implemented policy py. If the politician accepts the
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proposal, then it receives a transfer, t(py). Before proceeding, notice that implementing
pp as a final policy implies a transfer ¢(pp) equals 0, since no lobby will pay for remaining
at this policy level.

In this subsection, we will analyze different horizons depending on the presence of
lobby suggestions. Remember that lobbies will offer a transfer contract to the politician
if the aggregate outcome by implementing a p; (and transferring ¢(py)) exceeds weakly

the outcome by implementing pp:

Up(pr,t(pr)) + Ur(pr, t(pr)) = Up(pp) + Ur(pp) (1.14)

Equation 1.14 indicates the core solution where politician and lobby get an aggregate
outcome weakly higher than the ex-ante one (where internal policies were implemented).
This situation will generate incentives for lobbies to propose a policy to the politician
through a contract. Therefore, two situations will be analyzed. The first one will identify
the equilibrium where no lobby suggests a policy level; whereas the second one will be

focused on the presence of a lobby in the political decision-making process.

1.4.2.1 Equilibrium under no lobby incentive

Suppose a scenario where the politician decides which policy will implement in the next
legislature, since either politician rejects all lobby suggestions or there is not lobby that
suggests a policy py, that satisfies Equation 1.14. In both cases, the politician will decide

and implement their set of policies pp, being in equilibrium if:

pp € argmax Up(p) = Blw] + (1 = B)E [Wp(p)]

peEP

Under the absence of lobby influence, the equilibrium in the implemented policy will be
the policy that maximizes the politician’s utility. Due to the presence of social welfare
in the politician utility function, since § € (0,1), any policy p € P\{pp} will reduce
the social welfare, affecting negatively the politician utility. Therefore, when there is
no change between population and politician state-probability, the promised policy will
coincide with the finally implemented policy, pp = pp. Otherwise, if there is a difference
between my and 7p, by taking the First Order Conditions of the objective function, we

will find that the equilibrium will be:

pp =mp7" + (1 = 7mp)7"° (1.15)
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According to Equation 1.15, under the absence of lobby influence, politicians will
choose the expected median most preferred policy weighted by their own criteria about
state-probability, mp. In the next subsections, this equilibrium will be used by lobbies in
order to compute their suggestions and transfer that they will offer to the politician. In this
sense, the existence of lobbies in our model will depend on the outcome of implementing

the internal policies.

1.4.2.2 Equilibrium under lobby incentive

Now, suppose that there is a lobby that has incentives to offer a transfer contract to the
politician, such that Equation 1.14 is satisfied.

As shown in the timing, the lobby has the chance of offering a transfer contract to
the politician. There, the lobby will specify the set of policies that they would implement
and the transfer to the politician if their suggestion is finally implemented. After revealing
the offer, in the next stage, the politician will decide whether to accept or not. In this case,
the politician’s decision will depend on the offered outcome. Notice that the politician’s
profit affects their utility function at parameter 5. Then, if the politician will not receive
a final outcome weakly higher than the one that they would obtain by implementing pp,
they will not accept the lobby suggestion.

Under the presence of the lobby, this game is split into two different stages, the one
when the lobby offers a potential policy p; and, later, the politician decides whether to
accept their proposal or not. Therefore, denote o* = (p},t*(p})) as the sub-game perfect

equilibrium if:

i) For lobby:

P} € argmax I.(p) =Y —c(¥ — p)* — t(pr)
pe

And:

Mp(py. t* (1) 2 Helpp) € Y —c(¥ = p)* = t'(p) 2 Y = c(¢ — pp)?

ii) For politician:

Up(p) = Up(pp) < Blw +t(pr)] + (1 = B)E[Wp(pL)] = B lw] + (1 — B)E[Wp(pp)]

Therefore, o* will be in a sub-game perfect equilibrium if (i) the lobby designs an optimal

policy that improves its profit with respect to the ex-ante situation (where no suggestion
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was made); and, (4i), the politician will prefer weakly lobby suggestion (pj) than their
own proposal (pp). Due to the sequence of the game, the lobby knows that the politician
will accept any offer that generates an increasing outcome. Then, given the politician
participation constraint, the lobby proposes a policy that maximizes their own profit and
improves their outcome with respect to the ex-ante situation.

According to the previous definition, a set of strategies o = (pr,t(pr)) will be in

sub-game perfect equilibrium?® if:
i) The lobby proposes to the politician:

ey + nd%%ﬁ (1-75)
c+ nd—(lgﬂ) B

{pr,t(pr)} = { [Ep[W (p)] — Ep[W (pp))? }

ii) The politician accepts the lobby proposal.

Starting from the transfers, it will cover losses of implementing the suggested policy
pr, instead of pp. Remember that pp maximizes the social welfare since it coincides with
the median preferred policy at politician state-probability. Then, by construction, any
policy p different from pp will generate a reduction in the expected social welfare since

the cost of moving away from the median preferred policy increases. Then, for a certain
pr:

n

E[Wp(pL)] < E[Wp(pp)] = Z (pi —pL)* > Z (Yp: —pp)* = t(pr) 2 0
i=1 i=1
Any transfer offered to the politician will be non-negative. In this case, the politician will
accept a transfer if it is, at least, indifferent between either accepting or rejecting the offer.
Under any lobby proposal py,, politician could reduce their utility, since it is affected by a
reduction of expected social welfare at mp. Then, the lobby needs to compensate for the
loss in order to achieve acceptance from the politician, making non-negative the transfer.
With respect to the policy equilibrium, it will be the weighted average between
the lobby ideal policy ¢ and the social median most preferred policy at the politician
probability-state belief ¥p. They will be weighted by the variation in the lobby revenue
parameter, ¢ (in case of ¢); and by a multiplicative combination between the politician
ratio % and the aggregate social policy preference parameters nd, with respect to p.

Therefore, when the lobby revenue parameter (c) increase, and it exceeds sufficiently the

5See Proof 2, for the computation of the sub-game equilibrium
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social weight nd%, pr will tend to the lobby ideal policy:

. C@D + nd—(lgﬁ) ;yp
lim (O P
c—00 c+ ndT

But, when the social weight increases and exceeds sufficiently the lobby revenue parameter

(¢), pr will tend to the median most preferred preference:

) C’lb + nd—(lgﬁ)ﬁp
=) g P
nd%—wo c+ TLdT

(1-8)
B

Then, depending on the weights of lobbies and politician, ¢ and nd , respectively),
the policy in equilibrium will be located in py, € [¢, Vp].

Notice that previous result is obtained by binding the politician participation
constraint. This result is coming from the lobby stage-dominance, since, starting in an
earlier stage, they restrict the transfer at the indifference politician utility level. Obtaining

the politician acceptance, the lobby will not increase above this level, since it will reduce

their profit. In addition:

Condition 1 Lobby will offer a contract to the politician if:

nd

(125)—#020

Proof: See in Appendiz, Proof 3.

But, by construction, both parameters are weakly greater than 0. When a lobby enters
the game, they have incentives to establish p;. By doing so, the lobby will deviate the
policy to their most preferred, allowing them to increase their own profits.

Therefore, we have analyzed the situation where a lobby proposes a policy different
from the internal one. From the sequence of the game, the lobby proposal will be the
weighted average between their maximizer revenue policy level, ¥, and the median most
preferred policy at politician state-probability, 4p. But, in order to get the politician’s
acceptance, they must offer a transfer equivalent to the losses generated by adapting the
lobby proposal as the finally implemented policy. Depending on the revenue characteristics
and their most preferred policy level, the difference between external and internal policy
could increase, generating higher transfers from the lobby to the politician. Notice that

the unique condition for the existence of this policy is the presence of a lobby, since
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Condition 1. From now on, we will consider the final implemented policy pr as:

Cw + nd(l;fﬁ)"_)/p

¢+ nd52 (116)

Pr =

1.5 Trust in national parliament

In the previous section, the equilibrium in each stage of the game is defined. First, we
start by explaining the policy equilibrium in electoral competition with two parties and we
have identified that it will be by announcing the median most preferred policy pg = -
After being elected, a politician receives the impact of two different types of information:
new updates about state-probability, that could differ from the population one (7y # 7p)
and lobby suggestions. After observing this information, the politician decides about the
new set of policies that it will implement once seats in the national parliament, being able
to accept or reject lobby’s proposals.

First, we have identified the equilibrium when the politician implements the internal
policy, described as pp. As we have shown in Equation 1.15, this policy level is computed
by weighting the median preferred policy of each state at the new state-probability (pp =
~p). Assume that the difference between the state-probabilities is captured by e. Then,

when both the promised and the internal policy are compared:
po—pp =17+ (1 =mn)3” = [(mx + 7 + (1 =y — )77 = (AT (1.17)

where ¢ € [—my,1 — my] is the politician probability-state belief over the individual
probability-state belief; and AE’A = 4B — 54 indicates the difference between most
preferred policies across states.

Notice that both use the median preferred policy of each state weighted at different
state-probability. We reduce the difference between both as the difference between state-
probability times the distance between social and politician most preferred policy at each
state. Given there is no difference among individuals with respect to this last term,
internal pressures could distort both equilibriums by assigning a non-zero parameter e.

Later, we have developed the equilibrium when the politician implements the

external policy. If we do not consider internal pressures (my = 7p), the difference between
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the promised and the external polices will be:

(1=5) 5 _
e +nd %P ey )
c+ nd% c+ nd%

Po —PF =N — (1.18)

Notice that the lobby characteristics influence the difference between both policies.
Specifically, lobby maximizer profit policy (¢) and variation revenue (c) sizes in the
distortion of external pressures in the promised policy. For example, the existence of
distortion is generated by the maximization problem of the lobby at a policy not equal to
the median most preferred one, being magnified by the revenue variation. In other words,
from the fact that the lobby maximizes at a different policy level, their bargaining power
will be reduced at their revenue variation.

Under the consideration of the external pressures, we will observe the potential
effects of combining both pressures under pr as the set of final implemented policy in
a legislature. In this case, we assume that both the politician receives an impact in
the state-probability belief (my # 7p) and there is a lobby in the game. By comparing
promised and final implemented polices:

v +nd 05 e ) bR (2]

Do —PF = YN — - = -
c+ nd—(lﬁﬁ) c+ nd—(lﬁﬁ)

The difference between the promised and the final implemented policies is reduced
to the weighted average of two factors: distance between the social most preferred
policy at population state-probability and maximizer revenue policy level, 75 and v; and

the variation of state probability belief in social most preferred policies between states,

e(Af’A). Each term is weighted by ¢ and nd(lgﬁ ) respectively.

Although individuals share the same utility functional form, they are heterogeneous
with respect to the most preferred policy. In other words, any deviation in the final
implemented policy compared to the promised one does not generate the same shock in
all individuals. Consider an individual ¢ that prefers most the policy level 4;. When the

individual ¢ observes the final implemented policy pg, their expected utility function will

change in relation to the promised policy p° as:

Elui(pr)] — Elui(po)] = d [(’71 - p0)2 - (3 — pF)Q} (1.20)

At pp, an individual ¢ will receive an impact in their expected utility level equivalent to

Elu;(pr)] — Elu;(po)]. In this case, if an individual will increase their expected individual
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utility at the final implemented policy, it will be since their most preferred policy is

quadratically closer to the final implemented policy than the promised policy, (7; —pr)? <

(% — po)*.

It supports that the shock of the final implemented policy in the individual
utility function will depend on the location of the individual most preferred policy. Notice
that the individuals with 4; = 4y receive a negative impact in their utility function when
the final implemented policy differs from the promised one, since it is the where the utility
function is maximized.

From the previous section, individual trust in the national parliament was defined

as a function that shapes:

Ti(yv) = Pr <E[Uz‘(pF)] > E[Uz‘(po)]‘%/)

In a few words, individual trust in national parliament is described as the likelihood of
obtaining a higher individual utility with the final implemented policy than the promised
one. From timing, the individuals are informed about their individuals’ parameters (7;),
the social parameters (yy, n and d), and the politician characteristics (3)°, but they do
not have precise information about 1, ¢ and ¢, since it will be revealed in next stages. We
denote 1, as the dummy variable that captures the situation where the expected utility

level of the final implemented policy exceeds the obtained from the promised policy:

1 if Elu;(pr)] > Elui(po)]
0 if Efui(pr)] < Eui(po)]

By considering the previous variable, the trust function for an individual ¢ will be

computed as:

Ti(w) = > 1Pr(pp) = > > > 1Pr(e,v,c)

pr€EP e€€ YeP ceRt
where £ = [—my, 1 — 7] is the domain of €.

Trust is expressed as the probability of those policies pr such that individual ¢ is
better-off. From Equation 1.16, the final implemented policy depends on the existence
of external (¢b and c¢) or internal (€) pressures. Given that individual trust depends on
the final implemented policy affected by both pressures, the individual trust function will
be described as the probability that €, 1 and ¢ weakly improve the individual utility
compared to the promised policy. From this perspective, the individual trust function

could be defined as a Lebesgue measure that computes the probability of improving the

SThere is no difference in the politician characteristics 8 that generates distortions in the electoral
competition framework. In other words, individuals will not consider 3 to cast their votes among parties.
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expected utility from the individual expectations about both pressures.

1.6 Results

Once the individual trust function is defined, it will be exposed under the presence of
internal and external pressure. With analytical purpose, our results will be complemented
with a simulation that replicates the individual trust per different average individual ideal
policy, 7.

This exercise will be supported by a special case of n = 701 individuals with
political preferences depending on the expected state. If the future state is A, their
preference distribution will be uniformly distributed between 0 and %, ya ~ Unif|0, 1—70];
whereas if the future state is B, their preference distribution will be uniformly distributed
between % and 1, vg ~ Unif [1—%, 1]. Population believes that the state A will occurs
with probability 7 = 1, whereas the probability of the state B will be (1 —7) = 3.
In aggregate, the expected political preference is distributed uniformly among % and %
(¥ ~ Unif [2—%, ;—g]) By considering that the individual preference order in the distribution
is equal among states, then AE’A = 4B —~54 will be equal to 13—0 for all agents. Furthermore,
the individual discounted factor is standardized at d = 1. With respect to the pressures,
we will assume state-probability distortion is distributed uniformly between —7 and 1 —,
e ~ Unif[—m,1—7]; whereas there is a lobby, with a maximizer revenue policy uniformly
distributed between 0 and 1, ¢ ~ Unif[0, 1], and has a variation revenue c allocated in an
inverse exponential distribution of degree 1, ¢ ~ inv exp(1). A proper explanation about

how the individual trust is computed in the simulation appears in Appendix as Individual

Trust Simulation.

1.6.1 Internal Pressure

Consider that there is a distortion in the politician’s state-probability belief. Under no

presence of lobby, an individual ¢ will determine their individual trust by determining:
Ti(n) = Pr|(—eADA) [—eAD4 +2(3y — 4:)] <0 (1.21)

The individual knows their own political preference, 4;; the most social preferred
preference, 7y ; and the difference between the most preferred policies among states, Af’A;
but their individual trust will depend on the expectation of state-probability distortion.

Notice that the previous individual trust function depends on an inequality that is satisfied

42



if the state probability distortion is allocated among € € [O, M} for (ynv — ;) > 0;

B.A
A5

and € € {—M,O} for (n — %) < 0. Then:

A4
5
Definition 2 A favorable internal pressure is a state probability distortion € located

in the interval:

o cc [0’ mm{QﬁN——%), 1-— WN}:| for individuals that satisfies (Y — ;) > 0.

B,A
A'T/

e cc {mam{%ﬂ), —WN}, O] for individuals that satisfies (Y — ;) < 0.
el

From the definition, a favorable internal pressure satisfies the policy set identified

in the inequality of Equation 1.21 and considers the state-probability distortion domain

E = [-mn,1 —7y]. In this scenario, a favorable internal pressure increases the individual

expected utility level, since the state-probability distortion generates a political movement

towards their most preferred policy level. From this perspective, the individual trust

function could be reduced as follows:

5

( i — —
Pr (e € O,min{%, 1— WN}:|) if yn > 7

Ti(yv) = § Pr(e=0) if v =%

Pr (EE max{%,—mv}ﬁ]) if yv <
(

5

Notice that the individual trust will depend on two different facts: the distance between
individual and social most preferred policy (yn — 7;) and the impact of the states in
the most preferred policy Ai? 4. First, individuals with their individual most preferred
policy different from social one will increase their individual trust since a potential
favorable state-probability distortion could induce the politician to implement a policy
closer to their most preferred policy. Furthermore, the impact of the states in the political
preference sizes the shock of state-probability distortion in the individual trust function.
For example, when the difference is small, individual trust will increase since the most
preferred policy will be invariant between states, allowing any movement of the final
implemented policy towards such level to be favorable for the individual trust. Otherwise,
when the impact of the states becomes larger, then the most preferred policy will depend
on the states, being susceptible to the states under any variation in the final implemented
policy.

Figure 1.1 contains the individual trust behavior depending on the average
individual’s most preferred policy. For those individuals who are far away from the social

most preferred policy, their individual trust level equals 0.5, since it equals the probability
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Figure 1.1: Effects of internal pressure on individual trust.

of obtaining favorable state-probability distortion. For example, those located at the left
of the social most preferred policy need a negative state-probability distortion in order to
increase their utility level. For those individuals whose most preferred policy is closer to
the social most preferred policy, their individual trust level will depend on the probability
of getting a favorable state-probability distortion. As an illustration, an individual whose
average most preferred policy is located between both grey dashed lines will show a lower
individual trust since a larger favorable state-probability distortion could reduce their
individual expected utility level”. Last case, the individual located at the social most
preferred policy reveals an individual trust level equal to 0, since the potential presence

of a state-probability distortion will reduce their expected utility level.

1.6.2 External Pressure

Now, consider only the presence of the external pressure, excluding any effect coming from
state-probability distortion. Notice that the population and the politician share the same
state-probability belief; but, a lobby characterized by their maximizer revenue policy, ;

and their variation revenue parameter, ¢, has incentives of suggesting a policy to the

"The location of the dashed lines is determined by observing when the improvement region exceeds
the domain of state-probability distortion. In our case, given the distribution of the state-probability

distortion, when an individual is characterized by either —7 < —Q(ZNBTJ” or —Q(ZN;A%) < 1—m, the
Y ol

IS
required state-probability distortion will be any negative or positive value, respectively.
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politician. From timing, individuals do not know precisely the lobby characteristics, but
they can guess that if a lobby appears, the politician will accept their proposal. For this
reason, individuals will expect some distribution with respect to the lobby characteristics.
In this case, under no state-probability distortion, an individual ¢ will determine their

individual trust by:

(F) = Pr c(t) —n)
S

Due to timing, an individual knows their own political preference, 7;; their discount factor,

( v — ) ) +2(n — %)] < 0} (1.22)

c+nd%

d; population characteristics as the size of the population, n; and the most social preferred
policy, ¥n; and the politician factor, 5, that measures the importance of politician about
their own profit. With respect to the lobby characteristics, individuals are able to estimate
them through their expectations. Given the uncertainty of two variables, we translate
the individual trust as the probability that lobby revenue variation ¢, given their lobby
maximizer profit policy v, increases the individual utility level. Notice that an individual

will improve their utility if:

i) At any lobby revenue variation, when lobby maximizer profit policy is allocated
between ¢ € [Yv — 2(n — %), In] for (v — %) = 0 or ¥ € [y, v — 2(7v — )]
for (yn —7;) < 0.

nd 1=5)

ii) When lobby revenue variation does not exceed the threshold —~ O =)

AN—2(AN—7i)—Y when

lobby variation maximizer profit policy is allocated between v € [0, yn — 2(Fn — )]
for (ynv — %) > 0 or ¥ € [v — 2(An — 34), 1] for (Fn — ;) < 0. This situation will
happen when 2(yy — 9;) exists in the domain of 1.

From both situations, we develop the following definition:

Definition 3 A favorable external pressure is the lobby mazimizer revenue policy 1)

located in the interval:
o P = [max{f_yN — 28 — i), O}, "yN} for individuals that satisfies (yn — ;) > 0.
o Pl = [@N,mm{% — 28 — %), 1}] for individuals that satisfies (Y — ;) < 0.

Therefore, a favorable external pressure satisfies the policy set identified in the
inequality of Equation 1.22 and considers the lobby maximizer revenue policy domain
P = [0, 1]. If the individual is better-off at the lobby maximizer revenue policy level, any
convex combination with the social most preferred preference will increase their expected

utility level.
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According to Definition 3, the individual trust is reduced to the following expression:

Pr (¢ € Pp) + Pr(c < cyply) Pr(¢ € [0,9n —2(9n —%)]) i v > %
Ti(n) = 4 Pr (¥ =3n) + Pr(c = 0[¢)Pr(y € [0,79x]) if yv =7
Pr (¢ € PE) + Pr(c<cup|d) Pr(¢ € An —2(n —7%),1]) if v <%

2nd 52 (v i)
where cyp = m.

Individual trust, under the unique existence of external pressure, is affected by
many variables. First, population characteristics as the number of individuals, n; the
policy discount factor, d; and the politician ratio, % All of them have a positive
effect on individual trust function since it increases the variation revenue threshold cypg.
This result comes from the fact that the three factors increase the transfers to induce
the politician to implement the lobby suggestions. Notice that politicians with higher
relevance in their own private gain (5 closes to 1) induce to reduce the individual trust
since it will ease any lobby suggestion at a cheaper transfer. Apart from previous factors,
the individual’s most preferred policy has an impact on the individual trust, depending
on its position compared to the social most preferred policy. In this case, the larger the
distance between both, the larger the effect on the individual trust function. In this case,
individual preferences allocated in the extreme of the policy space will report a higher

individual trust since the variation revenue threshold ¢y g increases.
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Figure 1.2: Effects of external pressure on individual trust.
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Figure 1.2 contains the effect of external pressure on individual trust. There are
three blue lines that characterize the effect of external pressure with different politician
own-profit relevance parameter. For solid lines, the parameter is = 0.001; for dashed-
dots lines, 5 = 0.991; and for dashed lines, § = 0.999. Additionally, it is shown a grey
dashed line that represents when the individual trust becomes constant.

There, it is estimated the effect of external pressure on individual trust levels at
different politician own-profit relevance parameters. From low levels of this coefficient,
£ = 0.001, individual trust remains unchanged among the population. At this parameter
level, the politician utility is mostly based on the social welfare level achieved by the
finally implemented policy; making costly the transfer level that the lobby should provide
to the politician to implement their suggestion. Given that there is a low likelihood of
accepting a proposal, the individual whose most preferred policy is the social one will
set their individual trust at 0. Increasing the politician own-profit relevance parameter
at a higher ratio, as § = 0.991, reduces the individual trust below 0.5 for individuals
where their most preferred policy is closed enough to the social most preferred policy.
Notice, in this case, that the politician utility is mostly based on their own-profit level
achieved by the finally implemented policy; allowing lobbies to persuade the politician
to implement their suggested policy since optimal transfers are feasible. But, when the
politician cares purely about their own-profit level, when 5 = 0.999, the individual trust
will depend on the probability of identifying a favorable lobby variation revenue, ¢; and
the maximizer profit policy level, . In other words, attracting politicians to accept
lobby proposals is costless, due to the propensity of the politician to consider more their
own-profit level, inducing lobbies to suggest the final implemented policy. Notice that out
of the set limited by the grey dashed lines, there are the individuals where individual trust
achieves the maximum level. In this case, their individual trust level will only depend on
the probability of finding a lobby with a maximizer profit policy level closer to the most
preferred policy than the social one (|3 — ¢| < |5 — Yn|).

1.6.3 Internal and External Pressure

Now, consider the effect of both pressures on the behavior of the individual trust. In
other words, the politician is able to perceive a different state-probability belief than the
population one; and/or there could exist a lobby that suggests a different policy to be
finally implemented. Then, under the existence of both pressures, an individual ¢ will set

their individual trust as follows:
Ti(Yn) =
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From timing, individuals know all variables except the state-probability distortion and

lobby characteristics, as their revenue variation and maximizer profit policy level. Given

the uncertainty of the three variables, their expectations will determine the individual

trust level. Under this situation, an individual will improve their utility if:

i)

ii)

iii)

iv)

At any lobby variation revenue, there are a favorable state-probability distortion and
a favorable lobby maximizer profit policy. In this case, both variables will increase

the individual utility level compared with the promised one.

At a non-favorable lobby maximizer profit policy, the lobby variation revenue is

smaller and there is a favorable state-probability distortion. Specifically:

e When there is a non-favorable lobby maximizer profit policy on the left

side. The lobby variation revenue must be non-negative and lower than
nd1=8) (CAB’A)

B Y

(¥Y=n)

e When there is a non-favorable lobby maximizer profit policy on the right

side. The lobby variation revenue must be non-negative and lower than
[nd 2] 2(3n =) +ea 4]
[(p—N)+F2(An —74)] ’

Then, if the lobby variation revenue satisfies one of the previous cases, the finally

implemented policy will improve the individual utility level.

At any non-favorable state-probability distortion, the lobby variation revenue is
greater and there is a favorable lobby maximizer profit policy. Specifically:
e When there is a non-favorable state-probability distortion on the left side. The

ndUZE (ea )
(¥=n)

lobby variation revenue must be non-negative and higher than

e When there is a non-favorable state-probability distortion on the right

side. The lobby variation revenue must be non-negative and higher than
[nd%] [2(’7N—’_Yi)+€A$’A]
[(b=AN)+2(Fn =7i)]

Then, if the lobby variation revenue satisfies one of the previous cases, the finally

implemented policy will improve the individual utility level.

At any non-favorable state-probability distortion and lobby maximizer profit
nd 1=8) (eAB’A>
B Y

=) and

policy, when the lobby variation revenue is between
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improve the individual utility level.

Under this situation, the lobby variation revenue will

From previous cases, the individual trust function as the probability that lobby variation
revenue, ¢, improves the individual utility level with respect to the promised policy,
conditional on the expectations of state-probability distortion € and lobby maximizer
profit policy :

Ti(yn) = » Y Pr(c € Ctle,v)) Pr(e)Pr(y)

€€ YeP
where C is the domain of ¢ that improves the individual utility level with respect to the
one evaluated at the promised policy, specified previously (enumeration from i to iv).

The determination of individual trust function will depend on the lobby variation
revenue characteristic that could offset the potential distortions in the state-probability
and the lobby maximizer profit policy. Observing the main factors that determine the
range of C, we observe that the number of individuals, n; the discount policy factor, d; the
politician ratio, (1;#5); and the difference between most preferred policies among states,
Aff 4 have a positive effect on the lobby revenue variation threshold levels, increasing the
influence of state-probability distortion on the individual trust. Then, any variation in
these parameters could alter the effect of both pressures on individual trust. Furthermore,
it is required to mention the effect of the distance between social and individual most
preferred policy. For example, a reduction in the difference reduces the difference between
both thresholds, decreasing the possibility of increasing the utility level when the state-
probability distortion and the lobby maximizer profit policy are disadvantageous.

Figure 1.3 shows the effects both internal and external pressure on individual trust.
There are three blue lines that characterize the effect of external pressure with different
politician own-profit relevance parameter. For solid lines, the parameter is § = 0.001; for
dashed-dots lines, 5 = 0.991; and for dashed lines, g = 0.999. Additionally, it is shown a
grey dashed line that represents when the individual trust becomes constant.

