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Abstract 
 
Within a two-country model, this paper identifies a novel emission leakage channel that is caused 
by moral behavior of (atomistic) consumers. In a non-cooperative emission tax game between the 
countries, the leakage effect lowers the governments’ marginal benefit of emission taxation, so 
equilibrium emission tax rates are even lower and the emission levels even higher than in the 
business-as-usual without moral consumers. The detrimental effect of consumer morality may 
remain, if governments behave morally, too, and may even be exacerbated under country 
asymmetries. It disappears, if governments choose emission caps, since the caps fix national 
emissions and avoid morality-induced leakage. 
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1 Introduction

The Paris Agreement was signed in 2015 with the goal to keep the global mean temperature

rise below 1.5◦C above pre-industrial levels. For that purpose, countries commit to nation-

ally determined contributions to reduce their greenhouse gas emissions. Many economists

such as Carraro (2016) and Tol (2019) consider the Paris Agreement as a non-cooperative

(decentralized) approach to mitigate climate change. But there are doubts that a decentral-

ized framework will reach its goal. For instance, the recent Emissions Gap Report already

estimates a global temperature rise of 2.6 − 3.1◦C (UNEP, 2024). Next to the countries

well-known free riding incentive, one central reason for the ineffectivity of decentralized cli-

mate policy is emission leakage, according to which a unilateral emission reduction in one

country is at least partially offset by an emission increase in other countries. Typical leakage

channels are, e.g., reduced international fossil fuel prices that increase fossil fuel demand and

emissions abroad and the reallocation of firms into countries with laxer climate policies.

This paper identifies a novel and, to the best of our knowledge, so far unknown leakage

effect that, surprisingly, is caused by moral behavior of consumers. In global problems like

climate change, each consumer is atomistic, since her contribution to worldwide emissions

is negligible. As rational individual, she takes as given the climate damage and ignores that

the damage also depends on emissions and climate policies in other countries. We there-

fore should not expect a leakage effect that works through the climate damage itself. Our

analysis shows, however, that this picture changes, if consumers have moral concerns. If the

individual consumer follows the categorical imperative of Kant (1785), she counterfactually

assumes that her emission level is chosen also by other consumers and thereby has an impact

on climate damage. Realistically, however, this Kantian universalization is only partial, i.e.

the individual consumer can only hope that her emission level is chosen by a part of other

consumers, while the remaining consumers stick to their own emission levels. The counter-

factual non-negligible impact of the domestic consumer on climate damage together with

the deviating behavior of some foreign consumers establishes a strategic substitution link,

i.e. if domestic consumers reduce (increase) emissions, foreign consumers increase (reduce)

theirs, even though all consumers are still atomistic. Accordingly, it turns out that domestic

environmental policy that reduces emissions by domestic consumers causes morality-induced

leakage to foreign consumers and worsens the outcome of decentralized environmental policy.

Our results are brought forward in a stylized two-country model in which governments

decentrally choose their environmental policy and atomistic consumers decide on their de-

mand for a clean and a dirty consumption good. The dirty good causes transboundary
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pollution and environmental damages in both countries. Consumers are modeled as homo

moralis individuals, a concept introduced to the economic literature by Alger and Weibull

(2013, 2016, 2017, 2020). Accordingly, the homo moralis consumer applies Kantian uni-

versalization and wants a certain share of the other consumers to choose the same dirty

consumption and emission level as she does. This share reflects the consumer’s degree of

morality. Under full (no) universalization, the share is one (zero) and we obtain the polar

case of a homo kantiensis (homo oeconomicus) consumer who universalizes her behavior to

all (none of the) other consumers. Most plausible, however, is the intermediate case with

partial universalization where the homo moralis consumer counterfactually assumes that

only a part of other consumers behave as she does. The homo moralis approach appears

to be realistic since, e.g., many consumers voluntarily buy carbon offsets when flying or eat

plant-based diet for climate protection reasons. Moreover, experimental evidence is provided

by Capraro and Rand (2018) and Van Leeuwen and Alger (2024), who estimate the degree

of morality between 0.1 and 0.2 on average, making the case for partial universalization.1

We start with the non-cooperative emission tax game and first investigate the con-

sumers’ behavior for given emission tax rates of the governments. Introducing morality by

the homo moralis approach makes the consumers’ choice of dirty good consumption and,

thereby, emissions dependent on other consumers’ dirty good consumption and emissions.

Emissions turn out to be strategic substitutes for consumers, i.e. when consumers of one

country increase emissions, then consumers of the other country react by decreasing emis-

sions and vice versa. The strategic interdependency among consumers is remarkable since

consumers are atomistic. It is caused by partial Kantian universalization according to which,

on the one hand, the individual consumer thinks that her emissions have an impact on the

environmental damage and, on the other hand, there are still consumers who choose differ-

ent emission levels. From this intuition, it is also clear that the strategic interdependency

1The Alger-Weibull homo moralis approach has been applied in games with public goods or externalities

(Alger and Weibull, 2017, 2020; Eichner and Pethig, 2021), voting games (Alger and Laslier, 2022, Dierks et

al., 2024) and Nash bargaining games (Juan-Bartroli and Karagözoğlu, 2024). Eichner and Runkel (2024)

present an extension and characterize the behavior of heterogenous homo moralis individuals as well as

the implications of heterogenous morality in public good games. An alternative approach to model Kant’s

categorical imperative is the so-called Kantian optimization protocol, which has been developed by Roemer

(2010, 2015) and applied to, for example, negative and positive externalities (Roemer, 2015), climate change

mitigation (Grafton et al., 2017) and Nash bargaining games (Dizarlar and Karagözoğlu 2023). Finally,

Bilodeau and Gravel (2004) model Kantian behavior by introducing an equivalence relation, that allows to

identify morally equivalent strategies, and the principle of universalized rationality, that selects the morally

equivalent strategy which maximizes the individual payoff of each individual player.
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between consumers disappears in the two polar cases of homo oeconomicus consumers, who

do not universalize at all and proceed on the assumption that their emissions do not influ-

ence global emissions, and homo kantiensis consumers, who fully universalize so that their

decision no longer depends on emissions of other consumers.

Next, we investigate the decentralized choice of emission tax rates by the governments

of two identical countries. We find that the strategic interaction between the homo moralis

consumers of the two countries establishes a morality-induced leakage effect: if one coun-

try reduces emissions of its consumers by increasing its emission tax rate, this reduction is

partially offset by the emission increase of the consumers in the other country. The morality-

induced leakage may have counterintuitive implications for the non-cooperative equilibrium

of the policy game between the two countries. As benchmark, we consider the business-as-

usual equilibrium in which neither consumers nor governments apply Kantian universaliza-

tion. Morality-induced leakage is then absent (because consumers are not moral) and each

country internalizes only its own marginal damage, implying inefficiently low emission tax

rates and inefficiently high emissions. Starting from the business-as-usual equilibrium and

introducing homo moralis consumers, while governments are still assumed to not behave

morally, leads to an equilibrium of the non-cooperative policy game that shows even lower

emission taxes and higher emissions than the business-as-usual, with a negative impact on

welfare of the two countries. The reason for this counterintuitive result is that morality-

induced leakage lowers the governments’ marginal benefit of emission taxation. Morality of

consumers thus exerts an unintended negative effect on climate and welfare.

In a further step, we allow governments to follow the Alger-Weibull homo moralis

paradigm as well, where the governments’ degree of morality may or may not deviate from

the consumers’ degree of morality. Homo moralis governments face opposing incentives. On

the one hand, morality induces the individual government to internalize not only its own

damage, but also a part of the other country’s damage and, thus, to increase its emission

tax. On the other hand, however, morality-induced leakage is still present and induces the

government to reduce its emissions tax. If the former effect is stronger than the latter, then

equilibrium emissions are lower and welfare higher than in the business-as-usual. However, if

morality-induced leakage is stronger than the morality-induced increase in the government’s

internalization incentive, then equilibrium emissions are still higher and welfare levels still

lower than in the business-as-usual. These results remain qualitatively unchanged, if we

introduce small asymmetries between the countries. Large asymmetries with respect to

the population size of the countries mitigate leakage and its detrimental effect on the out-

come of decentralized environmental policy, while large asymmetries in the consumers’ or
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governments’ degree of morality may even exacerbate it.

Finally, we re-examine our results for the case that governments choose emission caps

instead of emission taxes. The strategic interaction between the (atomistic) consumers of

the two countries then still prevails, but it now merely leads to changes in the national

permit prices. Aggregate emissions in a country, in contrast, are fixed by the country’s

emission cap such that morality-induced emission leakage cannot arise. The non-cooperative

equilibrium of the policy game between the two countries is therefore independent of the

consumers’ morality. It coincides with the business-as-usual in the one polar case of homo

oeconomicus governments without morality, improves if governments become homo moralis

with a positive degree of morality and eventually achieves the social optimum in the other

polar case of homo kantiensis governments with full morality. Moreover, for given degree

of consumer and government morality, emissions caps are always superior to emission taxes

and, thereby, we make a novel argument in favor of emission caps over emission taxes.

