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This dissertation offers a thorough examination of the impact of income inequality on
environmental quality, with particular attention to the obstacles encountered by low-income
individuals and families in adopting sustainable and environmentally friendly consumption
practices. Through the development of a general theoretical model, I provide a novel approach
on understanding the dynamics of this relationship. By examining various income inequality
scenarios, | assess their effects on environmental quality. Based on these findings, | propose a
policy recommendation that addresses both income inequality and environmental concerns.
Additionally, | propose an innovative laboratory experiment to empirically validate the
theoretical predictions of the general model.

In Chapter 1 | present a brief introduction emphasizing the significance of examining

the impact of income inequality on the environment. he importance of exploring the individual



trade-offs associated with consuming environmentally friendly goods (referred to as 'green
goods'), which are more expensive, compared to their environmentally harmful counterparts
(referred to as'brown goods'), which are cheaper to buy. Building upon this framework of green
and brown goods, I introduce a general model in Chapter 2 to comprehend individual behavior
and investigate the impact of income inequality on environmental quality. This theoretical
model offers insights into why income inequality can lead to improved, worsened, or neutral
outcomes for the environment, which provides an explanation for the mixed empirical evidence
found in previous studies.

In Chapter 3, | propose a solution to address the issues of income inequality and the
externality generated by the consumption of brown goods simultaneously. | propose the
implementation of a permit market in which a regulatory agency issues a limited number of
permits to cap the total demand for brown goods, thereby preventing environmental quality
from falling below a predetermined threshold. Consumers have the opportunity to trade these
permits, enabling income transfers from buyers to sellers and ultimately reducing income
inequality.

Finally, in Chapter 4 | present the design and analysis of a novel laboratory experiment
aimed at empirically testing the theoretical predictions derived from the model introduced in
Chapter 2. The experimental results reveal a positive effect of income inequality on
environmental quality across all treatments, contradicting the predicted negative effect in
specific scenarios. To account for these deviations, |1 augment the theoretical model by
integrating two behavioral motivations, which effectively elucidate the observed behavior.
These extensions not only contribute to a deeper understanding of the empirical findings but

also offer promising prospects for further research exploration.
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Chapter 1 : Introduction

The pressing global challenges of environmental protection, climate change
mitigation, and income inequality reduction are at the forefront of today's agenda (IPCC
2007, UN 2022, World Bank 2022). The climate crisis disproportionately affects
vulnerable populations, leading to environmental degradation and extreme weather
events, posing a threat to poverty eradication efforts worldwide. To address these
challenges, sustainable consumption and production patterns have been proposed as a
potential solution. By transitioning to greener technologies and products, it is possible
to meet energy and consumption demands while simultaneously providing
environmental and health benefits to all members of society. The adoption of
environmentally friendly goods, commonly known as ‘green goods’, holds promise for
decoupling economic progress from environmental degradation while maintaining
existing living standards. However, the affordability of green goods is a critical concern,
particularly for low-income individuals and families, as high costs may hinder their
access and adoption.

In light of these concerns, the feasibility of transitioning to a green economy is
questioned, as it may be more accessible for developed and advanced economies given
their resources and financial capabilities. Furthermore, it is crucial to recognize the
potential disparities in the distribution of benefits within countries, particularly in
regions characterized by high levels of income inequality. The distribution of income

has garnered considerable attention in socioeconomic research, with income inequality
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emerging as a prominent issue since the 1990s (Banerjee and Piketty 2005; Piketty 2015;
Rey and Sastré Gutiérrez 2015; Saez and Zucman 2016; Goda, Onaran and
Stockhammer 2017; Dong and Hao 2018; Piketty, Yang and Zucman 2019). However,
the relationship between income inequality and environmental quality remains a subject
of debate. Some studies argue that income and power inequalities contribute to
environmental problems (Boyce 1994; Torras and Boyce 1998; Downey 2015; Uzar and
Eyuboglu 2019), while others find no clear relationship or even suggest a positive effect
on environmental quality as income inequality increases (Scruggs 1998; Heerink,
Mulatu, and Bulte 2001; Grunewald, Klasen and Martinez-Zarzoso 2017). As a result
of this conflicting evidence, further research is required to gain a better understanding
of the complex relationship between environmental issues with socioeconomic
inequalities.

In this dissertation, I aim to contribute to this understanding by analyzing
consumer decision-making processes in the context of purchasing green goods that are
more expensive than their environmentally harmful counterparts, also known as 'brown
goods'. While consumers may have various motivations for buying green goods, such
as signaling environmental concern or displaying a luxurious lifestyle, these motivations
may not always translate into actual pro-environmental behavior. Furthermore, some
green goods may not deliver the intended environmental benefits or may simply be the
result of marketing strategies lacking genuine environmental impact.

To address these issues, my research focuses on situations where consumers seek

to increase their overall consumption without considering external factors that may



influence their purchasing decisions. Specifically, | investigate the impact of changes in
individual income on the consumption of green and brown goods, exploring whether
higher individual income levels lead to the adoption of green goods and/or the
abandonment of brown goods. Given that the consumption of brown goods contributes
to environmental degradation in this setup, exploring the latter effect is of particular
importance.

To examine the impact of income inequality on the environment, | analyze
aggregate consumption choices under varying levels of income inequality while keeping
total income constant. The primary objective is to determine whether inequality has
detrimental effects on the environment by causing an increase in the aggregate demand
for brown goods, or vice versa. Overall, my research aims to provide valuable insights
into the effect that income inequality has over the environment, with the goal of
informing policy decisions to address these two critical societal challenges.

To the best of my knowledge, my dissertation represents the first attempt to
analyze the impact of income inequality on environmental quality in the presence of
green and brown goods. My main contribution is twofold. First, | employ a neoclassical
framework to develop a general model capable of explaining the varying effects of
income inequality on the environment, depending on the circumstances. In this model,
consumers have the option to buy both green goods and brown goods, distinguished by
the fact that brown goods can be acquired at a lower cost but generate negative
externalities on the environment. Based on the results of this model, | provide a policy

recommendation that can simultaneously reduce income inequality and improve



environmental quality. Furthermore, | identify conditions under which this policy can
optimize environmental quality.

Second, | design a novel laboratory experiment to empirically assess the
outcomes predicted by the neoclassical model. My experimental design incorporates
both between-subjects and within-subjects analyses to account for individual
characteristics and potential confounding effects related to income redistribution.
Drawing from the results, | propose two behavioral motivations to explain deviations
from the standard predictions. Integrating these two extensions into a combined model
offers a valuable framework for effectively explaining the observed results, thereby
providing further insight into the underlying data.

The rest of the dissertation is structured as follows. In Chapter 2, | present the
theoretical model in which individual preferences are based only on total consumption
and environmental quality, which | model as a pure public good. | find that the
individual consumption of brown goods follows a pattern similar to an Environmental
Kuznets Curve. Initially, as low-income individuals receive more income, their
consumption of brown goods increases until a turning point is reached. Beyond this
point, additional income incentivizes consumers to reduce their brown goods
consumption until it can be completely substituted by green goods. Additionally, my
model explains why income inequality can have both positive and negative effects on
the environment, depending on the circumstances.

In Chapter 3, | introduce a solution to address income inequality and

environmental quality simultaneously by proposing the implementation of a permit



market. | assume that a regulatory agency possesses the authority to issue a limited
number of permits to cap the total demand for brown goods, thereby preventing a decline
in environmental quality below a predetermined threshold. Consumers have the ability
to trade these permits amongst themselves, which would allow income to be transferred
from buyers to sellers, and consequently reducing income inequality.

| investigate the conditions under which the regulatory agency can determine the
optimal initial distribution of permits that induces all consumers to participate in the
market as either buyers or sellers. Through my analysis, | discover that if all consumers
behave as price-takers, the regulatory agency can use the initial distribution of permits
as apolicytool in itsown right to achieve an optimal trading price capable of equalizing
the marginal rates of substitution for all consumers. This equilibrium would ensure a
socially efficient level of environmental quality while contributing to a reduction in
income inequality.

In Chapter 4 | present the design and analysis of a novel laboratory experiment
aimed at empirically testing the theoretical predictions derived from the model in
Chapter 2. Specifically, I investigate the prediction that income inequality may resultin
environmental quality that is equivalent to, better than, or worse than the quality
achieved when all consumers in the economy receive the same initial income.

The experimental results reveal a weak, positive effect of income inequality on
environmental quality across all treatments, particularly in the scenario where the
theoretical model predicted that this effect would be negative. I introduce two behavioral

motivations to account for these deviations. The first extension involves a “warm glow”



preference towards the consumption of green goods (Andreoni, 1990), while the second
includes a theory of conformity (Bernheim 1994) where consumers experience disutility
when their consumption of brown goods deviates from a social norm. These theories
help to explain the observed behavior in the experiment and suggest avenues for future

research.



Chapter 2 : A Tale of Two Goods

2.1 Introduction

The impact of income inequality on environmental quality remains uncertain, as
conflicting evidence exists. Some studies suggest that inequality reduces social capital
and cooperation, leading to worse environmental outcomes. However, others argue that
unequal societies are more effective in protecting the environment due to the greater
incentives for innovation and adoption of greener technologies among higher-income
individuals. This discrepancy raises the question of why different studies yield
conflicting results. In my research, | aim to explore the underlying factors contributing
to these differing arguments and assess whether public policy can effectively address
both problems of income inequality and environmental degradation. To address this
research question, | examine the interplay between the consumption of green and brown
goods and individual income.

In this chapter, | introduce a theoretical model, based on the model of
environmentally friendly consumption (Kotchen 2005, 2006), that examines the
decision-making process when individuals choose between purchasing green goods,
which have no negative impact on the environment, and cheaper brown goods that
possess identical characteristics to green goods but contribute to a decline in
environmental quality. | consider a general class of utility functions that considers that
consumers have well-defined preferences for two objects: total private consumption and

environmental quality, which | conceptualize as a pure public good. Drawing from the



outcomes of the model, I classify consumers into three categories based on their income
allocation: Brown Consumers, who solely consume brown goods; Mixed Consumers,
who purchase both brown and green goods; and Green Consumers, who exclusively opt
for consuming green goods.

The findings of this model provide support for the existence of two critical
income levels for every consumer. The first level determines the shift from being a
Brown Consumer to a Mixed Consumer, while the second level signifies the transition
from being a Mixed Consumer to a Green Consumer. Specifically, the model indicates
that the demand for brown goods increases as income rises when income is low.
However, there comes a turning point at which consumers begin substituting their
consumption of brown goods with green goods until they are fully committed to green
consumption. Consequently, this model establishes the presence of an individual -level
Environmental Kuznets Curve.

As a result, the implications of income inequality on the environment can vary
significantly based on the relative advantages or disadvantages experienced by different
consumer groups. If income inequality disproportionately harms Mixed or Green
Consumers compared to Brown Consumers, it may lead to environmental degradation.
Conversely, if it benefits Mixed Consumers, it could result in a more positive
environmental outcome. Therefore, this model provides an explanation for the
ambiguous findings regarding the impact of inequality on environmental quality.

The rest of this chapter is structured as follows. In Section 2.2, | conduct areview

of the existing literature, examining the effects of inequality on the environment as well



as the research on public goods provision and the consumption of green goods. Section
2.3 presents the baseline model and outlines the outcomes derived from the market
equilibrium. Section 2.4 discusses the impacts of inequality on the environment and

individual well-being. Finally, the chapter concludes with Section 2.5.5.

2.2 Literature Review

This chapter is situated within two relevant strands of literature. First, it aligns
with a substantial body of research investigating the impact of income inequality on
various indicators of environmental quality. The findings from these studies present a
mixed picture, with positive, negative, and neutral effects of inequality observed. The
conflicting findings motivate my research, as | seek to understand the underlying factors
contributing to these disparities. Second, this chapter is closely connected to prior
studies examining the provision of public goods by private agents. As | argue that
environmental quality exemplifies a pure public good, the study of these models is
crucial in comprehending the factors influencing consumption decisions between green

goods and brown goods.

2.2.1 Income Inequality and Environmental Quality

Traditionally, the economics literature has primarily focused on examining the

impact of national income on environmental outcomes. Many studies have centered



around the Environmental Kuznets Curve (EKC), which tests the hypothesis that there
exists an income turning point where pollution begins to decline rather than increase
(i.e., Grossmanand Krueger, 1995). However, it has been found that an exclusive focus
on economic growth in environmental analysis may yield biased results if measures of
income dispersion are not included (Heerink, Mulatu, and Bulte, 2001).

Various theories have been proposed to explain how income inequality can
affect the environment. One argument suggests that inequality influences social norms,
such as consumerism, individualism, and short-termism, which may create divergent
environmental interests among different social groups (Berthe and Elie, 2015). Income
inequality can also impact individual economic behavior, for instance, when there is
competition for social status (Wilkinson and Pickett, 2010) or when low-income
individuals prioritize increasing their living standards at the expense of negative
environmental impacts (Uzar 2020).

Empirical studies examining the relationship between income inequality and
environmental conditions have yielded mixed findings. Some studies have shown that
reductions in income inequality are associated with improved environmental outcomes
in a range of countries, including 19-58 nations (Torras and Boyce 1998). Notably,
China experienced enhanced environmental conditions as a result of redistribution
policies targeted at the low-income population (Golley and Meng 2012), while the
United States witnessed a reduction in CO2 emissions (Baek and Gweisah 2013).
Similarly, in Turkey, income inequality was linked to improved environmental quality

(Uzar and Eyuboglu 2019). Equivalently, other studies find that increasing income
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inequality leads to higher levels of carbon intensity in both OECD and non-OECD
countries since the 1990s (Jorgenson 2015). This trend has been observed in the United
States, with rising income inequality associated with increased CO2 emissions (Liu,
Kiang and Xie 2019), as well as in China (Hao, Chen, and Zhang 2016).

Nonetheless, it is important to acknowledge that certain studies have failed to
establish a significant relationship between income inequality and various
environmental indicators (Scruggs, 1998; Borghesi, 2006). Furthermore, certain studies
have even suggested that higher levels of inequality some studies have even proposed
that higher levels of inequality, both between and within countries, are associated with
lower carbon emissions at given average incomes (Ravaillion, Heil, and Jalan, 2000) or
may even act to prevent environmental degradation within specific timeframes (Liu,

Wang, Zhang, Li and King 2018).

2.2.2 Public goods and green goods

Building upon this discussion, the study of environmental quality is intrinsically
linked to the literature on public goods as it helps to examine the non-excludable and
non-rival nature of environmental quality within a particular geographical region. In
traditional economic theory, the supply of the public good is calculated simply as the
sum of individual inputs. Examples of this approach include the analysis of
contributions destined to fund public radio (Kingma 1989), rural health care (Smith,

Kehoe and Cremer 1995), green electricity programs (Kotchen and Moore 2007),
11



environmental organizations (Grant and Langpap 2018), or charitable giving broadly
defined (i.e., Andreoni 1989; Payne 1998; Okten and Weisbrod 2000; Fiala amd
Noussair 1997; Andreoni and Payne 2013; Filiz-Ozbay and Uler 2018). This approach
is based on the assumption that each consumer benefits from the provision of public
goods by all other consumers.

Previous studies have found that redistributing income among contributing
consumers does not impact the total contributions, as the increase in contributions by
recipients is exactly offset by the decrease in contributions by those who lose income
(Warr 1983; Bergstrom Blume and Varian 1986). This result holds for a general class
of utility functions. However, it has been shown that redistributive policies can enhance
social welfare by creating sufficient income inequality between contributors and non-
contributors (Bardham, Ghatak and Karaivanov 2007). Specifically, when only the rich
contribute to public goods or when there are productivity differences among agents,
such inequality can lead to improved outcomes. On the contrary, in cases where
inequality is reduced through the combination of redistributive taxation and tax-
deductible charitable contributions, increasing the tax rate to promote greater
egalitarianism can result in the efficient provision of public goods, irrespective of the
pre-existing income inequality (Uler 2009).

These previous studies primarily focus on the issue of inequality and
contributions to public goods within the context of pure public goods, which exclusively
generate benefits for the entire community. However, when considering the

consumption of green and brown goods, it is important to extend this analysis to also
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consider impure public goods, which not only have community-wide impacts but also
provide private benefits to individual consumers (Cornes and Sandler 1984, 1994).
Impure public goods encompass a wide range of examples, including military alliances
(Murdoch and Sandler 1984) to the warm-glow-of-giving phenomenon (Andreoni 1989,
1990; Long 2020). Furthermore, various real-world applications such as climate change
and biodiversity loss (Riibbelke 2003; Chan 2019), refugee protection (Betts 2003),
environmentally friendly consumption goods (Kotchen 2005, 2006), green electricity
programs (Kotchen and Moore 2007; Mitra and Moore 2018), and ancillary benefits of
climate policy (Brumme, Buchholz and Riibbelke 2020, Brumme 2022) emphasize the
significance of studying impure public goods.

To analyze the consumption patterns of green and brown goods, | adapt the
environmentally friendly consumption model introduced by Kotchen (2005, 2006). This
model integrates key elements from the impure public goods model and the
characteristics approach to consumer behavior (Lancaster 1971; Gorman 1980) The
characteristics approach suggests that consumers derive utility from various attributes
associated with the goods they consume, which aligns with the nature of both green and
brown goods. Previous research has extensively employed the impure public goods
framework to model green goods (i.e., Kotchen 2005, 2006; Kim 2009; Wichman, 2016;
Chan and Kotchen 2014; Chan, 2015; Chan and Dinelli 2020; Montoya-Villalobos
2023). This is because green goods offer a private benefit to individual consumers,
enabling an increase in their private consumption, while simultaneously contributing to

the preservation of environmental quality, which is a public good.
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Similarly, the impure public goods framework has also been utilized to model
the consumption of brown goods. Unlike green goods, brown goods generate an
externality by diminishing the level of the public good through pollution or increased
emissions. Studies focusing on brown goods primarily focus on understanding whether
individuals would willingly contribute funds to offset the environmental damage caused
by consuming these goods. In this context, studies have revealed several key findings.
In large economies, donations tend to converge to a value that compensates for the
individual damage caused by each consumer (Vicary 2000). The level of individual
income plays a significant role in determining whether consumers choose to donate an
amount surpassing the pollution they generate from consuming brown goods (Kotchen
2009). While donations can mitigate net damages, they do not resultin a decrease in the
consumption of brown goods (Lange and Ziegler 2017; Lange, Schwirplies, and Ziegler
2017). Furthermore, although donations may improve individual welfare by addressing
damages after they occur, they do not enhance economic efficiency within competitive
markets (Kuhn and Uler 2019).

In my study, | examine the environmental impact of brown goods while
considering green goods to be environmentally neutral. Instead of investigating the
effect of donations to offset the damage caused by brown goods, my analysis centers on
the tradeoff between consuming a more expensive good that does not generate pollution.
The work that most closely aligns with my research is Kotchen (2005), which explores
the comparative statics of individual consumption of green and brown goods. However,

it does not analyze equilibrium outcomes or the influence of income inequality. To the
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best of my knowledge, this chapter represents the first attempt to explore the
implications of inequality on the environment within the framework of impure public

goods, providing the foundation for this research.

2.3 The Baseline Model

To answer my research questions, | first build a baseline model where thereis a
small economywith n > 1 consumers. Each consumer has an initial endowment w; that
is exogenously given. Preferences are defined over two objects: total private
consumption (x;) and environmental quality (Y). The object x; shares the same
characteristicsas a private good, but Y is affected by the actions of all the consumers.
As such, it is possible to think of Y as a public good (in the sense that it is non-rival and
non-excludable). There are no markets for either x; or Y. Instead, consumers can use
their endowment to buy green goods (g;) and/or brown goods (b;). | assume that there
are constant returns to scale in the production of these two goods and that they are sold
in perfectly competitive markets. The price per unit of g; is greater than the price per
unit of b; (F, > P,). The consumption of one unit of g; has a proportional effect on X;
and no effect over Y. Similarly, the consumption of one unit of b; has the same effect
on x; as g;, but with the difference that it has a negative effect over Y. Let )i, b; denote
the total consumption of the brown good in the economy. The level at which the public
good is provided is Y = Y% — Y™ | b;, where Y? is a positive and exogenous constant.

The utility maximization problem that an individual consumer faces is:
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max Ui = Ui(xl',Y) s.t. wW; = ngt +Pbbi

X = G + bi (2 1)
Y=Y0— 3% b 2.2)
gi=0,b,20

| assume that the utility function U; is strictly increasing in each of its arguments
and strictly quasiconcave. Therefore, the solution to this problem is unique and
consumers will optimize their individual consumption of x; and Y. However, these
assumptions do not affect the total amount of g; and b; that each individual will buy. As
a result, this model allows for the possibility to have some consumers allocating all their
income to consume only one of the goods. With this outcome in mind, it is possible to

identify three different categories of consumers:

e Green Consumers: They only consume green goods (g; > 0, b;’ = 0).
e Brown Consumers: They only consume brown goods (g; = 0, b; > 0).

e Mixed Consumers: They consume both goods (g; > 0, b > 0).

To identify under which category each consumer falls, it is useful to compare the

Marginal Rate of Substitution (MRS) to the following price ratio:

Uy
Uy

i

Fg =Py
Fy

(2.3)

>
<
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If the LHS is greater (less) than the RHS of (2.3), then these consumers are
willing to pay more (less) than the price difference between g; and b; to preserve one
unit of Y. Therefore, they will only consume g; (b;) and they will be considered Green
(Brown) Consumers. If the LHS of (2.3) is equal to the RHS, then the price difference
between g; and b; exactly identifies the willingness to pay to preserve one unit of Yand
these consumers will choose a mixture of g; and b; to maximize their utility. Since they

acquire both types of goods, they will be considered as Mixed Consumers.

2.3.1 Consumer Demands

To characterize the consumer demands for g; and b;, it is convenient to first
express the utility maximization problem in terms of x; and Y. Substituting (2.1) and

(2.2) into the budget constraint and the non-negativity constraints we obtain:

maxy,y U; =U;(x;,Y) st m;= Px; +PY (2.4)
Y<Y, (2.5)
X, >V, —Y (2.6)

where:
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Y., =Y = ¥ b (2.7)

m; =w; + PyY_i (28)
P, =P, (2.9)
P, =P, — P, (2.10)

The budget constraint in (2.4) considers that the “full income” of a consumer
depends not only on the original endowment w; , but also on the value of the exogenous
Environmental Quality received (Y_;) after everybody else has made their own
consumption decisions. Each unit of these spill-ins and, overall, of each unit of Y is
valued at P,. This virtual price P, is the difference of prices between goods g; and b;.
The virtual price P, is the unitary cost that every individual must pay to get one unit of
characteristic x;, and it is equal to price of g;. Intuitively, the full-income constraint
works as follows. Whenever consumers substitute away one unit of g; for one of b;,
they effectively pay for one fewer unit of Y. This substitution allows them to have Py
additional units of income, which they can use to increase their consumption of x;.

Constraint (2.5) states that the level of Y cannot be greater than the exogenous
level Y_; provided by others, which comes from the non-negativity constrainton b;. This
situation happens because this model does not allow consumers to increase the provision
of Y, they can just affect it in a negative manner through their consumption of b;.
Constraint (2.6) reflects the fact that the consumption of x; must be at least the same as
the difference between the level of Y_; and Y or, in other words, the consumption of b;.

As such, itis a different way to interpret the non-negativity constrainton g;. Figure 2.1
18



represents graphically this utility maximization problem inthe (x;,Y) plane. The line bc
represents the full income constraint, while the lines ab and ac represent the non-
negativity constraintson g; and b;. Hence, the triangle abc represents the consumption
set.

