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1 Introduction

International cooperation is necessary to address the great number of global

scale environmental challenges resulting from the ever increasing human ac-

tivity, including global warming, ozone depletion, declining fisheries and

ocean acidification. Despite the proliferation of global environmental treaties,

with more than 120 in force currently, only a handful, such as the Montreal

Protocol on Substances that Deplete the Ozone Layer and the North Pacific

Fur Seal Treaty, are considered a success (Barrett (2003)). The continuing

(from COP-15 in Copenhagen to COP-20 in Lima) stalemate in the nego-

tiations for a post-Kyoto agreement is an illustrative example of the great

difficulties in achieving large, stable coalitions to effectively address pressing

environmental problems, especially when mitigation costs are significant. Al-

though it is clear that countries will collectively benefit from cooperation, the

problem is that each individual country has strong incentives to free ride on

the cooperation of the rest. The absence of a global institution empowered

with the necessary monitoring and enforcement mechanisms, necessitates the

design of self-enforcing international environmental agreements. The envi-

ronmental economics literature examining the issue of coalition formation us-

ing game theory, has followed both the cooperative and the non-cooperative

approach, deriving conflicting results concerning the number of countries that

will participate in an international environmental agreement. The present

paper focuses on bridging the gap between these two main approaches in the

theoretical literature.1

On the one hand there is a series of works (Carraro and Siniscalco (1993),

Barrett (1994), Diamantoudi and Sartzetakis (2006), Rubio and Ulph (2006)

and Finus et al. (2006)), that, through a non-cooperative game theoretic ap-

proach, supports the pessimistic view that IEAs are futile in the sense that

they will be either signed by very few 2 countries or, if signed by more3, it will

1For an in depth comparison of the approaches see Tulkens (1998). More general
literature reviews are offered by Ioannidis, Papandreou and Sartzetakis (2000) and Finus
(2003).

2Diamantoudi and Sartzetakis (2006) show that in the model adopted by Barrett (1994)
the equilibrium size of an IEA is either 2, 3 or 4 countries. Similarly, Finus and Rundshagen
(2001) show that in the model adopted by Carraro and Siniscalco (1993) when transfers
are not allowed the equilibrium size of an IEA is 2 or 3 countries.

3It is clear, especially from the experience with the Kyoto Protocol, that signing does
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be over an agreement without any substance4. These results are independent

of whether we adopt a simultaneous a la Cournot model or a leadership a

la Stackelberg model where the IEA leads and the non-signatories follow.

The results of this branch of the literature can be attributed to a funda-

mental assumption embedded in it, namely, the fact that each country upon

withdrawing from the agreement assumes that the agreement will remain

intact, at least in terms of membership status. It is not surprising that such

a hypothesis, enhances free riding benefits, encouraging deviations and thus,

undermines the viability of an agreement.

On the other hand, there is a series of works initiated by Chander and

Tulkens (1992) and (1997) that, adopting a cooperative game-theoretic frame-

work, asserts the formation of the grand coalition and the attainment of ef-

ficiency. The basic assumption underlying the Chander and Tulkens (1997)

model is that when a country withdraws from the agreement it assumes

that the agreement collapses and each country fends for itself. Naturally,

the pessimistic expectation of a potential perpetrator deters deviations and

encourages the sustainment of more cooperative agreements. Their work,

however, sheds light to the theory of IEAs from a normative angle: if an

agreement is designed in a way that deviators are indirectly yet effectively

punished through the collapse of the agreement then cooperation and social

optimality may be attainable after all.

The main criticism that the above approach has received concerns the

credibility of the threat that the coalition will collapse once a single country

deviates and furthermore, whether an agreement based on this assumption

is still self-enforcing. The present paper attempts to provide a framework

in which countries, when considering deviating from an agreement, behave

neither myopically –assuming that the coalition will remain intact– nor pho-

bically –assuming the coalition will completely collapse. Our assumption of

farsighted countries provides a more realistic framework, bridging the gap

between the two approaches. When a country defects from an agreement it

makes no exogenously imposed assumptions regarding the behavior of the

not necessarily imply ratification of an IEA. Although, following the literature we mostly
use the term signing (signatory country), our analysis bears on the ratification of an IEA.