Our paper contributes to three strands of the literature on decentralized environmen-

tal policy making. The first strand analyzes non-cooperative equilibria in decentralized

policy games and their (in)efficiency properties. For example, in Hoel’s (1991) and Barrett’s

(1994a) simple models with transboundary pollution, the non-cooperative equilibrium is

characterized by inefficiently large emissions.2 Additional inefficiencies and distortions may

be caused by, e.g., international trade (Cremer and Gahvari, 2004; Hoel, 2005), imperfect

competition (Barrett, 1994b; Kennedy, 1994) or firm mobility (Richter et al., 2021). Sur-

prisingly, decentralized policy making can be efficient, if the population or capital is mobile

(Hoel and Shapiro, 2003; Ogawa and Wildasin, 2009; Eichner and Runkel, 2012). Anyhow,

none of these studies takes into account consumer or governmental morality. An exception

is Eichner and Pethig (2021) who also consider a two-country model with moral consumers

and governments. However, they focus on strategic delegation and, in contrast to our anal-

ysis, assume a linear damage function. As consequence, morality-induced leakage and its

detrimental implications for decentralized policy are not present in their model.

The second related strand of literature investigates emission leakage, i.e. the effect

that unilaterally reducing emissions in one country increases emissions in other countries.

Leakage can arise, for example, through the reduction of international fossil fuel prices which

increases fossil fuel demand and emissions in other countries (Bohm, 1993; Kiyono and

Ishikawa, 2013), through the reallocation of mobile firms (Markusen et al., 1995; Ishikawa

2Strictly speaking, Barrett (1994a) has formulated his model in terms of abatement. Rubio and Ulph

(2006) have shown that the abatement model can be transformed into an isomorph emission model.
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and Okubo, 2017) or through a change in the countries’ comparative advantages (Copeland

and Taylor, 2005). Interestingly, even negative leakage is possible, if intermediate inputs are

internationally traded (Baylis et al., 2013). To the best of our knowledge, there is no study

in the leakage literature that considers moral consumers and governments and that derives

the morality-induced leakage effect, which is the focus of our analysis.

The third related strand of literature compares emission taxes and emission caps in

multi-jurisdictional settings. In Ulph’s (1996) model with imperfect competition and inter-

national trade, strategic behavior is more intense with emission taxes than with emission

caps. Kiyono and Ishikawa (2013) endogenize the policy choice in a two-country model with

perfect competition and international trade. Two different subgame perfect equilibria exist

in their framework. Either both countries choose emission caps or one country chooses emis-

sion taxes whereas the other country chooses emission caps. Mideksa and Weitzman (2021)

show that emission caps and emission taxes are no longer isomorph when cost functions

are uncertain, and in the model of Eichner and Pethig (2019) with capital mobility and

capital taxation, emission caps are Pareto superior to emission taxes. Our analysis comple-

ments these studies by identifying the detrimental effects of morality-induced leakage under

emission taxes as further argument in favor of emission caps.

The remaining analysis is organized as follows. In Section 2, we present the two-country

model and characterize the efficient allocation. Section 3 investigates decentralized policy

making, when countries use emission taxes and are symmetric. Section 4 turns to emission

taxes with asymmetric countries. In Section 5, we analyze decentralized policy making with

emission caps, and Section 6 provides some concluding remarks.

2 Model and social optimum

Consider an economy consisting of two countries indexed by i, j = 1, 2 with i 6= j. Country i

is populated by ni > 0 identical and atomistic consumers, where n = ni+nj > 0 is the total

mass of consumers in both countries. If the mass of consumers is normalized to one, ni and

nj give the population share of country i and country j, respectively. For the largest part of

the analysis we focus on symmetric countries with equal population shares ni = nj = n/2.

The only exception is Section 4, where the impact of country asymmetries is analyzed.

The individual consumer in country i has a given resource endowment ωi > 0 and

consumes a non-polluting (clean) numeraire good in quantity xi as well as a polluting (dirty)

good in quantity yi. Her consumption preferences are represented by the quasi-linear utility
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function B(yi) + xi with B′′ < 0 < B′. Production technologies are linear for both goods.

The price of the clean good is normalized to one, whereas the price of the dirty good equals

p. Each unit of the polluting good causes one unit of emissions. Global emissions thus read

e = niyi + njyj. (1)

Global emissions e represent a global public bad and cause an environmental damage H(e)

with H ′ > 0 and H ′′ > 0 that is incurred by each consumer. Materialistic utility of the

individual consumer in country i equals consumption utility less environmental damage, i.e.

ui = B(yi) + xi −H(e). (2)

The model is closed by the worldwide resource constraint

nixi + njxj + p(niyi + njyj) = niωi + njωj. (3)

The RHS of (3) is the global resource endowment which is required to match with the

aggregate resource use in production on the LHS of (3), where nixi+njxj and p(niyi+njyj)

represent the resource input in the production of good X and good Y , respectively.

Materialistic welfare of all consumers in country i is given by wi = niui. In order

to determine the social optimum, consider a social planner who maximizes global welfare

w = wi +wj subject to the resource constraint (3). Making use of (1) and (2) and replacing

clean consumption nixi + njxj with the help of (3), the social planner’s objective reads

w = niB(yi) + njB(yj) + niωi + njωj − p(niyi + njyj)− nH(niyi + njyj). (4)

Formally, the social planner maximizes (4) with respect to yi and yj. Indicating socially

optimal values by a star, the first-order conditions are B′(y∗i ) − p = nH ′(niy
∗

i + njy
∗

j ) =

B′(y∗j ) − p and imply equal emissions y∗i = y∗j =: y∗, even if countries are asymmetric.

Hence, the socially optimal emissions y∗ are determined by the allocation rule

B′(y∗)− p = nH ′(ny∗). (5)

This allocation rule requires that the socially optimal emissions y∗ are set such that the

marginal consumption utility B′ of one unit of the dirty good, net of the marginal production

costs p, equals the worldwide marginal damage nH ′.

3 Emission taxes

In this section, we investigate the consumers’ consumption decision, if they behave morally

and are regulated by an emission tax, as well as the governments choice of the emission tax

rates, where governments may act morally as well.
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Homo moralis consumers. All consumers behave morally and follow the Kantian cate-

gorical imperative as formalized by Alger and Weibull (2013, 2016, 2017, 2020). Accordingly,

the individual consumer in country i is a homo moralis and universalizes her consumption

decision to other consumers. She assumes that, with probability κi ∈ [0, 1], another con-

sumer chooses the same dirty good consumption yi as she does herself and, with probability

1− κi, the other consumer chooses her own dirty good consumption, i.e. ȳi if the consumer

is from country i and yj if the consumer is from country j. The probability κi is interpreted

as the degree of morality of a consumer from country i. For κi = 0 and κi = 1 we obtain

the two polar cases of the homo oeconomicus consumer, who does not universalize her dirty

good consumption at all, and the homo kantiensis consumer, who universalize her dirty

good consumption to all other individuals in both countries. The homo moralis concept,

however, is more general than these two polar cases as it allows for interior morality levels

κi ∈]0, 1[ and, thereby, also for partial Kantian universalization.

Since all consumers are assumed to be atomistic, the law of large numbers applies and

turns the probabilities into relative shares. Hence, the atomistic consumer from country i

assumes that a share κi of all other consumers selects the same quantity yi as she does,

whereas a share 1 − κi of country i consumers chooses the quantity ȳi and a share 1 − κi

of country j consumers chooses the quantity yj.3 From the point of view of the individual

homo moralis consumer in country i, global pollution equals

Ei(yi, ȳi, yj) = nκiyi + (1− κi)niȳi + (1− κi)njyj. (6)

Equation (6) does not reflect actual emissions, but counterfactual emissions which the homo

moralis consumer from country i assumes in her consumption decision.

If the government of country i imposes an emission tax at rate ti, the budget constraint

of the consumer in country i is given by xi + (p+ ti)yi = ωi. Using the budget constraint in

order to eliminate xi in (2) and replacing actual emissions (1) by counterfactual emissions

(6), the objective function of the homo moralis consumer in country i reads

um
i = B(yi) + ωi − (p+ ti)yi −H [Ei(yi, ȳi, yj)]. (7)

The homo moralis consumer in country i maximizes the objective (7) with respect to her

emissions yi, taking as given her government’s tax rate ti as well as emissions ȳi and yj of the

other consumers. Consequently, for given tax rates ti and tj , we obtain a non-cooperative

3For this kind of modeling of homo moralis behavior in large economies with atomistic individuals see,

for instance, the recent studies of Alger and Laslier (2022) and Dierks et al. (2024).
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game in emissions among consumers. Differentiating (7) with respect to yi and taking into

account (6) gives the first-order condition of country i’s consumer4

dum
i

dyi
= B′(yi)− p− ti − nκiH

′[Ei(yi, ȳi, yj)] = 0. (8)

In view of (8), the homo moralis consumer in country i equates the net marginal consumption

benefit, B′−p− ti, to the share κi of the global marginal damage nH ′. Introducing morality

induces the consumer to take into account at least a part κi of the global marginal damage.