Pointd in Figure 2.1 represents an interior solution for the utility maximization
problem and the first-order condition in (2.3) holds with equality. Since neither
constraint (2.5) or constraint (2.6) binds in this situation, the individual demands of a

Mixed Consumer can be fully characterized as:

X =xi(Px,Py,mi) (211)

Yzyi(PXJPYJmi) (212)

Using the relationships in (2.1), (2.2), (2.5), (2.6), and (2.7) it is possible to

recover the demands for both g; and b; from (2.11) and (2.12):

gi = x; (P, Py,m;) — [Y_; — y; (P, Py, m;)] (2.13)

b; =Y_; — y;(P., Py,m;) (2.14)
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Figure 2.1. Consumption set in (x;,Y) space

2.3.2 Nash Equilibrium

The individual demandsin (2.11)-(2.14) depend on the term Y_; (either through
m; or on itsown), which implies that consumers optimize their decisions by considering
the actions taken by others. Therefore, these individual demands can be considered as
best response functions and the appropriate solution concept for this model is a Nash
Equilibrium. To guarantee the existence of a unique Nash Equilibrium, it is convenient

to impose the following assumption:

0y

0< v

<1 (2.15)
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The assumptionin (2.15) guarantees that both x; and Y are normal with respect
to income, and its use is standard in models of privately provided public goods (i.e.,
Bergstrom, Blume and Varian 1986; Kotchen 2006). Since Y is normal, there exists an

inverse function y;,"*(-) such that:

i (B Py, Y) =my

Vit (P, Py,Y) = w; + Y, (2.16)

The interpretation of (2.16) is that the term y*(P,, Py, Y) represents the full-
income a consumer must have to demand a given level of Y at prices P, and P,. Using
the identity Y_; = Y + b;,! it is possible to use (2.16) to express b; as a conditional

demand given the level of Y. Suppressing notation for prices, denote this conditional

demand as b; (Y):2

~ -1 e
by(v) = L PeProwi_y (2.17)

Py

1 This identity comes from substituting (2.7) into (2.2) and rearranging.
2 Cornes and Hartley (2007) define it as a Replacement Function because it identifies the best response

to keep Environmental Quality fixed ata level Y. If there is an exogenous variation in this level, then the
individual demand would exactly replace it.
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It is possible to follow a similar approach for g;. The first-order condition in
(2.3) implicitly defines a function x; = x;(P,, Py, Y). Substituting this function and

(2.17) into (2.1) gives:

-1 e
§:(Y) = x; (B, Py, V) — L BePe07wWi (2.18)

Py

The conditional demands in (2.17) and (2.18) are useful to state the following

lemma:

Lemma 2.1: Given a level of Y, there exists a critical income level w® = wf (P, Py,Y)

implicitly defined as:

-1 _wG
) 0= W_ Y or
G 1 6
i) ‘”;_l =x;(P, Py, Y) — [w_ Y]
g Y

above which consumer i becomes a Green Consumer, and another critical income level

wf = wf (B, Py,Y) implicitly defined as:
B -1 —wB
i) wi i (Peby)mwi Y,or
Py Py
[yi‘l(Px,Py,ﬂ—wF
Py

i) 0=ux;(P,Py,Y) — — Y]
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below which consumer i becomes a Brown Consumer. Both wf(P,Py,,Y) and

wf(P,, Py, Y) are continuous and increasing functionsin Y. Furthermore, w¢ > wf >

o]

Oandw—fz%KVYe]R{.

w§ x

All proofs are included in Appendix A. Lemma 2.1 is helpful to understand the
impact that income w; has in this model. A sufficiently low income can induce
consumersto allocate all their income to consume units of b; regardless of their attitudes
or preferences towards the level of Y. Conversely, a sufficiently high income can induce
consumers to do the opposite and allocate all their income to consume units of g;. It is
important to note that these income levels need not be the same for every individual.
Both wf = wf(P,,Py,Y) and w? =w?(P,, Py, Y) include the term y; (P, Py,Y)
within their definition, which implies that individual preferences have an impact in
determining them. However, there always exists a range of income in which any given
individual behaves as a Mixed Consumer.

The results in Lemma 2.1 are helpful to characterize the full schedule of the
demands for g; and b;. Suppressing notation for prices, denote these full schedules as

gi (Wi, Y) and bi (Wi' Y)
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(Wi/ p if wizw’
gi(w,Y) = igl(Y) if w;€ [WiB'WiG]

if w;<

(2.19)

WL/P if wi<wp

if wp=>w
b; (WL,Y)— {b(Y) lf WLE[WL » Wi ]
\

where g; (Y) and b; (Y) are defined as in (2.18) and (2.17), respectively. The results
from Lemma 2.1 help describe how different levels of income will have an impact on
the demands for g; and b;. However, these results do not give an explanation about the
impacts that the level of Y has in the demand schedules. Lemma 2.2 provides an answer

to that question.

Lemma 2.2: b; (w;,Y) is a continuous and weakly increasing function in Y, and strictly

increasing if w; € [wf, wf].

The implication of Lemma 2.2 is that an increase in the level of Y will not lead
to a reduction in the consumption of b; and, generally, it will increase it. This effect

occurs because a higher level of Y reduces its marginal utility and consumers now have
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an incentive to increase their consumption of x;. To fund this consumption pattern,

consumers must decrease their consumption of g; and increase it for b;.

Using the results from Lemma 2.1 and Lemma 2.2, it is possible to state the

following proposition:

Proposition 2.3: There exists a unique Nash Equilibrium Y* given by:
n
Yo — Z by(Y*) = Y* (2.20)
i=1

Substituting the demand schedules (2.19) in (2.20) and rearranging gives:

. W.
S VBBV~ B = DY = Y w4 By [k P g0
P —Py

iEM iEM

where the subscripts M and B denote the set of Mixed and Brown Consumers,
respectively, and n,, denotes the total number of Mixed Consumers. The interpretation
of expression (2.21) is that, given the preferences of the Mixed Consumers, the wealth
required to sustain Y* as a Nash Equilibrium outcome must be equal to their aggregate

full income. Additionally, expression (2.21) is also helpful to state the following

proposition:
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Proposition 2.4: Let Y* be a Nash Equilibrium. Then a marginal increase in w;:
)] increases Y* if i is a Mixed Consumer;
i) decreases Y* if i is a Brown Consumer; and

i) does not have an impact on Y* if i is a Green Consumer.

Given the results from Proposition 2.4, it is possible to state the following result:
Corollary 2.5: In a Nash Equilibrium, the brown good is an inferior good for Mixed
Consumers and a normal good for Brown Consumers. Similarly, the green good is a

normal good for Mixed and Green consumers.

Figure 2.2. Consumption of the green and brown good as income changes

i 13,'

Vv

As a consequence of Proposition 2.4, changes in income have different impacts on the

level of Y* along the income distribution. In particular, a redistribution of income can

26



have ambiguous results onthe level of Y*, such that a more egalitarian distribution might
cause Y* to decrease in some situations, stay the same in others, or might even increase

in some cases. Proposition 2.6 explains the different possible scenarios.

Proposition 2.6: Let there be a transfer of income between two different consumers such
that each of them remain in their same category of consumers pre- and post-transfer.
Then in a Nash Equilibrium:
)] A transfer from a Green Consumer to:
a. another Green Consumer does not affect the level of Y*;
b. a Mixed Consumer increases the level of Y*;

c. a Brown Consumer reduces the level of Y*.

i) A transfer from a Mixed Consumer to:
a. A Green Consumer reduces the level of Y*;
b. Another Mixed Consumer does not affect the level of Y*;

c. A Brown Consumer reduces the level of Y*.

iii)  Atransfer from a Brown Consumer to:
a. a Green Consumer increases the level of Y*;
b. a Mixed Consumer increases the level of Y*;

c. aBrown Consumer does not affect the level of Y*.
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| summarize the results from Proposition 2.6 in Table 2.1. These findings
contrast with the typical outcomes from studies examining the provision of public goods
by private individuals (i.e., Bergstrom, Blume, and Varian 1986; Boadway and Hayashi
1999; Cornes and Sandler 2000; Olszewski and Rosenthal 2004; Uler 2009) which
usually only consider two types of consumers: contributors to the public good and non-
contributors. In such cases, redistributing income from contributors to non-contributors
unambiguously decreases the level of Y*, provided that this new distribution does not
alter the category of any consumer. As aresult, there exists a tradeoff between reducing
income inequality and public good provision. Furthermore, it has been shown that an

optimal degree of inequality exists between these two groups (Bardhan, Ghatak, and

Karaivanov 2007).
Table 2.1. Effect of income transfers on Y*
To
Green consumer Mixed consumer Brown consumer
From
Green consumer = + -

Mixed consumer - = -

Brown consumer + + =

In contrast, my baseline model distinguishes between three types of consumers:
Green, Mixed, and Brown Consumers. Green and Mixed Consumers contribute to the

environment by purchasing green goods or avoiding brown goods, which can be
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considered as a positive action towards environmental sustainability and akin to
contributing to the public good. On the other hand, Brown Consumers allocate all their
income towards consuming brown goods and are therefore equivalent to non-
contributors in previous studies.

In the context of three distinct groups, where two of them play a significant role
as contributors, the impact on Y* resulting from changes in the income distribution is
contingent upon the specific types involved in the process. Proposition 2.6 demonstrates
that income transfers from Brown to Green or Mixed Consumers, as well as from Green
to Mixed Consumers, lead to an increase in Y*. Conversely, income transfers from
Green or Mixed to Brown, or from Mixed to Green Consumers, result in a decrease in
Y*. Consequently, certain scenarios offer the opportunity to achieve higher levels of
both equality and improved environmental quality simultaneously. Policymakers should
take into account these varying impacts when creating strategies that successfully

promote both goals.

2.4 Effect of income inequality on welfare and environmental quality

The possibility of increasing public good provision through income transfers
presents the opportunity to examine whether redistributive policies can not only have
positive welfare effects, but also achieve Pareto-improving outcomes. To do so, it is
necessary for environmental quality to improve sufficiently to compensate for the
negative impact imposed on those consumers who lose income. Proposition 1.3 suggests

that Mixed Consumers are the ideal recipients of income transfers because they have the
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incentive to reduce their consumption of brown goods and potentially improve
environmental quality. Additionally, Green or Brown Consumers might benefit from
transferring a portion of their income, as their welfare loss caused by the decrease in
their consumption possibilities may be offset by the overall increase in environmental
quality.

To illustrate this claim more clearly, consider a small economy where all
consumers have the same preferences (i.e., U; = U(x;,Y)) and the only source of
heterogeneity being the initial income that each consumer has. In this case, the critical
income levels for all consumers are the same, denoted as w¢ and w2, respectively.
Therefore, Green Consumers will have the highest income, followed by Mixed
Consumers, and Brown Consumers will have the lowest income. Let Y* be the Nash
Equilibrium level of environmental quality. By suppressing the price notation for
(1.16) and using the identity m; = y~1(Y*), itis possible to write the utility functions

of each consumer in equilibrium as follows:

W.
( U(—I,Y*> if w; >wS
Py

U=y UG, Y if  w;€[wfwe]

W.
U( : Y*) if w;<wf

\ PX_PY'

Suppose that income is redistributed among some individuals such that Y™, dw; =
0 The change in welfare (dU;) for each consumer can then be expressed as:

30



Ux . G
Fdwl + Uydy+ if wi=>w
X

X
dU; =4 (Ux y_m+ Uy) dy if w;€[wBwt]

m

X3

\ B,—P,

dW3 + Uydy* lf Wi S WB
where:

ar =Y 4 +zay*d P2y
L £ 0w; Wi L Ow; i owy Wk
iEM JEB keG

and X,,, and y,,,, are the derivatives of (2.11) and (2.12) with respect to income. These
two terms are positive as a consequence of (2.15). By assumption, U,,, Uy, P, and P, —
Py are also positive terms. Additionally, the subindices M, B, and G represent the sets of
Mixed, Brown, and Mixed consumers. The expression dy+ describes how Y* changes

when there is a redistribution of income. From Proposition 2, the sign of gl is positive
wi

if i isa Mixed Consumer, negative if i isa Brown Consumer, and equal to zeroif i is a
Green Consumer.

First, consider the case when a Green Consumer transfers one unit of income to
a Mixed Consumer (dw; = —1, Ydwy =1, Y.dwg = 0). This transfer increases the

provision level of Y*, decreases inequality between the Green and Mixed Consumers,
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and results in an unambiguous. Increase in the welfare of everyone except the Green
Consumer who lost the income unit. However, the welfare of the Green Consumer can

also increase if dy+ > %LY The appendix to this chapter includes an example using a
X

Cobb-Douglas utility function where this situation occurs. This result shows that
reducing inequality between Green and Mixed Consumers not only increases the
provision level of Y* but it can also make everyone better off. Thus, reducing income
inequality can be beneficial both to environmental quality and social welfare.
Unfortunately, this result is not generalizable to all types of transfers and, in fact,
could lead to a complete opposite outcome. For instance, if a Green Consumer transfers
aunitof income to multiple Brown Consumers (i.e., ¥dw; = =2, Ydwy = 0, Ydwg =
2), it will decrease the provision level of Y* and unambiguously reduce the welfare of

everyone, except for the recipients of the income transfer. However, the welfare of the

transfer recipients can be negatively affected if —dy- > m—i’j_ﬁ% The Appendix to this

chapter also includes an example using a quasilinear utility function where this situation
occurs. This result shows that income transfers from Green to Brown Consumers
decrease the provision level of Y* and can also generate a Pareto-diminishing outcome.
Therefore, reducing income inequality can be detrimental both to environmental quality
and social welfare. The contrast between the two previous results highlights the
importance of distinguishing situations where income-equalizing transfers can be
beneficial and those that leave everyone worse off.

It is important to note that the income redistribution examples discussed in this

section assume that the sets of Green, Mixed, and Brown Consumers remain the same.
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With a larger redistribution, Pareto-improving outcomes may become unfeasible, but it
can still help to improve social welfare. Furthermore, there can be some circumstances
where it could be possible to achieve the socially efficient level of Y. I analyze this last
situation in the following chapter by proposing a public policy to address the market

failures that are present in the model.

2.5 Conclusion

Throughout this chapter, my aim has been to explore the impact of income
inequality on environmental quality. While the topic has been widely debated in the
literature, my research provides some clarity on this issue and helps to understand, from
a theoretical point of view, why conflicting results have been reported. To investigate
this relationship, | adapted the model of impure public goods consumption, which
examines how consumers make their consumption decisions when they can choose
between environmentally harmful goods that are cheap (brown goods) and
environmentally friendly goods that are more expensive (green goods).

My model classifies consumers into three groups: Green Consumers, Mixed
Consumers, and Brown Consumers. While the decision about which group to belong to
depends on both income and individual preferences, the model predicts that each
consumer will always have two critical income levels. Below the first one, consumers
are better off being Brown Consumers and consuming only brown goods, as the cost of
substituting brown goods for green goods is greater than the benefit of protecting one

unit of environmental quality. This implies that for consumers below this income level,
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promoting environmentally sustainable consumption behavior requires addressing their
financial constraints.

Between the two critical income levels, consumers will choose to be Mixed
Consumers, as the individual cost of paying the price difference to substitute some
brown goods for green goods is now beneficial to preserve environmental quality.
Above the second critical level, consumers are better off being Green Consumers, as
they can fully satisfy their consumption needs by purchasing only green goods while
minimizing the damage to environmental quality. However, it is important to note that
the critical income levels are dependent on individual preferences. As a result, it is
possible for a consumer with lower income to become a Mixed or Green Consumer,
while a wealthier one may remain a Brown Consumer.

This relationship between income and individual consumption results from the
assumption that both total private consumption and environmental quality are normal
goods, implying that consumers have a higher demand for both when financial
constraints are absent. However, consumers prioritize their private consumption at the
expense of environmental quality when income levels are low. Consequently, as
consumers transition from Brown to Mixed Consumers, they increase their consumption
of brown goods, negatively impacting environmental quality. However, as consumers
become Mixed Consumers and transition to Green Consumers, they decrease their
consumption of brown goods, leading to a reduction in pollution and an improvement
in environmental quality. This pattern is reminiscent of the Environmental Kuznets

Curve at the individual level.
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This finding has important implications for policymakers and businesses aiming
to promote sustainable consumption behavior, particularly for consumers with low and
middle incomes who may wish to engage in pro-environmental behavior. To promote
sustainable consumption behavior among low-income consumers, policymakers need to
focus on providing affordable green goods and services. They may also need to provide
financial incentives such as subsidies, tax credits, and other forms of support to
encourage green consumption.

Finally, by examining how individuals make consumption decisions as their
income changes, the baseline model offers valuable insights into how income inequality
impacts the environment. Consistent with the findings of models dealing with pure
public goods, changes in the income distribution will have no impact on environmental,
provided that the total income of Green, Brown, and Mixed consumers remains constant.
However, if income redistribution increases the total income of Mixed Consumers or
decreases the total income of Brown Consumers, there will be a positive effect on
environmental quality. Conversely, if the total income of Brown Consumers increases
at the expense of Green or Mixed Consumers, environmental quality will decrease.

It is also important to consider that income transfers between different types of
consumers can have different effects on environmental quality and social welfare,
depending on the set of consumers involved and the magnitude of the income transfer.
My analysis reveals that income-equalizing transfers can be beneficial in some
situations, but detrimental in others. Thus, policymakers should distinguish between

situations to avoid income transfers that negatively impact social welfare. Additionally,
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I identify scenarios where reducing income inequality can improve environmental
quality, emphasizing the need to develop policies that address both issues
simultaneously. In the following chapter, | analyze a policy that can achieve these two
objectives, by addressing the market failures that prevent the attainment of the socially

efficient level of environmental quality.
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Chapter 3 : Double trouble — The impact of tradable permits in
green markets

3.1 Introduction

In the previous chapter of this dissertation, | analyzed how consumers make
choices in competitive markets regarding the consumption of green and brown goods,
and their impact over environmental quality under different types of income inequality.
However, these individual choices neglect to consider the harm caused by the
consumption of brown goods to the wider population, resulting in an externality
problem. This problem leads to suboptimal resource allocation and negative welfare
consequences for society as a whole.

While addressing the externality problem is crucial for achieving socially optimal
outcomes, it is equally important to tackle the problem of income inequality. Low-
income consumers face significant constraints in their consumption choices, and their
consumption of brown goods may be driven by these constraints rather than their
preferences. Addressing income inequality is important in its own right and, based on
the results from the previous chapter, it can also have a positive effect on environmental
quality under certain circumstances. Therefore, itis important to design policies that can
effectively tackle both problems at the same time.

In this regard, | propose the implementation of a permit market that limits
individual consumption of brown goods and facilitates permit trading among
consumers. This market concept draws inspiration from the literature on individual-
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transferable quotas (ITQs) which has demonstrated their potential for efficient outcomes
with minimal information requirements (Arnason 1990, Heaps 2003, Arnason 2009).
Under this policy, a regulatory agency would allocate permits to consumers, limiting
their consumption of brown goods. Once consumers exhaust their permits, they would
be unable to purchase additional units of the brown good. However, they could acquire
extra permits from other consumers who haven't fully utilized theirs, enabling an
increase in their brown goods consumption. This system creates an opportunity for
individuals with lower brown goods consumption to generate additional income by
selling their unused permits to those with higher demand. The revenue generated from
permit sales could be used to increase their consumption of either green or brown goods.

The primary objective of this proposed policy is to address the externality
problem associated with brown goods consumption by internalizing the costs of their
environmental damage. It accomplishes this by increasing the effective price of brown
goods and implementing a cap on their aggregate consumption. Consequently, the
policy ensures a minimum level of environmental quality that surpasses what would be
attained in a competitive market. Additionally, the policy facilitates market-based
income transfers among consumers. Low-income individuals who consume fewer
brown goods can earn supplementary income by selling their unused permits, thus
mitigating their income constraints. By simultaneously addressing the externality
problem and income inequality, the proposed policy has the potential to achieve socially

optimal outcomes that benefit all members of society.
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Based on my analysis, | find that if all consumers act as price-takers and
willingly participate in the market as buyers or sellers, the regulatory agency can use the
initial distribution of permits as a policy tool to achieve an optimal trading price. This
price would equalize the marginal rates of substitution for all consumers, resultingin a
socially efficient level of environmental quality and a reduction in income inequality.

This chapter contributes to the existing literature on impure public goods
provision (Cornes and Sandler 1984, 1994) by proposing an optimal policy framework
for green and brown goods consumption. Previous approaches, such as Pigouvian taxes
and direct transfers, face challenges when consumers have heterogeneous preferences,
necessitating individualized tax schemes (Atkinson and Stern 1974; Boadway and Keen
1993; Itaya, de Meza, and Myles 1997). To overcome this issue, alternative methods
have been explored, including compensatory taxation (McMahon 2015), incentive-
compatible mechanisms (Wichman 2016), and cost-sharing mechanisms (Chan and
Dinelli 2020). However, these approaches assume access to detailed preference
information or the ability to implement personalized pricing. In contrast, my proposed
policy avoids these challenges by incentivizing permit trading among consumers to
establish an equilibrium market price.

However, it is important to acknowledge that the optimality of this policy is
contingent upon complete market participation, which may not be realized in practice.
Consequently, consumers who choose not to participate may experience varying
marginal rates of substitution, potentially impeding the ability to achieve the socially

efficient level of environmental quality. Despite this limitation, the permit market
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remains a valuable second-best policy approach as it effectively addresses income
inequality and promotes environmental quality improvements.

The rest of this chapter is organized as follows. In section 3.2 | provide a review
of the literature on Individual Transferable Quotas (ITQs), tradable permits, and their
application as a policy instrument. In Section 3.3, | introduce the social choice model
and highlight its distinctions from the baseline model discussed in Chapter 2. In Section
3.4 | present the permit market model, explaining the different decision-making
processes that buyers and sellers have to make. I show the outcomes resulting from the
market equilibriumin section 3.5. Finally, in Section 3.6, | offer concluding remarks on

the chapter's findings.

3.2 Literature Review

The concept of using tradable permits to address pollution and manage common-
pool resources emerged from the economic discussions of the 1960s and 1970s, focused
on the theory of externalities (Dales, 1968; Baumol and Oates, 1988). It is based on the
recognition that environmental issues arise due to the absence of well-functioning
markets (Gordon, 1954; Coase, 1960; Hardin, 1968). By implementing tradeable
permits, the aim is to establish a market that enforces property rights related to
environmental usage, fostering a competitive market with minimal transaction costs.
This enables individuals to negotiate and trade these rights efficiently.

Tradable permit schemes have the potential to effectively address challenges

such as overfishing and pollution without relying on direct regulatory measures like
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taxes or technical standards, while maximizing economic rents (Arnason, 1990; Shotton,
2000). Essential characteristics of these permits include permanence, security,
exclusivity, and tradability (Scott 1989; Grafton 1996; Squires, Kirkley, and Tisdell
1995; Arnason, 2007; Libecap 2007). Ultimately, the objective is to minimize the costs
associated with achieving predetermined environmental targets.

Examples of this approach include the implementation of individual transferable
quotas (ITQ) in fisheries, which have been studied extensively (McCay, Creed,
Finlayson, Apostle and Mikalsen 1995; Hermann 2000; Arnason 2002, 2005; Hilbron,
Orensanz and Parma 2005; Stewart, Walshe, & Moodie 2006; Chu, 2009; Brinson and
Thunberg 2016), and the adoption of emission trading schemes (ETS) to mitigate
pollutant discharge into the environment (Demailly and Quirion 2008; Cullenward and
Coghlan 2016; Martin, Mudls, and Wagner 2016; Narassimhan, Gallagher, Koester and
Alejo 2018). In practice, specifically for ETS, a central regulator assigns or sells a
limited number of emission permits based on an emission reduction target. Polluters are
obligatedto hold permits equivalent to or exceeding their emitted quantity. This system
resembles a cap-and-trade mechanism that employs quantity as a planning instrument
to achieve a desired output level, such as clean air, while motivating producers to
minimize production costs (Weitzman, 1974).

