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Abstract

This paper investigates the influence of two representative other-regarding preferences on

specified issues. The first chapter studies the preferred tax rate and labor supplies of voters

in the presence of income inequality aversion in a two-stage redistribution game. The two-

stage redistribution game consists of a first stage in which voters vote for a flat tax rate on

income with the revenues redistributed evenly and a second stage in which workers, who are

also voters, provide the labor supplies with the tax rate given. I specify inequality aversion

preferences into two ways: The payoff inequality aversion represents people’s preference to

divide their material payoff evenly, and the income inequality aversion represents people’s

preference to divide their income evenly without considering their efforts to earn that income.

In conclusion, payoff inequality-averse workers provide the same labor supplied as a worker

who does not have any inequality aversions (a standard worker) but prefers a higher tax rate

to a standard worker. The income inequality-averse workers, first, provide their labor supply

considering their positions in a skill distribution and, therefore, adjust their labor supply

such that the income curve becomes flatter. High-skilled workers tend to earn less income,

while low-skilled workers tend to earn more income. Second, the income share of the richest

decreases with the degree of inequality aversion up to a point. Third, inequality-averse

workers do not necessarily prefer a higher tax rate to a standard worker, mainly because

some level of income inequality is already self-adjusted in the second stage.

The second chapter looks at how reciprocal preferences influence coalition size in inter-

national environmental agreements. Reciprocal preferences represent how a decision maker



10

gains an additional positive utility when it responds to a kind action with a kind action or to

an unkind action with an unkind action. I incorporate reciprocal preferences in a two-stage

game that predicts the decision of each government to participate in an agreement that

decreases pollutant emissions. The main result shows that bigger coalition forms than the

standard preference does not include reciprocal preferences. Reciprocal governments that

participate in the treaty (signatories) suffer from unkindness based on pollution by non-

signatories so that the threat to retaliate by polluting becomes credible. Then, free-rider

governments (non-signatories) on the margin surrender to the implicit threat and participate

in the treaty. Furthermore, including reciprocity reverses the usual result that there is an

inverse relationship between the marginal benefit and coalition size. In other words, the

size of coalition increases with the marginal benefit of abatement in an equilibrium when

the reciprocal sensitivity is sufficiently high. Signatories are more likely to retaliate against

non-signatories because the benefit to non-signatories of refraining from decreasing emissions

aggravates the unkindness to signatories.
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Chapter 1

The influence of income inequality aversion in a

redistribution game

1.1 Introduction

Many researchers (Atkinson et al [4], Saez and Piketty [39]) acknowledge that income

inequality has grown world-wide, including the United States for the last thirty years. In

addition, there is much evidence that people have an aversion to income inequality. The

ratio of respondents saying that inequality is the greatest threat to the world has increased

by around 10 percentage points in last seven years in the U.S. and Europe.1 In 2011, peo-

ple also protested in Wall Street against income inequality. Many researchers (Blanchflower

and Oswald [9], Luttmer [32], Dynan and Ravina [18]) report that income, relative to aver-

age income, is associated with happiness and satisfaction. People with such an aversion to

inequality can influence policy via the democratic mechanism, yet surprisingly most coun-

tries with a democracy have a trend toward greater income inequality. Some (Acemoglu

and Robinson [2], Muller [35]) argue that democracy mitigates income inequality. Some

(Mulligan et al [36], Bollen and Jackman [11]) argue that democracy is not correlated with

redistribution. In a recent study, Acemoglu et al [1] argue that democracy is correlated with

tax revenues but has no impact on inequality. Most notably, Piketty and Saez [39] discuss

the connection between personal and social norms and the trend of income inequality, saying

1http://www.pewglobal.org/2014/10/16/middle-easterners-see-religious-and-ethnic-hatred-as-top-
global-threat/
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that “changing social norms regarding inequality and the acceptability of very high wages

might partly explain the rise in U.S. top wage shares observed since the 1970s”.

However, very few papers investigate how inequality aversion affects income inequality.

Therefore, I shed light on this relationship by integrating inequality aversion into a redistri-

bution game. The starting point is the widely studied two stage game of Meltzer and Richard

[34]. This game consists of a first stage when voters choose a flat tax rate for redistribution

and a second stage when workers, who are also voters, decide their labor supplies with the

tax rate given. Then, the inequality aversion model of Fehr and Schmidt [21] (FSIA) is

incorporated into the redistribution game. Depending on how workers access inequality, I

specify two alternative FSIA functions. The payoff FSIA function assumes that an individ-

ual is averse to payoff inequality. Alternately, the income FSIA function assumes that an

individual is averse to income inequality. The main difference is whether to include the cost

of earning income (i.e. the value of leisure) in the comparison. Note that this model differs

from an egalitarian social planner in that all individuals have such an adjustment in aversion

to inequality.

As the results for the payoff inequality aversion, the labor supply of workers is the same

labor supplies of workers who do not have any inequality aversion (a standard worker).

However, they consider payoff inequality aversion when they choose the tax rate preferred,

so that a higher tax rate is preferred to those of a standard worker. On the other hand, as

the results for the income inequality aversion, first, the labor supplies lead to higher incomes

for low-skilled workers and lower incomes for high-skilled workers; therefore, the correlation

between total income and skill is weaker. As the degree of income inequality aversion becomes
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stronger, the labor supply can decrease in skill until the incomes of workers do not vary with

skill. Second, as the degree of income inequality aversion increases, the income share of the

richest decreases up to a point. Because the high degree of pity influences the high-skilled

workers more than the low-skilled workers, the high-skilled workers adjust their income

faster than the average worker. Third, income inequality aversion has additional channels

to influence the preferred tax rate, on top of the standard tension between government

transfer and disposal income. Income inequality aversion flattens equilibrium income so

that the median voter prefers a lower tax rate. On the contrary, income inequality aversion

encourages voters to care about income inequality, which implies a preference for higher

redistributive taxes. Therefore, the optimal tax rate of a median voter depends on the size

of these effects. A stylized example shows an unexpected result compared to the common

intuition that voters with inequality aversion would prefer a high tax rate. The more right-

skewed the skill distribution is and the greater the income inequality parameters are, beyond

a threshold, the lower is the preferred tax rate. As the skill distribution becomes more right

skewed, a worker becomes higher ranked in the distribution of skills. This worker recognizes

that the burden of the low- skilled workers increases with the current tax rate, so that the

worker comes to prefer a lower tax rate compared to the standard case.

At a theoretical level, Roberts [41] shows that the optimal tax rate of a voter decreases

with her income. Meltzer and Richard [34] expand Roberts’ result by showing that workers’

incomes are sorted by skill levels as an ascending order. Meltzer and Richard also interpret

this result in a way that the expanding of a democratic mechanism would mitigate the

deepening of income inequality. My model expands the model of Meltzer and Richard, and
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the standard result that the optimal tax rate of each voter has a reverse relationship with

skills holds in my model. In papers that explore the role of preferences in a redistribution

setting, Dhami and Al-Nowaihi [16] investigated the payoff inequality aversion preferences

in a finite redistribution game. They show that the labor supplies of workers are the same

as the standard case and the Condorcet winner exists when a quasi linear utility function

is assumed. Alesina and Angeletos [3] studied fairness concern that is represented by a

difference between what a worker earns and what a workers should earn based on working

in a redistribution game. They argue that a low degree of expectation of a fairness implies

a high tax rate by comparing different income tax rates between Europe and the USA in an

enriched distribution game.

Cappelen et al [13] studied the proportion of various fairness preferences in a broader

meaning distribution game experiment. They present that 23, 47, and 30 percent of subjects

were classified as Egalitarians (18 percent as Strict Egalitarians and 5 percent as Choice

Egalitarians), Meritocracy, and Libertarians respectively in the dictator game that requires

subjects to work to get compensation. Libertarians and strict Egalitarians provide two ex-

treme views regarding a redistribution because Libertarians have the view that workers are

responsible for all income while strict Egalitarians prefer to divide incomes evenly regardless

of how incomes are established. On the other hand, Choice Egalitarians address that work-

ers should be responsible for what they can control. However, Meritocratism reflects that

workers should be responsible for results based partly on individual characteristics on top

of what they can control. In my model, the payoff inequality aversion reflects the view of

Choice Egalitarians and the income inequality aversion reflects the view of Strict Egalitari-
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ans. However, because an individual in my model also considers its own utility, the payoff

and income inequality aversion include the view of Egalitarians depending on the degree of

inequality aversion.

In experimental research, Tyran [43] argues that voters possess a non-standard preference

in a voting experiment in which subjects vote for contributing an endowment to a charity.

Feddersen et al [20]’s experiment enriching Tyran’s experiment suggested that voters express

their moral opinions by voting beyond the strategic concerns. Tyran and Sausgruber [44] and

Hochtl et al [27] argued that if the FSIA style rich have a small degree of inequality aversion,

they vote for a higher tax rate for a redistribution in a re-distribution game experiment. The

fair-minded rich are more likely to be a pivotal voter than the poor because the optimal tax

rate preferred by each group is aligned in the order of the standard rich, the fair-minded

rich, and the poor. Therefore, it is meaningful to investigate behaviors of the group of voters

that would have the highest degree of inequality averse preference.

1.2 Model

This is a two-stage distribution game. The basic framework of this model follows Meltzer

and Richard’s model. Voters vote for a flat tax rate of income in the first stage, then the

government distributes a budget derived from having taxed the voters evenly. The flat

tax represents that the tax ratio is constant over the incomes. Given the tax rate, each

voter, who is also a worker, chooses her hours worked in the second stage. A direct voting

mechanism is applied, which leads voters to express their optimal tax rates non-strategically,

then a tax rate of a Condorcet winner, typically a median voter, is chosen. No inefficiency
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of the government in the process of income distribution is assumed. Although no role of

the government other than a pure redistribution is assigned technically, this redistribution

can capture various activities of a government such as providing social overhead capital.

Technically, the continuum of voters is distributed in the support [0, 1] based on a c.d.f.

function F . For simplicity, assume that F is twice continuously differentiable although most

of the results in this paper hold with a discrete c.d.f. function.

Each voter i ∈ [0, 1] has a different skill si such that si = i. The skill level represents a

conversion ratio of a physical working hour to an income. After a flat tax rate t is chosen, each

worker i chooses her working hours li simultaneously. Each voter has a physical limitation of

maximum hours worked that is normalized to 1, thus li ∈ [0, 1]. A pretax income of worker

i is yi ≡ sili. Additionally, each worker does not possess any assets or properties. Because

this is an one-shot game, workers have no savings or chance to build wealth from investment.

While this is a simple way to model wealth differences, the empirical trend that the rich after

the second world war have built wealth relatively based on incomes supports this simplicity.

Therefore, given a skill distribution, the rich and the poor in this model are determined

based on working hours li associated with skills. Based on the tax revenue, the government

distributes government spending evenly to the voters by a pure transfer. Therefore, in this

model, government spending is the same as a pure transfer. Note that it is also possible to

set up a government transfer and a tax imposition progressively by assuming that both are

functions of incomes; however, for simplicity and to focus on the role of inequality aversion,

the flat tax and an even redistribution are assumed. The consumption level of a worker i

is ci = (1 − t)yi + G, where G ≡ tȳ ≡ t
∫ 1

0
yjdF (j), or the tax of an average pretax income
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imposed. It represents an addition of a disposal income after tax and a government transfer

per worker. It means that government spending is binding on its budget based on individuals’

income taxes. What subtracts a cost from the consumption level ci is called the standard

utility and denotes πi. The cost that the worker i necessarily produces li is represented by

the function C(−). Therefore, the standard utility consists of πi ≡ ci − C(li).

For simplicity, a quasi linearity among the disposal income, the government spending,

and the cost function is assumed, which will be discussed later. Additionally, a worker has a

preference for leisure, which is also represented by the cost function of a working hour, C(−).

This cost function is increasing, convex, continuously differentiable, and zero if a worker does

not work. If C ′(0) > 0, then workers would work for nothing. Instead, I assume C ′(0) = 0,

implying that all workers, si > 0, can be satiated with leisure and choose li > 0. The

marginal utility for leisure is positive, C ′(l) > 0 as long as l ∈ (0, 1]. Additionally, because

the maximum value of labor is one, C ′(1) ≥ 1 guarantees an interior solution except for the

i = 0 and i = 1 workers. It also means that the marginal utility of leisure is greater than

the value of labor so that a worker should increase her leisure from zero leisure. Convexity

of the cost function is assumed for uniqueness of the hours worked or a marginal utility of

leisure decreases.

The utility of a worker based on an inequality-aversion is called an inequality-averse

utility, and denotes the function IA. The utility function of the worker i is quasi-linear

between πi and IAi so that it consists of consumption, leisure, and an utility for an inequality

preference.
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Ui(l, t;F ) ≡ πi(li, t;F ) + IAi(l, t;F ),∀i

where l ≡ (lj)∀j∈[0,1] and IA is the utility function of specifying an inequality-aversion of

the workers.

An inequality aversion utility function follows Fehr-Schmidit’s inequality-aversion func-

tion. The FSIA function captures a self-centered inequality-aversion preference under com-

plete information.2 A player measures an inequality-averse utility by the difference between

her income (or payoff) to another player’s income (or payoff) pairwise. When her outcome is

worse than another player, she would be hurt by envy, the degree of which is represented by

a non-negative parameter α. When her outcome3 is better than another player, she would

be also hurt by pity, the degree of which is represnted by a non-negative parameter β. It

is assumed that α is greater than or equal to β, meaning that this preference has a loss

aversion flavor because the player suffers more from his disadvantage. Additionally, β is less

than 1. If β is greater than 1, a player who has more than the other can burn her money

to make their money even, which is absurd. Note that although it is assumed the inequality

aversion is a preference, the result can be carefully expanded to the case of a negative social

pressure to be rich because of complete information assumption. In fact, once a negative

social pressure to be rich occurs, an individual technically recognizes such a pressure in the

model.

I distinguish between two cases of an inequality-averse utility function, depending on

2The model of Bolton and Ockenfels [12] is an inequality-averse model under incomplete information in
that players consider inequality as a share of incomes.

3Or utility. All discussions are applied for utilities as well.
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whether to include a leisure term. When an inequality-averse preference does not include

a leisure term, it implements the preferences of what Cappelen et al call strict egalitarians,

who are averse to income inequality regardless of efforts of workers. I call an inequality averse

preference that does not include the leisure term an income inequality averse function.

However, when an inequality averse preference includes the leisure that a worker con-

sumes, it represents the preference of persons who are concerned about inequality in payoff.4

An inequality averse preference that includes a leisure term is called a payoff inequality

averse function. In both inequality-averse functions, it is assumed that parameters α and β

are homogeneous across workers.

Definition 1.1 (An income inequality aversion).

IAIi (l, t, s) ≡ −β(1− t)
∫ 1

0

max{yi − yj, 0}dF (j)− α(1− t)
∫ 1

0

max{yj − yi, 0}dF (j)

where α ≥ β and 0 ≤ β < 1.

Definition 1.2 defines the payoff inequality aversion preference. A worker with payoff

inequality aversion compares her payoff with another worker’s payoff, which implies that she

4The different views of a distribution are implemented in a different way in this model. For the same
output yi, choice egalitarians think that workers are responsible for their own labor hours. Therefore, the
cost for providing such a labor should be excluded in the object to distribute: yi − C(li).

Meritocracy Choice Egalitarians Strict Egalitarians
Output yi = sili yi = sili yi = sili

Responsibility labor and skill labor -
What to distribute yi − C(li, si) yi − C(li) yi

For the meritocracy, the skill should not be included in the object to distribute. Therefore, one way to
implement this in my model would be to consider the skill in the cost function: yi − C(li, si). Alesina and
Angeletos [3] implement this view as the difference what workers can gain in practice and what workers
should gain: y′i − yi where y′i = sili + ε and ε is the error term that represents a deviation of incomes that a
worker can get due to for example luck.
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cares about the effort to earn such an income.

Definition 1.2 (A payoff inequality aversion).

IAPi (l, t, s) ≡ −β
∫ 1

0

max{πi − πj, 0}dF (j)− α
∫ 1

0

max{πj − πi, 0}dF (j)

where α ≥ β and 0 ≤ β < 1.

It is worth noting that a simple linear utility for consumption is assumed because of

the form of the income inequality aversion function. It is not straightforward whether a

worker gets negative utility from unequal incomes or unequal utility from incomes. A worker

can compare her income to another’s income. However, she can also compare her utility to

another’s utility based on their incomes. In practice, it also depends on whether a worker

can observe the utilities of other workers. This problem is unavoidable for payoff inequality

aversion. In addition to the problem of observing incomes or utilities of incomes, it is

unclear whether a worker realistically knows the cost or leisure function of other workers.

Although it is technically common knowledge that everyone knows each others’ utility and

cost function, it is easily conceivable that this is problematic in practice. In this paper, this

ambiguity regarding how a worker accesses income inequality is set aside by assuming the

quasi linearity and an identity utility function of a consumption, because the motivation of

the paper is a comparison between payoff and income inequality aversions.

This paper expands previous canonical papers in different ways. This is the first paper

that applies the FSIA function to income inequality aversion. The FSIA function did not

distinguish between aversions causing different kinds of outcomes. It referred to unspecified

abstract outcomes. I expand Meltzer’s model by considering workers who exhibit inequality
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aversion. This model differs from Dhami and Al-nowaihi’s model in two ways. First, Dhami

and Al-nowaihi investigate a payoff inequality aversion and not income inequality aversion.

Second, this model has a continuous distribution of workers by skills whereas Dhami and

Al-nowaihi’s model has a finite number of workers. My result based on payoff inequality

aversion generally accords with that of Dhami and Al-nowaihi. However, Dhami and Al-

nowaihi ignore the individual effect implied by the finite population of workers, specially

that a single worker affects the governments spending.5 By studying a continuous model, I

put a more rigorous foundation under that claim.

1.3 Labor supply of a worker

Sections 3 and 4 provide the result of the income inequality aversion. In Appendix A,

I place the result of a payoff inequality aversion for a smooth reading of a reader. As a

short summary of a payoff inequality aversion, a worker with a payoff inequality aversion

provides the same level of labor as the standard worker, which is provided in Appendix A.a.

Therefore, the government transfer is not changed compared to the standard case. However,

an increase in α and β solidly increases a high tax rate preferred through direct effect, which

is summarized in Appendix A.b.

Subsection 1.3.1 and 1.3.2 account for the labor supply of income inequality averse worker

5If the finite n number of workers is assumed in the model, the government transfer G is as follows.

G(t, li; l−i) = t

n∑
j=1

sj lj = tsili + t
∑
j 6=i

sj lj

Therefore, its derivative with regard to the labor does not become zero: tsi. However, Dhami and Al-nowaihi
did not clearly provide the reason for the lack of this additional term.
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in the second stage. Subsection 1.3.3 explains how the income share of the richest is influ-

enced by inequality aversion. Then, Section 1.4 describes how the degree of income inequality

affects the optimal tax rate of the median voters. Subsection 1.4.2 provides a stylized exam-

ple of a counter-intuitive relationship between income inequality and the optimal tax rate of

the median voter. Additionally, all proofs are in the appendix.

Let L(x) denote the inverse function of the marginal cost function. Obviously, L(x)

exists, is positive, and has a positive derivative.

1.3.1 Labor supply in the second stage

Lemma 1.1. For a function k : [0, 1]→ [0, 1], let bi = {j ∈ [0, 1]|k(i) > k(j)} and ai = {j ∈

[0, 1]|k(i) < k(j)}.