4Diamantoudi and Sartzetakis (2014) show that using general functional forms the size
of the coalition could be significant, but even in such cases the level of welfare does not
improve relative to the laissez-faire state where each country optimizes individually.
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remaining members of the agreement. Instead, it foresees what their reac-

tion(s) will be, and which equilibrium agreement will result from such an

initial deviation. The advantage of farsighted stability is that it considers

what happens after an initial deviation in a consistent manner, in accordance

with individual optimization behavior. In this paper we examine the case in

which farsighted countries always act alone whether they are joining or with-

drawing from an agreement. We use the leadership model, assuming that the

non-signatories will wait to observe the coalition’s decision, behaving thus as

followers. Our analysis can easily be applied to the simultaneous model. We

find that by not restricting countries to a myopic behavior, increases the set

of possible stable coalitions. That is, the assumption of farsighted countries

allows for larger coalitions relative to the myopic behavior. Although the

grand coalition does not necessarily belong to the set of stable coalitions, it

is a possible equilibrium outcome. This result is based on the credible threat

of the partial collapse of the agreement once a country withdraws from the

agreement. The threat of the partial collapse of the agreement reduces free

riding benefits, leading to larger stable coalitions. The main contribution of

the present paper is the complete characterization of the farsighted stable set,

allowing for the agreement to both shrink and grow in size. That is, we per-

mit renegotiation among countries, in the sense that even if an IEA collapses,

countries can always renegotiate a larger agreement. Our analysis provides

a solid connection between cooperative and non-cooperative game-theoretic

frameworks. Furthermore, we examine the special case of quadratic benefit

and damage function to illustrate our results and provide direct comparison

with myopic behavior in terms of global emissions and welfare.

Our work relates to the general theoretical framework developed in Ray

and Vohra (1997) and (1999) and also to the work by Ray and Vohra (2001)

which examines the public good provision problem and focuses on an equi-

librium analysis. More recently, Chander (2007) modifies the γ-core concept

to reconcile with the coalitional structure in the non-cooperative game the-

ory. In the literature on IEAs, farsightedness has been examined by Ecchia

and Mariotti (1998), Carraro and Moriconi (1998) and further developed

by Eyckmans (2001) and de Zeeuw (2008). The work by Diamantoudi and

Sartzetakis (2015) is closer to the present paper. They examine the case

in which any group of countries may choose to coordinate their actions in
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either joining or withdrawing from an agreement. In contrast, the present

paper assumes that countries make their choices independently. Apart from

the differences in the theoretical framework, the present paper differs from

Diamantoudi and Sartzetakis (2015) in that coordinated action allows coun-

tries to use the complete collapse of the agreement as a threat to sustain the

grand coalition, which is not the case in the present work.

Our analysis builds upon two critical assumptions, which although com-

mon in the IEAs literature, need some justification. First, we examine the

equilibrium size of a single coalition, not allowing for multiple coalitions (of

size larger than one) to form and co-exist. The literature on IEAs, both

the cooperative and the non-cooperative approach, employs this assumption,

with very few exceptions, such as Carraro (2003). Although this assumption

seems rather restrictive in a general theoretical framework, it is quite realistic

in the case of global environmental agreements. All agreements concerning

global environmental problems are negotiated and implemented under the

United Nations’ auspices and they are unique, in the sense that only one

agreement addresses each specific problem.

The second restriction we impose is that countries are symmetric. As-

suming symmetric countries implies that within each group, signatories and

non-signatories, countries emit the same level of the pollutant and enjoy the

same level of welfare. Being able to index payoffs in terms of the group rather

than to each specific country, allows us to fully characterize the solution set.