Although permit schemes have been effective in enhancing the efficiency of
environmental resource management, particularly in U.S. fisheries (Wang, 1995;
Annala 1996; Weninger, 1998; Arnason 2012; Brinson and Thunberg, 2016), they have

faced criticism for their insensitivity to social needs, inequitable distributional
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consequences, and disproportionate impact on small stakeholders (Copes and Charles
2004; Olson 2011; Knapp 2011; Carothers and Chambers 2012; Soliman 2014).
Therefore, it is crucial to consider the distributional effects of initial permit allocation
to ensure access for income-constrained individuals while balancing equity and
efficiency concerns (Laffont and Robert 1996; Che, Gale and Kim 2013; Holzer and
McConnell 2023). This chapter contributes to the existing literature by proposing permit
allocation as a policy tool that favors income-constrained consumers who can derive
greater monetary gains from reselling permits, while also ensuring that their polluting

consumption remains restrained due to their economic disadvantage.

3.3 Social planner model

Suppose that there is a regulatory agency that wishes to maximize social welfare.
To that extent, this agency will try to find the optimal level of environmental quality
(Y) given the total income in the economy (3., w;) and the market prices of the green
(gi) and brown goods (b;). The overall social budget is: Yi_,w; =F, YL, g; +
Py, X, b;. Considering the identities from the baseline model x; = g; + b; and Y =

Y? — ¥, b;, then it is possible to write the social budget in terms of x; and Y.

n
M = szxi + PyY
i=1
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where M =¥, w; + Y’ P.=F, Pp=F —P, and Y° >0 is the initial,
exogenous value of environmental quality. The regulatory agency evaluates a social
welfare function S(-) that includes the utility of every consumer as one of itsarguments.
Since each consumer has their own unique utility function, the social welfare function
includes a separate argument for each of these functions. This S(-) function shares the
same properties as the individual utility functions: it is quasiconcave, continuous, and
strictly increasing in each of its arguments. The agency’s problem is therefore to choose
the level of total consumption for every consumer and the overall level of environmental

quality:

max S(U (x4, ), Uy (x5, ), e, Uy (3, 1))

X1,X2,Xn,

n
M = Pxei+ PYY}
i=1

Assuming that the optimal level of Y is located somewhere in the interior,® then
the socially optimal allocation is the unique solution to the following n + 1 first-order

conditions:

950U AP, =0 =12
ou; ox, xT T PT LAl
n
ZOS aU; APy =
£i0U; 0 re
1=

3 The maximumvaluethat Y can haveis Y?, and itoccursifthere isno consumption of b; in the economy.

The minimum value would be Y° — # anditoccurs if there is no consumption of g; in the economy.
b

Therefore, the previous statement refers to the scenario where the regulatory agency will look to have a

positive consumption of both g; and b;.
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where A is the Lagrange multiplier associated with the social budget constraint. From
the previous set of equations, the optimal marginal rate of substitution for each consumer

i must be equal to:

an/a P S
Yo x )l =120 (3.1)
oY !
where Sy_, = Zi*";_zfj . z—z > 0. The resultin (3.1) highlights two important ways in

which the social optimum differs from the competitive equilibrium. First, achieving the
social optimum requires all consumers to have an equal marginal rate of substitution.
This is satisfied by Mixed consumers, but not by Green and Brown consumers who have
different marginal rates of substitution from the price ratio between P, and P,. Second,
to account for the externality created by Brown goods, the social optimum requires a
higher marginal rate of substitution than this price ratio. As a result, a policy to achieve
the social optimum would require two separate instruments to address each one of these
Issues.

To mitigate the negative impacts of brown goods consumption, | suggest
implementing a market for permits based on the individual-transferable quotas (ITQs)
model. The proposed model involves a regulatory agency issuing permits to consumers
to limit their consumption of brown goods. Once consumers use up their allotted

permits, they cannot purchase any additional units of the brown good. However, they
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can purchase additional permits from other consumers who have not exhausted theirs.
This system provides an opportunity for those who consume fewer brown goods to earn
extra income by selling their unused permits to those who require more. The proceeds
obtained from selling permits can then be used to increase their consumption of either
green or brown goods.

The cost of acquiring a permit would be equivalent to an increase in the price of the
brown good. The market would determine the price of the permits, and all consumers
would adjust their consumption decisions based on the publicly available information.
The revenue from selling the permits would go directly to the sellers, without the need
for the regulatory agency to redistribute it. As such, the market for permits would have
two policy instruments: the equilibrium price for permits and the total number of permits
set by the regulator. By settinga maximum number of permits, the market would solve
the externality problem caused by brown goods consumption. The equilibrium price
would establish the optimal transfer that certain consumers should receive, leading to a

more efficient allocation of resources or higher overall welfare.

3.4 The market for permits

Following the baseline model outlined in Chapter 1, I consider an economy with
i =1,2,...,nconsumers who derive utility U; (x;,Y) from total private consumption (x;)
and environmental quality (Y), which | model as a pure public good. Consumers can
choose to buy either green (g;) or brown (b;) goods, such that x; = g; + b;. Initially,

the level of environmental quality is set at an exogenous level Y°. However, the
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consumption of b; generates a negative externality over environmental quality.
Specifically, if anyone in the economy consumes one unit of b;, then the level of
environmental quality will decrease by one unit (i.e., Y = Y° — 3" b)).

| assume that the price of the green good (£,) is higher than the price of the brown
good (Pp), and that the individual income (w;) is exogenously determined. The utility
function is strictly increasing in both x; and Y, continuously differentiable, and

quasiconcave. The individual demand for environmental quality has the following

property:

aY

v € (0,1) 3.2)

where Y_; =Y° —3,.;b; is the exogenous value of environmental quality that
consumer i receives at the moment of making the individual consumption decisions.
The property in (3.2) is called the normality assumption and guarantees that both x; and
Y are strictly normal goods.

The regulatory agency seeks to establish a minimum environmental quality for
the economy, which it achieves by setting a cap on the total consumption of brown
goods. To implement this cap, the agency first distributes an initial endowment of
permitsto every consumer i. Each permit entitles the consumer to purchase one unit of
b; at the market price P,. Therefore, the maximum number of units of the brown good

that consumers can buy is equal to the number of permits they initially receive. Let g;
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denote the initial permits received by consumer i and Q = (§,,75, ..., G,) the vector of
all permits assigned by the regulator.

Consumers will have the option to buy a permit from someone else if they wish
to consume additional units of b; than initially allowed. The regulator allows potential

buyers and sellers to negotiate the price of each permit (F,) freely. | assume that all

individuals behave as price takers, there is perfect information about all trades,

negligible transaction costs, and that P, settles at the market-clearing level of a perfectly

competitive market. The sellers of permits can use the revenue they earn to increase
their total private consumption. In the following section, I will analyze the buyers’ and

the sellers’ problems separately.

3.4.1 The Buyers’ Problem

Consider a scenario where the regulator assigns an initial endowment of g; permits
to consumer i (g; = 0), but the individual demand for b; is greater than this amount.
As a result, this consumer will have the incentive to buy additional permits from the
market. Let g¢ denote the number of permits demanded by consumer i. It is important
to note that a portion of the individual income must be allocated to this new expenditure.
However, it provides an opportunity to increase the consumption of b; beyond the cap
set by g; (i.e., b; <q; +q%). Given this context, the consumer solves a utility

maximization problem by considering the trade-off between purchasing additional
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permits and the other consumption goods, subject to the budget and brown consumption

constraints.

( w; = B,gi + Pyb; + Pyql, by <g;+qf, \
qug
xi,;g%flqg U(x,Y) [x; = g; + by, Y=Y_,—-b — P, (3.3)
9i,bi,q =0 }

where Y_; = K — ¥ ;.; b; refers to the exogenous environmental quality that consumer

i faces after all other consumers have made their own consumption decisions. This
utility-maximization problem differs from the baseline model in three aspects. The first
one is that the income constraint now considers that consumers may destine a portion of
their income to trade for permits (gf) to increase their brown consumption. The second
condition is that the individual consumption of the brown good is now limited by the
number of permits that consumer i obtains, either through the initial assignation or by
trading in the market. The third is that buyers must consider that their purchase of
permits will have an adverse impact on environmental quality since all sellers utilize the
proceeds from permit sales to increase their consumption of brown goods.*

In this setup, consumers need to consider if it is optimal to acquire additional

permits in the market and, if so, determine how many they require. From (3.3), the term

4 In the following section, | explain why sellers allocate the revenue from selling permits towards
increasing their consumption of brown goods.
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q? appears only in the budget and brown consumption constraints. As such. the

individual demand for permits can be characterized by its first-order condition:

/‘{WPq = Ab +[lq

where A,, and 4,, are the Lagrange multipliersassociated to each of the constraints and
Uq is the multiplier related with the non-negativity constraint on q?. Note that if b; <
g; + qf is not binding, then 4,, = 0. As a consequence, the first-order condition over g;
requires that p, >0 and qid* = 0.5 This situation implies that acquiring additional
permits in the market is not optimal, as these consumers can fulfill their demand for b;
with their initial allocation g;.°* By not participating in the market, the utility
maximization problem reverts to the baseline model and consumers would follow the
same behavior outlined in it.

For the case inwhich g& > 0, itfollows that b; = §; + qZ. This implies that the
individual demand for permits must fully offset the demand for the brown good,

considering the initial allocation g;. By substituting this equality into the budget

constraint, we can derive the following condition:

> The previous condition will not hold in the special case where P, = 0. In this situation, there would be
free disposal of permits and consumers would get any amount of them without impacting their optimal
choice of g; and b;.

6 In this situation, consumers may have unused permits that they could simply discard. | present an
overview of the incentives required to motivate consumersto sell their surplus permits in the following
section.
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w; —Pyq; = Fg; + (P +Pq)q1'd

When consumers act as buyers in the market, they exhaust their initial permits
toacquire as many units of b; as possible at the prevailing price P,. Once this is achieved,
they allocate their remaining income towards the purchase of additional units of the
green good, or towards the acquisition of more permits, which would enable them to
consume more units of the brown good. As it is optimal to obtain one additional permit
for every unit of the brown good consumed, the cost of purchasing one permit is

implicitly given by the sum P, + B,. By representing the income constraint in this

manner, it is possible to employ the identities stated in (3.3) to reformulate the utility-

maximizing problem as:

T;l%x{ Ui(x, V)| md =P3x; +PAY, Y, —x;<Y<Y,—q; |} (3.4)
i

where m¢ = w; + %qi + PV, BE=P, Pf= %(1@, — P, —PB,), and the

superscript d refersto the scenario where consumer i has a positive demand for permits.
As in the baseline model, it is possible to express the problem only in terms of the full -
income (m?) and the implicit prices (P and P%). The differences are that the full-
income additionally takes into account the monetary value of the initial allocation of
permits, while the implicit price of Y is lower because it considers the extra cost of

buying a permit to consume the brown good. Therefore, the consumption of one
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additional unit of environmental quality becomes implicitly cheaper. The inequality Y <
Y_; — g; comes from the non-negativity constraint on g and captures the fact that
consumer i will use all the initial permits to consume b; . The inequalityY > Y_; — x;
comes from the non-negativity constrainton g; and captures the situation where all the
income is used to consume b; (via the acquisition on permits). Alternatively, this
inequality also states that environmental quality cannot be lower than the impact caused

by the private consumption of consumer i.

Figure 3.1 Budget Set and Consumption Bundle (Permits Buyer)
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Figure 3.1 illustrates the budget set and the consumption bundle in terms of
(x;,Y). The feasible set is convex and is denoted by the trapezoid AGQB. The segment
AC has aslope of —1 and captures the impact of the consumption of the brown good on
environmental quality. The segment GQB represents the budget constraint and is
divided in two parts by the kink point Q. The line GQ represents the situation when
consumer i can satisfy the consumption of the brown good with the initial allocation of
permits. The line QB considers that the consumer must buy a permit for every additional
unit of the brown good. The triangle BQC shows the set that would have been feasible
if the consumption of the brown good was not restricted by the permits.

Assuming that the segment QB includes the solutionto (3.4), then it is possible

to express the demand for environmental quality as a function of the full income and the

vector of implicit prices P4 = (P&, B?):

Y = y;(mf, P9) (3.5)

Expression (3.5) is useful to recover the demand for permits by using the
identity Y_; = Y + g; + q2.7 By assumption, environmental quality is a normal good,

which implies that (3.5) is an increasing function with respect to m?. As such, there

exists an inverse function 2~ (¥, P4) with respect to the full income that is equal to:

7 This identity comes from rearrangingY = Y_; — b; and by assuming that the constraintb; < g; + q¢
holds with equality.
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-1
v (Y, Pd) =m{
= Ww; + ch_li + P#Y_i
The interpretation of y& ' (v, P4) is that it gives the full income required to
sustain a demand of Y units of environmental quality when facing the price vector P4,

From this previous expression, it is possible to obtain an identity that sets g as function

that depends on the other parameters of the model.

-1 d

y; (Y, P%)—w; P, — P\ _

q¢ =2 ( d) ‘-y-(ﬁﬁr— i (3.6)
PY PY

The right-hand side of expression (3.6) includes Y asone of itsarguments. Thus,
it is possible to interpret g as a value that is conditional on a given level of Y.8 Since
the optimal value of Y is restricted to a compact set by (3.4), the range of expression
(3.6) must also be bounded. Let the function g?(Y, g;) represent the conditional demand
for permits of consumer i, suppressing notation for income and prices. The following

proposition summarizes the main properties of g4(Y, g,):

& Cornes and Hartley (2007) give expression (3.6) the interpretation of a replacement function. The
reasoning for this name is that if there exists an exogenous change that increases Y in ¥ units, then the
demand of consumer i would change in the same amountto keep the level of Y fixed at its target value.
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Proposition 3.1: If environmental quality is a normal good and g has a representation
as in (3.6), then consumer i has a conditional demand for permits q&(Y,g;) with the
following properties:

)] qd(Y,q;) is a weakly increasing function in Y.

i) q(Y,q;) is a weakly decreasing function in g;.

iii)  Forallw; > 0, thereexistsavalue P~™%* < P, — P, suchthat ¢ (Y, q;) =
. i
0if B, > Pd-max,

iv)  There exists an income level wB(Y,q;) such that q4(Y,g;) = V‘;‘_Tpqu" if
bThq

w; <wB(Y, ;)

The result in part i) follows from assumption (3.2) that guarantees that both x;
and Y are normal. An exogenous increase in Y implies that the full-income of the
consumer also increased. Since income, prices, and the allocation of permits are fixed,
then the only remaining variable that can account for the increase in the full-income is
Y_;. Therefore, the consumer will have an incentive to consume more brown goods but
not enough to offset the initial increase in Y. As a result, the demand for permits must
increase in this situation.

Part ii) is a direct consequence of the functional form in (3.6). Consumers who
have already been allocated sufficient permits during their initial allocation will have
less need to purchase additional permits. Part iii) establishes that consumers who have
used up their initial allocation g; have incentives to purchase extra permits if the price

is sufficiently low to enable an increase in their consumption of b;. However, if the

54



permit price surpasses a certain threshold, they will withdraw from the market and
allocate all their remaining income towards the consumption of g;. Finally, part iv)
explains that when the individual income is too low, consumers may choose to prioritize
the acquisition of as many permits as possible, while foregoing any consumption of g;.

To distinguish between consumers in terms of their demand for permits, I will
use two categories: regular buyers (RB) and constrained buyers (CB). Regular buyers
are those whose demand for permits can be modeled by equation (3.6). On the other

hand, while constrained buyers are those who have a demand constrained by their low

income and can be represented by the equation g2 (Y, g;) = W;_Tplbf“.
bThq

3.4.2 The Sellers’ Problem

From a seller’s perspective, receiving an initial allocation of permits g; IS
valuable not only for consumption purposes but because it provides trade value that can
be used to increase the individual budget. Consumers who choose to sell some of their
permitswill receive a payment equal to P, for each one of them. However, sellers need
to carefully weigh the trade-off between selling their permits and their own consumption
needs. They should not sell more permits than the ones they need to use, and they need
to be aware that buyers will acquire permits to increase their own brown consumption.

Consequently, sellers must take into account the negative environmental impact
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resulting from the use of each permit, whether it is for consumption or trading purposes.

With these considerations, the utility maximization problem that each seller solves is:

w; + Bq; = B, g; + P,b;, q; = b; +qj,

max s Ui (xi,Y) X = 9 + bi' Y = Y—i - bi - qls, (3 7)
xi,Y,gi,bi,qi

i bi; qlS =0
where q; denotes the number of permits that consumer i is offering in the market and

Y_; =Y° —¥;.; b; is the exogenous environmental quality that consumer i by taking

the brown consumption of others as given. If a seller finds that qf* = 0 is optimal, then
the solutionto (3.7) is the same as in the baseline model. For the interesting case where
qf* > 0, sellers must still decide how many units of g; and b; to consume with the total
income they receive. Assuming that g; > b; + g7, the individual demands for g; and b;
and offer of g; can be characterized by equating the marginal utility per unit of money

spent on each good:®

Uty U =Up+w Uy

P, P,

® To simplify themaximizationproblem, it possible to substitutethe identities x; = g; + b;andY = Y_;, —
b; — qf into the utility function and use the following Lagrangian function:

L=U;(g; + by Y —b; —q) + A, [w; + Peqi — Py9: — Pyb;| + Ug9g; + Upb;
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Note that the previous expressions include the Lagrange multipliers u, and
to account for the possibility of having an optimal consumption of g; = 0 or b = 0.
Solving for U, gives a unique relationship involving the marginal utility of

environmental quality and the three market prices F;, P,, and F;:

P P, + P
g _ b q
P_qUY_ug_Tqu_Ub

This expression is valuable in understanding the incentives that sellers have with
respect to the consumption of both green and brown goods, given the market price for
permits. If the seller consumes the green good, then p, = 0, but this situation is
optimal only if B, — P, < F,. Based on the buyer’s problem, if the price of permits is
greater than the price difference between the green and brown goods, then there will not
be a positive demand for permits under this situation. For trade to occur, the price of
each permit must be at least lower than the price difference (i.e., P, < P, — Pp).
Therefore, it is never optimal for a seller to consume the green good.

Since g; = 0, then total private consumption is completely satisfied by
consuming the brown good (i.e., x; = b;") and the budget constraint reduces to the form

w; + B,q] = P,b;. With the income constraint expressed in this way, it is possible to

use the identities in (3.7) to rewrite the seller’s utility maximization problem as:

10 In this case, the consumption of the brown good is either positive of zero and u, > 0. Therefore, the
previous expression simplifies to:
P — (Pg — Pb) U

Fq

0<pp= Y
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ma}gc{ U, VI mi =Px; +PY, Y, —q; <Y<Y ,;,—x;} (3.8)
Xi,

where m{ =w; + FY_;, P = P, + P,, Py = F,, and the superscript s refers to the
scenario where consumer i offers a positive amount of permits. Similar to the buyer’s
problem and the baseline model, it is possible to express the seller’s problem in terms
of the full-income (m7) and the implicit prices (B¢ and Py). In this scenario, the full-
income incorporates the personal income and the monetary value of the exogenous
environmental quality provided by others.

However, the implicit prices for both X; and Y are different in this model. The
implicit price of x; is the sum P, + P, because the consumer must consider the price of
obtaining one unit of the brown good and the opportunity cost of using one permit
instead of selling it. The implicit price of Y is B, because that is the amount of money
the consumer is willing to receive in exchange for receiving one fewer unit of
environmental quality. The inequality Y_; — g; < Y comes from the brown consumption
constraintg; > b; + q;. If individual sellers use all their permits either for consumption
or for trading purposes, then the minimum environmental quality that can be attained is
Y =Y_; — g;. Finally, the inequality Y < Y_; — x; comes from the non-negativity
constraint on g; and establishes that environmental quality will decreaseat least as much

as the private consumption of consumer i. This condition only holds when sellers choose

not to trade away any permits.
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Panel a) of Figure 3.2 illustrates how the budget set changes as consumer i sells
permits. Initially, the consumer can choose any consumption bundle within the triangle
A°G°B°. When consumer i sells g;* permits, the budget set shifts down to the larger
triangle A1G1B. In thiscase, G must be to the right of G°, indicating that the consumer
has received payment from selling the permits, but below the line G°B? since the price
of each permit is less than the price difference between the green and brown goods. If

instead, consumer i sells qu permits, the budget set shifts further down to triangle

A*G?B?
Figure 3.2: Budget Set and Consumption Bundle (Permits Seller)
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a) Budget set without considering the initial b) Optimal consumption bundle considering
allocation of permits. the initial allocation of permits
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The consumption bundles at B®, B!, and B? in the (x;,Y) space represent the
scenarios where consumer i uses all the available income to purchase b;, subject to the
number of permits sold. Therefore, the line starting at B?, passing through points B* and
B?, represents the budget line, which has a slope equal to —BS /P;. Furthermore, point
BY corresponds to the situationwhere Y = Y_; — x; as consumer i chooses to spend all
the available income on b; but not to sell any permits at all.

Panel b) shows how the initial allocation g; affects the budget set and the optimal
consumption bundle. The horizontal line at Y = Y_; — g; restricts all consumption
bundles located below it as they are no longer feasible. Suppose the optimal
consumptionis located at point B1. The optimal number of permitsto sell is equal to the
horizontal distance between the intersection of line A1B! with the lineat Y =Y; — g;
and the vertical line at x; = g;. This distance represents the permits that consumer i
must sell to be able to consume at the optimal level. As a result, consumer i will retain
a positive number of permits that will not be sold or used to buy b;.

Assuming that point B is the solutionto (3.8), then itis possible to express the
demand for environmental quality as a function of the full income and the vector of

implicit prices PS = (B7, P;):

Y = yS(ms, P¥) (3.9)
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By assumption, environmental quality is a normal good, meaning that (3.9) is

an increasing function with respect to m;. As such, there exists an inverse function

yid_l(Y, P4) with respect to the full income that is equal to:

(Y, PS) = mf
= w; + P}}gY_i

Similar to the buyer’s problem, the expression y;’ ~1(, PS) has the interpretation

of being the full-income required to sustain a demand of Y units of environmental

quality when facing the price vector PS. From the identity Y = Y_; — b; — q{ and the

budget constraint w; + B,q; = P,b;, it is possible to use yis_l(Y,PS) to derive the

supply of permits and state it as:

. B-P [y, PY) w;
TR B

(3.10)

Since expression (3.10) includes Y as one of its arguments, it is possible to

interpret g; as the conditional supply of permits given level of Y. As the value of Y is

restricted to a compact set by (3.8), the range of expression (3.10) must also be

bounded.!! Let the function g7 (Y, g;) represent the conditional supply for permits of

consumer i, suppressing notation for income and prices. The following proposition

summarizes the main properties of g7 (Y, g;):

11 This situation is equivalent to what occurs in the buyer’s problem.
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Proposition 3.2: If environmental quality is a normal good and g; has a representation

as in (3.10), then consumer i has a conditional supply for permits g&(Y,g;) with the

following properties:

i)

i)

For all w; > 0, there exists a value P;~™" > 0 such that g{ (Y, ;) = 0 if

F,

< Bymm™m
There exists a maximum number of permits that consumer i is willing to use,
whether itis for consumption or for trading purposes. If consumer i receives
fewer initial permits than this amount, thenan income level w5 (Y, g;) exists
Wi—Ppqi
Pp+Pg

such that ¢ (Y, ;) = if w; <w(Y,q)

q; (Y, q;) is a weakly increasing function in Y.

Consumers who have depleted their initial allocation g; will have the incentives to

purchase extra permits if the price is sufficiently low to enable an increase in their

consumption of b;. However, if the permit price surpasses a certain threshold, they will

withdraw from the market and allocate all their remaining income towards the

consumption of g;. Conversely, when the individual income is too low, consumers may

choose to prioritize the acquisition of as many permits as possible, while foregoing any

consumption of g;.

