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Abstract
The literature on International Environmental Agreements (IEA) predicts a rather
low number of signatories to an IEA. This is in sharp contrast to empirical evidence.
As experimental economics provides some evidence for more complex human behavior, extending the theory of IEA to a broader class of preferences is clearly promising.
The present paper shows that where countries’ preferences incorporate justice and
fairness there will be a strong incentive for them to choose similar abatement policies
within and outside an IEA. Consequently, free-riding at the expense of the signatory
states diminishes and participation in an IEA becomes a more successful strategy,
so that the size of stable IEAs increases.
JEL classification: C7, D62, D63, H77
Keywords: International Environmental Agreements, coalition formation, justice
and fairness.
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Motivation

Where supranational institutions are absent voluntary cooperation between countries is designed to restrict harmful impacts of global environmental problems like the
ozone layer, global warming or greenhouse gas emissions. Although not all countries
cooperate, we can nevertheless observe several International Environmental Agreements (IEAs) where the number of signatories is decidedly large, e.g. the Montreal
or the Kyoto Protocol.1 However, empirical evidence is in sharp contrast to theoretical prediction. It is a well-known result in the theory on IEAs that the number of
cooperating countries that are actively engaged in an IEA is likely to be very small.2
To reconcile empirical evidence and economic theory the standard literature must
be extended so that the huge participation and compliance in International Climate
Change Agreements can be explained.3
Standard IEA models assume that each country is concerned only with its own
welfare, defined as environmental benefits minus abatement costs. Nevertheless,
experimental economics does provide some evidence for human behavior that is
more complex than pure selfishness.4 As IEAs have to be mutually beneficial and
reasonably fair for all participants, enlarging the theory of IEAs to a broader class
1

Evaluating the eﬀectiveness of an IEA depends not only on the coalition size. Murdoch &

Sandler (1997) maintain that there are agreements with a huge number of signatories and a rather
lax abatement level similar to the non-cooperative Nash outcome.
2
For details see Barrett (1992, 1994), Hoel (1992), Carraro & Siniscalco (1993) or Finus (2001).
3
See Barrett (2002), Barrett & Stavins (2003) or Buchholz & Peters (2005) for recent approaches
to reinforce the incentives to engage in IEAs. A strong recommendation for IEAs is given by Stern
(2006).
4
Cf. Rabin (1993), Fehr & Schmidt (1999), Bolton & Ockenfels (2000), Falk, Fehr & Fischbacher
(2003), or Alesina & Angeletos (2005) and the literature cited in these papers. For a more general view on interdependent preferences and reciprocity, see Sobel (2005). Introducing justice
and fairness bears the risk of modelling the extended preferences arbitrarily, as a broad range of
observations can be used to explain any type of behavior, cf. Postlewaite (1998).
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of preferences is clearly promising. As even governments are not just concerned
about welfare alone recent papers on IEAs extend governmental decisions to issues
of justice and fairness.5 An empirical investigation of Lange et al. (2007) focuses
on the relevance of equity considerations during the process of negotiations about
international climate agreements. In their study almost all the experts involved in
the Kyoto negotiation procedure stated that fairness play an important role.6
Justice put some pressure on governments to accept similar responsibilities. Thus,
countries apply relatively conform measures or strategies which can be implemented
in the theoretical analysis either by new instruments or by extending governments’
objectives. The former strategy was used by Hoel (1992) or Finus & Rundshagen
(1998) who focus on uniform emission reductions or uniform quotas. Here an institutional restriction obliges countries to behave alike but there is still no endogenous
motivation for such an institutional rule. Hence, extending the class of preferences
aims at an endogenous explanation of conform behavior.
Hoel & Schneider (1997), followed by Jeppesen & Andersen (1998), first applied
a broader class of preferences to IEAs. They assume that countries are not only
concerned with their own welfare. Countries’ well-being is also related to the behavior of the other countries so that becoming a member of an IEA is an end in itself.
As countries in this setting prefer to join an agreement, governments exhibits some
5