There, it shows the individual trust under the presence of both pressures, under
different politician own-profit relevance parameter. First, when this coefficient tends to 0
(e.g. f=0.001), the individual trust will depend only on the effect of internal pressures,
since convincing the politician is expensive. At this parameter level, the politician utility
function is highly affected by the expected social welfare, increasing the level of transfers
that politician would accept in order to implement the suggested lobby policy. This
effect generates that individual trust function depends on the state-probability distortion,

generating a curve similar to Figure 1.1. By increasing the politician own profit relevance,
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Figure 1.3: Effects of both internal and external pressure on individual trust.

the individual trust does not change until we achieve higher parameter level. Specifically,
at = 0.991, there is a reduction in the individual trust for those individuals closed to the
averaged most preferred policy, 7y = 0.5, since cost of convincing politician to implement
the lobby suggested policy reduces. The effect of politician own-profit relevance on the
individual trust continues until we achieve the last result, where this parameter get closer
to 1. There, g = 0.999, the politician utility function depends on their own-profit, being
costless for the lobby to implement their suggestion as the final implemented policy.

In this section, the effect of pressures on individual trust is exposed. First, we
started with internal pressure, where generates differences in the individual trust level
among individuals whose most preferred policy is closer to the social one. Additionally,
we have detected the factors that stress the variation of individual trust. Later, we have
represented the effect of external pressure on individual trust is analyzed. There, the
individual trust is affected by the expectations regarding the lobby maximizer revenue
policy, ¥; and their variation revenue parameter, c. We observe that those politicians
with a higher degree of own-profit relevance reduce the overall individual trust for the
population where their most preferred policy is closer to the social one. Finally, when
both pressures are combined, individuals are susceptible to more factors that affect
their individual trust. Precisely, increasing the own-profit relevance parameter from the

politician will “erode” the individual trust of the population whose most preferred policy
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is closer to the social one. In other words, this parameter will scale the effect of the
internal pressure (against the external one). For example, for those politicians that care
about social welfare, § — 0, will increase the influence of internal pressures on individual
trust. However, those politicians that rely on their own-profit 5 — 1, will increase the

effect of external effect on the individual trust.

1.7 Conclusion

This research provides a theoretical perspective on trust in national parliament, where
individuals, given the winner policy level in electoral competition, identify the probability
of obtaining, at least, an equal or higher outcome at the end of the legislature. With
this purpose, we have defined the equilibrium in electoral competition and observed
the potential effects of internal and external pressures in the final implemented policy.
Starting from the internal pressures, the politician reveals a state-probability belief
different from the population one. Under this situation, the politician will implement a set
of policies that maximizes their own utility. With respect to the external pressures, the
politician gets information about the lobby proposal, which it contains the proposed policy
level and the utility transfer that will obtain if their suggestion is finally implemented.
When a lobby proposes a policy, it will choose the level that maximizes its own profit
function, considering the potential transfer. Last is necessary for the acceptance of
the politician. According to these two pressures, the politician determines the final
implemented policy that could differ from the promised one under electoral competition,
affecting the individual trust function. Given the sequence of the game, and according
to the individual most preferred policy, their level will depend on the expectation of the
politician state-probability belief and lobbies characteristics.

From our model, we have observed that the final implemented policy equilibrium will
be a convex combination between the most preferred policy at politician state-probability
and lobby maximizer revenue policy level. Both will be averaged by the social and lobby
characteristics. Whereas the former includes the number of individuals in the society, the
policy discount parameter, and the politician ratio (representing the ratio between the
relevance of expected welfare over the relevance of private gains in their utility level), the
latter includes the lobby variation revenue parameter. In order to accept the offer, the
lobby will compensate the politician by transferring the politician loss of accepting the
offer.

After defining the trust in national parliament as the function that captures the
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likelihood of increasing the utility level in relation to the promised policy in electoral
competition, we observed how it is affected by the presence of internal and external
pressures. We concluded that the difference between most preferred policies among states
could increase the inequality of individual trust through internal pressures, whereas the
number of individuals, the policy discount parameter, and the politician ratio increase
individual trust through external pressures. Additionally those politicians that mostly
care about their private gains, § — 1, reduce the individual trust for those individuals
close to the median most preferred policy. When we combine both pressures, it magnifies
previous results. As a result, individuals are subject to two pressures that will result in a
reduced utility level.

Our main goal was to understand the potential factors that determine individual
trust in national parliament. Thanks to the contribution of many different papers,
we have been able to explain which factors could affect individual trust in national
parliaments. We believed that this research could help to provide a theoretical explanation
in many empirical pieces of research that aims to explain the trust in national parliament
variations. Even, a potential future research is proving such trust in national parliament
behavior in real data, as the one offered by the European Social Survey. If we consider
that internal pressures are common among all countries, due to the strong networks in
this globalized world; then the external pressure will result from a comparison analysis of
trust in national parliaments.

As a policy implication, we have shown potential mechanisms to prevent deviations
from promised policy. For example, the existence of a public lobby that protects this
policy level through a higher enough variation in revenues, ¢, could balance the changes
in state-probability belief or external pressures from lobbies with proposals different from
the promised policy. In addition, as we have observed from many different pieces of
research, the effect of media on trust in national parliament will exist through changes
in population state-probability belief or their expectations concerning the existence of
internal and external pressures. In other words, media is able to influence individual
expectations to generate a future effect on the electoral turnout, through a reduction in
the trust in national parliaments and increasing the cost of voting. And with this last
effect in mind, trust in national parliaments has a potential effect in the electoral systems
through its turnout. Due to this consequence, it is important to precise the potential

conditions that affects any variation of such variable, as it is done in the current chapter.
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Chapter 2

Too little clean air.
Existence of the Green Paradox under
changes in the preference for energy.

(with Dr. Bipasa Datta)

2.1 Motivation

It is now widely acknowledged that the reduction of accumulated C'O; from the process
of obtaining and using fossil fuel has become one of the prominent features that countries
have aimed to solve in the next years. According to conventional economic theory, there
exists a wide range of potential policies that could reduce the incentive to generate such
negative externalities, where most of them promote the internalization in the economic
decision of agents (Coase, 1960). Despite the fact that these concepts are well understood
and analyzed in the literature, Sinn (2008b) identified that imperfect policy designs worsen
both environmental and welfare outcomes. Specifically, it is stated that: “if suppliers feel
threatened by a gradual greening of economic policies that would damage their future prices;
they will extract their stocks more rapidly, thus accelerating global warming”. However,
as mentioned in Di Maria et al. (2014), “the literature virtually ignores the demand side
of the resource market”. Indeed, they explained the difference between the use of the
distinct types of energies attain to their marginal extraction cost or restrictions of their
use, concluding that the demand-side does not affect the neglected consequences of an
imperfect environmental policy.

Presumably, in accordance with the theoretical frameworks, there is coordination
in imposing demand-side policies. As an example, policy-makers have begun to establish
Avoid-Shift-Improve approaches to minimize the use of fossil fuel in favor of less polluted
energies!. The intention of such type of policies is to induce the population to choose
the alternative that reduces their impact on the environment and forms, consequently,
stronger preferences for the use of clean energy. Apart from these incentives, it exists a

huge academic contribution that shows that there is an increasing level of awareness of

'For more information, see Santos et al. (2021)
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the use of renewable energy 2. It is possible that the main factor is the political activity by
promoting greener alternatives, but it could be also influenced by the justice considerations
in a country (Tabi and Wiistenhagen, 2017); by the younger generations perspective about
green technology (Tranter, 2011); by the more environmentally orientation of women
than men (Ramstetter and Habersack, 2020); or by the political preference (Karlstrom
and Ryghaug, 2014). The influence of socio-demographic characteristics appears to be
important in individual acceptance and, some of them, show that the social awareness
of clean energy will rise in the future. Although policy-makers could have incentives
of designing political strategies to prevent the accumulation of carbon dioxide, the
major contribution of the social preference change could be attributed to the natural
circumstances.

In the Agenda 2030, the United Nations General Assembly has committed to
improving world welfare by achieving certain specific goals that promote peace and
prosperity for people and the planet. Among their 17 Sustainable Development Goals
(SDGs), the 13 SDG is attributed to these goals that mitigate the climate change
impacts. Specifically, through the 13.2 SDG, it persuades the “integration of climate
change measures into the national policies, strategies, and planning”, intending to reduce
the greenhouse gas emissions per year. Furthermore, the 13.3 SDG, it promotes education
and awareness-raising on climate change mitigation, by stimulating countries to educate
the population about sustainable development. In other words, United Nations General
Assembly has aimed to internalize directly the environmental status of countries in the
policy-maker decisions, promoting, at the same time, the increasing preference towards
the use of renewable energy. Indeed, the international institution has included, as the 7
SDG, the increase of the affordable renewable share in the total final energy consumption.
In principle, if policy-makers and the population consider the reduction of greenhouse gas
emissions in their strategies or decision of consumption, respectively; then, affordable
renewable energy will help them to achieve their desired goal. However, if we consider the
supply perspective, there are a few questions that emerge from previous statements. For
example, does the reduction in the cost of renewable energy halt the extraction of fossil
fuel resources from the supply-side? Or, to what extent could an “affordable” clean energy

prevent a rise in greenhouse gases? Nevertheless, the reduction in costs of a “preferred”

2There are many empirical analyses about the public support in renewable energy as Firestone et al.
(2018) that shows that there is an acceptance in US regions for the wind projects; Tabi and Wiistenhagen
(2017) where they analyze the factors that influences the social approval of hydro-power projects in
Switzerland; Strazzera and Statzu (2017) showing the social acceptance in Photovoltaic and Building
Integrated Photovoltaic technologies among different Mediterranean countries; and Sengers et al. (2010)
studying the support for green energy technologies in Furope.
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clean energy could stimulate the suppliers to reduce the price of fossil fuel resources, by
revitalizing the extraction of such type of energy. Therefore, if the intention of the United
Nations General Assembly is reducing the accumulation of C'Os in the atmosphere, do
their policies have a counter-factual effect and induce an augment of the emissions of
greenhouse gases, provoking the existence of the so-called Green Paradox?

Our paper helps us to understand the emergence of the Green paradox when demand-
side policies are established. This concept was defined by Sinn (2012) as the contradictory
effect of green environmental policies that contribute indirectly to the acceleration of
resource extraction. In specific, the contribution supports that, for the existence of the
such phenomenon, the supply needs to react under the influence of a preferred imperfect
substitute energy. The size of the previous response will depend on different conditions,
such as, for example, the relative cost of renewable energy production and the market
power of suppliers. In order to prove the previous contribution, we have set a two-
period market model where both renewable and non-renewable energies are traded at
each period of time. First, we consider that population (or consumers) is represented
by their inclination to the use of renewable energy. And second, we assume that firms
produce both types of energy and keep to maximize their two-period time profit function.
After describing the concept of competitive equilibrium and identifying in our model, we
stress the market outcome by stressing the consumer’s preference for the use of renewable
energy.

As a first result, we have detected that, if the economy is not able to exhaust all
their resources, the exogenous shock generated in the consumer preferences contributes
positively to environmental welfare, if and only if, it does not induce the incorporation
of renewable energy as an alternative source. Otherwise, the presence of a substitute will
stimulate the extraction of fossil fuels, producing a rise in the current level of emissions.
Additionally, if the cost of the alternative is relatively cheaper, it will extend the increase
of emissions for the next periods, being able to worsen their net present value.

As a second result, we have observed that, if the economy is able to exhaust all
their fossil fuel resources, the exogenous shock generated in the consumer preferences will
anticipate the extraction of fossil fuel to the current period. Even, the introduction of
renewable alternatives will anticipate quickly the level of extraction. However, this result
is subject to the extraction of fossil fuel in a discrete period of time, not allowing to
postpone their decision extraction in even more future periods.

Apart of these results, we have detected that perfectly competitive markets are

the ones that concentrates higher levels of extraction, when it is compared to monopoly.
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This result holds also for current periods of those economies that fully exhaust their
resources, observing a higher drop in future periods. However, under introduction of
renewable energies, monopoly are susceptible to observe a higher increase in extraction,
as an optimal price strategy. Additionally, we have observed the potential effect of these
market structures in welfare.

A deep analysis of our previous results will be explained as follows. We will start
with a description of the literature in section 2.2. Later, the framework will be introduced
by detailing the different players and their respective roles in section 2.3. With an
introduction of the potential effects of more green preferences in the amount of polluting
energy in section 2.4, the competitive equilibrium will be identified in section 2.5, where
different scenarios will be studied. First, we consider perfect competitive markets in
subsection 2.5.1, whereas the market-power will be established, in form of monopoly,
in subsection 2.5.2, with a detail comparison in subsection 2.5.3. Finally, section 2.6
describes, in detail, our results, providing some political implications and future research

to consider.

2.2 Literature Review

Although it is complex to identify the origin of the enormous interest in the effectiveness
of climate change policies, one could start with the discussion of Bohm (1993) with respect
to the optimal alternative policy to deal with the phenomenon of carbon leakage. This
concept was perfectly described by the model from Hoel (1994), where a group of countries
cooperates to decide the optimal tax rate of production and use of fossil fuels. Depending
on its size, a cooperative group may induce an increase in emissions from the non-
cooperative countries (carbon leakage), since the reduction of the supply generated from
the tax could rise their incentives to increase the current extraction. As a finding, Hoel
(1994) showed that the sum of the optimal tax rate of production and use of fossil fuels
were equivalent to their external marginal cost (Pigovian rate). Additionally, the optimal
mix of supply and demand policies will depend on their respective elasticities. Following
this model, Harstad (2012) shown that a potential first-best outcome to deal with climate
change is the acquisition of the resources at the highest cost from the cooperative group
of countries and keeping them permanently out of extraction.

However, if we return to Bohm (1993), there is explained the relevant role of
supply-side policies to deal with climate change. This set of policies, aimed at reducing

the production or extraction of fossil fuels (but not their use), results in a lower price
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sensitivity than, for example, reducing the demand for this resource. In this research, the
authors have detected that a coordinated policy where the supply and demand of fossil
fuels are reduced equally could prevent a fall in both market prices and producer profits.
At the same period of time, Sinclair (1992, 1994) defined the concept of non-renewable
as the type of resource where their fundamental decision is not how much to produce
but when to extract it, as it occurs with fossil fuels. Apart from this concept, it was
observed that if an ad-valorem non-renewable resource tax declines over time, owners or
suppliers could postpone their extractions, reducing the potential current emissions. This
result was subject to some assumptions as a specific production functional form where
damages appear multiplying; pollution stock does not decay; and fossil fuels (as capital
and oil) are substitute inputs in the Cobb-Douglas function. Thanks to Sinclair (1992,
1994), there started to appear many contributions around the concept of non-renewable
resources °, helping the literature to understand that, at each point in time, the optimal
price of emissions should be similar to the present value of the marginal damages of future
emissions (Hoel, 2011b, van der Ploeg and Withagen, 2012).

From these insights about the effectiveness of climate change policies, academics
attain the potential externalities of controlling the economical behavior around fossil fuels.
They recognize that some climate change policies, intended to mitigate carbon emissions,
might actually induce profit-maximizing fossil fuels owners to precipitate the extraction of
their resources. Due to the contradiction of policy-makers intentions, Hans- Werner Sinn
assigned the name of “Green Paradoz” in his academic book Sinn (2012)%. Under the
design of climate change mitigation programs to prevent emissions, the political tentative
of reducing demand would diminish the incentive to use fossil fuels since the social cost
of polluting is considered in the benefit function of suppliers. But, when a dynamic
framework is under review, in conjunction with their discounted value, the firms would
be more partial to extract in current periods rather than future ones. By attaining in the
emissions generated from the production and consumption of non-renewable resources,
Sinn (2008b) argues that the overall level and the timing of greenhouse gas emissions do
matter in evaluating the size of climatic change and their cost in the aggregate economy.
Another aspect that must be considered when we determine the effectiveness of climate

policy is the overall time path of extraction of fossil fuel sources. For instance, if policy-

3For example, Chakravorty et al. (2006) where their model deals with the ceiling with respect to the
total amount of emissions; Chakravorty et al. (2008) where they focus on the order of extraction among
non-renewable resources, detecting that their level of pollution must not be a determinant of such order;
Ulph and Ulph (1994) who argues the findings identified by Sinclair (1992, 1994), showing an optimal
different tax rate path under some conditions; or Tahvonen (1995) where it explains the differences of
optimal pollution control depending on the global warming damage functional form.

4Important to consider his previous work in Sinn (2008a) and Sinn (2008b).
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makers focus on reducing the demand for non-renewable resources, without interrupting
the cumulative supply, it will lower the price for fossil fuels in the short run, increasing
their emissions and non-affecting the cumulative level. Under the previous logic, Hoel and
Kverndokk (1996) and Sinn (2012) state that to mitigate the emissions of non-renewable
resources, a potential reduction of the discounted value of profits for resource owners in
the short run would induce them to postpone the current extractions.

In one of their academic papers, Sinn (2008b) discusses the potential alternatives to
deal with global warming when the fossil fuels supply does not react. As an alternative,
the author analyses the demand reduction strategies, a type of policy that affects directly
the demand for non-renewable resources that involves a decrease in the market price of
fossil fuels. Another relevant aspect is the neoclassical optimal growth model with global
warming externalities, where it does not include an alternative resource. Sinn (2008b)
argues that those resources are represented intrinsically in the demand of fossil fuels,
for the imperfect substitute ones; or generate a political opposition since some of them
use many resources, for the perfect substitute ones. But, the supply-reduction strategy
analyzed is the carbon tax, a policy politically infeasible. From this motivation, some
academics, such as Tahvonen (1997) or van der Ploeg and Withagen (2012), start including
the use of backstops as an alternative to fossil fuels, to analyze the demand-reduction
strategies and potential policies that emulates the effects of first best policies®.

The notion of the Green Paradox was extended in Gerlagh (2011), where the
effect of low-carbon energy sources and their imperfect substitutes were introduced in
the conventional models. Among the different scenarios that he idealized, the author
identified two common trends: the weak and strong Green Paradox. The former occurs
when a certain climate policy encourages fossil fuel owner firms to extract faster resources,
raising, in this manner, the current emissions. The latter appears when the strategies of
policy-makers rush the exploitation of the last unit of fossil fuel resource, increasing the
net present value of cumulative damages from global warming. In order to illustrate them,
Gerlagh (2011) shows that when there are the assumptions of marginal extraction costs are
constant over time and independent of the resource stock, and the supply of the backstop
energy is unlimited; a reduction of the price of a perfectly substitute clean technology will
generate the existence of both the weak and the strong Green Paradox. But, under the
linear demand assumption, when extraction costs linear increasing in cumulative supply

are considered, only the weak Green Paradox appears. Nevertheless, when linear demand

SWhere it imposes at each point of time a tax emission that equals the capitalized value of the stream
of marginal damages of emissions. See Hoel (2011a) and van der Ploeg and Withagen (2012).
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and constant extraction costs are supposed, if the minimal of the increasing marginal cost
of the substitute is lower than the extraction cost, then both types of Green paradox do
not arise.

In the last decade, many climate change policies were examined to comprehend their
relationship with the existence of the Green Paradox. Most of the principal studies were
focused on the supply-side, for several reasons. First, the decision of exploiting fossil
fuel resources is directly linked with the optimal firms strategies. Another reason, as
mentioned previously in Sinn (2008b), is the favorable shifts of the fossil fuels demand
(intended to reduce the amount of resources) lead to a decrease in the market price,
motivating a rapid extraction of resources from fossil fuel owners.

One of the topics that captured a big interest in the literature was the effects of fiscal
policies on the fossil fuel market behavior. Hoel (2012) studies the sensitivity of emissions
to the carbon tax level that depends on the behavior of extraction costs. As a finding, they
identified that increasing extraction costs with a larger range of carbon tax growth could
postpone emissions. Grafton et al. (2012) studies the effect of subsidizing alternative
energy on the extraction path of non-renewable energy. They identified that smaller
demand elasticity will reduce the increase in initial extraction, being smaller the change
in the exhaustion time. If we focus on the effect of unilateral caps in the extraction of fossil
fuels, Eichner and Pethig (2011) showed from their 2-period and 3-countries model that it
could increase global emissions during the implementation period. The authors split the
demand into two different parts, where one captures the amount of resources required to
produce a certain amount of good (named as intertemporal elasticity of substitution), and
the other the distribution among abating and non-abating regions (expressed as elasticity
of demand of the resource). From this analysis, they conclude that a sufficiently lower
intertemporal elasticity of substitution or a sufficiently higher demand elasticity for the
resource is crucial for the existence of the Green Paradox.

Another aspect that might influence the appearance of the Green Paradox is the
delayed time between the announcement and implementation of a climate change policy.
Sinn (2008b) observed that the announcement of a rising in the carbon tax could induce
fossil fuels owner to extract their resources quickly, anticipating future emissions and
worsening the climate outcome in the short run. A theoretical explanation was developed
by Di Maria et al. (2012), where it designs a simple model with a single resource and
constant extraction cost where an announcement of a climate policy induces an increase
in extraction between their announcement and final implementation, emerging a green

paradox, as proved in Smulders et al. (2012) and Jus and Meier (2015). When they
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extend to multiple resources that differ in their pollution intensity, it tends to replace
them with dirtier ones®. These consequences were corroborated by Di Maria et al. (2014),
who designed the first empirical research for the existence of the Green Paradox. By deeply
investigating the announcement of the cap on sulphur dioxide emissions that occurred in
the introduction of the Acid Rain Program in the United States. From the time series
used in the study, they show a decrease in the price of coal, but there was not much
evidence to prove the consequent increase in the amount of coal used.

Apart from the properties of climate change policies, the intrinsic features of
technology extraction and backstops play a role in the existence of the Green Paradox.
Strand (2007) analyses the likelihood of creating an alternative to fossil fuels, concluding
that technological agreement that makes fossil fuels unnecessary in the future increases
current emissions.” In another study, van der Ploeg and Withagen (2012) identified the
same results for stock-dependent marginal extraction cost for fossil fuels and constant
marginal cost for the alternative energy, but they show that the Green Paradox occurs
if the backstop is sufficiently expensive such that fossil fuels resource is exhausted.® For
the improvement of the backstop technology, Hoel (2009) observe that if it produces at
constant cost clean energy, which is a perfect substitute for fossil fuels, then it would have
Green Paradox effects.” The shape of the marginal cost of alternative energy has been
criticized in the literature. When all researchers have considered a constant marginal
cost of alternative energy production, Chakravorty et al. (2011) have proved that the
greater use of alternative energy will imply an increase in their unit cost of production.
For example, the creation of biofuels requires different grades of land, a fact that implies
an increase in their cost when the production of renewable energy rises. From this point
of view, Van Long and Stdhler (2014) uses both types of energy (renewable and non-
renewable) at the same time. The authors detected that when there is a fall in the
production cost of non-renewables could generate income effects leading to a fall in the
interest rate and an increase in the current extraction rate.

The consequences of the Green Paradox are extended to the demand-side, where

6Gerlagh and Liski (2011) shows the effect of a potential substitute with a time-to-build delay. They
have observed that fossil fuels producers alter the introduction of the renewable energy substitute by
producing more fuel and reducing their price.

"Hoel (2011b) and Hoel (2012) also support the idea that environmental damage appears depending
on the relationship between the evolution of the rise of the extraction costs when total extraction rise.
Furthermore, they show a correlation with the time of the returns to investing in substitute energy.

8When the backstop becomes cheap, there will not be incentives to continue extracting energy from
fossil fuel resources, reducing the effects of the Green Paradox.

9In conjunction with Hoel (2011a), we can understand that in a situation where fossil fuels are cheaper
than their alternative and different countries establishes climate policies at different ambition levels,
climate costs may increase as a result of improved technology of substitute resources and the absence of
an efficient global climate arrangement.
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potential changes in the uses or preferences of both types of energy. Chakravorty and
Krulce (1994) and Chakravorty et al. (1997) help us to understand that the path of
extraction of a certain type of fossil fuel could be altered with or without political
intervention. Given the certain degree of substitution between the different types of fossil
fuels, doing political decisions over certain non-renewable energy could affect the use of
the others. With the interest of analyzing the consequences of subsidies, Grafton et al.
(2012) also analyzes the effect of demand elasticity in the existence of the Green Paradox.
In their results, they show that a lower demand elasticity could reduce the impact on the
exhaustion date of the fossil fuel resource and diminish the increase in current emissions.

It is proved that the extended literature on the Green Paradox is based on the
consequences generated by supply-side policies since their results in the market are quite
ambiguous. But, from our sight, we believe that those strategies based on changes in the
consumer pattern have not been exhaustively analyzed yet, remaining some questions for
future research. For this reason, our model will be based on a two-period model where the
amount of fossil fuel provided where consumers and firms, who supply both renewable and
non-renewable energy, coexist in an economy. With the determination of the competitive
equilibrium, we will observe the potential effects of changes in the consumer preferences

in the potential decision of firms to extract fossil fuels.

2.3 Model

Consider a two-period economy with three different goods: brown, or polluting, energy
(x¢) and green, or clean, energy (y;); and the numeraire good (z;). In period ¢t = {1, 2},
the economy produces all two goods through the multi-supplier firms that simultaneously
produce the pair of output x} and y;, where brown energy is produced through an input e;
of fossil fuel. As a strong assumption, suppose that a unit of brown energy is obtained by
one unit of fossil fuel xj = e;. As a simplicity, understand that each unit of fossil extracted,
generates one unit of emission. For the production of this type of energy, the economy is
endowed with a stock of fossil fuel equivalent to rg. Therefore, at any stage 7 € {1, 2},
the available fossil fuel resources will be equivalent to r, = ro — > /_, e;. At the end of
the last period, the economy will have produced an aggregate amount of brown and green
energy, X = Zle r, and Y = 21:2:1 ys, respectively; where the first will determine the
amount of fossil fuel kept in the ground, ro > X. According to this resource constraint,
it will be said that the economy will fully exhaust all their available fossil fuel resources

if previous constraint is satisfied with strict equality. However, if the resource expression
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hold only with an inequality, showing that all fossil fuel resources are not extracted, then
the economy will have partially exhausted them. Apart of the behaviour of resources,
there are two players that interacts in this economy: multi-supplier firms and consumers.

Suppose there exists a representative multi-supplier firm who is in charge of
producing both types of energy with different cost structures. Starting from clean
energy, where their total cost is equivalent to k(y;), it will be characterized by a positive
marginal cost, k’(y;) > 0, and increasing in the amount of output supplied by the firm j,
k' (yg) > 0'° Additionally, this kind of energy will not be restricted by any exhaustion
constraint. Quite different for fossil fuels, characterized by a total cost equal to c(r;)z$,
where their total cost per unit, ¢(r;), will be a decreasing function of the remaining fossil
fuel on the soil ¢(r;) < 0. According to these characteristics, the representative firm will
seek to maximise the following expression:

mase 1w, 57) = S0 { [pee = clrol 3 + vt — k()] |

8 S
Ty Ty

s.t. 7o is given,
2
thl T <71

Tty Yt SO Vt € {1,2}

(2.1)

In Equation 2.1, it includes the benefit that the representative multi-supplier firm obtains
from trading brown and green energy in the economy, at prices p,; and p,, respectively.
Additionally, we will assume no discount of second-period profits due to the absence of
market rate of interest. As mentioned previously, multi-supplier firm need to satisfy the
resource constraint.