To distinguish between consumers in terms of their demand for permits, | will use

two categories: regular buyers (RB) and constrained buyers (CB). Regular buyers are

those whose demand for permits can be modeled by equation (3.6). On the other hand,
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while constrained buyers are those who have a demand constrained by their low income

wi—Pp{;

and can be represented by the equation g (Y, g;) = p
bTrq

3.5 Market Equilibrium

In the previous sections, | have established the conditions that must be met so that
consumers have incentives to trade permits among each other. It is essential that there
are consumers who are interested in increasing their consumption of the brown good but
are constrained due to an insufficient initial allocation of permits. Similarly, there should
be consumers who have received more permits than they can afford to use to purchase
brown goods, creatinga supply of permits. To achieve an optimal outcome through this
market, the regulatory agency must ensure that low-income consumers receive enough
permits to participate as sellers and benefit from a market-based income transfer.

If the regulatory agency selects an appropriate initial allocation of permits that
incentivizes at least one consumer to sell permits and another to buy them, then | can

show that a market equilibrium with tradable permits exists.

Definition 3.3: A market equilibrium with tradable permits is a price P;, an allocation

((g1,b7), (g3,b3), ..., (g5, b3),Y*), and an array of trades Q@ = (q;,q5, -, qz) such
that:
1. foralli = 1,2,..,n: Ul(gl* + b:,Y*) = Ui(gi + bi,Y) V(gl + bi,Y) € R+ X R

for which w; = B,g; + Pyb; + P q;
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2. YO—¥M b=y

3. QP(R;,Y*) =Q5(PrY") >0

where QP(P;,Y*) = Yiep 4l (Y,q;) and QS(P;,Y*) =X jesq;(Y,q;) denote the
aggregate demand and aggregate supply of permits. The value g; represents the net

amount of permits that consumer i chooses to trade in the market and is calculated as

q; = q{i* - qis*, which is positive if consumer i chooses to buy permits, negative if

consumer i chooses to sell permits, and equal to zero if consumer i does not participate
in the market.

The first condition ensured that all consumers are maximizing their utility and
cannot be better off by choosing a different allocation. The second condition establishes
that the aggregate demand of the brown good generates a Nash Equilibrium level on
environmental quality. The following two Lemmas further demonstrate that there exists

a unique Nash Equilibrium for any price F, at which the permits are traded.

Lemma3.4: b; (Y, q;) isacontinuous and weakly increasing functioninY vi =1, ..., n.

Lemma3.5: Let P, € (0,F, — Pp), then there exists a unique value Y~ that satisfies the

following equation:
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n
Yo — Z b (Y*,G) = Y (3.11)
i=1

The first condition ensured that all consumers are maximizing their utility and
cannot be better off by choosing a different allocation. The second condition establishes
that the aggregate demand of the brown good generates a Nash Equilibrium level on
environmental quality. The following two Lemmas further demonstrate that there exists

a unique Nash Equilibrium for any price F, at which the permits are traded.

Lemma 3.4 is a generalization of Lemma 2.2, holding true even for non-
participants in the market, as they follow the behavior outlined in the baseline model.
For buyers of permits, the identity b; = g; + q& establishes that b; (Y, g;) shares all the
properties from the function g (Y, g;), which are described in Proposition 3.1. A similar
situation occurs with sellers, as the identity P,b; = w; + F,q; guarantees that the
function b;(Y,q;) shares all the properties from the function g7 (Y, g,), which was
described in Proposition 3.2. Therefore, since b; (Y, g;) is an increasing function in Y,
then the same process used to prove Proposition 1.1 applies to establish the result from
Lemma 3.5.

The third condition for a market equilibrium with tradable permits states that
aggregate demand for permits must equal aggregate supply. Let qu‘max (Y™) be the
minimum price among all potential buyers that ensures that the aggregate demand for

permits is zero at an environmental quality level Y*. Similarly, let qu‘mi”(Y*) be the
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maximum price among all potential sellers that ensures the aggregate supply of permits
is zero at an environmental quality level Y*. The following Lemma establishes that there

exists a price B, that guarantees that the market clears.

Lemma 3.6: Let Y* be defined as in (3.11) and PA~™a*(Y*) > Ps~™n(Y*) so that

trading occurs in the market. Then there exists a market-clearing price P, such that:

QD(P*,Y*) — QS(P*,Y*)

Therefore, | can use the results from Lemma 3.5 and Lemma 3.6 to prove that,
as long as consumers have incentives to trade for permits, a market equilibrium with

tradable permits must exist:

Proposition 3.7: If PA-™max(y*) > PF~™in(y*), then a market equilibrium with

tradable permits exists.

It is important to note that the result from Proposition 3.7 establishes only the
existence of equilibrium, and it does not imply that any initial permitallocation chosen
by the regulatory agency will necessarily lead to a socially efficient outcome. Therefore,
the regulatory agency must consider among various possible allocations to determine
the most efficient and welfare-maximizing one for the economy. To examine the impact

of altering the initial permitallocation, I will assume the following market conditions:

66



A2l

A22.

A23.

A24.

Law of Demand for permits: There is an inverse relationship between the

price and the quantity demanded of permits. (% < 0)
q

Law of Supply for permits: There is a direct relationship between the price

and the quantity supplied of permits. (% > 0)

q

Complementarity of permits and brown goods: The aggregate demand of the

brown good decreases when the price of the permits increases.

(Zabi(Y:q_L) < 0)
an

Relative strength of substitution effect: The substitution effect of the ratio
between the market clearing condition and the aggregate demand of the

brown good is greater than the income effect generated by changes in

environmental quality. ( 5

Assumptions A.2.1 and A.2.2 guarantee that the permits are not classified as

Giffen Good. Assumption A.2.3 implies that permit buyers are more sensitive to
changes in the permit price, which results in a reduction of their brown good
consumption, compared to any positive effect it may have over permit sellers.
Assumption A.2.4 limits the effect that a change on environmental quality can have on
the market clearing conditions. These four assumptions are sufficient to show that there
is an inverse relationship between the equilibrium price and the initial allocation

assigned by the regulatory agency to permit buyers.
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Proposition 3.8: Ifassumptions A.2.1, A.2.2, A.2.3, and A.2.4 hold, then the equilibrium

price of permits decreases if any given buyer receives an additional initial permit.

The regulatory agency can utilize the result of Proposition 2.8 to shift the
bargaining power between buyers and sellers. If buyers receive fewer initial permits,
they may participate more actively in the market to fulfill their demand for the brown
good. Conversely, if their initial allocation is larger, they may adopt a more passive
approach and wait for better prices. However, the task for the regulatory agency is to
find a rule that can generate a socially optimal outcome through the initial allocation of

permits. Proposition 2.9 provides an answer to this question.

Proposition 3.9: Let Q be an allocation of permits such that it induces market trading,

and all consumers are either regular buyers or regular sellers. The market equilibrium

with tradable permits is Pareto-Optimal if, and only if, P; = PP—be(Pg —Py).
)

From the social choice problem (3.1), the regulator must find a price that
internalizes the negative effects of brown good consumption and equalizes the marginal

rates of substitution of all consumers. In the case where all consumers are either regular

sellers or regular buyers, the price that achieves this is P; = P‘l—b%(Pg — B,) which
g

equalizes the following price ratios for permit buyers and sellers:
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P B
PE B

If the market equilibrium with tradable permits failsto achieve the optimal price,
the regulator can reallocate initial permits for buyers, depending on whether the
equilibrium price is lower or greater than the optimal price. This will help to correct the
market and achieve the optimal price.

Finally, in the more general case where there are non-participants, restricted
buyers, and/or restricted sellers, the market equilibrium with tradable permits will not
be able to equalize their marginal rates of substitution to the optimal price ratio. This
implies that the market may not achieve the social optimum. However, this does not
mean that the market is a failure or should not be implemented. This market can still
control the externality problem and generate a different income distribution that can lead
to an increased social welfare.

Overall, the market equilibrium with tradable permits provides a means for the
regulator to solve the externality problem by internalizing the negative effects of brown
good consumption. It also provides a means for income redistribution and to potentially
increase social welfare. While the market may not always achieve the social optimum,
itstill provides avaluable tool for to achieve gains in efficiency and address the problem
of income inequality. The existence of an optimal price for permits allows the regulator
to determine the appropriate initial allocation of permits, and to make any adjustments

needed to reach it.
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3.6 Conclusion

This chapter presents an analysis of how the social optimal consumption of green
and brown goods differs from the market equilibrium. The social optimum requires
addressing two types of market failures: the externality caused by the consumption of
the brown good and the unequal marginal rates of substitution of consumers. To achieve
a Pareto-improving outcome, a redistribution of income may be necessary.

To address these market failures, the implementation of a market of permits
similar to the ITQs model is proposed. The number of permits a consumer holds restricts
their individual consumption of the brown good, thereby addressing the externality.
However, the allocation of initial permits has income effects, as one permit allows a
consumer to increase their total consumption by buying the cheaper brown good. The
overall allocation thus has implications for income inequality.

The role of the regulatory agency is to determine the best initial allocation to
maximize social welfare. As the entire profile of preferences may not be known, letting
consumers trade permits among themselves is a viable alternative, as the market can
determine the best price at which to trade. The price of permits is an instrument that
effectively changes the marginal rates of substitution for consumers participating in the
market. For permit buyers, the brown good becomes more expensive, making it cheaper
for them to preserve environmental quality. For permit sellers, the consumption of the
brown good also becomes more expensive, as they consider the opportunity cost of not

selling the permit.
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In the social optimum, the price of permits equalizes the marginal rates of
substitution of all consumers participating in the market, who are not restricted by their
initial allocation or income. However, consumers who do not participate or are restricted
will have a different marginal rate of substitution, which does not invalidate the use of
this market. By addressing the externality problem and reducing income inequality, the
market for permits generates a better social outcome, although it may not necessarily be
optimal.

The regulator has the power to intervene in the market price by redistributing the
initial permits among the groups. To achieve a higher equilibrium price, the buyers
should receive fewer initial permits. Conversely, to achieve a lower equilibrium price,
the buyers should receive more initial permits. It is worth noting that this reallocation
of permits has implications for environmental quality. However, reaching the optimal
price is a crucial step towards achieving the socially efficient level, particularly if all
consumers participate as either buyers or sellers without any income or allocation
constraints.

A key feature of this market is that sellers and non-participants may hold a
positive amount of permits without trading or consuming them. In a typical situation,
this would drive the price of permits down to zero. However, the price does not go to
zero in this case, as the permits have value on their own. By holding onto permits,
consumers prevent others from increasing their consumption of the brown good and

negatively impacting environmental quality.
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In conclusion, the proposed market of permits addresses the market failures that
prevent the competitive equilibrium from reaching the social optimum. By reallocating
resources via the price of permits, the market can efficiently redistribute income and
achieve the socially optimum level of environmental quality. The role of the regulatory
agency is crucial in determining the initial allocation and intervention to achieve the

optimal equilibrium price.
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Chapter 4 : Green Consumption and Income Inequality

4.1 Introduction

The purpose of this chapter isto empirically investigate the relationship between
green consumption and income inequality, as outlined in the baseline model proposed
in Chapter 2. To achieve this objective, | have designed a novel laboratory experiment
that examines whether the introduction of income inequality can result in neutral,
positive, or negative environmental outcomes, as predicted in the baseline model. The
experiment aims to compare the environmental outcomes of three different income
distributions with an equal income distribution as a counterfactual. Theoretically, it is
possible to create three unequal income distributions, with one generating the same
result as an equal distribution, another producing a better environmental outcome, and
the third resulting in negative environmental effects. The laboratory experiment will test
if the actual environmental outcomes align with the predictions of the baseline model.

Using a laboratory experiment is ideal for controlling market conditions and
ensuring that both environmentally friendly (green) and environmentally harmful
(brown) goods have consistent prices and characteristics. This helps to eliminate
confounding factors such as greenwashing and the tendency to make consumption
choices based on a product's perceived environmental benefits (the 'green-halo’ effect),
thereby improving the internal validity of the experiment. Additionally, the experiment

ensures that all individuals have perfect information regarding the actual impact of their
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consumption choices, the consumption patterns of others in the economy, and the
overall environmental quality of the economy.

Moreover, the laboratory experiment enables the introduction of specific income
distributions, which is critical for testing the predictions of the baseline model from
Chapter 2. In contrast, it would be unethical and impossible to generate different income
distributions in the real world for the sole purpose of comparing consumption patterns
across them. The experiment allows for the distribution of precise amounts of money
needed to create the desired income distributions. It also facilitates the control of
unobservable variables such as education, culture, intrinsic preferences for
environmental quality, and political preferences, which could confound the results.

As a secondary objective, the laboratory experiment provides an opportunity to
observe the consumption choices made by individuals with varying income levels.
According to the theoretical predictions, low-income individuals increase their
consumption of brown goods as their income rises, until a certain threshold is reached.
Beyond that point, further increases in income lead to a reduction in brown goods
consumption until they are completely replaced by green goods. This pattern of
consumption is commonly referred to as the Environmental Kuznets Curve, and has
been used in other studies to describe the relationship between income and
environmental degradation. While the primary objective of the experiment is not to test
for the existence of the Environmental Kuznets Curve or make any specific predictions
regarding individual consumption, analyzing the individual data provides valuable

insights into actual deviations from the baseline model's predictions.
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The experimental design in my study is based on Uler (2011) and Maurice,
Rouaix, and Willinger (2013). | randomly match groups of three subjects who
simultaneously make decisions impacting a private outside option, referred to as
"private consumption,” or the provision of a public good known as "environmental
quality.” This public good is equally shared among all group members. The study
comprises three treatments, each consisting of two parts. In the equal part, all
participants receive the same initial endowment, while in the unequal part, they receive
heterogeneous endowments. Each part of every treatment has a unique interior dominant
strategy equilibrium and is repeated in sequences of 10 rounds.

Within each treatment, | introduce a distinct income distribution in the unequal
part, utilizing the equal part as a baseline for comparing the impact of income inequality
on environmental quality. Furthermore, | design the three income distributions to test
specific hypotheses concerning the potential positive, neutral, or negative effects of
income inequality on environmental quality.

The novelty in my design is that | do not present the subjects with the choice
between allocating their income for private consumption or contributing to the provision
of the public good. Instead, | present them with two options that result in an equal
increase in private consumption, with one option (green goods) being more expensive
than the other (brown goods). Consuming brown goods negatively affects the public
good, while green goods have a neutral impact. Thus, within this framework, brown
goods can be classified as an impure public good (Cornesand Sandler 1984, 1994). It is

important to note that my design does not allow subjects to directly contribute to the
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public good; instead, the only way to affect its provision is through the consumption of
brown goods, albeit with negative consequences. This design effectively captures the
real-life tradeoff faced by consumers when deciding between green goods or brown
goods, and enables a comprehensive examination of the effects of income inequality on
individuals' choices between environmentally friendly and environmentally harmful
goods.

My experiment follows a large body of laboratory experiment that seek to
understand the impacts of income inequality on contributions to public goods (i.e.,
Ledyard 1995; Chan, Mestelman, Moir, and Muller 1996; Zelmer 2003; Cherry, Kroll
and Shogren 2005; Buckley and Croson 2006). The results of these experiments have
yielded mixed results, as some find a negative relationship between inequality and
contributions to the public good, while others have found that this relationship is
positive or non-existent. To the best of my knowledge, my research represents the first
public goods experiment specifically designed to provide empirical evidence
showcasing these three effects, contingent upon variations in the level of income
inequality.

Additionally, my experiment represents a novel contribution to the existing
literature of experiments on impure public goods. Although previous studies have
explored contributions to impure public goods and their implications for direct
donations (Munro and Valente 2016; Engelmann, Munro, and Valente 2017), or have
compared pure and impure public good mechanisms for funding green energy programs

(Mitraand Moore 2018), my research is the first to incorporate impure public goods to
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investigate the effects of income inequality. This novel approach allows for a deeper
understanding of how income inequality influences contributions to public goods in the
context of environmentally relevant choices.

The experimental results reveal a weak positive effect of income inequality on
environmental quality across all treatments, including the treatment where a decline in
environmental quality was anticipated due to income inequality. Particularly, in
treatments where participants with low income were expected to allocate their entire
income to brown goods, they consistently purchased some units of the green good,
which mitigated the anticipated negative impact on environmental quality. Conversely,
high-income participants, who could maximize their payoff by consuming only green
goods, choose to consume brown goods despite the detrimental effect on their individual
payoff. However, their increased consumption of brown goods is not enough to offset
the gains made by low-income participants who deviate from the expected consumption
of brown goods.

The deviations from the theoretical predictions can be explained by combining
two behavioral factors. Firstly, the presence of a warm-glow preference for green goods
(Andreoni 1990), which refers to the positive feelings that consumers experience from
contributing to environmental protection efforts. Secondly, the theory of conformity
(Bernheim 1994), which describes the situation where consumers experience disutility
if their own consumption of brown goods differs from the group average. Together,
these two factors suggest that individuals are more likely to adopt environmentally

friendly behaviors even at lower income levels but take longer to have a fully green
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consumption pattern than expected. Nonetheless, the experiment still confirmed the
existence of an individual Environmental Kuznets Curve, highlighting the complex
relationship between income inequality and environmental quality.

The rest of this chapter is structured as follows. In Section 4.2, | conduct areview
of the existing literature of public good experiments that study the impact of income
inequality and of experiments that involve the study of impure public goods. In Sections
4.3 and 4.4 1 introduce the experimental design and experimental procedure,
respectively. In Section 4.5 | present the theoretical predictions and experimental
hypotheses. In Section 4.6 | analyze the experimental results. Finally, | discuss the
behavioral extensions to the baseline model in section 4.7, and | conclude this chapter

in Section 4.8

4.2 Literature Review

This chapter contributes to two important areas of literature. Firstly, it adds to
the existing body of experimental research that explores the effects of income inequality
on the provision of public goods. Secondly, it contributes to the expanding literature on

experiments that examine the consumption of impure public goods.
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4.2.1 Public goods experiments and income inequality

The impact of income inequality on behavior has been extensively explored in
the experimental literature, with a particular focus on public good games. These studies
aim to understand how inequality influences both individual and aggregate contribution
levels. However, the findings in this field remain inconclusive. Some studies suggest
that inequality leads to lower overall contributions (i.e., Cherry, Kroll and Shogren
2005; Anderson, Mellor and Milyo 2008; Oxoby and Spraggon 2013), while others find
no significant impact on total contributions (i.e., Sadrieh and Verbon 2006; Hofmeyr,
Burns and Visser 2007; Maurice, Rouaix and Willinger 2013). On the other hand, there
are studies that report a positive relationship between inequality and contribution levels,
particularly when participants have access to full information or can communicate with
each other about their behavior (Chan, Mestelman, Moir, and Muller 1999, 2012; Burns
and Visser 2008). Additionally, in the presence of redistributive taxation, greater pre-
tax inequality tends to increase contributions, whereas greater after-tax inequality
decreases total contributions regardless of the initial income distribution (Uler, 2011).

Notably, the prevailing models in experimental settings often fail to predict the
changes in behavior caused by inequality. For instance, experiments involving voluntary
within-experiment redistribution demonstrate that higher inequality of endowments
generally leads to reduced contributions (Chan, Mestelman, Moir, and Muller, 1996;
Buckley and Croson, 2006; C6té, House, and Willer 2015). Furthermore, the presence

of higher government waste, which diminishes redistribution and increases ex post
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inequality, has been found to decrease charitable giving in lab experiments (Sheremeta
and Uler 2020).

The relationship between inequality and contributions in laboratory experiments
is not always consistent, partly due to the use of different payoff functions. Linear payoff
functions, commonly used in these experiments, assume constant marginal values for
both the public good and the outside option. However, this results in a situation where
the Nash equilibrium predicts zero contributions, despite the optimal social choice
requiring full contributions from all participants (Sefton and Steinberg 1996; Laury and
Holt 2008). To overcome this issue, some studies employ nonlinear payoff functions,
such as quasi-linear functions, where the marginal value of the public good or the
outside option decreases as group contributions increase. Quasi-linear functions retain
the desirable feature of a unique dominant equilibrium observed in linear functions, and
in these experiments, the Nash equilibrium generally predicts positive contributions to
the public good. (Feng, Saijo, Shen, and Qin 2018).

When focusing on linear experiments, numerous studies consistently show that,
in the absence of other treatments, contributions to the public good decrease with income
inequality (Bagnoli and McKee 1991; Rapoport and Suleiman 1993; Cherry, Kroll and
Shogren 2005; Tavoni, Dannenberg, Kallis and Ldschel 2011; Oxoby and Spraggon
2013; Heap, Ramalingam and Stoddard 2016; Martinangeli and Martinsson 2020;
Markussen, Sharma and Singhal 2021). While some studies report neutral results

(Hofmeyr, Burns and Visser 2007; Keser, Markstadter and Schmidt 2017), their primary
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focus is to examine whether subjects adhere to a fairness principle in terms of
cooperation.

In the case of non-linear experiments (Van Dijk and Grodzka 1992; Chan,
Mestelman, Moir, and Muller 1996, 1999; Sadrieh and Verbon 2006; Maurice, Rouaix
and Willinger 2013) the effect of inequality is found to be neutral, aligning with
predictions from standard theory (Warr 1983; Bergstrom, Blume and Varian 1986)
However, the impact of inequality operates in such a way that individuals with lower
incomes do not reduce their contributions as much as anticipated, while those with
higher incomes contribute a lower share of their endowment as expected. These
individual outcomes are also observed in linear public goods experiments that also aim
to understand individual contributionswithin the context of income inequality. (Buckley
and Croson 2006, Corazzini, Faravelli and Stanca 2010; Reuben and Rieldl 2013;
Lange, Schmitz and Schwirplies 2021) or that explore attitudes towards income

redistribution (Cohn, Jessen, Klasnja and Smeets 2019).

4.2.2 Laboratory experiments on impure public goods

The literature on experiments involving impure public goods remains limited,
particularly in comparison to research on laboratory experiments and traditional public
goods. Within laboratory experiments, the inclusion of an impure public good in the
consumption set has been shown to have a negative impact on total contributions to a

charity when individuals can independently purchase a private good and make
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individual donations (Munro and Valente 2016). However, this negative effect is
mitigated when the private good is removed from the consumption set, making the
impure public good "mandatory” (Koppel and Schulze 2013; Engelmann, Munro, and
Valente 2017). Another experimental study examining participation in green electricity
markets found that a voluntary contribution mechanism generates higher revenue than
the green tariff mechanism (Mitra and Moore 2018). In other words, individual
donations have a greater positive impact on environmental quality than the consumption
of an impure public good such as green electricity. These findings suggest that the
specific mechanisms and design choices related to the consumption and provision of
impure public goods can significantly influence individuals' contributions and the
overall impact on the public good. Further research is needed to explore the dynamics
of impure public goods and their implications for resource allocation and collective

decision-making.

4.3 Experimental design

In the experiment, groups of three subjects are randomly matched together and
remain anonymous throughout 20 rounds.*? Each session comprises of two /0-round
phases - an equal and an unequal phase. Participants are aware of the length of the
experiment and can observe when a change in the initial conditions takes place. The

changes are only communicated after the first phase is complete.