According to Albin (2003) fairness has multiple facets (e.g. altruism or reciprocity) and is

not unambiguously defined. Both concepts put some pressure on governments to behave conform
and thus enforces behavioral or social norms. Following Lindbeck (1997) norms have an impact
on rational behavior. As shown in Wooders et al. (2007) self-interested behavior, conformity and
social norms need not be inconsistent. This is in line with Elster (1989, p. 102) who noticed that
individual ”actions typically are influenced both by rationality and by norms”. For more details
about social norms and private provision of public goods see Rege (2004).
6
Lange et al. (2007) asked in their questionnaire for both, experts’ own view on equity as well
as the perception of equity views in diﬀerent countries or country groups.
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kind of conform attitude.
In a recent paper Lange & Vogt (2003) integrate altruism as another motivation
for cooperation by applying Bolton & Ockenfels’ (2000) ERC preferences.7 While
ERC preferences focus on an international welfare which is not directly observable,
fairness is often a matter of verifiable measures. Lange et al. (2007) support empirical evidence that countries first focus on abatements8 they observe so that free-riding
at the expense of others conflicts with fairness.
We integrate two types of oﬀsetting behavior that have an impact on an IEA:
either only member states bear the abatement measures or all countries, both inside
and outside the IEA, actively do so (independent of the coalition size). As we will
show in what follows, complete or partial free-riding (doing nothing or applying a
moderate policy only) plays a crucial role.9 The larger the number of IEA members,
the more the signatories internalize the global externality. So the incentive to provide
additional measures outside the coalition diminishes and, consequently, any nonsignatory state becomes a complete free-rider. Therefore, integrating both types of
free-riding provides the possibility to study the oﬀsetting behavior outside correctly.
Countries with fairness-oriented preferences compare their own measures or abatement costs with that of all other countries. If costs are relatively heterogenous among
these countries, this will be seen as rather ’unfair’. Hence, governments try to avoid
cost dispersions, which in our context is reflected by the variance in abatement costs.
This concept is in line with Fehr & Schmidt (1999, F&S). Contrasting to ERC pref7
8

ERC stands for equity, reciprocity and competition.
See Victor & Coben (2005) for a diﬀerent view of countries’ conform behavior. They suggest

that quantity strategies are favored by the diplomatic community over price instruments. While
equal treatment can easily be granted with the former instrument, the latter often results in
heterogenous quantity eﬀects among countries.
9
Lange & Vogt (2003) do not distinguish between these oﬀsetting strategies, so that their
analysis ignores complete free-riding out the IEA.
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erences, which prefer a behavior close to the average, F&S assume that countries
dislike economic diﬀerences between countries. If first world countries were to finance a significant part of the abatement strategies of the third world, this would
be favored by the second world in the case of F&S, while, for ERC preferences,
the second world countries are indiﬀerent as such a measure does not change their
average position significantly. Hence, F&S is slightly more in favor of a moderate
redistribution, or a just and fair division of abatement duties.10 All countries will
do their share when they believe that all, or suﬃciently many of them, will do theirs
and they dislike own and other countries’ deviations from such a conform behavior.11
The economic intuition for coalition formation distinguishes between three underlying motives: the traditional ones, i.e. countries’ individual gain from free-riding,
and the collective eﬃciency gain which measures the internalization of the environmental externality, and in addition the impact of justice and fairness, which favors
similar behavior with respect to abatements (conform behavior). The last aim can
be best met when each country has a similar participation strategy. This results
in either the grand coalition or complete failure of the negotiation process. As the
traditional eﬀects work in opposite directions and fairness destabilizes medium size
coalitions, it is the interplay of all three eﬀects that determines the equilibrium of
the entire game.
The paper is organized as follows: In section two we present the economic framework. Subsequently, in section 3 we analyze the policy game on abatements, which
is followed by the formation of an IEA through a coalition of countries. Finally, we
present some concluding remarks.
10

Moreover, Engelmann & Strobel (2004) demonstrated that F&S preferences perform better

than ERC preferences in explaining the observations from experiments.
11
This point of view directly corresponds to Rawls’ (1971, p. 236) theory of justice.
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Economic Framework

In what follows we study in a complete information world a standard coalition
formation game like that introduced by Barrett (1992, 1994) or Carraro & Siniscalco
(1993). The aim is to explain international cooperation for N ≥ 4 identical countries
in case of an IEA.12 In the first stage, countries can choose whether or not to join an
IEA. This decision process results in S signatory states with the remaining (N − S)
countries behaving non-cooperatively. Subsequently, in stage two, the signatories
and the outsiders of the IEA decide simultaneously on their abatement measures.13
The choices at both stages are determined through rational behavior of all countries. Instead of following the traditional approach, which focuses on the benefit
of global abatement strategies minus private costs of the environmental policy, we
additionally rely on preferences which directly integrate fairness considerations. As
governments can easily observe countries’ policies, they can see whether other countries are more engaged in environmental concerns. Then, their own deviations from
a homogeneous strategy as well as foreign ones can be seen as a welfare loss. Hence,
justice and fairness focuses on the diﬀerences in observable abatement strategies on
cost dispersion. As a consequence, country j’s payoﬀ consists of the benefit minus
12