In general, the first-order condition (8) for consumer i’s emissions yi depends on emis-

sions ȳi and yj of the other consumers. The non-cooperative emission game between the

consumers therefore establishes a strategic interdependency among consumers. In order to

characterize the nature of this interdependency, notice that in equilibrium we have yi = ȳi,

since all consumers in country i are alike. Counterfactual emissions from (6) then simplify

to Ei(yi, yi, yj) = (ni + njκi)yi + (1 − κi)njyj and the first-order condition (8) determines

a ’country-specific’ reaction function yi = Ri(yj, ti). This reaction function determines

emissions yi of country i’s consumers as function of emissions yj of country j’s consumers

and country i’s tax rate ti, presupposed all consumers in country i choose the same emis-

sions yi.5 Totally differentiating (8) and taking into account Ei(yi, ȳi, yj) = Ei(yi, yi, yj) =

(ni + njκi)yi + (1− κi)njyj, the partial derivatives of yi = Ri(yj, ti) are

Ri
yj

=
nκi(1− κi)njH

′′

B′′ − nκi(ni + njκi)H ′′
≤ 0, Ri

ti
=

1

B′′ − nκi(ni + njκi)H ′′
< 0, (9)

where we have suppressed the arguments of the functions for simplicity. According to the

first expression in (9), interior morality κi ∈]0, 1[ implies a downward sloping reaction curve

(Ri
yj

< 0), such that domestic and foreign emissions are strategic substitutes. If the homo

moralis consumers of country j increase their emissions, the homo moralis consumers of

country i react by decreasing their emissions and vice versa. This strategic substitutability

disappears (Ri
yj

= 0) only in the two polar cases of homo oeconomicus consumers (κi = 0),

who take the marginal damage as given, and homo kantienses consumers (κi = 1), who

universalize their emissions to all other consumers and ignore actual emissions of the others.

Due to the second expression in (9), increases in country i’s tax rate ti shift the reaction curve

Ri downwards and, for given emissions yj of country j consumers, induce the consumers of

4The second-order condition B′′(yi)− n2κ2

iH
′′[Ei(yi, ȳi, yj)] < 0 is satisfied due to B′′ < 0 and H ′′ > 0.

5The characterization of the strategic interdependency does qualitatively not change, if we consider the

’consumer-specific’ reaction function yi = R̃i(ȳi, yj , ti), which follows from (8) without setting yi = ȳi. The

only difference is that, next to the strategic relation between yi and yj, the use of R̃i(·) also reveals a

strategic relation between yi and ȳi, which is not of interest in our subsequent analysis.
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country i to reduce their emissions. In the subsequent analysis, we refer to Ri
yj

< 0 as the

emission substitution channel and to Ri
ti
< 0 as the tax rate channel.

Equilibrium emissions (yi, yj) of the emission game between consumers simultaneously

satisfy both reaction functions yi = Ri(yj, ti) and yj = Rj(yi, tj) for j 6= i or, equivalently,

the country i consumer’s first-order condition (8) and the associated first-order condition of

the consumer from country j 6= i. In the remainder of this section, we restrict our attention

on symmetric countries with equal population sizes ni = nj = n/2 and equal degrees of

morality κi = κj =: κ. The first-order condition (8) and the associated first-order condition

of country j 6= i can then be rewritten as

B′(yi)− p− ti − nκH ′

[
n(1 + κ)

2
yi +

n(1− κ)

2
yj

]
= 0, (10)

B′(yj)− p− tj − nκH ′

[
n(1 + κ)

2
yi +

n(1− κ)

2
yj

]
= 0. (11)

These conditions determine the individual equilibrium emissions in country i and country j

as functions of the emission tax rates, i.e. yi = Y i(ti, tj) and yj = Y j(ti, tj), respectively. In

the appendix, we perform a comparative static analysis of the tax rate ti on the emission

levels yi and yj. Evaluated at a symmetric equilibrium with identical tax rates ti = tj =: t,

which imply yi = yj =: y and Ei(y, y, y) = ny, we obtain

Y i
ti
=

1

∆

{
B′′ −

n2κ(1 + κ)

2
H ′′

}
< 0, Y j

ti
=

1

∆

n2κ(1− κ)

2
H ′′ ≥ 0, (12)

where ∆ > 0 is the Jacobian determinant of (10) and (11), and where we again suppress

the arguments of the functions for simplicity. The own-country tax effect Y i
ti
< 0 shows

that an increase in country i’s tax rate ti reduces the consumers’ equilibrium emissions in

country i. Intuitively, it is based on the tax rate channel, which shifts the reaction curve

of consumers from country i downwards and, thereby, lowers equilibrium emissions yi. The

expression Y j
ti

≥ 0 is the cross-country effect of the tax rate in country i on equilibrium

emissions in country j. It is based on the emission substitution channel. Consequently, for

the polar cases of no morality κ = 0 or full morality κ = 1, the cross-country effect Y j
ti

becomes zero. But for all interior morality levels κ ∈]0, 1[, the emission substitution channel

is non-zero and we obtain Y j
ti
> 0. Morality then causes a novel emission leakage effect:

an increase in country i’s tax rate ti increases equilibrium emissions yj in country j. This

leakage effect is inverted u-shaped in morality, increasing from zero at κ = 0 to a maximum

at some intermediate morality and then decreasing to zero again if morality reaches κ = 1.

Inserting yi = Y i(ti, tj) and yj = Y j(ti, tj) into (1) gives global actual emissions as

function of the two countries’ tax rates, i.e. e = niY
i(ti, tj)+njY

j(ti, tj) =: E(ti, tj). Taking
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the derivative, afterwards assuming symmetry and using (12), we get

Eti =
n(B′′ − n2κ2H ′′)

2∆
< 0. (13)

An increase in the emission tax ti of country i reduces global equilibrium emissions e. Hence,

emission leakage is less than 100 % and a green paradox does not occur, i.e. the negative

own-country tax effect Y i
ti
< 0 overcompensates the non-negative leakage effect Y j

ti
≥ 0.

Homo moralis governments. We now turn to the choice of tax rates by the governments

of the two countries. It is assumed that, in setting the emission tax rates, governments may

follow the homo moralis paradigm as well. This assumption may be motivated by the fact

that governments are elected by and represent consumers who have morality concerns. In

order to account for political friction, however, we suppose that the government of country

i has a degree of morality µi ∈ [0, 1], which may or may not be equal to the consumers’

morality κi in country i. A justification for µi 6= κi could be that, when making the

consumption decision on yi, the consumer in country applies morality κi, while as a member

of the government, she applies a possible different morality µi, because choosing the tax

rate is different from choosing consumption. However, our analysis also allows for the case

µi = κi in which the consumers’ and government’s moralities are identical.

In contrast to consumers, the governments are not atomistic, since there are only two

countries.6 Hence, the degree of morality µi cannot be interpreted as relative share, but

gives the probability that country j chooses the same tax rate ti as country i. Taking

into account equilibrium emissions of the emission game among consumers, formally yi =

Y i(ti, tj), yj = Y j(ti, tj) and e = E(ti, tj), and that the tax revenues tiY
i(ti, tj) in country

i are redistributed back to consumers in country i by a lump sum transfer, the objective

function of the homo moralis government in country i is given by

W i(ti, tj) = ni

{
(1− µi)

[
B
[
Y i(ti, tj)

]
+ wi − pY i(ti, tj)−H

[
E(ti, tj)

]]

+ µi

[
B
[
Y i(ti, ti)

]
+ wi − pY i(ti, ti)−H

[
E(ti, ti)

]]}
. (14)

The objective W i(ti, tj) in (14) is the expected moral welfare in country i. This expected

welfare equals the sum of materialistic welfare of consumers in country i, if country j sticks

to its own tax rate tj , which happens with probability 1− µi, and the materialistic welfare

6All our subsequent results in the symmetric case also hold for more than two countries as long as the

countries are not atomistic, which seems to be a plausible assumption.
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of consumers in country i, if country j chooses the same tax rate ti as country i does, which

happens with probability µi. The government of country i maximizes (14) with respect to

its tax rate ti, taking as given the tax rate tj chosen by the government of country j. Hence,

the governments of the two countries play a non-cooperative game in emission tax rates.

The equilibrium of the emission tax game is determined by the first-order conditions

W i
ti
(ti, tj) = 0 = W j

ti
(ti, tj). Country i’s first-order condition W i

ti
(ti, tj) = 0 is equivalent to7

(1− µi)

{[
B′

[
Y i(ti, tj)

]
− p

]
Y i
ti
(ti, tj)−H ′

[
E(ti, tj)

]
Eti(ti, tj)

}

+ µi

{[
B′

[
Y i(ti, ti)

]
− p

][
Y i
ti
(ti, ti) + Y i

tj
(ti, ti)

]

− H ′
[
E(ti, ti)

][
Eti(ti, ti) + Etj (ti, ti)

]}
= 0, (15)

where the arguments of the functions have been included in order to be aware that the

functions may, in general, be evaluated at different sets of tax rates. In this section, however,

we focus on symmetry with ni = nj = n/2, κi = κj = κ and µi = µj =: µ. It is then

plausible to focus on a symmetric equilibrium with equal tax rates ti = tj = t which implies

Y i(ti, tj) = Y i(ti, ti) = Y i(t, t) = yi, Y i
ti
(ti, tj) = Y i

ti
(ti, ti) = Y i

ti
(t, t) =: Y i

ti
, Y j

ti
(ti, tj) =

Y j
ti
(ti, ti) = Y j

ti
(t, t) =: Y j

ti
, E(ti, tj) = E(ti, ti) = E(t, t) = e and Eti(ti, tj) = Eti(ti, ti) =

Eti(t, t) = Etj (t, t) =: Eti as well as yi = yj = y and e = ny. Making use of this information

in (15) and indicating the equilibrium of the emission tax game among governments with

morality µ when consumers have morality κ by the double superscript µκ, we obtain