12 Subjectsare not randomly re-matched after every round because there is a unique Nash Equilibrium for
this experimental design.
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During each round, subjects make a decision that reflects a real-world scenario
in which they have the opportunity to buy either green goods (g;), brown goods (b;), or
both. Their individual decisions will have an impact over two income-generating
projects: private consumption (x;) and environmental quality (Y). Participants earnreal
money (in US dollars) based on their performance during the experiment. Following the
baseline model outlined in Chapter 1, the earnings they receive from their private
consumption depend solely on their individual decision. On the other hand, the earnings
from environmental quality depend on the collective decision made by all three
participants within the same group. The individual payoff (mr;) for each round is

calculated using the following formula.

m; = [45xi — %Xf] +12Y (4.1)

The payoff functionin (4.1) meets the assumptions made for the utility function
discussed in Chapter 1.%2 In every round, participant i receives an individual endowment
of w; tokens, which can be spent on purchasing green and /or brown goods.'* Green
goods have a price of 5 tokens per unit (F, = 5), and brown goods have a price of 1
token per unit (P, = 1). Regardless of color, the purchase of each unit increases private

consumption by one unit.

13 This situation is true if w; < 225, which is the case for all treatments in the experiment.
141 used aneutral framingwhen designing the experiment. I refer to green goods as “circles’, brown goods
as ‘triangles’, private consumption as ‘Private Income’ and environmental quality as ‘Public Income’.
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xX; = g;+ bi (4’ 2)

The participants in the experiment cannot influence directly the earnings
resulting from environmental quality. Instead, each unit of the brown good consumed
by any group member reduces environmental quality by one unit. The initial level of

environmental quality is 90 units, and this value is known to all participants.

y=90->n (4.3)

In this setup, the decision to buy one unit of the brown good reflects a choice to
prioritize private consumption over environmental quality, as each unit of the brown
good generates one unit of pollution. In contrast, the green good provides a cleaner
alternative that does not have a negative impact on the environment, but it comes at a
higher cost. This situation creates a social dilemma, where individuals must choose
between their own interests and those of the group.

Assuming that the subjects are payoff-maximizers, then the predicted

consumption of g; and b; is given by:
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{ 0 if w; =150

150 — w;
by (w;Y) = % TWL if w, € [30,150]

U ow,  if w; <30

It is important to note that the demand functions in 4.4 are independent of the
actions made by other group members. This implies that subjects have a dominant
strategy, determined solely by their individual endowment w;. This result is a
consequence of using a quasilinear profit function, which | selected due to two essential
reasons. First, it simplifies the experimental design and enables subjects to comprehend
how the setup works in an easier way. Second, it rules out strategic considerationsas a
possible confounding variable when analyzing the results.

Specifically, subjects maximize their payoff by solely consuming green goods if
they receive an endowment of 150 tokens or more. However, if they receive 30 tokens
or fewer, consuming only the brown good maximizes their profit. For those who receive
between 30 and 150 tokens, the optimal consumption of green and brown goods depends
on their initial endowment. Following the baseline model, | will classify the subjects

based on their predicted consumption as ‘Green’, ‘Mixed’, and ‘Brown’ consumers.
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Accordingly, the predicted levels of individual private consumption and environmental

quality in a Nash Equilibrium can be determined using (4.2) and (4.3):

(Wi/S if w; =150
X; =13 30 if w; €[30,150]

0 if w; <30

v = o0 |20 12 Z (4.5)
= 4 nM 4 Wi jEBWj .

IEM

where M denotes the set of Mixed Consumers (i.e., w; € [30,150]), n,, is the number
of predicted consumers in M, and B denotes the set of Brown Consumers (i.e., w; <
30). Following the theoretical results from the baseline model in Chapter 1, the
equilibrium level of environmental quality is determined by the total income of the
different sets of consumers. If the total income of Mixed Consumers increases, the
environmental quality is predicted to improve. If the total income of Brown Consumers
increases, then environmental quality is predicted to decrease. Finally, if the total
income of Green Consumers increases, there is no predicted impact on environmental
quality.

This experiment investigates the impact of income inequality on environmental
quality by comparing three treatments, each consisting of an Equal Phase and an

Unequal Phase. During the Equal Phase, all participants receive a homogenous
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endowment of 90 tokens per round, while during the Unequal Phase, the endowment
varies across three income classes. The total group income is fixed at 270 tokens per
round for all treatments, and the distribution of tokens is known by every group member

in all rounds.

Table 4.1: Individual endowments per treatment (tokens per round)

Low-Income  Mid-Income  High-Income

Treatment Phase . ) . Total
Subject Subject Subject
Neutral Equal 90 90 90 270
(NT) Unequal 50 90 130
Improving Equal 90 90 90 270
(IT) Unequal 15 90 165
Diminishing Equal 90 90 90
270
(DT) Unequal 30 30 210

Note: The Mid-Income subject is identified as a second Low-Income subject for the
Diminishing Treatment (DT)

The Unequal Phase in each treatment includes a different income distribution,
each one designed to investigate whether income inequality can produce neutral, better,
or worse environmental quality compared to an equal income distribution. In the Neutral
Treatment (NT), the Low-Income subject receives 50 tokens, the Mid-Income subject
receives 90 tokens, and the High-Income subject receives 130 tokens. In the Improving
Treatment (IT), the Low-Income subject receives 15 tokens, the Mid-Income subject
receives 90 tokens, and the High-Income subject receives 165 tokens. In the
Diminishing Treatment (DT), two Low-Income subjects receive 30 tokens each, and
one High-Income subject receives 210 tokens. | present the income distributions for all

players across every treatment in Table 4.1.
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This experimental design enables both within-subject and between-subject
comparisons. By keeping group membership fixed throughout the session, | am able to
examine the effect of income redistribution within groups and analyze the individual
effects of adjusting to a new level of income. However, one potential disadvantage of
this design is that subjects may have different attitudes towards equalizing and
unequalizing redistributions of income. To address the possibility of order effects, |
reverse the order of the Equal and Unequal phases in every other session. Furthermore,
since each group experiences only one treatment, | use a between-subject comparison
to test whether the overall level of environmental quality is sensitive to different income

distributions.

4.4 Experimental procedure

For the study, | recruited undergraduate students from the University of
Maryland through the Online Recruitment System for Economic Experiments (ORSEE)
software. The sample consisted of studentswho voluntarily enrolled inthe Paid Subject
Pool affiliated with the Symons Hall Experimental Laboratory (SHEL). These students
received an invitation email from ORSEE requesting them to participate. The sample
represented a diverse population on campus, including individuals with a range of
academic backgrounds, not just economics majors.

| used a survey designed in Qualtrics to conduct the experiment, and | enabled
real-time interaction between participants by using the SMARTRIQS open-source add-

on (Molnar 2019). Each subject received a unique, single-use link that granted them
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access to the Qualtrics survey. After completing the experiment, subjects were paid
anonymously based on the decisions they made in a randomly selected round. To collect
general demographic information, participants were also asked to complete a survey.

| conducted the experiment in the Symons Hall Experimental Laboratory
(SHEL) with 6 to 15 subjects participating in each session. All subjects participated at
the same time but made their decisions individually and anonymously on their own
computers. To ensure consistency, | read the experiment instructions aloud to all
participants at the beginning of each session.!® The participants then answered some
practice questions to ensure that they had understood the instructions correctly. Once
everyone passed the quiz, all subjects were matched with two other participants, and
their roles as Low-, Mid-, or High-Income subjects were assigned.

To aid in the decision-making process of the participants, | offered them the
option to use a pre-programmed calculator in each round. Participants could input the
quantity of green goods they wanted to buy and could also provide an estimate of the
total combined consumption of the brown good made by other group members. The
calculator provided information on the earnings from total private consumption and
environmental quality for that scenario, as well as the participant's payoff. It is worth
noting that calculator usage did not impact individual payoffs in any way. Prior to the
firstround, participants had two minutes to become acquainted with how the calculator

works.

151 have included a copy of the experimental instructions in the Appendix to this chapter.
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Following Azrieli, Chambers and Healy (2018), | randomly selected only one of
the twenty rounds for payment. | converted the payoff calculated from (4.1) to US
dollars at an exchange rate of 150 tokens = 1 USD. Additionally, participants had the
option to submit their estimate of the combined purchases of the brown good made by
other group members. If their estimate was accurate, they received an additional 100
tokens. If the estimate was within an absolute difference of one point from the actual
contribution, they received an additional 50 tokens.

A total of 138 subjects participated in the study, with 39 participating in the
Neutral Treatment, 45 in the Improving Treatment, and 54 in the Diminishing
Treatment. | conducted this study over twelve sessions, with four sessions for each of
the three treatments. In every other session, | reversed the order of the Equal and
Unequal phases. The payment for subjects ranged from $5.00 to $21.67, with an average

payment of $14.00.

4.5 Theoretical predictions and experimental hypotheses

The central hypothesis of this study proposes that income inequality can have
varying impacts on environmental quality, with some scenarios leading to an
improvement in environmental quality while others may result in no effect or even
environmental degradation. | designed three different treatments to test this hypothesis.
Following the formulas from (4.4) and (4.5), | present the theoretical predictions and

Nash Equilibrium levels for all three treatments in Table 4.2. The prices of the green
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and brown goods are at F, = 5, and P, = 1, with a total group income of 270 tokens

and an initial environmental quality of 90 units for all treatments and sessions.

Table 4.2. Theoretical predictions: Nash Equilibrium consumption and payoffs

Green Brown Private Env
Good Good Cons. Qty
(wi) @) 6 & @y

Endowment Payoff

Treatment Subject

Equal Phase

Low-

income 90 15 15 30 1440
All _Mid- 90 15 15 30 45 1440

income

High- 90 15 15 30 1440

income

Unequal Phase
Low-
income 50 5 25 30 1440
Neutral Mid-

(NT) income 90 15 15 30 45 1440
High- 130 25 5 30 1440
income
Low- 15 0 15 15 1283
income

Improving Mid-
. 90 15 15 30 60 1620
3Im income
High-
income 165 33 0 33 1661
Low-
Diminishing  income 30 0 30 30 30 1260

(DT) High-

income 210 42 0 42 1368

Note: There are two Low-income subjects in the Diminishing Treatment (DT)

4.5.1 Group Behavior

In the Equal Phase, all subjects receive a homogenous endowment of 90 tokens,

which places them in the category of Mixed Consumers. According to , the Nash
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Equilibrium level of environmental quality is predicted to be 45 units. This prediction
is based on the fact that there will be three Mixed Consumers with a total income of 270
tokens. I will use this value of 45 units as a baseline to compare the Nash Equilibrium
levels of environmental quality during the Unequal Phase, where there exists income
inequality among the group members.

In the Unequal Phase, the overall level of environmental quality is predicted to
vary depending on the treatment. In the Neutral Treatment, the income distribution is
equivalent to having a transfer of 40 tokens from the Low-Income subject (with an
endowment of 50 tokens) to the High-Income consumer (with an endowment of 130
tokens). However, this transfer still places both of them in the category of Mixed
Consumers and it does not affect the total income within this set of consumers
Consequently, the Environmental Quality level is expected to remain unchanged from
the Equal Phase. Although the Low-Income consumer will demand 25 units of the
brown good, this will be balanced by the High-Income subject reducing the individual
consumption of the brown good to 5 units. Therefore, the group consumption of the

brown good will stay at 45 units, the same as in the Equal Phase.

Hypothesis 1: Environmental quality is the same in the equal and unequal phases of the

Neutral Treatment.

In the Improving Treatment, the income distribution is equivalent to having a

transfer of 75 tokens from the Low-Income subject (with an endowment of 15 tokens)
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to the High-Income subject (with an endowment of 165 tokens). In this situation, the
income of the Low-Income subject falls below the critical level of 30 tokens, while the
income of the High-Income subject exceeds the critical level of 150 tokens.
Consequently, this redistribution of tokens affects the set of Mixed Consumers. To
analyze the effects of this income transfer on Environmental Quality, it is possible to
divide the analysis into two parts.

The first part involves a transfer of 60 tokens between both subjects so that both
are located exactly at the critical income levels to become a Brown and Green
Consumer, respectively. Until this point, both subjects are still Mixed Consumers, and
this transference does not have an expected impact on Environmental Quality. In the
second part, the remaining 15 tokens are transferred from a Brown Consumer to a Green
Consumer. As a result, the total income of Brown Consumer decreases and

environmental quality is predicted to improve.

Hypothesis 2: Environmental quality is better in the unequal phase than in the equal

phase of the Improving Treatment.

Finally, in the Diminishing Treatment, the income distribution involves a
transfer of 60 tokens from each of the Low-income subjects, who have an initial
endowment of 30 tokens each, to the High-income subject, who has an endowment of
210 tokens. To understand the impact of this income distribution, it is convenient to
examine the effect of each transfer in sequence. The first transfer occurs between two

Mixed Consumers and has no impact on environmental quality. However, this transfer
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is large enough to bring the High-income subject's income level to the maximum limit
for being classified as a Mixed Consumer. Consequently, the second transfer causes the
High-income subject to become a Green Consumer, resulting in a decrease in the total
income of the Mixed Consumers. As a result, this income distribution is predicted to

have a negative impact on Environmental Quality.

Hypothesis 3: Environmental quality is worse in the unequal phase than in the equal
phase of the Diminishing Treatment.

4.5.2 Individual Behavior

Based on the predictions from 4.4, the effect of an increase in income on the
individual consumption of brown goods varies depending on the initial endowment of
the subject, specifically whether it exceeds or falls below the critical level of 30 tokens.
In the Improving Treatment, low-income subjects receive fewer tokens than those in the
Diminishing Treatment, leading to the prediction that the latter will consume more
brown goods due to their larger initial endowment. However, when compared to Low-
income subjects in the Neutral Treatment, those in the Diminishing Treatment are
expected to consume more brown goods.

The predicted behavior of Mid- and High-income subjects also shows a
consistent decreasing trend in brown goods consumption with each increase in income,
conforming to the Environmental Kuznets Curve, which anticipates a rise in polluting

activities followed by a decline as income increases. In other words, the relationship
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between income and brown goods consumption follows an inverted U-shaped pattern.
Initially, an increase in income leads to an increase in the consumption of brown goods.
However, beyond a certain point, further increases in income cause a decrease in brown

goods consumption.

Hypothesis 4: The individual consumption of the Brown Good follows a Kuznets-like
behavior: it is increasing in income for subjects with a low endowment and decreasing

in income for subjects with a high endowment.

To address the individual consumption of green goods, the predictions derived
from 4.4 are less complex. Subjects who receive more than 30 tokens are expected to
increase their consumption of green goods as their income increases. The only exception
occurs when comparing the Low-income subjects from the Improving and Diminishing

Treatments, as both groups are not expected to consume any green goods.

Hypothesis 5: The individual consumption of the green good increases in income for all

subjects above the critical level of 30 tokens.

4.6 Experimental Results

In Subsection 4.5.1, | examine how different income distributions affect average
environmental quality using within- and between-treatment comparisons. In

Subsections 4.5.2 and 4.5.3, | analyze the effect of income inequality on individual
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consumption of green and brown goods and derive the individual Engel Curves. Lastly,
in Section 4.5.4, | investigate the determinants that influence the consumption of green
versus brown goods among the participants of the experiment. Throughout this section,
the letter N included in each table corresponds to the number of groups included in each

treatment.

4.6.1 Group outcomes

In Table 4.3 | present the summary statistics on environmental quality across
treatments and income distributions. Specifically, | compare the results obtained during
the equal phase of all groups combined to the unequal phase in each separate treatment,
and use the group average across rounds 5 to 9 for statistical analysis to ensure
independent units of observation.'® I utilize the Mann-Whitney U test to conduct a
between-subjects comparison of the effect of income inequality on environmental
quality. I use this particular test given that there are more units of observation for the
equal phase than for each of the treatments inthe unequal phase. Additionally, I present
the results of the t-test to compare the difference in means with unequal variances.

In general, | find that income inequality has a weakly positive impact on
environmental quality. For the unequal distribution in the Neutral Treatment, the

average environmental quality is not significantly different from the one observed when

18 | selected these roundsto control for potential learning and restart effects during the first rounds, as
well as for last-round effects.
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income is equally distributed across all treatments, supporting Hypothesis 1. However,
itisworth noting that environmental quality falls below the Nash Equilibrium prediction
(Y*=45) in both cases. In the unequal distribution of the Improving Treatment,
environmental quality increases compared to the equal distribution (with significance at
the 10% level), although inasmaller proportion than what the Nash Equilibrium predicts

(Y*=60), which supports Hypothesis 2.

Table 4.3 Summary statistics on environmental quality (between subjects
comparisons)
Std. Mann-Whitney

_ Nx
Deviation t-test U Test*

Equal Distribution

Treatment Average

All Treatments
w = (90,90,90) 35.304 23.499 - -
N=46

Unequal Distribution

Neutral Treatment
w = (50,90,130) 35.077 22.005 p=0.975 p=0.609
N=13

Improving Treatment
w = (15,90,165) 45.867 14.372 p=0.044 p=0.062
N=15

Diminishing Treatment
w = (30,30,210) 45.611 19.856 p=0.085 p=0.066
N=18

~Two-sample t-test with unequal variances
*p-values reported / Both tests compare the Equal Distribution to the
Unequal Distribution in each of the treatments.

Finally, the unequal distribution in the Diminishing Treatment shows that

environmental quality also improves compared to the equal distribution (with
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significance at the 10% level). This result is not consistent with the statement from
Hypothesis 3, as this income distribution was predicted to generate a lower
environmental quality than the equal income distribution. Moreover, the result is greater
than what the Nash Equilibrium predicts (Y *=30). Therefore, | find that all three unequal
income distributions yield an average environmental quality that is at least as high as
the equal income distribution.

To ensure that the previous result is not driven by individual characteristics or
by the effect of redistributing income within the group, | conduct a within-subjects
analysis. | present the summary statistics and tests for the difference of means in Table
4.4 . In additionto the t-test, | also show the results of the Wilcoxon matched-pairs sign
rank test. | disaggregate the results for the equal income distribution across each of the
three treatments.

For the Neutral and Improving Treatments, | find that there is a small increase
in environmental quality when income is distributed unequally. However, these
differences are not statistically significant, and thus, it is not possible to reject the null
hypothesis that environmental quality is the same under equal and unequal income
distributions. These results support Hypothesis 1, but not Hypothesis 2. On the other
hand, in the Diminishing Treatment, the results from the between-subjects analysis hold
and environmental quality increases significantly when income is distributed unequally.
This result is not consistent with Hypothesis 3, as this income distribution was predicted
to generate lower environmental quality than the equal income distribution. Based on

these findings, | can conclude that income inequality does not have a negative impact
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on environmental quality across and within all three treatments. As such, | can state the

following result:

Result 1: Income inequality weakly increases environmental quality in all treatments.

Table 4.4 Summary statistics on environmental quality (within treatments)

Income Average Wilcoxon
Treatment o Environmental Predicted t-test™*  signed-rank
Distribution .
Quality test*
Equal 32.000 45
Neutral (26.69)
(NT) 35.077 45
Unequal
N=13 q (22.01)
Difference 3.08 0 p=0.708 p=0.774
Equal 39.467 45
Improving (21.62)
(Im) 45.867 60
Unequal
N=15 q (31.23)
Difference 6.40 15 p=0.217 p=0.283
34.222 45
Equal
Diminishing (23.43)
(DT) U | 45.611 30
— nequa
N=18 a (19.86)
Difference 11.39 -15 p=0.022 p=0.026

Standard Deviations in parenthesis
"Paired t-test *p-values reported (HO: difference = 0, Ha: difference # 0)

4.6.2 Individual outcomes

In Table 4.5 | present the summary statistics for individual consumption of the
green and brown goods across treatments and income distributions To compare the

results obtained during the equal phase with the unequal phase in each treatment, I
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define overconsumption (underconsumption) as the act of consuming more (fewer) units
than predicted by the Nash Equilibrium. For the statistical analysis, I use the individual
average consumption across rounds 5 to 9 as the units of observation.!’ To determine if
there are systematic deviations from the Nash Equilibrium prediction, | use the
Wilcoxon signed-rank test to match each group of subjects to their specific prediction
across treatments and phases. Additionally, I present the results of the t-test to compare
the difference in means with unequal variances.

During the Equal Phase, the average individual consumption of the green good
and the brown good is 14.354 units and 18.232 units, respectively, which are values
close to the Nash Equilibrium prediction of 15 units for both goods. However, the
deviation is statistically significant at the 5% level (p=0.002), indicating that subjects
are consuming more brown goods than predicted. This result explains why
environmental quality is lower than expected when the income distributionis equal, as

subjects underconsume the green good and favor the brown good.

Result 2: Subjects overconsume the brown good when the distribution of income is

equal.

171 selected these rounds to control for potential learning and restart effects during the first rounds, as
well as for last-round effects.
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Table 4.5 Individual consumption of the green and brown goods

i ; Wilcoxon
Treatment  Subject n Income Avg. Pr_edlc Avg. Pr_Ed'C t-test* signed-
Green  tion Brown tion
rank test*
Equal Distribution
All 14.354 18.232 _
AL ipects 138 %0 oong) 15 (11osg 15 P<O00L  p=0.002
Unegqual Distribution
Low- 4.969 25.154 _ B
Income 13 50 (2.649) 5 (13.234) 25 p=0.967 p=0.824
Mid- 14.262 18.692 : B
NT Income 13 %0 (2.150) 15 (10.750) 15 p=0.239  p=0.553
High- 23.785 11.077 _ _
Income 13 130 (1.806) 25 (9.032) 5 p=0.032  p=0.042
Low- 0.587 12.067 _ B
Income > 15 (0.723) 0 (3.615) 15  p=0.007  p=0.008
Mid- 13.613 21.933 _ B
IT mcome > 0 3210 1®  (eosy 15 P07 p=0.31
High- 30.973 10.133
ncome Y5 15 (11e B 5ezpy O P0.00L  p<0.001
Low- 2.289 18.556
o Income % 30 e O (gm0 p<0001  p<000L
High- 40.544 7.278 _
income & 210 (2.396) 42 (11.984) 0 p=0.019  p<0.001

Standard Deviations in parenthesis

°There are two Low-Income subjects in the Diminishing Treatment

*p-values reported / The null hypothesis for both tests is: Average Consumption = Prediction
Note: Since Green and Brown Consumption are linearly dependent, the mean-comparison test on
either one produces the same result.

To test whether the findings from Result 2 are consistent across different income
distributions, I analyze individual consumption behavior during the Unequal Phase for
all three treatments. In the Neutral Treatment, the average consumption behavior of
Low-income subjects deviates from that in the Equal Phase. They consume 4.969 units
of the green good and 25.154 units of the brown good, which is not statistically different

from the Nash Equilibrium prediction of 5 and 25 units for an endowment of 50 tokens.
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Mid-income subjects maintain their consumption pattern from the Equal Phase, with an
average consumption of 14.262 units of the green good and 18.692 units of the brown
good. It is worth noting that this result is not statistically different from the Nash
Equilibrium of 15 units for both goods (p=0.553), as opposed to what occurred during
the Equal Phase.

In contrast, High-income subjects consume 23.785 units of the green good and
11.077 units of the brown good, which is statistically different from the Nash
Equilibrium prediction of 25 and 5 units (p=0.042). Therefore, these subjects also
overconsume the brown good, similar to the behavior observed in the Equal Phase.
These results reveal that the demand for the green good increases with income, while
the demand for the brown good decreases with income.

In the Improving Treatment, Low-income subjects consume 0.587 units of the
green good and 12.067 units of the brown good. Despite the prediction that they would
allocate all their income towards the consumption of the brown good to maximize their
payoff, their average consumption of the green good is statistically different from zero
(p=0.008). This result implies that they do not become Brown Consumers, as predicted,
and that they continue to underconsume the brown good.

Mid-income subjects, on the other hand, exhibit a consumption pattern that is
only slightly different from the Equal Phase, despite no change in their income. They
consume an average of 13.613 units of the green good and 21.933 units of the brown

good, which is not statistically different from the Nash Equilibrium of 15 units for both
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goods. This result is consistent with the consumption pattern observed in the Neutral
Treatment.