Furthermore, due to symmetry, each country’s payoffs depend only on the

size of the coalition and not on the actions of other countries. If we assume

heterogeneous countries, the welfare of each country and therefore its deci-

sions will depend on the composition and not only on the size of the coalition,

making the identification of stable coalitions extremely difficult. In addition,

if countries are assumed heterogeneous, the size of the coalition becomes less

important, as the outcome depends mainly on the coalition’s membership.

For the above reasons, heterogeneity does not allow the derivation of analyt-

ical results using generalized models and thus, no significant conclusions and

results can be drawn. Although the symmetry assumption is used widely,

there are some attempts to introduce heterogeneity. These papers are either

based on simulations (Botteon and Carraro (2001) and McGinty (2006)) or

linear (Kolstad (2010)) and semi-linear (Fuentes-Albero and Rubio (2010))
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models. As to the size of the stable coalition, the results of this literature

are not conclusive. Relaxing the symmetry assumption does not always lead

to a larger coalition and when it does, aggregate welfare does not necessarily

improve.

The rest of the paper is structured as follows. Section 2 describes the

model, introducing the necessary notation and some basic results of the my-

opic behavior literature that are used in the subsequent analysis. In Section

3 the solution concept is modified to capture consistency and foresight while

unilateral actions are maintained. Section 4 examines the special case of

quadratic benefit and damage functions and Section 5 concludes the paper.

2 The Model

Let N = {1, ..., n} denote the set of all countries, each emitting ei ≥ 0,

i ∈ N , units of a global pollutant as a by-product of the economic activity,

with the aggregate emissions denoted by E =
∑

i∈N ei. The benefits resulting

from the economic activity are expressed as function of country i’s emissions,

B(ei), which is assumed to be strictly concave, that is, B (0) = 0, B′ ≥ 0

and B′′ < 0. Each country suffers damages from the aggregate emissions of

the global pollutant, D(E), which are assumed to be strictly convex, that is,

D (0) = 0, D′ ≥ 0 and D′′ > 0. Thus, country i’s welfare function is,

w = B(ei)−D (E) .

We consider the case that a set of countries S ⊂ N sign an agreement to

reduce the emissions of the global pollutant and N\S do not and we denote

the size of coalition by |S| = s. Each member of the coalition emits es, units

of the global pollutant, while each country outside the coalition emits ens,

with aggregate emission level, E = Es + Ens = ses + (n− s)ens.

We assume that the coalition acts as a Stackelberg leader. Each country

outside the coalition, hereafter called non-signatory country, maximizes its

own individual welfare, wns, knowing the choice of signatories:

ωns(es, s) = max
ens

[B(ens)−D(ses + (n− s− 1)ei + ens)] .

The above problem’s first order condition,

B′(e∗ns(es)) = D′(ses + (n− s)e∗ns(es))
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yields the best response function e∗ns(es, s) of the non-signatories. Note that

the assumption of symmetry on best response functions has been applied

after the optimization.

Members of the coalition, hereafter called signatories, chose their emis-

sion’s level by maximizing the coalition’s welfare,
∑

i∈S wi = sws, taking

explicitly into account the behavior of countries outside the coalition:

ωs(s) =
1

s
max
es

[sB (es)− sD [ses + (n− s)e∗ns(es, s)]] .

The corresponding first order condition,

B′(e∗s(s)) = D′(se∗s(s)+(n−s)e∗ns(e
∗
s(s), s))

[

s+ (n− s)
∂e∗ns(es, s))

∂es

∣

∣

∣

∣

es=e∗s(s)

]

yields the optimal signatories’ emissions e∗s(s).

Diamantoudi and Sartzetakis (2015), provide a proof of the following

proposition establishing the properties of the indirect welfare functions of

signatory and non-signatory countries, ωs(s) and ωns(e
∗
s(s), s) respectively.

Let enc and Enc denote the individual and aggregate emissions when there is

no agreement and countries behave a la Cournot.