Then,

i) 1− β
∫
j∈bi dF (j) + α

∫
j∈ai dF (j) > 0

ii) 1− β
∫
j∈bi dF (j) +α

∫
j∈ai dF (j) > 1− β

∫
j∈bi′

dF (j) +α
∫
j∈ai′

dF (j), ∀i < i′ such that

k(i) < k(i′)

Suppose that k(i) represents the income of Worker i given an optimal labor supply. The

term 1 − β
∫
j∈bi dF (j) + α

∫
j∈ai dF (j) has a proportional effect on the utility of Worker i,

based on her position in the income distribution. As long as the function k strictly increases,

this weight strictly decreases in skills even in the case that the function k is discontinuous.

Conceptually, the high income worker has less incentive to work hard than a standard high

income worker, because of the intrinsic pity of the former for those who are poorer.
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Lemma 1.2. In any equilibria, y∗i is weakly increasing in skills.

Proposition 1.2 implies that there are potentially two kinds of equilibria: those in which

income is strictly increasing according to skill and those in which some intervals of skill have

the same income.

To define an equilibrium of labor supplies, let l∗(s) represent the optimal labor supply

and let y∗(s) represent the implied incomes.

Definition 1.3.

R(s) ≡ 1− βF (s) + α(1− F (s))

l∗(s) ≡ l∗(s;α, β, F (−)) ≡ L[(1− t)sR(s)] ≡ L[(1− t)s{1− βF (s) + α(1− F (s))}]

y∗(s) ≡ s · l∗(s)

Eventually, the y∗(si) and l∗(si) characterize an equilibrium. l∗i and y∗i represent the

equilibrium labor supply and income for workers. R(s) represents the weight of income

inequality aversion. Proposition 1.1 characterizes a general equilibrium of labor supply.

Proposition 1.1. Given t, the unique equilibrium income of Worker i is characterized by

y∗i = max
si′∈[0,si]

y∗(si′), ∀i

Proposition 1.1 describes the labor supply behavior of workers by optimal incomes. Work-

ers provide labor supply as much as they can earn more income than those less skilled than

themselves. If y∗(si) strictly increases, y∗(si) fully characterizes an equilibrium. Corollary

1.1.1 characterizes an equilibrium such that incomes strictly increase with skills. However,
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if y∗(si) decreases in some skill intervals, incomes can be constant. Then, an implication of

equilibrium is provided.

Definition 1.4. Given t < 1,

C = {(α, β, F )|y∗(s) strictly increases in all s in (0, 1]}

Corollary 1.1.1 (An equilibrium such that the optimal y∗i strictly increases). Given the tax

rate t, the unique equilibrium of labor supply is

l∗i = L[(1− t)si{1− βF (si) + α(1− F (si))}], ∀i

if (α, β, F (−)) ∈ C.

The next two paragraphs provide a verbal sketch of the argument in Proposition 1.1.

Suppose that (α, β, F ) /∈ C. There exists an interval such that y∗(si) is decreasing as

illustrated by an interval [slb, s3] in Figure 1.1. This can happen if β and α are sufficiently

high given F .6 If F is a uniform distribution, then y∗(s) decreases only for high-skilled

workers. However, if F has a spike of high density in a certain skill, an interval can occur

of decreasing y∗(si) in middle skilled workers. A middle skilled worker might have that

decreasing in the weight R(si) over skill is so fast that she has an incentive to decrease her

6The derivative of y∗(s) is as below.

∂y∗(s)

∂s
= L+ L′ · s(1− t)∂sR(s)

∂s
= L+ L′ · s(1− t){R(s) + sR(s)′}

In the derivative of y∗(s), every term other than R(s)′ is positive. Because R(s)′ = −(α + β)f(s), α and β
associated with f(s) are necessarily large if there is the interval that y∗(s) decreases, where f(s) is a p.d.f.
function of F .
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income as skill increases. Such an interval of people is illustrated by [slb, s3] in Figure 1.1.

For example, Worker s′ chooses to earn income y∗s′ only if incomes of workers in [0, s′] are

less than Worker s′ and those of workers in [s′, 1] are more. However, Worker s′ has more

workers earning more incomes in [s1, s
′] than if y∗(si) strictly increases. Thus, because R(si)

becomes greater than the weight implied by Lemma 1.1, Worker s′ provides more labor,

which is shown by Proposition 1.2. Then, all workers in [s′, sub] will have at least as much

income as ys′ because R(si) increases. These interactions eventually have all workers in

[slb, sub] at on income of yb. However, if Worker s′ attempts to earn more than yb as depicted

as a dot in Figure 1.1, then many workers in [slb, sub] are discontinuously included in the

group that earn less than Worker s′. At the same time, to optimally earn more than yb,

the skill level s should exceed sub so that R(si) is smaller. However, because s′ is less than

sub, R(si) must be greater, a contradiction. Therefore, when yb begins to decrease from slb,

all workers in [slb, sub] should earn as much as yb, but not beyond yb, and this is proved in

Proposition 1.1. Note that Worker s in [0, s0] or [sub, 1] provides l∗s = l∗(s) because they

have the same position in the income distribution regardless of income variations in [s0, sub].

Let us call the interval of skills such as [slb, sub] the flat spot. Note that such flat spots are

completely determined by y∗(s), which is fully determined by (α, β, F ).

It is worth mentioning that the labor supply of a worker with income inequality aversion

depends on her position in the skill distribution. In other words, although a worker with an

inequality aversion compares her income pairwise, she seems to provide her labor as if she

considered only her position in the skill distribution ex post. This is realistic because most

information that a worker can see through the media concerns her relative position in the
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Skill

Income

slb

yb

subs0 s3s′

y∗s′

s2s1

y∗i
y∗(s)

Figure 1.1. The income supply curve in a second stage

income distribution.

1.3.2 Labor supply example based on a uniform distribution

In equilibrium, let us define the si such that −βF (si) + α(1 − F (si)) = 0 to be the IA

center: α
α+β

= F (si).

Definition 1.5. The IA center is the skill sI such that F (sI) = α
α+β

.

The IA center represents the skill level at which the worker provides the same labor

supply as a worker possessing standard preferences. Because α
α+β
≥ 1

2
, a worker at the IA

center has at least as much skill as the median skill worker. The IA center α
α+β

increases

in α and decreases in β. An increased α encourages almost all workers to work more and

shifts the IA center rightward. In other words, workers are more subject to envy and less

subject to pity. Conversely, the higher β implies that more workers decrease their labor

supply. When there is more pity for the poor, the high-skilled workers are more likely to
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work less. Compared to hours worked with a standard preference, l∗ST,i = L[(1 − t)si], l
∗
i

is greater than l∗ST,i when si < sI and smaller otherwise (See Lemma A.2 in Appendix B.).

This relationship also holds for incomes because income is labor times skill. Therefore, the

distribution of income coalesces toward the IA center at which inequality aversion has no

effect.

Figure 1.2 illustrates how the income curve over skill is changed as the degree of pity

increases if a uniform distribution is assumed. To compare, income with standard prefer-

ences is drawn, which is represented by y∗ST,i = sil
∗
ST,i. When income inequality aversion

is sufficiently low, y∗(si) strictly increases in si in Figure 1.2. Note that the parameter set

C generally requires smaller parameters than when parameters are not in C. For example,

if F (x) is a uniform distribution function and the cost function is a simple quadratic as

C(l) = x2

2
, the set C is {(α, β, F (x) = x)|α+ 3β < 2}.7 Suppose that α+ 3β = 1. Then, the

IA center satisfies 1
2
< sI = 3α

2α+1
≤ 1 corresponding to 1

4
< α ≤ 1.

When β is sufficiently high, the coalescing of income is so great that there must be a

flat spot. This is proved in Proposition 1.1 and is illustrated in Figure 1.2; Moreover, labor

supply necessarily decreases in skill in a flat spot. In fact, although the high-skilled workers

work less, they are still at the top of the income distribution and keep their incomes as much

as others.

Once a skill variation is interpreted as a wage variation, a flat spot overspreads to a

backward bending in the labor supply curve. In other words, suppose that a) the pretax

income of Worker i is also changed by a wage w: yi = w ·si ·li and b) incomes of other workers

7Then, y∗(s) = (1 − t)s2{1 − βs + α(1 − s)}. Since its derivative is (1 − t)s{2(1 + α) − 3(α + β)s}, if
α+ 3β < 2 and t 6= 1, y∗(s) strictly increases over all s ∈ [0, 1].
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Income

Skill

y∗ST,i, α = β = 0

y∗i , α = 1, β = 0.2

y∗∗i , α = 1, β = 0.8

sIs′I
sb

- y∗ST,i: Standard income, y∗i : Income with income inequality aversion with the low β and y∗∗i :
Income with income inequality aversion with the high β

- A uniform distribution, a quadratic cost function, and t = 0.1 are assumed.

- In ths figure, sI = 0.83 and s′I = 0.55.

Figure 1.2. Income variations across skills over the degree of inequality
aversion

are already spread with fixed wage as one. It is less interesting when wages for all workers

increase because inequality aversion mainly comes from the differences between incomes.

Then, a decrease of labor supply in skills implies a backward bending labor supply curve as

Figure 1.3. The left figure represents changes in labor supply of Worker si = 0.6 depending

on different degrees of pity. The right figure represents labor supplies of different workers

with a fixed α = 1 and β = 0.8. Labor supply can decrease in wage as the degree of pity

and the skill of worker are sufficiently high. This occurs even though the quasi linear utility

function rules out an income effect. The backward bending labor supply instead comes from

pity or a social pressure that causes high-skilled workers to decrease their labor supply.
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Wage

Labor

β = 0.5
β = 0.2

β = 0.8

1

1.5

0.5

Wage

Labor

1

1.5

si = 0.6

si = 0.4

si = 0.2

0.5

- A uniform distribution, a quadratic cost function, and t = 0.1 are assumed.

- The solid curves in left and right figure are the labor supply curve of Worker si = 0.6
with α = 1 and β = 0.8.

- The left figure illustrates the changes in labor curve of Worker si = 0.6 as β increases
with fixed α = 1.

- The right figure illustrates labor supplies of different workers with α = 1 and β = 0.8.

Figure 1.3. Backward Bending Labor Supply

1.3.3 The income share of the richest

Piketty and Saez mention that concerns for inequality could be a cause of decreasing the

income share of the richest. This section investigates the relationship between inequality and

the income share of the richest. Concerns about inequality are represented by high inequality

parameters α and β.

For simplicity, let us assume that y∗i strictly increases in skill; (α, β, F ) ∈ C. Therefore,

y∗i = y∗(si) = sil
∗(si). The total income of the 1 − h richest equals

∫ 1

h
y∗jdF (j), where

h ∈ (0, 1). Then, the income share of the 1− h richest is
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∫ 1

h
y∗i dF (i)∫ 1

0
y∗jdF (j)

(1.1)

When β increases, the optimal income of Worker i decreases if si 6= 0 and t 6= 1,

∂y∗i
∂β

= −s2
iL
′(1− t)F (s) ≤ 0 (1.2)

Therefore, if the high-skilled workers decrease their incomes faster than the low-skilled

workers, then the income share of the richest decreases. The second derivative of optimal

income is

∂2y∗i
∂si∂β

= −si(1− t)[L′′ · (siR(si))
′si(1− t) + L′ · {2F (si) + sif(si)}] (1.3)

where f(si) = F ′(si). If L′′ > 0 and siR(si) increases in si, then the derivative (1.3)

is negative so that the high-skilled workers decrease their incomes faster than low-skilled

workers. If siR(si) decreases in skills, then the above inequality is again negative if L′′ < 0.

Note that the condition that siR(si) increases in skills is equivalent to the condition that

(α, β, F ) has the property that siR(si) increases over all skills. First, Definition 1.6 defines

a set of parameters to represent such a condition in Proposition 1.2.

Definition 1.6. Given t < 1,

C1 = {(α, β, F )|∀si ∈ (0, 1], siR(si) increases.}

C2 = {(α, β, F )|∀si ∈ (0, 1], siR(si) decreases.}
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Note that parameters satisfying C1 satisfies that y∗(si) strictly increases: C1 ⊂ C. Ad-

ditionally, C1 is not empty because for any distribution α = β = 0 is an element of C1. If

pity for the poor is sufficiently low, the relative rich decrease their incomes faster than the

poor because the rich are more influenced by the pity than the poor. In fact, although β is

sufficiently big so that the labor supply decreases in skill, it does not necessarily mean that

the decrease in income is reversed. Rather, if the income decrease of the rich is slower than

that of the poor, L′′ · (siR(si))
′ should be negative.

In addition, when α increases, the optimal income increases.

∂y∗i
∂α

= L′ · (1− t)s2
i (1− F (si)) ≥ 0 (1.4)

The equality holds when si = 0 or si = 1. The left term of the inequality (1.4) is continuous.

∂y∗

∂α
is positive unless si = 0 or si = 1. Therefore, it is always possible to find sufficiently

high h such that the average income increase is faster than the average income of the 1− h

richest.

Proposition 1.2 (The income share of the 1-h richest).

a) The income share of the 1 − h richest decreases in β if i) L′′ > 0 and (α, β, F ) ∈ C1,

ii) L′′ < 0 and (α, β, F ) ∈ C2, or iii) L′′ = 0.

b) There is sufficiently high h such that the income share of the 1−h richest decreases in

parameter α.

Two implications need to be noted. First, this adjustment occurs at any tax rate given

except t = 1. Second, there is an asymmetry of the effects of α and β on the income share.
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Mainly, this asymmetry is associated with the fact that two parameters influence different

groups of skilled workers in a different way. For example, Worker si = 0 always provides

zero labor supply regardless of α and β. However, a high β decreases the labor supply of

Worker si = 1 while a high α does not influence the highest skilled worker. Therefore, the

high-skilled workers are more susceptible to β than α. Implicitly, accompanying that the rich

have more income that can influence the utilities of inequality aversions, such an asymmetry

comes across.

1.4 The optimal tax rate comparison

In the voting procedure, Proposition 1.3 says that as in Roberts and Meltzer and Richard’s

standard model, the optimal tax rate for each worker decreases in skill levels even if a flat

spot occurs. Therefore, the tax rate of the median voter is chosen.

Proposition 1.3.

i) The optimal tax rate t∗i for each voter i exists.

ii) The optimal tax rate is continuous and strictly decreasing in si

iii) The median voter is decisive.

Admittedly, to investigate an optimal tax rate in a linear income tax mechanism is a

standard question. A higher government transfer that can be yielded by a higher tax rate

increases one’s utility. However, a higher tax rate that is a source of government transfer

decreases one’s pretax income. Associated with this standard conflict between after-tax
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income and government spending, income inequality aversion affects the optimal tax rate

preferred in a different way. First, a high degree of inequality aversion mitigates an income

inequality by adjusting the labor supplies of workers. Therefore, this flatness effect results

in a less high tax rate being preferred. However, the higher degree of α and β means that

a voter suffers more from income inequality. Therefore, voters prefer a higher tax rate for

a redistribution from an increase of α and β. Let us call this effect the direct effect. In

addition, the inequality aversion influences government spending. However, the direction of

the derivative of government transfer depends on parameters and the derivative of the inverse

marginal cost function, so that its direction is ambiguous. Therefore, the comprehensive

effect of income inequality aversion on the optimal tax rate is indefinite.

For a technical comparison, let us call the optimal income of a standard worker and

an income inequality averse worker y∗ST,i and y∗i respectively. In addition, let us call the

government transfer of standard workers and income inequality averse workers GST and G

respectively.

1.4.1 The optimal tax rate of a standard worker

The utility function of the standard worker in the first stage is π∗i ≡ πi(l
∗
ST,i). The FOC

of the standard worker corresponding to the labor supply consists of y∗ST,i and G′ST . It means

that the optimal tax rate of Worker i decides where the marginal tax payment, y∗ST,i, meets

the marginal government transfer per capita, G′ST .
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∂π∗i
∂t

= −y∗ST,i +G′ST (1.5)

where y∗ST,i = siL[(1− t)si] and G′ST =

∫ 1

0

y∗ST,jdF (j) + t

∫ 1

0

(y∗ST,j)
′dF (j)

The income y∗ST,i strictly increases in skills. G′ST = 0 at t = 1 and G′ST > 0 at t = 0.

If G′ST < 0, all workers other than si = 0 prefers t = 0. Let us assume that G′ST > 0.8

These ySTj and G′ST curves are plotted in an income-skill space. In Figure 1.4, y∗ST,i is drawn

instead of −y∗ST,i to compare y∗ST,i and GST directly. This implies that there is an optimal

tax rate t∗sI such that −y∗ST,I + G′ST = 0 at sI or at Point A. For all si > sI , the FOC is

negative so that Worker si can increase its utility by choosing a smaller tax rate than t∗sI .

Therefore, Worker si prefers a lower tax rate than t∗sI . Additionally, for all s < sI , a higher

tax rate than t∗sI is preferred. Therefore, eventually, a decreasing trend of the optimal tax

rate across skill levels is implied.

Marginal
Utility

Skill

G′ST

y∗ST,i

sI

A

Figure 1.4. Standard Case

8Because G′ST = E[L[si(1− t)]]− tE[L′[si(1− t)]si], if ∀l L′[l] ≤ L[l], G′ST is nonnegative.
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1.4.2 The optimal tax rate of an income inequality averse worker

Suppose that there is no flat spot for simplicity and both parameters α and β are positive.

Define U∗i ≡ Ui(l
∗
i )+IAIi (l

∗
i ). The FOC of the value function with regard to t is as organized

based on the proof of Proposition 1.3.

∂U∗i
∂t

= −y∗iR(si) +G′ +HI(α, β, t, si) (1.6)

where y∗i = sil
∗(si), R(si) = 1− βF (si) + α(1− F (si)),

G′ =

∫ 1

0

y∗jdF (j) + t

∫ 1

0

(y∗j )
′dF (j) and

HI(α, β, t, si) ≡ β
∂
{

(1− t)
∫ si

0
y∗jdF (j)

}
∂t

− α
∂
{

(1− t)
∫ 1

si
y∗jdF (j)

}
∂t

All three terms, y∗i , G
′, and HI , are compared to the standard case to figure out the

direction of the tax rate preferred. The y∗i in the definition (1.6) is flatter than y∗ST,i in the

definitions (1.5) and (A.15). In the left graph in Figure 1.5, the y∗i curve rotates clockwise

centering on the IA center that is represented by Worker sI comparing to the y∗ST,i curve.

Because multiplying the term R(si) has the same flatness effect again, y∗iR(si) is much flatter

than y∗ST,i and even y∗i .

Although the continuum of voters are not a random variable, I will use the expectation

E[−] as a notation to represent the average of incomes. Then, whether E[y∗j ] and E[(y∗j )
′]

are greater than the standard case depends on parameters α and β, the cost function, and

the skill distribution. Therefore, compared to the standard G′ST,i, G
′ can move upward

or downward depending on such parameters. The right graph in Figure 1.5 illustrates G′
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moving downward.

Skill

G′ST

y∗ST,i

sI

A

y∗iR(si)

Skill

G′ST

y∗ST,i

sI

A

G′

Figure 1.5. The comparison of incomes: Standard case and income inequality
aversion

In addition, HI can be represented by as follows.