As we tackle global environmental problems, the number of countries involved is suﬃciently

large and N ≥ 4 is a rather weak assumption. If there are less than four countries there is no
incentive to stay outside an IEA. However, we focus on agreements where the participation is
endogenous and should therefore not be predetermined.
13
Contrary to Barrett (1992, 1994) we simplify the strategic interaction between the insider and
outsider by neglecting Stackelberg behavior by the coalition. Thus, we focus on simultaneously
acting countries like in Carraro & Siniscalco (1993). However, as we deal with strategic substitutes,
the coalition’s weak position produces a more engaged IEA. Consequently, the abatement activities
of a member and an outsider are more polarized than under the Stackelberg assumption. We will
discuss this alternative approach in more detail in subsection 4.3.
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costs14 — represented by a quasi-linear logarithmic function — minus a term which
measures heterogeneity by means of the variance in all abatement strategies

Pj = ln

³X

i

´

ai − aj − θ · σ (a1 , ..., aN ) ,

(1)

where (ai, aj ) ≥ 0 correspond to the abatement levels of country i and j, while
σ(a1 , ..., aN ) measures the variance in the environmental policy of all countries’.15
A country’s payoﬀ is strictly concave in its own strategy and continuous in that of
the opponents. Moreover, in order to analyze the impact of justice and fairness, we
introduce a parameter, θ ≥ 0, that represents the preference intensity for the welfare
loss due to cost dispersion. Thus, in the case of θ = 0, the payoﬀ function of country
j coincides with that in the traditional approaches which focus on pure selfishness.
Increasing θ corresponds with a stronger concern for ’just or fair’ cost shares.
Following the literature on IEA, we have a two-stage game, where the countries
decide at the first stage whether to sign an IEA, given the decision of all other
countries. Such a decision has to be based on what countries do after the signatories of the IEA and the outsiders are determined. For this reason, countries need
to anticipate the level of abatements of the countries both inside and outside the
coalition (a1 , ..., aN ), which will be established at the second stage. Furthermore,
IEAs are voluntary alliances of at least two countries (S ≥ 2). All signatory states
S behave cooperatively among themselves, whereas (N − S) singletons behave noncooperatively towards both the coalition and each other. The voluntary nature of
an IEA implies that a country joins a coalition only if this is a profitable strategy
14

For simplicity, we assume that costs are linear in abatements.
Following Alesina & Angeletos (2005) the variance is a good measure for fairness and justice.
P
The variance in the abatement strategies is defined as i N1 (ai − a)2 , where a is the global average
15

of all countries’ environmental policies. According to Rege (2004) the global average a can be seen
as a norm for conform behavior.
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for the potential signatory. Needless to say, equilibrium participation in an IEA
requires both internal and external stability, i.e. no insider and no outsider has an
incentive to deviate from the chosen participation strategy.16
Our principal objective is to analyze whether the number of IEA members is
positively correlated with issues of justice and fairness in countries’ preferences.
However, before studying stability, we solve the game by backward induction.

3

Policy Game: The Second Stage

The countries simultaneously determine their abatement strategies at the second
stage of the game. In the presence of a positive global environmental spillover, the
voluntary cooperation of some countries improves the situation of the remaining
singletons and creates an incentive to free-ride. If countries have identical preferences, signatories are — in equilibrium — more engaged than outsiders (as > ao ). As
singletons can decide whether, and how, to engage in environmental concerns, we
distinguish between complete (ao = 0) and partial (ao > 0) free-riders. Existence of
a Nash equilibrium in the abatement game is guaranteed as the payoﬀ function is
strictly concave in the own strategy and continuous in the opponents’ strategies.
Additionally, the equilibrium is unique as we can apply a more general proof for
the coalitional equilibria of Finus, v. Mouche & Rundshagen (2005) to our framework.17 Consequently, in accordance with identical preferences and uniqueness, all
signatories and outsiders are symmetric.
The cooperatively acting members of an IEA maximize their joint payoﬀ, given
16