B′(yµκ)− p =
(1 + µ)(Y i

ti
+ Y j

ti
)

Y i
ti
+ µY j

ti

n

2
H ′(nyµκ), (16)

where we have used Eti = n(Y i
ti
+ Y j

ti
)/2 and where Y i

ti
and Y j

ti
are given by (12). Solving

(8) for the equilibrium tax rate ti = tj =: tµκ and inserting (16) implies

tµκ =
(1 + µ− 2κ)Y i

ti
+ (1 + µ− 2µκ)Y j

ti

Y i
ti
+ µY j

ti

n

2
H ′(nyµκ). (17)

Equation (16) is the allocation rule for the individual consumer’s equilibrium emissions yµκ,

when governments non-cooperatively set emissions tax rates and morality of the governments
7The second-order condition W i

titi
(ti, tj) < 0 also depends on the signs of the second derivatives of Y i(·)

and E(·) which can hardly be determined, in general. In the following, we focus solely on such model

specifications where W i
titi

(ti, tj) < 0 is satisfied and welfare maximization of the homo moralis government

is well-defined. An example is the quadratic model specification which we consider below and which implies

that Y i(·) and E(·) are linear in the tax rates and have zero second derivatives. The second-order condition

W i
titi

(ti, tj) < 0 can then be shown to be satisfied due to B′′ < 0 and H ′′ > 0.
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and consumers is given by µ and κ, respectively. Equilibrium global emissions equal eµκ :=

nyµκ. The equilibrium tax rate tµκ from (17) implements equilibrium emissions yµκ.

Efficiency properties of the emission tax equilibrium. In order to evaluate the

efficiency properties of the emission tax equilibrium, we compare the allocation rule (16)

with the socially optimal allocation rule (5) and the equilibrium emission tax rate tµκ from

(17) with the Pigouvian tax rate t∗ = nH ′(ny∗). In a decentralized economy without moral

consumers and governments, the Pigouvian tax would implement the social optimum, since

it reflects the global marginal damage of all consumers.

As benchmark, we first focus on this case in which neither consumers nor governments

are of the homo moralis type and instead show homo oeconomicus behavior, i.e. µ = κ = 0.

Emissions and emission tax rates in this scenario are denoted by yoo and too, respectively.

Taking into account Y j
ti
= 0 from (12), (16) and (17) simplify to

B′(yoo)− p =
n

2
H ′(nyoo), too =

n

2
H ′(nyoo). (18)

The appendix proofs

Proposition 1. Suppose µ = κ = 0. Then, yoo > y∗ and 0 < too < t∗.

Proposition 1 replicates the result for the business-as-usual scenario in decentralized environ-

mental policy making, first investigated by Hoel (1991) and Barrett (1994a). Accordingly, in

the absence of any morality, consumers completely ignore the marginal damage and govern-

ments internalize only the part of the marginal damage that emerges in their own country,

ignoring the marginal damage that emissions impose on the consumers of other countries.

As consequence, in the equilibrium of the emission tax game, each government sets a tax

rate that is positive but smaller than its Pigouvian level, i.e. 0 < too < t∗, and thereby

provides consumers an incentive to consume an inefficiently high quantity of the dirty good

and to cause inefficiently high emissions yoo > y∗. The second equation in (18) also shows

that the business-as-usual tax rate too equals half the global marginal damage and, thus,

reflects only the marginal damage arising in each single country.

Against this benchmark, we now investigate the implications of introducing morality,

starting with the case that consumers are homo moralis with κ > 0, whereas governments

remain immoral and follow the homo oeconomicus paradigm with µ = 0. Hence, while

consumers now take into account at least a part of the environmental damage, each govern-

ment still chooses its emission tax rate in order to maximize only the material welfare of its

12



consumers, taking as given the emission tax rate of the other country. Of course, govern-

ments are aware of the moral behavior of consumers and take into account yi = Y i(ti, tj),

yj = Y j(ti, tj) and e = E(ti, tj) when setting their emission tax rates. Denoting equilibrium

emissions and tax rates in this scenario by yoκ and toκ, respectively, (16) and (17) become

B′(yoκ)− p =
Y i
ti
+ Y j

ti

Y i
ti

n

2
H ′(nyoκ), toκ =

(1− 2κ)Y i
ti
+ Y j

ti

Y i
ti

n

2
H ′(nyoκ). (19)

In the appendix, we prove

Proposition 2. Suppose µ = 0 and κ ∈]0, 1].

(i) If κ ∈]0, 1[, then yoκ > yoo and toκ < too. Moroever, toκ T 0 iff

κ S n2κ2H ′′ − B′′

n2κ(1 + κ)H ′′ − 2B′′
=: κ̄. (20)

(ii) If κ = 1, then yoκ = yoo and toκ = −too < 0.

Proposition 2 reveals a surprising result: introducing morality of consumers does not improve

the business-as-usual outcome and in most cases even worsens it. According to part (i), with

interior consumer morality κ ∈]0, 1[ the equilibrium tax rate toκ is below the business-as-

usual level too. Hence, governments internalize even less of the marginal damage than in the

business-as-usual and provide consumers an incentive to increase their emissions yoκ even

beyond the level yoo that they choose without morality. Intuitively, the reason goes back to

the morality-induced leakage. For interior consumer morality κ ∈]0, 1[, leakage is positive

due to Y j
ti
> 0 in (12). Each government therefore knows that every unit of emissions which

it tries to avoid in its own country is partly offset by higher emissions in the other country.

The government’s marginal benefit from emission taxation is thus lowered by morality-

induced leakage, compared to the business-as-usual, so each government underinternalizes

the marginal damage in its own country and consumers pollute more than without morality.

The equilibrium tax rate toκ may even turn into a subsidy, provided consumer morality is

sufficiently large, i.e. toκ < 0 if κ > κ̄ with κ̄ ∈]0, 1[. Put differently, from the point of

view of the immoral government, moral consumers do too much of the good thing and the

government corrects their moral behavior by granting a consumption subsidy.

According to part (ii) of Proposition 2, morality-induced leakage and its negative effect

on equilibrium emissions disappear only in the polar case of homo kantienses consumers

(κ = 1). We then know from (12) that Y j
ti

= 0. On the RHS of the first equation in

(19), it holds (Y i
ti
+ Y j

ti
)/Y i

ti
= 1 and, thus, each government again internalizes the part

13



nH ′/2 of the global marginal damage. However, equilibrium emissions yoκ still stay on their

inefficiently low business-as-usual level yoo and do not come closer to the efficient level y∗

preferred by the consumers with full morality (κ = 1). The reason is that the government

does not have positive morality µ and, thus, is not willing to internalize more than half of

the global marginal damage which equals the share of the marginal damage occurred in its

own country. Notice also that the government implements the emission level yoκ = yoo in

this case by paying each consumer a subsidy toκ = −too = −nH ′(nyoo)/2 which reflects the

share of the global marginal damage that occurs in the other country. The reason is that

for κ = 1 the consumers internalize the full marginal damage in both countries, while the

government wants to internalize only the marginal damage in its own country. Hence, the

immoral government again corrects the too moral consumers by paying a large subsidy.

As the most general scenario in this section, we now suppose that both consumers and

governments behave as homo moralis, i.e. κ ∈]0, 1] and µ ∈]0, 1]. Consequently, not only

consumers counterfactually universalize their consumption decision to other consumers, but

likewise do the governments in choosing their tax rate. The allocation rule (16) and the

equilibrium tax rate (17) then do not further simplify. We start by comparing this scenario

with the previous case, where consumers act morally (κ ∈]0, 1]) and governments are immoral

(µ = 0) and act as homo oeconomicus. In the appendix, we prove

Proposition 3. Suppose µ ∈]0, 1] and κ ∈]0, 1]. Then, yµκ < yoκ and tµκ > toκ.

In view of Proposition 3, a homo moralis government always chooses a higher tax rate tµκ

and induces lower emissions yµκ than a homo oeconomicus government that chooses the tax

rate toκ and implements the emission level yoκ. Intuitively, by universalizing its tax rate

choice, the homo moralis government acts as if it internalizes not only the marginal damage

in its own country, but also at least a part of the marginal damage in the other country,

which strengthens its incentive to increase the emission tax rate and to lower emissions.

However, this insight does not necessarily imply that the surprising insight from Proposition

2 vanishes. The equilibrium with homo moralis consumers and homo moralis governments

may still be worse than the business-as-usual equilibrium without any morality. This is

shown in the next proposition that is proven in the appendix.

Proposition 4. Suppose µ ∈]0, 1] and κ ∈]0, 1]. Then, yµκ S yoo iff

µ T n2κ(1− κ)H ′′

n2κ(1 + κ)H ′′ − 2B′′
=: µ̄. (21)
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According to Proposition 4, the equilibrium emissions yµκ with homo moralis consumers

and homo moralis governments may still be higher than the business-as usual emissions

yoo, if the morality µ of the homo moralis governments is sufficiently small and below the

threshold µ̄. Intuitively, this result goes again back to the morality-induced leakage effect.

In contrast to the homo oeconomicus government in the business-as-usual, the homo moralis

government faces two opposing incentives in internalizing the marginal damage. On the

one hand, due to the strictly positive morality µ, it acts as if it internalizes not only the

marginal damage in its own country, but also at least partially the marginal damage in the

other country, implying a stronger incentive to internalize (see Proposition 3). On the other

hand, it still takes into account morality-induced leakage, which reduces its internalization

incentives (see Proposition 2). If the government’s morality µ is sufficiently small (smaller

than µ̄), then the former effect is small and dominated by the leakage effect, so emissions

implemented by the homo moralis government rise above the business-as-usual level.