On the other side of the market, there is a representative consumer in the economy
that, each period, derives utility from the energy consumption and the numeraire good in
a quasi-linear manner, Uy (xy, yt, 2¢|0) = u(z, y:|0) + 2. Considering u(z¢, y¢|0), it is strict
concave in their arguments (where u, > 0, u, > 0, u,, < 0 and u,, < 0) and ruled by a
parameter # € (6, 0) that captures the preference inclination of individuals towards fossil
fuels and clean energy. With respect to the quasi-linearity of Uy(xy, yi, 2¢]0), it will allow

to capture any income change only in the demand of the numeraire good '. Additionally:

Definition 4 The representative consumer becomes “more (or less) green”, if after

07t is argued from van der Ploeg and Withagen (2012) that given the McKinsey global green house
abatement cost curve, the shape of the production cost of clean energy must be convex. One of the
potential explanations is the exponential increase in their equivalence to the cost of abatement for those
resources that are less polluted as it could be the comparison between cars aerodynamics, wind energy,
or solar photovoltaic panels.

1 As a simplicity, consider that this numeraire good is supplied in the economy without any production
and its price, or value to obtain it, is equal to 1.
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perceiving a change in their utility function, from U to U’, their evaluation for a certain

bundle {xo,yo, 20} results in:

Uz (20, Yo, 20/0) S Us (@0, Yo, 20/0) or Uz (20, Yo, 20/0) < Us (20, Y0, 20/0)
Uy(0,Y0,2010) = Uy(z0, Y0, 2016") Uy(w0,Y0,2010) ~ Uy(20, 0, 20[0")

In a few words, the representative consumer becomes more green if after perceiving

a change in their utility and evaluating the same bundle, then it reveals a greater change

in the marginal utility from clean sources than fossil fuels. By attributing the changes of

the utility function to the preference parameter 6:

Assumption 4 The representative consumer is considered to be “more (or less) green”

for higher (or lower) preference parameter 0.

By considering the representative consumer intertemporal utility function, the consumer
will seek to select the bundle of fossil fuels, renewable energy and numeraire good such

that:
max U (¢, g, 2|0) = Z?:l Uiy, ye, 210)

Tt Yt 2t

s.t. 2321 DTt + Dyl + 24 < H*(I§7 ?/f) (2'2)
Tty Yty 2t Z 0 vt € {17 2}

When consumers face the energy market, they maximize their utility function,
subject to their budget constraint p,,x: + pyy + 2z < (27, y;), where II*(zf, ;) is
the maximum profit of the multi-supplier firm. According to this set-up, consumers will
set their optimal bundle equal to U, = p, and U, = p,."*

In addition, the concept of competitive equilibrium will be required to understand

the potential implications of exogenous variations in the preference parameter ¢ in the

production of both types of energy:

Definition 5 A competitive equilibrium consists of the consumer’s decisions (r1, 2, Y1,
Yo, 21 and zy), the multisupplier firm’s decisions (x5, x5, y; and y3) and prices (pz1, Pz2,

Py1 and pyo), such that the following conditions hold:

1. Given their profit structure, the multisupplier firm’s decision solve the multisupplier

firm’s profit mazximization problem described in Equation 2.1.

2. Given their preferences, the consumer’s decisions solve the household’s intertemporal

maximization problem described in Equation 2.2.

3. The prices py1, Pz2, Dy1 and pyo clear the markets.

12This result is achieved by optimizing the individual utility function for the three different goods,
normalizing the price of the numeraire one at 1.
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In this model, it is said to be in a competitive equilibrium if both consumers and
multisupplier firms optimize their own utility and profit functions, respectively; and
the market is clear under the prices structures achieved between them. However, the
understanding of the Green Paradox will depend on how the climate change externalities

is include in the social welfare. Consider that the social welfare is as follows:

2
Wz, ye, 2¢) = Z U (x4, yr, 22|0) — c(re)me — k(ye) — d (x4)
t=1
where Uy (x4, yt, 2|0) — c(re)xe — k(y:) is the market welfare, whereas d(z;) is the
environmental damage function composed by the aggregate fossil fuel as the argument
x; times the damage parameter d.

Before proceeding with the analysis of the impact of the preference parameter degree
0 in the supply of fossil fuel energy in the market, it will be important to mention some
interpretation about the time structure of the model. Our economy is restricted in two
periods of time, where period 1 could be interpret as the time up to the medium term,
from now on current time, and period 2 as the very long term, from now on future
time. Notice that scientists recommends to avoid the medium term increases in the world
mean temperature, below two degrees Celsius, to stabilise the world climate and prevent
potential damages. Actually, the current aggregate medium term emissions exceeds the
threshold level of emissions set by the scientific approach. It is necessary, as a climate
stabilisation effort, to reduce the world emissions in current period. Apart of the efforts
in supply strategies, it seems that reducing the incentives of using fossil fuel is one of the
most prominent strategy from the demand-side. However, the potential reaction of multi-
supplier firms under this change in the demand of brown energy could have contradictory
effects.

In the following section, the equilibrium will be identified, assessing about the
potential impact of improving the preference parameter degree in the supply of brown
energy in the market. Additionally, it will extend the explanation by considering the
price-taker, later analised in perfect competitive markets, and price-maker condition, later

analised in monopoly, from the multi-supplier firms.
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2.4 Influence of preference parameter in the extraction

of fossil fuel

Consider the competitive equilibrium in the model mentioned previously obtained from
the optimisation problems described in Equation 2.1 and 2.2, and the clearing market
condition. Under any variation of the preference parameter, the utility function will
change their shape because of Assumption 4, moving to another competitive equilibrium,
composed by a different composition of brown and green energy, apart of the numeraire
good. Although any increase of the preference parameter could motivate the consumers
to switch from brown energy to green energy, the response of multi-supplier firms could be
different under the presence of an alternative substitute. Suppose that there is a situation

where an increase in the preference parameter induces an increase in the aggregate supply

1. 98X

, 59 > 0; emerging the aforementioned Green Paradoz. Even, this concept

of fossil fue
could be segregated in two different as Gerlagh (2011). One, the weak Green Paradox
exists if any variation of the preference parameter stimulate a rise in the emissions
in current periods, motivated by a faster extraction of fossil fuel and, consequently,
production of brown energy, % > 0. Other, the strong Green Paradox exists when
the potential effect of the degree preference parameter affects the net present value of
cumulative damages from global warming. Since there is no discount and the effect of
fossil fuel supply in the environmental damage is linear, the strong Green Paradox will
be reflected by observing the variation of the aggregate supply of fossil fuel, as mentioned
previously.

Under the consumer’s perspective, the change in the preference parameter will
change their demand of the goods in the market. Specifically, consumers will identify
their optimal bundle by reaching through brown and green energy an interior maximum:
U, = pyr and U, = p,;'*. According to this condition, the demand of both types energy

will depend on the prices of the market and the preference parameter in the following

manner:

R _
Tt =X Poi, Pyt 0_) Yo = Y (Das > Pyt , )
= @ © = @
where x¢ and y? express the functional form where p, ¢, p,; and 0 are affecting the demand

of brown and green energy, respectively. Notice that the price of the own good will affect

13 This is the first order condition of the problem mentioned in previous section by setting the marginal
utility equivalent to the prices for each type of energy. Notice that the numeraire good price is normalized
at 1 and it will absorb the income effect.

65



negatively to its demand; whereas the price of the substitute good will affect positively.
Additionally, increase of the preference parameter 6 will affect positively to green energy,
whereas negatively to brown ones.

From the other side of the market, multi-supplier firms will reach their interior
maximum by setting the first order condition. In this paper, both price-takers and price-
makers will be under review. According to these considerations, the first order condition
will be reached when the marginal cost of each type of energy and the price (for price-
takers) or the marginal revenue (for price-makers) are equal. Due to the linear quadratic
shape of the utility function, the marginal revenue will depend positively on own prices;
but different with respect to the preference parameter, being positive for brown energy
and negative for green energy. By starting with green energy, the supply will be affected
in the same manner for both types of price setters. First, the green energy supply for

T s,PT(

price-takers will be affected positively by their own prices, ¥, PT y Dyt), Where

s,PT

s,PT
y represents the inverse of the marginal cost function with %y;—t > (0 because of
Y,

the upward sloping of MC function. Whereas, in the case of price-makers, the green
energy supply for price-takers will also be affected negatively by their preference degree,

. . X . 9 s,PM
Dy, 0), due to their influence in the marginal revenue: gtp — > 0 and
Y,

s,PM __ _ s PM
Yt =Y (
8yf,PM
o0

< 0. By considering the market clearance, either using the price-taker or price-
maker condition of multisupplier firms, both will drive us, by comparing with the demand
of green energy, to the an equilibrium consumer price function for renewable energy, p, ;.
Additionally, both arguments p,; and ¢ will affect positively.

Now, consider the fossil fuel demand and substitute the equilibrium consumer price

function for green energy. There is a reduced form of fossil fuel demand, z; = x%¥(p,, ),

8xd (pr,t 79)

ooy < 0. Additionally, consider the choke price for the last unit of fossil fuel

where
extracted and sold in the market: p,; = U,(0,y). At this point, because of the linear

quadratic shape of the utility function, the effect of the preference parameter in the fossil

Bxd(ﬁx,tae)

fuel demand results in: 55

< 0. However, the behaviour of fossil fuel supply will
depend on two different scenarios, depending on the status of their fossil fuel resources in
the next two periods.

First, suppose that multi-suppliers are not able to spend all their resources in the
next two periods: ro > X. In this case, the multi-supplier firm will set their price or
marginal revenue (depending on their price setter condition) equal to the marginal cost
of extracting one unit of fossil fuel, ¢(r;). Notice that depending on the price condition
of multi-supplier firms, their supply will behave different. Similarly to the green energy

?PT — XS,PT(

supply, either using price-taker condition, resulting in x Pat); OF price-maker
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M s,PM(

condition, a:f’P =X Dat,0), they will both react in the same direction under any

variation of their arguments. For example, both z} T and xf’PM will react positively to the
s,PT s,PM o .
fossil fuel prices levels, &‘T(tp””’) > 0 and QXTM > 0. Additionally, the preference

parameter will affect to the marginal revenue, affecting to the supply of price-makers in
a positive sign, W > 0. However, even if the demand incentives the reduction
of prices, multi-supplier firm will keep to diminish the cost of extraction by dropping
the units of resources obtained from the ground, and holding their first order condition.
Potentially, prices could increase under this situation, but the economy will observe a
drop of fossil fuels in both periods. Notice that the preference parameter 6 is able to
determine the level of renewable resources provided into the market. For lower levels of @,
only fossil fuel will be supplied; whereas the simultaneous supply of both types of energy
will occur under sufficient higher levels of #. However, any variation of the preference
parameter that implies the introduction of green energy in the market will motivate a rise
in the extraction and production of brown energy. The main reasoning is the reduction
in prices from brown energy to become competitive with respect to the new alternative
energy. Notice that the substitution effect generated from the presence of such type of
energy will alterate positively the amount of brown energy in the market.

As a second scenario, suppose that multi-suppliers are able to spend all their
resources in the next two periods: rg = X. In this case, the multi-supplier firm will
respect the Hotelling rule between both periods, respecting the full exhaustion of resources
between both periods. Additionally, the economy will reach the choke price at the end of
the second period. Since the increase of the preference parameter will affect negatively to
the choke price, there will be a reduction in the units spend in the second period. However,
it will anticipate the difference in fossil fuel extracted in the first period, holding in this
case the Hotelling rule.

Notice that depending on the capacity of exhausting all their fossil fuel resources,
the economy will face different situations, emerging to some paradoxical situations. As
an illustration, assume an increase of the preference parameter in an economy that is
not able to exhaust all their fossil fuel resources. Under this situation, the amount of
fossil fuel traded into the market will be reduced in both periods. However, it does not
always happen when the more green preferences of consumers induces the introduction
of green energy alternatives. Since there is a new substitute in the market because of
the consumer’s preferences, the amount of fossil fuel in the market will increase in order
to become competitive through prices. Due to the presence of the green alternative

substitute, it will provoke a rise of the fossil fuel extracted in one or both periods, affecting
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to the aggregate level and emerging the green paradox. Per contra, suppose an augment
of the preference parameter in an economy that now is able to exhaust all their fossil
fuel resources because of their capacity. Under this situation, a potential increase in the
preference parameter will rise the current extraction of fossil fuel by reducing the future
one. Notice that the variation will be equivalent, not affecting to the aggregate amount
of fossil fuel extracted. The boost in the first period will contribute to the existence of
the weak Green Paradox.

Once an explanation about the potential effect of the preference parameter in the
extraction of fossil fuel is specified, an illustration will be applied to observe how the
different variables affect the evolution of fossil fuel in the model mentioned. In the next
section, some functional forms will be determined to identify the competitive equilibrium
in the market and, then, observing the potential effect under a change in the preference

parameter degree.

2.5 Competitive equilibrium

In this section, we evaluate the equilibrium path under changes in the preference
parameter different competitive market structures. In order to develop the analysis, the
functional form of the consumer’s utility, the per unit extraction cost, and the total cost

of clean energy sources will be specified:

2 2
Uz, ye, 2)0) = (1 — 0) [a:ct - b%} + 6 [ayt — b%} — 2y + 2 (2.3)
C(ry) = co— c1my (2.4)

2
K (y:) = koye + klé (2.5)

where 0 € (%, 1-— %)14; a, ¢, c1, ko and k; are positive; b > 2'%; and ¢y > ¢ Ry.

Previous Equation 2.3, 2.4 and 2.5 respects the properties mentioned in section 2.3.
Even, the preference parameter respects Assumption 4, allowing us to interpret any
increase of the preference parameter degree as a “more green” movement in the preference
utility of consumers.

Now, with the perspective of fully understanding the behavior of multi-suppliers

firms under any action of the demand-side, the two different types of competition: perfect

14 Required for the concavity of the utility function. By restricting the parameter in this interval, it
will result in a positive definite Hessian matrix.
15Tt will allow having a wide range of preference parameter to analyze
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competition (or price-takers) and monopoly (or price-makers) will be considered to observe
the potential effect of the preference parameter in the amount of fossil fuel supplied and

demanded in the economy.

2.5.1 Perfect competition

Consider that multi-supplier firms face a perfectly competitive market. In this case, they
will keep to optimise Equation 2.1, with the condition that they are price-takers. From
now on, the super-index “PC” will indicate the competitive equilibrium under perfectly
competitive markets. As shown in Appendix: Chapter 2 - Competitive Equilibrium in
Perfect Competitive Markets, the economy will face different situation depending on the

characteristics of consumers and multi-supplier firms:

e No production of energy: It will occur under preference parameter degrees that
satisfies: 0 € (w, kf) In this situation, the competitive equilibrium will be
the no production of any type of energy since it will not result as economically

beneficial for multi-supplier firms.

Ha—ko
0b+k1

e Only production of green energy: It will occur when (1—60)a— < cp—cirg
is satisfied. Under this situation, the production of brown energy is not beneficial,
since the marginal cost of extracting one unit of fossil fuel exceeds the potential

benefit obtained from the supply of brown energy. However, it will be beneficial for

the multi-supplier firm to keep supplying green energy in the market at 3¢ = fa—ko

- 9b+k1’
vt € {1,2}.

¢ Production of brown energy: It will occur when it is beneficial extracting fossil

Oa—ko
0b+ky —

fuel, despite the potential cost that could bring such action: (1 — 0)a —
co — c1r9. However, the simultaneous production of both energies will depend on

the characteristics of the economy:

— Partial exhaustion of fossil fuel resources: It occurs when not extracting
all their fossil fuels resources, ro > X¢, is the competitive equilibrium of the
economy. But, the simultaneity of producing both types of energy will depend

on:

x Only production of brown energy: It will occur if next two conditions

are satisfied:

2(1 =0)b+c; (1 = 0)a — [co — 17
(1—-0)b+ ¢y (1-0)b+c;

(2.6)

ro >
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(1 —=0)a — [co — cimo]
(1-=0)b+

First, it is not optimal for the multi-supplier firm to fully exhaust all their
resources under Equation 2.6. Additionally, as second, it is not optimal
for the multi-supplier firm to provide green energy in the market under
Equation 2.7. In other words, price does not exceed the marginal cost
of start producing green energy. Under this two different conditions, the

multi-supplier firm will produce brown energy in current periods equal

to 27’¢ = %, whereas in future periods, they will produce
—6)a—[co—e1 (ro—aC : :

xl¢ = (1=8)e ([fi a)cbl+(z(1) O )], reducing the amount of fossil fuel extracted

b % compared to the current period.

* Simultaneous production of both types of energy: It will occur if
next condition is satisfied:

[0b -+ k1] [2(1 — )b+ 1] — 1 [0b + ky] [(1 — 0)a — [co — c1ro]] — [Ba — ko)
06+ %y [(1— )b+ 1] — 1 [0+ %) [(1— )b+ ] — 1

ro > (2.8)

But Equation 2.7 is not held. In other words, first, it is not optimal for the

multi-supplier firm to fully extract all their fossil fuel resources. However,

the multi-supplier firm will provide green energy into the market because

the price of this type of energy exceeds the marginal cost of start producing

it. Under this situation, the market will reach the equilibrium by supplying
_ fa—zi—ko

the green energy at y/'¢ = oo vt € {1,2}. Moreover, the amount of

brown energy in the market in the current period will be equivalent to:

10 + k1] [(1 —f)a—[eo — clro]] — [0a — k|
[0b+ k1] [(1 —0)b+ 1] — 1

:El -

Whereas in the future periods will be:

[0b + ky] [(1 — 0)a— [co + c1 (ro — 27C)] ] ~ [Ba — k|
00+ k] [(1— 0)b + ] — 1

PC _
x2 —

Again, the amount of fossil fuel produced and sold into the market in future

[0b-+1][(1—6)b]—1
[0b+k1][(1—0)b+c1]—1

periods will be times lower than the ones in the current

periods.

— Full exhaustion of fossil fuel resources: It occurs when extracting all their
fossil fuels resources, 79 = X¢, is the competitive equilibrium of the economy.

But, the simultaneity of producing both types of energy will depend on:
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* Only production of brown energy: It will occur if Equation 2.6 is not

satisfied and:

%ro > fa — ko (2.9)
First, it is optimal to extract all the fossil fuel resources. Notice that the
firm cannot achieve the level requires if they do not consider the amount
available of fossil fuel. In this case, the optimal extraction strategy will set
by considering the fossil fuel resources constraint. Additionally, as a second
condition, there is no incentive to produce green energy since the price for

the first amount of fossil fuel extracted will not exceed their marginal

cost, Equation 2.9. According to these two conditions, the competitive

equilibrium under this situation will distribute the brown energy in 27¢ =
2((11:99))5,;31.% in the current period, and z£¢ = %7‘0 in the future

periods.

* Simultaneous production of both types of energy: It will occur
if Equation 2.8 and 2.9 are not satisfied. First, multi-supplier firms will
keep fully extracting all their available fossil fuel resources since it will
be optimal. Additionally, as a second condition, the production of green
energy will be beneficial since the potential price for the first unit of
this type of energy exceeds their marginal cost. Under this situation,

the market will reach the equilibrium by supplying the green energy at

yf’C' — Oa—xi—ko

i, Yt € {1,2}. With respect to the amount of brown energy

in the market, the one from the current period will be equivalent to:

po (1= 0)b(Bb+ ki) — 1] + e (8 + k)
T =Bt k) — 1] + er (b + Ky)

Whereas in the future periods will be:

o [(1— 0)b(6b + ky) — 1]
2T A= 0B + k) — 1] + (6D + Ky)

To

In all cases, under the competitive equilibrium, prices for brown and green energy will
be equivalent to pL¢(z{“,y°) = (1 = 0)[a — bx{“] — y/“ and p!'¢ (xf, y[“) = Ola —
byPC] — 2PC. Once the price-taker behaviour of multi-supplier firms are exposed, it will
be analysed the reaction of the competitive equilibrium in our model when multi-supplier
firms act as price-maker entities. As an exercise to reduce the complexities of this type

of market, as for example the strategic behaviour of competitors, the monopoly scenario
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will be considered in next subsection 2.5.2.

2.5.2 Monopoly

Consider that multi-supplier firm behaves as a monopoly in the market. As before,
the super-index “M” will indicate the competitive equilibrium under monopoly markets.
As shown in Appendix: Chapter 2 - Competitive Equilibrium in Monopoly, with the
optimization problem described in Equation 2.1 and under the condition of price-maker,
the economy will face different situation depending on the characteristics of consumers

and multi-supplier firms:

e No production of energy: As in subsection 2.5.1, it will occur under a range
of preference parameter degrees located in 0 € (w, ’Z—O) Remember that the
competitive equilibrium will be defined as the no production of any type of energy
under this situation, due to the lack of economic incentives to produce either one

or both types of energies.

Oa—ko
20b+k1

e Only production of green energy: This scenario will occur if (1—0)a—2 <
co— 17 is satisfied. Under this situation, no production of brown energy is optimal,
since the marginal revenue of supplying one unit of this type of energy does not

exceed the potential marginal cost of extracting it. With respect to the green

energy, it will be produced at yM = 29(;:201, Vit € {1,2}.

e Production of brown energy: The presence of the brown energy in the market
will occur if the potential marginal revenue obtained from supplying the first amount
of brown energy exceeds the marginal extraction cost: (1 —6)a— 2% > co—C1Tp.
But, under this situation, the potential supply of green energy and the level of

resources will depend on the characteristics of the market:

— Partial exhaustion of fossil fuel resources: This situation will occur if
no extracting all their fossil fuels resources, ro > XM, is the competitive
equilibrium of the economy. However, the presence of the green energy will

depend on:
* Only production of brown energy: There are two conditions that need

to be satisfied:

41— 0)b+ ¢y (1 —0)a — [co — c17]
20— 0b+a 2(1—0)b+a

ro > (2.10)
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(1 =0)a—[co—cimo] ~ Oa — ko

2.11
-0+ 2 (2.11)

From Equation 2.10, it indicates that it is not optimal to fully exhaust all
the fossil fuel resources available. Additionally, from Equation 2.11, there
is no incentive to produce green energy since the potential marginal revenue
obtained from the production of this type of energy does not exceed its

marginal cost. Under this competitive equilibrium, the amount of brown

(I=f)a=[eo—ciro]

51— 0)bTer whereas in

energy in the market will be equal to z{/ =

_ (1=0)a—[eo—c1(ro—z1")]

future periods, it will be ) = 20 Forer . Notice that the amount

2(1-0)b

TA-0)orer times lower than in the current period.

of fossil fuel will be

* Simultaneous production of both types of energy: It precises to
hold the following inequality:

[[491) + k1) (2(1 9+ cl) - 8} (20D + 1] [(1 —0)a—[co— cm)]} —2[0a — ko

[[24% + k1] (2(1 —0)b + cl> - 4} [[ggb + ki (2(1 . Cl) B 4} (2.12)

ro >

However, Equation 2.11 is not satisfied. First, it is not optimal for the
multi-supplier firm to fully extract all their available fossil fuel resources.
Additionally, multi-supplier firms will have the incentive of providing green
energy into the market since the marginal revenue of the first unit of this
type of energy exceeds its marginal cost. At the competitive equilibrium,
the amount of green energy will be yM = 9‘12_9%%1’“0, vt € {1,2}. With

respect to the amount of brown energy, in the current period will be

equivalent to:

120D + k1] [(1 —f)a— [ey — clro]} — 2[0a — ko]
[[295 + k] (2(1 )b+ 61> - 4]

M _
xl —

Whereas in the future periods will be:

120 + k1] [(1 —9)a— [eo — (o — x%ﬂ — 2[0a — ko]
[[286 + k] (2(1 )b+ 61> - 4]

M _
x2 —

The amount of brown energy provided in future periods results in

[20b-+F1](2(1—0)b)—4
[20b-+71](2(1—0)btc1)—

; times lower than the ones in the current periods.

— Full exhaustion of fossil fuel resources: It happens when, under the
competitive equilibrium, multi-supplier firms full extract all the available fossil

fuel resources, generating ro = X. However, the types of energy provided in
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the economy will depend on the following:

x Only production of brown energy: This scenario will occur if

Equation 2.10 is not satisfied and the following inequality is respected:

21— 0)b+ ¢4 Ba — ko
ALY
1= 0+ >

(2.13)

From the first condition, multi-supplier firms will identify as optimal
extracting all the fossil fuel resources. Notice that if the firm would not
consider the resource constraint, they would have produced more than
the available fossil fuel resources. In the second condition, Equation 2.13,
multi-supplier firms will not provide green energy in the market, since
the marginal revenue obtained from producing and supplying such type of

energy will not exceed their marginal cost of production. Therefore, the
2(1—6)b+c1

competitive equilibrium will allocate the market with =}/ = =0)bter 0
units of brown energy in the current period, and z}! = %ro units

of brown energy in the future periods.

x Simultaneous production of both types of energy: This last
situation will result if Equation 2.12 and 2.13 are not satisfied. From
the first condition, multi-supplier firm will exhaust all their resources as
an optimal strategy. Whereas, as a second condition, it will be beneficial
for the multi-supplier firm to produce green energy since the marginal
revenue from the first unit will be weakly greater than their marginal cost

of production. Therefore, the market will be in equilibrium by providing

Oa—2x:—kg

yM = S units of green energy, Vt € {1,2}. Additionally, brown

energy will be provided into the market in current periods at:

2 [(1 — 0)b[20b + ky] — 2] 4 ea[200 + k]
M __
I‘l = To

4 [(1 — 9)b[20b + ky] — 2] + ea[200 + o)

And in future periods at:

. 2 [(1 — 0)b[260b + 1] — 2]

4 [(1 — 0)b[20b + ky] — 2] + ea[200 + i)

In all cases, under the competitive equilibrium, prices for brown and green energy

will be equivalent to p%(mi‘/],yy) = (1 - Oa — bzM] — yM and p%(wi”,yi”) =
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Ola — byM] — M. After understanding the economic behaviour of the energy market,
the preference parameter degree will be stressed to understand the environmental

consequences generated.

2.5.3 Comparative analysis

Notice that depending on the characteristics of the market, multi-supplier firms could fully
exhaust or not all their available fossil fuel resources. However, potential variations of
the preference parameter could incentive the market to change their extraction strategies.
But, these strategies could differ depending on the resource constraint. For analytical
purposes, the status of the available fossil fuel resources will be under consideration to
understand the reaction of the preference parameter in the extraction strategy of multi-
supplier firms. First, consider that the characteristics of the market do not allow multi-

supplier firms to extract all their fossil fuel resources:

Proposition 2 In both types of market, when the fossil fuel resource constraint is not
bound, any marginal increase in 0 will induce a decrease of the amount of brown energy
i equilibrium along periods, except if the marginal rise changes the preference parameter
inducing the green energy in the market, then there will be an increase in the brown
energy in the current periods. In addition, if the green energy introduced in the market is
sufficiently cheaper (under lower levels of ky ), then there will be an increase in the amount
of fossil fuel resources extracted.

Proof: See in Appendiz, Proof 4.

When the conditions in the economy do not allow the multi-supplier firm to exhaust all
their fossil fuel reserves, any variation of the preference parameter degree from consumers
will reduce the incentives of multi-supplier firms to produce brown energy. However, it will
always occurs except when this green preference movement motivates the multi-supplier
firms to introduce the green energy. Under the presence of a substitute good in the
market, multi-supplier firms will increase the production of brown energy in the current
periods. Since it also induces an increase in extraction and, at the same time, emissions,
there will generate the existence of a weak Green Paradox. But, depending on the cost
of the green energy, this reaction could be extended in future periods, augmenting the
amount of fossil fuel extracted at the end of the second period. Due to the linearity in
the environmental damage function and no discounting, it will generate an increase in the
environmental damage, generating the strong Green Paradox.