This definition corresponds with that of cartel stability presented in the oligopoly literature

by d’Aspremont & Gabszwicz (1986).
17
An exception from uniqueness is given for θ = 0. In that case, only aggregate abatement of the
non-signatory states is unique, but we have a continuum of equilibria because of quasi-linearity.
To simplify the analysis, in case of θ = 0 we stick only to the symmetric solution.
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the abatement levels of the non-cooperative countries ao . Due to symmetry, the
coalition maximizes the payoﬀ of a representative IEA member, Ps . The coalition at
least is engaged in abatements as > 0, which typically exceed the global average a.
Therefore, we have the following first-order condition, where the marginal benefit is
balanced against marginal costs and the impact on cost dispersion
¸
1
2θ (as − a)
− 1 = 0.
S
−
Sas + (N − S) ao
N
∙

(2)

Singletons, in contrast, behave non-cooperatively towards the coalition and the
other outsiders. To determine their best responses, they maximize their own payoﬀ
Pj given the abatement strategies of all countries i 6= j. In equilibrium, symmetry
implies that the abatement strategies of each outsider ao will be the same. We
obtain the first-order condition for the non-signatories
1
2θ (ao − a)
−
− 1 ≤ 0.
Sas + (N − S) ao
N

(3)

While marginal costs both inside and outside the IEA are identical, marginal
benefits between signatories and outsiders deviate by the factor S. Thus, due to the
internalization of the environmental externality through the formation of an IEA,
the abatement activity of a non-signatory falls short of that of a signatory state.
In equilibrium the abatement activities18 of the countries inside and outside the
18

If we assume an upper bound for emissions exceeding one, equilibrium abatements fall short

of the maximum emission.
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IEA are

a∗s =

⎧
⎪
⎪
⎪
⎪
⎨

1
N−S+1

+

1−S
2θ

+

N (S−1)
2θS

⎪
⎪
√
⎪
⎪
⎩ N 4 +8θN 2 S(N−S)−N 2

for

θ>e
θ

(4)

θ≤e
θ

4θS(N−S)

and

a∗o =

⎧
⎪
⎪
⎪
⎪
⎨

1
N−S+1

+

1−S
2θ

for

⎪
⎪
⎪
⎪
⎩ 0

θ>e
θ

(5)

θ≤e
θ.

The threshold level e
θ = 0.5 (S − 1) (N − S + 1) separates partial from complete

free-riding of the outsiders when at least some signatories form an IEA.19 While
for suﬃciently strong fairness considerations, θ > e
θ, the non-signatories are partial
free-riders, they behave as complete free-riders for rather weak preferences, θ ≤ e
θ.
Whether a country outside the IEA becomes a complete or partial free-rider depends
on countries’ preferences and the number of signatories.20
In equilibrium, for a given coalition size S, the aggregate abatement activities A
corresponds with the sum of abatements of the signatories and outsiders
A (S) = Sa∗s + (N − S) a∗o .
19

(6)

Note, even for countries with identical preferences, in equilibrium we end up with diﬀerent

participation strategies and thus asymmetric abatement levels (eqs. (4) and (5)). Thus, although
all countries are homogenous ex ante, they become heterogenous ex post.
20

This threshold level increases with the total number of countries, ∂e
θ/∂N > 0 respectively.

The more countries that are faced with the environmental problem, the stronger is the incentive
to free-ride. Thus, partial free-riding of the outsider countries requires a relatively strong θ. If
the majority of the countries behave non-cooperatively (cooperatively), an increasing number of
coalition members results in an increasing (decreasing) threshold level, ∂e
θ/∂S =

9

N +1
2

− S.

Subsequently, these equilibrium values are used to analyze the participation strategies at the first stage.
If preferences are purely selfish, an outsider is a complete free-rider. This result
changes if justice and fairness enters the scene. In our framework, the countries
achieve more homogeneity, measured by the variance in economic behavior, through
the choice of similar abatement strategies.
Proposition 1 Abatements inside and outside the coalition.
i) For signatories, stronger fairness preferences result in smaller abatement activities. If θ exceeds the threshold level e
θ even an outsider becomes active. The stronger

θ, the more abatements an outsider carries out. In the limit (for θ → ∞) there is
no diﬀerence between an insider and an outsider.
ii) The aggregate does not significantly change in θ. For θ < e
θ, fairness has a nega-

tive impact on global abatements, while A(S) remains constant for all θ exceeding the
threshold e
θ.21