Several remarks on this counterintuitive result are warranted. First, for κ ∈]0, 1[,

the threshold µ̄ is always between zero and one and we always find morality levels µ of

the government that satisfy µ < µ̄ and thereby imply yµκ > yoo. Second, also with equal

morality µ = κ ∈]0, 1[ for governments and consumers we find morality levels with µ <

µ̄ such that yµκ > yoo. Hence, the counterintuitive result is not caused by the possible

deviation of consumer and government morality. Third, for the ease of exposition, we have

not characterized the equilibrium tax rate tµκ in Proposition 4. But from (17) and the

intuition of our results, it is obvious that tµκ may be smaller or larger than the business-

as-usual tax rate too and also positive or negative representing a tax or subsidy. Finally,

if either consumers or governments are fully moral (κ = 1 or µ = 1), we always have

µ ≥ µ̄ and emissions with fully moral consumers or fully moral governments are lower than

in the business-as-usual scenario, i.e. yµκ < yoo. For µ = 1 we attain efficient emissions

yµκ = y∗ that are implemented by the emission tax rate tµκ = (1 − κ)nH ′(ny∗) reflecting

that part of the global marginal damage that consumers do not internalize on their own.8

If we additionally have κ = 1, the fully moral government (µ = 1) chooses tµκ = 0, since

consumers already internalize the full marginal damage on their own which are the preferred

emissions by the fully moral government (µ = 1) so that further taxation is not needed.

In order to illustrate and to show that all above propositions are satisfied by a non-

empty set of parameter constellations, we provide an example with quadratic utility and

damage functions, i.e. B(y) = αy − βy2/2 with α, β > 0 and H(e) = γe + δe2/2 with

8Efficient emissions follow from inserting µ = 1 into (16) and comparing it with the efficient allocation

rule (5). The tax rate is obtained if µ = 1 is plugged into (17).
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γ, δ > 0. We set n = p = δ = 1, α = 4, β = 0.1 and γ = 2 and run a numerical simulation

that is briefly described in the appendix and displayed in Figure 1. The left panel illustrates

individual emissions and the right panel the corresponding equilibrium tax rates. Green lines

0.0 0.2 0.4 0.6 0.8 1.0

1

2

3

4

5

6

replacemen

κ

y

y
∗

yoo

yoκ

yµκ, µ=0.2

yµκ, µ=0.5

0.2 0.4 0.6 0.8 1.0

-3

-2

-1

1

2

3

κ

t
t∗

too

toκ

tµκ, µ=0.2

tµκ, µ=0.5

Figure 1: Equilibrium emissions and tax rate in quadratic example

indicate the social optimum (y∗, t∗), grey lines the business-as-usual scenario (yoo, too), red

lines the scenario with homo moralis consumers and homo oeconomicus governments (yoκ,

toκ) and orange lines the case with homo moralis consumers and homo moralis governments

(yµκ, tµκ) for µ = 0.2 and µ = 0.5. In the business-as-usual scenario, governments set

inefficiently low tax rates and implement inefficiently high emissions (compare the grey and

green line). Due to leakage, the inefficiency becomes more severe, if consumer morality κ is

between zero and one (compare the red and grey line). Even homo moralis governments may

worsen the business-as-usual scenario, if their morality µ is relatively low (compare orange

line with µ = 0.2 and the grey line), since the negative leakage effect then still dominates.

Only if the governments’ morality µ is sufficiently large, they will for sure reduce emissions

compared to the business-as-usual scenario (compare the orange line with µ = 0.5 and

the grey line). Regarding tax rates, the right panel shows that consumer morality κ and

the corresponding leakage may dramatically reduce the equilibrium tax rate, rendering it

even negative above a threshold morality (compare the red and grey line). This effect is

dampened, if governments are moral, too, but the difference to the business-as-usual tax

rate remains substantial (compare the orange, red and grey line).

4 Asymmetric countries

In this section, we investigate the impact of country asymmetries on the results derived in

the previous section. The focus is on the question whether country asymmetries exacerbate
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or dampen the morality-induced leakage effect and its detrimental impact on the tax game

equilibrium. In our setup, countries may potentially differ in three parameters, in their

population size ni and nj , their consumer morality κi and κj and their government morality

µi and µj . We distinguish between small asymmetries, where we start at the symmetric

equilibrium and then characterize the impact of introducing marginal differences between

the countries, and large asymmetries, where the difference between the two countries is non-

marginal. All country asymmetries are modeled as a mean preserving spread (MPS), i.e. we

increase the variance of the respective parameter without changing the mean.

Small asymmetries. Let xi ∈ {ni, κi, µi} be one of the three parameters that may lead

to country asymmetries. For investigating small asymmetries, we run a comparative static

analysis of the tax game equilibrium, compute the effects of a MPS defined by dxi = −dxj =:

dx and then evaluate the results at the symmetric equilibrium. In the appendix, we show

Proposition 5. Let xi ∈ {ni, κi, µi} and consider a MPS with dxi = −dxj =: dx. Evaluated

at the symmetric equilibrium of the emission tax game in case of identical countries, it holds

(i)
dyµκi
dx

= −
dyµκj
dx

T 0,
deµκ

dx
= 0,

(ii)
dwµκ

i

dx
= −

dwµκ

j

dx
T 0,

dwµκ

dx
= 0.

Proposition 5 shows that, starting at the symmetric equilibrium of the tax game, introducing

small country asymmetries may change the distribution of emissions and welfare across

countries, but leaves unchanged global emissions and welfare. This result holds for any

source of country asymmetry, only the direction of the change in the distribution of emissions

and welfare depends on the model specification under consideration and is not specified in

Proposition 5. Intuitively, asymmetries change emissions in each of the two countries. For

instance, a country whose government becomes more moral is expected to internalize a larger

share of the environmental externality and thereby reduce emissions in its country. Because

of the MPS in the model parameters, however, the government of the other country becomes

less moral and increases emissions. By the nature of the MPS, the changes in both countries

just cancel out each other, so global emissions and total welfare remain unchanged. Small

asymmetries between the two countries therefore do not change morality-induced emission

leakage and its detrimental impact on the equilibrium of the emission tax game.

Large asymmetries. Proposition 5 holds for small asymmetries and the question arises

how robust it is if we consider large (discrete) asymmetries in the countries’ characteristics.
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Unfortunately, complexity prevents us to obtain results in the general model and we therefore

restrict our attention again to the quadratic model specification B(y) = αy − βy2/2 with

α, β > 0 and H(e) = γe + δe2/2 with γ, δ > 0. In the appendix, it is shown that emissions

in country i are linear in tax rates and can be written as

yi = Y i(ti, tj) = Γi0(ni, nj, κi, κj)− Γii(ni, nj , κi, κj)ti + Γij(ni, nj , κi, κj)tj , (22)

with Γii > 0 and Γij > 0. The sign of Γi0 is ambiguous, but in order to have positive emissions

even in the absence of taxation (ti = tj = 0), we assume that the model parameters are

such that Γi0 > 0. Equation (22) together with Γii > 0 and Γij > 0 show that individual

emissions of the consumer in country i are linearly decreasing in the own country’s tax rate

ti and linearly increasing in the other country’s tax rate tj , where the latter effect represents

morality-induced leakage. Using (22) in (1), global emissions read

e = E(ti, tj) = Γ0(ni, nj, κi, κj)− Γi(ni, nj, κi, κj)ti − Γj(ni, nj, κi, κj)tj , (23)

with Γ0 := niΓ
i0 + njΓ

j0 > 0, Γi := niΓ
ii − njΓ

ji > 0 and Γj := njΓ
jj − niΓ

ij > 0.

Hence, global emissions are linearly decreasing in both countries’ emissions tax rates ti and

tj , where the coefficients Γi and Γj reflects the own-country tax effect as well as emission

leakage. Inserting equations (22) and (23) as well as their derivatives into (15) for both

countries and solving yields the equilibrium tax rates tµκi and tµκj . Inserting the equilibrium

tax rates back into (22) and (23) gives equilibrium emissions.