HI(α, β, t, si) = β{E[(1− t)y∗j |j < i]}′ − α{E[(1− t)y∗j |j > i]}′ (1.7)

The derivatives with regard to the tax rate of E[(1 − t)y∗j |j < i] and E[(1 − t)y∗j |j > i]

represent the decrease of a disposable income which shows skills of relatively high-skilled

workers and low-skilled workers with regard to a tax rate respectively. In other words, it

represents the comparison of the decreases of average disposable incomes with regard to a

tax rate between two skill groups. If a decrease of the average disposable incomes of the

high-skilled workers is sufficiently above those of the low-skilled workers at his position, this

voter prefers a higher tax rate. In fact, the shape of the HI function is intuitively attractive

in that voters reflect the preferences as to which skill group of workers would suffer from
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raising a tax and favor that the high-skilled workers should pay more of the burden of the

tax rise than the low-skilled workers. Lemma 1.3 describes the properties of the HI function.

Lemma 1.3. Given α > β > 0 and t < 1, let HI(s) ≡ HI(α, β, t, s) and sI be the IA center.

i) HI(si = 0) > 0 and HI(si = 1) < 0

ii) There is s̃ such that HI(si = s̃) = 0.

iii) ∀si 6= 0, H2(si) strictly decreases in si if (α, β, F ) ∈ C1 and L′ weakly increases.

iv) Let s̃ such that HI(s̃) = 0. Then, if (α, β, F ) ∈ C1 and L′ weakly increases, s̃ > sI and

HI(si = sI) > 0.

Lemma 1.3.i represents that the lowest skilled worker prefers a higher tax rate while

the highest skilled worker prefers a lower tax rate. Lemma 1.3.ii represents that there is a

worker who does not consider who will pay the burden because the worker is located in the

psychological middle such that the burden of the relatively high-skilled workers is exactly

the same as those of the relatively low-skilled worker at his position. Lemma 1.3.iii captures

that when the labor supply strictly increases in skills HI decreases in skills. Additionally,

Lemma 1.3.iv shows that the worker s̃ that does not consider the burden is higher than the

IA center worker. In other words, HI draws on top of the G′ in the way that workers whose

skills are lower than s̃ have positive HI and otherwise negative.

To sum up, a median voter with an income inequality preference considers two different

effects of choosing a tax rate beside the standard conflict between a government transfer

and an after-tax income. First, the flatness effect that incomes y∗i become flatter across
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skills discourages the median voter from choosing a high tax rate. Because the skill of the

median voter is lower than those of the IA center, y∗i of the median voter is greater than the

standard income, which implies that the flatness effect discourages the median voter from

choosing a higher tax rate. Second, who sacrifices is considered. Presumably, at the position

of the median voter, the relatively high-skilled workers sacrifice more than the relative low,

so that this effect encourages the median voter to choose a higher tax rate. In addition, the

influences on the derivative of the government transfer also needs to be considered.

As examples, Figure 1.6 represents the case that a higher tax rate than the standard

case is chosen by the IA center worker. Figure 1.7 illustrates the case that a lower tax rate

is chosen. In Figure 1.6, G′ is assumed to be higher than the standard case. Worker s3

represents the worker that does not consider the burden of the tax rise. Therefore, the HI

function crosses G′ at Point D. Although y∗i becomes flatter than the standard case, the IA

center worker is constant due to the definition, which is illustrated as Point A. Therefore,

the value of G′+HI at Point B is greater than y∗i at Point A, which implies that Worker sI

prefers a higher tax rate than the standard case. In this case, the same level of the tax rate

is preferred by Worker s2 who has a higher skill level. Note that the median voter is located

on the left side of the skill axis compared to the IA center worker. For the median voter,

y∗i becomes higher than the standard case. Additionally, if β converges to α, the IA center

worker converges to the median voter.

In Figure 1.7, it is arbitrarily assumed that G′ is lower than the standard case. Worker

sI prefers a lower tax rate to the standard case because the decrease in the derivative of the

government transfer is greater than an increase in HI , which is represented by the difference
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Marginal
Utility

Skill

y∗ST,i

G′ST

sI

A

B
y∗iR(si)

G′

G′ +HI

s2

C

s3

D

Figure 1.6. income inequality Aversion: An example of choosing a higher
tax rate

of Points A and B. As before, Point D represents the worker that is not influenced by the

burdens of the tax rise. In the same tax rate as before, Worker s2 whose skill is lower than

the IA center prefers the tax rate as before. Note that a median voter is located on the left

side from the IA center worker, so that the value of HI is positive. Therefore, the decrease

in G′ does not necessarily mean that a lower tax rate is preferred.

Marginal
Utility

Skill

y∗ST,i

G′ST

sI

A

y∗iR(si)

G′

G′ +HI

s2

C

s3

D
B

Figure 1.7. income inequality Aversion: An example of choosing a lower tax
rate
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Proposition 1.4 shows that if parameters, the cost function, and the skill distribution

combine so that G′ is greater than the standard case G′ST , an upper middle skilled worker

prefers a higher tax rate than the standard case. Note that Figure 1.6 illustrates a case

of Proposition 1.4. The upper middle skilled workers capture the group of workers that

firstly decrease their incomes to the standard case due to pity and secondly believe that at

their positions the relatively higher workers pay more of the burden of the tax rise because

they are not considerably high-skilled workers. However, the other skill groups including the

median voter do not necessarily vote for the higher tax rate because that conflicts with their

interests.

Proposition 1.4. Suppose that L′′ ≥ 0 and (α, β, F ) ∈ C1. If G′ ≥ G′ST , for all si such

that sI ≤ si ≤ s̃ where sI is the IA center, the optimal tax rate with standard egalitarian

preferences is greater than those with the standard preferences.

An example of income inequality aversion Proposition 1.5 represents if a c.d.f. F is first

order stochastic dominated by a c.d.f. F ′, HI function becomes flatter such that the shape

of HI becomes closer to a horizontal line. One interpretation is that as the ratio of the lower

skilled workers increases, the relatively lower skilled voters change their views regarding

the burden of the tax quickly as their incomes increase. On the other hand, the relatively

high skilled voters hurt more from the increased share of the poor. If this effect becomes

stronger, the relatively lower skilled workers prefer a lower tax rate because the relatively

lower skilled worker at their positions perceives themselves as if their positions is increased

in a skill distribution. On the contrary, the high-skilled workers prefer a higher tax rate than

before. This is ironic in that this result is the opposite of the common intuition that when
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a distortion becomes severe, voters are more likely to prefer the rich to be sacrificed. On

the other hand, the direction of G′ is indefinite because E[y∗i ] decreases whereas tE[(y∗i )
′]

increases.9 When it comes to income, although y∗i generally decreases with F , because the

median voter is located left of the IA center, at least the value of y∗i remains greater than

the standard income level y∗ST,i. Therefore, when a distribution F becomes right skewed a

lower tax rate would be more likely to be preferred if G′ + HI sufficiently decreases in that

at least y∗i is bound to be greater than a standard income.

Proposition 1.5. The function HI associated with a c.d.f. F becomes flatter than with a

c.d.f. F ′ if F ′ is first-order stochastic dominance over F and (α, β, F ) ∈ C1 and L′ weakly

increases.

The stylized numerical example provides that a lower tax rate is preferred to the standard

case as the distribution becomes right skewed and the degree of parameters is greater than

a certain criteria. Suppose that the cost function is C(l) = l2

2
. The c.d.f. function is

F (s) = 2s− s2, which is a first-order stochastic dominated by a uniform distribution.10 This

c.d.f. function intensifies the weight of β to the relative poor because incomes below the

player increase faster as the skill increases than the uniform distribution.

Then,

l∗(s) = (1− t)s{1− βs(2− s) + α(1− s)2}

y∗(s) = (1− t)s2{1− βs(2− s) + α(1− s)2}
9Refer Lemma A.7 in Appendix A

10This c.d.f function violates the assumption that the support of F is [0, 1]. However, it can be adjusted
to satisfy the assumption by adding δ > 0 to the p.d.f. function f for Worker si = 1. Moreover, the overall
result of the example is robust regarding such an adjustment.
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To simplify, let us assume that β = α. Then, y∗(s) = (1 − t)s2{1 + α(2s2 − 4s + 1)}.

The IA center is 1 −
√

2
2
' 0.2929, which is the median skill sm. Note that the median

skill level is lower than 0.5 because the F is right skewed. The α’s interval that y∗(s)

strictly increases in all skill levels is α < 12
13
' 0.9231.11 Let us call the optimal tax rate

function of the median voter t∗sm . The optimal function t∗sm is a function of parameter α

and t∗sm(α = 0, β = 0) = 0.3267 implies the optimal tax rate of a standard median worker.

In Figure 1.8, the blue solid curve illustrates the optimal tax rate across α. The interval of

α that the optimal tax rate is sufficiently below the standard case is α ∈ [0.7855, 0.9231].

This process can be repeated with another stylized distribution: a uniform distribution and

a left skewed distribution (F (x) = x2). However, at each median skill level, sm = 0.5 for a

uniform distribution and sm = 0.7071 for the left skewed distribution, the optimal tax rates

are zero regardless of the degree of parameters. Therefore, for a meaningful comparison, the

optimal tax rate at sm = 0.2929 over α is drawn. In Figure 1.8, the dotted curve represents

the optimal tax rate with a uniform distribution. Additionally, the dashed line shows the

optimal tax rate with the left skewed distribution. From the left skewed distribution to the

right skewed distribution (F (x) = 2x− x2), the optimal tax rate across α decreases. Going

back to the first point, it captures that the weight of β on the poor increases.

It is interesting to note two things. First, the asymmetric influences of right or left skewed

11

∂y∗(s)

∂s
=2(1− t)s{1 + α(3s2 − 5s+ 1)}

=2(1− t)s

{
3α

(
s− 5

6

)2

+ 1− 13α

12

}
> 0

Therefore, in order to increase over all skill given s > 0 and t < 1, α < 12
13 .
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Tax Rate
Preferred

envyF (s) = x

F (s) = x2

0.33

10.920

F (s) = 2s− s2

0.79

Figure 1.8. The optimal tax rate of the median voter over α

distribution comes from basically the asymmetric effect of parameters α and β. β is more

influential to the rich and the right skewed distribution can imply that the low-skilled workers

recognize their positions in a skill distribution to be higher so that they tend to perceive as

if the burden of the poor is increased. Second, as the degree of inequality aversion becomes

severe in these distributions, the higher tax rate is preferred at the low degree of parameters,

however eventually it is less preferred at a high degree of parameters. As β = α, the flatness

effect of the median voter is zero because the IA center worker does not have the flatness

effect. Therefore, such a concave curvature of the optimal tax rate implies to be consistent

with the curvature of the derivative of the government.
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1.5 Conclusion

This paper provides some interesting implications of the assumption that all voters pos-

sess income inequality averse preferences. First, a worker adjusts her labor supply by con-

sidering her position in the skill distribution. The high-skilled workers decrease their labor

supplies because they consider the relatively poor. The low-skilled workers increase their

labor supplies because they are influenced by envy for the rich. If there is sufficiently high

inequality aversion, some workers form a group in which they provide the same level of in-

come. Second, the mechanism that the income share of the richest decreases in the degree of

inequality aversion is revealed. If the degree of inequality aversion stays inside the boundary

that incomes of workers strictly increase, the share of the richest in the population can be

increased. Third, although income inequality aversion is assumed, it is ambiguous whether

voters vote for a higher tax rate than under standard preferences. Because voters with payoff

inequality aversion necessarily vote for the higher tax rate, this difference is evident. Rather,

as the income distribution is more distorted and the degree of inequality parameters become

severe beyond a boundary, it can be more likely to prefer a lower tax rate than the standard

case. This is an ironic result against the prevalent view that voters prefer a higher tax rate

as inequality concern is growing. These results can be easily reconciled with the empirical

result that the income share of the richest seems to be less associated with the tax rate of

the richest.

Depending on the policy motivation, this paper can be read in a different way. For the

government whose goal is to decrease income inequality, the route of influencing preferences

might be more practical and progressive than setting the tax rate, considering that adjusting
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a tax mechanism usually brings about an inefficiency. Although the result of this paper

should be carefully understood for interpreting the role of the tax mechanism on income

inequality, it might be time to start discussion of a new way or paradigm based on intrinsic

human characteristics beyond a tax mechanism in isolation.
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Chapter 2

International Environmental Agreement and

Reciprocity

2.1 Introduction

In 1997 in the middle of the Kyoto negotiations, the United States Senate voted 95 vs. 0

for the bill that stated the United States should not ratify any treaty that did not mandate

reducing greenhouse gas emissions for developing countries. When the Kyoto protocol was

finalized, it did not require developing countries such as China and India to reduce their

greenhouse gas emissions. Later, in 2001, President George W. Bush declined the ratification

of the Kyoto protocol arguing that the Kyoto protocol exempts 80 percent of the world,

including major population centers such as China and India, from compliance, and would

cause serious harm to the U.S. economy.1 More recently, in June 2014, President Obama

announced the Clean Power Plan that aims to cut carbon emissions from power plants to

30 percent below 2005 levels by 2030. Just two days after the announcement, He Jiankun,

chairman of China’s Advisory Committee on Climate Change, said that China will set a

CO2 emission cap by 2016.2

These examples suggest that a government might possess reciprocal preferences pertain-

1George W. Bush. 2001. A Letter from the President to Senators Hagel, Helms, Craig, and Roberts.
http //georgewbush-whitehouse.archives.gov/news/releases/2001/03/20010314.html

2Lucy Hornby and Pilita Clark. 2014. China climate adviser urges emissions cap.
http //www.ft.com/cms/s/0/85c30186-eb18-11e3-9c8b-00144feabdc0.html
#axzz3KKXNmlD9
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ing to global environmental cooperation. Reciprocal preferences mean that a decision maker

is better off if s/he responds to a kind action of an opponent with a kind action or to an

unkind action with an unkind action. For example, the politicians in 1997 and 2001 eluci-

dated that the absence of participation of developing countries like China and India was one

reason for the refusal of the Kyoto protocol. It appears that the United State government

responded to tentative unkindness based on the refusal to participate by China and India

with unkindness in the form of its refusal to participate in the treaty. The recent action of

the Obama administration also illustrated that the United States government and Chinese

government showed an interplay of such a reciprocal preference in that China responded to

the kindness of the U.S. Clean Power Plan with the kindness of its own emission cap.3

I incorporate reciprocal preferences into an international environmental agreement ne-

gotiation to investigate the effect on the size of global coalition. A government possesses a

reciprocal preference because a government may reflect the reciprocal preference of voters

via an election or alternately, be represented by a reciprocal special agent in a negotiation.

These behavioral approaches suggest a different view to bridge the gap between standard

approaches and realistic deviations based on an empirical or experimental result. In partic-

ular, the lack of a central mechanism managing global conflicts supports the integration of

reciprocal preferences to realistic global tensions. Note that this reciprocal preference differs

from the reciprocal strategy in a repeated game. The reciprocal strategy needs an explicit

promise that encourages a coalition and an explicit penalty that discourages a deviating

3Nordhaus and Boyer[37] explore that the cost of implementing Kyoto protocol for the United States is
sufficiently huge. However, some (Bernstein et al.[8]; Bohringer and Lschel[10]) argue that incorporating
the international emission trading within developed countries remarkably mitigates the degree of negative
effect on output or welfare of the United States. Manne and Richels[33] mention that the cost of the Kyoto
protocol depends on the mechanism or policies of governments.
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behavior from cooperation in an on-going situation. However, a reciprocal preference illus-

trates an individual or psychological reciprocal preference based on the intentions of other

government actions that are embodied by a belief in a one-shot negotiation. In other words,

if the United States government believes that maintaining the current emission level of the

Chinese government is a kind or tentatively profitable action to the United States, it can be

justified that the United States government should participate in the Kyoto protocol regard-

less of a practical emission abatement by the Chinese government. Technically, I implement

a standard two-stage game designed by Barrett[7][5][6] (a participation game) to explore

a coalition establishment of the treaty. A participation game consists of a first-stage, in

which governments decide whether to participate in the treaty and a second stage, in which

governments decide whether to reduce emission levels.

As a main conclusion, including reciprocal preferences enables a larger coalition. Gov-

ernments with reciprocal preferences will be worse off by recognizing an unkindness of free-

rider governments (non-signatories) that abstain from the treaty and maintain their emis-

sion levels. Therefore, the same size coalition as before cannot achieve abatement because

governments (signatories) participating in the treaty surrender to the desire to punish the

free-rider governments, which implies, a larger coalition forms. Practically, when reciprocity

as a norm is pervasive in social or global negotiations, it implies that signatories, such as

Annex I countries in the Kyoto protocol, find it difficult to persuade their citizens once they

face the policies of developing countries that hold to their CO2 emission levels. Eventually,

more non-signatories are supposed to participate in the treaty because non-signatories on the

margin can be better off by participating in the treaty. Going back to the Kyoto protocol, in
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contrast to the prevalent view that the United States government did not ratify the protocol

because of provisional industrial damage, the United States government might stay out of

the Kyoto protocol to retaliate against a free-rider country like China.

As opposed to standard settings, another interesting finding is that the coalition size

increases as the marginal benefit of the emission gas abatement increases at an equilibrium.

One common undesirable result of the standard and derived participation game is that there

is a tension between the size of the coalition and global welfare. Carraro and Siniscalco[14]

show that the slope of best response function of abatement of other governments has a nega-

tive relationship with how much other non-signatories abate. For example, an increase in the

marginal benefit yielded from a technical innovation renders a small number of signatories

to be sufficient to abate. Then, governments will not form a bigger coalition because gov-

ernments have an incentive to exit knowing that the other remaining signatories will abate.

Therefore, the coalition size decreases in the marginal benefit, which also implies that there

is a maximum global welfare that can be achieved. This appears not to match the common

intuition that an increased marginal benefit or a decreased marginal cost would allow the

formation of a larger coalition.

When the sensitivity of reciprocity is sufficiently high, an increase in the marginal benefit

influences both the self-interested and reciprocal payoff in different ways. First, it increases

the profit of the abating of signatories, so that a smaller number of signatories are sufficient

to abate. Also, if signatories decide to abate, a much bigger kindness is shown to each other

due to this increased profit. On the other hand, an increase in the marginal benefit allows

signatories to be worse off from the increase of unkindness from non-signatories. Therefore,
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if this negative effect that discourages signatories to abate is bigger than the increased

profit and an increased kindness, signatories will pollute more easily as the marginal benefit

increases. For example, as the marginal benefit increases, voters in United States could

express themselves in a way that China and India would derive a great advantage from an

excuse for an emission abatement so that the United States should not abate the carbon

dioxide emissions to retaliate against China and India. Then, if this threat convinces non-

signatories, coalition size is increased by the participation of non-signatories on the margin.

The participation issue in international environmental agreements under the standard

setting is widely studied. Barrett shows that there is a tension between the number of

signatories and social welfare in a simulation result with the assumption of a concave benefit

function and Stackelberg setting. Additionally, when the marginal benefit is sufficiently

large and the difference of global utilities of signatories and non-signatories is sufficiently

small, a positive relationship between the marginal benefit and the coalition size is possible.

The analytical result of Karp and Simon[28] shows that the coalition size is not bigger than

three if a linear marginal benefit function and a convex marginal cost function are assumed.

Barrett also suggests incorporating an explicit penalty to achieve the full cooperation that

all governments participate in the treaty and abate in a repeated game. The reciprocal

preference in my model can be understood as implementing an implicit penalty because

there is no embodied agreement of punishment between governments.

A growing body of literature examines the influences of social preference on participation

in an international environmental agreement. Lange and Vogt[31] and Kosfeld et al.[30] study

the influences of inequality aversion in the participation game. They show that as the degree
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of inequality aversion increases, a much larger coalition is established. Kolstad[29] shows a

different result by investigating other social preferences from Charness and Rabin[15], called

CR preferences, that consist of a standard private payoff, an equity term, and an efficiency

term. The equity term represents a weighted utility based on the minimum payoff among

other players and the efficiency term represents the aggregated payoffs of all players. Kolstad

concludes that a coalition size becomes smaller when there is only a standard preference

because the existence of equity and efficiency enables players to abate relatively easily, so

that a relatively small number of players can establish a coalition. In global cooperation,

inequality aversion is more relevant to situations such as development aid from a government.