Proposition 1 (Diamantoudi and Sartzetakis, (2015)) Consider

the indirect welfare functions of signatory and non-signatory countries, ωs(s)

and ωns(e
∗
s(s), s) respectively. Let

zmin =
B′′(enc)− nD′′(Enc)

B′′(enc)−D′′(Enc)

then,

1. e∗s(s) T e∗ns(s) ⇔ s S zmin,

2. if s = zmin then e∗s(s) = e∗ns(s) = enc,

3. ωs(s) increases (decreases) in s if s > zmin (s < zmin),

4. zmin = argmins∈ℜ∩[0,n] ωs(s),

5. ωs(s) T ωns(e
∗
s(s), s) ⇔ s S zmin5.

5The point of intersection between ωs(s) and ωns(s) when s is a real number has been
identified independently by Rutz and Borek (2000), but the authors did neither identify
the relation between the two functions beyond the point of intersection, nor the fact that
the point of intersection is the lowest point of ωs(s).
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The above Proposition establishes that there exists a critical coalition

size, determined by adjusting, to the lower integer, the value of, zmin, below

which signatory countries emit more and attain higher welfare than the non-

signatories, and above which the reverse is true. Since zmin denotes the

intersection of ωs with ωns that lies right at the minimum value of ωs, it

follows that zmin results in the lowest welfare level for each member of the

coalition, when compared to other coalition sizes. Furthermore, the above

results imply that the grand coalition yields the highest payoff per signatory

than any other coalition size, ωs(s) < ωs(n) for all s = 1, ..., n− 1. Although

we are able to determine that ωs is monotonically increasing in s, the same

is not possible for ωns. We choose not to force such a property on ωns in

proving the existence of a unique farsighted stable set of farsighted stable

coalitions ,in the next Section. In Section 5 we examine the special case of

quadratic benefit and damage function, under which both ωs and ωns are

monotonically increasing in s and we are able to draw welfare conclusions.

In determining the size of the stable coalitions, the main body of the

literature (Carraro and Siniscalco (1993), Barrett (1994) and Finus et al.

(2006)) adopts the D ’Aspremont et al. (1983) notion of stability. That is, a

coalition of size s∗ is, internally stable if ωs(s
∗) ≥ ωns(s

∗ − 1) and externally

stable if ωns(s
∗) ≥ ωs(s

∗ + 1). According to this, when a country exits (or

enters) the coalition, all other agents do not change their behavior in terms

of coalition participation adjusting only their emissions as a response to the

new size. The general conclusion in this literature is that stable coalitions are

small. Diamantoudi and Sartzetakis (2006) show that in the case of quadratic

benefit and damage functions the stable coalition is of size not greater than

four, that is, s∗ ≤ 4, regardless of n.

3 Unilateral Action under Foresight

Although, it is well established in the literature that the formation of the

grand coalition is Pareto efficient (with respect to the agents involved) and

that each agent has an incentive to unilaterally free ride on others, the major

contribution of D’ Aspremont et al. (1983) who first introduced this form of

coalitional stability was the observation that if the number of agents is finite,

once a member of the coalition deviates and withdraws from the agreement,

8



the remaining coalition will adjust its behavior. If a country withdraws from

the agreement its action will be noticed by the coalition and explicitly taken

into consideration. Precisely this consideration leads, in our setting, to the

adjustment of their emissions in a manner that maximizes the new aggregate

welfare of the remaining coalition members.

Once such an adjustment is captured by the model, the result is that

it is not always beneficial for a country to withdraw from the agreement.

The increase in its welfare the potential deviant may enjoy by increasing its

emission level may be offset by the increase in the coalition’s emissions as a

result of its adjustment.

In the D’ Aspremont et al. (1983) model and its variants within the

environmental framework it is assumed that, once a country withdraws, the

coalition will adjust its emissions. In fact, the coalition’s adjustment and

the deviating agent’s ability to foresee this adjustment is the very merit of

the model. It is only natural thus, that we allow the deviating country to

fully foresee what is going to happen after it withdraws, including changes

in other countries’ decision to participate in the coalition.