In order to find out the effect of large country asymmetries, we run numerical simula-

tions starting with the symmetric benchmark where µi = µj = κi = κj = 0.2, ni = nj = 0.5,

p = δ = 1, α = 4, β = 0.1 and γ = 2. Remember from our numerical example in the symmet-

ric case that under this parameter constellation the symmetric equilibrium is Pareto-inferior

to the business-as-usual scenario since yµκ > yoo (see left panel of Figure 1). We start

by introducing an asymmetry in the populations size. It is assumed that ni = n/2 + ε

and nj = n/2 − ε, where the difference in population sizes ε is varied within the interval

[−0.2, 0.2]. The effects of changes in ε are illustrated in Figure 2, where orange lines repre-

sent the symmetric case and red curves the asymmetric case. The left panel shows global

emissions eµκ in the symmetric case (solid orange line) and in the asymmetric case (solid

red line) as well as the countries’ emissions nyµκ/2 in the symmetric case (dashed orange

line) and the countries’ emissions niy
µκ

i (dashed red line) and njy
µκ

j (dotted red line) in the

asymmetric case. The corresponding tax rates tµκ in the symmetric case (solid orange line)

as well as tµκi (dashed red line) and tµκj (dotted red line) in the asymmetric case are displayed

in the right panel. As can be seen in the right panel, with asymmetries the large country in-

creases its emission tax rate while the small country decreases it, compared to the symmetric
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Figure 2: Equilibrium emissions and tax rates with asymmetric population sizes

case. This is a standard result in non-cooperative tax games, since the large country faces

the lower tax rate elasticity of its tax base.9 In our framework, this property is reflected by

the negative impact of the population size ni on the own-tax effect Γii, as formally proven

in the appendix. As consequence of different tax rates under asymmetry, emissions go down

in the large country and up in the small country (left panel) and consumers of the small

country are better off than consumers of the large country. But for non-marginal differences

in the countries’ population sizes, i.e. |ε| ≫ 0, the emission reduction in the large country

overcompensates the emission increase in the small country and global emissions fall. Thus,

morality-induced leakage and its detrimental impact on the efficiency of the tax equilibrium

is dampened, if the countries substantially differ in their population sizes.10

Next, consider asymmetries in the governments’ level of morality. We return to the as-

sumption ni = nj = n/2 and now suppose µi = 0.2+ ε and µj = 0.2− ε with ε ∈ [−0.2, 0.2].

The results of the numerical simulations under this specification are displayed in Figure 3,

where the colors and the styles of the curves have the same assignment as in Figure 2. The

right panel shows that, compared to the symmetric case, the country with the more moral

government increases its emission tax rate, while the country with the less moral govern-

ment reduces it. The intuition is that a higher (lower) morality induces the government

to internalize a larger (smaller) share of the environmental externality. According to the

left panel of Figure 3, the difference in tax rates translates into lower emissions in the high

9It has been first derived by Bucovetsky (1991) in the context of capital tax competition.
10Notice that the solid red line of global emissions in the asymmetric case is tangent to the orange line of

global emissions in the symmetric case, confirming our result from Proposition 5 that marginal differences

in populations sizes do not change global emissions. The same will be true for the subsequent numerical

analysis of differences in consumer and government moralities (µi, µj) and (κi, κj), respectively.
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Figure 3: Equilibrium emissions and tax rates with asymmetric government morality

morality country and higher emissions in the low morality country, similar to the left panel

of Figure 2. In contrast to the case with asymmetric population sizes, however, the emission

reduction in the high morality country is now overcompensated by the emission increase in

the low morality country such that global emissions increase if the difference in morality is

not marginal, i.e. |ε| ≫ 0. In sum, we obtain the striking result that asymmetries in the

morality of governments accelerate morality-induced emission leakage and the associated

detrimental effect on the efficiency of the tax game equilibrium.

The results depicted in Figures 2 and 3 are robust against changes in the model pa-

rameters. In fact, we were not successful in identifying model specifications that show other

patterns than those displayed in Figures 2 and 3. This is different under asymmetries in

consumer moralitiy, since the leakage effect and its detrimental impact on the tax game equi-

librium may be dampened or accelerated by asymmetries, depending on the initial value of

consumer morality. In order to demonstrate this, we now choose a different benchmark and

start at µi = µj = 0, where the symmetric tax equilibrium is worse than the business-as-

usual as long as consumer morality takes interior values κ ∈]0, 1[ (see Figure 1). We then

introduce a fixed size of the asymmetry such that κi = κ − 0.2 as well as κj = κ + 0.2

and vary κ in the interval ]0.2, 0.8[. Hence, country i consumers are always less moral than

country j consumers. The results are depicted in Figure 4, where the colors and styles of

the curves have again the same assignment as in Figures 2 and 3 and where in the left panel

we have dropped the countries’ emissions for the sake of clearness. As can be seen in the

right panel, asymmetries in consumer morality split the emission tax rates. Country i with

the low morality has a higher tax rate than the high morality country j. This is intuitively

plausible, since we assume that the governments of both countries are not moral at all in our

example and, thus, they have an incentive to correct the moral behavior of their consumers
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Figure 4: Equilibrium emissions and tax rates with asymmetric consumer morality

by relaxing taxation, which is weaker in the low morality country. Moreover, for low average

morality levels κ, both tax rates with asymmetry lie above the tax rate under symmetry,

implying lower global emissions in the left panel. With increasing average morality κ, the

tax rates of both countries fall, as does the tax rate in the symmetric case. However, the

tax rate of the high morality country j falls below the tax rate under symmetry and also

falls much faster than the tax rate of the low morality country i. As consequence, there is

a threshold κ̄ ≈ 0.6 at which global emissions in the asymmetric case are just identical to

global emissions under symmetry. For all consumer moralities κ > κ̄, global emissions in the

asymmetric case even overtake global emissions in the symmetric case. For relatively low

levels of consumer morality, asymmetries in the morality therefore dampen the leakage effect

and its detrimental impact on the tax game equilibrium, while for sufficiently large consumer

morality, leakage and the associated inefficiency becomes even more severe. Intuitively, we

can trace back these results to the impact of the consumer morality on the leakage effect

represented by Γij in (22). In the appendix, we show that Γij is falling in morality κj of

country j consumers, whereas it is inverted u-shaped in morality κi of country i consumers.

Hence, if the average morality level κ is small, a reduction in κi and an increase in κj such

that κi < κ < κj will unambiguously reduce the leakage effect Γij . In contrast, if the average

morality level κ is sufficiently high, the increase in κj still reduces leakage Γij, whereas the

reduction in κi increases leakage Γij. If the latter effect is strong enough, overall leakage

increases and renders the inefficiency of the tax game equilibrium even worse.

5 Emission caps

In this section, we assume that governments set emission caps instead of emission taxes and

reexamine the governments’ policy game in the otherwise unchanged model. We return to
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the symmetric case with ni = nj = n/2, κi = κj = κ and µi = µj = µ. With emission

caps, a consumer in country i has to purchase an emission permit at price ρi for every unit

of emissions. Each country has its own emission trading scheme and no trade in permits

between the two countries is allowed. The permit market in country i is in equilibrium if

niyi = ēi, (24)

where ēi is the emission cap set by the government of country i. The individual homo moralis

consumer in country i takes as given the emission cap ēi. She maximizes exactly the same

moral utility as in (7), except of replacing the emission tax rate ti by the permit price ρi.

Instead of (10) and (11), we obtain the first-order condition

B′(yi)− p− ρi − nκH ′

[
n(1 + κ)

2
yi +

n(1− κ)

2
yj

]
= 0, (25)

B′(yj)− p− ρj − nκH ′

[
n(1 + κ)

2
yi +

n(1− κ)

2
yj

]
= 0, (26)

where we have already taken into account yi = ȳi and yj = ȳj.11 The permit market

equilibrium condition (24) and the corresponding condition for country j together with the

first-order conditions (25) and (26) determine both the individual emissions and the permit

prices as functions of the emission caps, i.e. yi = ēi/ni , yj = ēj/nj , ρi = P i(ēi, ēj) and

ρj = P j(ēi, ēj). Hence, in contrast to the case of emission taxes, emissions in a country are

now fixed by the country’s emission cap and there is no longer a strategic interdependency

between the consumers’ emissions in the two countries. As consequence, the morality-

induced leakage of the governments’ policy choice disappears as well. By the permit price

functions ρi = P i(ēi, ēj) and ρj = P j(ēi, ēj), the only cross-country effect of the governments’

emission caps is on the permit prices paid by consumers. Since we do not need this cross-

country effect in the subsequent analysis, we skip the associated comparative static analysis.

In choosing the emission cap ēi, the government of country i takes into account indi-

vidual emissions yi = ēi/ni and the permit price function ρi = P i(ēi, ēj). The government is

again supposed to behave as homo moralis and counterfactually assumes the government of

country j to choose the same cap ēi with probability µi and its own cap ēj with probability

1− µi. The objective of the homo moralis government of country i can thus be written as

V i(ēi, ēj) = ni

{
(1− µi)

[
B(ēi/ni) + wi − pēi/ni −H(ēi + ēj)

]

+ µi

[
B(ēi/ni) + wi − pēi/ni −H(2ēi)

]}
, (27)

11The second-order condition of individual utility maximization is exactly the same as the second-order

condition listed in footnote 4 and satisfied due to our assumptions B′′ < 0 and H ′′ > 0.
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where we have replaced yi by ēi/ni and where the permit price cancels out since we assume

that the government’s revenues from emission permits ēiP
i(ēi, ēj) are redistributed back

lump sum to the consumers in country i. The government of country i maximizes (27) with

respect to its emission cap ēi, taking as given the emission cap ēj of the country j. We obtain

a non-cooperative game in emission caps between the two governments. The equilibrium of

this game is determined by the first-order condition V i
ēi
(ēi, ēj) = 0 or, equivalently,12

B′(ēi/ni)− p− (1− µi)niH
′(ēi + ēj)− 2µiniH

′(2ēi) = 0. (28)

and the corresponding condition V j
ēj
(ēi, ēj) = 0 for country j. We focus on the symmetric

cap equilibrium with ēi = ēj =: ē. Equation (24) then implies yi = 2ē/n =: yc, where the

superscript c indicates the equilibrium under the cap policy. Inserting into (28) yields

B′(yc)− p = (1 + µ)
n

2
H ′(nyc). (29)

Equation (29) represents the allocation rule for emissions yc in the emission cap game.