CR preferences would be relevant for the decision-making of a global planner such as the

United Nations in that a decision-maker considers the total sum of global welfare and the

welfare of the poorest country respectively. However, inequality aversion and CR preferences

are less convincing in explanations of global negotiations pertaining to trade or war. In an

environmental negotiation, every country attempts to protect its industries from the damage

resulting from participating in a global environmental agreement, such as global warming

mitigation; therefore, countries typically wait until other countries cooperate.

Hadjiyiannis et al.[26] study the role of reciprocity in one-shot and repeating prisoner’s

dilemma games to explain the congruence of governments’ abatement decisions in an interna-

tional environmental negotiation. They argue that if governments have a high expectation of

abatement, governments abate less than when there is no reciprocal preference. Because gov-

ernments believe that other governments will not satisfy such a high level criteria of emission,

they choose to pollute, retaliating against the expected pollution of governments in advance.



52

Simultaneous with this work, Nyborg[38] studies the influence of the reciprocal preference

on the participation decision of the international environment agreement. Nyborg shows a

larger coalition can emerge with reciprocal preferences. Also, the size of coalition increases

weakly in the degree of reciprocal preference. The present paper’s model is different from

Nyborg’s model in that a government recognizes kindness by considering a history of actions

at each information node. In other words, a government in Nyborg’s model considers possi-

ble actions at the reached information node to recognize kindness, whereas a government in

this paper considers all possible strategies given other governments’ (expected) strategies. It

follows the kindness of Nyborg’s model is not changed along with the number of signatories

and parameters. Indeed, the changed kindness in my model produces the result that the size

of coalition increases in the marginal benefit or decreases in the marginal cost.

Based on the framework of Geanakoplos et al.[25], Rabin[40] discusses reciprocal prefer-

ence in a normal form game by defining the reciprocal preference that a player can gain as

an additional positive utility when a player responds to a kind (unkind) action with a kind

(unkind) action based on one’s perception of the action of the other player. Dufwenberg

and Kirchsteiger[17] (called D&K) extended Rabin’s model to allow players to consider the

updated belief in which the player’s belief ends up matching the player’s equilibrium strategy

in an extensive form game.

In experiments, Fischbacher et al.[23] argued that around 50 percent of subjects are

classified as a conditional contributor in the public good experiment, whereas 30 percent of

subjects show selfish preferences. They mention some fairness preferences such as altruism,

warm-glow, inequality aversion and reciprocity can explain subjects’ conditional contribution
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behavior. In the following experiment, Fischbacher and Gchter[22] argue that a majority of

people have a reciprocal preference, and their beliefs about other players’ actions are critical

to determine their contributions in a public goods game. In addition, Falk et al.[19] addressed

that when it comes to reciprocal preference, other players’ intentions in terms of other players’

kindness or unkindness play an important role regarding the subject’s reciprocal action.

2.2 Model

After the utility function of the model for self-interested governments is defined in Sub-

section 2.2.1, an equilibrium based on the self-interested utility is considered in Subsection

2.2.2. I call such an equilibrium the standard equilibrium. Then, the utility function is

introduced, which consists of the self-interested utility and the reciprocal utility based on re-

ciprocal preferences in Subsection 2.2.3. Subsection 2.2.3 also illustrates a three-government

example in which reciprocal preferences are assumed.

2.2.1 The revised participation game

This is a two-stage game.4 There are N governments; I = {1, · · · , N}. In the first stage,

each government simultaneously decides whether to join a treaty. All governments in the

second stage decide to abate or pollute simultaneously. The action set for the first stage

4Barrett elaborates the participation game as a three-stage game and argues that signatories are different
from non-signatories in terms of both their roles and international law. In Barrett’s participation game,
each government decides whether to join a treaty during the first stage. Then signatories select their actions
jointly in the second stage. Non-signatories select their actions individually in the third stage. In Barrett’s
example, the European Union made collective commitments concerning carbon dioxide emissions during
the late 1980s before a specific treaty was established. However, this difference distracts from the focus on
government participation behavior with reciprocal preferences. In addition, it is difficult to conclude that
this difference is intrinsic because the decision to become a signatory is strategic.
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is {J,Q}. Based on the government participation decision made during the first stage, the

function k : S → R is defined as the number of signatories, or k. A signatory’s action

set at each k signatory node is {Ak, Pk} for the second stage. Likewise, a non-signatory’s

action set at each k signatory node is ak, pk for the second stage. Here, J and Q represent

joining and quitting respectively during the first stage, and Ak, Pk, ak, and pk represent a

signatory abating, a signatory polluting, non-signatory abating, and non-signatory polluting

respectively during the second stage at the k signatory node. The strategy set of Government

i ∈ I is Si = {J,Q} × Πk∈I{Ak, Pk} × Πk∈{0,1,··· ,N−1}{ak, pk}, and each strategy yields the

identical self-interested payoff and specifies the same number of signatories in the first stage.

Additionally, S = πj∈ISj and S−i = Πj∈I−{i}Sj are defined. For example, the strategy

JP1 · Pk−1Ak · ANp0 · pN−1 implies that the signatory will pollute as long as the number of

signatories is less than k, but will otherwise abate. If necessary, a strategy will be abbreviated

as the action taken during the first stage. For example, J · · · is the action taken during the

first stage regardless of the actions taken in the second stage. Indeed, the strategy is defined

in detail because the actions at the off-equilibrium path influence the reciprocal payoff.

Given k, only the number of aggregate government abatement decisions determines a

signatory and non-signatory payoff. Technically, the function DS : Si→ {Ak, Pk} produces

an action of a signatory at the k signatory node. Likewise, DNS : Si → {ak, pk} produces

an action of a non-signatory at the k signatory node. The functions ZS
i : S−i → R and

ZNS
i : S−i → R are defined as the number of governments besides Government i that are

signatories and non-signatories abating. To represent the number of governments abating,

the function Zi : S−i → R is defined as Zi(s−i) ≡ ZS
i (s−i) + ZNS

i (s−i), or Zi.
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For the self-interested payoff, signatories share the marginal cost of decreasing pollutants,

whereas non-signatories do not share it. A non-signatory’s payoff function is produced by

the following equation:

πi(si = Q · · · , s−i) = (−c+ b)I(DNS = ak) + bZi (2.1)

where s−i ∈ S−i, I(−) is an indicator function, and the parameters c and b are the

marginal costs and benefits of abating one unit of pollutant respectively. A signatory’s

self-interested payoff function is provided by the following equation:

πi(si = J · · · , s−i) =
(
− c
k

+ b
)
I(DS = Ak) +

(
−cZ

S
i

k
+ bZi

)
(2.2)

This payoff function has several interesting interpretations. First, when a government

joins a treaty, the signatory should pay an average of a total abatement cost corresponding

to the number of signatories abating. Because a signatory who abates will gain a benefit,

b, that is greater than a cost, c
k
, it abates as long as it cares only about the self-interested

payoff. Technically, we assume that a government pays to join a treaty. Then, an impartial

administrator takes part of the sum paid by the signatories who pollute and subsidizes the

signatories who abate to compensate for the cost of diminishing the pollutant until both

classes of signatories receive the same payoff. By paying the security, each signatory can

decide its decision at the second stage non-cooperatively. Therefore, signatories do not need

to follow the coalition’s decision; each signatory is free to select an action, which results in
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the same action being selected by all signatories because abating produces a higher payoff

than polluting.

It is assumed that for the self-interested payoff, a government prefers polluting to abating

given the number of countries abating. Without considering the treaty, a government’s payoff

should increase with the number of governments abating regardless of the action selected.

Therefore, it is assumed c > b > 0. We assume that social welfare, represented by the

aggregate payoff of all governments, must strictly increase with the number of governments

abating. This implies that as more governments abate their pollutants, a higher level of

social welfare is achieved. Therefore, it is also assumed that N > c
b
. Moreover, throughout

this paper, as more governments abate, social welfare increases. That is, all governments

deciding to abate is the social optimum. Note that full cooperation in this paper signifies

that all governments both participate in the treaty and abate.

2.2.2 An equilibrium when governments possess standard preference

To find an equilibrium, the internal and external stability are required. The internal

stability represents that given the number of signatories, signatories should not have an

incentive to leave the coalition. The external stability represents that given the number of

signatories, non-signatories should not have an incentive to participate in the coalition.

At an equilibrium, if the current size of coalition is not enough to cover the cost of

abating, any abating does not occur.

Proposition 2.1 (Zero abatement). An equilibrium exists in which no government abates

and k ≤ c
b
− 1. (The equality holds when signatories pollute at the k = c

b
node.)
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If the size of a coalition is high enough to cover the cost of abating, a coalition occurs at

the minimal number of coalition that can cover the cost.

Proposition 2.2. An equilibrium in which all k∗ signatories abate and the other N − k∗

non-signatories pollute such that c
b
≤ k∗ ≤ c

b
+ 1 exists.

Propositions 2.1 and 2.2 imply that if one of the signatories quits the treaty at an equi-

librium in which signatories abate so that the cost shared by the remaining signatories

outweighs the marginal benefit of abating, this coalition collapses. Therefore, the internal

stability holds. On the other hand, if a bigger size of coalition than k∗ is established, such

a coalition cannot survive because a signatory always has an incentive to quit the treaty.

Therefore, the external stability holds.

At an equilibrium in which signatories abate, let us call the equilibrium number of sig-

natories the minimal participation number k∗ (called MPN). The MPN k∗ increases in the

marginal cost and decreases in the marginal benefit because more signatories should partic-

ipate in a treaty and abate to cover the cost of abating. However, it does not imply that

higher social welfare is achieved because the payoff of each government decreases. On the

other hand, if the marginal cost decreases due to a factor such as a technical innovation of

abatement, the coalition size decreases. That is, a signatory has an incentive to quit the

treaty as long as the signatory believes the remaining signatories will maintain the coalition.
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2.2.3 The three-governments example with reciprocal preferences model

A sequential reciprocal equilibrium (SRE) by D&K is introduced as a solution concept.

Governments have beliefs about other governments’ strategies. From this belief, a Govern-

ment i recognizes kindness toward another Government j, which is defined by the difference

between Government j’s obtained payoff and the fair payoff of Government j based on Gov-

ernment i’s possible actions (see Definitions A.2 and A.3 in Appendix E). That fair payoff

is defined as an average of the maximum and minimum payoff of Government j that Gov-

ernment i can contribute. In turn, Government i also expects kindness from Government j,

which is called the second-order kindness based on Government i’s belief about Government

j’s belief about Government i’s strategy (called the second-order belief). This second-order

kindness is defined the same way as the kindness is defined, however, it is based on the

second-order belief. To create reciprocity in the model, if a government expects kindness

from another government, it obtains a positive reciprocal payoff by exhibiting kindness to

that government and experiences a negative reciprocal payoff by returning unkindness (neg-

ative kindness). The utility function represented below consists of the self-interested payoff,

which is represented by the equations (2.1) and (2.2), and this reciprocal payoff:

Ui = πi +
∑
j 6=i

Yijκijκ
e
ji (2.3)

where Πi is the self-interested payoff, Yij is the non-negative parameter representing a

degree of sensitivity of reciprocity, and κij and κeji are the kindness and the second-order

kindness respectively (see Definition A.5). Then, Theorem 1 in Appendix E says that there
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is an equilibrium in which every government does not have any incentive to deviate at every

information node and the belief of each government is equivalent to the equilibrium strategy

of each government (see Definition A.6 in Appendix E).

A simple example with three governments illustrates the SRE concept and the main

intuition of the model. The marginal cost and benefit, c and b, are assumed such that

1 < c
b
< 2. Thus, a subgame perfect equilibrium occurs at k∗ = 2. For a SRE, let us

examine an arbitrary example of the equilibrium that Governments 1 and 2 join the treaty

in the first state, then figure out whether to abate or pollute in the second state. It is

assumed that Government 3 does not participate in the treaty.

When two signatories abate at k=2 For a notation, Government’s belief of Government

j’s strategy is called a first-order belief bij. Government 1 has the following beliefs about

strategies of other governments in the example.

b12 = JP1A2A3p0p1p2, b13 = QP1A2A3p0p1p2 (2.4)

The above beliefs indicate that Government 1 believes that Governments 2 and 3 are a

signatory and a non-signatory respectively. Then, if the k = 2 signatory node is reached,

Government 1 believes that Government 2 abates (A2) and Government 3 pollutes (p2). If

the k = 1 signatory node is reached, Government 1 believes that Governments 2 and 3 pollute

(P1 and p1). The maximum payoff that Government 1 could contribute to Government 2 (a

signatory) is b by quitting the treaty and abating outside the treaty. Compare this payoff to

that obtained if Government 1 abates as a signatory. Then, Government 2 obtains the payoff
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−c+ 2b that is smaller than b so that abating as a signatory does not contribute a maximal

payoff to Government 2. Likewise, the minimum payoff of Government 2 that Government

1 can contribute is 0 by leaving the treaty and polluting. Thus, it is assumed that giving

at least half, b
2
, is considered fair conduct. Because the abating of Government 1 produces

−c + 2b for Government 2, the kindness of Government 1, as measured by Government 2’s

payoff, is −c + 3 b
2

if Government 1 abates. Likewise, the kindness of Government 1 from

polluting is − c
2

+ b
2
.

To reflect reciprocity from Government 2, Government 1 should recognize how much

kindness Government 2 would offer toward Government 1. For a notation, Government i’s

beliefs about Government j’s beliefs about Government k’s strategy is called cijk, that is, a

second-order belief. In the example, if Government 1 believes that other governments believe

that Government 1 abates, then, Government 1’s second-order belief is as follows:

c121 = c131 = c132 = JP1A2A3p0p1p2, c123 = QP1A2A3p0p1p2 (2.5)

If Government 1 believes that other governments believe that Government 1 pollutes, the

second-order belief is as follows:

c132 = JP1A2A3p0p1p2, c123 = QP1A2A3p0p1p2, c121 = c131 = JP1P2A3p0p1p2 (2.6)

Suppose that p represents Government 1’s second-order belief of other Governments 2

and 3’s belief of Government 1’s abating. Let us find the maximal and minimal payoff of

Government 1 from Government 2’s action. If Government 2 abates in a treaty, the payoff
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of Government 1 is p(−c + 2b) + (1− p)(− c
2

+ b) because Governments 1 and 2 abate with

the probability p and Government 2 abates with the probability 1 − p. If Government 2

pollutes, the payoff is p(− c
2

+ b) because Government 1 abates with the probability p and

no government abates with the probability 1 − p. If Government 2 does not participate

in the treaty and abates, Government 1’s payoff is b because Government 1 will pollute at

the k = 1 signatory node. Additionally, if the signatory does not participate in the treaty

and pollutes, it is 0. Thus, the maximum payoff of Government 1 is b regardless of p, and

the minimum payoff is 0, which means that the average is b
2
. Therefore, the second-order

kindness of Government 1’s abating to Government 2 is −cp
2

+ bp+ b
2
− c

2
.

The first and second-order kindness of Government 1 toward Government 3 is different

from those of Government 2 because Government 3 already has a free ride and does not share

the cost of abating. The maximum and minimum payment that Government 1 can contribute

to Government 3 (a non-signatory) is 2b, which is obtained by abating; the minimum payoff

is b, which is produced by polluting. An average payoff of 3 b
2

provided by Government

1 is considered fair. Consider the second-order kindness of Government 3 to Government

1. Remember that p represents Government 1’s second-order belief. Then, if Government 3

participates in the treaty (and is supposed to abate depending on beliefs at k = 3), the payoff

of Government 1 is −c + 3b regardless of p, which is the maximum. If Government 3 does

not participate in the treaty and pollutes, the payoff of Government 1 is −c+ 2b. Although

Government 3 participates in the treaty and pollutes or abates outside of the treaty, the

payoff of Government 1 is in between the maximum and minimum payoff. Therefore, the

fair payoff of Government 1 from Government 3’s action is
(
−c+ 5 b

2

)
. The second-order
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kindness of Government 3 to Government 1 is −cp
2

+ bp+ c
2
− 3 b

2
.

The respective utilities of Government 1 obtained from abating and polluting are given

by the following expressions:

U1(abating) = −c+ 2b+ Y ·
(
−c+

3b

2

)
· κeS + Y

(
2b− 3b

2

)
· κeNS (2.7)

U1(polluting) = − c
2

+ b+ Y ·
(
− c

2
+
b

2

)
· κeS + Y (b− b) · κeNS (2.8)

where κeS = − cp
2

+ bp+ b
2
− c

2
and κeNS = − cp

2
+ bp− c

2
− 3b

2
.

At an equilibrium where Government 1 abates at k = 2 signatory node, p turns out to

be 1 because Government 1’s second-order belief is consistent with an equilibrium strategy.

Therefore, the condition that Government 1 abates is simplified as − c
2

+b+Y b2 − 7
4
bc+ c2

2
>

0, which represents the difference of utilities between abating and polluting. If there is no

reciprocal preference, that is Y = 0, this utility of abating, −c + 2b, is greater than the

utility of polluting, − c
2

+ b. Then, Government 1 always abates since c
2

+ b > 0. However, as

long as Y > 0, Government 1 abates at the k = 2 signatory node if the parameters satisfy

the below inequality:

Y <
− c

2
+ b

− c2

2
+ 7

4
bc− b2

(2.9)

The implication of the inequality (2.9) is that signatories who have sufficiently low sen-

sitivity for the reciprocity abate because the inequality (2.9) holds for Government 2 in the

same way. However, signatories who have a higher degree of sensitivity for the reciprocity



63

will pollute at the k = 2 signatory node. Then, more signatories are necessary to estab-

lish a coalition because signatories need more self-interested or positive reciprocal payoff

outweighing the received unkindness from Government 3. Proposition 2.3 generalizes this

result.

Additionally, an internal and external stability should be considered in the first stage.

However, in this model, the condition that satisfies such a stability condition does not neces-

sarily constrain governments’ behaviors at the second stage because Government 1 already

considers every possible strategy even in history to measure the kindness (see Proposition

A.13 in Appendix C).

When two signatories pollute at k=2 The reciprocity also encourages an alternative

behavior (polluting) of signatories. Suppose that Governments 2 and 3 pollute at k = 2

signatories nodes. The first-order belief of Government 1 to Governments 2 and 3 is assumed

to be b12 = JP1P2A3p0p1p2 and b13 = JP1P2A3p0p1p2. Then, kindness of a signatory and a

non-signatory is changed depending on such a belief. At k = 2, Government 1 can provide

Government 2 with b as a maximum payoff by quitting the treaty and abating. It can also

provide Government 2 with 0 as a minimum payoff. Therefore, the fair payoff is b
2
. The

kindnesses of Government 1 to Government 2 from abating and polluting are c
2

+ b
2

and b
2

respectively.

Given that Government 1’s second-order belief of Government 2’s belief of Government

1’s strategy is p. Then, if Government 2 abates and pollutes inside the treaty, Government

1’s payoffs are p(−c+ 2b) + (1− p)(− c
2

+ b) and p(− c
2

+ b) + 0 respectively. If Government 2

abates and pollutes outside the treaty, Government 1’s payoff is b and 0 respectively, because
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Government 1 is supposed to pollute at k = 1. Because b and 0 are the maximum and

minimum payoff that Government 2 can provide, the second-order kindness is p(− c
2

+ b)− b
2
.