Under this scenario, the condition of price-takers will allow the multi-supplier firms
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under perfect competition to generate more brown energy in their competitive equilibrium
than the monopolist. However, it will generate a higher welfare level despite the potential
environmental damage generated, compared, again, with the monopoly market. But,
when the existence of the susceptibility of the strong Green Paradox is analysed, monopoly
requires higher levels of ki, compared with perfect competition, to stop increasing the
brown energy production in future periods.

Now, consider that the characteristics of the economy allow multi-supplier firm to

fully exhaust all their fossil fuel reserves available:

Proposition 3 In both types of market, when the fossil fuel resource constraint is bound,
any marginal increase in 6 will increase the amount of brown energy in equilibrium in
current periods.

Proof: See in Appendiz, Proof 5.

When multi-supplier firms exhaust all their resources, any increase in the preference
parameter degree anticipates the extraction of fossil fuel. Due to the linearity in the
environmental damage function, it will induce an increase in the emissions levels in
current periods, emerging the weak Green Paradox. However, since fossil fuel resources
are bounded by their availability constraint, it will reduce the amount of brown energy
generated in the second period. Since there is no discount between periods and the
environmental damage function is linear, then there will not be the presence of the strong
Green Paradox. By comparing the amount of brown energy produced in both types of
market under full exhaustion of resources, perfectly competitive markets are the ones
that supplies more brown energy amount in the current period compared to monopoly.
However, this last type of market will reduce the welfare in comparison to perfectly

competitive markets.

2.6 Conclusion

This chapter focuses on understanding the implications of demand preferences in the use
of energy. We characterized the equilibrium in a framework where two types of energy,
brown (non-renewable) and green (renewable) sources, are supplied in the market. On
the one side, we have parametrized the utility of consumers in a convex-linear function
of the use of both energy sources. On the other side, we have defined the concept of
multi-supplier firm as the responsible entity that provides energy in the market. After

defining and identifying the equilibrium and analysing the potential effect of inducing
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more green in consumers, there are two results that are identified.

As a first result, if the characteristics of the economy partially exhaust all the fossil
fuel resources, then more green preferences induce a reduction in the use of fossil fuel
sources if and only if the changes in consumer preferences do not induce However, when
more green consumers motivate the energy market to expand for renewable resources,
the reaction in the use of fossil fuel energy is not clearly precise. Despite the inevitable
negative response of multi-supplier firms in the quick extraction of fossil fuels in current
periods after the introduction of the substitute alternative (weak Green Paradox), the
prolonged variation could differ depending on some market factors. Specifically, for those
cases where the new renewable resource is sufficiently cheaper, lower levels of ki, it may
induce an increase in the amount of fossil fuel resources extracted (strong Green Paradox).
Additionally, it could motivate also an augment in the brown energy supply in future
periods.

For a complete analysis, perfect competition and monopoly have been included
to understand their potential effect in the environmental status. Although perfect
competitive structures supply more amount of brown energy in the market, it restricts
the existence of the strong Green Paradox. It contradicts the extremal imperfect market
structures as monopoly is. In this case, as it is supported by the literature, it will help
to reduce the amount of brown energy supplied in the market, but it will magnify their
increase when clean energy is newly considered in the market. Since the multi-supplier
firm influence the market outcome, it will result in as optimal strategy to reduce fossil
fuel price even more, by exceeding the extraction of such resource.

As a second result, if the characteristics of the economy allow the full exhaustion of
all the fossil fuel resources available in the beginning of the current period, then more green
preferences induce a rise in the current brown energy in the market, in detriment of the
amount produced in the future periods. However, this result is restricted to the two period
times (current and future) used in our model. It is noticeable that the potential effect
of increasing the preference parameter degree reduces even more the potential extraction
levels in future periods, if no alternative is newly introduced in the market. But, since
multi-supplier firms are restricted to spend all their full exhaustion resources, then it
motivates the increase of brown energy in the second period. Depending on the increase
of the preference parameter degree, it could allow the multi-supplier firm to stop fully
exhausting their fossil fuel resources, moving to the first result detected in our model.
With respect to the comparison between types of markets, it continues showing that

perfect competitive markets exhaust faster the fossil fuel reserves than monopoly; however,
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it will contribute to a large welfare compared to the other type of market.

Our framework supports that a demand-side policy that interacts with consumer
preferences could be imperfect if the goal is contributing to climate change. On the one
side, since more green consumers motivate the introduction of renewable energy as an
imperfect substitute for fossil fuel, it will provide incentives to increase the use of energy
from this resource. On the other side, if multi-supplier firm fully exhaust all their fossil
fuel reserves, more green preferences from consumer side will induce an anticipation of the
brown energy supply in current periods. However, since it is imposed the fully exhaustion
of fossil fuel, any variation in the preference parameter will allow a reduction of the
extraction in future periods, forcing, at the same time, to a quick exhaustion of the fossil
fuel reserves in current periods. In order to be precise with respect to the potential effect
of the preference parameter degree in the extraction and emissions pattern of our model,
the number of periods must be expanded, allowing multi-supplier firms to post-pone their
extracting decisions in next periods.

In addition, our theoretical model provides some political intuition about how the
policy must be implemented. For example, if motivating the use of clean energy is
performed in conjunction with the contraction of their production cost or R+D policies,
one of the consequences could be contradictory with the original goal of dealing with
climate change. This idea contradicts one of the policies established by the United Nations
General Assembly, where an increasing awareness of climate change, in 13.3 SDG, is
jointly promoted with the increase of affordable renewable energy in the total final energy
consumption.

Apart from previous results, we leave the door open for many investigations related
to this topic. As mentioned before, it is possible to clarify the results in a dynamic
model with infinite periods of time. In this case, the economy will not be restricted to
decide between exhausting or not their fossil fuel reserves in a the limited period of time,
allowing them to act strategically according to their optimisation principles. Additionally,
the introduction of imperfectly competitive markets, as oligopoly, could help us to increase
our understanding with respect to the existence of the Green Paradox. Under this new
approach, price-makers multi-supplier firms will internalise the strategic behaviour of
competitors in their optimization problem. However, due to the complexity of these
types of models, it would be important to analyse them under discrete time, as done in

our model, and setting reasonably the anticipation of strategies from future periods.
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Chapter 3

To phase out, or to phase down,
that 1s the question.
Stable coalitions under

the Glasgow Climate Pact.

(with Dr. Bipasa Datta)

3.1 Motivation

In the month of November 2021, the city of Glasgow hosted the 2021 United Nations
Climate Change Conference, also referred to as the 26! Conference of Parties (COP26).
Apart from holding the 16" meeting of the Parties to the Kyoto Protocol (CMP 12) and
the 3" meeting of the Parties to the Paris Agreement (CMA 3), where adopts decisions
and resolutions on the implementation of its provisions, it was also the first meeting,
after the Paris Agreement, that enhance commitment towards mitigating climate change
with new non-binding national plans, known as a national pledge, to achieve the climate-
related targets for greenhouse gas emission reductions. After hosting the meeting for more
days than expected, the 26" Conference of Parties ends it up with the so-called Glasgow
Climate Pact'. As a result, the agreement committed to halt and reverse forest loss and
land degradation by 2030; reduce the methane emissions by 30 percent by 2030, compared
to 2020 levels, through the Global Methane Pledge; and set out the determination for
all new car and van sales to be zero-emission vehicles by 2040, globally and 2035 in
leading markets, accelerating the decarbonization of road transport. Apart from such
achievements, the Glasgow Climate Pact will historically be recognized as being the first
arrangement to identify fossil fuels as one of the main drivers of global warming.

With the goal of reducing the potential consequences of climate change, all country
members start the bargaining process to identify the best decision concerning the status of
the unabated coal power. In an early stage, some countries were aimed to Phase Out the

of coal, representing 46 percent of carbon dioxide emissions worldwide. However, some

1See Glasgow Climate Pact for more information.
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nations, such as India or China, pledged to modify the agreement, reaching the following:

“Calls upon parties to accelerate the development, deployment and dissemination of
technologies, and the adoption of policies, to transition towards low-emission enerqgy
systems, including by rapidly scaling up the deployment of clean power generation and
energy efficiency measures, including accelerating efforts towards the phase-down of
unabated coal power and phase-out of inefficient fossil fuel subsidies, while providing
targeted support to the poorest and most vulnerable in line with national circumstances

and recognizing the need for support towards a just transition;”

Glasgow Climate Pact, Article 36.

After lasting one day more than expected, the Glasgow Climate Pact agreed in
encouraging countries members to Phase Down their unabated coal power, with a Phase
Out of inefficient fossil fuel subsidies. It is generally perceived that this new specification
is due to the lack of complete funding needed for developing countries to mitigate extreme
weather events and build renewable energy infrastructure. Specifically, the COP26
welcomed around USD 350 million from the Adaptation Fund and around USD 600
million from the Least Developed Countries Fund. Nevertheless, developed countries
came to the city of Glasgow, not achieving the promised USD 100 billion a year required
from the developing countries. One of the perceptions of such international disagreement
was the lack of financial aid. Some of the most important developing countries decided
to reduce the restrictive measures proposed in COP26 to prevent any influence on their
economy. Attaining this explanation, this paper will answer the question that under
which conditions countries have incentives to Phase Down or Out. The decision around
the unabated coal power resources will restrict countries by binding the potential amount
of inputs that they will produce. Then, the potential effect of Phase Down or Out will
affect the welfare optimization problem through their resource constraint. Additionally,
this analysis will provide some intuition concerning the outcome obtained in the Glasgow
Climate Pact.

With the previous goal, this paper will use some concepts from the International
Agreement Environment literature. It will start by defining a model where countries can
choose the level of fossil fuel (or dirty) and renewable (clean) energy. The countries,
that will differ with respect to their preference parameter towards dirty energy, will have
two different alternatives: acting as either an individual or cooperative entity. If they

choose the first option, then they will maximize their own welfare function subject to
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the resource constraint. This optimization problem will follow two steps. First, countries
decide the status of their resources and, second, choose the optimal amount of both types
of energy to produce. However, if countries choose the second option, then they will
be able to participate in an International Environmental Agreement that will contribute
to them by inducing their pro-environmental behavior. When they join, all signatory
countries will unanimously decide whether Phase Down or QOut their dirty energy sources.
As mentioned before, and a representation of the exogenous financial aid provided in the
Glasgow Climate Pact, the countries will perceive an increase in the benefits obtained from
such agreement through their pro-environmental behavior. Once decided the decision
made concerning the resources, countries will individually choose their bundle of both
energies to produce.

As a result of the model, countries will have the incentive to participate in the
International Environmental Agreement if no imposition is made on the amount of
resources that they could use. However, diminishing the level of dirty energy to use
(Phase Down) will reduce the incentives for countries to participate in the International
Environmental Agreement. Depending on the efforts made through the pro-environmental
behavior, the Phase Out could be a potential equilibrium in the game, where the core is
the stable coalition. Furthermore, it is discovered that the Phase Down is an equilibrium
for lower pro-environmental behavior parameter. This paper will contribute to adding a
new perspective of a new climate change bargaining process discussed in COP26, similarly
as Murdoch and Sandler (1997a), Murdoch and Sandler (1997b) and Barrett (2006) in
other Conference of Parties. Additionally, it will analyze a bargaining process where the
signatory countries decide the upper-limit bound of their resource constraints, introducing
the concepts of Phase Down and Out in the literature, and adapting concepts of stability
in this bargaining process.

The potential explanation of such model will be as follows. After introducing
the literature in section 3.2, a basic linear-quadratic model of an emissions game will
be provided in section 3.3. First, the non-cooperative equilibrium will be identified
in section 3.4; and, then, the cooperative equilibrium will be assessed in section 3.5,
evaluating them in three different scenarios: no intervention, Phase Down and Phase Out.
Once the results are presented, a final explanation, jointly with the political implications

will be detailed in section 3.6.
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3.2 Literature Review

The International Environmental Agreement has become a relevant topic due to the
urgency of identifying a potential solution for the impact of climate change. Many papers
have focused on the most important agreements in the last years. For example, Murdoch
and Sandler (1997a) analyzed how the reduction of the sulphur emissions that emerged in
the Helsinki Protocol was because of the non-cooperative behavior of countries. In others,
as Murdoch and Sandler (1997b), showed the low influence of the Montreal Protocol in the
chlorofluorocarbon emissions in the late 1980s. As it was proved, the emissions cutbacks
were, in large part, explained by the national income and political and geographical
factors. It is well worth mentioning the contribution of Barrett (2006) in the Kyoto
Protocol, analyzing the lack of a self-enforcing agreement and offering a potential solution
to enlarge the size of the coalition by promoting cooperative R&D or encouraging collective
adoption of breakthrough technology.

With these papers in mind, the main goal of the current research is interpreting
the outcome obtained in the last Glasgow Climate Pact. Due to the active research in
the International Environmental Agreement, there is an extended literature captured in
Finus and Caparros (2015) and Caparros (2016). As well mentioned in the last survey, the
understanding of the International Environmental Agreement encompasses many different
perspectives, as the stability of the agreements (Finus, 2003); the composition of the
core in a burden-sharing rule framework (Helm, 2000); the dynamic behavior under
climate change problems (Calvo Ramén and Rubio, 2013); or the outcome obtained for
the negotiation process dealt (Caparros, 2016). Since our research is focused on the
static approach of the Glasgow Climate Pact, it is necessary to comprehend the stability
condition and the potential formation of the core.

Through the understanding of the cartel formation in a price-leadership model,
D’Aspremont et al. (1983) split the concept of stability into two different categories:
internal refers to the incentives of a member to leave the coalition; whereas external
refers to the incentives of a non-member entity to join the coalition. As a result, the
determination of stability will depend on the sensibility of profits under the addition or
loss of a member would generate. Many different models combined this concept of stability
in the International Environmental Agreement network. Carraro and Siniscalco (1993)
identified that the instruments to implement cooperation matters. For example, self-
financed transfers could induce an increase in the number of members. Even, they show

that those efficient and effective instruments that discourage free-riding promote stability

82



among countries. Barrett (1994) found, in a model with quadratic costs and benefits, that
under the presence of an agreement, the level of cooperation will be higher when the gains
of cooperation are smaller.? On the contrary, if the gains are large, the coalition will not
sustain large cooperation. According to these ideas, Nordhaus (2015) show that adding
excludability in the International Environmental Agreement could be more attractive.
Under this perspective, it emerges the small coalition paradoz, since countries will prefer
a regime with penalties and modest carbon prices, rather than one with no sanctions.
This result is shown in Hagen and Schneider (2021), where the introduction of import
tariffs combined with retaliation by outsiders can stabilize large coalitions but also results
in the non-cooperative equilibrium by destabilizing small coalitions. Additionally, the
retaliation measures compromise the appeal of trade sanctions to enlarge coalitions.

There are many different ways of commitment in the International Environmental
Agreement to reduce greenhouse gas emissions. From previously mentioned papers, as
Carraro and Siniscalco (1993) or Barrett (1994), the signatory countries were restricted
to compensating the loss generated from abatement with profit transfers. Apart from
these contributions, Carraro and Siniscalco (1997) focus their analysis on the investment
of cleaner technologies. Such type of investment is considered a club good, in the sense
that only the signatory countries are able to perceive the technology spillovers. In Barrett
(2006), it doubts the effectiveness of treaties focused on abatement, as done in the Kyoto
Protocol.  On the contrary, it stimulates the main focus on green technology rather
than emission reduction. Specifically, it analyses the use of breakthrough technology?,
identifying that if such type of technology exhibits increasing returns, it could sustain the
full participation of countries.

However, due to the motivation of our paper, the club good offered in the Glasgow
Climate Pact was not mainly based on investing in R&D to reduce the potential
consequences of greenhouse gas emissions. From our perspective, the Glasgow Climate
Pact incentives the countries to join the coalition to reduce the potential extraction of
unabated coal power with the use of green technology, because of their positive impact
of contributing to the worldwide welfare. This concept is closely related to the model
of giving that includes warm glow, modeled by Andreoni (1989, 1990). In these papers,
individuals were assumed to contribute to a public good due to two reasons. First, there is

altruism from individuals, in the sense that individuals demand more of the public good.

2QOther papers, as De Zeeuw (2008) discusses the effect of the stable coalition in a dynamic approach.
As a result, large coalitions are sustained if damage costs are very small compared with abatement costs.

3See Hoffert et al. (2002), it could be defined as the type of technology that offers the possibility of
eliminating greenhouse gas emissions, as it is defined in Rubio (2017).
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And, second, people perceive some private benefits from the public good. According
to Andreoni (1989), even because of the second characteristic, the model of giving is
also called impure altruism. Kahneman and Knetsch (1992) realized that the moral
satisfaction of contributing to public goods is represented by the willingness to pay asked
in contingent valuation. In the International Environmental Agreement, Chambers and
Jensen (2002) designed a signaling game of donations between two countries, where one
country perceives a warm glow by the fact of donating. After identifying the pooling
and separating equilibria, they show, under certain conditions, that a country could
misrepresent its type in order to receive more aid. Other studies have improved and related
the warm-glow concept to environmental factors. According to Taufik and Venhoeven
(2018), they represent the pro-environmental behavior as an impure altruist concept,

4 and the moral behavior. While the former refers to the

since their eudaimonic view
individual effect of the pro-environmental attitude, the latter considers the benefit in the
nature and well-being of other people. By considering this concept, the Glasgow Climate
Pactwill be considered as a potential coalition that promotes the more use of clean energy
for private gains of the public good, and its contribution to the reduction of the emissions
that affects the rest of countries.

Thanks to the literature, our analysis will focus on the basic linear-quadratic model
of an emissions game, as used in Rubio (2017). Apart from following the concept of
stability, the use of the Khun-Tucker conditions used in the previous paper will help
us to develop our paper by ensuring non-negative pay-offs. Additionally, we consider
the presence of the pro-environmental parameter, following the concept of warm-glow
defined in Andreoni (1989, 1990), for the signatory countries that join the International
Environmental Agreement. Since the Glasgow Climate Pact influences the resource
constraint of countries, then each of them will optimize their own welfare function subject
to the imposed resource constraint. This will be their non-cooperative decision; however,
the countries will have the opportunity of joining the International Environmental
Agreement that benefits them through the use of clean energy, but will cooperatively

restrict their resources under a coalition decision.

4Defined in Taufik and Venhoeven (2018) as “the view that positive and negative emotions related to
environmental behavior have their roots in the behavior being a meaningful experience”.
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3.3 Model

Consider a static model with N countries or regions that produce two types of energy:
dirty or mon-renewable, x;, and clean or renewable ones, y;. Additionally, regions
contribute negatively to the atmosphere by the production of dirty energy. The production
and consumption of both types of energy will give rise the regional benefits, in a linear-
quadratic manner:

2 2

Bi(ws,y;) = ajz; — % +a’y; — % — TY;

where @ > d§ and af € [dd, a’]®; being d the constant marginal climate damage, and &
is the proportion of emissions per extracted unit of dirty energy. For future simulations,
the countries will be distributed as af ~ Unif[dé, a¥].

The dirty energy is obtained from an exhaustible resource or reserves R, common
among all regions, where the amount of input extracted (z;) needs to be transformed in
a certain way to obtain the final output (z;) in the following manner: z; = (z;)?, where
¢ € (0,1). According to their reserves level, countries set the amount of resources that
they can exploit by determining the percentage of available resources to extract, 6; € [0, 1].
Notice that the previous parameter determines the level of inputs extracted by a country
1. z; = 0;R. Depending on the level of the percentage of available resources to extract,
there is a Phase Qut scenario if § = 0; Phase Down, if 6 € (0,1); or no intervention, if
0 = 1. Furthermore, in order to produce a certain amount of the final output of dirty

energy, the production cost, C'(x;), is equivalent to:

where ¢ > 0 represents the coefficient of the increasing marginal cost of extracting one
unit of z;.

Assume that each unit of dirty energy consumed in the country contributes
negatively to the atmosphere in e; = dz;, where § > 0. The aggregate amount of emissions
generated from this type of energy, £ = Zf\il e;, will reduce the environmental welfare at
D(E) = dE, where d > 0 represents the constant marginal climate damage. As mentioned
in Golosov et al. (2014), consider that linearity in the damage function is not too extreme
a simplification, since “the composition of a concave S-to-temperature mapping with a
convex temperature-to-damage function may be close to linear”.

In addition to x;, all regions are able to get energy from a non-exhaustible or clean

5These conditions are required to stimulate the consumption of dirty energy.
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source y;, that generates a quadratic production cost specified as:

2
_ Y

where k& > 0 represents the coefficient of the private marginal cost of producing one unit
of ;.

According to the previous characteristics of the game, the countries need to decide
whether to cooperate or not in order to maximize their welfare function subject to the
reserves restrictions by selecting the level of dirty and clean energy to produce. Depending
on the type of cooperation that a country i chooses, it will face a certain timing.

Suppose that a country acts in a non-cooperative manner. Denote the optimal
<y

pair of both types of energy produced and consumed by {z¥ “1, being the pair of

both types of energy that maximizes the welfare function, WY, subject to the resource

7

constraint, x; = f (6;R):

VViNC = Bj(w;,y:) — C(z;) — K(yi) — D(En)
As an alternative, all regions have the opportunity to join an International Environmental
Agreement, which involves a cooperative game of three stages.

First, all regions decide whether to join or not in the International Environmental
Agreement. If they decide to join, they become a signatory country and form part of
the coalition M, being characterized by j = 1, ..., M. Otherwise, when they do not join
the coalition, they act as a non-cooperative entity. The International Environmental
Agreement allows countries to perceive the cooperation as a positive benefit represented
by the monotonic transformation of the aggregate amount of renewable energy, /3 Zj\il Yj,
where 8 > 0 and y; is the clean energy generated by a signatory country j once it joins the
cooperation. There are two different ways to understand the positive benefit generated
by cooperation. First, as a purely altruistic warm glow behavior mentioned by Andreoni
(1989, 1990), where the country gets the reward of their private decision through the
global impact generated by the production of more renewable energy from the coalition.
And, second, the pro-environmental behavior, detailed in Taufik and Venhoeven (2018),
obtained from the increasing benefit of clean energy. When countries join the International
Environmental Agreement, apart from perceiving the direct benefit of producing clean
energy, they also influence the benefit of the rest of the countries by either reducing

damage or increasing the value of clean energy produced in the coalition through the
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pro-environmental parameter multiplier.

Once all countries have determined their decision, all the signatory regions,
cooperatively, decide the maximum percentage of dirty energy resource use, 8/%4, that
minimizes the worldwide aggregate damage level. The Glasgow Climate Pact attains to
reduce the causes of climate warming; by respecting, promoting, and considering their
respective obligations. Then, such minimization problem is interpretable according to the
Glasgow Climate Pact, if all countries respect their own participation constraints.

Finally, as the last stage, the signatory regions will decide individually the pair
of energy, {14 yI#4}, that they finally produce and consume. Notice that all these
decisions will be set by the welfare function of the signatory region that decides to be

part of an International Environmental Agreement and will perceive a net benefit of energy

consumption W4 equivalent to:
M
W/EA = Bj(zj,y:) + B>y — Clz;) — K(y;) — D(Ey)
j=1
In other words, the International Environmental Agreement encompasses three stages

that are specified in the following scheme:

Stage 1 Country ¢ decides whether to join the International Environmental Agreement

or not, becoming a signatory country in case of acceptance.

Stage 2 All signatory countries M decide, cooperatively, the maximum percentage
of dirty energy resources to exploit, #’P4  that minimizes the worldwide

aggregate damage level.

Stage 3 The signatory country j € M decides the optimal pair of both types of energy,

{21BA

7 ) y‘]IEA}

Given the different alternatives that regions have under their control, it will be

required to analyze the stability condition:

Definition 6 [t is said that an agreement consisting of M signatories regions is stable if:
o WIEAQM) = WNC(M\{j}) Vj €L, M.
e WNO(M)>WIEAMU{i}Y) Viel,..,N— M.

Following a similar definition as Rubio (2017), it is said that an agreement is stable

if both conditions are satisfied. The first corresponds to the concept of internal stability
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condition, where all members of the agreement are, at least, better-off cooperating than
acting as a single region. The second corresponds to the external stability condition,
where all non-signatories weakly prefer their individual energy composition rather than
being part of the cooperation. Due to the static construction of the game, the stability
conditions will be focused on the internal ones.

In the next sections, the optimal amount of both energies will be computed under
both scenarios. First, regions will act individually in a non-cooperative manner. These
results will help us to understand when regions will participate in an International
Environmental Agreement, as a second scenario, being required to compare this result

with the one obtained when they become signatory regions.

3.4 Non-cooperative Equilibria

Consider that regions act in a non-cooperative scenario. Under this situation, the optimal
pair of both energies of a country 4, {z¥¢,yN“}, will be the one that solves the following

maximization problem:

max  Bi(z;,y;) — C(x;) — K(y;) — D(EN)

3,05
st. z; = (0;R)?,
yi > 0,
1>6,>0

Getting the reduced form of the previous maximization problem by substituting the dirty
energy in the production function, one can identify four potential scenarios from the

Kuhn-Tucker conditions®:

Case 1 Suppose neither dirty nor clean energy is produced, 8¢ = 0 (equivalent

to zN¢ =

= 0) and yN¢ = 0. Then, this cannot be an equilibrium since
increasing marginally either dirty or clean energy, the country will obtain

higher output since af > dd and a¥ > 0, respectively.

Case I Suppose only clean energy is produced, V¢ = 0 (equivalent to 2¥¢ = 0)
and ¢ > 0. Due to the imperfect substitution between both types of
energy, a country could achieve the equilibrium under this situation if the

implication of increasing marginally the dirty fossil from 0 will not induce

6See Proof 6, for more detail.
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a positive profit: af < ﬁ—yk + dd. When previous feature is satisfied for a

certain country 4, their production level will be: V¢ = 0 and V¢ = (ﬁk).

Case III  Suppose only dirty energy is produced, §¥¢ > 0 (equivalent to ¢ > 0)
and yN¢ = 0. This situation cannot be an equilibrium since countries have
incentives to produce and consume clean energy, because it is an imperfect
substitute for dirty energy and it is preferred over other types of energies,
a’ > af. Both characteristics induce the country to produce at least some

amount of clean energy since it is profitable compared to dirty ones.