In this work we endow countries with foresight. In particular we build

a solution concept in the spirit of von Neumann and Morgenstern (vN-M)

(1944) abstract stable set while amending the dominance relation to incorpo-

rate forward looking behavior,6 which gives us a set of stable coalitions that

would survive credible deviations.7 The issue of credibility and foresight has

arisen on several occasions in economic models and more fundamentally in

solution concepts within an economic or game theoretic context.

In the D’ Aspremont et al. (1983) solution concept when an agent con-

templates exiting a coalition of size s it compares ωs(s), that is, the welfare

it enjoys while a member of the coalition, with the welfare it will enjoy once

it exits and joins the non-signatories of a coalition of size s − 1, that is,

6A dominance relation is a binary relation that allows us to compare any two elements
(in our case IEAs) and select the stable ones. A myopic dominance relation embeds not
only the preference by the acting agent but also the ability for that agent to induce the
dominant element from the dominated one. A farsighted dominance relation captures a
sequence of elements whereas each acting agent prefers the ultimate outcome (end of the
sequence) to his status quo, while he can only induce the next step of the sequence.

7Diamantoudi and Xue (2007) have applied previously vN-M’s stable sets as an equi-
librium concept.
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ωns(s− 1). This comparison examines the internal stability condition as de-

fined earlier. The agent implicitly assumes that once it deviates, no one else

will want to deviate and therefore it will indeed enjoy welfare ωns(s − 1)

with certainty. But this is not always the case, in fact, it is possible that

another country may wish to exit coalition of size s − 1 by now, and join

the non-signatories s − 2, and so on. Thus, the country should compare its

status quo ωs(s) with the final outcome that will result once it initiates a

sequence of events by exiting a coalition of size s. This final outcome can

be characterized as such only if no more countries wish to exit and no more

countries wish to join, if, in other words, it is stable itself. Put differently,

we can determine whether a coalition is stable or not, only if we know what

every other coalition is. Such a circular approach is adopted by the classical

notion of the abstract stable set.

The (abstract) stable set originally defined by von Neumann and Mor-

genstern (1944) is a solution concept that captures consistency. The stable

set approach, instead of characterizing each outcome independently, charac-

terizes a solution set, that is, a collection of outcomes that are stable, while

those excluded from the solution set are unstable. Moreover, no inner contra-

dictions are allowed, that is, any outcome in the stable set cannot dominate

another outcome also in the stable set8. Similarly, every outcome excluded

from the stable set is accounted for in a consistent manner by being domi-

nated by some outcome in the stable set9. Although the notion of the stable

set is very appealing exactly due to the aforementioned properties that at-

tribute consistency10 it has been criticized on two grounds. Firstly, it does

8This feature of the stable set is known as Internal Stability, yet we will avoid the ter-
minology since it coincides with the one attributed to coalitions which is entirely different.
Characterizing a coalition as internally stable implies that no member wishes to exit the
coalition. This latter meaning of internal stability is the one we will maintain throughout
the paper as formalized in Definition 1 that follows.

9This feature of the stable set is known as External Stability. The same problem with
terminology arises here as well. We will maintain the meaning of external stability as
formalized in Definition 1.

10Its appeal is captured and improved upon by Greenberg (1994). In the Theory of
Social Situations (TOSS), a unifying approach towards cooperative and non-cooperative
game theory, where any behavioral and institutional assumptions are explicitly defined,
an equivalence is shown between the von Neumann & Morgenstern (vN-M) stable set
and the Optimistic Stable Standard of Behavior (OSSB), a solution concept built in the
spirit of vN-M stability, yet with the precise assumption of optimistic behavior explicitly
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not always exist, and secondly, it suffers from myopia as well, as depicted by

Harsanyi (1974) who suggested that the simple (one step) dominance rela-

tion be replaced by indirect dominance that allows agents to consider many

steps ahead. His criticism inspired a series of works in abstract environments

by Chwe (1994), Mariotti (1997) and Xue (1998) among others. Our work

differs from the works of Chwe (1994), Mariotti (1997) and Xue (1998) in

two critical ways: (i) they allow for many coalitions to form in equilibrium

which in the context of IEAs would imply many parallel and disjoint IEAs

and (ii) agents can induce different structures/IEAs by acting in groups and

not only unilaterally as in our analysis. Due to the abstract nature of the

authors’ works only general existence results are obtained. In contrast, we

are able to fully characterize the solution set in the context of IEAs.