Government 1 can provide Government 3 with b as a maximum payoff and 0 as a minimum

payoff. Therefore, a fair payoff is b
2
. For the second-order kindness, if Government 3 abates

and pollutes, Government 1 receives p(− c
2

+ 2b) + b(1− p) and p(− c
2

+ b) + 0 respectively. If

a non-signatory abates and pollutes after participating in the treaty, Government 1 receives

−c + 3b and 2(− c
3

+ b) respectively. Because −c + 3b and p(− c
2

+ b) + 0 are the maximum

and minimum respectively, the second-order kindness is p
2
(− c

2
+ b)− 1

2
(−c+ 3b).

U1(abating) = − c
2

+ b+ Y

(
− c

2
+ b− b

2

)
· κeS + Y

(
b− b

2

)
· κeNS (2.10)

U2(polluting) = Y

(
− b

2

)
· κeS + Y

(
− b

2

)
· κeNS (2.11)

where κeS = p(− c
2

+ b)− b
2

and κeNS = p
2
(− c

2
+ b)− 1

2
(−c+ 3b).

Then, since at the equilibrium p = 0, Government 1 pollutes if the inequality below holds:

Y >
− c

2
+ b

b
2

{
−3

2
c+ 4b

} (2.12)

Because the inequality (2.12) holds for Government 2 as well, if the degree of recipro-

cal sensitivity is sufficiently high, Governments 1 and 2 pollute because unkindness from

each other and from a non-signatory outweighs the positive self-interested payoff. In other

words, when Y is sufficiently small, at k = 2, signatories abate because there is a posi-

tive self-interested payoff and signatories are less interested in the kindness (the inequality
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(2.10)>(2.11)). As Y increases, signatories pollute because they recognize unkindness from a

non-signatory and their polluting intensifies this unkindness with each other (the inequality

(2.12)).

It is worth mentioning that the criteria of inequality (2.12) decreases in the marginal

benefit b as long as 1 < c
b
≤ 4

3
and increases as long as 4

3
< c

b
< 2. As the marginal benefit

increases, signatories are more likely to abate because of an increased self-interested payoff.

However, signatories are also more likely to pollute because of an increased unkindness from

the polluting of other governments. If the marginal benefit is sufficiently and relatively bigger

than the marginal cost which is not covered by non-signatories, 1 < c
b
≤ 4

3
, the increased

unkindness can be bigger than the increased kindness and the self-interested payoff. Then,

a larger coalition is necessary to offset an increased unkindness. Proposition 2.5 investigates

this relationship under more general settings.

2.3 Results of governments with reciprocal preferences

For simplicity, homogeneous governments with the same degree of reciprocal preferences

is assumed, ∀i, j ∈ I, Yij = Y > 0. Additionally, because various beliefs regarding actions at

the off-equilibrium path can produce different equilibria, I refine strategies at an equilibrium

such that signatories start to abate at the k signatory node and then keep abating thereafter.

Also, such a strategy is called standard. It is reasonable for governments to believe that

signatories are more likely to abate when more non-signatories participate. For example, the

strategy JP1 · · ·Pk−1Ak · · ·ANp0 · · · pN−1 is considered as a standard strategy. However, the

belief JP1A2P3 · · ·Pk−1AkPk+1 · · ·ANp0 · · · pN−1 is not considered standard.
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Proposition 2.3. There is an equilibrium in which k (> c
b
) signatories abate and non-

signatories pollute if the following inequalities hold: ∆U0(k) ≡ −(c−b)+Y b2

2
(k2+k+1−N) <

0, ∆U1(k) ≡ − c
k

+ b + Y ·
{

1
2

(
− c
k

+ b
)2
k(k − 1)− b2

2
(N − k)

}
> 0, and ∆U2(k − 1) ≡

− c
k−1

+ b − Y
(
− c
k−1

+ b
)
b
2
(k − 2) − Y b

2
(−c + kb)(N − k + 1) < 0. In addition, the equi-

librium strategy is standard if the following inequalities hold: ∆U3(k + 1) ≡ − c
k+1

+ b + Y ·{(
− c
k+1

+ b
)
b
2
k − b2

2
(N − k − 1)

}
> 0 and ∆U4(k−2) ≡ − c

k−2
+b+Y ·

{
−
(
− c
k−2

+ b
)
b
2
(k − 3)−

b2

2
(N − k + 2)

}
< 0 and Y < 2(c−b)

b2(N−1)
.

Proposition 2.3 describes the behaviors of signatories, non-signatories, and stability con-

ditions. Appendix C explains technical details. The main implication of Proposition 2.3 is

that a bigger size of coalition than the MPN k∗ can be established with a sufficiently high

Y. For example, the condition of the full cooperation in Proposition 2.3 is simplified as the

following:

max

{
− c

(N−1)
+ b

Y2(N − 1)
,
− c
N−2

+ b)

Y4(N − 2)

}
< Y <

2(c− b)
b2(N − 1)

(2.13)

where Y2(k) =
(
− c
k

+ b
)
b
2
(k−1)+ b

2
(−c+(k+1)b)(N−k) and Y4(k) = −

(
− c
k

+ b
)
b
2
(k−

1) − b2

2
(N − k). Indeed, the right barrier of Y’s interval is not a critical barrier in terms

of cooperation. If Y is greater than 2(c−b)
b2(N−1)

, the non-signatories can also cooperate (see

Proposition A.9 in Appendix A) because each non-signatory is so reciprocal that it cannot

disregard the kindness of signatories from abating so that they turn to abate. To sum up,

if the reciprocal sensitivity is sufficiently high, all governments participate in the treaty and

abate. Otherwise, all governments abate regardless of their previous participation decisions.
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Corollary 2.3.1 reorganizes Proposition based on the perspective of a range of multiple

equilibria given Y .

Corollary 2.3.1. Let us assume that Y satisfies Y < 2(c−b)
b2(N−1)

, and call the set of k satisfying

∆U0(k) < 0 the set Q. Let set A = {k|∆U3(k + 1) > 0 and ∆U1(k) > 0} The k is given

by the minimum number k in the set A ∩ Q. Additionally, Let a set P = {k|∆U2(k − 1) <

0 and ∆U4(k − 2) < 0}. The k̄ is given by the maximum number k in the set P ∩Q. Then,

the standard equilibrium in which the number of signatories is lowest occurs at k, and the

standard equilibrium in which the number of signatories is highest occurs at k̄ + 1.

A sketch of the proof replaces the formal proof to explain the implication of Corollary

2.3.1. When k ≥ c
b

+ 1, ∆U3(k) ≥ ∆U1(k) ≥ ∆U2(k) ≥ ∆U4(k) because of the lemma A.1.

vi. and vii. Because of lemmas A.1.1, ∆U1(k), ∆U2(k), and ∆U3(k) increase in k. Thus, an

x-axis intercept for each inequality follows the order of the inequalities.

Figure 2.1. Equilibrium
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Figure 2.1 illustrates the marginal utilities. In the graph, ∆U3(k + 1) moves upward

compared to ∆U3(k). ∆U4(k − 1) and ∆U2(k − 2) move downward. After comparing the

X-axis intercept of ∆U1(k) and ∆U3(k + 1), signatories will abate from the larger intercept,
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which is represented by k. Signatories will also pollute from the smaller intercept between

∆U4(k − 1) and ∆U2(k − 2), which is represented by k̄. In the graph, all k in the interval

[k, k̄ + 1] are also possible equilibria.

The reciprocity can yield in two opposite equilibria. If all signatories abate, this increases

the kindness between signatories. On the other hand, if all signatories pollute, this increases

the unkindness between signatories. The k is derived from the belief that all other signa-

tories pollute. Then, each signatory attempts to pollute to respond to such an increased

unkindness. Eventually, this possible threat by polluting enables the formation of a bigger

size of coalition. In contrast, when other signatories are believed to abate, each signatory

chooses to abate to respond to such an increased kindness. The k is derived from the belief

of such abating.

Proposition 2.4. k increases in Y if k < min{k1, k3}, where k1 such that Y1(k1) = 0 and

k1 >
c
b

and k3 such that Y3(k3) = 0 and k3 >
c
b
. Additionally, k̄ increase in Y .

Proposition 2.4 states that a coalition size increases in Y. If the number of non-signatories

is sufficient, a high Y forces signatories to pollute to retaliate against non-signatories. There-

fore, a bigger coalition can form. Signatories want to retaliate against non-signatories when

a signatory’s low material payoff is insufficient to satisfy itself compared to the non-signatory

payoff. In a study conducted by Lange and Vogt[31], a non-signatory is more likely to join

the treaty because by doing so it can improve its utility by resolving inequalities.

Proposition 2.5. Let the marginal benefit and cost be b and c respectively.

i) Suppose that Y is sufficiently high.
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1. The minimum k increases in the marginal benefit if k <
c+
√
c2+4b(−c+Nb)

2b
.

2. The maximum k increases in the marginal benefit.

ii) The minimum k decreases in the marginal cost. The maximum k increases in the

marginal cost when Y is sufficiently high.

In a type of participation game, as the marginal benefit increases, the signatories find it

easier to choose to abate. Since a signatory knows that other remaining signatories suffice

to keep abating, the signatory has a higher incentive to exit the treaty. Therefore, coalition

size decreases. However, this is a counter-intuitive result that an increased marginal benefit

can form a bigger size of coalition. Reciprocity can provide a different angle on how to

affect coalition size by changes in the marginal benefit and cost. Suppose that reciprocal

sensitivity is sufficiently high. As the marginal benefit increases, the amount of unkindness

from polluting of non-signatories increases, so that signatories are more likely to pollute in

retaliation. Therefore, a larger coalition is necessary to cover such an increased unkindness.

In addition, if the number of signatories is low, the amount of unkindness is relatively

great because there are a sufficient number of non-signatories. Therefore, an increased

marginal benefit is more likely to increase the coalition size when the number of signatories is

sufficiently small. Note that the marginal benefit and cost have different degrees of influences

on the coalition size because non-signatories do not share a marginal cost of abating.
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2.4 Conclusion

I develop a model that incorporates reciprocal preferences into a benchmark participation

game for analyzing non-cooperative greenhouse gas policy. As the first main conclusion, a

bigger size of coalition forms than when it is assumed that governments possess the standard

preference. Additionally, the size of coalition increases with the degree of sensitivity. Mainly,

because signatories suffer from the unkindness shown by a non-signatory, signatories choose

to pollute in retaliation. Then, eventually a bigger coalition forms through the participa-

tion of a non-signatory on the margin. Second, as the marginal benefit increases or the

marginal cost decreases, the bigger coalition forms at an equilibrium if each government is

sufficiently reciprocal. If an increased marginal benefit increases the amount of unkindness

from non-signatories over an increased self-interested payoff and kindness between signa-

tories, signatories are more likely to pollute the non-signatories. This eventually increases

the size of coalition. Although this result does not fully negate the standard relationship

in which the high marginal benefit decreases the coalition size, it provides an alternative

view on how increased damage from global warming can lead to better global environmental

cooperation.

Going back to the first point that the United States declined to ratify the Kyoto protocol,

this paper provides a new angle. In an analysis based on cost and benefit, it is understood

that the United States government did not participate in the Kyoto protocol because the

expected cost was greater than the expected benefit. A significant point is that the absence

of developing countries in abating pollutants implies a meaningful loss to the United States.

Therefore, establishing a process for sharing this loss in the protocol, such as a trade of the
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emission permit, would be an efficient way to decrease a possible loss of signatories. Then,

it is believed that the Kyoto protocol would come into force. However, the view based on

reciprocity recognizes that the refusal of participation in the Kyoto protocol shows a kind of

implicit punishment towards China or India. Even though a way to decrease a possible loss

is established, it does not necessarily imply that the United States government will ratify

the protocol. Rather, if the Chinese government declares it will decrease CO2 emissions by

sending an apparent signal to the United States government, the United States government

is more likely to persuade voters and eventually participate in the protocol in spite of an

unchanged expected loss and benefit.
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Appendices

A Payoff Inequality Aversion

For a notation, I use l∗PI,i, y
∗
PI,i, and GPI for an optimal labor supply, the optimal

income, and a government transfer respectively. Note that because the labor supplies of

a standard worker and a payoff inequality averse worker are the same, l∗PI,i = l∗ST,i, the

government transfer of a standard worker and a payoff inequality averse worker are also the

same, GPI = GST .

A.1 Labor supply with a payoff inequality aversion

In the second stage, with a tax given, each worker strictly increases hours worked. The

hours worked of each worker is uniquely decided as a standard utility maximization because

she is too small to affect the government transfer and the utility Ui is a monotone transfor-

mation of the standard utility πi. I denote the equilibrium labor supply of Worker i with

profit inequality aversion by l∗PI,i to distinguish those of profit inequality aversion.

Proposition A.6 (Hours worked with IAP ). Given a tax rate t, the unique equilibrium

labor supply of Worker i is

l∗PI,i(si, t) = L[(1− t)si], ∀i

Proof. First, let us show that given t and l−i, Ui′ > Ui if and only if πi′ > πi.

(⇐) Because l−i and t are given, π−i are given. Let πi′ > πi, let πi′ = πi + δ and
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δ > 0. This means that πi is not maxliπi. Let us divide [0, 1] into three intervals as follows.

I1 = {j ∈ [0, 1]|πj < πi}, I2 = {j ∈ [0, 1]|πi < πj < πi′}, and I3 = {j ∈ [0, 1]|πj > πi′}. Let

us compare Ui′ and Ui.

Ui′ =πi′ − β
∫
I1∪I2

πi′ − πjdF − α
∫
I3

πj − πi′dF (j)

=πi′ − δβ
∫
I1∪I2

dF (j) + δα

∫
I3

dF (j)− β
∫
I1∪I2

πi − πjdF (j)− α
∫
I3

πj − πidF (j)

∴Ui′ − Ui = δ

{
1− β

∫
I1∪I2

dF (j) + α

∫
I3

dF (j)

}
+ (α + β)

∫
I2

πj − πidF (j) > 0

(A.14)

Inequality holds because the coefficient of δ is positive due to Lemma 1.1.ii. and πj is greater

than πi in Interval I2.

(⇒) Let πi′ < πi, πi = πi′ + δ, where δ > 0. Then,

Ui − Ui′ = δ

{
1− β

∫
I1∪I2

dF (j) + α

∫
I3

dF (j)

}
+ (α + β)

∫
I2

πj − πi′dF (j) > 0

Therefore, l∗i that maximizes πi maximizes U∗i as well. Given t and l−i, the argmax of πi

is L[(1 − t)si], which is uniquely defined because of the concavity of πi regardless of labor

supplies of others.

Although workers are inequality averse, they provide the same labor supply as for the

case of standard preferences ex post. Note that Proposition A.6 would hold even without

assuming quasi linearity, which is one of the main results of Dhami and Al-nowaihi, if not

considering the problem of the finite number of workers. However, my propositions beyond

Proposition A.6 require a quasi linearity.
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A.2 The optimal tax rate of a payoff inequality averse worker

Proposition A.7 shows that the tax rate of the median voter is chosen. Because incomes

are monotonic in skills, Proposition A.7.iii states that the low-skilled worker prefer a higher

tax rate than the high-skilled worker.

Proposition A.7.

i) The optimal tax rate t∗i for each voter i exists.

ii) The median voter is decisive.

iii) The optimal tax rate t∗i of each voter i decreases in skills and increases in α or β.

Proof. i) U∗(si, t) = π∗i − β
∫ si

0
π∗i − π∗jdF (j) − α

∫ 1

si
π∗j − π∗i dF (j) because π∗i increases in

si. U
∗ is continuous and the domain of the tax rate is compact as [0, 1]. Thus, there is an

optimal tax rate by the Weierstrass theorem.

ii) According to Gans and Smart [24], the median voter is decisive if U∗i is single-

crossing in (t, si). First, because
∂π∗i
∂t

= −sil∗i + G′ = −yi + G′,
∂U∗i
∂t

= −yi + G′ −

β
∫ si

0
−yi + yjdF (j) − α

∫ 1

si
−yj + yidF (j). Therefore,

∂2U∗i
∂si∂t

= −y′i + βy′iF (si) − αy′i(1 −

F (si)) = −y′i {1− βF (si) + α(1− F (si)}. Because 1 − βF (si) + α(1 − F (si)) > 0 and

−y′i = −(l∗i + si
∂l∗i
∂si

) < 0, U∗i is decreasing differences in (t, si), which implies to be single-

crossing for the opposite order of t. Thus, the median voter is decisive.

iii) In the first stage, π∗i = (1 − t)siL[(1 − t)si] + G − C(L[(1 − t)si]). Thus, U∗i =

π∗i − β
∫ si

0
π∗i − π∗jdF (j) − α

∫ 1

si
π∗j − π∗i dF (j) because π∗ increases in si. Because

∂2U∗i
∂si∂t

=

−(l∗i + sil
′
i){1 − βF (si) + α(1 − F (si))} < 0 because l′i > 0 from Lemma 1.ii. The tax t is
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in [0, 1], which is ascending. Because Ui is strictly decreasing differences (DD), the optimal

tax rate decreases in si from Topkis theorem [42].

Additionally,
∂2U∗i
∂t∂β

=
∫ si

0
y∗i − y∗jdF (j) > 0. Because Ui is strictly increasing differences

(ID), the optimal tax rate increases in β from Topkis theorem. Thus, the optimal tax rate

increases in α or β. (The proof for α is the same because ∂U2

∂t∂α
= α

∫ 1

si
y∗j − y∗i dF (j) > 0.)

Although workers do not provide their labor supplies considering the incomes of other

workers, inequality affects their optimal tax rate. In other words, voters prefer higher tax

rates when they are more averse to payoff inequality. First, define U∗PI,i = πi(l
∗
PI,i) +

IAPi (l∗PI,i). Let us consider the FOC of a payoff inequality averse worker. The FOC is

as follows.

∂U∗PI,i
∂t

= −y∗PI,i +G′PI +HP (α, β, t, si) (A.15)

where HP (α, β, t, si) = β

∫ si

0

y∗PI,i − y∗PI,jdF (j) + α

∫ 1

si

y∗PI,j − y∗PI,idF (j)

The HP function represents the amount of inequality averse utilities associated with

psychological weights α and β. When α > 0 and t < 1, HP (α, β, t, 0) > HP (α, β, t, 1) > 0

because α > β and y∗PI,i strictly increases in si. Additionally, the function HP decreases in si

and t as long as t < 1 because a smaller utility added, β
∫

∆si
(y∗PI,i− y∗PI,j)dF (j), substitutes

a bigger utility, α
∫

∆si
(y∗PI,i − y∗PI,j)dF (j), as si increases. Therefore, HP > 0 unless t = 1.

Because a positive marginal utility HP is added to the FOC, a higher tax rate is preferred

to the standard preferences.

In Figure A.2, given t∗sI the FOC of standard Worker sI is assumed to be zero, which is

described as Point A that y∗PI,i and G′PI meet. However, when a voter has payoff inequality
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Marginal
Utility

Skill

y∗PI,i (= y∗ST,i)

G′PI (= G′ST )

sI

A

B

G′PI +HP

s̃

C

Figure A.2. Moderate Ineqaulity Aversion

averse preferences, FOC = −y∗PI,i+G′PI +HP = HP > 0 at sI . In Figure A.2, the difference

between B and A shows that G′PI + HP is greater than y∗PI,i. Therefore, Worker sI prefers

a higher tax rate than t∗sI . However, suppose that FOC = −y∗PI,i +G′PI < 0 so that t∗sI = 0

instead that y∗PI,i meets G′PI,i. Then, the tax rate preferred by Worker sI can be zero if

the value of HP is sufficiently small. Therefore, the optimal tax rate with payoff inequality

aversion is weakly higher than those with the standard preference.