Stronger fairness attitudes result in more homogeneity as countries inside and

outside an IEA adjust their abatement levels to each other. In case of θ < e
θ,

outsiders are complete free-riders and more homogeneity requires a reduction in
coalition’s abatements. The price for less unequal cost sharing among countries is a
loss in environmental quality as the global abatement measures A (S) are reduced.
As long as both signatories and outsiders adopt an active measure, i.e. for

θ>e
θ, the aggregate abatement A(S) does not change. For stronger θ, countries’

abatements become similar which results in a redistribution of cost shares from the
members of an IEA to outsider countries. While the non-signatory states reinforce
their environmental policy ao , measures of the IEA members as are reduced, cf.
figure 1. This behavior is driven by the wish not to deviate too much from the
21

The proof for i) and ii) follows immediately from eqs. (4), (5) and (6).
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abatement measures the other countries realize. Thus, although countries choose
diﬀerent participation strategies they behave rather conform with respect to the
abatement policy itself. Consequently, justice and fairness reduce the incentive to
leave a coalition.

N

efficient

A(N )
A(S)

N
N - S +1

1

as (N )

as (S )

1
N -S + 1

ao (S )

q

~
q

Figure 1: Abatements for coalition size S and N

Summarizing, for each given coalition size S, justice and fairness enforce similar
abatement strategies even at the expense of a reduction in overall measures. Conform
behavior in environmental policy results at the second stage of the entire game.
However, what are the consequences for the participation strategies? Does the
driving force for similar policy measures stabilize larger coalitions as governments
feel a stronger incentive to join an agreement? As we are interested in the impact
of our extended preferences on the size of an IEA, these questions will be analyzed
in what follows.
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4

Signing an IEA: The First Stage

Introducing a measure for countries’ fairness preferences means that similar behavior
becomes decisive. Intuitively speaking, either nearly all, or almost none, of the
countries are expected to sign an IEA. Whether this conjecture holds true will be
analyzed in what follows.
Although the stability of an agreement depends on the payoﬀs resulting from the
policy game at the second stage, it is worthwhile taking a closer look at the variance
in the environmental policy, as this is the origin of our new insights into coalition
formation.

4.1

Cost Dispersion

It is the interplay of S and θ which becomes decisive for cost dispersion measured
by the variance in abatements. Both parameters have an impact on the extent of
global abatements and the distribution of the cost shares as they determine countries’
(partial or complete) free-riding behavior.
Inserting all information about the abatements (eqs. 4 and 5), the variance is
given by

σ (S, θ) =

⎧
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪
⎩

(N−S)(S−1)2
4θ2 S

for
S(N−S)[a∗s (S,θ)]2
N2

θ >e
θ

(7)

θ≤e
θ,

where the threshold level e
θ is defined as before. Obviously, the more the countries

dislike an unfair cost dispersion, the smaller is the variance in their abatement
activities. The following lemma summarizes the impact of S and θ on the variance.
Lemma 2 The variance σ (S, θ) is decreasing in θ and single-peaked in S.22
22

A technical proof for the lemma is presented in the appendix.
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Intuitively speaking, starting from a small IEA, an increase in the coalition size
yields more heterogeneity in countries’ abatements as the variance accounts for all
pair-wise diﬀerences in countries’ policy measures, i.e. the number of insider meets
outsider increases until both groups are of nearly equal size. For S ≈ 0.5N, we have
two groups of nearly equal size, such that, with a further increase of S, the variance
declines until it vanishes for S = N.
For justice and fairness alone, a coalition consists ideally either of all countries
or none.23 Subsequently, we show how this eﬀect changes the results on coalition
formation previously analyzed in the traditional literature.

4.2

Stability Analysis

The stability analysis for the coalition formation depends on the equilibrium payoﬀs
inside and outside the coalition that result from the policy game at stage 2, given
the coalition size S. As all countries are assumed to be identical, the players’
payoﬀs depend only on the coalition size and the type (signatory Ps (S) or outsider
Po (S)). The stability analysis is based on the status quo relative to the prevailing
alternatives. External stability requires that no outsider has an incentive to join the
coalition, i.e. Ps (S + 1) − Po (S) ≤ 0, while internal stability is fulfilled if no insider
wants to leave the coalition, i.e. Ps (S) − Po (S − 1) ≥ 0. Note, an extreme coalition
formation with either S = 1 (complete failure of an IEA) or S = N (grand coalition)
only requires one of the above relations. For S = N it is suﬃcient to check internal
stability and, for S = 1, only external stability is relevant.
For the equilibrium size S ∗ external and internal stability must be fulfilled simultaneously. These two payoﬀ diﬀerences are implicit functions of θ and consider
23