Case IV Suppose both types of energy are produced, 0N > 0 (equivalent to V¢ >

0) and y¢ > 0. There is an equilibrium depending on the characteristics

of the country:

1
(1+k)(a?—ds)—a¥ \ *
((1+k)(1+c)—1) ’

then country i will fully exhaust the resources, producing zN¢ = R?

e If the available resources are sufficiently lower, R < (

NC _ a¥—R?
and y;'~ = R

((14+k)(14+c)-1)

1
(1+k)(ag—d5)—ay) ¢

e If the available resources are higher enough, R > (

then country i will partially exhaust the resources, producing zN¢ =

(1+k)(af7d6)fay NC (1+c)ay7(affd5)
B G G and y;"" = +k)(+o)—1
From the previous explanation, we can summarize that countries will produce the following

optimal amount of energy conditional on their own characteristics:

(

1
) (14k) (af—ds)—av | ¢ . ¥
R¢, if R < (W) and a; > ik + do
1
NC z T @
xr; T = (1+k)(af—dd)—a¥ | (1+k)(af —do)—a¥ - ¥
TR (o1 if R > <W and a; > 1k +dé
0, if af < &5 +do
\
And:
' (i) o)
a¥—R® . (1+k)(aF—ds)—a¥ \ ¢ - oy
76 iR (W) and af > 3 + do
1
NC © @ @
H = (1+c)ay—(ai —d5) . (1+k) (ai —dd)—ay - v
! TR -1 1fR><W and ai > 35 +do
a¥ : T a¥

Notice that the optimal amount of energy under non-cooperation will depend on

the individual characteristics of the countries, af. Notice that there are few countries,
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a¥

45 + do, that they will focus all their energy in the production

characterized by af <

a¥
(1+k) "

of dirty energy V¢ = 0 and yN¢ = The rest will produce both types of energy

simultaneously. However, there will be some countries that will partially exhaust their

(1+k)(af—d§)—ay
((14k)(14¢)—-1)

NC _

®
dirty energy resources if R > ( ) , producing and consuming z;'“ =

(1+k)(a?—ds)—a¥

1
c)a¥—(a%— a®—ds)—a ¢
(+k)(1+e)—1 and yZ-NC = G tar-d) G dé). Others, with R < <_(1+k)( §—ds) _y> , will

(1+k)(14c)—1 ((14+k)(1+c)-1)

a¥—R?
(1+k) -

fully exhaust their dirty energy resources, reaching zN¢ = R? and yN¢ =
Previous levels will determine the aggregate emissions level, EN¢ equivalent to:

N R? - (14 k)1 +c)—1]
B = g |0 - W) Y Ty

Rﬂ N

[(14k)(1+¢)— 1] R®+aV
(1+k)

where a%,- = +do is the lowest level of af that a country fully exhausts
their resources under no cooperation.

Once we have determined the non-cooperative equilibria, the next step will focus on
the outcomes obtained from the International Environmental Agreement. Additionally,

this equilibrium will help us to determine the country decision of participating in the

cooperation, being essential in the understanding of the stable coalition concept.

3.5 Cooperative Equilibria

As mentioned previously, the International Environmental Agreement consists of three
different stages. First, countries decide whether to join or not the coalition. Once they
have joined, and become signatories, they will perceive a positive impact on their welfare
function, represented by the contribution to the increase of clean energy production
induced by the cooperation through the pro-environmental parameter, 5. This coalition
game forces signatory regions to choose collectively the maximum percentage of resources
to use, #7FA. Since it is restricted between 0 and 1, it is important to consider what occurs
under: no intervention, Phase Out, and Phase Down. As a last stage, according to the
agreed percentage of resource use, countries will decide the energy production level in a
non-cooperative manner.

By using backward induction, the signatory countries will act in a non-cooperative
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manner at the last third stage, facing the following optimization problem:

Jnax - Bj(z), yi) + B350,y — Clay) — K(y;) — D(Ey)
s.t. Ty = (GJR)d),

G_IEAZQJ‘ >0

As done in the previous section, once the previous maximization problem is reduced

by substituting the dirty energy constraint by the production function, four potential

scenarios appeared from the Kuhn-Tucker conditions:

Case 1

Case 11

Case 111

Case IV

Suppose neither dirty nor clean energy is produced in the signatory country

7, HfEA = 0 (equivalent to x§EA = 0) and y]I-EA = 0. Since increasing
marginally either dirty or clean energy, the country will obtain higher
output since aj > do and a¥ + 8 > 0, respectively; then, this scenario

cannot be an equilibrium.

Suppose only clean energy is produced in signatory country j, QJIEA =0
(equivalent to mJI.EA = 0) and y]I-EA > 0. Again, due to the imperfect
substitution between both types of energy, a signatory country could

achieve the equilibrium under this situation when the production of dirty

energy implies a non-positive profit: a* < %2 4+ d5. Those signatory

J T+k
countries that satisfy the previous condition will not have any incentive to
produce dirty energy due to their reduced impact on the welfare function

compared with clean ones. Under this situation, the production level will

. IEA _ IEA _ a¥+p
be: ;7% =0 and y;7* = 95k

Suppose only dirty energy is produced in signatory country j, 6154 > 0
(equivalent to ZL‘]I-EA > 0) and nyA = 0. This situation cannot be an
equilibrium due to the implication of clean energy in the welfare function,
a’ > af, and the imperfect substitution characterization between both

types of energies. Both factors will incentive the signatory country to

produce at least some amount of clean energy.

Suppose both types of energy are produced in the signatory country j,

9§EA > 0 (equivalent to $§EA > 0) and y]IEA > 0. There is an equilibrium

depending on the characteristics of the signatory country:

7See Proof 7, for more details.
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e If the imposed available resources are sufficiently lower:

GIEA (1+ k) (af — do) — (a¥ + B)\
’ RS( A+ P19 -1 )

Then, the signatory country j will fully exhaust the resources:

xj[EA _ (éIEA R)¢

And:

IEA _ (¢’ +B) — (Q_IEAR)¢
i = (1+k)

e If the imposed available resources are higher enough:

G1E (1+ k) (aF — db) — (a¥ + B)\ ?
s (e )

Then, the signatory country j will partially exhaust the resources:

LIEA _ (1+k) (af —dd) — (a¥ + B)
J (1+k)(1+c)—1

And:
IEA _ (1+c)(a” + B) — (af — do)
YT T Ut kh(+o -1

As it will be checked later under the situation of no intervention, the International
Environmental Agreement allows countries to produce optimally more clean energy in
detriment of dirty ones. From the previous procedure, the signatory countries will produce

the following optimal level of each type of energy:

<<1+k>(n§—d6)—(ay+m)ﬂ1>
(6EAR)? if R < e and af > U 4 ds
1
S1PA (§TEA) = ot a8) e <(1+kigii;<ii)c;iy+ﬁ>) s ) (3.1)
AFRITo=1 if R > gTEA and aj > al%kﬁ +do
0, if a7 < 42 + do
And:
<<1+k>(a§—d6)—<ay+m>é
L == R
1
' ][EA (éIEA) _ ey <(1+k)($ii;(ii)c;iiy+ﬁ)> s ) (3.2)
i, R > S and a? > 42 4 d§
a5, if a? < 242 4+ do
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Notice that the optimal amount of energy under cooperation will depend on the agreed

6'FA  chosen in the previous stage.

maximum percentage of dirty energy resources used,
Specifically, this parameter will reduce the amount of legal inputs to exhaust in the
signatory country, increasing the chances of fully exhausting their dirty energy reserves

at the percentage imposed by the coalition. However, when they do not have incentives

to fully exhaust all their dirty energy resources, signatory countries will produce xJI-EA =
(1+k()1(ii)f(cll6+)cgfaly+ﬁ) and y/P4 = (chii:)rﬁ);(ﬁ;dé) Previous behavior belongs to those

signatory countries such that their preference parameter aj is sufficiently lower. For the

rest of other countries, where aj > ‘ir—”L,f + do, their energy will be based only on the

renewable ones, specifically y!F4 = &8

i = oy As we will observe later, the presence of the

preference parameter, 3, will increase the incentives of signatory countries to reduce, or
even stop, the extraction of dirty energy, by affecting their optimal level or the threshold
to stop

Once identified the equilibrium in the third stage, the signatory countries will decide
which is the maximum percentage of dirty energy resources to extract that reduces the
aggregate damage level. This decision will affect the early stage, where countries decide
whether to join or not the coalition. In order to perform a thorough analysis, different
scenarios will be under review, considering the extremal scenarios, no intervention (9764 =

1) and Phase Out (P4 = 0); and the interior potential solutions that encompass the

Phase Down, where 0774 € (0,1).

3.5.1 No intervention

Consider that all signatory countries decide to not intervene in the maximum amount of
resource to extract, setting /4 = 1. This scenario will provide the sterilized effect of the
pro-environmental parameter, (3, since there is no influence in the maximum percentage
level of dirty energy extraction, compared with the non-cooperative scenario. Under this

situation, the signatory regions will set the following dirty and clean energy production

levels:
(a7 —a5) :
. (1+k)(aj—dd)—(a?+8) z a’+8
R, if R< < AT ATo=1 > and af > G5 +do
IEA (FIEA . . ¥
z! 0 =1) = { (+k)(af—dd)—(a"+8) . (1+k)(af —ds)—(a?+R) o~ a’+B
i ) AFh (110 -1 it B> ( ATk (It —1 and af > 57 +do
0, if af < 22 4+ do
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And:

1
(a¥+8) R - (1) (a5 ~d5) (¥ +) | * o> a4
o if R< ( aThTo=1 and af > a1+k + do
IEA (pIEA x @ 3
/ 0 =1) ={ Q+o)(a?+8)—(af—ds) . (1+k) (a —ds) —(a¥+B) - Vg
w ) armare-1 0 iR ( A+R I+ -1 and af > 3 + do
a¥+ e a¥+
f]ﬁ’ lf aj < 1+k6 + d(5

Notice that, as shown in the following figure, joining the coalition will allow countries

to weakly reduce the extraction of dirty energy, but expand the production of clean ones:
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Figure 3.1: Variation of the extraction and production of both types of energy
before and after joining the International Environmental Agreement.

Figure 3.1 compares the amount of dirty (red lines) and clean energy (green lines)
extracted, or produced, depending on the dirty energy preference parameter degree, a?,
before (light) and after (dark) joining the International Environmental Agreement. The
two left blue dashed lines represent the fossil fuel preference parameter threshold where a
country decides to move from null to partial exhaustion of dirty energy resources. The two
right blue dashed lines represent the dirty energy preference parameter threshold where
a country decides to move from partial to full exhaustion of dirty energy resources. The
light blue dashed line represents the thresholds in the non-cooperative scenario, whereas
the dark blue dashed line represents the threshold in the cooperative scenario.

It is clearly stated that, under no intervention, the presence of the pro-environmental

preference helps countries to reduce the level of emissions by the substitution effect
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generated from dirty energies to their alternative ones. The reduction of the non-

renewable energy will occur to a specific range of countries characterized by af €

a¥ [(A+c)(1+k)—1]RY +(a¥ +5)
(52 +ao, -1 +ds

)7 where the increase in the pro-environmental

preference parameter motivates them to reduce the amount of dirty energy. Specifically,

few countries, characterized by a € (ﬁ—yk + do, aly:,f + dd), will stop the extraction of dirty

energy as a response of the incentives generated from the International Environmental

Agreements. Others, characterized by af € <afj,f + dé, [(HC)(H’“); j}fwﬂayw ) 4 d6>, will

switch some unites of dirty to clean energy as a response of the pro-environmental behavior
of the cooperation. There is an extremal case, when 3 > [(1+ k)(1 + ¢) — 1] R?, where
countries, that fully exhaust their dirty energy sources, will stop all their extraction to
produce only clean energy.

Due to the influence of joining the International Environmental Agreement,
countries will become signatories if, once they joined to the cooperation, their welfare
level weakly improves compared to the non-cooperative scenario. According to the
optimal decision of countries under no intervention in the International Environmental
Agreement and the positive effect of the pro-environmental behavior parameter on the

IBA(gz|gIEA

. a?|
welfare function, : K

oB
grand coalition as the stable coalition under such situation®. Since all N countries have

Y5)

> 0, they will contribute to the formation of the

incentives to become signatories due to the pro-environmental behavior induced by the
International Environmental Agreement. Additionally, it will contribute to the reduction

in the aggregate damage level:

GIEA_ R? - [(1+l€)(1+0) — 1]
grEA=1 _ y _ ¢
b av — dod Ha %’E"‘:J 2(1+ k) RN

[(14+E)(14c)—1]R®+(a¥ + 3
(1+k)

where ag;pa_, = ) 1 d§ is the lowest level of a? that a country fully

exhausts their resources under a coalition with no intervention.

Notice that a higher pro-environmental parameter reduces the aggregate level of

. . oTEA—y o1EA_1 DGt .
emissions since 2 Rl = aagw 918?21 < 0. In addition, the aggregate level of
gIEA_1

emissions under no intervention will be reduced when it is compared with the one obtained

under no cooperation, E? “*=! < ENC_at any 3 > 0.
The International Environmental Agreement contributes to the more use of clean
energy due to its pro-environmental behavior, dropping the incentives of extracting dirty

energy. As a consequence, the aggregate emissions level reduces since the incentive to

8See Proof 8, for a detailing explanation about the decisions of countries to join the International
Environmental Agreement.

95



extract dirty energy will diminish and less countries will fully exhaust their available

resources.

3.5.2 Phase Out

Now, consider that the coalition does not accept any extraction of the polluting source,
being 074 = 0. At this stage, the signatory countries will maximize the welfare function
at only clean energy levels, being the optimal amount of both energies 2154 (854 = 0) = 0
and y!FA(OTFA = 0) = ‘ir—Jrlf

Since the coalition has decided on the no availability of dirty energy at the second
stage, regions will participate in the International Environmental Agreement if the
outcome of such coalition weakly exceeds the one obtained by no cooperating. As proved
in Proof 9 and shown in the following figure, the resulting stable coalition will depend

positively on the pro-environmental parameter, since it will help the signatory countries

to substitute the dirty energy for clean one:

120% T T T T

100% -

&0% -

40%

20%

Pearcentage of signatory countries in the stable coalition

0% i i i | i | i |
a a2 a4 06 08 1 12 14 16 18
Pro-environmental Behavior Parameter Degree (/)

Figure 3.2: Size, in percentage, of signatory countries in the stable coalition
under Phase Out at different pro-environmental behavior parameter levels, 3.

Figure 3.2 shows the percentage of countries in the stable coalition under Phase
Out at different pro-environmental behavior parameter levels, 5. The left dark blue
dashed line indicates when countries that fully exhaust resources prior to the International
Environmental Agreement join the coalition. The right light blue dashed line indicates the

highest pro-environmental preference parameter such that all countries become signatories
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and form the grand coalition.

As a first observation, the countries with sufficient lower characterization af, less
than ﬁ—'yk+d5 , will join the coalition, since the presence of the pro-environmental parameter
will strongly improve their welfare function. However, the decision of the rest of the
countries will depend on the level of /3, since it will compensate for the loss generated by
not extracting more dirty energy. Following this reasoning, the effect of increasing the
pro-environmental preference parameter on the number of countries in the stable coalition
will be positive, since at a higher parameter, signatory regions more dependent on dirty
energy, at higher characterization a7, will be able to offset the loss generated by stopping
extraction in their dirty energy sources. Notice that those countries that before fully
exhaust their resources in the International Environmental Agreement, at § ~ 0.5 (left
dark blue dashed line in the figure), will join the coalition even if there is a Phase Out.
There is a certain threshold, 5 > 1.5 (right light blue dashed line in the figure), such that,

once exceeded, will form the grand coalition.

Given the stable coalition identified before, the aggregate level of emissions will be:

(
0, if 3> 5"
_ R? ay—llx//(ﬁ) . ’ "
EQIEA:() — [ay—dzi ]’ lf ﬁ c [B ’5 )
Réfar-age] | [0m@-2(a)0masi@n ]V ,
pr 2A(+R) (1+c)—1](av—da) @ if 5€(0,6)
\ af:az

where 8 and 8" corresponds to the thresholds? '© that all ex-ante partial and full
exhauster, respectively, improves their welfare under the Phase Out and accepts to
join the International Environmental Agreement. Additionally, a* () and a®"(5)
represents the fossil fuel preference parameter of the last partial and last full
exhauster country that will join the International Environmental Agreement, respecting

Wiea (af’,mej =0,y; > 0) = WNC (ar'wj € (0,1),y; > 0) and W/EA (af”,ﬂwj =0,y; > 0) -

9Where 3 is equivalent to:

— @y

(L4 k) (@ — d6)2 + (1 + ¢)(a¥)? — 2a¥(a%p, — do)]
\/(”k) B (TR S Teu ) e

[(1+k)(1+c)—1]R?+a?
’ €] + dé.
0OWhere 8 is equivalent to:

1 ~T J—
Being af,o =

—a¥

\/(1 + k) [(1+ k) (av — do) (@S — do) + (1 + ¢)(av)2 — (1 + k)(a% e — dO) [a% e — a¥] — 2a¥(a¥ — do)]
A+ k)(1+0) -1

[(14k)(1+c)—1]R? +a? 1 ds.

Being af;,o = =D
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whe (az"|0j =1,y; > O), respectively.

Under Phase Out the number of signatory countries in the stable coalition will
depend on the pro-environmental behavior parameter. In other words, a grand coalition
is possible to be formed when the previous parameter is higher enough. Although Phase
Out retains countries to join the International Environmental Agreement, it reduces the
emissions compared to the non-cooperative scenario when the pro-environmental behavior

parameter increases.

3.5.3 Phase Down

Once both extremal cases are analysed, the study will focus on any potential result in
674 € (0,1). By using backward induction, the signatory regions will set the dirty and
clean energy production in the third stage at the levels determined in the beginning of
the current section, Equation 3.1 and 3.2.

Before acting as non-cooperative entities under the influence of the coalition, the
signatory regions need to decide the maximum percentage of available dirty resources to
extract, 6'EA In a cooperative manner, all the signatory countries choose the optimal
rate such that the worldwide emissions level will be reduced subject to the participation

constraint of all their members:

min  D(EY"'EON) = d Y e = ds Y, 2, (6)

st. 0€(0,1)
Wi (af10 € (0,1),y; > 0) = WY (a}16; € [0,1],9; > 0), Vje M

In other words, the signatory countries search for the maximum percentage of available
dirty resources to extract that minimizes the aggregate damage level, respecting
the participation constraint of the signatory countries to accept the International
Environmental Agreement. Notice that all these constraints can be transformed into
a new function, Ay, that computes the difference between the welfare levels after and

before joining the International Environmental Agreement:
Aw(aZ,9,8) = WA (a%]9 € (0,1),y; > 0) — WN (a2]0; € [0,1],y; > 0)

By evaluating no difference between welfare levels, Ay, = 0, the Implicit Function

Theorem will be used to observe the potential maximum percentage of available dirty
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resources to extract under increasing levels of the dirty energy preference parameter:

AW

819 aaf
z —  0Aw

daj 90

The previous expression will explain the effect of joining in the coalition the country with
a higher dirty energy preference parameter, a”, on the maximum percentage of available
dirty resources to extract. In other words, it shows how much the maximum percentage
of available dirty resources to extract should increase in order to accept a country with a

marginally higher level of dirty energy preference parameter. Starting with the effect of

0 on Ay, 83—9"":
OAw  OW/P4(a]0 € (0,1),y; >0)
00 90 -
(OR)? o (@48 = (OR)] O ienm = _

=¢

(a® — dd) — (1 + ¢)(OR)

J

0 (14 k) 00

This first partial derivative!! comes from two different facts. First, the positive impact on
the individual welfare (expressed in the first term), since the reduction of the maximum
percentage of available dirty resources to extract will restrict the amount of dirty energy

to use and, at the same time, will increase the renewable one. Notice that the reduction

of 8 will affect those countries that fully exhaust all their available resources since

_ (+k)(a% ,—do)—(av+B)
(OR)? = —Hara

[(1+k) (14c)—1](OR)?+(a¥+5) +ds. Second. an

T ~T —
and aj > app = gy

increase in the maximum percentage of available dirty resources to extract will imply a
reduction in the level of emissions, % < 0, since more countries will join to the
International Environmental Agreement, perceiving the impact of the pro-environmental
behavior parameter and reducing the dirty energy extraction.

Now, let’s consider the effect of the dirty energy preference parameter on the country

welfare level:

Ay OW/EA(a2]0 € (0,1),y; >0)  OWN (a2]0; € [0,1],y; > 0)
dat da® oa®

J J J

Depending on the scenario that signatory region j were under non-cooperation, previous
(1+k)(a?—ds)—a¥ |

differentiation could take two different forms. If R® > ~H o=

0A 14+ k) (a® — do) — a¥
ZV:(QR)(b—( A ) “ <o
daj (1+k)(1+c)—1
HSince WP (afld € (0,1),5; >0) — (af — d6)(OR)® — (1 + @B o (@HO0mT)

0 ) ienyijy @i
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(14+k)(a% ,—ds)—(a¥+B) z
(141:1?)(1+c)—1 where a;

Since the highest value of (AR)? is equivalent to

(1+k) (al@,d5>,ay .
(A+k)(1+c)—1) -

~T
2 Upp-

Same result would occur if R? <

OAw
oa®

J

=[60?—1]R* <0

Because joining the International Environmental Agreement under a Phase Down,
countries with a higher characterization of a® will perceive a less increase in their welfare

function.

According to the previous explanation, 2% > 0, specifying that the coalition needs to

) a T
increase the maximum percentage of available dlrty resources to extract in order to attract

Bw <

countries with a higher characterization of a” to join the coalition. Additionally, =
indicates that at a certain # that convinces a country described by a* to join the coalition,
signatory countries with a lower characterization of dirty energy preference a” > aj will
show even more incentives to join the International Environmental Agreement, since it
will result in a greater welfare level, compared to the non-cooperative scenario. From
this perspective, binding the participation constraint of the country with the highest
a® will respect the participation constraint of the rest of the countries with a lower

J

characterization of a®.

By considering the previous explanation, the maximization problem becomes as

follows:

mein D(EGIEAG(O,1)> = dSN [f gVCajid5daT+f IEA(G)W d(sda + . IEA(Q)a/ déda]

st. 6€(0,1)
WIEA (ax|0 € (0,1),y; > 0) = WNC (aX|0; € [0,1],5; > 0), where a* € argmax a},Vj € M

where a* is the signatory country with the highest dirty energy characterization level and,
additionally, it binds the participation constraint. In other words, all signatory countries
with a* > a;? will accept the conditions of the International Environmental Agreement.

By taking the First Order Condition of the previous minimisation problem, we identify:

PYC() (R O GORPR
av — db 00— av—do (a* —a”) (3.3)

From the previous condition, the cooperation will choose the optimal rate of maximum
available dirty resources to extract such that equals the marginal increase of emissions
with the marginal reduction induced by the International Environmental Agreement. On
the left side, it is the presence of the marginal increase of emissions <W>

for those countries that do not prefer to participate in the cooperation because of the
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variation of the maximum percentage of available dirty resources to extract 68%:. On the

right side, there is the marginal reduction of emissions for those countries that participate

aX—g®

o5 and fully exhaust their dirty energy resources at the agreed rate

in the cooperation
(6(OR)*'R).

Additionally, Equation 3.3 shows us the rule to determine the optimal maximum
percentage of available dirty resources to extract. As an illustration, suppose that the
previous equation is satisfied with a strictly greater inequality (>), at a certain 6. This
rate will induce a higher increase in the emissions from the country that rejects the
International Environmental Agreement than the reduction generated from those than
remain. Since the cooperation keeps reducing the aggregate damage level, it will motivate
them to increase the maximum percentage of available resources to extract. Notice that
this expression reveals the tension to move from Phase Out to Phase Down, only if the
pro-environmental behavior parameter is not high enough. Now, consider that previous
Equation 3.3 contains a strict lower inequality (<), resulting in a higher reduction of
emissions generated from countries that remains in the International Environmental
Agreement, against the increase from those that reject to be part from such type of
coalition. Under this situation, the cooperation will have incentives to still reduce the
maximum percentage of available resources to extract, minimizing even more the current
aggregate damage level. Again, this situation reveals the reason why the no intervention
is not placed against Phase Down.

The previous explanation tells the potential mechanism that will allow us to identify

the optimal maximum percentage of dirty energy resources to extract:

Proposition 4 Under Phase Down, the optimal mazimal percentage of available
resources to extract will be the minimum one that forms the grand coalition.

Proof: See in Appendiz, Proof 10.

At the optimal percentage of available dirty energy resources to extract, #*, no country
will act as a non-cooperative entity due to the lack of incentives, being stable the coalition.
Notice that any change will induce an increase in emissions since either a country will
leave the International Environmental Agreement or it is allowed to extract more dirty
energy.

Now the question is how the pro-environmental preference parameter affects the
optimal Phase Down decision. Since the decision of entering or not to the coalition
affects those countries that fully exhaust their resources, the pro-environmental preference

parameter will not influence the decision of either joining or not the coalition. However,
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the previous parameter will affect directly the profits structure. In other words, as it
interacts with the potential benefits obtained by using clean energy; it will make difficult,
through the maximal percentage of available resources to extract, the likelihood to become
a fully exhauster country. Therefore, higher pro-environmental preference parameters will
induce greater efforts to reduce the maximum amount of available dirty energy resources

to extract.
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Figure 3.3: Size, in percentage, of signatory countries in the stable coalition
and aggregate damage under Phase Down at different pro-environmental
behaviour parameter levels, (.

Figure 3.3 show us the size, in percentage, of the stable coalition and the aggregate
damage under Phase Out at different pro-environmental behavior parameter levels,
respectively. The three lines correspond to a low (f = 0.4 < ', red one), medium
(3 < p =0.7 < B", brown one), and high (3" < 8 = 2, green one) pro-environmental
preference parameter, where the dashed line corresponds to the resulting optimal rate
chosen by the International Environmental Agreement coalition.

As previously explained, apart from decreasing the aggregate emissions level and,
consequently, their damage, the pro-environmental preference parameter helps to reduce
the maximum percentage of available dirty resources to extract. Additionally, there is a
certain threshold (B”), such that, once exceeded, the cooperation prefer to set the Phase
Out as an optimal strategy to reduce the emissions level.

The optimal decision of the coalition in the Phase Down will depend on the
minimization of the aggregate damage subject to the participation constraint of all
signatory countries. As a result, the Phase Down reduces the aggregate damage compared
to the other extremal cases, if the pro-environmental behavior parameter is not high

enough. Otherwise, the resulting stable coalition, that captures the core, will establish
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the Phase Out. The Phase Down optimization problem could be reduced to identify
the maximum percentage of available dirty resources to extract that convinces the grand
coalition to be in the International Environmental Agreement. According to the results
obtained, it seems that the potential outcome obtained from the Glasgow Climate Pact is

driven by a lower pro-environmental behavior atmosphere generated in such agreement.

3.6 Conclusion

The Glasgow Climate Pact has brought under discussion the management of the unabated
coal power. Precisely, the main concern of the bargaining process was to determine the
final use of such resources. The asymmetry of countries around the sensibility of fossil
fuel in their welfare function complicated the potential coordination of phasing out the
unabated coal power. Not only the national characteristics of countries break with such
an agreement, but the lack of complete financial aid reduced the incentives of joining
Glasgow Climate Pact. According to this conflict, the main motivation of this paper was
to analyze the main factors that allow the final decision reached in the agreement.

Following the existing literature, our paper has followed the basic linear-quadratic
model of an emissions game. Additionally, the current paper considers the approach
used in Rubio (2017), where the Kuhn-Tucker conditions become essential to prevent any
negative pay-off. In the sense of understanding the size of the coalition, D’Aspremont
et al. (1983) is essential to understand the stability conditions to join the agreement.
Moreover, the pro-environmental parameter becomes relevant to reproduce the private
benefits obtained by the Glasgow Climate Pact. The interpretation of this concept
was obtained from the warm-glow concept idealized by Andreoni (1989, 1990) or the
description of the pro-environmental behavior made by Taufik and Venhoeven (2018).

As mentioned previously, the model used to address the question follows the linear-
quadratic model of an emissions game. Furthermore, countries are only distinguished
by their fossil fuel preference parameter and they decide whether to participate or not
in cooperation. If they reject the proposal, they will decide as an individual entity.
However, if they decide to join the cooperation, then a bargaining process will occur
after perceiving a pro-environmental behavior incentive. First, all signatory countries will
decide the maximum percentage of available energy to extract, to reduce the aggregate
damage level. Once this rate is decided among all the signatory countries, then they will
select individually the amount of both types of energy to spend.