Proposition A.8. The optimal tax rate preferred by the voter with payoff inequality aversion

is higher than or equal to those without inequality aversion. Equality can happen only when

the optimal tax rate with standard preference is zero.

At the current optimal tax rate t∗sI , Worker s̃ at Point C that is greater than sI maximizes

its utility at the tax rate t∗sI . By iterating this process, all workers less than s̃ prefers a higher

tax rate than t∗sI while all workers greater than s̃ prefers a lower tax rate than t∗sI .
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B The Participation Game of Scott Barrett

I present Barrett’s participation game to compare the general result with the result of

my model. Barrett’s participation game consists of three stages. In the first stage, every

country decides whether to sign a treaty. In the second stage, all signatories unanimously

decide whether to abate or pollute. In the third stage, the individual non-signatories decide

whether to abate or pollute. The payoff function for countries is −c+b(Zi+1) if a government

abates and bZi if a government pollutes, where Zi is the number of other governments

abating, that is, other than Government i. The terms b and c represent the marginal benefit

and cost respectively. To produce a PD game, c is larger than b. In the second stage, an

administrator maximizes the aggregated payoff of the signatories and decides the unanimous

actions of the signatories. If a signatory decides to pollute, all signatories receive the payoff

bZN
i , where ZN

i represents the number of non-signatories abating during the third stage

other than Government i. If a signatory decides to abate, all signatories receive the payoff

−c+ b(Zi + 1).

Because players possess standard preferences, players maximize only their material pay-

offs and non-signatories pollute during the third stage. In the second stage, as long as the

number of signatories is sufficiently high to achieve a positive payoff, the administrator will

abate during the second stage. If a k∗ is selected such that signatories whose number is

greater than or equal to k∗, abate, then the signatories receive a non-negative payoff. If

fewer than k∗ signatories abate, then they receive a negative payoff. When the number of

signatories is greater than or equal to k∗ + 1, a signatory faces an incentive to abandon the

treaty to obtain a higher payoff than that gained through participating. One interesting
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class of equilibria has k∗ signatories, and all signatories abate while non-signatories pollute.

Another class of equilibria produces no abatement.

Admittedly, a caveat for this result is that only a small number of governments may join

a treaty and abate. To induce a higher level of cooperation, the marginal cost should be

sufficiently high and marginal benefit should be sufficiently low. The low marginal cost or the

high marginal benefit represents that a small size of coalition enables signatories to abate.

Therefore, a signatory has an incentive to exit the treaty as long as all remaining signatories

keep abating, so that a small size of coalition is established. However, the aggregate payoff

for all governments decreases in marginal cost and increases in marginal benefit. Thus,

full participation need not guarantee a higher payoff than lesser participation with a lower

marginal cost or higher marginal benefit.
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C The Behavior of Signatories and Non-signatories

In the proofs, let ESS and ESN be a fair payoff of a signatory to other signatories and

non-signatories respectively for simplicity. Likewise, let ENS and ENN be a fair payoff of a

non-signatory to other signatories and non-signatories respectively.

Reciprocity is integrated in two ways in the model. One way is that a government re-

sponds to the pollutant abatement decision of another government with its own abatement

decision, which occurs in the second stage. A government can also respond to the participa-

tion decision of another government in the treaty with its own participation decision, which

occurs in the first stage.

First, Proposition A.9, Proposition A.10, Proposition A.11, and Proposition A.12 char-

acterize abatement behaviors of governments in the second stage. Then, Proposition A.13

describes participation behavior of governments in the first stage.

Proposition A.9. Assume that a government has a standard belief associated with the

threshold k. A non-signatory pollutes if ∆U0(k)− (c− b) + Y b2

2
(k2 + k + 1−N) < 0. At an

off-equilibrium path, a non-signatory pollutes if Y < 2(c−b)
b2(N−1)

.

Proof. Given k, consider a condition that non-signatories pollute with the belief that N−1

other governments abate at the k− 1, k, k+ 1 signatory node. For example, a non-signatory

i has such a belief as biS = J · · ·Ak−1AkAk+1 · · · pk−1pkpk+1 · · · for k signatories and biN =

Q · · ·Ak−1AkAk+1 · · · pk−1pkpk+1 · · · for N−k−1 non-signatories. If a non-signatory pollutes

when the other N − 1 governments abate, its negative reciprocal utility is highest because it

responds to the kindness of all other governments with unkindness. Therefore, the condition
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that a non-signatory pollutes when the other governments abate forces the non-signatory to

pollute when fewer governments abate with such a type of belief.

When non-signatory i abates or pollutes, another non-signatory gains −c+ bN or −c+

b(N−1) respectively. Therefore, the kindness of non-signatory i to non-signatory j is b
2

when

abating and b
2

when polluting. To get the second order kindness to Non-signatory i from

Non-signatory j, denote the second order belief to the abating action of Non-signatory i by

p. Non-signatory i can give Signatory j the maximum payoff, p(−c+ bN) + (1− p)b(N − 1),

and the minimum payoff, p(−c + b(N − 1)) + (1 − p)b(N − 2), by abating and polluting

respectively. Accordingly, the fair payoff is p
(
−c+ b(N − 1

2
)
)

+ (1− p)b
(
N − 1− 1

2

)
. After

simplifying the first order of kindness of Non-signatory j to Signatory i as b
2
.

Non-signatory i can give a signatory −c+Nband −c+(N−1)b over abating and polluting

respectively. Because Non-signatory i can give a signatory −c+Nb as the maximum payoff

by abating and −c + (N − 1)b as the minimum payoff by polluting, the fair payoff is −c +

b(N − 1/2). It means that the kindness of Non-signatory i to a signatory is b
2

and b
2

over

abating and polluting respectively. A signatorys second order kindness to Non-signatory i

is b
2
. To sum up,

UN
i (A; k, Z = N − 1) = −c+ bN + Y

b

2

b

2
(N − k − 1) + Y

b

2

b

2
k (A.16)

UN
i (P ; k;Z = N − 1) = b(N − 1) + Y

(
− b

2

)
b

2
(N − k − 1) + Y (− b

2
)
b

2
k (A.17)

Therefore, non-signatories pollute if Y < 2(c−b)
b2(N−1)

when their beliefs of other governments

strategies are not changed as the number of signatories is changed. Note that technically
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it is unnecessary to measure the first order kindness because the first order fair payoff is

common in the utility functions and deleted. Therefore, from now the first order fair payoff

is not considered.

However, if the beliefs of non-signatories are changed as the number of signatories,

the fair payoff is also changed. Suppose that Non-signatory i has such a belief as biS =

J · · ·Pk−1AkAk+1 · · · p0 · · · pN−1 for signatories and biN = Q · · ·Pk−1AkAk+1 · · · p0 · · · pN−1

for non-signatories. A signatory gives Non-signatory i bk as the maximum payoff and b as

the minimum payoff. Therefore, the second order kindness is bk
2

when a signatory abates.

Likewise, the second order kindness from a non-signatory is b
2

when a non-signatory pollutes.

The inequality that a non-signatory pollutes at the k threshold is given as follows:

−c+ b(k + 1) + Y (−c+ b(k + 1)− ENS)
bk

2
k + Y (b(k + 1)− ENN)

(
− b

2

)
(N − k − 1)

(A.18)

< bk + Y (bk − ENS)
bk

2
k + Y (bk − ENN)

(
− b

2

)
(N − k − 1)

(A.19)

Therefore, non-signatories pollute if −c+ b+ Y b2

2
(k2 + k + 1−N) < 0 when their belief

of signatories strategy are changed as the number of signatories is changed.

Proposition A.10. Assume that a signatory has a standard belief associated with the thresh-
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old k > c
b
. The signatory abates if

∆U1(k)− c

k
+ b+ Y

{
1

2
(− c
k

+ b)2k(k − 1)− b2

2
(N − k)

}
> 0.

At k‘ off-equilibrium path such that k‘ = k − 1 and k‘ > c/b, the signatory pollutes if

∆U2(k‘)− c

k‘
+ b+ Y

{
−
(
− c

k‘
+ b
) b

2
(k‘− 1)− b

2
(−c+ (k‘ + 1)b)(N − k‘)

}
< 0

Proof. Suppose that Signatory i has such a belief as biS = JP1 · · ·Pk−1Ak · · ·ANp0 · · · pN−1

for other k − 1 signatories and biN = JP1 · · ·Pk−1Ak · · ·ANp0 · · · pN−1 for N − k non-

signatories.

Signatory i can give Signatory j −c + bk if abating and k−1
k
c + (k − 1)b if polluting. If

Signatory j believes that Signatory i participates in the treaty and abates, Signatory j can

provide Signatory i with −c+bk as a maximum payoff when Signatory j abates in the treaty

and 0 as a minimum payoff when Signatory j quits the treaty and pollutes. Then, the second

order kindness of Signatory j to Signatory i is −c+bk
2

. Additionally, Signatory i can provide

a non-signatory bk if abating and b(k − 1) if polluting. A non-signatory provides Signatory

i with b
2

as a second order kindness.
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Ui(abating) = −c+ bk + Y

{
(−c+ bk − ESS)

−c+ bk

2
(k − 1) (A.20)

+(bk − ESN)
b

2
(N − k)

}
Ui(polluting) =

(
− c
k

+ b
)

(k − 1) + Y

{
((k − 1)(− c

k
+ b)− ESS)

−c+ bk

2
k(k − 1) (A.21)

+(b(k − 1)− ESN)
b

2
(N − k)

}

Therefore, a signatory abates if

− c
k

+ b+ Y
1

2
(− c
k

+ b)2k(k − 1)− b2

2
(N − k) > 0. (A.22)

Additionally, suppose Signatory i has a belief as biS = JP1 · · ·PkAk+1 · · ·ANp0 · · · pN−1 for

other k− 1 signatories and biN = JP1 · · ·PkAk+1 · · ·ANp0 · · · pN−1 for N −k non-signatories.

In other words, Signatory i believes that other signatories pollute. Signatory i can give

Signatory j c
k

+ b if abating and 0 if polluting. For the second order kindness to Signatory

i, assume that other governments believe Signatory i pollutes at the equilibrium. Then, the

maximum and minimum payoff of Signatory i from Signatory j are −c + b(k + 1) and 0

respectively. Remember that if Signatory j has participated and abated, Signatory i would

earn c + b(k + 1) as a maximum payoff. Therefore, the second order kindness is −c+b(k+1)
2

.

Additionally, Signatory i can give a non-signatory b if abating and 0 if polluting. A non-

signatory can give Signatory i −c+(k+1)b if joining and abating and 0 if staying outside the

treaty and polluting. Therefore, the second order kindness of a non-signatory to Signatory

i is c−(k+1)b
2

.
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Therefore, Signatory i pollutes if

− c
k

+ b+ Y−(− c
k

+ b)
b

2
(k − 1)− b

2
(−c+ (k + 1)b)(N − k) < 0. (A.23)

Proposition A.11. Assume that a government has a standard belief associated with the

threshold k > c
b
. A signatory at k‘ > k signatory node abates if

∆U3(k′)− c

k′
+ b+ Y (− c

k′
+ b)

b

2
(k′ − 1)− b2

2
(N − k′) > 0.

A signatory at k′ < k − 1 signatory node pollutes if

∆U4(k′)− c

k′
+ b+ Y−(− c

k′
+ b)

b

2
(k′ − 1)− b2

2
(N − k′) < 0.

Proof. Suppose that Signatory i has a belief such as biS = J · · ·Ak−1AkAk+1 · · · p0 · · · pN−1

for other k−1 signatories and biN = J · · ·Ak−1AkAk+1 · · · p0 · · · pN−1 forN−k non-signatories.

Signatory i can give Signatory j −c + bk and (k − 1)
(
− c
k

+ b
)

over abating and pol-

luting respectively. Assume the second order belief of Signatory i by p. The payoff of

Signatory i when Signatory j abates is p(−c + bk) + (1 − p)(k − 1)(−c/k + b). Signa-

tory j can give Signatory i p(−c + kb) + (1 − p)
{
− (k−2)c

(k−1)
+ (k − 1)b

}
as a maximum and

p(−c+ (k − 1)b) + (1− p)
{
− (k−2)c

k−1
+ (k − 2)b

}
as a minimum. Therefore, the fair payoff is

p
(
−c+

(
k − 1

2

)
b
)

+(1−p)
{
− (k−2)c

k−1
+
(
k − 3

2

)
b
}

. The second order kindness to Signatory i

is pb
2

+(1−p)
(
b
2
− c

k(k−1)

)
. Signatory i can give non-signatories bk and b(k−1) over abating

and polluting respectively. Additionally, non-signatories second order kindness is b
2
. Because
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at the equilibrium that Signatory i abates, p = 1, and Signatory i abates if

− c
k

+ b+ Y

{(
− c
k

+ b
) b

2
(k − 1)− b2

2
(N − k)

}
> 0. (A.24)

Additionally, suppose that Signatory i has a belief such as biS = J · · ·Pk−1PkPk+1 · · · p0 · · · pN−1

for other k−1 signatories and biN = J · · ·Pk−1PkPk+1 · · · p0 · · · pN−1 for N−k non-signatories.

Signatory i can give Signatory j c
k

+ b or 0 over abating and polluting. Let the second

order belief of Signatory is abating be p. Then, its expected payoff based on its belief is

p
(
− c
k

+ b
)
. It also is p

(
− c
k−1

+ 2b
)

+ (1 − p)b as a maximum when Signatory j quits the

treaty and abates and p
(
− c
k−1

+ b
)

as a minimum when Signatory j quits the treaty and

pollutes. Therefore, the second order kindness is p
(
− c
k−1

+ 3 b
2

)
+ (1− p) b

2
. Also, the second

order kindness of a non-signatory is b
2
. Because p becomes zero at the equilibrium that

Signatory i pollutes , Signatory i pollutes if

− c
k

+ b+ Y

{
−
(
− c
k

+ b
) b

2
(k − 1)− b2

2
(N − k)

}
< 0. (A.25)

When k < c
b
, signatories polluting would be regarded as kindness because a signatorys

abating gives a negative material payoff. However, recognizing kindness depends also on the

number of signatories. If k is sufficiently high (k > c
2b

) in spite of bringing about negative

material payoff (k < c
b
), abating has still been regarded as showing kindness because it

decreases the loss of profit. Thus, a signatory shows kindness as reciprocity. Therefore,
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signatories cannot abate. Proposition A.12 excludes an equilibrium with a standard strategy

at k < c
b
− 1 signatory node.

Proposition A.12. Let us assume that a signatory has a standard belief associated with the

threshold k < c
b
. At k‘ signatory node such that k′ > k and c

2b
< k′ < c

b
, a signatory does not

abate.

Proof. When k < c
b
, kindness of Signatory i to Signatory j is b − c

2k
from abating and

c
2k

from polluting. Kindness for a non-signatory is the same as the off-equilibrium case in

Proposition 6. Therefore, in order for Signatory i to abate, the inequality below should hold:

− c
k

+ b+ Y
(
− c
k

+ b
)(

b− c

2k

)
(k − 1)− Y b

2

2
(N − k) > 0 (A.26)

However, if k > c
2k

, it does not hold.

Proposition A.13. Assume that a government has a standard belief associated with the

threshold k > c
b
. External stability: A non-signatory stays outside the treaty if

−(c− b) + Y
b2

2
(k2 + k + 1−N) < 0.

Internal stability: A signatory stays inside the treaty if

− c
k

+ b+ Y
1

2

{(
− c
k

+ b
)2

k(k − 1)− b2(N − k)

}
> 0.

Proof. Suppose that Government r believes J · · ·AkAk+1Ak+2 · · · pk−1 · · · for k governments
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(signatories) and Q · · ·AkAk+1Ak+2 · · · pk−1 · · · for N − k− 1 governments (non-signatories).

Government r can give Signatory i −c + b(k + 1) if participating and −c + bk if leaving.

Kindness of Non-signatory r to Signatory i is b
2

if participating and b
2

if leaving. For the

second order kindness, let p be the second order kindness of participating of Government

r. Signatory i can give Government r p(−c + b(k + 1)) + (1 − p)bk if participating and

p(−c+ bk) + (1− p)0. Since Signatory i has already participated, the second order kindness

toward a non-signatory is p b
2

+ (1 − p) bk
2

. Also, Government r can give Non-Signatory j

b(k+ 1) if participating and bk if leaving. Therefore, the kindness to Non-Signatory j is b
2

if

participating and b
2

if leaving. Non-Signatory j can give Government r p(−c + b(k + 2)) +

(1−p)b(k+1) if participating and p(−c+b(k+1))+(1−p)bk if leaving. Since Non-Signatory

j has already quit, the second order kindness from non-signatory is b
2
.

Therefore, the utilities over joining and quitting are the following:

U(joining) = −c+ (k + 1)b+ Y
b

2

(
b

2
p+ (1− p)k b

2

)
k + Y

b

2

(
− b

2

)
(N − k − 1) (A.27)

U(quitting) = kb+ Y

(
− b

2

)(
b

2
p+ (1− p)k b

2

)
k + Y

(
− b

2

)(
− b

2

)
(N − k − 1) (A.28)

Non-signatory r stays outside the treaty, p = 0, if

−(c− b) + Y
b2

2
k2 + k + 1−N < 0. (A.29)

Additionally, suppose that Government r believes J · · ·AkAk+1Ak+2 · · · pk−1 · · · for k− 1

governments (signatories) and Q · · ·AkAk+1Ak+2 · · · pk−1 · · · for N − k governments (non-

signatories). Government r can give Signatory i −c + bk if participating and 0 if leaving.
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Therefore, kindness to Signatory i is −c+bk
2

if participaing and −−c+bk
2

if leaving. Let the

second order belief of Government rs action be p. Then, Signatory i can give Government

r p(−c + bk) + (1 − p)0 if participating and 0 if leaving. Since Signatory i has already

participated, the second order kindness is p(−c+bk)
2

. Additionally, Government r can give

Non-Signatory j bk if participating and 0 if leaving. In turn, Non-Signatory j can give

Government r p(−c + b(k + 1)) + (1 − p)bk if participating and p(−c + bk) + (1 − p)0 if

leaving. The second order kindness is pb
2
− (1− p) bk

2
.

Therefore,

Ur(abating) = −c+ bk + Y

{
(
−c+ bk

2
κ1(k − 1) + b

k

2
κ2(N − k)

}
(A.30)

Ur(polluting) = Y

{
(−−c+ bk

2
κ1(k − 1) +

(
−bk

2

)
κ2(N − k)

}
(A.31)

where κ1 = p(−c+bk)
2

and κ2 = −pb−(1−p)bk
2

.