Hoel & Schneider (1997) extend governments preferences so that becoming an IEA member is

an end itself and encourages participation. Justice and fairness, however, destabilize medium size
coalitions.
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both types of oﬀsetting behavior. However, for partial free-riding we can solve these
relations for θ analytically (which is described by a function δ),24 while for complete
free-riding only a numerical solution exists (henceforth called ∆). Given δ and ∆,
we can state the following equilibrium conditions
δ (S ∗ − 1) < θ < δ (S ∗ )
∗

∗

∆ (S − 1) < θ < ∆ (S )

for partial free-riding, and

(8)

for complete free-riding, respectively.

Each relation on the left side guarantees that no signatory wants to withdraw from
the IEA, and the relations on the right prevent an outsider from joining the contract.
Obviously, except for corner solutions S = 1 or S = N, an interior equilibrium can
only be stable where δ, respectively ∆, are increasing in S.
Therefore, both complete and partial free-riding seem to be important. Still,
for a relatively small number of countries (N < 12) that are concerned with an
international problem (like the water quality in the Baltic Sea area), complete freeriding is not relevant for the stability analysis. Complete free-riding seems to be
a phenomenon which becomes active if the environmental externality aﬀects more
and more countries. The externality increases in N and thus provides an incentive
for outsiders to behave as complete free-riders.25
Lemma 3 The stability of a coalition for N < 12 is exclusively determined through
δ (S), while both stability conditions δ (S) and ∆ (S) become relevant for N ≥ 12.
Proof: δ (S) proves for stability if δ (S) > e
θ (S), while ∆ (S) determines stabil24

The δ-function is defined as follows:
δ (S) =

3S 2 (N − 1) + S (N − 1) − 2S 3 − N
h ³
´
i > 0.
1
1
4S (S + 1) ln 1 + N −S
− (N −S)(N
−S+1)

Both the numerator and the denominator are strictly positive and finite for all 1 ≤ S ≤ N − 1.
Furthermore, for all S, the term in square brackets in the denominator does not exceed one.
25
This result shows that, contrary to Lange & Vogt (2003), complete free-riding cannot be left
out of the analysis without loss of generality.
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ity if the opposite holds. i) Inserting all integer numbers for N ∈ [4, 12) shows
that the relation δ (S) > e
θ (S) is satisfied for all S. ii) The following relation

δ (N − 1) > e
θ (N − 1) shows that partial free-riding is always relevant for N − 1,

while δ (N − 2) < e
θ (N − 2) hints at the relevancy of complete free-riding. Both

relations hold true for N ≥ 12.

Q.E.D.

Note that, for N ≥ 12, the free-riding behavior of the potential outsider in the
case of larger coalitions (grand S = N or all-but-one S = N − 1) switches from
partial to complete free-riding. Starting from the grand coalition, a single outsider
reduces its abatements but remains active, while, with two outsiders, both become
complete free-riders. As we will show in what follows, this eﬀect can enforce the
stability of an all-but-one coalition. However, before presenting specific results, we
have to focus on the general analysis.

q
d

max

d (1 )
d (S

)

partial free-rider

~
q (S

D (S

)

)

complete free-rider

N - 2

1

S

Figure 2: Stability analysis for N = 100

Although the number of countries N is decisive for the type of oﬀsetting behavior,
the main results with respect to coalition formation are qualitatively the same.
15

Therefore, we present our findings by using a numerical example with N = 100.26
The analysis contains two parts.
First, figure 2 presents the δ-∆-function for coalition sizes up to (N − 2). It
shows the relevant parts of the functions δ (S) as a dotted line and ∆ (S) as a
dashed line that are separated from each other through e
θ. While the δ part shows

a maximum, the ∆ function is monotonously decreasing up to (N − 2). Within this
range, oﬀsetting behavior changes from partial to complete free-riding.
Second, following Lemma 3, oﬀsetting changes go back to partial free-riding
when almost all countries join the IEA, i.e. from (N − 2) to (N − 1). Here, we have
to distinguish between two cases: According to our simulations, for N < 28 the
δ-∆-function increases in the relevant range, while it declines for N ≥ 28.
As stable interior equilibria are located where the combined δ-∆-function is
increasing, we distinguish diﬀerent areas for θ that are separated by δ(1), δ max ,
∆(N − 2), and δ(N − 1). Summarizing, we end up with four types of equilibria: two
corner solutions (S ∗ = 1 and S ∗ = N) and two interior equilibria (a small coalition
and an all-but-one coalition S ∗ = N − 1). In order to test for an all-but-one coalition, we have to check whether δ(N − 1) exceeds ∆(N − 2). In either case, δ(1) and
δ max are the relevant thresholds for θ that distinguish the areas for a failure of an
IEA and a small coalition.