Comparing this allocation rule withe the corresponding rule (5) and (16) in the social

optimal and the tax game equilibrium, respectively, we prove in the appendix

Proposition 6. Emissions yc are independent of κ. Moreover,

(i) If µ = 0, then yc = yoo.

(ii) If µ = 1, then yc = y∗.

(iii) If µ ∈]0, 1[, then yc < yoo, yc < yoκ and yc < yµκ.

Proposition 6 shows that equilibrium emissions yc in the emission cap game do not depend

on the consumer morality κ. The reason is that the cap ēi fixes emissions in country i and,

thus, variations in consumer morality κ changes the demand for emissions, indeed, but do not

change country i’s emissions which are fixed by cap. Morality κ only affects the equilibrium

permit prices which, however, do not have any welfare consequences in our framework. Since

κ does not influence equilibrium emissions in the cap game, it is obvious that a government

with zero morality µ = 0 replicates the business-us-usual, see part (i) of Proposition 6,

and a government with full morality µ = 1 implements the social optimum, see part (ii)

of Proposition 6. The most striking insight of Proposition 6, however, is contained in part

(iii). As long as the governments have interior morality µ ∈]0, 1[, they implement emissions

12The second-order condition V i
ēi ēi

(ēi, ēj) < 0 can be written as B′′(ēi/ni)/ni − (1 − µi)niH
′′(ēi + ēj)−

4µiniH
′′(2ēi) < 0 and is satisfied due to our assumptions B′′ < 0 and H ′′ > 0.
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that are lower than in the business-as-usual and also lower than in the emission tax game.

The reason is that emissions in each country are fixed by the emission caps and, thus, the

cap policy avoids any emission leakage effects. Remember that in the emission tax game

morality-induced leakage may occur and worsen the business-as-usual. In this sense, our

analysis provides an argument in favor of emission caps over emission taxes.

6 Concluding remarks

This paper identifies a novel emission leakage effect that is caused by consumer morality and

may render the decentralized choice of emission taxes by national governments even worse

than in the absence of moral consumers and governments. With morality, global emissions

may therefore be higher and global welfare lower than without. These counterintuitive ef-

fects of morality on decentralized policymaking with emissions taxes do not hinge on the

assumption of symmetric countries. On the contrary, we show that asymmetries in morali-

ties can even amplify the morality-induced leakage effect and the associated inefficiency of

decentralized emission taxation. Because the morality-induced leakage is absent in decen-

tralized policymaking with emission caps, our analysis additionally provides an argument in

favor of emission caps instead of emission taxes as decentralized policy instruments.

In order to have a clear focus on the novel morality-induced leakage channel, our anal-

ysis proceeds on some simplifying assumptions. We abstract from other kinds of leakage,

for instance, terms of trade leakage where governments manipulate international input and

output prices in their favor. Moreover, we also ignore different degrees of morality among

consumers in a given country, country-specific environmental damages, imperfect competi-

tion and population and firm mobility. But our morality-induced leakage effect will prevail

even in a more sophisticated model and the only interesting question is how it interacts

with other effects. As this question is mainly quantitive in nature, it is not addressed in our

theoretical framework and instead left for more comprehensive empirical studies.

Appendix

Derivation of equation (12). Totally differentiating (10) and (11) and applying sym-

metry yields the matrix equation



B′′ −
n2κ(1 + κ)

2
H ′′ −

n2κ(1− κ)

2
H ′′

−
n2κ(1− κ)

2
H ′′ B′′ −

n2κ(1 + κ)

2
H ′′







dyi

dyj


 =




1 0

0 1






dti

dtj


 . (30)
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The Jacobian reads

∆ = (B′′)2 − n2κ(1 + κ)B′′H ′′ + n4κ3(H ′′)2 > 0.

Applying Cramer’s rule to (30) proves (12).

Proof of Propositions 1–4. For notational convenience, define

F (y) := B′(y)− p with F ′(y) = B′′(y) < 0, (31)

G(y) :=
n

2
H ′(ny) with G(y) > 0, G′(y) =

n2

2
H ′′(ny) > 0. (32)

For µ = κ = 0, we have (18) from which the first equation can be rewritten as F (yoo) =

G(yoo). In the social optimum, equation (5) becomes F (y∗) = 2G(y∗). Since 2G(y) > G(y)

for all y and since F (y) is decreasing while G(y) is increasing in y, it follows yoo > y∗. From

equation (18), F ′(y) < 0 and yoo > y∗ we also have too = G(yoo) > 0 and too = F (yoo) <

F (y∗) = t∗, which completes the proof of Proposition 1.

In order to prove Proposition 2, rewrite the first equation in (19) as F (yoκ) = ΨG(yoκ)

where Ψ := (Y i
ti
+ Y j

ti
)/Y i

ti
. For κ ∈]0, 1[, (12) implies Y i

ti
< 0 and Y j

ti
> 0, so Ψ < 1

and ΨG(y) < G(y) for all y. The equation F (yoκ) = ΨG(yoκ) compared to F (yoo) = G(yoo)

together with F ′(y) < 0 and G′(y) > 0 then yields yoκ > yoo. For the tax rate we obtain from

(19) that toκ = F (yoκ)−2κG(yoκ) < F (yoo)−2κG(yoκ) < F (yoo) = too, since F (yoκ) < F (yoo)

due to yoκ > yoo and F ′(y) < 0. Moreover, from (19) we have toκ T 0 iff (1−2κ)Y i
ti
+Y j

ti
S 0

or, equivalently, κ S (Y i
ti
+ Y j

ti
)/2Y i

ti
= [n2κ2H ′′ −B′′]/[n2κ(1+κ)H ′′ − 2B′′], where we have

used (12). This completes the proof of part (i) in Proposition 2. In order to show part (ii),

notice that κ = 1 implies Y j
ti
= 0 and, thus, Ψ = 1 and F (yoκ) = G(yoκ), which is the same

condition as in (18) implying yoκ = yoo. Inserting κ = 1 and Y j
ti
= 0 into (19), we obtain

toκ = −G(yoκ) = −F (yoκ) = −F (yoo) = −G(yoo) = −too, which completes the proof.

Next turn to the proof of Proposition 3. For µ ∈]0, 1] and κ ∈]0, 1], we can rewrite (16)

as F (yµκ) = ΩG(yµκ) where Ω := (1+µ)(Y i
ti
+Y j

ti
)/(Y i

ti
+µY j

ti
). Moreover, we know from the

proof of Proposition 2 that F (yoκ) = ΨG(yoκ) with Ψ := (Y i
ti
+Y j

ti
)/Y i

ti
. It is straightforward

that Ω > Ψ, since µ ∈]0, 1], Y i
ti
+ µY j

ti
< Y i

ti
+ Y j

ti
< 0 and Y i

ti
< 0 < Y j

ti
. It follows yµκ < yoκ

due to ΩG(y) > ΨG(y) for all y as well as F ′(y) < 0 and G′(y) > 0. Furthermore, from (16)

and (17) we obtain tµκ = F (yµκ) − 2κG(yµκ) > F (yoκ) − 2κG(yoκ) = toκ due to yµκ < yoκ

and, thus, F (yµκ) > F (yoκ) as well as G(yµκ) < G(yoκ). This completes the proof.

Finally, in order to show Proposition 4, remember from the above proofs that F (yoo) =

G(yoo) as well as F (yµκ) = ΩG(yµκ) with Ω = (1+µ)(Y i
ti
+Y j

ti
)/(Y i

ti
+µY j

ti
). Due to F ′(y) < 0
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and G′(y) > 0, it follows yµκ S yoo iff Ω T 1 or, equivalently, µ T −Y j
ti
/Y i

ti
. Using (12), the

latter inequality turns into condition (21).

Proof of Propositions 5. The equilibrium (tµκi , tµκj ) of the asymmetric emission tax

game is determined by (15) for both countries. We only vary one of the parameters at the

same time. Let xi ∈ {ni, κi, µi}. In general, the equilibrium conditions (15) can then be

rewritten as W i
ti
(tµκi , tµκj , xi, xj) = 0 and W j

tj
(tµκi , tµκj , xi, xj) = 0. Totally differentiating these

conditions gives the matrix equation




W i
titi

W i
titj

W j
tjti

W j
tjtj






dtµκi

dtµκj


 =




−W i
tixi

−W i
tixj

−W j
tjxi

−W j
tjxj






dxi

dxj


 . (33)

The Jacobian reads J := W i
titi

W j
tjtj

− W i
titj

W j
tjti

and has to be positive in order to ensure

stability of the tax game equilibrium. Applying Cramer’s rule to (33) yields

∂tµκi
∂xi

= −
W i

tixi
W j

tjtj
−W j

tjxi
W i

titj

J
,

∂tµκi
∂xj

= −
W i

tixj
W j

tjtj
−W j

tjxj
W i

titj

J
, (34)

∂tµκj
∂xi

= −
W j

tjxi
W i

titi
−W i

tixi
W j

tjti

J
,

∂tµκj
∂xj

= −
W j

tjxj
W i

titi
−W i

tixj
W j

tjti

J
. (35)

Equilibrium emissions of the individual consumer can be written as yµκi = Y i(tµκi , tµκj , xi, xj)

and yµκj = Y j(tµκi , tµκj , xi, xj). We therefore obtain

∂yµκi
∂xi

= Y i
ti

∂tµκi
∂xi

+ Y i
tj

∂tµκj
∂xi

+ Y i
xi
,

∂yµκi
∂xj

= Y i
ti

∂tµκi
∂xj

+ Y i
tj

∂tµκj
∂xj

+ Y i
xj
, (36)

∂yµκj
∂xi

= Y j
tj

∂tµκj
∂xi

+ Y j
ti

∂tµκi
∂xi

+ Y j
xi
,

∂yµκj
∂xj

= Y j
tj

∂tµκj
∂xj

+ Y j
ti

∂tµκi
∂xj

+ Y j
xj
. (37)

Equilibrium global emissions are eµκ = E(tµκi , tµκj , xi, xj) implying

∂eµκ

∂xi

= Eti

∂tµκi
∂xi

+ Etj

∂tµκj
∂xi

+ Exi
,

∂eµκ

∂xj

= Eti

∂tµκi
∂xj

+ Etj

∂tµκj
∂xj

+ Exj
. (38)

Equilibrium welfare is determined by wµκ
i = W i(tµκi , tµκj , xi, xj) and W µκ

j = W j(tµκi , tµκj , xi, xj).