Government r participates in the treaty, p = 1, if

Y
1

2

{
−(−c+ kb)

(
− c
k

+ b
)

(k − 1) + b2(N − k)
}
< − c

k
+ b (A.32)

The internal and external stability conditions in Proposition A.13 are equivalent to

∆U0(k) and ∆U1(k) in Proposition A.9 and Proposition A.10 respectively. In fact, most

kindness (or unkindness) happens in the second stage. For example, even though a govern-

ment had decided to participate in the treaty in the first stage, polluting inside the treaty

can decrease the material payoff for other governments. Therefore, the degree of kindness in

the first stage cannot be much bigger than those in the second stage.
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Lemma A.1. Define Yi(k) as the negative coefficient of Y in ∆Ui(k).

i. ∆U1(k), ∆U3(k), and ∆U4(k) increase in k.

ii. ∆U2(k)’s change in k follows one of three paths: increasing, increasing after decreasing,

or increasing with an interval of decreasing.

iii. There is a k′
(
> c

b

)
such that Y1(k′) = 0. ∆U1(k) decreases in Y for ∀k < k′ and

increases in Y for ∀k > k′.

iv. There is a k′
(
> c

b

)
such that Y3(k′) = 0. ∆U3(k) decreases in Y for ∀k < k′ and

increases in Y for ∀k > k′.

v. ∆U2(k) and ∆U4(k) decreases in Y .

vi. Y1(k) ≤ Y3(k) when k ≥ c
b

+ 1, and Y1(k) > Y3(k) when k < c
b

+ 1

vii. Y2(k) ≥ Y4(k) ≥ Y1(k) or Y3(k) when k ≥ c
b

Proof. Even though k is a discrete number, the marginal utility is well defined over a

continuous k.

Regarding i., ∂∆U1

∂k
= c

k2
+ Y b

2
(2b − c

k2
) > 0, because k > c

b
and k > 1. Additionally,

∂∆U2

∂k
= c

k2
+ b

2
Y c
k2
> 0. ∂∆U3

∂k
= c

k2
+ Y

2

{
2(− c

k
+ b) c

k2
k(k − 1) + (− c

k
+ b)2(2k − 1) + b2

}
> 0.

Regarding ii., First of all, ∂∆U1

∂Y
= (− c

k
+ b) b

2
(k − 1)− b2

2
(N − k). Additionally, ∂2∆U1

∂k∂Y
=

b
2
(2b− c

k2
) > 0. Since ∂∆U1

∂Y
(k = c

b
) < 0, and ∂∆U1

∂Y
(k = N) > 0, there is k̃ such that ∀k < k̃,

∂∆U1

∂Y
(k) < 0, and ∀k > k̃, ∂∆U1

∂Y
(k) > 0.

Regarding iii., it’s almost the same as the proof of ii. except ∂2∆U3

∂k∂Y
= 1

2
{2(− c

k
+b) c

k2
k(k−

1) + (− c
k

+ b)2(2k − 1) + b2} > 0.
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The proof of iv. is trivial.

Regarding v., ∂∆U4

∂k
= c

k2
+ b

2
Y { c

k2
− bN + 2bk − c}. Its second derivative is b2Y

k3
(k −

α)(k2 + kα+α2), where α = 3

√
2c
b

( 1
bY

+ 1) > 0. Thus, when k < α, ∂∆U4

∂k
decreases in k, and

increases otherwise. Since we cannot decide the bigger one between α and c
b
, and the sign

of ∂∆U4

∂k
(k = c

b
), from the four combinations of those, we can figure out the shape of the first

derivative of ∆U4(k); increasing (α < c
b
∧ ∂∆U4

∂k
(k = c

b
) > 0, or α > c

b
∨ ∂∆U4

∂k
(k = c

b
) > 0

in addition that the minimum value of ∆U4(k) is positive), increasing after decreasing (α <

c
b
∧ ∂∆U4

∂k
(k = c

b
) < 0, or α > c

b
∧ ∂∆U4

∂k
(k = c

b
) < 0), increasing after decreasing after increasing

(otherwise).

vi. and vii are trivial.

From Lemma 1, ∆U1(k) ≥ ∆U3(k) ≥ ∆U4(k) ≥ ∆U2(k). Also, ∆U1(k), ∆U3(k), and

∆U4(k) increase in k. Therefore, given these parameters, there is a k satisfying ∆U1(k) ≥ 0,

∆U3(k + 1) ≥ 0, ∆U2(k − 1) ≤ 0 and ∆U4(k − 2) ≤ 0.
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D Proofs

D.1 Lemmas and Propositions

Lemma A.2. Suppose (α, β, F ) ∈ C. The worker having less skill than the IA center,

other than the si = 0 worker, provides more labor than the labor supplied without inequality

aversion. In addition, the worker having more skill than the IA center provides less labor

than the labor supplied without inequality aversion.

Proof. The labor supply of a standard worker is L[(1 − t)si]. If a tuple (α, β, F ) ∈ C, the

labor supply of work i is L[(1−t)siR(si)]. R(si = 0) = 1+α > 1, R(si = 1) = 1−β < 1, and

R(si = sI) = 0. Since R(si) strictly decreases, ∀s < sI , R(s) > 1 and ∀s > sI , R(s) < 1.

Lemma A.3.

i) l∗i is continuous.

ii) An income y∗i , a standard utility π∗i , and a utility U∗i (value function) increase in si.

Proof. Trivial.

Lemma A.4. If Bi(li) and Ai(li) are continuous, given si > 0 and t < 1 the equality (A.34)

has a unique solution.

Proof. First, if si = 0 or t = 1, l∗i = 0. Suppose that si > 0 and t < 1. Also let

h(li) = li − L[(1 − t)si{1 − βBi(li) + αAi(li)}]. As long as Bi and Ai are continuous, h(li)

is continuous. h(li = 1) = 1 − L[(1 − t)si{1 − βBi(1)}] ≥ 1 − L[(1 − t)si{1 − β}] >

0. (∵ When t = 0 and si = 1, the value x satisfying C ′(x) = 1 − β is less than 1.)
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Likewise, h(li = 0) = −L[(1 − t)si{1 + αAi(0)}] < 0. Because h(li) strictly increases, there

is a unique l∗i satisfying the equality (A.34). Note that h(li) is a function of li so that

−L[(1− t)si{1− βBi(li) + αAi(li)}] strictly increases.

Lemma A.5. Given t and y−i, let bi(li) = {j ∈ [0, 1]|yj < sili} and ai(li) = {j ∈

[0, 1]|yj > sili}. Then, the unique optimal labor supply l∗i necessarily holds l∗i = L[(1 −

t)si{1 − βBi(l
∗
i ) + αAi(l

∗
i )}] if y−i is strictly monotone and differentiable or disconnected

near sil
∗
i once y−i are relabeled after sorting in ascending order, where Bi(li) =

∫
bi(li)

dF (j)

and Ai(li) =
∫
ai(li)

dF (j).

Proof. Suppose that y−i is relabelled after sorting in ascending order. Let b̄i(li) = sup bi(li)

and ai(li) = inf ai(li).

Ui(li) =(1− t)sili +G− C(li)

− β(1− t)
∫ b̄i(li)

0

sili − yjdF (j)− α(1− t)
∫ 1

ai(li)

yj − silidF (j) (A.33)

First, if y−i strictly increases, sili = yb̄i(li) = yai(li)
. Suppose that yj are differentiable

near the optimal labor supply of Worker i. Then, ai(l
∗
i ) and b̄i(l

∗
i ) are differentiable near the

optimal labor supply. The FOC is as follows.

FOC =(1− t)si − C ′ − β(1− t)
∫ b̄i(li)

0

sidF (j) + α(1− t)
∫ 1

ai(li)

sidF (j)

=(1− t)si[1− βF (b̄i(li)) + α{1− F (ai(li))}]− C ′

(∵ By Leibniz’s rule

∂
∫ b̄i(li)

0
sili − yjdF (j)

∂li
=

∫ b̄i(li)

0

sidF (j) + b̄′i(li)[sili − yi]

)
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Moreover, the SOC is −(1 − t)si{βf(b̄i(li))b̄
′
i(li) + αf(ai(li)a

′
i(li)} − C ′′ < 0 because ai(−)

and b̄i(−) strictly increase and C(−) is a convex function. Therefore, at the optimal labor

supply,

l∗i = L[(1− t)si{1− βBi(l
∗
i ) + αAi(l

∗
i )}] (A.34)

(∵ ai(li), bi(li), Ai(li), and Bi(li) are not influenced by sorting,
∫ b̄i(li)

0
dF (j) = Bi(li), and∫ 1

ai(li)
dF (j) = Ai(li).)

Suppose that y∗i = sil
∗
i is discontinuous at i. Without loss of generosity, suppose that

∃δ > 0 such that ∀j > i, y∗i + δ < yj. I can find a l∗i ’s interval that b̄i(−) and ai(−) are

constant in the way that ∆l∗i <
δ
si

. It means that the shares of workers who are relatively

rich or poor are fixed. Therefore, from (A.33), the necessary condition (A.34) is derived.

Lemma A.6.

i) l∗i and y∗i are twice continuously differentiable with regard to s and t if (α, β, F ) ∈ C.

ii) Suppose that (α, β, F ) ∈ C. Let us call the minimum and maximum skill in a flat spot

slb and sub respectively. Then, l∗i and y∗i are twice continuously differentiable with regard to

t and si unless si = slb or sub. In addition, l∗i and y∗i are continuous at si = slb or sub.

Proof. i) Trivial because l∗i = l∗(s) and y∗i = y∗(s). ii) Trivial when si is not one of two

extremes. Without loss of generosity, consider when si = slb. lims→slb− l
∗(s) = l∗(slb) and

lims→slb+ l
∗
i = lims→slb+

slbl
∗(slb)
s

= l∗(slb). Therefore, it is continuous at si = slb.

However, it is discontinuous at si = slb. lims→slb−
∂l∗i
∂s

= L′·(1−t){slbR(slb)}′. On the other

hand, lims→slb+
∂l∗i
∂s

= lims→slb+
−slbl∗(slb)

s2
= − l∗(slb)

slb
. Therefore, lims→slb−

∂l∗i
∂s
6= lims→slb+

∂l∗i
∂s

.
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Lemma A.7. Suppose that (α, β, F ) ∈ C1 and L′ weakly increases. If G first-order stochastic

dominance over F , then

i) EF [y∗F ] ≤ EG[y∗G]

ii) EF [
∂y∗F
∂t

] ≥ EG[
∂y∗G
∂t

]

Proof. First, G %1 F implies RF (s) ≤ RG(s). Additionally, EF [y∗F ] ≤ EF [y∗G] and EG[y∗F ] ≤

EG[y∗G] are implied.

i) Because y∗F and y∗G strictly increase, EF [y∗F ] ≤ EG[y∗F ] and EF [y∗G] ≤ EG[y∗G]. Therefore,

EF [y∗F ] ≤ EG[y∗G].

ii)
∂y∗i
∂t

= −s2
iR(si)L

′[si(1− t)R(si)]. Therefore, the following inequalities are followed.

∂y∗F
∂t

= −s2
iRF (si)L

′[(1− t)siRF (si)] ≥ −s2
iRG(si)L

′[(1− t)siRG(si)] =
∂y∗G
∂t

(A.35)

If L′′ > 0 and siR(si) strictly increases,
∂2y∗i
∂s∂t

< 0. Besides, when
∂y∗i
∂t

strictly decreases in

skills, two inequalities are implied.

EF

[
∂y∗F
∂t

]
≥ EG

[
∂y∗F
∂t

]
, EF

[
∂y∗G
∂t

]
≥ EG

[
∂y∗G
∂t

]
(A.36)

From the inequality (A.35), another two inequalities are implied.

EF

[
∂y∗F
∂t

]
≥ EF

[
∂y∗G
∂t

]
, EG

[
∂y∗F
∂t

]
≥ EG

[
∂y∗G
∂t

]
(A.37)

Therefore, from inequalities (A.36) and (A.37),

EF

[
∂y∗F
∂t

]
≥ EG

[
∂y∗G
∂t

]
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D.2 Miscellaneous Proofs

Proof of Lemma 1.1. i) 1− β
∫
j∈bi dF (j) + α

∫
j∈ai dF (j) ≥ 1− β

∫
j 6=i dF (j) > 0 because

β < 1 and
∫
j 6=i dF (j) ≤ 1.

ii) Let k(i) < k(i′) for i < i′. Because k(i′) > k(i), ∀j ∈ bi belongs to bi′ . However,

there is at least the i such that i ∈ bi′ and i /∈ bi because k(i′) > k(i). Therefore, bi ⊂ bi′

and likewise ai′ ⊂ ai. Because from Assumption 1 the support of F is [0, 1] and F is

continuous,
∫
bi
dF (j) <

∫
bi′
dF (j) and

∫
ai
dF (j) >

∫
ai′
dF (j). Therefore, 1− β

∫
j∈bi dF (j) +

α
∫
j∈ai dF (j) > 1− β

∫
j∈bi′

dF (j) + α
∫
j∈ai′

dF (j).

Proof of Lemma 1.2. Suppose that there is the interval I0 that y∗i strictly decreases in i

at an equilibrium. Let i ∈ I0− cl(I0) where cl(−) is a closure. There is i′ such that i′ = i+ ε,

ε > 0, and i′ ∈ I0 because I0 − cl(I0) is open. Because y∗i > y∗i′ from the assumption,

1 − βBi + αAi > 1 − βBi′ + αAi′ should hold because si < si′ and L(−) is an increasing

function from Lemma 1.iii. However, it contradicts with Lemma 1.1.ii in that yi < yi′ should

hold.

Proof of Proposition 1.1. First, let us show that the equilibrium that the labor supply

follows l∗(s) outside the flat spot and incomes are constant in the flat spot is a Nash equi-

librium. Suppose that there is a flat spot. Let slb and sub be a minimum and maximum skill

level in the flat spot respectively. Additionally, let yb = y∗(slb) = y∗(sub). When the skill

level is outside the flat spot, workers do not have any incentives to deviate as long as such an



96

equilibrium holds. Therefore, suppose that Worker i is in the flat spot, so that li = yb
si

, which

leads the income of a worker i to be constant. Additionally, by definitions, y∗(si) decreases

and recovers in the flat spot.

First, given l∗−i, let us check whether Worker i has an incentive to increase its labor

supply. Let l′i = li + ε where ε > 0. Let s′ be a skill level that satisfies sil
′
i = y∗(s′) and

s′ > sub. Note that this y∗(s′) > yb > y∗(si).

Let us compare the utilities between holding the strategy and deviating.

U(li) =(1− t)yb +G− C(li)− β(1− t)
∫ slb

0

yb − yjdF (j)− α(1− t)
∫ 1

sub

yj − ybdF (j)

(A.38)

U(li + ε) =(1− t)(yb + εsi) +G− C(li + ε)− β(1− t)
∫ s′

0

yb + εsi − yjdF (j) (A.39)

− α(1− t)
∫ 1

s′
yj − yb − εsidF (j) (A.40)

Substituting U(li + ε) from U(li) is as follows.

U(li + ε)− U(li) =− εsi(1− t)− C(li) + C(li + ε) + εsi(1− t) + εsi(1− t)

{
β

∫ s′

0

dF (j)− α
∫ 1

s′
dF (j)

}

+ β(1− t)
∫ s′

slb

yb − yjdF (j) ≥ 0 (A.41)

After organizing,

C(li + ε)− C(li)

ε
≥ (1− t)

[
si

{
1− β

∫ s′

0

dF + α

∫ 1

s′
dF (j)

}
+
α + β

ε

∫ s′

sub

yj − ybdF (j)

]
(A.42)

When ε increases, the decrease of si{1−β
∫
I1∪I2 dF (j)+α

∫
I3
dF (j)} is faster than the in-

crease of α+β
ε

∫
I2
yj−yidF (j). Indeed, the decrease of the former term is −si(α+β)

∫ s∗
sub
dF (j).
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The increase of the latter term is less than si(α+ β)
∫ s∗
sub
dF (j). Because the cost function is

convex the equality should hold at a bigger ε once that the inequality holds at ε. Thus, the

inequality (A.42) holds as ε→ 0 because of Lemma 1.1.iii.

C ′(li) ≥ (1− t)si
{

1− β
∫ sub

0

dF (j) + α

∫ 1

sub

dF (j)

}
(A.43)

(∵
∫ s′
sub
yj − ybdF (j) ≤ ε(y′i − yb), so that its limit converges to zero.)

Because sub < si, (1− t)sub{1−β
∫ sub

0
dF (j)+α

∫ 1

sub
dF (j)} > (1− t)si{1−β

∫ sub
0

dF (j)+

α
∫ 1

sub
dF (j)}. Therefore, if the following inequality holds and the cost function is convex,

the above inequality holds.

l∗(slb) = li ≥ L

[
(1− t)sub

{
1− β

∫ sub

0

dF (j) + α

∫ 1

sub

dF (j)

}]
= l∗(sub) (A.44)

From the assumption, y∗(slb) = y∗(sub). Because slb < sub, l
∗(slb) > l∗(sub) should hold.

Therefore, Worker i doesn’t have any incentives to deviate.

Additionally, this is unique. When Worker i is in the flat spot and its labor supply is

greater than y∗(slb), Worker i will decrease its labor supply because its pity is greater than

the optimal level. When Worker i and i′ are not in the flat spot, Worker i that does not

provide l∗(si) has an incentive to deviate. (Refer the proof of Theorem 3)

Proof of Corollary 1.1.1. First, let us show that the labor supply l∗i = l∗(si) is a Nash

equilibrium in the subgame with t given. Then, let us check the uniqueness of this equilib-

rium.
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Suppose that ∀j 6= i, l∗j = l∗(sj) and a tuple (α, β, F ) ∈ C. Then, given l∗−i, the optimal

incomes of players y∗−i strictly and continuously increase. By Proposition A.5 the following

equality for Worker i should hold.

l∗i = L[(1− t)si{1− βBi(l
∗
i ) + αAi(l

∗
i )}] (A.45)

If l∗i = l∗(si), then the order of y∗(si) > y∗(si′) is equivalent to si > si′ . It means b̄(l∗i ) =

a(l∗i ) = si in the term (A.33), which implies l∗i = l∗(si) in (A.45). Therefore, this is a solution

of the equation (A.45). Additionally, because y∗−i strictly and continuously increase, Bi(li)

and Ai(li) are continuous. Therefore, the equality (A.45) has a unique solution by Lemma

A.4, which implies that l∗i = l∗(si).

Now, let us check the uniqueness of this equilibrium. Because y∗i = sil
∗(si) and (α, β, F ) ∈

C, y∗i strictly increase. Suppose that there are skills a and b such that a < b and l∗(b) < la <

lb. Worker b has an incentive to deviate by in the middle of (l∗(b), la] because the optimal

labor supply of Worker b is l∗(b) as long as its income orders maintain. If la ≤ l∗(b) < lb or

la < lb < l∗(b), Worker b moves to lb = l∗(b). If l∗(b) < la = lb, Worker a has an incentive to

deviate at least la ≤ l∗(a) < l∗(b) because the envy of Worker a decreases due to decreasing

in the relative rich. Therefore, the labor supplies that ∃li 6= l∗(si) are not an equilibrium.

Proof of Proposition 1.3. i) l∗i is continuous in t so that y∗i is continuous. U∗i (t, s) =

(1 − t)sil
∗
i + G − C(l∗i ) − (1 − t)β

∫ si
0
y∗i − y∗jdF − (1 − t)α

∫ 1

si
y∗j − y∗i dF Thus, U∗i is also

continuous and the domain of t is [0, 1] that is compact. Therefore, there is a solution by

the Weierstrass theorem.

ii) Suppose that (α, β, F ) ∈ C. Let U∗i is the value function after substituting with the
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optimal labor supply.

U∗i =(1− t)y∗(si) +G− C(l∗(si))− β(1− t)
∫ si

0

y∗(si)− y∗(sj)dF (j)

− α(1− t)
∫ 1

si

y∗(sj)− y∗(si)dF (j)

From Lemma 6, U∗i is continuously differentiable with regard to t, so that its derivative

exists.