In contrast, high-income subjects exhibit a significantly different consumption
pattern (p<0.001) compared to the Nash Equilibrium prediction of 25 and 5 units. They
consume an average of 30.973 units of the green good and 10.133 units of the brown
good. Like low-income subjects in this treatment, they do not become Green
Consumers, despite the prediction that they would allocate all their income towards the
consumption of the green good. As a result, all three subjects in this treatment exhibita
Mixed Consumer pattern, as in the Neutral Treatment.

For this treatment, it is notable that the effect of income on the demand for the
brown good does not produce a linear result, as both low-income and high-income
subjects consume fewer units of the brown good than mid-income subjects. While this
result is consistent with the theoretical predictions, it is important to note that it relied
on the assumption that low-income subjects would become Brown Consumers, which
IS not the case.

The individual behavior in the Unequal Phase of the Improving Treatment sheds
light on why environmental quality is better (Y* = 45.867), compared to the average
outcome from the Equal Phase across all treatments (Y* = 35.304). This outcome can
be attributed to the fact that both Low-income and High-income subjects consume fewer
units of the brown good when they receive an unequal income. This results in a positive
effect on the average environmental quality, which is significant at the 10% level

(p=0.062). However, when comparing the results only within the groups that
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participated in the Improving Treatment, the difference between average environmental
quality in the Equal and Unequal Phase becomes statistically insignificant. Therefore,
the changes in individual behavior are not substantial enough to establish conclusively
that environmental quality improves under an unequal distribution of income.

In the Diminishing Treatment, Low-income subjects have an average
consumption of 2.289 units of the green good and 18.556 units of the brown good.
Similar to the behavior seen in the Improving Treatment, these subjects do not become
Brown Consumers as their consumption of the green good is significantly greater than
zero (p<0.001). They also deviate from their behavior in the Equal Phase by
underconsuming the brown good. On the other hand, High-income subjects in this
treatment deviate from the Nash Equilibrium by consuming an average of 40.544 units
of the green good and 7.278 units of the brown good. In this treatment, these subjects
were predicted to become Green Consumers, but they do not follow this pattern as their
consumption of the brown good is significantly greater than zero (p<0.001). This result
implies that their behavior follows the pattern seen in the Equal Phase as they also
overconsume the brown good.

Overall, the income distribution in the Diminishing Treatment allows us to
establish that the demand for the green good increases with income, as this result is
consistent with the findings from the other treatments. However, caution should be
exercised in making a definitive statement about the relationship between income and

the demand for the brown good. While the demand for the brown good decreases with
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income in this treatment, the results from the other treatments establish this is not a
linear nor monotonic relationship.

The individual behavior observed in the Unequal Phase of the Diminishing
Treatment provides a key insight into why environmental quality is better in this phase
(Y* =45.611), in comparison to the average outcome from the Equal Phase across all
treatments (Y* = 35.304) despite the predictions of the Nash Equilibrium suggesting
the opposite outcome. Specifically, Low-income subjects consume as many units of the
brown good as all participants did during the Equal Phase, whereas High-income
subjects consume a smaller amount. This finding is significant at the 10% level when
examining the Equal Phase across all treatments (p = 0.066), and the significance level
increases when focusing on the within-group analysis of only the groups that
experienced the Decreasing Treatment (p = 0.026). Therefore, income inequality in
this treatment plays a role in achieving a better environmental quality.

Upon analyzing the individual behavior of all participants across treatments, it
becomes apparent why income inequality did not have the expected impact on
environmental quality according to the predictions of the Nash Equilibrium. Low-
income subjects consumed the green good in greater amounts than predicted, even when
becoming Brown Consumers would have been in their best interest. This observed
behavior would suggest a lower total consumption of the brown good within the group,
which could have potentially led to a positive effect on environmental quality in the
Unequal Phase across all three treatments. However, this positive impact is tempered by

the behavior of Mid-income and High-income participants who, on average, consume
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more of the brown good than predicted, even when it would have been more profitable

to become Green Consumers.

Result 3: In the presence of income inequality, Low-income subjects weakly
underconsume the brown good, while Mid-income and High-income subjects weakly

overconsume the brown good.

Result 3 provides a concise summary of the behavioral patterns observed by all
subjects in the context of income inequality, as it highlights the systematic deviations
from the baseline model and offers insights into how individuals react when they
experience a change in their income levels. However, as these deviations vary across
income classes, it is necessary to conduct a more comprehensive analysis of the
relationship between income and consumption. | provide such an analysis in the
following section, which explores the impact of income changes on consumption

behavior across different income groups.

4.6.3 Engel curves

While the baseline model is not entirely accurate in predicting the consumption
of all subjects, the results from the experiment show that it effectively describes the
relationship between income and individual consumption of green and brown goods.
Figure 4.1 presents the predicted and observed average consumption for both the green

and brown goods across all the income levels captured during the experiment, with the
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average consumption plotted for each income level. | pool the results from the Mid-
income subjects in the Unequal Phase with those from all subjects in the Equal Phase
since they received the same income (90 tokens per participant).

The average consumption of the green good is positively correlated with the
income received by each subject, with an increase in consumption observed for each
income class. This behavior is expected for Mixed and Green Consumers, but not for
Brown Consumers. Nevertheless, all income classes behaved as if they were Mixed
Consumers on average, resulting in this consumption pattern being observed even

among low-income subjects.

Result 4: Individual income has a positive effect on the consumption of the green good

for every income class.

In contrast, the consumption of brown goods has a non-monotonic relationship
with individual income. Low-income subjects are predicted to increase their
consumption of the brown good whenever they receive a larger income. Each of the
three treatments has an income distribution with a different endowment for the Low-
Income subject. The Improving Treatment has the poorest Low-Income subjects, and
this group has, on average, the lowest consumption of the brown good. The
Deteriorating Treatment assigns its two Low-income subjects with a greater endowment
than the Improving Treatment, and the average consumption of the brown good
increases for them. Finally, the Neutral Treatment presents the Low-income subjects
with the greatest endowment among all Low-Income subjects, and the results show that
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this treatment is where the Low-Income subjects consume the greatest amount of the

brown good.

Figure 4.1 Predicted consumption vs. observed consumption (Engel curves)

Brown Consumption (Observed) — — — Brown Consumption (Predicted)

Green Consumption (Observed) Green Consumption (Predicted)

Consumption Units

0 15 30 50 90 130 150 165 210
Income

When turning the attention to the consumption decisions of the Mid-income
subjects in the Unequal Phase, and the combined behavior of all subjects in the Equal
Phase, where every participant received the same endowment of 90 tokens, the
consumption of the brown good decreases relative to the consumption behavior of the
participants who received an endowment of 50 tokens. This decreasing pattern continues
when analyzing how High-income subjects behaved in all three treatments. As the
income increases from 130, 165, and 210 tokens, the consumption of the brown good

keeps on decreasing.
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Therefore, the consumption of the brown good achieves a peak at the income
level of 50 tokens, and then it experiences a turning point in which its consumption starts
showing a negative relationship with income. It is important to note that consuming one
unit of the brown good is equivalent to producing one unit of pollution because it
decreases environmental quality by one unit. This consumption pattern follows the same
behavior as an Environmental Kuznets Curve. Pollution increases for low levels of
income, and then it reaches a maximum in which individuals can now afford to become

greener as they get more income.

Result 5: The consumption of the brown good has a non-monotonic relationship with
individual income. It increases for low levels of income until it reaches a turning point
where it decreases for high levels of income. This pattern describes an Environmental

Kuznets Curve at the individual level.

The resultsin Table 4.5 indicate that the average consumption of both the green
and brown goods increase in proportion to the income of the Low-income subjects.
However, this observed consumption pattern contradicts the predictions from the
baseline model, as consumers with low income would benefit from allocating all their
income towards the brown good and only start demanding the green good after reaching
a critical income level. Despite this theoretical prediction, experimental results
demonstrate that consumers consistently purchase small quantities of the green good,

even at low income levels, and that the demand for it increases with income.
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On the other hand, it is also crucial to understand why high-income consumers
continue to purchase the brown good, even when it is financially optimal for them to
stop consuming it altogether. While the baseline model does predict that the demand for
the brown good decreases with income for high-income consumers, it does not provide
an explanation for why the transition to becominga Green Consumer takes such a long
time to occur.

The payoff functionused in the experiment (4.1) has the property of inducing a
dominant strategy for each subject, dependent solely on their endowment. Nonetheless,
it is possible that strategic interactions among subjects within the same group may
influence individual consumption choices. For this reason, in the following section, |
will examine additional factors and variables that may impact brown consumption
decisions, with the aim of better understanding the observed deviations from the

theoretical predictions of the baseline model.

4.6.4 Determinants of brown consumption

To gain insight into the reasons why subjects are deviating from the Nash
Equilibrium predictions, I conduct a regression analysis to identify the variables that
may be influencing their individual consumption of the brown good. Specifically, I
employ a panel data specification in which the dependent variable is the consumption
of the brown good at each round t. Drawing from the models convergence analysis by
Noussair, Plott and Riezman (2013) and beliefs formation in public goods games by

Fischbacher and Géchter (2010), | incorporate a time trend variable (t) and the
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consumption of the brown good from the previous round (t —1) as the primary
explanatory variables. Furthermore, given that the analysis from the previous section
highlights the relevance of the endowment received by each subject, I also include this

variable in the model. The main specification is presented below:

Brown Cons;; = a + 1t + fendowment;, + f3Brown Cons;,_; + 06X + €j; (4.6)

where i determines an individual subject, t is the current round, and j is the group to
which subject i belongs. The vector X is the group of variables that are candidates to
have an impact on the individual consumption of the brown good. The standard errors
are clustered at the group level to account for the fact that the subjects in every group
experienced similar conditions and, as such, their behavior might be correlated.

There are three main variables corresponding to X that I will analyze in this
section: 1) the consumption of the brown good made by the other group members in
both the current period (t) and the previous period (t — 1), 2) the belief that subject i
holds regarding the consumption of the brown good by other group members during
period t, and 3) the impact of income redistribution. To avoid any potential biases
coming from order or restart effects, | will exclude data from the first and eleventh
rounds of the experiment, as these rounds mark the transition from the Equal to the
Unequal Phase or vice versa. Additionally, since | will be analyzing the previous round's

consumption, | will exclude data from the first round. For every table, | will combine
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data from all subjects in the first column. In columns 2-4, | will break down the data by

the Low-, Mid-, and High-income subjects during the Unequal Phase.

Table 4.6 Impact of time effects and endowments on brown good consumption

All Subjects Low-Income Mid-Income High-Income

Time trend (t) -0.126** -0.08 -0.082 -0.206**
(0.052) (0.053) (0.115) (0.095)
Endowment -0.024*** 0.008 - -0.041***
(0.006) (0.011) - (0.014)
Own Brown (t-1) 0.552*** 0.582*** 0.583*** 0.499***
(0.044) (0.049) (0.16) (0.053)
Constant 11.178*** 7.967*** 9.036** 14.635***
(1.138) (1.02) (3.606) (2.155)
Obs 2484 1152 504 828
Clusters 46 46 28 46

*p<0.10, **p<0.05, ***p<0.01
Standard errors in parenthesis

Table 4.6 presents the results of the regression analysis examining the impact
of time effects and individual endowments on the consumption of the brown good. The
results confirm that the individual endowment significantly and negatively affects the
consumption of the brown good when pooling data from all subjects. However, when
the data is disaggregated by income classes, this effect is only observed among high-
income subjects. This result occurs because Mid-income consumers do not change their
behavior in between phases, while Low-income subjects in the Neutral Treatment
increase their consumption of the brown good and those in the Improving Treatment

decrease it, which cancels out the effect for low-income subjects.
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Table 4.7 Impact of brown consumption from other group members’
consumption

All Subjects Low-Income Mid-Income High-Income

Time trend (t) -0.097* -0.057 -0.04 -0.19*
(0.049) (0.053) (0.13) (0.2)
Endowment -0.025*** 0.006 - -0.04***
(0.007) (0.011) - (0.014)
Own Brown (t-1) 0.548*** 0.577*** 0.585*** 0.496***
(0.047) (0.05) (0.161) (0.055)
Others Brown (t) 0.022 0.022 -0.02 0.042
(0.018) (0.015) (0.042) (0.029)
Others Brown (t-1) 0.011 0.002 0.05 0.001
(0.02) (0.02) (0.05) (0.029)
Constant 9.802*** 7.092*** 7.407* 12.73%**
(1.091) (1.102) (3.997) (2.515)
Obs 2484 1152 504 828
Clusters 46 46 28 46

*p<0.10, **p<0.05, ***p<0.01
Standard errors in parenthesis

| examine the impact of the consumption of the brown good by other group
members on individual behavior in Table 4.7 . According to the baseline model, the
decisions of others should not play a role in individual behavior since there exists a
dominant strategy in brown consumption. The results confirm this prediction, as the
consumption of other players has a small and statistically insignificant effect on
individual consumption of the brown good, regardless of income class or pooling the
data from all subjects.

In Table 4.8 I analyze the impact of beliefs about the consumption of the brown
good by other group members on individual behavior. The results show that beliefs have
a significant impact on behavior for all subjects, but particularly for low- and high-

income subjects. When subjects hold a belief that other group members will increase
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their consumption of the brown good, they react by increasing their own consumption.
This suggests that subjects behave according to the formation of a reference point or at

least a parameter by which they deem they should model their own behavior.

Table 4.8 Impact of beliefs about brown consumption from other group members
All Subjects Low-Income  Mid-Income High-Income

t -0.087* -0.052 -0.024 -0.18*
(0.049) (0.052) (0.131) (0.101)
Endowment -0.026*** 0.006 - -0.038**
(0.007) (0.01) - (0.015)
Own Brown (t-1) 0.543*** 0.573*** 0.582*** 0.484***
(0.047) (0.05) (0.16) (0.057)
Belief (1) 0.055*** 0.038** 0.049 0.086**
(0.017) (0.015) (0.034) (0.038)
Constant 9.135*** 6.678*** 6.77* 11.171%**
(1.066) (0.983) (3.977) (2.509)
Obs 2484 1152 504 828
Clusters 46 46 28 46

*p<0.10, **p<0.05, ***p<0.01
Standard errors in parenthesis

Finally, in Table 4.9 , | assess the impact of income redistribution during the
Equal and Unequal Phases within each income group. The variable labeled as
“Redistribution” is a dichotomous variable that takes a value of 1 if the consumption
decision occurs after the eleventh round, when income has been redistributed within the
group. To isolate the effect of redistribution from income inequality, I include a dummy
variable with a value of 1 to indicate the Unequal Phase. Additionally, I interact both
variables to determine if there is an additional effect of income redistribution that

generates income inequality.

114



Table 4.9 Impact of Income Redistribution

All Subjects  Low-Income  Mid-Income  High-Income
t -0.145* -0.129 0.052 -0.376**
(0.081) (0.096) (0.206) (0.179)
Endowment -0.024*** 0.192*** - -0.011
(0.006) (0.052) - (0.026)
Brown t-1 0.548*** 0.558*** 0.582*** 0.491***
(0.045) (0.051) (0.16) (0.054)
Redistribution -0.228 -0.128 -0.873 0.29
(1.159) (1.412) (2.304) (2.437)
Unequal -1.734 11.04*** 0.98 -5.093***
(0.987) (3.246) (2.101) (2.536)
RxU 1.09 1.219 -1.64 3.326
(1.535) (1.658) (3.358) (2.529)
Constant 12.145%** -7.933* 7.904** 14.281***
(1.323) (4.255) (3.827) (2.557)
Obs 2484 1152 504 828
Clusters 46 46 28 46

*p<0.10, **p<0.05, ***p<0.01

Standard errors in parenthesis

Neither the isolated effect of redistribution nor its interaction with the dummy
variable for the Unequal Phase is statistically different from zero. This suggests that the
subjects do not alter their consumption decisions when the experiment switches between
the Equal and Unequal Phases. However, the effect of income inequality is significant
for both Low- and High-income subjects. This result is consistent with the scenario
where Low-income subjects receive a smaller endowment, incentivizing them to
increase their consumption of the brown good. Conversely, High-income subjects have

a higher endowment during the Unequal Phase and, as demonstrated in the previous

sections, they reduce their consumption of the brown good.
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These findings highlight the importance of considering income redistribution
when evaluating the impact of income inequality on consumption decisions. The results
suggest that individuals are more responsive to the level of endowment they receive,
rather than the distribution of income within their group. Thus, redistributing income
within a group may not be sufficient to influence consumption decisions, and
policymakers may need to consider other strategies to address income inequality.

Furthermore, the lack of significant interaction between the redistribution and
Unequal Phase variables indicates that the effect of redistribution is consistent across
the two phases. This suggests that the effect of redistribution is not conditional on the
level of income inequality within the group. This finding has important implications for
policymakers as it suggests that the impact of redistribution on consumption decisions
may not depend on the extent of income inequality in society.

Overall, the regression analysis indicates that beliefs about the consumption
decisions of other group members are a significant determinant of individual behavior
and a potential explanation for the systematic deviations from Nash Equilibrium
predictions. To obtain a more comprehensive model of green and brown consumption,
it is imperative to consider the two primary deviations: (1) consumers with low income
increase their demand for both green and brown goods, and (2) consumers with high
income take more time to switch to green consumption, as they do not substitute the
brown good as rapidly as predicted by the baseline model. In the following section, I
present an extended model with two behavioral motivations to account for these

deviations.
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4.7 Behavioral extensions to the baseline model

As | observed systematic deviations from the Nash Equilibrium in the results of
my laboratory experiment, laim to expand the baseline model from the previous chapter
to include additional factors that may influence the decision to purchase Green or Brown
Goods beyond Environmental Quality and Private Consumption. Specifically, I will
incorporate the model of warm-glow consumption of the green good and the theory of

conformity over the brown good.

4.7.1 Warm-glow preferences over the green good

The warm-glow model of giving (Andreoni 1990) offers a framework to extend
the baseline model by introducing g; as an additional argument in the utility function.
This term reflects the idea that individuals may feel good about their own green
consumption. Assuming that the marginal consumption of the green good is strictly
positive (i.e., Uy, > 0), the consumers now solve the following utility-maximization

problem:

max {Ui (x1,Y, 1) 4.7)

xi,Y.gi.b;

w; = Fg; + Pyb;, X;=9;+b }
Y=Y_i—bi, gi,biZO

In this model, the first order condition that describes the unique solutionto (4.7)

would include the additional effect of the marginal consumption of g; to denote the fact
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that the demand for total private consumption and environmental quality are now

influenced by warm-glow motives:

U + Uy, B—P, P
P = (ifg; >0,b; >0 4.8
U, + U, P B (it gi > 0,67 > 0) (4.8)

To gain a better understanding of how U,, affects the solutionin (4.8), firstitis

helpful to re-express it in terms of Uy, to get:

“T TR Py Uy ~ Py

Therefore, in an interior solution, having warm-glow motives consumers to pay
the price difference between g; and b; to get additional units of the green good, even
when their valuation of one additional unit of environmental quality is lower than that
amount. To understand why this is happening, it is useful to use the identity g; = x; +
Y —Y_;. The decision to consume one additional unit of g; not only increases the
consumption of x;, but it also helps to preserve one unit of Y. Warm-glow motives
enhance the effect over private consumption, and now consumers have an additional
motivation to increase the consumption of the green good itself.

To simplify the analysis of the demand for environmental quality and total

private consumption with warm-glow motives, | will assume that the warm glow
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component enters the utility function in an additively separable manner. Therefore, the

individual demand functions for X; and Y can be found by solving:

(4.9)

m%x{ui (x,Y)+ 6 fi (i +Y —Y_;) yu B vl }
xi,

Y_l-—xl-SYSY_i

where U; has the same properties as the utility function from the baseline model, f; is a
strictly increasing and concave function (i.e., i’ > 0, f;" < 0), and 6; is a non-negative
constant that serves as a weight parameter (6; = 0). Assuming an interior solution, the

unique solution to (4.9) is:

x; = X;(Px, Py,m;,Y_;)

Y =}~/i(PX'PY'miJY—i)

| denote these demand function with a tilde (~) to reflect the fact that they are
different from the demand functions obtained in the baseline model. The reason for this
difference is that Y_; now has an impact through two distinct channels. The first one
comes through the full-income m; which, similar to the baseline model, takes into
consideration the overall level of Y that this consumer wants to achieve. The second
channel, which is independent from the other exogenous parameters in the model, comes

from the warm-glow preference over the green good.
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Similar to the baseline model, I will impose the following condition to guarantee

the existence of a unique Nash Equilibrium:

~

O PG + v, € (01)
aY_; im iy_; ’

where ¥;,, is the derivative of y;with respectto m;, and y;y_, is the derivative of y; with

respect to its last argument. This conditionis useful to state the following proposition:

Proposition 4.1: Assume an interior solution, such that g; > 0and b; > 0. If consumer

i has a warm-glow preference over the green good (g;) that enters the utility functionin

an additively separable manner, and

M :
oy € (0,11, then:

i.  Both X; and g; are normal with respect to income.
ii.  The demand for g; weakly increases everywhere in the income distributionwith
respect to the baseline model.
iii. Y can be inferior for some parts of the income distribution, but then becomes
normal as income increases. Equivalently, b; can be normal for some parts of

the income distribution, and then becomes inferior as income increases.

Parts i and ii of Proposition 4.1 are intuitively since there is an additional

component in the utility function that makes g; more desirable with respect to the
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baseline model. As a result, the income levels w/ and wf, creating a greater incentive
to start consuming g; earlier. Part iii might appear surprising and contradictory given
the results of the baseline model. This finding suggests that it is possible for the green
and brown goods to be normal at the same time if the marginal utility of consuming the
green good is higher than the marginal utility of increasing private consumption, but the
value of preserving environmental quality is less than the price difference between the
green and brown goods. It should be noted that Part iii is not necessarily valid for every
utility function, as it only establishes the possibility of such a situation. For some
consumers, the brown good may become inferior as soon as they reach the income level

wf and become a Mixed Consumer. Panel a of Figure 4.2 depicts the situation where

g; and b; can be both normal simultaneously, while panel b shows the case where b;
becomes inferior at w}.

The addition of the warm-glow component is helpful in explaining the behavior
of Low-income subjects from the experiment, as they exhibit behavior consistent with
part iii of Proposition 4.1. However, this extended model fails to account for the fact
that High-income consumers do not become Green Consumers. In fact, the warm-glow
model predicts that High-income subjects should have become Green Consumers much
earlier than what the baseline model suggests. Therefore, while the warm-glow model
can explain some of the results, the baseline model needs an additional modification to

fully account for all the results obtained throughout the experiment.
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Figure 4.2 Consumption of the green and brown good with warm glow

preferences
Sinbi o 8oy
> & —S
£l .
L4 .
- 1
> |
{ ! > { } } >
w, -y 0 <= v o E]"‘ﬁ- oF <= 0 '
a) Both the green and brown goods b) The brown good is inferior whenever the
are normal at some point of the demand for the green good is positive.

income distribution.

4.7.2 A theory of conformity over the brown good

Turning to the theory of conformity over the brown good, | propose that
individuals may change their consumption decisions to conform to the behavior of
others in their social group. To account for this, | include a term that represents the
average consumption of b; by the other members in the group, denoted as B. In this
scenario, consumer i seeks to buy as many units of the brown good as the average of the
group. Any deviations from this parameter will generate a loss of utility for consumer i.

Equivalent to what | did in the warm-glow model, I will simplify the analysis

by assuming that the conformity component enters the utility function in an additively
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separable manner. Therefore, the individual demand functions for X; and Y can be found

by solving:
N
( Wizl?ggi-I_Pbbi B:%z] 1b] \
U;(X;,Y) + 6;h;(b; — B - }
Lhax, i (Xi,Y) + 6;h; (b )Xl-=gl-+bl-, Y=Y, —b,
gitbl >0 )

where h isa strictly concave function that achieves its maximumat 0, is increasing when
its value is negative, and decreasing when its value is positive, i.e., h'(0) =0, h’ >0
if b <b,and k' <O0ifb; >b.