In the spirit of von Neumann &Morgenstern’s (1944) stable set, Harsanyi’s

(1974) indirect dominance and within the context of coalition formation, we

consider a set σ which is the collection of all farsighted stable coalitions.

Let Cs denote any coalition of size s, then, σ = {Cs, Ct..., Cf}. A coalition

Cs is farsighted stable given σ and thus, Cs ∈ σ if it is both internally and

externally farsighted stable given σ.

A coalition is considered to be internally stable if no country wishes to

exit from it. So far, a country compared its current welfare ωs(s) with the

welfare of the set of non-signatories it would join, ωns(s− 1). We claim that

such a comparison is justified only if Cs−1 is a stable coalition itself, i.e.,

Cs−1 ∈ σ as well, which would imply that if Cs−1 becomes the status quo it

would remain so. Otherwise, if Cs−1 /∈ σ once at Cs−1 some other country

may wish to exit. Thus, the very first country when contemplating whether

to exit from Cs or not it should compare its welfare while a member of

Cs to the final stable outcome that will arise. A parallel process describes

external stability. A coalition Cs is externally stable if no country wishes to

join in. Again the country makes such a decision by comparing its welfare

under the status quo ωns(s) with the welfare it will enjoy once it joins the

coalition, namely ωs(s + 1). Such a comparison is justified only if Cs+1 ∈ σ

formalized. TOSS amplified the pertinence of stability by recasting the dominance relation
into a broader concept beyond the boundaries of a binary relation. In doing so, behavioral
assumptions can be imposed on the agents, and more complex institutional settings can
be analyzed.
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is a stable coalition itself and thus, no more countries wish to enter.11 The

country should compare its status quo with the final outcome that will arise.

Formally,

Definition 1 A set of coalitions, σ, is a farsighted stable set if

1. σ is free of inner contradictions:

(a) Every coalition Cs ∈ σ is internally farsighted stable, i.e., there

does not exist a finite sequence of coalitions Cs−1, ..., Cs−m, where

m ∈ {1, ..., s} such that Cs−m ∈ σ and ωs(s− j) < ωns(s−m) for

every j = 0, 1, ..., m− 1.

(b) Every coalition Cs ∈ σ is externally farsighted stable, i.e., there

does not exist a finite sequence of coalitions Cs+1, ..., Cs+m, where

m ∈ {1, ..., n−s}, such that Cs+m ∈ σ and ωs(s+m) > ωns(s+j)

for every j = 0, 1, ..., m− 1.

2. σ accounts for every coalition it excludes:

That is, for every coalition Cs /∈ σ either

(a) Cs is internally farsighted unstable, i.e., there exists a finite se-

quence of coalitions Cs−1, ..., Cs−m, where m ∈ {1, ..., s} such that

Cs−m ∈ σ and ωs(s− j) < ωns(s−m) for every j = 0, 1, ..., m−1,

or

(b) Cs is externally farsighted unstable, i.e., there exist a finite se-

quence of coalitions Cs+1, ..., Cs+m, where m ∈ {1, ..., n−s}, such

that Cs+m ∈ σ and ωs(s + m) > ωns(s + j) for every j =

0, 1, ..., m− 1.

Note that the null coalition with s = 0 that contains no members is

trivially internally farsighted stable since there does not exist a country to

11Note that through considering decreasing and increasing sequences of coalitions
(through internal and external stability) we exhaust all possibilities. Allowing for simul-
taneous entry and exit does not add to our analysis given that countries are symmetric.
Although other definitions of stability could be used, we have chosen the one defined in
D’ Aspremont et al. (1983), in order to allow for direct comparison with the myopic
literature’s results.
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exit, and that a perfectly collusive situation where the coalition Cn contains

all the countries is trivially externally farsighted stable, since there do not

exist any more countries to join.