Three different cases are analyzed to understand the International Environmental
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Agreement explained before: no intervention, Phase Out, and Phase Down. Starting with
the first one, it will reproduce the sterilized effect of joining the coalition without affecting
the individual decision extraction. Under this scenario, all countries have incentives to
join the coalition if no imposition in the maximum percentage of available resources to
extract is established. Due to the effect of the pro-environmental parameter, there is a
reduction in the emissions level. Now, consider the hypothetical case that Phase Out
is established. The potential coalitions will depend on the level of pro-environmental
behavior, being possible to form a grand coalition if such a parameter is sufficiently higher.
Last, the Phase Down will be the process that detects the optimal maximum percentage
of available resources such that reduces the aggregate emissions level. The optimization
problem will be detected when the marginal change of emissions for the signatory countries
equals the marginal variation of emissions for those countries that are acting individually.
Apart to analyse that no intervention is not an optimal strategy because of the effect of
the pro-environmental behavior from joining the International Environmental Agreement,
the Phase Out is only possible if the pro-environmental behavior is high enough.
According to the previous model, the outcome obtained in the Glasgow Climate
Pact is the resulting optimal strategy generated by a lower pro-environmental behavior
promoted in the 26" Conference of Parties. The debate from the countries with a higher
pollutants dependency, such as China or India, induces the weak effort made to promote
the Phase Out among signatory countries. Although the theoretical model provided show
us a simple explanation to understand the Glasgow Climate Pact, there are many potential
extensions of this model. First, the level of resources is assumed to be constant among
countries, a fact that is not supposed to be empirically proved due to the difference in
sizes among countries. Explaining this scenario will help us to comprehend the effect
of Phase Down and/or Out under other factors. Second, it is assumed a fixed decision
for all countries, not allowing the discrimination of strategies. Following this model, it
is possible to find a potential solution that could increase further the aggregate welfare,
holding the same aggregate damage level. Although both extensions could help us to
improve our understanding of the Glasgow Climate Pact, it is highlighted in this paper
that countries failed to provide more financial programs to support those countries that
reduce their welfare because of the non-use of dirty energy resources. According to this
statement, the Phase Down in the Glasgow Climate Pact is the reasonable strategy to
reduce the aggregate damage level in the current climate warming situation that we face

nowadays.
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Conclusion

This thesis comprises of three chapter, one chapter on political economics and two
chapters on political and environmental economics. Chapter 1 analyses the constitution
of the trust in national parliaments through a game where the population, parties (and
politicians), and lobby interact to decide the electoral and the final implemented policy.
It describes trust in national parliament as the likelihood that the final implemented
policy reaches, at least, the promised level of utility obtained in the electoral competition.
From this definition, it studies how trust in national parliament is constituted and which
factors can explain its variation. Chapter 2 studies if those demand-side policies that
influence the preference for energy are effective in their aim to reduce the potential
environmental damage generated from fossil fuels. By using an infinite-horizon non-
cooperative differential game, with consumers and multi-supplier firms trading fossil fuel
and clean energy, we assess the potential consequences that this type of policy could
generate in the environment. Chapter 3 examines the bargaining process behind the
Glasgow Climate Pact about the state of unabated coal power signed in the last 26
Conference of Parties. Through a basic linear-quadratic model of emissions game, it
investigates the main factors and conditions that drive the coalition to Phase Down or
Out their unabated coal power.

Chapter 1 starts with the description of a game that explains how policies are
determined in a legislature. There is a timing of eight stages, which include the electoral
competition; the changes in the politician state-probability belief; and the lobby contract,
which includes the suggested policy and the transfer done to the politician. This sequence
explains part of the different pressures that provoke changes from the electoral to the
final implemented policies. One, internal pressure is related to the difference in the state-
probability between population and politician. Another, external pressure refers to the
potential suggestions that an external agent, lobby, is able to offer to the politician. As
a result, the expectations about the politician state-probability or lobby characteristics
will affect the constitution of individual trust in national parliament. Specifically, the
political difference between most preferred policies among states increases the asymmetry
in individual trust in the population by internal pressures; whereas the number of
individuals, the policy discount parameter, and the politician ratio rise individual trust
through external pressures.

Chapter 2 contributes to the literature by extending the understanding of the

potential implications of how policies addressed to influence the preference for energy
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impacts the environment. The answer to this research question is identified through
a two-periods time model, where two types of energy, brown (polluting) and green
(clean) sources, are supplied in the market. In this game, consumers, represented by
a parameter that captures the prevalence of clean energy over fossil fuels, and multi-
supplier firms, that seek to maximize their profit function, interact to extract or produce
both types of energy. By analyzing exogenous shocks in the preference for the use of
renewable energy, we identified two different results. First, if there is no incentives to
fully exhaust the fossil fuel reserves, more green preferences induce a reduction in the
use of fossil fuel sources if and only if the change does not induce the incorporation of
renewable energies in the market. However, if there is incentives to fully exhaust the fossil
fuel reserves, more green preferences induce an anticipation in the extraction decisions.
Additionally, although imperfect competitive markets reduce the potential amount of
emissions, perfectly competitive ones seem to reduce the potential augment of emissions
when clean energy is newly introduced in the market.

Chapter 3 considers the negotiation process behind the Glasgow Climate Pact to
explain the main reason that has led to the determination of the Phase Down on the
unabated coal power of countries member. The model used is a linear-quadratic model
of emissions game, where countries, that are distinguished by their fossil fuel preference
parameter, decide whether to join an International Environmental Agreement or not. The
coalition promotes the pro-environmental behavior of signatory countries but restricts
the use of fossil fuel resources to minimize the aggregate damage. Our findings suggest
that Phase Down is an optimal cooperative decision if the pro-environmental behavior is
lower enough. Otherwise, Phase Out is an optimal decision made by the grand coalition,
vanishing the potential aggregate damage generated from fossil fuel energy, if the pro-
environmental behavior is sufficiently higher.

Now, we can specify the policy implications and potential further research from
the three previous chapters. In Chapter 1, our findings suggest that trust in national
parliament is sensible to many different factors, captured with the name of internal
and external pressures. Due to the economic and financial volatility of world markets,
internal pressures are difficult to prevent, but common among countries because of the
current globalization. However, the presence of lobbies capable of suggesting, and finally
implementing, their political proposal are inevitable. In the end, they can reduce the
electoral turnout as a result of the lower credibility of the electoral agenda. Since lobbies
are externally motivated to influence the political scenario to maximize their own profits,

the potential policy implication from this chapter is to show the need for a lobby that
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protects the politicians under external suggestions that deviate the final political decision
from the internal policy. There is a potential gap in including some empirical research
behind the explanation provided in this chapter. Since state-probability is common among
countries, it is possible to look for the effect of external pressure on the trust in national
parliaments.

The important implication of Chapter 2 is that increasing awareness of the use
of clean energy, jointly with the promotion of the affordable renewable energy, could
not achieve the goal of reducing the consequences of climate change. Depending on the
characteristics of the market, there are two different results obtained. For those economies
that fully exhaust their resources, more green preferences could anticipate the extraction
decisions. However, it seems that this result is restricted to the limitations of our model,
when we do not allow to postpone the extraction decision for future periods. But, for those
economies that do not fully exhaust their resources, we have observed that the presence of
an alternative in the market could increase the competition between the different types of
energies, motivating the anticipation of fossil fuel extraction. This result could generate
a conflict with the intention of the United Nations General Assembly of reducing the
accumulation of C'O, in the atmosphere. More specific, both 13.3 and 7 SDG could
induce an increase in the Net Present Value of Emissions. As a potential motivation from
this chapter is that to prevent any consequence of the Green Paradox, policy-makers need
to reduce the power of firms in the energy market or the promotion of affordable energy
to prevent any indirect effect from inducing the use of clean energy through preferences.
As mentioned, there is still research to do around these results, as introducing the concept
of asymmetry in imperfectly competitive structures or the presence of many fossil fuel or
clean energy alternatives in the energy market.

Chapter 3, for the attention of policymakers, we may argue that the final outcome
obtained from the Glasgow Climate Pact related to the unabated coal power was driven
by the weak pro-environmental behavior promoted in the 26! Conference of Parties.
Our argument suggests that the decision of “accelerating efforts towards the phase-down
of unabated coal power” is influenced by the reduced efforts to provide financial aid to
developing countries. One of the potential future research directions is the stability and
effects of promoting discrimination in the Phase Down and QOut strategies exerted on
the signatory countries. This policy could generate a potential reduction of aggregate

damage, allowing an increase in the individual and aggregate welfare levels.
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Appendix: Chapter 1

Proof

Proof 1 Define F(p) as the distribution function of most preferred polices such that, when
it is evaluated at p, F(p) indicates the fraction of population whose most preferred polices
are less than p. F(p) is an increasing around function since p' > p then F(p') > F(p).
Furthermore, F(p) is equivalent to Lebesque measure, since, for a given two different
policies, the set of indifference has F-measure zero.

Given individual utilities u;(p) is continuous in their argument and single-peak, for
a pair of polices (po, po), such that F(py) = 3, it is a strict Condorcet winner. This result
1s coming from the fact that for any p < py, more than one-half of the population prefer
po to p. Suppose that it is not true, an one-half the population either prefer p to py or
are indifferent between both. Due to the fact that between two different polices, the set
of indifferent individuals has F-measure zero, the number of individuals that would prefer
either one or the other will be the same. Then, F({2(po,p)) = %, where 2(po,p) contains
the individuals whose most preferred polices are arbitrarily close to pg.

Consider I° as a set of individuals characterized by 4; = po. At any policy p # po,
uz(po) — uz(p) > 0. Let Iy be a set of individuals where their most preferred policy is

allocated in an open ball, B, about I° such that:
1 €1 = Uz(po) — uz(p) >0

Select a sequence {Z;} of types in 2(pg, p) whose most preferred policy converge to pg. In
the limit of this sequence, Iy has most preferred policy py. But, it shows that B about
Ty is constructed in points of £2(po,p). Then, F(2(po,p)) = % is false, and majority of
population prefer py than p, and po is a strict Condorcet winner (in addition, it is possible
to use a similar argument shows when p > p0).

From previous definition, we will prove that py is a political equilibrium. Consider

next three cases:

1. There is a policy py such that F(py) = % Then, pair (po, po) is a political equilibrium,
since no party can obtain profits by deviating their policy. Suppose that a certain
party deviate to p < pg. Half of population have their most preferred policies over pg
and prefer pg to p. Then, party gets probability at most one-half for winning, being
the deviation non-profitable. Now, suppose that party deviate to py < p. Half of
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population have their most preferred policies below py and prefer py to p. Party gets
probability at most one-half for winning, being the deviation non-profitable. Then,
at (po,po), there is not profitable deviation. Applying same argument for the other

party, show us that (po, po) is a political equilibrium.

2. There is no policy p such that F(p) = % Suppose {p|F(p) > %} is not empty. If

po = inf{p|F(p) > %}, then it is a political equilibrium. For example, if a party
decides to deviate to py < p, half the population prefer py to p, then other party
could decide to deviate for any small € > 0, such that F(p +€) > 3. Due to this
strategy, this deviation is unprofitable. But, if a party decides to deviate to p < py,
then party will get F(p) < % Due to this fact, this deviation is unprofitable.

3. There is no policy such that {p|F(p) > 1} = 0. Then, (p,p) is an equilibrium, since

F(p) < 5 and more than half the population prefer p to any other policy.

Given that F(p) is continuous and strictly increasing on P, the median ideal policy po

results in a strict Condorcet winner, generating a unique political equilibrium in (po, po).

Proof 2 Optimal contract solves next mazimization problem by binding first constraint:

max Y —c(y—p)°—t

s.t. Blw—+t(pr)] + (1= B) E [Wp(p)] > Blw] + (1 — ) E [Wp(pp)],
Y —c(p—p)’ —tpr) >2Y —c(¥—pp)?,
p€[0,1]

(4)

By binding first constraint, we obtain that t is equal to:

(1-5)
B

tpr) = (21Wep)] = EWepr) )

By substituting previous equation in the objective function and constraint, we obtain:

H{l;i}X Y —c(yp— p)2 — (1;#5) <E (Wpe(p)] — E [Wp(pp)] )

st Y —c@—p) = S2(EWpp)] - BEWe(pp)] ) 2 Y —c (v —pp)*, ()
pE [O’ 1]

By applying Khun-Tucker, we identify the Lagrange function from previous mazximization
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problem, where there is not binding constraint.

1-5)
B

Llp) =Y = (v —p) - (EWr() - EWepr) )

It could be rewrite as:

(1-5)

d
B

Lp)=Y —c(p—p)*—

=1

Z {(p —pp)* +2(p — pr)(pr — VP,i)}]

Where yp; = mpya + (1 — p)yR. Taking F.O.C. from previous function with respect to p:

0L(p)
I

QdZ

Or, rearranging and considering p as a constant and Y . (Yp;) = p:

——: c(¥—-p+

d ; ﬁ)dn(% —p)=0

The optimal policy level p, that solves previous equality, 1s:

) + nd—(lgﬁ)ﬁp
c+ nd—(lgﬁ)

br: P=

Whereas transfer will be equal to:

t (pL

Z{p pp)’ +2(p — pp)(pr — pi) }

Proof 3 By considering py,, it will satisfy lobby participation constraint:

Y —c(p—pr)’ —tlpr) >Y —c(v —pp)°

By substituting the transfer contract defined before, we get:

C[(7/J—pp)2— W—pL)Q] > (1-5) [

3 d Z {(pr —pp)* +2(pr — pr)(pp — ’_YP,z')}]

=1

It could be rewritten as:

¢[(pp —p)* +2(pp —pr)(p — V)] >
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Then, it could be expressed as:
[C - Nd%] (pp —pr)? > 2 [C(pL — ) + O;Tﬁ)d Z(pp - ’_)/P,i)] (pr — pp)
i=1

Since (pr — pp)* = (pp — pr)*:

[c - ndw} (pL —pp) > 2 [C(PL — ) + G ﬁ)dZ(PP - ’_YP,i)]

p BI
cl(pr —pp) = 2(pL — ¥)] > nd(l ; b) [(pr — pP) — 2(pp — 7P)]
c[(¥ —pr)+ @ —pp)l 2 nd(l ;5) [(p — pp) — 2(pp — 7P)]

cw—s—ndi(lgﬁ) ¥p .

Remember that pp = 4p and optimal policy under lobby incentive py, = e
CTTNn T

d1=85 _

c—l—nd% B

A=B) () — 7
Kd : ww)W_,_yp)] =5)

c+ nd—(lﬁﬁ) B

nd(lgﬁ)
(c+ nd—(1ﬁ5)> .

e |2na 57

C’QZ) + nd—(lgﬁ) ’7]3 _
— — P
c+ nd—(lﬁﬁ)

c(y) —7p) ]

c+ nd—(lgﬂ)

(1-5)

> nd
- B

c

c
c+ nd—(lgﬁ)

) + c} > cnal—(1 — 8

B B

nd( c>0

—8)
B

The pair o = {pL,t(pL)} will be optimal if previous condition is satisfied.

Individual Trust Simulation

In the simulation we will assume that n = 701 individuals set their preference over a
policy space depending on the expected state. If the future state is A, their preference
distribution will be uniformly distributed between 0 and = 15> YA ~ Unif|o, 10] whereas if
the future state is B, their preference distribution will be uniformly distributed between
E and 1, vg ~ Unif [ 1]. By implementing a state probability (7) equal to %, it will

generate an expected preference distributed uniformly among % and ;g, v ~Unif [20, 20]
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We need to consider that the individual preference order in the distribution is equal

among states, then Af’A will be equal to % for all agents. Furthermore, the individual
discounted factor is standardized at d = 1.Individuals set their political trust depending
on the probability of getting a higher utility with respect to the one commit in electoral

competition:

Elu;(pr)] — Eluwi(po)] > 0= (pr — po) [(PFr — o) + 2(po — 7:)] <0 (6)

Due to timing, individuals generate their expectation with respect to variation in lobby
revenue (c¢), lobby maximizer revenue policy level (¢)) and probability belief distortion
(€).In these cases, we will understand that variation in lobby revenue will take an inverse
exponential distribution of degree 1, where their density function takes the following
shape: f(c) = C%e’%. Whereas lobby maximizer revenue policy level will be a uniform
distribution between 0 and 1 (¢ ~ Unif[0,1]) and probability belief distortion will take
a uniform distribution in their domain (¢ ~ Uniflern, €mrax]). In order to analyse
individual trust in a static framework, we will consider first both pressures separately,

and their combination.

Internal Pressure Simulation

In this subsection we will consider that no lobby will suggest a policy to the politician.
Then, the unique distortion in their commitment will be a change in the probability belief.
If we consider Equation 6, we will observe the following when the implemented policy is
pp

(= po) [(pp — po) +2(po —7:)] <0

\(—eAwByA) [—eADA 42>y — ’_yi)l <0

TV TV
First Condition Second Condition

Depending on the individual preferred policy position with respect to the averaged one

(7~ — i), Equation 6 will be satisfied if:

(ow=7) 20| (yw—2) <0

First Condition e>0 € <0
Second Condition % > ¢ Q(EE;,—JI) <e
.l ol

If we compute the expectation of finding a distortion in probability state into the range,

taking into account the domain of the expected variable:
e For 2(yy — ;) > 0:
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2 A
— When (X}Z’) < €MAX:

2 —
— When —(X}J’) > eyAx:
Yy

e For 2(yy — ) <O0:

2(yn—i
— When (Z]\%,X) > €MIN:

2(w — i 0
Pr (VNBA7)§6§0]:/ 1 de

A’ 2N i)
3 B
£

— When Q(X\%,_Ji) < epmIN:
Yy
2(Yn — i 0
pr |2 =) :/ 1 de
Aﬁ’ EMIN

The probability of obtaining a higher expected utility will depend on the probability
of obtaining a beneficial distortion of probability belief. Furthermore, these ranges must

fit with the domain of the variable.

External Pressure Simulation

In this subsection we will consider that no internal pressure is applied in the policy
implementation. Then the unique distortion in their commitment will be a potential
lobby offer. If we consider Equation 6, we will observe the following when the implemented
policy is p’":

(pp — po) (PP — o) + 2(po — )] <0

(Y —n) (¥ —n)
c+ nd%

AF N <0
| c+ nd—(lgﬁ)

) +2(8 — %)

Vv Vv
First Condition Second Condition

As we have done in previous subsection, depending on the individual preferred policy

position with respect to the averaged one (yx — 7¥;), Equation 6 will be satisfied if:
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(yw =) >0

(VN —%') <0

First Condition

Y < AN

V> AN

Second Condition

2nd “;‘” (yv—i)
— INT20N %)=

2nd(1?;’8) (yv =)
— IN200N =)=

Extra Condition

Y > N8 — 298 — %)

Y <An — 2098 — %)

Starting by First Condition, it is straightforward to observe that in order to improve
individual utility lobby maximizer revenue policy must be located close to the individual
most preferred policy. With respect to the Second Condition, this restriction helps to keep
the final implemented policy in the improving region. For the existence of this restriction,

we need a positive argument in the cost limit, generated by Fxtra Condition. Then, if we

compute the likelihood of finding a lobby characteristics into the range, we observe:
e For 2(yy — ;) > 0:

— When yy — 2(v — %) > 0:

Pr

QHdM(’YN—%’)
- B _ _ B
)

2nd(155) (yN =)

N AN —2(FN—7:) Fn—2GNn 07 1
:/ 1 dzp+/ /WN T et de dy
AN—2(N—%i) 0 0 ¢

— When Jy — 2(v — %) < 0:

Pr[{aw =20 - 7) < v < v} n{o < e < oo} =/07N1dw

e For 2(yy — ;) < 0:

— When v — 2(yv — %) < 1:

Pr

2nd—(1gﬁ) (v — 7) }]

{7NS¢§7N—2(7N—77;)}Q{0§C§ N — 2078 — ) —

2nd(173ﬁ)(71\r*w)

AN —2(IN —7i) 1 N 20N 0% 1
_/ 1 dw+/ /WN T et de dy
N baryn—2(n—%:) /0 ¢

— When yy <Ay —2(n — %):

Pr{{an s v o 26y -} nf{oseseol) = [1ay

As we have computed in previous subsection, the probability of obtaining a higher
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expected utility will depend on the expectation with respect to the lobby characteristics.

Internal and External Pressure Simulation

In this subsection, we will analyse the behaviour of individual trust when there is a
distortion in the state-probability belief and under the existence of a lobby. At this point,
the expectation of the lobby characteristics will determine the level of individual trust.
Considering pr as the implemented final policy under state-probability distortion and the
existence of a lobby, Equation 6 will be satisfied if:

(C(@D—v N) +nd"57 (ABA)) [(CW_V w) + nd 52 (ABA)>+2(7 —7~)] <0

¢! B) (1-8)
c+ nd—ﬁ c+ nd—ﬁ

[\

vV vV
First Condition Second Condition

Depending on the individual preferred policy with respect to the averaged one (yn — %),
Equation 6 will be satisfied if:

(v =) =0 (v — %) <0
(1-58) B,A (1-58) B,A
First Condition c> ”d_ﬁ—EA” c < m
(Tf@) (YBNA— ) (776) (WéNA—w)
Second Condition | ¢ < =5 [A7 7 e+ 260~ c>" 5 [Ai EJF,Q(W_%)]
- AN =298 =%i) =¥ = AN =298 —7i) =¥

In this case, depending on the individual most preferred policy position, their probability

belief will be characterized by:

a) When ey > %7— and:
Yy

a.i) 0> yn—2(Jn — %), individual will compute their individual trust through the
computation of following probabilities:

[) When state-probability distortion and lobby maximizer revenue policy

weakly increases the individual utility function that it will occur if € €

lexrrn, 0] and 1 € [0, 7], respectively. Then, probability of this scenario is:
N
PI‘({€E [EMIN; ]}ﬂ{we / / 1 dw de
EMIN

Notice that this situation does not require of cost bounds since both

parameters will increase individual utility function regardless the cost level.

IT) When there is a beneficial state-probability distortion (¢ € [errn,0]),

but a disadvantageous lobby maximizer revenue policy (¢ € [, 1]). This
ndU=8) 7B A

situation will improve individual utility function if ¢ € [O, d"/N—d):|
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Then, probability of this scenario is:

B
(v — )

nd 2 eAA

)

r <{e € learrn, 0} N {9 € [0,7]} N {c e [0,

na 059

(’YN d}
/ / / —e’z dc di de
EMIN

Given this scenario, lobby revenue variation located in the specified region

will improve individual utility function.

IIT) When there is a beneficial lobby maximizer revenue policy (¢ € [0,7n]),
but a disadvantageous state-probability distortion (e € [0, eprax]). This
situation will improve individual utility function if ¢ € [%, oo] )
Then, probability of this scenario is:

i nd452eABA
Pr ({E < [O,EMA)(]} N {¢ € ["}/N, 1]} N {C & lw,OO] })

EMAX
/ / /Ldu@)ABA—eCddedE
TN

&)
Given this scenario, lobby revenue variation located in the specified region

will improve individual utility function.

Then, for those individuals that are characterized for this most preferred policy,

their individual trust function will be computed as:

In other words, by aggregating three computed probabilities, we will get the

individual trust function of an individual characterized by their most preferred
policy #;.

aii) 0 < 4y — 2(n — %) < Aw, individual will compute their individual trust
through the computation of following probabilities:

[) When state-probability distortion and lobby maximizer revenue policy
weakly increases the individual utility function that it will occur if € €
lexrn, 0] and ¢ € [n — 2(n — i), Yn], respectively. Then, probability of
this scenario is:

Pr ({e € [enrr, 0]} N {6 € [in — 203w — 70),7]}) = / / 1 di de

AN —2(FN—%¥i)
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1))

I11)

IV)

Notice that this situation does not require of cost bounds since both
parameters will increase individual utility function regardless the cost level.
When there is a beneficial state-probability distortion (e € [eprn, 0]), but
a disadvantageous lobby maximizer revenue policy to the right side(y €

[7n,1]). This situation will improve individual utility function if ¢ €

nd=8 ABA

B

GTv=y ] . Then, probability of this scenario is:

ndMEAf’A

Pr ({e € learn, O} N {w € [, 13 N {c € [0, B

(A~ — )

ndi(liﬁ) CAB’A

B v
0 1 AN—) 1 1
= —e e de dy de
eMIN JAN Y0 ¢

Given this scenario, lobby revenue variation located in the specified region

will improve individual utility function.

When there is a beneficial state-probability distortion (¢ € [eprrn, 0]), but
a disadvantageous lobby maximizer revenue policy to the left side (¢ €

[0, v —2(~ —7:)]). This situation will improve individual utility function
. nd S52 [AT A et 2y —i)]
if c € |0,

E e } . Then, probability of this scenario is:

Pr [{e e [eMIN,O]} N {1/; € [0,7x — 2(3n — %)]} n..

. {CE [0 ndZ% [Af’A€+2(7N—7i)}]}] _

IN =208 — %) — ¥

na{t78) AE,A€+2(,¥N_,”)]

0 N —2(YNn—:) | G vy
N—2(N—7i)—¢ 1 1
:/ / / —e€ e dedy de
emMIn Y0 0 ¢

Given this scenario, lobby revenue variation located in the specified region

will improve individual utility function.

When there is a beneficial lobby maximizer revenue policy (¢ € [yn —
2(%n — 7i),7n]), but a disadvantageous state-probability distortion to the

right side (e € [0,€epax]). This situation will improve individual utility

nd(lg’a) GAE’A

function if ¢ € [ GTe=

,oo] . Then, probability of this scenario is:

nd1=B e ABA
Pr <{€ € [0,emrax]} N{v € n —2(n — ), In]} N {C € [M’ 001 }>
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EMAX 1 L
/ / /Ld(l 8) ABA 26_E dc dv de
N —2(YN %) ¢

€2 71!1)
Given this scenario, lobby revenue variation located in the specified region

will improve individual utility function.

V) When both state-probability distortion (to the right side) and lobby
maximizer revenue policy (to the left side) are disadvantageous (e €
[0,enmax] and ¥ € [0,7n — 2(n — )], respectively), but a certain
level of lobby revenue variation weakly increases the individual utility

dIZBLABA g OB ABA e o(yn —, .
“ ($N_w)” o 2N£2Zﬁw—ﬁ-§m 7)}}. Then, probability of

function, ¢ € {

this scenario is:

Pr [{e € [0, eMAX]} N {¢ € 0,yv — 2(7n — %)]} N

e nd(l;fﬁ%Af’A nd% [AE’AE +2(yn — %)} _
(v—v) = v =208 — %) — ¥
nd(lﬂﬁ) [aPAet2(ry—)]

emax  AN—2(N—7i) 2(
AN 20N —7) ¥ 1
/ / /Ldu 8) ABA C—2€ ¢ de dip de

AN —¥)

Given this scenario, lobby revenue variation located in the specified region

will improve individual utility function.

Then, for those individuals that are characterized for this most preferred policy,

their individual trust function will be computed as:

b) When €y < % and 0 < v — 2(9n — %) < 7w, individual will compute

L2
their individual trust through the computation of following probabilities:

I) When state-probability distortion and lobby maximizer revenue policy weakly
increases the individual utility function that it will occur if € € [%, 0]
Y
and ¢ € [yv — 2(3n — ¥i), In], respectively. Then, probability of this scenario
is:

pr({ee P22 0} 0w € i — 260 - 3071

ABA
/ 1 do de
AN—2(N —%i)

/ YN —
B
’Y
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1)

I11)

IV)

Notice that this situation does not require of cost bounds since both parameters

will increase individual utility function regardless the cost level.