Taking into account the equilibrium conditions W i
ti
(·) = 0 and W j

tj
(·) = 0, we obtain

∂wµκ

i

∂xi

= W i
tj

∂tµκj
∂xi

+W i
xi
,

∂wµκ

i

∂xj

= W i
tj

∂tµκj
∂xj

+W i
xj
, (39)

∂wµκ

j

∂xi

= W j
ti

∂tµκi
∂xi

+W j
xi
,

∂wµκ

j

∂xj

= W j
ti

∂tµκi
∂xj

+W j
xj
. (40)
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Now consider a MPS with dxi = −dxj = dx. With the help of (36) and (37), the corre-

sponding changes in individual emissions turn out to be

dyµκi
dx

=
∂yµκi
∂xi

−
∂yµκi
∂xj

= Y i
ti

(
∂tµκi
∂xi

−
∂tµκi
∂xj

)
+ Y i

tj

(
∂tµκj
∂xi

−
∂tµκj
∂xj

)
+ Y i

xi
− Y i

xj
, (41)

dyµκj
dx

= −
∂yµκj
∂xj

+
∂yµκj
∂xi

= −Y j
tj

(
∂tµκj
∂xj

−
∂tµκj
∂xi

)
− Y j

ti

(
∂tµκi
∂xj

−
∂tµκi
∂xi

)
− Y j

xj
+ Y j

xi
. (42)

The total change in global emissions is

deµκ

dx
=

∂eµκ

∂xi

−
∂eµκ

∂xj

= Eti

(
∂tµκi
∂xi

−
∂tµκi
∂xj

)
+ Etj

(
∂tµκj
∂xi

−
∂tµκj
∂xj

)
+ Exi

− Exj
, (43)

where we have used (38). Employing (39) and (40), the change in the countries’ welfare is

dwµκ

i

dx
=

∂wµκ

i

∂xi

−
∂wµκ

i

∂xj

= W i
tj

(
∂tµκj
∂xi

−
∂tµκj
∂xj

)
+W i

xi
−W i

xj
, (44)

dwµκ
j

dx
= −

∂wµκ
j

∂xj

+
∂wµκ

j

∂xi

= −W j
ti

(
∂tµκi
∂xj

−
∂tµκi
∂xi

)
−W j

xj
+W j

xi
. (45)

Next, evaluate all these derivatives at the symmetric equilibrium with µi = µj = µ, κi =

κj = κ and ni = nj = n/2. It is then obvious that we have W i
titi

= W j
tj tj

, W i
titj

= W j
tjti

,

W i
tixi

= W j
tjxj

and W i
tixj

= W j
tjxi

. From (34) and (35), we obtain

∂tµκi
∂xi

=
∂tµκj
∂xj

,
∂tµκi
∂xj

=
∂tµκj
∂xi

. (46)

Moreover, symmetry also implies Y i
ti
= Y j

tj
, Y i

tj
= Y j

ti
, Y i

xi
= Y j

xj
and Y i

xj
= Y j

xi
. Inserting

together with (46) into (41) and (42) yields

dyµκi
dx

= −
dyµκj
dx

. (47)

Similar, symmetry implies Eti = Etj , Exi
= Exj

and, by (43) and (46),

deµκ

dx
= 0, (48)

which completes the proof of part (i) of Proposition 5. Finally, W i
tj
= W j

ti
, W i

xi
= W j

xj
and

W i
xj

= W j
xi

due to symmetry. Inserting into (44) and (45), taking into account (46) gives

dwµκ

i

dx
= −

dwµκ

j

dx
, (49)

which also implies dwµκ/dx = dwµκ

i /dx+dwµκ

j /dx = 0 and completes the proof of part (ii).
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Proof of Propositions 6. For proving Proposition 6, remember the definitions and no-

tation from the proofs of Proposition 1–4. The allocation rule (29) under the cap policy

can then be written as F (yc) = (1 + µ)G(yc). Hence, yc does not depend on κ. Moreover,

for µ = 0 and µ = 1 we obtain F (yc) = G(yc) and F (yc) = 2G(yc) which obviously prove

part (i) and part (ii), respectively. In order to show part (iii), remember F (yoo) = G(yoo)

which due to 1 < 1 + µ for µ ∈]0, 1[ implies yc < yoo. Similar, F (yoκ) = ΨG(yoκ) with

Ψ = (Y i
ti
+ Y j

ti
)/Y i

ti
< 1 < 1 + µ implies yc < yoκ. And, last but not least, F (yµκ) = ΩG(yµκ

with Ω = (1 + µ)(Y i
ti
+ Y j

ti
)/(Y i

ti
+ µY j

ti
) < 1 + µ implies yc < yµκ.

Quadratic example. With the quadratic specification, (8) can be rewritten as

α− p− ti − nγκi −
[
β + nδκi(ni + κinj)

]
yi − nδκi(1− κi)njyj = 0. (50)

Explicitly solving (50) and the corresponding condition for country j yields (22) where

Γi0(ni, nj , κi, κj) =
1

θ

{
(α− p)

{
β + nδ

[
(κj − κi)nj + κ2

jni + κ2

inj

]}

− nγκi

[
β + nδκj(κjni + κinj)

]}
, (51)

Γii(ni, nj , κi, κj) =
β + nδκj(nj + κjni)

θ
> 0, Γij(ni, njκi, κj) =

nδκi(1− κi)nj

θ
> 0, (52)

with n = ni + nj and

θ := β2 + βnδ(κini + κjnj + κ2

jni + κ2

inj) + n3δ2κiκj(κjni + κinj). (53)

Differentiating Γii with respect to ni, taking into account nj = n− ni, we obtain

Γii
ni

= −
nδκi(1− κi)(β + n2δκj)(β + n2δκ2

j)

θ2
. (54)

If κi ∈]0, 1[, Γii
ni

< 0 as stated in the text. Differentiating Γij with respect to κi and κj gives

Γij
κi

:= −
nδnj

[
β + nδκj(nj + κjni)

][
n2δκ2

i + 2βκi − β
]

θ2
, (55)

Γij
κj

:= −
n2δ2κi(1− κi)nj

{
β(nj + 2κjni) + n2δκi(κinj + 2κjni)

}

θ2
. (56)

Equation (56) implies Γij
κj

< 0 as long as κi ∈]0, 1[, as stated in the text. Accordingly to

(55), we have Γij
κi

T 0 iff κi S κ̄ with κ̄ := (−β +
√

β2 + βn2δ)/(n2δ) ∈]0, 1/2[. Hence,
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leakage Γij is inverted u-shaped in κi, as stated in the text. Finally, inserting yi = Y i(ti, tj)

and yj = Y j(ti, tj) into (1) gives global emissions (23) with

Γi(ni, nj, κi, κj) = niΓ
ii(ni, nj, κi, κj)− njΓ

ji(ni, nj, κi, κj) =
ni(β + n2δκ2

j)

θ
> 0. (57)

The expression for Γj(ni, nj , κi, κj) is analogous. Γ0 = niΓ
i0 + njΓ

j0 > 0 follows from our

assumptions Γi0 > 0 and Γj0 > 0.

With symmetry µi = µj = µ, κi = κj = κ and ni = nj = n/2, we again obtain the

individual consumer’s emissions (22), but the coefficients (51)–(53) simplify to

Γi0
(n
2
,
n

2
, κ, κ

)
=

α− p− nγκ

β + n2δκ
, (58)

Γii
(n
2
,
n

2
, κ, κ

)
=

2β + n2δκ(1 + κ)

2(β + n2δκ)(β + n2δκ2)
, (59)

Γij
(n
2
,
n

2
, κ, κ

)
=

n2δκ(1− κ)

2(β + n2δκ)(β + n2δκ2)
. (60)

With these expressions we compute the consumers’ emissions in the left panel of Figure 1,

which by the relation e = ny are proportional to the global emissions in the symmetric case.

Individual emissions together with (17) are then used to compute the equilibrium tax rates

in the right panel of Figure 1. The socially optimal emissions and tax rate follow from using

the quadratic specification of B and H in (5) and the in Pigouvian tax t∗ = nH ′(ny∗). All

numerical simulations in the symmetric and asymmetric case are conducted with the algebra

software Mathematica®. The Mathematica® notebook can be obtained upon request.
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