∂U∗i
∂t

=− y∗(si) +G′ + β

∫ si

0

y∗(si)− y∗(sj)dF (j) + β(1− t)
∫ si

0

y′(sj)dF (j)

+ α

∫ 1

si

y∗(sj)− y∗(si)dF (j)− α(1− t)
∫ 1

si

y′(sj)dF (j) (A.46)

,where G′ = ∂G
∂t

and y′(s) = ∂y∗(s)
∂t

. Additionally,

∂2U∗i
∂si∂t

= − ∂y∗(s)

∂s

∣∣∣∣
s=si

{1− βF (si) + α(1− F (si))}+ (1− t)(α + β)
∂y∗(s)

∂t

∣∣∣∣
s=si

f(si) < 0

(A.47)

(∵ ∂y∗(s)
∂s

∣∣∣
s=si

is positive at si 6= 0 because of the assumption. ∂y∗(s)
∂t

∣∣∣
s=si

< 0 at si 6= 0 and

t 6= 1.) Therefore, the optimal tax rate is decreasing in si because of Topkis theorem.

Suppose that there is a flat spot so that (α, β, F ) /∈ C. The interval of the flat spot

is determined by the tuple (α, β, F ). Therefore, the optimal tax rate of each voter outside

the flat spot is continuous and strictly decreases by considering only the non-flat interval.

Therefore, it is enough to consider the flat interval and its continuity.

For a voter that is in a constant interval, let us call slb and sub represent the minimum
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and maximum skill level in a flat spot.

U∗i =(1− t)y∗i +G− C(l∗i )− β(1− t)
∫ slb

0

y∗i − y∗(sj)dF (j)

− α(1− t)
∫ 1

sub

y∗(sj)− y∗i dF (j)

,where l∗i = slbl
∗(slb)
si

and y∗i = y∗(slb) = slbl
∗(slb). From Lemma 6, l∗i and y∗i are continuously

differentiable with regard to t.

∂U∗i
∂t

=− y∗(slb) + (1− t)∂y
∗(slb)

∂t
+G′ − C ′∂y

∗(slb)

∂t

1

si

+ β

∫ sb

0

y∗(slb)− y∗(sj)dF (j)− β(1− t)
∫ sb

0

∂y∗(slb)

∂t
− ∂y∗(sj)

∂t
dF (j)

+ α

∫ 1

su

y∗(sj)− y∗(slb)dF (j)− α(1− t)
∫ 1

su

∂y∗(sj)

∂t
− ∂y∗(slb)

∂t
dF (j) (A.48)

By taking a derivative with regard to si,

∂2U∗i
∂si∂t

=
∂y∗(s)

∂t

∣∣∣∣
s=slb

· 1

s2
i

{
y∗(slb)

si
C ′′ + C ′

}
< 0 (A.49)

(∵ ∂y∗(s)
∂t

< 0 unless t = 1 or si = 0. C ′ and C ′′ are positive from Assumption 2.) Therefore,

at least the optimal tax rate t strictly decreases in each flat spot.

Let us consider whether the optimal tax rate is continuous at si = slb without loss of gen-

erosity. limsi→slb− FOC(A.46) = limsi→slb+ FOC(A.48) because limsi→slb
∫ 1

si
y∗(sj)−y∗(si)dF (j) =

limsi→slb−
∫ slb
si
y∗(slb) − y∗(sj)dF (j) = 0 and limsi→slb+C

′(l∗i ) = C ′(L[(1 − t)slbR(slb)]) =

(1− t)slbR(slb). The optimal tax rate is strictly decreases in skills regardless of whether the

skill is in a flat spot. Additionally, the optimal tax rate is continuous at the extreme points
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in a flat spot. Therefore, the optimal tax rate strictly and continuously decreases in skills.

iii) Based on the inequalities (A.47) and (A.49) associated with its continuity at the

extreme points in a flat spot, ∀s > s′,
∂U∗i
∂t

∣∣∣
i=s

<
∂U∗i
∂t

∣∣∣
i=s′

, so that U∗i is decreasing difference.

Therefore, based on Gans and Smart, the median voter is decisive.

Proof of Lemma 1.3. i) When t < 1, ŷi > 0 and ∂ŷi
∂t

= −s2
iRiL

′ < 0, so that E(ŷj) > 0

and E(ŷ′j) < 0. When si = 1, H2 = β
{
−E(ŷj) + (1− t)E(ŷ′j)

}
< 0. Additionally, when

si = 0, H2 = −α
{
−E(ŷj) + (1− t)E(ŷ′j)

}
> 0.

ii) y∗j is continuous because of Lemma A.6 so that HI(−, si) is continuous across si.

HI(−, si = 0) > 0 and HI(−, si = 1) < 0. Therefore, there is s̃ such that HI(α, β, t, s̃) = 0

because of the intermediate-value theorem.

iii) Suppose that si > 0, siR(si) weakly increases in si and L′ weakly increases.

First, siR(si) > 0 because R(si) > 0 and si > 0. For all si > sj, s
2
iR(si) > s2

jR(sj) and

(1− t)siR(si) ≥ (1− t)sjR(sj) because of siR(si) ≥ sjR(sj) > 0 and (1− t) > 0. Because L′

is assumed to weakly increase and L′ > 0, L′[(1− t)siR(si)] ≥ L′[(1− t)sjR(sj)] > 0. Thus,

ŷ′i strictly decreases in si. As si increases, the size of −E[ŷj|j < i] + (1 − t)E[ŷ′j|j < i] and

−E[ŷj|j > i] + (1 − t)E[ŷ′j|j > i] increases and decreases respectively. Therefore, HI(−, si)

decreases in si.

iv) If siR(si) weakly increases in si and L′ weakly increases, {y∗j}′ =
∂y∗j
∂t

strictly decreases.

At the IA center, βF (sI) = α(1− F (sI)). Then,

β

∫ sI

0

y∗jdF (j) < β

∫ sI

0

y∗IdF (j) = α

∫ 1

sI

y∗IdF (j) < α

∫ 1

sI

y∗jdF (j)

(∵ y∗j < y∗I ∀j ∈ [0, sI) and y
∗
j > y∗I ∀j ∈ (sI , 1])
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Therefore, −βE[y∗j |j < I] = −β
∫ sI

0
y∗jdF (j) > −α

∫ 1

sI
y∗jdF (j) = −αE[y∗j |j > I].

Likewise,

β

∫ sI

0

∂y∗j
∂t

dF (j) > β

∫ sI

0

∂y∗j
∂t

∣∣∣∣
s=sI

dF (j) = α

∫ 1

sI

∂y∗j
∂t

∣∣∣∣
s=sI

dF (j) > α

∫ 1

sI

∂y∗j
∂t

dF (j)

Therefore, βE
[
∂y∗j
∂t

∣∣∣ j < I
]
> αE

[
∂y∗j
∂t

∣∣∣ j > I
]
.

Additionally,

HI(−, si = sI) =β

{
−E[y∗j |j < I] + (1− t)E

[
∂y∗j
∂t

∣∣∣∣ j < I

]}
− α

{
−E[y∗j |j > I] + (1− t)E

[
∂y∗j
∂t

∣∣∣∣ j > I

]}
> 0

Because HI strictly decreases in si, s̃ > sI .

Proof of Proposition 1.4. Let t is given such that −ySTi + G′ST = 0. From the assump-

tion,

ySTi = G′ST ≤ G′ ≤ G′ +HI(si)

because HI(si) ≥ 0 as long as si ≤ s̃.

y∗i (si)R(si) < ySTi (∵ si > sI)

Therefore, given t, −y∗iR(si) +G′+HI(si) > 0, which implies that Voter si currently prefers

a higher tax rate than t.

Proof of Proposition 1.5. HI(si = 0) = −α{−EF [y∗F ]+(1−t)EF [{y∗F}′]} is smaller than

with G because of above Lemma A.7. Likewise, H2(si = 1) = β{−EF [y∗F ]+(1−t)EF [{y∗F}′]}
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is greater than with G. Therefore, with a c.d.f. F , HI becomes flatter.

Proof of Proposition 2.1. Every non-signatory pollutes. Every signatory pollutes when

k < c
b
. When k = c

b
, a signatory can either abate or pollute. When k < c

b
−1, no government

faces an incentive to deviate during the first stage because deviating does not alter the payoff.

The equality holds because polluting weakly dominates at the k = c
b

node.

Proof of Proposition 2.2. First, non-signatories pollute because polluting gives a higher

payoff than abating. Whenever k > c
b
, signatories abate. Signatories pollute when k < c

b
.

If k = c
b
, there is indifference between polluting and abating. Assume that k∗ > c

b
+ 1. A

signatory faces an incentive to abandon the treaty because its payoff for joining, −c+ bk∗, is

less than the payoff obtained by exiting, b(k∗−1). When c
b
+1 ≥ k∗ ≥ c

b
, no signatory has an

incentives to leave the treaty because an exit decreases payoff of a signatory from −c+bk∗ to

0. Additionally, a non-signatory has no incentive to join the treaty because joining decreases

payoff of a non-signatory from bk∗ to −c + b(k∗ + 1). Therefore, the internal and external

stability are satisfied.

Proof of Proposition 2.3. Refer to Appendix A. (B).

Trivial because the conditions in the proposition just describe a sufficient condition hold-

ing a standard sense of equilibrium. In order to have an equilibrium at k signatory node,

signatories should pollute at the k−1 and below k−1 signatory nodes. Likewise, signatories

should abate at the k and above k signatory nodes. Since ∆U3(k) and ∆U4(k) increase with

k, once the two conditions of ∆U3(k + 1) > 0 and ∆U4(k − 2) < 0 hold, all signatories

at below k − 2 signatories node pollute and all signatories above k + 1 abate signatories

node.
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Proof of Proposition 2.4. From lemmas A.1.iii) and iv), there is k1 and k3 such that

Y1(k1) = 0 and Y3(k3) = 0 respectively. Additionally, if k ≤ min{k1, k2}, both ∆U1(k) and

∆U3(k) decrease in Y . Therefore, k increases in Y if k is sufficiently small. From lemma

A.1.v., ∆U2(k) and ∆U4(k) decrease in Y . Therefore, k̄ increases in Y .
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E Definition

Technically, the fair payoff that Government i contributes to Government j is Government

js self-interested payoff, which does not introduce either kindness or unkindness into the

self-interested payoff contributed by Government i. The fair payoff is an average of the

maximum and minimum payoffs that Government i can contribute to Government j. The

minimum payoff is calculated by strategies that prevent the worst payoffs for all governments.

Strategies that produce the worst payoffs are excluded in the efficient strategy. For example,

when k > c
b
, a signatory choosing to pollute is not an efficient strategy because this diminishes

the payoff to other signatories and non-signatories.

Definition A.1. The efficient strategies are defined as follows:

Ei = {si ∈ Si|@s′i ∈ Si such that ∀h ∈ H, s−i ∈ S−i, and k ∈ I holds for

πk(s
′
i(h), s−i(h)) ≥ πk(si(h), s−i(h)), which is a strict inequality for some (h, s−i, k)}.

where H is the history set; {} ∪ ×k∈I{J,Q}, or {} ∪ {0, 1, 2, · · · , N}. This expression

captures the history at the root and at each signatory node. In addition, si(h) represents a

(updated) strategy identical to si except in the actions defining the history h. For example,

let s1 = s2 = JP1P2A3p0p1p2 and s3 = QP1P2A3p0p1p2. If k = 1 node is reached, s2(k = 1)

should be QP1P2A3p0p1p2. If k = 3 node is reached, s3(k = 3) = JP1P2A3p0p1p2. If a

government observes (or believes) a certain history, that government believes that strategies

corresponding to that history have occurred.

Let us define Government is beliefs about Government js action set and an action by
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Bij = Sj and bij ∈ Bij respectively. Likewise, let us define the set of Government is beliefs

about Government j’s belief about Government r’s actions by Cijr = Bjr = Sr and cijr ∈ Cijr

respectively. ∀h ∈ H, bij(h) and cijr(h) are defined in the same way as si(h). Signatory i

can influence the maximum and minimum payoffs of Signatory j through four classes of

strategies: {JAk, JPk, Qak−1, Qpk−1}. For example, if Qpk−1 yields the minimum payoff of

Signatory j and JAk yields the maximum, then 1
2
{Πj(Qpk−1, (bij)j 6=i) + Πj (JAk, (bij)j 6=i)}

is an equitable payoff.

Definition A.2. The equitable payoff is defined as follows:

πeij ((bir)r 6=i) ≡
1

2
[maxsi∈Si

πj(si, (bir)r 6=i) +minsi∈Ei
πj(si, (bir)r 6=i)]

If a player provides another player with a greater payoff than an equitable payoff based

on the first players beliefs about another players strategy, the first player is regarded as kind

to another player.

Definition A.3. The kindness of Government i toward player j 6= i at history h ∈ H is

κij : Si × (×j 6=iBij)→ R,

kij(si(h), (bik(h))k 6=i) = πj(si(h), (bik(h))k 6=i)− πeij ((bik(h))k 6=i).

Note that both the equitable payoff and kindness depend on the number of signatories.

For example, when k > c
b
, a signatory abating is kind to all governments. However, when

k < c
b
, a signatory abating is unkind to other signatories.
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Definition A.4. The second order kindness of Government i to player j’s belief of Govern-

ment i’s action at history h ∈ H is λ : Bij × (×k 6=jCijk)→ R,

λiji(bij(h), (cijk(h))k 6=j) = πi(bij(h), (cijk(h))k 6=j)− π
ej
i ((cijk(h))k 6=j).

Definition A.5. The Government i’s utility function at history h ∈ H is

Ui : Si × (×j 6=i(Bij × (×k 6=jCijk))))→ R,

U(si(h), (bij(h), (cijk(h))k 6=j)j 6=i) = πi(si(h), (bij(h))j 6=i)+∑
j 6=i

Yij · κij(si(h), (bik(h))k 6=i) · λiji(bij(h), (cijk(h))k 6=j)

where Yij is an exogenously given non-negative number.

Note that a spirit of reciprocity incorporates in the utility function when a government

receives additional reciprocal utility by matching an opponents kindness with kindness.

Definition A.6. s∗ = ((s∗i ))i∈N is a sequential reciprocity equilibrium(SRE) if for ∀i ∈ N

and each history h ∈ H, it holds that

- si(h)∗ ∈ argmaxsi∈Si(h,s∗)U(si, (bij(h), (cijk(h))k 6=j)j 6=i)

where Ai(h, s
∗) is a set of strategies from which the actions of Government i at node h

can differ from s∗i without changing the actions at different nodes.

- bij = s∗j for ∀j 6= i

- cijk = s∗k for ∀j 6= i, k 6= j

At equilibrium, the player’s beliefs match the equilibrium strategies.
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Theorem 1 (Dufwenberg and Kirchsteiger[17] Ch. 3). There exists an SRE in every psy-

chological game with reciprocity incentives.

Reciprocity encourages both signatories abating and polluting behaviors corresponding

to beliefs. For example, assume that a government believes that other governments will

participate in the treaty and abate. This is considered kind because the governments absence

or polluting while being a signatory of the treaty hurts itself more. Thus, the government is

more likely to abate to show kindness to other governments. However, if other governments

are expected to pollute, eventually that government is more likely to pollute. Thus, the model

captures such interactions at equilibrium, in which a governments beliefs and kindness are

in turn based on a belief. Note that when Y = 0, the SRE is reduced to a subgame perfect

equilibrium. Technically, when Y = 0, the utility is the material payoff and each si(h) ∈ Si

produces a pseudo subgame at history h.
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F Variables

Chapter 1

α Parameter that represents an envy

β Parameter that represents an pity

C Set of parameters α, β and a c.d.f. function. Refer Definition 1.4

C1 Set of parameters α, β and a c.d.f. function. Refer Definition 1.6

C2 Set of parameters α, β and a c.d.f. function. Refer Definition 1.6

C(−) Cost function

ci Consumption of Worker i

F c.d.f. of voters

f p.d.f. of voters: f = F ′

G, G′ Government spending and its derivative

GPI , G
′
PI Government spending with payoff inequality aversion and its derivative

G′ST , G′ST Government spending with standard workers and it derivative

HP Function that represents the weight of the payoff inequality

HI Function that represents the weight of the income inequality

IAP Payoff Inequality Aversion Function

IAI Income Inequality Aversion Function

L(−) Inverse function of the marginal cost function

li Hours worked of Worker i

l Profile of labors supplied: l = (li)i∈[0,1]

l∗(s) defined as (1− t)sR(s), function
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l∗i Optimal labor supply of Worker i

l∗PI,i Optimal labor supply of Worker i with payoff inequality aversion

l∗ST,i Optimal labor supply of Worker i with standard preference

πi Profit of Worker i, the standard utility

π∗i Value function of πi: πi(l
∗
i )

R(s) defined as 1− βF (s) + α(1− F (s)), function

si Skill of Worker i

sI Skill of the IA center worker

t Flat tax rate of incomes

t∗i Tax rate preferred by Voter i

t∗sm Tax rate preferred by a median Voter

t∗sI Tax rate preferred by Voter of which skill is sI

Ui Utility of Voter i

U∗i Value function of Utility of Voter i: πi(l
∗
i ) + IAIi (l

∗
i )

U∗PI,i Value function of Utility of Payoff inequality averse Voter i: πi(l
∗
PI,i)+IAPi (l∗PI,i)

yi Income of Worker i

y∗(s) defined as sl∗(s), function

y∗i Optimal income of Worker i

y∗PI,i Optimal income of Worker i with payoff inequality aversion

y∗ST,i Optimal income of standard Worker i
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Chapter 2

b Marginal benefit of abating

bij First order belief of Government i to Government j’s strategy

c Marginal cost of abating

cijk Second order belief of Government i of Government j’s belief to Government k’s

strategy

DS Function returning an action of a signatory at the signatory node

DNS Function returning an action of a non-signatory at the signatory node

I Set of governments

k Function returning the number of signatories in second stage

k∗ Minimum participation number

k̄ Maximum number of signatories at equilibria

k Minimum number of signatories at equilibria

κij Kindness of Government i to Government j

κeij Second order kindness of Government i to Government j respectively

κeS, κeNS Second order kindness of a signatory and a non-signatory

N Parameter representing the number of governments

p Second order probability of abating

πi Self-interested (material) payoff function

Si Strategy set of government i: Si = {J,Q}×Πk∈I{Ak, Pk}×Πk∈{0,1,··· ,N−1}{ak, pk}

S, S−i Profile of the strategy set: S = πj∈ISj, S−i = πj 6=iSj

Ui Utility function
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∆U0(k) Marginal utility of abating from polluting at the k signatory node when a non-

signatory has the belief that all governments pollute at the k−1 signatory node

and abate at the k signatory node

∆U1(k) Marginal utility of abating from polluting at the k signatory node when a sig-

natory has the belief that all governments pollute at the k − 1 signatory node

and abate at the k signatory node and the signatory will abate

∆U2(k) Marginal utility of abating from polluting at the k signatory node when a sig-

natory has the belief that all governments pollute at the k signatory node and

abate at the k + 1 signatory node and the signatory will pollute

∆U3(k) Marginal utility of abating from polluting at the k signatory node when a sig-

natory has the belief that all governments abate at the k − 1 and k signatory

node and the signatory will abate

∆U4(k) Marginal utility of abating from polluting at the k signatory node when a sig-

natory has the belief that all governments pollute at the k − 1 and k signatory

node and the signatory will pollute

Yij Degree of reciprocal sensitivity of Government i to Government j

Yi(k) Negative coefficient of ∆Ui(k)

ZS
i , ZNS

i Functions returning the number of abating signatories and non-signatories re-

spectively except Government i

Zi Function returning the number of abating governments except Government i
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