I include a full characterization of the solution to this utility maximization
problem in the Appendix to this chapter. However, | summarize the most important

results from this model in Proposition 4.2.

Proposition 4.2: Assume an interior solution, such that g; > 0 and b; > 0. Suppose
that there exists a function h; () that measures the disutility that consumers suffer if
their own consumption of the Brown Good is different than the average of their group,
then:

i.  The critical income level w? is lower than in the baseline model.

ii.  The critical income level w¢ is greater than in the baseline model.

iii.  The demand for the Brown Good is decreasing in income.
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iv.  The demand for the Green Good is increasing in income.

Proposition 4.2 partially explains the deviations observed in the experiment.
According to the model of conformity, consumers have an incentive to start buying
green goods at a lower income than what the baseline model predicts. This situation
occurs because consumers want to avoid deviating significantly from the average
consumption of brown goods within their group. Thus, when a consumers realize that
their consumption of brown goods is excessive relative to the group average, they begin
to mitigate this difference by consuming green goods. Similarly, high-income
consumers have a motive to maintain their consumption of brown goods. Consequently,
their transition to becoming green consumers occurs at a slower pace than what the
baseline model predicts. Even as their income increases, they may continue to purchase
some brown goods to avoid deviating too much from the group average, particularly if
other consumers in their group continue to buy brown goods.

These findings suggest that conformity plays a significant role in the decision-
making process when choosing between green and brown goods. Although conformity
can accelerate the transition towards becoming a Mixed Consumer, it can also act as a
deterrent to becoming a Green Consumer. However, this model failsto fully capture the
entirety of the behavior observed in the experiment. Specifically, it retains the same
prediction as the baseline model regarding the demand for the brown good when the
consumer starts buying the green good, that the demand has a negative relationship with

income. Nonetheless, the experiment shows that even when consumers demand the

124



green good, an increase in income generates an increase in the demand for the brown
good. Conformity cannot explain this result, which the model of warm-glow was
capable of doing.

To account for the full range of behaviors observed in the experiment, it is
important to consider both the warm-glow and conformity models. Although they
cannot independently explain everything that happened in the experiment, together they
provide a more comprehensive picture of environmentally friendly consumption and its
effects on environmental quality. Furthermore, by incorporating both models, the main
structure of the predictions from the baseline model is maintained, while generating a

more complete model of consumer behavior.

4.8 Conclusion

To test the validity of my baseline model, I conducted a novel laboratory
experiment to test the impact of income inequality on environmental outcomes. The
experiment consisted of three treatments, each one featuringa distinct, unequal income
distribution. The purpose of each treatment was to simulate a scenario where
environmental quality would increase, decrease, or remain the same in relation to an
equal income distribution.

The results of the experiment showed that income inequality had a weakly
positive effect on environmental quality across all three treatments. Surprisingly, the
treatment where environmental quality was expected to decrease resulted in a better

environmental outcome. To better understand this deviation from the theoretical
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prediction, | analyzed the individual consumption patterns of the experimental subjects.
Upon analyzing the data, | found that low-income subjects did not behave consistently
to maximize their payoff, as they consumed green goods in situations where it was not
advantageous to do so. Similarly, high-income subjects also deviated from the
prediction by consuming brown goods in situations where they would have been better
off consuming only green goods. However, the consumption pattern of the brown good
confirms the existence of an individual Environmental Kuznets Curve, as predicted by
the baseline model.

These results from the experiment suggest that the assumptions of the baseline
model do not fully capture the complexity of individuals' decision-making processes
when choosing between green and brown goods. Incorporating warm-glow motives and
conformity effects can help explain deviations from the Nash Equilibrium observed in
the laboratory experiment. Warm-glow motives refer to the positive feelings that
individuals experience when making environmentally friendly choices. These feelings
are not always related to a direct financial benefit, but rather to an individual, intrinsic
motivation to act in an environmentally responsible manner. In contrast, conformity
effects refer to the tendency of individuals to conform to social norms, even if it means
deviating from their own preferences or beliefs. In this particular set up, I interpretit as
preference from not deviating from the average consumption of brown goods.

Incorporating both of these factors into the model can provide a more accurate
understanding of the decision-making process of consumers when choosing between

green and brown goods. For example, the warm-glow motive can help explain why
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individuals make environmentally friendly choices even when they are not financially
advantageous. In contrast, conformity effects can explain why individuals may choose
to consume brown goods, even when they are aware of the negative environmental
consequences.

These findings have significant implications for policymakers who seek to
promote sustainable consumption patterns. Addressing the social and psychological
factors that influence individual decision-making can be crucial in achieving this goal.
The objective of this research is to contribute to a better understanding of the complex
interplay between income inequality and environmental quality, with the hope of

guiding policy decisions that can help ensure a more sustainable future.
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Appendices

Appendix A: Appendix to Chapter 2

Proof that x;(Py, Py, m;) and y;(P,, Py, m;) are increasing functions in w;

Differentiating X; (Py, Py, m;) and y; (P, Py, m;) with respect to Y_; gives:

ox; 0x; ay; dy;

= =P
aY_i PY 0mi aY_i Y ami

Differentiating x; (P, Py, m;) and y; (P., Py, m;) with respect to w; gives:

Ox;  0x; dy; 0y
ow;  Om; ow; om;

From (1.4):

0X; dy;
by =F (”Yﬁ) + Py (PY %)

i i

ox; y; )
1=Fk (m) + Py <6mi

dyi ; dyi
am; € (0,1) which makes I, € (O

By assumption (1.15), Py

1
,PY

Therefore x; and y; are increasing functions in w;.

Proof of Lemma 1.1;

128

)and:—fviie(o

1

IPx

)



To prove the existence of the critical income level wf = wf(P,, Py, Y), let the demand
for Y be defined as Y = y; (P, P,,m;) and its inverse as y; *(P,, Py, Y) = w; + P, Y_,;.

Rearranging gives:

w; = yi_l(Px' PY; Y) - PYY—i
>0 A4.1.1)

From (1.5)

yi "(P, Py, Y) = PyY =y (P, Py,Y) — PyY_
y 1P, Py, Y) = P,Y >0

yi_l(Px'PY'Y) _

P, Y>0

Since b; (Y) isa linearly decreasing function in w;, then there exists a positive value wf

such that:

0 — yi_l(Px:PY, Y) - WiG
Py

WiG = yi_l(Px'PY' Y)-PY

This result follows from (A4.1.1)

To prove the existence of the of the critical income level w? = wf(P,, Py,Y), suppose
that:

Wi < Yi_l(Px'PY’Y) — W
P, Py
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This leads to a contradiction with the existence of w,® since:

wf  y7 U (B, Py, Y) — wf
> -Y=0
Py Py

Now, suppose that:

wi 9 BBy Y) — w

—-Y Vw;, ER
Py Py Wi
Setting w; arbitrarily close to 0 leads to:
-1
(P, Py, Y
0<yl (x Y )_Y

Py
Therefore, by the intermediate value theorem, there exists a value w/? such that:

WB _ yi_l(Px'PYlY) - WiB _

Py Py
or.
WP = (B, P Y) — PyY)
i TP, +p,
P —p
X

The result in (A.1.1) establishes that w/ is a positive value.
The functions that implicitly define wf and w/ are continuous in Y because
y;(Py, Py,m;) is a continuous function in m;. As such, y; *(Py, Py,Y) must be a
continuous function in Y. To prove that they are increasing functionsin Y, let w;, denote
the expression y; *(Py, Py, Y) — P, Y and differentiate it with respect to Y

ow, dy;(Py, Py,Y) _p

ay )4 Y
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from the inverse function theorem:

ow, 1
aYy oy
L/ami

_PY

Condition (1.15) implies that:

1 > ayi(Px'PYr mi)
oY

ayi(erPYr mi) > 0

1> P s
l

Therefore, the expression y; * (P, Py,Y) — P,Y is increasing in Y, which establishes

that w and w/ are continuous and increasing functions in Y.

- G B wl _ p.op L G B
Finally, to prove that w;” > w;” > 0 and =L VYER, divide w;” over w;” to
i X

get:
wl ¥y (B P Y) = PY
B P _
Wi = (yi Y(B, Py, Y) — Py Y)
P, —P,

Rearranging:

w? P —Py
wé P

B
Since P, > Py, it follows that .- < 1 and wf > w/.
wi

131



Proof of Lemma 1.2:

From the Maximum theorem, y; (Py, Py, m;) is a differentiable and continuous function
with respect to its parameters. Since b;(Y) depends on the inverse function of
y; (P, Py, m;), then b; (Y) is continuous with respect to Y. To prove that the continuity
of b;(Y) implies that b; (w;,Y) is a continuous function in Y, it is convenient to show
first that b; (Y) is a weakly increasing function. Differentiating with respect to Y gives
us:

aBl(Y) _ 1 .ayi_l(Px:PY:Y) _

aYy B Yy

Using the inverse function theorem, it is possible to re-write the previous

expression as:

ob;(Y) 1 1 )
oY Py ilxPym)

Differentiating y; (P, Py, m;) with respect to Y_; and using (2. 15) gives us:

ay; (P., Py, m;
yl(x Y I.)<1

. o (A.1.2)
L
and therefore:
ab;(Y) 1 1
wm_1 1
Y Py 2ilPxPymy)

which proves that b,(Y) is an increasing function in Y and that b;(w;,Y) is strictly

increasing if w; € [wf, wf]. Since the level of Y does not affect the behavior of both

Brown and Green Consumers, then:

132



abi (Wi' Y)
ay

=0 if w; € [0,wf]U [wf, )

which proves that b; (w;,Y) is a weakly increasing function for all consumers.
Finally, to prove the continuity of b; (w;,Y), it is sufficientto show that it is continuous
at the points where w; = w2 (B, Py,Y) and w; = wf (P, Py,Y). From Lemma 1, an
increase in Y causes the critical income level w/ to increase as well. As such, there

exists a value Y2 where w; = w2 (B, Py, Y?) and:

-1 B B B B B
Bi(YB) :yi (Px,Py,Y )_Wi (erPYrY )—YB :Wi (PXlPYIY )

Py P,

This result establishes that b; (w;,Y) isa continuous function at the point where a Mixed
Consumer becomes a Brown Consumer. Similarly, a decrease in Y causes the critical
income level w to decrease as well. As such, there exists a value Y¢ where w; =
wf (P, Py,Y%) and:

yi_l(thPYl YG) - WiG(PxJPYr YG) _

Yé =0
Py

b,(Y) =

This result establishes that b; (w;,Y) is a continuous function at the point where
a Mixed Consumer becomes a Green Consumer. Therefore, b; (w;,Y) is a continuous

functionin?Y.

Proof of Proposition 1.1

A Nash Equilibrium exists if there is a value Y* such that:
N
Yo —Z bi(Wl',Y*) =Y
i=1
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The lowest level of Y occurs if every individual behaves as a Brown Consumer.
Denote this level as Y and define it as:
N
r-r-3h
i=1 ?
The highest level of Y occurs if every individual behaves as a Green Consumer.
Denote this level as ¥ and define it as:

= Yyo

~l

From Lemma 2, b; (w;,Y) achieves its lowest possible value if Y = Y, and its highest

possible value if Y = Y. Then the following relations must hold:

N
Yo — Zbi(wi,z) >y
i=1

N
YO —Zbi(wi,Y) < 7
i=1

Since b; (w;,Y) isa continuous and increasing functionin Y, and Y is defined over the
interval [Y, Y], then the intermediate value theorem establishes that there exists a val ue

Y* such that:
N
yo — Z by(w,Y*) = Y* (4.1.3)
i=1
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and a Nash Equilibrium exists. To prove that the equilibrium is unique, assume by
contradiction that there exist two different values, Y; and Y,, that form a Nash
Equilibrium. Without loss of generality, assume that Y, > Y;. Since b; (w;,Y) is weakly

increasing in Y:

b;(w;,Y;) = bi(w;, Y1)
Y —b;(w;, Y2) < Y° — by(w;, Yy)
,<Y;
which contradicts the initial assumption that Y, > Y;. Therefore, the Nash Equilibrium

IS unique.
Proof of Proposition 1.2:

Let Y* be the Nash Equilibrium. Disaggregating b; (w;,Y*) from (4.1.3) for

Mixed, Brown, and Green Consumers gives:

Yo — z b;(w;,Y*) — z b;(w;,Y*) - Z b;(w,Y*) =Y*

iEM jEB keG

where M, B, and G denote the sets of Mixed, Brown, and Green Consumers,

respectively. Substituting (1.17) and (1. 19) and rearranging gives:
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-1 *
Vi (erPYtY)_Wi Wj
YO—E : —Y*—E——Y*=
[ Py P, 0

iEM jeB
(P, Py, YY) —w; w;
. Y - b
IEM JEB

where N,, is the number of Mixed Consumers at the Nash Equilibrium. The left-hand
side of the equation can be expressed as a function F(Y*, w) that depends on the Nash
Equilibrium level of Y and a vector w that contains the individual income of all

consumers. Differentiating F(Y*, w) with respect to Y* gives:

OF(Y*,w) 1 Zayi‘l(Px.Py, Y

Y+ - _P_y. oY+ +(NM_1)
IEM
OF (Y*,w) 1 1
=D, P, aurymy T (M =1
iEM om;
Using (4.1.2)
OF (Y*,w)
T<—Zl+(NM—1)=—NM+NM—1<O
iEM
OF(Y*,w) . . . . .. . .
Therefore, the term PRl negative. Using the implicit function theorem, it

is possible to find the overall effect on Y* from a change in the income from any

individual. For a Mixed Consumer:

OF(Y*,w)
dY* _ awi
dWi IAF(Y"w)

Y
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1
Py
AF(Y* w)
oY

>0

This result proves part i). For a change in income of a Brown Consumer:

. OF(Y*,w)
dY _ aWj

T T aFrw)
dw; ot

1

* J—
day ___m _g

. AF(Y* w)
dw; o7

This result proves part ii). Finally, fora change in income of a Green Consumer:

OF(Y*,w)
ay o Towk
— T 9Fw)
dwy —av
ayr 0 0
= T aFw
dwy —ar

This result proves part iii).

Proof of Corollary 1.1:

Let Y* be the Nash Equilibrium and individual i be a Mixed Consumer with
income w;". Suppose that individual i receives a new income w;"* > w;", which leads to

a new Nash Equilibrium Y**. From Proposition 2 we have that Y** > Y*, and from
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Lemma 2 we have that b; (w;,Y**) > b;(w;,Y*) Vj # i. Suppose that b;(w**,Y**) >

b; (w;,Y™*), such that the brown good is normal for individual i. Then:

biw™e, V™) + Y by (wy, V™) 2 bW, ) + ) by (w1

J#i JE

YO — b (w*,Y**) — Z bj(w;,Y**) <K= b;(w/,Y") - ij (w;,Y7)

j#i J#

Y < y*
which contradicts the result from Proposition 2. Therefore, the brown good is an inferior
good for Mixed Consumers and b; (w**,Y**) < b; (w;",Y™*).

Now let individual i be a Brown Consumer and receive a new income w;™* >
w;". The result follows from the fact that b;(w;,Y) = ? for Brown Consumers.
b
Therefore, the brown good is a normal good for Brown Consumers.

To prove that the green good is normal for Mixed and Green Consumers, note

that from Walras’ Law we have:

w; = g;(w;,Y) + b;(w;,Y)

Differentiating with respect to w; gives us:

- d2g; agl ] [ 6bi (’)Y]
a awl oY ow,l ' low;, oY ow;
From the previous part, the term aﬁ + % o, must be negative for Mixed Consumers

since the brown good is an inferior good. Rearranging gives:

ow; dY ow; dw; dY Jdw;
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Therefore, the green good is a normal good for Mixed Consumers. For the case

of Green Consumers, the result follows from the fact that both %X‘:’n =0 and % =
0. As such:
an' OY aWi

which proves that green good is also normal for Green Consumers.

- Proof that b,(Y) is a decreasing function in w;

Alternatively, it is possible to show that the brown good is an inferior good for
Mixed Consumers by proving that b,(Y) is a decreasing function in w;. From (2.17):

yi_l(lePYl Y) — Wi

bl(Y == PY -Y
Totally differentiating gives:
- 1 [oy7* oy Y
dbl(Y) = P_y _ Y . aWi dWi — dwll — a_VVldWL
db;(Y) 1 [ay;" oY ) Y
dw;  P/| Y ow; ow;

From Proposition 1.2, % > 0, thereforeis it sufficient to show that the termin
l

between brackets is negative to show that dﬁi‘f) < 0. From the proof of Proposition 2:
a 1
ow; P, T

where:
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r= Z 1 1 (Ny — 1)
B Py oyj(PxPym;) M

jEM —om.
J am;

ituting in 2 - 27 gives:
Substituting in v aw; Jives:

_ 1 dyi '
dy;t or _ Py oY

Y ow; T

19yt

Py ay

1 1
Ziezvzp—y'W— Ny — 1)
S phym)

1,1
Py 03yi(PxPym;)
ami

- 1
Zjezum— Ny — 1)
P’ij

1

p. 3Yi(PxPym;)
y 6ml~
1 1
— 4| )i —(Ny, — 1
p., 9Vi(PxPym;) ZF‘”P ay;j(Px,Py,m;) (N )
Y 6ml- ) amj

1

P ayi(Px,Pym;)

y am;

1
—ayrapymy + (N = 1) = (Ny — 1]
Y om:

mi

<

=1

-1
9% . 9% -1 then:

Since v ow

<0

db,(Y) 1 [ayi—l oY l oY

dw; P,| aY oaw, | ow,

which proves that the brown good is an inferior good for Mixed Consumers.
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Example: Cobb-Douglas utility function

Ux;,Y) =xfyl—® st m; = P.x; + P,Y

At the interior, the individual demands for x; and Y are given by:

1 - a)m
X; = Y_P—y

From (1.16) and (1.17), the conditional demand of b; is:

Setting the previous expressionequal to 0 and - W"P gives the critical income levels for
X—ry

Green and Brown Consumers:




The Nash Equilibrium level of Y is given by:

_;[1:{ ] ZPX—PY

W 0 W
o ZLEM + [Y Z]EBP — Py]

1= aNM+1

Proof that a transfer from a Green to a Mixed Consumer can generate a Pareto-

improving outcome

Suppose that there are three individuals with identical Cobb-Douglas
preferences, initial parameters azg,szz, and P, =1,"® initial incomes

(wy,w,,w3) = (70,20,10), and the initial level of environmental quality set at Y° =

50. With these assumptions, the Nash Equilibriumis Y* = 30, the critical income levels

are w¢ = 30 and w8 = 15, and the equilibrium bundles for all individuals are:

w; gi b; X; Yy* U&X,Y")
Individual 1 70 35 0 35 30 32.40
Individual 2 20 5 10 15 30 21.21
Individual 3 10 0 10 10 30 17.32

18 These prices are equivalentto P, = 2and P, = 1.
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Let individual 1 transfer one unit of income to individual 2, then the Nash
Equilibrium becomes Y* = 30.5, the critical income levels change to w¢ = 30.5 and

wB = 15.25, and the equilibrium bundles for all individuals are now:

Wi i b; Xi Y UXi,Y")
Individual 1 69 34.5 0 34.5 30.5 32.43
Individual 2 21 5.75 9.5 15.25 30.5 21.56
Individual 3 10 0 10 10 30.5 17.46

By transferring income from a Green Consumer (Individual 1) to a Mixed
Consumer (Individual 2) it was possible to increase the Nash Equilibrium level of Y

and, at the same time, make everybody better off than before the redistribution

happened.

Example: quasilinear utility function

UX.,Y) =2a/x; + BY st m; = P.x; + PyY

At the interior, the individual demands for x; and Y are given by:

N R

Y =—-—
PY Px
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From (1.16) and (1.17), the conditional demand of b; is:

Setting the previous expression equal to 0 and —— gives the critical income levels for

Px—Py
Green and Brown Consumers:
c [aPY 21
w el _ J—
B 1P

L
B P?

The Nash Equilibrium level of Y is given by:

w; al? P w;
y* =Y0 — E J __N H X —L
B —p Mgl BT LB,

IEM

JEB
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Proof that a transfer from a Green to Brown Consumers can generate a Pareto-

diminishing outcome

Suppose that there are three individuals with identical quasilinear preferences,
initial parameters « = 5,8 = 1P, = 5, and P, = 4,'% initial incomes (w;,w,, w3) =
(90,15,15), and the initial level of environmental quality set at Y° = 60. With these
assumptions, the Nash Equilibriumis Y* = 30, the critical income levels are w¢ = 80

and w8 = 16, and the equilibrium bundles for all individuals are:

w; 9i b; X Yy* U&,YH)
Individual 1 90 18 0 18 30 72.426
Individual 2 15 0 15 15 30 68.729
Individual 3 15 0 15 15 30 68.729

Let individual 1 transfer one unit of income each to individuals 2 and 3, then the
Nash Equilibrium becomes Y* = 28, the critical income levels remain the sameatw ¢ =

80 and w? = 16, and the equilibrium bundles for all individuals are now:

w;i i b; Xi Y UXi,Y")
Individual 1 88 17.6 0 17.6 28 69.952
Individual 2 16 0 16 16 28 68.000
Individual 3 16 0 16 16 28 68.000

19 These prices are equivalentto P, = 5and P, = 1.
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By transferring income from a Green Consumer (Individual 1) to two Brown
Consumers (Individuals 2 and 3) it was possible to decrease the Nash Equilibrium level
of Y and, at the same time, make everybody worse off than before the redistribution

happened.
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Appendix B: Appendix to Chapter 3

Proof of Proposition 3.1

Part i)

To prove thatavalue Pi~™®* existsand that itis less than P, — Py, itis sufficient

to show that consumer i is better off by not buying any permits if F, exceeds a certain

value. Suppose a situation where b; = @, and g; = Pi (w; — P,q,). Consumer i would
g

be willing to increase g, in € units (¢ > 0) if the total change in utility is:

U _ _ _
= (dw; - P,dq, + Rydq,) - Uy (d@) = 0
g
Let the change in g, and w; be dq, = ¢ and dw; = —F, . Then the previous
expression becomes:

—(-P,— P, +P)e—Uye =0

Solving for P, gives:

o 2o
A IA
QU QU
| I
E

oo

|
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Therefore, consumer i will not buy any permits when their price exceeds a value

equalto B, — P, — F, U—", which is strictly smaller than F, — P,.
Ux

Part ii)
To prove that an income level wP (Y, q,) exists, there should be a positive value
of w; for which the following relationship is true:

w; — Py, = (P + B;)q

Substituting (3.6) in the previous expression gives us:

a-1 d pd
; Y,P¢, PY) —wy B, — P
w; = Ppq, = (P + 1) o PdY) L_Y_<g b>_
Y

Pyt PR

Wi =—p [}’?_I(Y'Pd'P#)_P}gY]_qu_z
9

If the RHS has a positive value, then it means that it is equal to the income level
w(Y,q,). Assume by contradiction that this value is non-positive so that w/(Y, ;)

does not exist:
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P, + P,
> b7

0> [yid_l(Y,Pd) - Pydy] - Pq, (B.1)
g

From the definition of y2 ™ (Y, P4, P%) we have:

ya (Y, PY) = w; + P, q; + PAY_;
Y& (Y, PY) = wi+ Bq + PAY + T+ qf]
ya (Y, PY) = Y =w; + P, 3, + PE[q, + ¢
y& (v, P9) = BEY > (P, + PO,
y& 7 (v,P49) = BEY > (B, — P,)q,

Substituting in (B. 1) gives:

0> Py +FR)E —P) _

q4.— F,q,
P‘)g L ql
p.(P,—P,—P
0>"(9 b ")ch>0 1
K

Therefore, Pbpj [yid_l(Y, P&, PY) — P;iY] — P,q, has a positive value and it is
g

equal to the income level wZ(Y,q,).
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Part iii)
To prove that gZ(Y, ;) is a weakly increasing function in Y, it is sufficient to check
equation (3.6) is an increasing function in Y. Differentiating g with respect to Y gives

us:

ogf _ 1 oyt (v.BLRY

aY PBA aYy

-1
oyt _(vrgpf) _

From the inverse function theorem we have that o7

<1

-1

ayd md,Pd,Pd o F)% ayd m‘.i,Pd,Pd

l—l(al X ?) . From condition (3.2) we have that — = Pﬂ—l( — ?)
me oY _; aom;

-1
1 ayd (v.p¢pg
Therefore’ P_d . M

oy > 1 which establishes that equation (3.6) is an increasing
Y

functionin?Y.