26

We have checked the shape of the δ-∆-function for all integer numbers N up to 100. Even for

N > 100, there is no hint that qualitative results may change.
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Figure 3a: Equilibria with all-but-one

Figure 3b: Equilibria without all-but-one

As shown in figure 3, there are two diﬀerent cases. If — as in figure 3a — ∆(N − 2)
falls short of δ(N − 1), there is some range for all-but-one equilibria as well as for
the grand coalition. If the opposite relation holds (figure 3b), there is only scope for
the grand coalition. A unique equilibrium of the entire game only exists for rather
low and very high θ. In the case of a medium size θ, coalitions always coexist with
almost all countries and almost none.
Proposition 4 Stable equilibria of an IEA.
i) The corner solution S ∗ = 1 is stable for θ ∈ [0, δ(1)] .
ii) The stability of the grand coalition S ∗ = N requires θ > δ(N − 1).
17

iii) For θ ∈ (δ(1), δmax ) we obtain a rather small coalition S ∗ > 1. The coalition size
for N ≤ 100 does not exceed 6.
iv) The all-but-one coalition S ∗ = N − 1 becomes stable if δ(N − 1) exceeds ∆(N − 2)
and θ ∈ [∆(N − 2), δ(N − 1)]. The interval is non-empty for N < 28. For N ≥ 28
this type of stable IEA does not exist.
v) While uniqueness of the entire equilibrium requires θ > δ max for the grand coalition
and θ < min{∆(N −2), δ(N −1)} in the case of a complete failure of an IEA, interior
equilibria never occur alone. For an intermediate θ, the entire game has multiple
stable equilibria.
Proof: As the relation min{∆(N − 2), δ(N − 1)} < δ(1) < δ max holds true in
any case, we can distinguish the four areas for θ given in (i) up to (iv) . The
first relation follows from inserting all information in the δ function, the second
from the property of a maximum. The coalition size up to 6 in (iii) and the nonempty interval for N < 28 in(iv) can only be checked numerically, which we did for
N ≤ 100. Uniqueness (v) results as a consequence of (i) to (iv).

Q.E.D.

As proposition 4 shows, a stable coalition can never be medium size. All kinds
of equilibria are rather like those in the battle of the sexes. Adopting your partner’s
participation strategy is better than any other behavior.
According to the standard literature almost all countries defect. This behavior
stems from the pure selfishness of all governments that is the driving force for freeriding at the expense of others. If preferences are extended, justice and fairness
behavior stabilizes not only small, but even larger coalitions.
In general, there are three eﬀects which determine stability: individual freeriding, collective internalization, and conform behavior, where the first two are the
traditional Barrett eﬀects. The individual gain from free-riding is rather selfish and
depends on the diﬀerence between the insider’s and the outsider’s abatement. The
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gain from internalization can be measured by the change in global abatements when a
single country leaves or enters the coalition. Finally, justice and fairness favor similar
policy measures, irrespective of the chosen participation strategy. According to the
single-peaked variance in S, conform behavior destabilizes medium size coalitions
as they provide an incentive either to leave or to join a coalition. Free-riding favors
leaving a coalition, the eﬃciency argument goes in the opposite direction, while
fairness prefers homogenous behavior. Consequently, it is the interplay of these
three eﬀects that determines the equilibrium coalition size.
Justice and fairness favor coalitions where either almost all or almost none sign an
IEA. While for small coalitions conform behavior and free-riding are complementary
in providing an incentive for staying outside an IEA, when the coalition size becomes
large they favor opposite participation strategies. As in the traditional literature, it
is the internalization gain which stabilizes IEAs, while the free-riding eﬀect hinders
larger coalitions. Thus, stronger fairness preferences are needed to overcome the
instability of the grand coalition. In the case of the all-but-one coalition, the freeriding gain works to destabilize the grand coalition, but it is not strong enough to
countervail the ones from internalization and conform behavior.27

4.3

IEA as Stackelberg Leader

While our previous result is based on the assumption that the members of an IEA do
not intend, or are not able, to play a leading role vis-à-vis the non-signatory states,
a complementary framework focuses on an IEA as a Stackelberg leader against the
outsiders. As we have strategic substitutes and positive externalities, the members
of an IEA can reinforce outsiders’ abatements through a reduction in their own ac27