When there is a beneficial state-probability distortion (e € [% 0]), but a
disadvantageous lobby maximizer revenue policy to the right side(y € [y, 1]).

J1=8) A B.A
This situation will improve individual utility function if ¢ € [O, %} .

)

Then, probability of this scenario is:

—2(% — %) ~ G
Pr <{e c [T,o] } n{y e N {c < [07 TN —1)
nalz0 ca

(v
/ // v —e’Edcdwde
—2(71\7 'yl o

Given this scenario, lobby revenue variation located in the specified region will

improve individual utility function.

When there is a beneficial state-probability distortion (e € [M 0]), but a
disadvantageous lobby maximizer revenue policy to the left side (¢ € [0, yn —

2(%n — %i)])- This situation will improve individual utility function if ¢ €
0 nd U [AD A et 2(yy —i)]
’ ’VN 209N =)~

} . Then, probability of this scenario is:

Pr[{e e (202 o} {u € 04 — 2063 - 0]} 1

a5 [Ape 20w )] ] _
..ﬂ{cel[)’ N =2 — %) — ¥ ]}]_

B,A

mii(lgm [A e+2(vN— %)]
AN—2(AN —7i) SN2 50 1
—e < de diy de
N —7:) c2
TABA
al

Given this scenario, lobby revenue variation located in the specified region will

improve individual utility function.

When there is a beneficial lobby maximizer revenue policy (¢ € [yy — 2(n —
%), n]), but a disadvantageous state-probability distortion to the right side

(e € [0,€epax]). This situation will improve individual utility function if ¢ €
|:nd<16) eABA
B Y

B vl oo] . Then, probability of this scenario is:

nd=ZBleAB A
Pr <{6 € [0,emax]yN{v € An —2(n — %), AN} N {C € [M»OO] })

119



V1)

EMAX 1 L
/ / /T;d(lﬂﬁ) caBA 626 ¢ dc dip de
AN —2(IN —7i)

G
Given this scenario, lobby revenue variation located in the specified region will

improve individual utility function.

When there is a beneficial lobby maximizer revenue policy (¢ € [yn — 2(n —

%), n]), but a disadvantageous state-probability distortion to the left side

(€ € lemrn, %]) This situation will improve individual utility function
Y

nd S [AD A er2(yn—)]
AN—2(AN—7i)—Y

ifce { ,oo] . Then, probability of this scenario is:

Pr [{e € lemin, W]} {@D € [~y —2(98 — i), WN]} N

nd 52 [APAe 4 2y — )]
.N<ce - S — A % -
N =2 — %) — ¥
—2(yn —%4)

—aFE > 1
J— vy =
- B ~ B na(1=8) B)[ 6+2<’YN %)] 026 ¢ dc dw de
EMIN AN—2(N—%)

2(’YN Vi)=Y

Given this scenario, lobby revenue variation located in the specified region will

improve individual utility function.

When both state-probability distortion (to the right side) and lobby maximizer
revenue policy (to the left side) are disadvantageous (¢ € [0,epax] and
v € [0,y — 2(n — 7i)], respectively), but a certain level of lobby

revenue variation Weakly increases the individual utility function, ¢ €
ndLgB)eAE’A nd1=8) B>[ e+2('yN ’yL)]
N=v) 7 In— 2(’YN Yi)—v

}. Then, probability of this scenario is:

Pr [{e € [O,EMAX]} {¢ € [0, —2(w — %)]}

e nd—(lgﬁ) eAf?’A’ nd—(lgﬁ) [AE’AE + 2(yw — %)} _
(v —¥) v =208 — %) — ¥

nall=8) AB Aeta(yy - w)]

eMax  LIN—2(AN—7i) L] 2(WN =% 1
/ / /Ld(lﬁﬁ) cald ge ¢ de dv de

AN—¥)

Given this scenario, lobby revenue variation located in the specified region will

improve individual utility function.

VII) When both state-probability distortion (to the left side) and lobby

maximizer revenue policy (to the right side) are disadvantageous (¢ €
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[EM]N,%] and ¥ € [yn,1], respectively), but a certain level of
2l

lobby revenue variation weakly increases the individual utility function, ¢ €
nd D [AD At 2(yy )] ndF2enPA
N —=2(YN =)= (N

}. Then, probability of this scenario is:

Pr [{e € lenrw, M]} n{vehvln.

B,A
AL

Al nd—(lgﬁ) [AS’AE +2(yN — %)} nd—(lgﬂ)eAWB’A
IN =208 —%) —¢ T (v — )

1— B,A
ndMEA.\{

1 _
AN—%) 1 1
- A —e ¢ de di de
/’y [ldT(l 8) [Ag €+2(’YN—%')] 2 1/}

AN 2N —Vi)—¥

—2(9 N —74)
B,A
[
EMIN

Given this scenario, lobby revenue variation located in the specified region will

improve individual utility function.

Then, for those individuals that are characterized for this most preferred policy,

their individual trust function will be computed as:

c¢) When €pax > ~208-%) and v < Av — 2(n — %) < 1, individual will compute

B,A
AF

their individual trust through the computation of following probabilities:

D)

1)

When state-probability distortion and lobby maximizer revenue policy weakly

increases the individual utility function that it will occur if € € [0, %]
L2

and ¢ € [Yn, v — 2(w — 75)], respectively. Then, probability of this scenario

is:

Py ({e 0 M]} N ¥ € [ — 20w - %)]}>

)

# N —2(n —%:)
_ / g / 1 di de
0 AN

Notice that this situation does not require of cost bounds since both parameters

will increase individual utility function regardless the cost level.
When there is a beneficial state-probability distortion (e € [0, %]), but a
Y

disadvantageous lobby maximizer revenue policy to the left side (¢» € [0, yy])-
nd(lgmeAf’A
(In =)

This situation will improve individual utility function if ¢ € [O,
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Then, probability of this scenario is:

(1-B) _AB,A

2(’YN )]} nd 8 GA’Y’

Pr{dee o, 2N 0L py e ndcelo,—2 "1
r <{6 { AEA W [ P)/N]} c (’YN — 1/1)

N 5
/ //““’ —e’Edcdwde

Given this scenario, lobby revenue variation located in the specified region will

)

improve individual utility function.

IIT) When there is a beneficial state-probability distortion (e € [0, %]), but
2l
a disadvantageous lobby maximizer revenue policy to the right side (¢ € [Fy —

2(%n — %), 1]). This situation will improve individual utility function if ¢ €
[0 nd U AP A2 (vy )]

E e e } . Then, probability of this scenario is:

Pr[{e e [0, M]} N {2/} € v — 2098 — %), 1]} n..

A7
..N {CE

— A
—2(AN—%) 1 na (502 A}?, €+2(7N_A’i)]

aBA IN—2ON =)~ 1 1
:/ K / / —e€ e dedy de
0 AN —2(Fn—%:) /0 ¢

Given this scenario, lobby revenue variation located in the specified region will

; nd% [A,’fv“e +2(yw — %)]] }] _

N =208 — %) — ¥

improve individual utility function.

IV) When there is a beneficial lobby maximizer revenue policy (¢ € [yn, v —
2(Yn — %)), but a disadvantageous state-probability distortion to the left side

(¢ € [emrn,0]). This situation will improve individual utility function if ¢ €
|:nd<1*8) eABA
B 7y

B vl oo] . Then, probability of this scenario is:

ndZB e ABA
Pr <{f € lemrn, 0]} N {Y € [Yn, v — 2(9n — 3)]} N {C € [M,OO] })

0 AN—2(AN—7i) oo 1 L
:/ / /d(lg)AACQGCCZdede
EMIN

N—)
Given this scenario, lobby revenue variation located in the specified region will

improve individual utility function.

V) When there is a beneficial lobby maximizer revenue policy (v € [yn,Jn —
2(7n —%i)]), but a disadvantageous state-probability distortion to the right side
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(e € [% enrax]). This situation will improve individual utility function

nd“gm [AT A e+2(vn =)
AN—2(AN %)~

if ce { ,oo] . Then, probability of this scenario is:

Pr [{6 € [W,CMAX]} N {¢ € [N, AN —2(n — 72)]} n

Adee nd% [AE’AE +2(yv — %’)} ~ B
) =208 —%)—v B

EMAX IN—2(N—%i) 1
/2(71\1 ) / /d(l B)[ sBA a0y ] @€ : de dip de

—2(YN—7)—¥

Given this scenario, lobby revenue variation located in the specified region will

improve individual utility function.

VI) When both state-probability distortion (to the left side) and lobby maximizer
revenue policy (to the right side) are disadvantageous (e € [eprn,0] and
v € [An — 2(n — %), 1], respectively), but a certain level of lobby

revenue variation weakly increases the individual utility function, ¢ €
ndUZ2 A A ndUZB AT Aeta(yy—vi)]
Gn=9) 7 AN —2(YN i)~

}. Then, probability of this scenario is:

Pr[{ee lemIn, }} {1/)6 v — 2(8 — %), 1]}ﬂ...

L. nd%eAﬁ?’A nd% [ABAe + 2(yy — )] _
(v =) 7 v =20 — %) — ¥

na1=8) [A’?,A5+2(’YN7’YZ‘):|

0 1 — — =
IN—2GN —7i)— 1 1
:/ / /r;d(lmeAB'A —26 < dc d'(ﬁ de
emin JAan—20n ) J —L— ¢

N —¥)

Given this scenario, lobby revenue variation located in the specified region will

improve individual utility function.

VII) When both state-probability distortion (to the right side) and lobby
maximizer revenue policy (to the left side) are disadvantageous (¢ €
[%,EMAX] and ¢ € [0,9y], respectively), but a certain level of

Z

lobby revenue variation weakly increases the individual utility function, ¢ €
|:nd(1;}ﬂ) [AE’AE‘FZ(“/N—’YZ')] nd(lgﬁ)eAf’A

E o T e S E e 1 Then, probability of this scenario is:

Pr [{e € [W,emx]} N {¢ c [o,w} n..
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{ [nd—(lgﬂ) [Af’Ae +2(yN — %)} nd—(lgﬁ)eAf’A
.N<ce
7

/-

N = 209N — i) — ¥ T (v =)
na 050
MAX = 1 .
/2(“/1\7 ¥i) / /“i(l AN e+2(vN— ’v)] 026 e dc dl/} de

2(YyN —Yi)—¥
Given this scenario, lobby revenue variation located in the specified region will

improve individual utility function.

Then, for those individuals that are characterized for this most preferred policy,

their individual trust function will be computed as:

VII

= ZPT(G W, c)

d) When €p74x < % and:
Yy

di) v < v — 2(v — ;) < 1, individual will compute their individual trust

through the computation of following probabilities:

[) When state-probability distortion and lobby maximizer revenue policy
weakly increases the individual utility function that it will occur if € €
[0, eprax and ¥ € [y, v — 2(7n — 74)], respectively. Then, probability of

this scenario is:

Pr({e € [0, enrax]} N {3w, ¢ € v — 20w = %)]})

emax  LIN—2(AN—7)
= / / 1 dy) de
0 AN

Notice that this situation does not require of cost bounds since both
parameters will increase individual utility function regardless the cost level.
IT) When there is a beneficial state-probability distortion (¢ € [0, enax]),
but a disadvantageous lobby maximizer revenue policy to the left side

(¢ € [0,9x]). This situation will improve individual utility function if

nd =B A DA
cE [O, W} . Then, probability of this scenario is:
nd—(lgﬁ) eADA
r {66 [anMAX]}m{wE [Ov:)/N]}m ce 07_—
(v =)
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I11)

IV)

(1— B)(ABA

EMAX YN ('YN 1/)) 1
/ / / —e s dc dv de

Given this scenario, lobby revenue variation located in the specified region

will improve individual utility function.

When there is a beneficial state-probability distortion (e € [0, €prax]), but
a disadvantageous lobby maximizer revenue policy to the right side (¢ €

[~ —2(n — i), 1]). This situation will improve individual utility function

nd =5 [AB’Ae—l—Q('yN—'y-)]
. B ¥ i
if c € |:0’ N —2(N =)=

} . Then, probability of this scenario is:

Pr [{e € |0, eMAX]} N {2/) € Fn — 205 — %), 1]} N...

nd =8 [ABiAe +2(yv — %)]
B g -
..ﬁ{céloa AN =208 — %) — ¥ ]H_

nd%[ 5 5+2<’YN w)]
GnN

emax 1l e — =0 1
_ / / / " — et de dy de
0 N =28 —%:) Y0 ¢

Given this scenario, lobby revenue variation located in the specified region

will improve individual utility function.

When there is a beneficial lobby maximizer revenue policy (¢ € [yn, v —
2(Yn — 7i)]), but a disadvantageous state-probability distortion to the left

side (e € [eprn, 0]). This situation will improve individual utility function
. nd(lgﬁ) GAE’A
ifee [W

nd(l—ﬂ) eABA
Pr ( {e € [earrn, 0} N {0 € [Iw, An — 2038 — 7))} N c€ | —2—T— o0
(AN — )

0 AIN—2(AN—Yi) oo 1 L
LT g et deav a
EMIN SN

( ¢)

oo] . Then, probability of this scenario is:

Given this scenario, lobby revenue variation located in the specified region

will improve individual utility function.

When both state-probability distortion (to the left side) and lobby
maximizer revenue policy (to the right side) are disadvantageous (e €
levin, 0] and ¥ € [y — 2(n — %), 1], respectively), but a certain

level of lobby revenue variation weakly increases the individual utility
ndi(lgﬁ)eAE’A ndi(lgﬁ) [AWB’AeJrZ('ny'yi)}
n—v) AN =2(YN =)=

function, ¢ € Then, probability of
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this scenario is:

Pr [{e € [GM[N,O]} N {¢ € N — 2095 — i), 1]} n...

. nd—(lgﬁ) EA,?’A nd—(lgﬂ) [Af’AE +2(ywy — %)} _
(v =) In —2(n — Vi) — ¢

ndi(lgﬂ) AE’AEJFQ(’YN*’H)]

0 1 — — =
AN 29N =)~ 1 1
- (1-8) _AB,A —e ¢ dc dl/) de
B _ _ nalﬁ—eA,y CQ
emiNn JAIN=2(ON i) Y ———py—

(v —¥)

Given this scenario, lobby revenue variation located in the specified region

will improve individual utility function.

Then, for those individuals that are characterized for this most preferred policy,

their individual trust function will be computed as:

\%

TN(’S/@) = Z P’I“(G, 1/% C)
=1
d.ii) v —2(n — %) > 1, individual will compute their individual trust through the

computation of following probabilities:

[) When state-probability distortion and lobby maximizer revenue policy
weakly increases the individual utility function that it will occur if € €
[0,errax and ¥ € [Yy, 1], respectively. Then, probability of this scenario

Is:
emMax LIN—2(AN—7i)
Pr({c € [0, exrax]} N (G, 1}) = / / 1 dis de
0 AN

Notice that this situation does not require of cost bounds since both

parameters will increase individual utility function regardless the cost level.

IT) When there is a beneficial state-probability distortion (e € [0, €erax]),
but a disadvantageous lobby maximizer revenue policy to the left side

(¢ € [0,7x]). This situation will improve individual utility function if

(1-8) _AB.A
nd eA
C E |:07 5—’Y

GTv=y } . Then, probability of this scenario is:

nd 42 eABA

_ B
Pr ({E € [0, emrax]} N{Y € [0,A5]} N {C < [0’ (v — ¥)
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(1— B)(ABA

EMAX YN ('YN 111) 1
/ / / —e s dc dv de

Given this scenario, lobby revenue variation located in the specified region
will improve individual utility function.

ITTI) When there is a beneficial lobby maximizer revenue policy (¢ € [y, 1]),
but a disadvantageous state-probability distortion to the left side (¢ €

[errrn,0]). This situation will improve individual utility function if ¢ €

nd3=Bl A4
B v
An—)

) nd(l;#’g)ﬁAva
r ({6 S [GM[N,O]} N {Q/J € [’YN, 1]} N {C S [W,OO] })

0
:/ / ﬁd(l 5), B —6_? dc dv de
EMIN YN

ﬂb)

,oo} . Then, probability of this scenario is:

Given this scenario, lobby revenue variation located in the specified region

will improve individual utility function.

Then, for those individuals that are characterized for this most preferred policy,

their individual trust function will be computed as:

117

=Y Pr(e,0)
j=I
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Appendix: Chapter 2

Competitive Equilibrium in Perfect Competitive Markets

Consider the maximization problem mentioned in Equation 2.2 and take the first order
condition with respect to x; and 1, since a weakly positive z; will absorbe the income

effect generated in the optimisation problem. Then, for all ¢ € {1,2}:
(1—0)[a—bxe] —yr —pzr <0, 24 >0, cs.

0 [a - byt] — Ty — Py < 0, y: >0, cs.

Resulting in the following inverse demand functions:
et = (1 —0)[a — bxy] — y

Pyt = Ola — by] — 4

Now, consider the optimisation problem of multi-supplier firms that perfectly competes,
being price-takers, in the market, expressed in Equation 2.1. By analysing the first order
conditions:

Dot — Co+c1re — A <0, 2, >0, cs.
Pyt — ko — kiy: <0, 9 >0, c.s.
ro > Tt + X1, A >0, c.s.
We observe that the type of energy supplied in the market will depend on some parameters:

e No production of energy (z; = 0 and 3y, = 0): Consequently, A = 0. It will

occurs if (1 —0)a < ¢y — ¢ and fa < ky. Specifically, if § € (w ko).

a ' a

e Only production of green energy (z; = 0 and y; > 0): Consequently, A = 0.

Oa—ko

Borhe It will occurs

By respecting the FOC of green energy, we identify that y, =
if (1 —0)a—y, < co— c11. Specifically, previous condition could be understood
as the minimum level of green energy such that brown energy is not economically

beneficial, y; > (1 — 0)a — ¢y + ¢17¢.

¢ Production of brown energy: However, the FOC of the shadow price, A, could

be respected or not, suppose the following cases:
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— Only partial exhaustion of brown energy (z; > 0, A = 0 and y;, = 0):
Notice g > x; + z441. By respecting the FOC of brown energy, we identify
that for current (¢) and future (¢ + 1) periods:

(1 —0)a — [co — c1ro]
(]_ — 0)b + C1

Ty =

(1=0)b+c

Tiy1 =

where r; = rg — x; and 1441 = 19 — ¢ — x411. Notice that future periods could

be expressed as:
(1—-0)b
Ty = ——"—2X
T A0t "
Notice that it will occur if fa — z; < ko. Specifically, previous condition could
be understood as the minimum level of brown energy such that green energy

is not economically beneficial, x; > 0a — ky.

— Only full exhaustion of brown energy (z; > 0, A > 0 and y; = 0): Notice
ro = &y + T41. By respecting the FOC of brown energy and shadow price,
we identify that for current (¢) and future (¢ + 1) periods needs to respect the

following Hotelling rule:

Pzt — Co + C1Tt = Paty1 — Co + C1T¢41

Since 1o = x4 + Tyy1:

- (1—9)b+01r
LTI =0+ "
1—-0)
Tip1 = ( )

r
21— 0)b+c¢; °
Notice that it will also occur if current level of brown energy exceeds the

minimum one such that green energy is not economically beneficial, z; > fa —

ko.

— Simultaneous supply of both types of energy with partial exhaustion
of brown energy (r; > 0, A = 0 and y; > 0): Notice 9 > z; + x441. The
FOC of green energy allow us to understand that green energy will behave for

all periods in the following way:

Oa — x; — kg

T
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Whereas the brown energy will respect the FOC, where the fossil fuel supply

for current (¢) and future (£ + 1) periods will be equivalent to:

[Qb + /{31] [(1 - ‘9)@ —Co+ 617”0] — [9(1 — /{ZQ]

b [0+ k] [(1 — )b+ 1] — 1

btk [(1—0)b] — 1
T T k] [1— 0] — 1

Simultaneous supply of both types of energy with full exhaustion of
brown energy (z; > 0, A > 0 and y; > 0): Notice 79 = 2y + x441. The FOC
of green energy allow us to understand that green energy will behave for all
periods in the following way:
~ ba— 1z — ko
T

Whereas the brown energy will respect both shadow price and their own FOC
by satisfying the Hotelling rule:

Pzt — Co+ C17t = Paty1 — Co + C1T¢41

Then, the fossil fuel supply for current (¢) and future (£ + 1) periods will be

equivalent to:

[(1— 0)b(0b + k) — 1] + 1 (0b + ki)
201 — 0)b(0b+ k1) — 1] + c1(0b + k1)

Ty =

B [(1— 0)b(6b + k1) — 1]
TSI —0)b(0b + k1) — 1] + 1 (0b+ k)

Competitive Equilibrium in Monopoly

Consider the maximization problem mentioned described in previous proof; analyse the

optimisation problem of a multi-supplier firm who competes in a monopoly, being price-

makers, in the market, expressed in Equation 2.1. By analysing the first order conditions:

Pot — (1 = 0)bry —y, —cog+c1ry <0, 2, — A >0, c.s.

Pyt — Oby, — 2y — ko — k1y <0, 4, > 0, c.s.

To > Tt + Tep1, A 2 0, c.s.
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Notice that the marginal revenue of brown energy is equivalent to MR, = p,+ — (1 —
0)oxy —yr = 2py — (1 — 0)a and MR, = p,, — Oby, — x; = 2p,, — Ba We observe that the

type of energy supplied in the market will depend on some parameters:

e No production of energy (z; = 0 and 3y, = 0): Consequently, A = 0. It will

occurs if (1 —0)a < ¢y — c179 and fa < ky. Specifically, if § € (w ko).

a ' a

e Only production of green energy (z; = 0 and y; > 0): Consequently, A = 0.

Oa—ko

2Btk It will occurs

By respecting the FOC of green energy, we identify that y; =

if (1 —460)a—2y; < cg — c179. Specifically, previous condition could be understood

as the minimum level of green energy such that brown energy is not economically

(1—0)a—co+c1ro

beneficial, y; > 5

¢ Production of brown energy: However, the FOC of the shadow price, A, could

be respected or not, suppose the following cases:

— Only partial exhaustion of brown energy (z; > 0, A = 0 and y, = 0):
Notice g > z; + x411. By respecting the FOC of brown energy, we identify
that for current (¢) and future (¢ + 1) periods:

(1 — 9)@ — Co + C17o
21 —0)b+

Ty —

(1—=0)a—co+ ci1(ro — xy)
2(1-0)b+

Ti4+1 =

where r; = rg — x; and 1,41 = 19 — 4 — x451. Notice that future periods could

be expressed as:
2(1—-0)b
20 -0+

Ti1 = Ty

Notice that it will occur if fa — 2x; < ky. Specifically, previous condition could
be understood as the minimum level of brown energy such that green energy

is not economically beneficial, x; > @.

— Only full exhaustion of brown energy (z; > 0, A > 0 and y, = 0): Notice
ro = Xt + Trr1. By respecting the FOC of brown energy and shadow price,
we identify that for current (¢) and future (¢ + 1) periods needs to respect the

following hotelling rule:

Pat — (1= 0)bxy — co + 17y = payy1 — (1 — 0)bxyq — co + 11
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Since rg = x4 + Ty1:

R 2(1—(9)b+01r
R TE S
2(1 — 0)b

B TE R

Notice that it will also occur if current level of brown energy exceeds the

minimum one such that green energy is not economically beneficial, x; > 9“%’“.

Simultaneous supply of both types of energy with partial exhaustion
of brown energy (r; > 0, A = 0 and y; > 0): Notice 9 > z; + x441. The
FOC of green energy allow us to understand that green energy will behave for

all periods in the following way:

_ ba—2x; — Ky
=T+ Iy

Whereas the brown energy will respect the FOC, where the fossil fuel supply

for current (¢) and future (¢ + 1) periods will be equivalent to:

200 + k1] [(1 — 0)a — co + c110) — 2[0a — ko
[[295 + k] (2(1 )b+ 01> - 4]

Ty =

[[291) + ki) (2(1 . 9)5) - 4]
[[2% 4 k] (2(1 )b+ cl> - 4]

Tyl = L

Simultaneous supply of both types of energy with full exhaustion of
brown energy (z; > 0, A > 0 and y; > 0): Notice 1o = z; + x4,1. The FOC
of green energy allow us to understand that green energy will behave for all

periods in the following way:

_ ba—2x; — Ky
I T o0+ ky

Whereas the brown energy will respect both shadow price and their own FOC
by satisfying the Hotelling rule:

Pait — (1 - Q)bft — Y — Co+ 1Tt = Pyl — (1 - 9)b$t+1 — Y1 — Co + C1T41

Then, the fossil fuel supply for current (¢) and future (¢ + 1) periods will be
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equivalent to:

2 [(1 — 0)b[20b + ky] — 2] +ea[260 + k)

Ty =

4 [(1 — 0)b[20b + ky] — 2] +¢1[20b + ky] "

2 [(1 — 0)b[20b + k] — 2}

L1 = To

4 [(1 —9)b[20b + ky] — 2} +ed[200 + Ky

Proof

Proof 4 Consider all the market types, perfect competition and monopoly, and suppose
that all of them do not bind the fossil fuel resource constraint. Now, let’s start considering
that the preference parameter is lower enough, call it 6, such that only brown energy
18 produced, i.e. FEquation 2.7 is satisfied for perfect competitive markets, whereas
Equation 2.11 is satisfied for monopoly. Then, any marginal increase in the preference

parameter will reduce the amount of fossil fuel in perfect competitive markets:

01 (0) 0x3(0)
50 <0 50 <0
With the same effects in monopoly:
0x1"(6) 0xy' (0)
90 <0 90 <0

Now, consider that both types of markets will face a higher enough preference parameter,
call it 0, such that both brown and green energy are simultaneously produced, i.e.
Equation 2.7 is not satisfied for perfect competitive markets, whereas Equation 2.11 is
not satisfied for monopoly. Then, any marginal increase in the preference parameter will

also reduce the amount of fossil fuel in perfect competitive markets:

0z (0) 03 (0)
50 <0 50 <0
With the same effects in monopoly:
0xM () o0x(0)
50 <0 50 <0
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Additionally, under the presence of green enerqy, the amount of brown energy in current
periods will increase in equilibrium in both types of markets:

0uto®) _ oul'(d)

gr “19) 0
Ok, ok

Howewver, consider these levels of the preference parameter degree such that reaches the
equality in Equation 2.7 in perfect competitive market (named as 6rc ) and the equality
in Equation 2.11 in monopoly (named as éM) Around this value, green energy will be
introduced into the market. Suppose some variation of the preference parameter that
moves from the right side of previous level to the left side. Notice that under ky = 0, the
following s true for both types of markets:

lim 2790) = lim 279(0)
0—0FPC— 0—0FPC+
lim z}(0) = lim 2(6)
6—0M— 0—0M+

But, as mentioned previously, under increases of k1, the level of brown under the presence
of the green energy will increase. Then, under this variation, there will be an increase
i current periods. With respect to the brown energy provided in future periods, notice
that there is a reduction compared to the current peritod production. However, under the
presence of the green energy, the drop in future periods will be smaller. For example, the

drop of the brown energy in perfect competition moves from:

(1—6)b [0b+ k] [(1 — 0)b] — 1
(1I—0)b+c  [0b+ k] [(1—0)b+cy — 1

Whereas in monopoly moves from:

2(1 — 0)b (20D + k1 ](2(1 — 0)b) — 4
20— 0)b+c1 200+ ki) (2(1— O)b+ 1) — 4

Notice that it will be possible to increase the extractions in that period under lower levels
of k1. Then, there will be a rise in the amount of resources extracted at the end of the

second period, under sufficiently lower levels of k.