Proof of Proposition 3.2

To prove that a value qul.‘mi" exists and that it is strictly greater than 0, it is
sufficient to show that consumer i is better off by not selling any permitsif B, does not
exceed a certain value. Suppose that seller i has not entered the market yet. In this

scenario, the optimal consumption of the brown good is b; = ? If seller i trades € units
b
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of a permit (¢ > 0), then the change in income would be dw; = F, ¢ and the change in
the exogenous environmental quality would be dY_; = —e&. This seller has incentives to

trade away a permit as long as:

dUi = Ux(dbl) + Uy(dY_i - dbl) >0

ll(dwﬂ+41(dy dwﬂ:>0

U (qu) LU < qu>> )
X ﬁ Y & P_b =
Py

Uy — Uy

P, >0

m PbU > (0. From the first-order conditions of the seller
X~VY

Therefore, P;~™" exists if

problem we have that:

UX_UY_UX+Hg
P, B
U, —U U
X Y>_X
Py %
b

P
UX_Uy >EUX

Uy — Uy, >0

. - ., - P . .
Therefore, consumer i will only sell a permit if F, > " ”U > 0, which proves £~
X~ Yy

exists and is a strictly positive price.
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Part ii)

To prove thatan income level w55 (Y, q,) exists, there should be a positive value
of w; for which q, = q; + b;. Assume by contradiction that it does not exist so that g, >

q; + b;,Yw; > 0. From the budget restriction we get the following relationship:

w; + Pq; < Py(q,—q;i)

qig<PbCTl_Wi
Py +Pq

s (xR —w
Qi < 25
X

Substituting this relationship in (3.10) we have:

PE—POT—wi BRIy (P ] w
Ps P§ BS BS
wi >y (P - B - g

This last relationship implies that if w; < yf_l(Y,Ps) - Py —q, then q, =

q; + b; and an income level w5 (Y, 7,) exists. From the definition of y*~* (Y, PS):

152



}’{g_l(y» P%) = w; + BY_;
yi (Y, P) = wy + PE[Y + by + g
yS TN Y, PS) > w; + PSY

YT P = BY > w

y$ N (Y, PS) —PSY >0

Since y? ' (Y, PS) — PSY has a strictly positive value, then the income level

wES(Y, 7,) exists only if the initial allocation g, is limited (i.e., y°~ ' (Y,P5) — P§Y >

q,)
Part iii)

Note that this proof follows the same method as the one used to prove the
equivalent result in Proposition 2.1, since it is sufficient to show that:

dqf 1 9yf (Y,PgP§) a0
oY PS oY

Proof of Lemma 3.6

Let PA—max (y*) > ps—min(y*) If P, = PA=max(y*), then:

QD(qu—max(Y*)’ Y*) =0
QS(qu—max(y*)’Y*) >0
QD(qu—max(Y*)’ Y*) < QS(qu—max(Y*)’Y*)
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If B, = PF~™"(Y™), then

QD(PqS_min(Y*), Y*) >0
QS(PqS_min(Y*),Y*) =0
Q27 iy, Y7) > QS (B, 1)

Since Q°(P,,Y*) and Q5(R,,Y*) are continuous function, then by the intermediate

value theorem guarantees that a price P, € (qu‘mi” (Y, qu‘ma" (Y*)) exists such that:

QD(P*, Y*) — QS(P*’Y*)

Proof of Proposition 3.7

Proposition 2.1 and Lemma 3.5 guarantee that Y* exists regardless of if there is

trading or not. Suppose that at Y* there cannot be a price F, that clears the market.
Therefore either Q2(P,,Y*) — QS(R,,Y*) < 0 or Q°(R,,Y*) — Q5(P, Y*) > 0. In the
firstcase, it can only happen if B, > qu‘"“'” (Y*) > pf~max(y*), which contradicts the
assumption that PA~™ax(y*) > ps-™in(y*). Therefore, by Lemma 2.6, if
pf-max(y*) > ps~min(y*) there must exist a market-clearing price and a market

equilibrium with tradable permits.

For the second case, it can only happen if qu‘mi” (Y*) > pf-max(Y*) > P,

which is also a contradiction. Finally, if BS=™"(Y*) > P, > B#~™a*(Y*), then
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Q°(P,Y*)=Q5(P,Y*) =0, then all P, € [RA—™ax(Y*), RF~™n(Y*)] would be a

market clearing price.

Proof of Proposition 3.8

The two equations that characterize the market equilibrium with tradable

permits are:

FY:=YO—Zbi—Y=0

FPa:=QP(P,,Y) - Q5(R,Y) =0

Using the implicit function theorem, we get:

Y aFY]
0G| _ 1Ay, ] 0T,
oF, AlAy Ay \OFPCI‘
q, 0q,

where:

_ 90°(R,Y) _9Q5(RyY)

< 0 (Assumptions A.2.1 and A.2.2)

t P, 0P,
L 00°(RY) | 905(r,Y)
T gy oY
X b; :
Ayy= —— < 0 (Assumption A.2.3)
dF,
2 b;
Ayy= ~y 1< 0 (Lemma?2.4)

A - A11A22 - A12A21> 0 (ASSUJ’H.pthn A. 2.4)
oFY b; P
L . -—L<o0
aq, aq, P
dFFa  9q¢ P
S I <1 +—qd> <0
aq,  0q, B
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Therefore:

<0

oF, 1 B, A 14 F, A
aCTL - A PYd 21 Pyd 22

which proves that the equilibrium price falls when a regular buyer receives one

additional permit for the initial allocation.

Proof of Proposition 3.9

Suppose that the price P, # —2— (P, — P,) but that the market equilibrium with
Pg +Pp

d S
Px 4 l’:—’s‘ which contradicts the First Fundamental

permitsis socially optimal. Inthis case, o
Y Y

Theorem of Welfare Economics.

Pp
Pg +Pp

Suppose that the price P, = (P, — P,), but that the market equilibrium

with permitsis not socially optimal. From the method used to prove Proposition 8, it is
possible to show that a redistribution of either income or permits within sellers or within

buyers will cause no changes on Y~ or F;. If the redistribution happens across groups,
then the £, will be affected, and it would contradict the First Fundamental Theorem of

Welfare Economics as well.
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Appendix C: Appendix to Chapter 4

Warm-Glow Model

Proof of Proposition 4.1

To proof that X; is normal, first differentiate the full-income constraint with

respect to w;. The result is:

PXp=1—FPyjn

If Y isinferior, then x; is clearly normal. I will only focus on the case where Y

is normal.

Then differentiate the full-income constraint with respect to Y_; while keeping

m; fixed. The result is:

—PxJNCY-i = Py3~’y_i

If Y_; decreases, followed by an equivalent increase in w; to keep m; fixed, then
the demand for Y can be at most the same level as before this change in income.
Therefore, the sign of jiy_, is positive By assumption, 0 < Py, 3, + Jy_, < 1. All these

results combined give the following result:

1—Py§in, =0
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Therefore, x; is a normal good in the warm glow model.

To proof that g; is normal, substitute the identities b; = Pi; - %gi andX; = pl,; +

(Pg-Pp)
Pp

g; into U; to get:

Ui (—l Z girY—i_P_;+P_igi)+9ifi(gi)

By differentiating with respect to g;, and setting the result equal to zero, we

get:

P, — P P
g b g /
g U + - Uy 40, =0

This result gives us an implicit function of the demand for g;. Using the implicit

function theorem, we get the change in g; as 6; increases:2°

20 The first term in brackets in the denominator is guaranteed to be a negative number
due to the quasiconcavity and normality assumptions placed on U;. Combined with the
fact that f; is a strictly concave function gives us the desired result.
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dg; _ (P — P f{
— T Tp2 2 7> 0
dao; [A?Urx — B¢Uyy + 2B PyUsy] + (P — Py) 0V,

If 8; = 0, we get the same demand as in the baseline model. Since an increase
in this parameter induces a greater demand of g;, then it cannot be that g; is an inferior
good. Therefore g; is a normal good in this model as well. Additionally, it shows that
both critical income levels must shift to the left, which implies that a lower income is
needed to become a Mixed, and then a Green consumer.

To prove that b; can be a normal good, substitute this parameter into the utility

function.

W; P _Pb W; Pb
Ul-<?l+ g% bi,Y_i—bi>+9iﬁ<P—;—Ebi>

By differentiating with respect to b;, and setting the result equal to zero, we

get:

By =P

P,
Ux_UY_eip_fi =0
g g

PYUx - PxUY - (Px - PY)Hifi, =0

This result gives us an implicit function of the demand for b;. Using the implicit

function theorem, we get the change in b; as w; increases:
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dbi PYUxx - PxeY - (Px - PY)Bifi”

dWi B [PYZUxx - PxZUYY + 2PxPYUxY] + (Px - PY)Hifi”

Since the denominator is negative, then the sign of this equation is given by the
numerator. From the first order conditions from this problem, we get the following

relationships:

Ux+0ifi,=/1PX

UY+9if-i’:/1PY

where A is the lagrange multiplier associated with the full-income constraint. By

substituting it into the previous equation, we get that the numerator can be positive if:

fi” UYUxx - UxUXY
> - — Uy + U
fi, PYUx _ PxUY xx + xY

where the left-hand side is the coefficient of absolute risk aversion associated to the
utility function that describesthe warm-glow preference over the green good. A function
that shows this property for low levels of income is the Cobb-Douglas function.

If b; can be a normal good, it follows that Y can be inferior at some point in the

income distribution.
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Income Redistribution with Warm Glow

Using the function y; (m;,Y_;), it is convenient to express b; as:

b; =Y_;—y;(m;,Y_;)

Totally differentiating gives:

db; = dY_; — Y [dw; + PpdY_;] — Fy_,dY_;
= dY_i[1 = Pyym — yy_,| — Fmdw;

= (dY + db)[1 — PyFm — Fy_,| — Fmdw;

1=PYm — v, Ym
= = = - fdwi
Pyym + Yy, Pyym + Vy_;
1 Ym
=-———"——-1)dY ————dw, C.1
<Pme + v, ) Py Ym + Vy_,; ' S

From the Equilibrium condition:

iEM JEB
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=K=) W= simrl= ) ]

Totally differentiating and substituting in (C.1):

I e e e s ot g RO
W.
ieM [ PyYm + Voo \PyImt Iy, jes Pp

dY* =« lz #dwl
ieM Py Ym + Vy_,

S o (€2)
jes Py '
-1
1
where a = <ZiEMm - (nM - 1)) >0

From (C.2), it is possible to see that, in equilibrium, Environmental Quality
decreases if a Brown Consumer gets a marginal increase in income and remains the
same if a Green Consumer gets a marginal increase in income. However, as opposed to
the prediction from the baseline model, an increase in the income of Mixed Consumers
can have a negative effect if their income is located in the part of the distribution where

the brown good is normal.
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Conformity Model

Proof of Proposition 4.2

The first-order conditions for this problem are:

U, — AP, =0

Uy —8;(n— 1R — AP, =0

mi—Px—Py=0

And the let the related Hessian Matrix be denoted by A:

A = ny UYY + 61 (Tl - 1)2h;,
_Px —Py

By the implicit function theorem, it is possible to isolate and sign the effects of m,,

Y—i! and 61' on Xi (mi, Y—i) and Vi (mi, Y—i):

Xm Xy Xs A-1 [0 0
Ym Yr_; Vs —_d A
A A, s et |A| 0

where:
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Ay =—P2 <0

A, =PBPy >0

A3 = [-RUyy + PUyy] + 6;P.(n—1)2R" <0
Ay, = —P2 <0

Agz =[P Uyy + PyUx] <0

detlAl = _PxA13 - PyA23 > 0

Therefore:
_A13 _A23
*m = Getia] 0 Ym = etja) = Y
X _ Sln(n - 1)h”A12 0 _ Sln(n - 1)h”A22
Yo det/4] Yy det|4]

These results establish that both x; and Y are normal to Mixed Consumers with

respect to the full income. It also helps to establish that:

—PyA,; —6n(n —1)h"A
Pyym + Yv_, = = FotlA 2 e (0,1]
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- Proof that the critical income levels change:

To prove that the income level to become a Green Consumer shifts to the right, all
that we need is to show that the demand for the brown good is positive at w from the
baseline model. Since b; = 0 at this point, the consumption of the brown good cannot
be greater than the average consumption. Therefore, h' is positive at this point. From

the previous part:

0y,  —(n— 1'%z

35, = detia 0

Considering a change of §; from zero (baseline model) to any positive value
(conformity model), shows us the demand for y; is lower, and implies that the demand
for the brown good increases at this level of income. Therefore it takes more income
for a consumer to become Green and the critical income level shifts to the right.

Conversely, for consumers with an income level equal to w/? from the baseline
model, the critical level will shift depending on whether their consumption of the brown
good is greater than, lower than, or equal to the average consumption. If U; = U(X;,Y)
for all consumers, then the consumption of the brown good cannot be less that the

average consumption and h’ is negative. Therefore:

0y; —(m—1)h'Ay,
a5; det|4]
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which shows that, at the income level w?, consumers with a positive &; will demand
fewer units of the brown good than the amount predicted by the baseline model. This

result establishes that the critical income level must shift to the left.

- Proof that the Nash Equilibrium exists and is unique

From the baseline model, proving that b; (Y, w;) is a weakly increasing functionof Y is

enough to guarantee existence and uniqueness. Since y;(m;,Y_;) is an increasing

function in m;, its inverse function exists.

w; + Y =y (Y, Y)

Using the identity Y_; = Y + b;:

w; +P,(Y+b)—y (Y,Y +b;)=0 (C.3)

By the implicit function theorem:

_ oyt ayit
db; Py =5y aY_;

v —1
aY PY _ ayi

Using the inverse function theorem:
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Hence the Nash Equilibrium exists and is unique.

- Effect of environmental quality with changes in individual income

Similar to the model with Warm-Glow, it is convenient to express b; as a function of

yi(m;,Y_;)

b =Y_; —y;(m;,Y_;)

Totally differentiating

db; =dY_; — yyldw; + PydY_;] — yy_,dY_
= dY_i[1 = PyYm — yy_;] = ymdw;

= (dY +db)[1 — Pyym — yy_,| — ymdw;

1—P — .
_ YYm yY_ldY _ Ym dw,
PyYm + ¥v_; PyYm +Yy_;
1 Ym
=|———1|dY ——————dw; C.4
<PY3’m +Yy_; > Pyym +yv_, b
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From the Equilibrium condition:

ieEM jEB

x Wi
Y =K—Z_ [Y—i_yi(mijy—i)]_Z, P
IEM JEB Db
Totally differentiating and substituting (C.3):

ar =y | aw - (=1 )art| -y X
ieM | PyYm + Yyv_; PyYm +yy_; jes Pp

dY* =« E ——dw; — E — C.5
iem Pyym v, jes Pp (C.5)

1

YieM oo
Y Pyymtyy_;

-1
Whereaz( —(nM—1)> >0

From (C.4), it is possible to see that, in equilibrium, Environmental Quality
increases if a Mixed Consumer gets a marginal increase in income, decreases if a Brown
Consumer gets a marginal increase in income, and remains the same if a Green

Consumer gets a marginal increase in income.
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- Proof that the Brown Good is inferior for a Mixed Consumer

Let Y* be the equilibrium level of Environmental Quality. From (C.3), a change in

income for a Mixed Consumer:

LaY* Ay toayr 9yt oyt
ob;(Y*,w;) _ 1+ P dw; 9y dw; 9y_; ow;
ow; - oy "

PY aY_;

1+ (PY — +yY-f)"Y*

Ym Ym /) Ow;

yY_i

Py + .

Y + (Prym + ¥y — 150
= - <0
Pme + yY—i

The result follows because y,, > 0, Pyy, + yy_; < 1, and ? < 0, which makes both

wi

the numerator and denominator positive numbers.

- Effect of Income Redistribution on Environmental Quality

Similarto the baseline model, (€. 5) establishes that a transfer of income has no
effect on Environmental Quality if it only involves Green Consumers or Brown
Consumers, it has a positive effect if it redistributes income in favor of Mixed

Consumers and/or against Brown Consumers, and it has a negative effect if it
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redistributes income in favor of Brown Consumers and/or against Mixed Consumer.

The difference is that a redistribution involving only Mixed Consumers can have either

a positive or negative effect, because the term Ym can be different for each
Pyym+yy_;
consumer.
Let B; = —2™ — for consumer i, and let consumer 1 receive an income

Pyym+yy_;
transfer from consumer 2. If both consumers are Mixed Consumers, then (C.5)

becomes:

ay* = a[p; — p,]

If consumer 1 is more sensitive to this transfer, then Environmental Quality
increases. If consumer 2 is more sensitive, Environmental Quality decreases. Finally, if
both consumers are equally sensitive, then Environmental Quality is not affected by this

redistribution of income.
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Appendix D: Experiment Instructions

General Information
Thank you for agreeing to participate in this study. This is an experiment in the
economics of decision making. Your participation in this experiment is voluntary. In
addition to the $5 for showing up, you will have the opportunity to earn additional
money based on the decisions that you and 2 other participants in this meeting make.
The total amount of money earned during the experiment will be paid to you by cash

or, if preferred, via an Amazon e-gift card at the end.

The experiment is divided into three separate parts. As the experiment proceeds you
will get more detailed information on each part. The experiment will be conducted on

the computer screen in front of you.

Parts | and Il both consist of a sequence of 10 decision-making rounds each (20
rounds total). You will be a member of a group of 3 participants randomly chosen
among the people in this room. The composition of your group will remain the same
throughout the 20 rounds of Parts | and Il. You will be unable to know the identity of
each individual belonging to your group. Each group will have three roles: Player A,
Player B, and Player C. Each group member will be assigned to one of these roles
randomly before Part | begins and will keep this assigned role for the duration of the

experiment.
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Part 11l consists of some questions about you. Your answers to the questions in Part

I11 will not affect your earnings in the experiment.

During the experiment, your earnings will be calculated in Tokens. At the end of
the experiment, we will randomly select one round from either Part | or Part Il. So, in
total 1 round out of the 20 rounds will be used for your payment. At the end of the
experiment the total amount of Tokens you have earned will be converted to US Dollars

at the following rate: 100 Tokens = 0.80 US Dollars.

The published results of our research will not identify any individuals or the choices
they made in any way. All records will be linked to an anonymous subject ID only.

Please do not communicate with the other participants during the experiment.
Should you have any questions, please contact one of the experimenters directly. At the
end of the experiment, we will collect your name, email, and mailingaddress and give

you your payment.

The following pages describe the first part of the experiment in detail.

Please click “Continue”.

Please wait for everyone to continue.
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Part |
This part consists of 10 rounds. Your group will be endowed with 270 tokens. At the
beginning of every round, each group member will receive an individual endowment.
This endowment will be distributed as follows: Every group member will receive 90

tokens This distribution of tokens will remain fixed for the duration of Part I.

You will have the opportunity to buy two different types of shapes in every round. Each
circle costs 5 tokens. After you select how many circles to buy, your remaining tokens
will be automatically used to buy triangles. Each triangle costs 1 token. You will not

be able to buy more shapes than the ones you can afford.

Your payoff in each round will come from two sources: a Public Income and a Private

Income. The Public Income depends on the total number of triangles acquired by all

3 group members (including you). The Public Income will be the same for every group

member. Your Private Income depends on the total shapes you buy (circles +
triangles). Your payoff will be the sum of your Private Income plus the Public
Income. If the sum of your Private Income plus the Public Income is negative, then

your payoff will be equal to zero (0).

Table 1 and Table 2 show how the Public Income and your Private Income will be
calculated, respectively. Please note that the Public Income decreases for every

triangle acquired by anyone in your group. For your Private Income, increasing your
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total shapes is helpful in some situations but not in others. Table 3 shows the rate of
conversion between circles, triangles, and total shapes for each player. You will receive
two (2) additional minutes to examine these tables after we finish reading the

instructions.

BONUS: In each round, you will also have to guess the sum of the triangles your
other two group members will acquire. If you are exactly right, your payoff will
increase by 100. If your guess is off from the correct result by 5 shapes or less, your
payoff will increase by 50. If your guess is off by 6 or more shapes, then you will not

receive any additional payoff.

Calculator: To help you make the decision of how many circles to get, you will have
the option to use a pre-programmed calculator. To use it, first write down how many
circles you would like to buy, and then write down any guess for the sum of the
triangles acquired by the other group members. The calculator will inform you about
the number of triangles you would get, your total shapes, your Private and Public
Income under that scenario, as well as the payoff you would receive. You do not need
to use the calculator but may find it helpful. The calculator will be available in every
round, and you can use it as many times as you need. The informationyou provide to

the calculator will not affect your payoff in any way.

(Insert calculator here)
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To make your actual decision, you will have to answer the question that will appear
below the Calculator. You will also be asked to type in your guess for the Bonus
payment. To submit your responses, please click on the NEXT Button. You will have

60 seconds per round to make your decision.

(Insert slider)

After each round, you will receive information about how many circles you bought,
how many triangles each group member acquired, your Private Income, the Public
Income, Bonus payment, and your own payoff in that period as well as in each previous
round. You will have 30 seconds to review that information before the next round

begins.

(Insert table)

Remember, everyone in your group is being asked to make the same consumption
decisions. Further, your group members’ payoff, like yours, depend on the total amount
of triangles the group gets. Your decisions in every round have the potential to affect
your actual earnings from the experiment. One round out of the next 20 rounds will be

selected randomly to determine your payment. Each round has equal chances of being
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selected. Since you do not know in advance which round will be selected, you should

decide carefully as if each round is the selected one.

The instructions for Part | have concluded. Before continuing with the experiment, you
will have to answer some questions to make sure you have understood the instructions
correctly. The calculator will be available to help you answer each question. After that,
you will be matched with two other participants and your role as Player, A, B, or C will

be assigned.
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Part 11

The experiment will now extend for another sequence of 10 rounds. These

instructions, as well as a summary of them, will be available to you in each round.

The 10 additional rounds are entirely identical to the previous part, except that the
distribution of the total endowment of your group will be changed. This modification is
completely independent of the outcome of the 10 previous rounds. The 270 tokens of
the group will now be distributed as follows: Player A will get 50 tokens, Player B will
get 90 tokens, and Player C will get 130 tokens. This distribution of tokens will remain

fixed for the next 10 rounds.

Apart from this change in the token’s distribution, you will make the same decision
as in the previous part: determine how many circles to buy. Remember that your

remaining tokens will be automatically converted into triangles.

The Private Income and Public Income will be calculated in the same way as in Part
| (tables available at the end). The calculator will still be provided in each round, and
you can use it as many times as you need. You will also have to guess the number of

triangles that the other group members will buy.

You will have 60 seconds per round to make your decision.
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The instructions for Part Il have concluded. What follows has the potential to affect
your earnings: One round out of the 20 rounds from Parts I and Il will be selected
randomly to determine your payment. Each round has equal chances of being selected.
Since you do not know in advance which round will be selected, you should decide

carefully as if each round is the selected one.

You will have 2 minutesto use and get acquainted with how the Calculator works with

your new income before round 1 begins.
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