In the case of complete free-riding a non-signatory’s choice is restricted to ao = 0. Hence,

the gain from free-riding becomes smaller than for interior abatement strategies. As free-riding
behavior changes from (N − 2) to (N − 1) this stabilizes the all-but-one coalition.
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tivities. This directly favors the member states at the expense of the outsiders and
thus provides an incentive to join an IEA. In the case of justice and fairness, Stackelberg leadership stabilizes larger coalitions even more as the economic behavior of
insiders and outsiders turn out to be rather homogeneous. Like in our previous
analysis, we can identify Stackelberg behavior, which also reduces the variation in
the abatement measures, as a driving force for the formation of larger coalitions.

5

Conclusion

In the standard literature on International Environmental Agreements (IEA) empirical and theoretical predictions are inconsistent if we focus on the number of signing
countries. While theory only proves the existence of small coalitions, there is empirical evidence for larger agreements such as the Kyoto or Montreal Protocols. By
extending countries’ preferences to incorporate issues of fairness and justice, governments try to avoid welfare losses due to cost dispersion, measured by the variance
in countries’ abatement policies. Such preferences provide an incentive for countries
to behave in the same way, either almost all, or almost none, of the countries form
an IEA. In both cases, the participation decisions are similar, which stabilizes both,
larger and smaller coalitions but destabilizes medium-size coalitions.
Furthermore, the US staying outside an international agreement for free-riding
reasons can be seen as an example of a stable all-but-one coalition. However, the
applicability of our model should not be stressed too much. In reality countries
are not identical in income, technology and preferences and the real world problems
of forming an IEA are due to diﬀerences in these parameters. Hence, improving
the empirical robustness of a theoretical model requires that at least some of these
heterogeneities are integrated into the analysis.
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6

Appendix: Single-peakedness of the variance

Obviously, σ(S, θ) is decreasing in θ as can be checked by a close look at eqs. (4) and
(7). In the following, we prove the single-peakedness of σ in S in two steps: first,
we determine the maximum σ (S, θ) in S for both partial and complete free-riding.
Second, for a given θ outsiders can change their behavior from partial to complete
free-riding, or the other way round, as the threshold e
θ depends on S. Therefore, we

distinguish between these two scenarios. As shown in figure 4, for low θ an increase
in the coalition size S results in complete free-riding. For moderate θ, the free-riding
behavior changes twice: from partial to complete free-riding and back. If θ exceeds
a certain threshold, there is only partial oﬀsetting.

Figure 4: Free-riding and variance in abatements
We look at the two parts of σ (with partial and complete free-riding) separately.
According to (7), in the case of partial free-riding the first-order condition
¢
¡
(N − S) S 2 − 1 − S (S − 1)2 = 0,
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(9)

characterizes a unique solution for the maximum variance at
r
N
8
N
σ
=
1+ .
Spf
+
4
4
N

(10)

If we look at the analogous condition in the case of complete free-riding, we obtain

(N −

2S) a∗s

∂a∗s
+ (N − S)2S
= 0.
∂S

(11)

After inserting (4) and the derivative ∂a∗s /∂S, we can rearrange terms so that
the solution to our first-order condition becomes obvious:
a∗s
= 0.
[N − 2S] p
N 4 + 8θN 2 S (N − S)

(12)

As the fraction in (12) is strictly positive, the term in brackets is decisive for the
unique maximum of the variance, which requires
σ
= 0.5N.
Scf

(13)

σ
Obviously, the maximum variance in the case of complete free-riding Scf
falls
σ
short of that for partial free-riding Spf
. We can distinguish three cases, which diﬀer

with respect to the extent of θ :
σ
maximizes the variance for small θ, i.e. θ ∈ [0 ; θcf ] ,
• According to figure 4, Scf

where θcf = 0.125N 2 − 0.5.
• For θ exceeding θpf = 0.125N 2 partial free-riding dominates, and the variance
σ
increases until Spf
and diminishes thereafter.

• Between these two areas, for θ ∈ (θcf ; θpf ) the maximum variance will be
σ
σ
e
obtained for Scf
< S σ < Spf
, where S σ lies on the lower part of the S(θ)

curve.

Consequently, σ (S) is single-peaked in S regardless of the diﬀerent scenarios in θ.
Q.E.D.
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