Proof 5 Consider all the market types, perfect competition and monopoly, and suppose
that all of them bind the fossil fuel resource constraint. Now, let’s start considering that the
preference parameter is lower enough, call it 6, such that only brown energy is produced,
i.e. Equation 2.9 is satisfied for perfect competitive markets, whereas Equation 2.13 is

satisfied for monopoly. Then, any marginal increase in the preference parameter will

134



reduce the amount of fossil fuel in perfect competitive markets:

021 (0) 03 (0)
90 >0 50 <0
With the same effects in monopoly:
oad!(0) 021 (0)
BT >0 90 <0

Now, consider that both types of markets will face a higher enough preference parameter,
call it 0, such that both brown and green energy are simultaneously produced, i.e.
FEquation 2.9 is not satisfied for perfect competitive markets, whereas Equation 2.13 is
not satisfied for monopoly. Then, any marginal increase in the preference parameter will

also reduce the amount of fossil fuel in perfect competitive markets:

021 (0) 05 (0)
50 >0 50 <0
With the same effects in monopoly:
0x1" (0) 0x3" (0)
0 >0 0 <0

Now, consider these levels of the preference parameter degree such that reaches the
equality in Equation 2.9 in perfect competitive market (named as 6rc ) and the equality
in Equation 2.13 in monopoly (named as 9~M) Around this value, green energy will be
introduced into the market. Suppose some variation of the preference parameter that moves
from the right side of previous level to the left side. Then:

: PC : PC
OO <l 10

SO < I A0
In both markets structure, the introduction of the green energy in the market will
motivate an increase in the amount of brown energy in current periods in the competitive
equilibrium. Since the available resources are fully erhausted, then there will be also a

reduction in the amount of brown energy provided in future periods in the competitive

equilibrium.
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Appendix: Chapter 3

Proof

Proof 6 The optimisation problem could be reduced to:

max By ((0:R)° i) — € ((6:8)°) = K (y:) — D(Ew)

Yi,0i
S.1. Y > O,
1>6,>0

Consider the non-cooperative maximization problem of a country i:

2¢ 2 2¢ 2 N
B (27 40 v Y e c(BiR)TT O yE ARV
L(yi, 0;,\) = af (0;R) — + avy; 3 (0;R)" y; — k—Z do E T A6; — 1)

The Kuhn-Tucker conditions are:

_25 0¥ — (14 k)y; — (B:R)® <0 y; >0 (7)
oL 6-1 o 261 26
oL
— 60, —1< >
5y i 1<0 A >0 (9)

By analysing the Kuhn-Tucker conditions, we detect:

Case I: Suppose the situation where ; = 0 and y; = 0. From Equation 9, A =0; and
Equation 7 results in a¥ < 0, being not possible by construction. Additionally,

FEquation 8 becomes:
ai —do
+c

< (6;R)?

—

Being not possible since ai > do.

Case II: Suppose the situation where 6; =0 and y; > 0. From FEquation 9, A = 0. In

Equation 7, y; = ﬁ—yk Last, from Equation 8:
Y
al — 4= —do
( ? 1+k ) < (QZR)d)
(1+¢)
Being possible for those countries that satisfies af < ﬁ—yk+d5 since WNC(0; =
av)?

0.9; > 0) = 3% — —d0 Y _jenypy o—s > —d6 X _ienpy - = WNO(H; =
07 Y, = 0)
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Case III: Suppose the situation where 8; > 0 and y; = 0. Then, two potential scenarios

emerge from Equation 9: 0 < 0; <1 (and A=0) or0; =1 (and A > 0).

o=

(a2—ds)
(1+c)%R
in Equation 7, then it will result in (1+c)a?+dd < a¥, being not possible

o Assume 0 < 0; < 1. From FEquation 8, 0; = . If it is combined

since a¥ > ay.

o Assume 0; = 1. By combining Equation 8 and 9:

SR? {(af —d8) — (1+¢) (R)‘/’} >0

Being possible if a?—jrf& > R?. Additionally, Equation 7 results in a¥ <

R?. By combining both, it will end up in the following condition, a¥ >

dd + (1 + c)a¥, being not possible by construction, since a¥ > af.

Case IV: Suppose the situation where 68; > 0 and y; > 0. Then, two potential scenarios

emerge from Equation 9: 1> 6, >0 (and A=0) or 0; =1 (and A > 0).

1
af—y;—ds) ¢ .
o Assume 0 < 0; < 1. From Fquation 8, 0; = w. In addition,
(1+¢)? R
Y—(0;R)®

Equation 7 shows that y; = a(lTk) When both are combined, then it

will result in:

(L+ k) (a? — do) — a¥)® (1+c)a¥ — (a® — do)

h= (1+k)(1+c)—1) R R+ -1

Resulting in the following welfare function:

WNC (af 0, € (0,1),y; > 0) -
1 T _ 2 1 V2 _ 2qY(a® —
(LeRef SR (1 e )y 5,
¢ —ieN/{i}
. 1
o Assume 0; = 1. From Equation 8, R < (ai(ﬁiz)dé)d). Additionally,
Equation 7 results in y; = “(yljr}g By combining both previous

1
z_g5)—av \ ¢
conditions with FEquation 9, R < (%) . Since R 1is

symmetric among all countries, the level of resources will be equivalent
to R = (W)g, where a® s the minimum level of the dirty
enerqy preference parameter such that a country will full-exhaust their

resources. By using previous resource level in the optimal level of
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resources, we identify:

(1+ k) (@ — do) — av
(Tt k)1 te) 1)

And:

' — R (1+c)a¥ — (a* — do)
YTk T 0+ k(o1

With a welfare level equivalent to:

(1+k)(af — dd)(a® — dd) + (1 + ¢)(a¥)?
2[(1+k)(1+c¢) —1]

W (az

eizlayi>0> =

—(1 +k)(a” —dd) [a” — af] — 2a"(af — dd) T_;
2[(1+k)(1+c) - 1] dé—ie%{i} E

Compare the three optimal solutions:

o« WN (ar

0; € (0,1),y; > 0> > WNC(h; = 0,y; > 0) will occur if:
[(1+ k)(a} — dd) — a*]* > 0

And concluding in:

a
r>__
a; _(1+k)+d5

Otherwise, it will be profitable for the country to only produce clean energy.

o« WN (ar

0, =1,y; > O) > WNC(9; = 0,y; > 0) will occur if:
[(1+ k)(a? — do) — a¥]* = [(1+ k) (a? —d8) — (1 +k)(1+¢) = 1) R? —a¥]” > 0

And concluding in:

. a¥y (1+ k) (af —dd) — a¥ e
>t rs (i)

Otherwise, a country will not have incentives to produce both energies, from first
condition; and a country will not bind their restriction constraint, from the second

condition.

° WiN ¢ (af

0= 1,y > 0) > WN (a7

0; € (0,1),y; > 0) will occur if:

[(a® — ) — (af —dO)" <0
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And concluding in:

(1+ k) (a — do) — a¥\ ¥
RS( (EDIETED )

From previous computations, one conclude that the optimal level xN¢ and yN© are:

/ 1
) (1+k)(af7d6)fay Z . ¥
R, s (W) and a7 2 i +do
NC x x é
x: = (1+k)(ai —d5)—ay . (1+k:)((zi —dé)—ay - a¥
’ ot Y R> ( (eSS ) and af > 153 +do
0, if af < {5 +db
\
And:
( 1
aV—R9 . (1+k) (a2 —dd)—a¥ \ ¢ - ”
o) i< (W and af 2 {75 + dd
1
NC x x é
; = (l—i—c)ay—(ai —d6) . (1+k)(ai —d6>—ay = aV
Y o YR> < i | andaf = 5 +do
a¥ o a¥
(1+k)° if aj < fEr i do

\

Proof 7 STAGE 3 in the Cooperation Game

The optimisation problem could be reduced to:

max Bj<(0jR)¢’,yj> + 83y — C((0;R)?) — K(y;) — D(Ew)

Y595
S.1. Yj > O,
Q_IEA > 6] > 0
Consider the cooperative mazimization problem of a country j:

L(0,y5,) =

0.R)*® 2
— (QjR)¢ _ ( J};) avy; Y

J

The Kuhn-Tucker conditions are:

oL
5_y:(ay+ﬁ)—(1+k‘)yj—(9j3)¢§0 yj =0
J
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oL

_5‘9]' : (a;-c —Yj — d5) ¢€]¢-)71R¢ - (1 + C) ¢9§¢71R2¢ —-A<0 ¢9j >0 (11)
0L nIEA
3\ 93 0 0 A>0 (12)

By analysing the Kuhn-Tucker conditions, we detect:

Case I: Suppose the situation where 0; = 0 and y; = 0. Two results emerge from this

scenario:

o Suppose FEquation 12 results in A = 0 because §'F4 > 0. Then
Equation 10 results in a¥ + § < 0, being not possible by construction.

Additionally, Fquation 11 becomes:

< (0,R)?
l+c (6:5)
Being not possible since af > do.
o Suppose Equation 12 results in A > 0 because 0'%4 = 0. Then

Equation 10 results in a¥ + f < 0, being not possible by construction.

Additionally, Equation 11 becomes:
(6(0;)° R?) {(a} — dd) = (1 +¢) (0;R)} <X
Due to the Inada conditions respected by the production function:

Jim 6(6,)°" R? = +o0

Previous condition cannot be satisfied, since aj > do.

Case II: Suppose the situation where 0; = 0 and y; > 0.Two results emerge from this

scenario:

o Suppose FEquation 12 results in A = 0 because §'F4 > 0. Then

Equation 10 results in y; = afjlf Additionally, Fquation 11 becomes:
T a¥+4p3
(aj itk — do) < (6,R)?
(1+¢) !
Being possible for those countries that satisfies aj < aler—Jrkﬁ + do since
a 2 x
WIEA(a?10; = 0,y; > 0) = 0 > 0 = W/PA(a%0; = 0,y = 0).
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o Suppose Equation 12 results in A > 0 because 0'F4 = 0. Then

quartion TESULLS 1N Y; = . wionawty, rLquation ECOMES:
Equation 10 results in y; = 2. Additionally, Equation 11 b

(0(0,)°"R?) {(a? — d6) — (1 +¢) (0;R)} < A
Due to the Inada conditions respected by the production function:

lim ¢(6;)*'R? = +oo

0]'*)0

Being possible for those countries that satisfies aj < ‘ir—Jr,f + do since

Ay 2 x
WIEA(a?|0; = 0,y; > 0) = 100 = 0 = WIPA(at]g; = 0,y; = 0).

Case I1I: Suppose the situation where 6; > 0 and y; = 0. Then, two potential scenarios
emerge from Equation 12: 0 < 6; < 0'P4 (and X = 0) or §; = 0'F4 (and
A>0).

o=

o Assume 0 < 0; < 0'FA. From Equation 11, 0; = (a?id? . If it s
(14¢)? R
combined in Equation 10, then it will result in (1+c) (a¥ 4 B)+dd < af,

being not possible since a¥ > aj.

o Assume 0; = G'EA . By combining Equation 11 and 12:

(p(07E4)-1 R?) {(a;? —do) — (1+¢) (9"P4R)* } >0

(af—d

Being possible if (1+c)6) > (0°R)?. Additionally, Equation 10 results in

a’ + B < (0'FAR)?. By combining both, it will end up in the following
condition, a§ > dé+ (1+c) (a¥ + 3), being not possible by construction,

since a¥ > af.

Case IV: Suppose the situation where 6; > 0 and y; > 0. Then, two potential scenarios

emerge from Equation 12: 0 < 6; < 0'P4 (and X = 0) or §; = 0'FA (and

A>0).
n a®—vy;— %
o Assume 0 < §; < G'EA  From Equation 11, 0, = (a9, ~d5)" fa) . In
(14c)¢ R
Y —(0.R)®

addition, Equation 10 shows that y; = @ +5)-(6;R)° +?1)+,§(;JR) . When both are
combined, then it will result in:
g (0D (=) —@+5)° (Ao )~ (af — do)
= =

(1+k)(1+c)—1)3R (I+k)(L+c)—1
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Resulting in the following welfare function:

IEA T
W (aj

0; € (0.0") y; > 0) =

(L+k)(af —do)” + (1 + c)(a” + B)* — 2(a” + B) (af —

_ @) -
= 2[(1+k)(1+c)—1] . —z'e%;{j} R

1
o Assume 0; = GrEA - Also, from Equation 11, R < <aj (_1%:6_)%) ¢ QIEA Iy

addition, y; = %. By combining both previous conditions with
1

. T—dd)—(a ¢ _ . . .

Equation 9, R < (1+];()1(i;€)520)£$+ﬂ) G'EA  Since R is symmetric

among all countries, the level of resources will be equivalent to R =

((1+k>(aw—d6>—<ay+a>
((14+k)(1+c)-1)

1

>¢ OTEA  where a® is the minimum level of the dirty
enerqy preference parameter such that a country will full-exhaust their
resources. By using previous resource level in the optimal level of

resources, we identify:

arEame (LK) (@" —dd) — (a¥ + B)
= (07R)" = (T+K)(1+e) -1

And:

(a¥ + B) = (0"AR)” _ (1+c)(a? + B) — (@ — o)

Yi= 1+ k) T U+ k(to -1

With a welfare level equivalent to:

IE z|ln _ AIE B (1+ k)(af —do)(a® — db) + (1 + c)(a¥ + B)?
VVJ‘ A<aj9j—0 A’yj>0>_ 2[(1—1—k;)(1+c)_1]
—(1+ k)@ — db) [a" — ] — 2a¥ + B) o — db)
2[(1+ k)1 +c) —1] —do _gv;{j}x_i

Compare the three optimal solutions:

IFA T
.« W (aj

0; € (0,6754) | y; > O) > WIEA(aZ|0; = 0,y; > 0) will occur if:
(14 k)(a? — d6) — (¥ + 8)]> > 0

And concluding in:
y
s @)

j (1—|—k)+d5

Otherwise, it will be profitable for the country to only produce clean energy.
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o WIEA (at]0; = 0" y; > 0) > W/EA(a?]0; = 0,y; > 0) will occur if:
(1+k)(a? —dd) — (a¥ + B) g (1+k)(a¥ —ds) — (1 +k)(1+¢)—1)R® — (a¥ + ) 2> 0
j j
And concluding in:

. (@7 + D)
ajzm~l—d5 R§<

ﬂ+kﬂ@—d&—@ﬂ+ﬁ)%
(1+k)(14+c¢)—1)

Otherwise, a country will not have incentives to produce both energies, from first
condition; and a country will not bind their restriction constraint, from the second

condition.

IEA T
o W; (aj

9] = éIEA,yj > 0) Z WjIEA (af

; € (0,§IEA) Y > O) will occur if:

2

[(@* — dé) — (af — db)]" <0

And concluding in:

(1+k) (a¥ — db) — (a¥ + ) s
RS( (R >

From previous computations, we conclude that:

.

<<1+k>(a§da)(ay+5)> +
_ Atk (1to—1
(0"FAR)?, if R < S and at > U2 4 dg
LIEA (éIEA) _ <<1+k)(af—d5)—(ay+a) g
J —
(1+k)(a?—dd) —(a¥+B) . TR+ -1 V4B
aramre1 . RZ g and af > 5 +do
0, if a? < 42 4 d§
And:
( 1
(1+k)(a;~cfd6)7(ay+ﬁ) ¢
(ay+5)7(9_IEAR)¢ . (A+k)(1Fc)—1 WiB
(1+k) ’ if R < GTEA and aj > T +do
1
ylEA (97E4) = (1+8) (aF —as) ~(a¥+5) | @
J -
(1+c)(a¥+8)—(aZ—ds) . AFR I+ -1 o
araro-1 0 RZ g and af > T +dé
a¥+p : a¥+p
\ (1) if af < G +do
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Proof 8 There are six different scenarios to consider under the presence of the

International Environmental Agreement:

a¥

ik T dd, decides whether to join or

e Suppose a country j, characterized by aj <
not the International Environmental Agreement. Under this situation, the country
will continue not extracting any amount of dirty energy. Then, the country will

join the coalition since any [ > 0 will positively affect the welfare function under
OWIEA(aZ10,=0,y;>0)

o5 > 0 and:

cooperation,

1(ay+6)* _ 1(ay)? z
Hay O L@)” _ yyne ey, — 0,4, > 0)

WIEA(a?)0; = 0,y; > 0) =
3 gl0 =0y >0 =5 > g g -

1
(1+k)(a?—ds)—av | *

e Suppose a country j, characterized by R > ( T

x a¥
and aj > rh) +

dd, decides whether to join or not the International Environmental Agreement.
Under this situation, the country will extract less or no amount of dirty energy,
:U§EA (@IEA = 1) < a:j-vc, and more clean energy production, yJIEA (éIEA = 1) > ijc,

because of the conditions of the International Environmental Agreement represented

by 8 > 0. In other words:

8W][EA (aﬂ@] S (O, 1) yY; > 0) -0
op
Since (1+c)(a? + B) +dd > aj because of construction (a¥ > af ), implying that any
increase of the pro-environmental parameter will induce a rise of the welfare benefit.

The International Environmental Agreement will generate two potential scenarios

for countries that respect the previous condition:

T+k T+k
when B < [(14k)(1+¢) — 1] R?. Since (1+k)(af —dd)—a¥ > 3> 0, it will

induce a higher production of clean energy in detriment of the dirty ones. As

I) Imagine that such country respects aj € (M + do, [(O+k)(A+e) 1RO +a? d(5> ,

the International Environmental Agreement does mot stop the production of

a¥+p
1+k

in substitution of the clean energy ones, will increase the profit function.

dirty energy (because aj > +dod ), the reduced extraction of dirty energy,

IEA[( =z
W (aj

nIEA : Al x
0; € (O,HIE :1),yj>0) >é11>r%)WjIE (aj

0; € (0,074 =1),y; >0) _

_ NC x
=W (%

0; € (0,1),; > 0)

Then, those countries that satisfy previous condition, they will become

signatory ones.
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II) Imagine that such country respects:

y
aj € ( a4 +d6,min{

a¥ + 3 [(1+k)(1+c)—1] R +a¥
S rasf]

1+k o, 1+k

Since B > (1+ k)(aj — d6) — a¥ > 0, the implication of a sufficiently larger
pro-environmental parameter could stop the extraction of dirty energy. As
proved in Proof 7, the partial exhaustion is not an optimal strategy when it

is compared to the no extraction of dirty energy under previous condition.

Then:
Wi (a510; = 0,45 > 0) > Wi (af]0; € (0,64 =1) ,y; > 0) >

> WNC <a§

ei € (07 1);% > O)

Then, those countries that satisfy previous condition, they will become

stgnatory ones.

(1+k) (ag?fd&) —a¥

1
? T a¥
W) and a§ > {£5+do

In conclusion, those countries that satisfy R > ( T

will become signatory ones.

a%—dé)—a ¢
Suppose a country j characterized, by R < (%) and aj > ﬂ—yk +

dd, whether to join or not the International Environmental Agreement. Under

this situation, the country could extract less dirty energy or, even, stop their

exhaustion, $§EA (@IEA = 1) < x;\/c’, inducing an increase in the production of
IEA

clean energy, yI¥4 (0754 = 1) > yN, because of the conditions of the International

Environmental Agreement. In other words:

OW]EA (a7]0; = 0"F4 = 1,y; > 0) -
o

Since (1+c)(a? + ) +dd > af because of construction (a¥ > af ), implying that any
increase of the pro-environmental parameter will induce a rise of the welfare benefit.

The International Environmental Agreement will generate three potential scenarios

for countries that respect the previous condition:

—1JR?+(aV+5)
1+k

(1+k) [a¥ + d6]— [a¥ + [(1 + k)(1 + ¢) — 1]R?] > B, the country will not stop

I) Imagine that such country respects aj > [Atk)(1+c) +do. For any

fully exhausting their dirty energy resources. According to the implication of
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1)

1)

B in the welfare function:
WiEA (af0; = 0" = 1,y; > 0) > lim WA (a0, = 074 =1,y; > 0) =

WY (a516; = 1,y; > 0)
Any country ranged in the previous condition will participate in the
International Environmental Agreement.

Imagine that such country respects:

. a’ 4 f [(1+ k)1 +c) —1R? +a
aje[max{1+k + do, T h +dbyp,...

[(1+k)(1+c)—1] R+ (a¥ + B)
1+k

+ d5>

The country will reduce the extraction level of resources, partially exhausting

a%—dé)—a 3
the current ones. Since the country respect R < (%) , then:

Wi (a716; € 0,0 = 1), 45 > 0) > Wi (af|6; = 6" = 1,9, > 0) >

> W (65105 = 1,9, > 0)

In other words, any country ranged in the previous specification will partially
extract the dirty energy as a response of the International Environmental

Agreement.

Imagine the extremal case that such country respects:

J

_ ¢ Y Yy
e (1+Ek)(14+c¢)—1R*+a —1—d(5,a +B+d5
1+k 1+ k

When 8 > [(1+k)(1 4 ¢) = 1] R?. Since (1+k)(af —dd)—a? < 3 >0, it will
induce a higher production of clean energy in detriment of the dirty ones,
that will stop their extraction. Under this scenario, a country that would
fully exhaust before, it will completely stop the extraction of dirty energy

after joining the International Environmental Agreement:
Wj[EA (af10; = 0,y; > 0) > WJ»IEA (af0; = 0'EA =1,y; > 0) >
> WJNC (af|9j = l,yj > O)

Then, a country, that satisfies previous characteristics, will become signatory
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even if they stop the extraction of dirty energy.

Since all scenarios allow countries to become signatory ones, then all countries will join

the International Environmental Agreement when P4 = 1.

Proof 9 There are three different scenarios to consider under the presence of the

International Environmental Agreement:

a¥

i+ do decides either joining or not

e Suppose a country j characterized by aj <
the International Environmental Agreement. Under this situation, the country is
not forced to stop their extraction of dirty energy, since it was not non-cooperatively

. . . . WIEA(a?]0,=0,y,;>0
optimal. As we have mentioned in previous proof, —~ (a%‘ﬁj %>0) > 0. Then:

I/VJ.IEA (a;”|9j =0,y; >0) > 11311% W],IEA (af|9j =0,y; > 0) =

= W,Y¢ (a516; = 0,y; > 0)

The phase-out will not restrict those countries to join the International

Environmental Agreement.

1
a?—dd)—a ¢
(k) af ~do) and af > 2= + do

o Suppose a country j characterized by R < NS S

decides either joining or not the International Environmental Agreement. Under

this situation, a country decides halting their extraction of dirty energy if:
WJ-IEA (aﬂﬁj = O,yj > O) Z WZ-NC (aﬂﬁj S (O, 1)7%‘ > O)

It will be satisfied if:

—a¥>0

g R0 — 0P 4 (Lt R+ 0)(@)? — 207(1 + F)(af — db)
= I+ (1+c) —1

Notice that previous condition cannot be generalized since the threshold is positive

because ai > ﬁ—yk + dd. Then, depending on the size of [, some countries

characterized by previous condition will join the International Environmental

Agreement.

(1+k) (af—dé)—ay

e Suppose a country j characterized by R > T

1+k

1
¢
) andafzi—i-dfs

decides either joining or not the International Environmental Agreement. Under

147



this situation, a country decides halting their extraction of dirty enerqgy if:
WjIEA (af|9] = O,yj > 0) Z VVZ»NC (aﬂ@] = 1,yj > 0)

It will be satisfied if:

g =

\/(1 1 L+ R)aF - )@ — o) + (1 +)(@¥)? = (14 k)(@* — db) [ — af] — 2a¥(a} — )]

(I+K)(1+c) —1] —a’ >0

Notice that previous condition cannot be generalized since the threshold is positive
1
because ai > 1 k+d(5 and a® > & k—i—d(S where R = (%) * and al > a”.

Then, depending on the size of 3, some countries characterized by previous condition

will join the International Environmental Agreement.

Furthermore, it is straightforward to show that countries that full exhaust their resources
before, requires a higher pro-environmental parameter than those that partial exhaust them.

It is due to the fact that the former satisfies af > a*, whereas the latter satisfies af < a”.

Proof 10 From the optimisation problem:

min BN [ ok + [ PO et + [ l40) ]

s.t. 0€(0,1)
WIPA (6510 € (0,1), 55 > 0) = W) (4516 € [0,1),35 > 0), Vi€ M

By binding the participation constraint of the signatory country with the highest dirty

energy characterization level, that identifies a*, the Lagrangian function becomes:

X e

a¥ 1 a 1 a 1
_ NC T IEA IEA T
L(0) =déN [/ax T ay—dédai —I—/m x; (e)ay—déda +/ay x; (9)—ay_d5dai}

Or:

L(0) = do [ /a 20— i —5dal + (93)¢Z: — 25 + K;(f f )]{:()1[;_) ;5]1] (93)%}

By taking the first order conditions:

oL  xNC(aX) Dax ot
W e ds a9 TOORITRY

Lorye—1 =0

_ax+ OR? dax  da” ¢R[(1—|—k)(1+c)—1
avy—ds  av—ds | 00 06 (1+ k) [a¥ — df]
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That it could be reduced in the following way:

~T

2N¢(aX) — (R)? Da* 61 —a
a¥ — do 00 = ¢(6F) Ray —do
Since % QSR%ZC” (OR)*L. Or:

2} (a¥) — (AR)? 9a* ¢
0

R a0 @ @)

12M%(a%) — (0R)®  (a* — @) (8ax>_

) (OR)¢ S h o0
1)o@ — (0B _ 1
) (OR)¢ ey

where, in the left side, it appears the magnified (by %) variation of the country that is
C

dropped from the International Environmental Agreement (W); and, in the

right side, it shows the inverse of the elasticity of countries that full exhaust their resources

at the requirements of the International Environmental Agreement at 6, represented with

Ep = —( x9~ )85%:.
- - ” - - 12 (@) -(IR)? 1
Notice that this condition works in the following way. w5, shows

that the potential growth of aggregate emissions level out of the coalition exceeds the
potential reduction generated from countries that full exhaust their resources. Then, there

are incentives to increase 0 to attract countries out of the coalition to become signatory

1 2V (@)~ (0R)?
6 (R?

increase in emissions generated by the country that rejects to be part of the International

and reduce their emissions. On the other side, when < é, it shows that the

Environmental Agreement is less than the reduction of emissions from those signatory

countries that full exhaust their resources. Then, there are incentives to still reduce 6.
Now, consider 0% as the minimum cap percentage of available resources to extract

that allows the grand coalition to join the International Environmental Agreement. Then:

e Suppose any 0 > 0*. No country will join the coalition since all of them are member,

being €4 inelastic. Furthermore, 6 will not cause any rejection of the International

12N (@) - (0R)?

Environmental Agreement, inducing 3 OR)? = 0. Then, since:

12V(@) — (R)® 1

6 (ORP g

There is incentive to reduce 0.

e Suppose any 0 < 0*. Some countries will decide whether to join or not the
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International Environmental Agreement. Notice that any marginal movement of
0 will drop a country from participating in such cooperation, where g9 > 1.

Additionally, any rejection will cause a positive increase of the current emissions,

1 2NC (@%)~(0R)

¢
mducing §=— s > 0. Then, since:

1aNa*) — (AR)? 1
6 (RY %

There is incentive to increase 0.

Therefore, at 0%, there is no incentive to move since no countries will join the coalition
without motivating any positive variation of the emissions. Then, 0 will be the optimal

mazimum percentage of available resources to extract under Phase Down scenario.
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