We mentioned earlier that one of the major drawbacks of the stable set

is it rarely exists. However, Theorem 1 establishes that there exists a stable

set σ.12.

Another problem associated with the stable set is its multiplicity. More

precisely the existence of more than one farsighted stable set σ, suggesting

different collections of farsighted stable outcomes. Notice the difference be-

tween uniqueness of a farsighted stable coalition and uniqueness of a set of

farsighted stable coalitions. The former, is obviously not true as we will il-

lustrate in the following result where we claim that a sequence of coalitions

are farsighted stable, whereas the latter is asserted in the following Theorem

where we argue that σ is unique.

Theorem 1 There exists a unique farsighted stable set of farsighted stable

coalitions, σ.

Proof. The proof of Theorem 1 consists of three parts. In the first part

we construct set σ with the use of an algorithm that identifies the coalitions.

Note that although σ is constructed in terms of coalition sizes for simplicity,

it in fact contains all the permutations of each size. They obviously do not

dominate each other since when one agreement is induced from another it

has to grow or shrink monotonically. In the second part we show that σ is

farsighted stable and in the third part we show that σ is the unique farsighted

stable set.

The following two graphs illustrate the construction and stability of σ.

The coalition size appears on the horizontal axis while the per member payoffs

appear on the vertical axis. The solid curve depicts the per member payoffs

of signatories, ωs(s). Note that the curve, in accordance with the definitions

provided in Section 2 and proved in Diamantoudi and Sartzetakis (2015),

decreases until zmin and increases thereafter. The dotted curve depicts the per

member payoffs of non-signatories, ωns(s). Again, the graphs are consistent

with Section 2, since ωns(s) is non-monotonic and uniquely intersects ωs(s)

12Diamantoudi (2005) within the context of cartel stability in a price leadership model
establishes that such a dominance relation is acyclic if the coalition members’ payoff is
inreasing in the size of the coalition, that is, in our context, when ω(s) is increasing in s.
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from below at zmin. Lastly, the dashed curve is ωns(s) shifted by one, that is

ωns(s−1). By shifting ωns(s) we can identify the myopic stable coalition size,

s∗, clearer: it is the largest integer before the intersection where ωns(s−1) cuts

ωs(s) from below. Note that in Figure 2 we depict the case where s∗ is unique,

whereas in Figure 1 we depict the case where ωns(s−1) intersects ωs(s) more

than once and hence, each largest integer just below each intersection is a

myopically stable coalition.

Construction

Step 1: Let M be the set of all myopically stable coalitions, that is,

M = {Cs∗ | ωs(s
∗) ≥ ωns(s

∗ − 1) and ωns(s
∗) ≥ ωs(s

∗ + 1)} .

Now construct two sequences of coalitions, Cs∗
1
, ..., Cs∗j

, ..., Cs∗m
and Cs̄1, ..., Cs̄j ,

..., Cs̄m as follows:

(i) Cs∗j
∈ M. Cs̄j is any coalition where 0 ≤ s̄j ≤ n for all j = 1, ..., m.

(ii) Cs∗
1
is the largest coalition in M. Cs̄1 is the largest coalition such that

s̄1 < s∗1 and ωns(s̄1) ≥ ωs(s
∗
1).

(iii) Cs∗j
is the largest coalition in M such that s∗j ≤ s̄j−1. Cs̄j is such that

s̄j < s∗j and ωns(s̄j) ≥ ωs(s
∗
j) for all j = 1, ..., m.

In Figure 1 there are four myopically stable coalitions corresponding to

the four intersections between ωns(s−1) and ωs(s), that is, M = {s∗1, s∗2, s∗3, s∗4}.
These points are marked on the ωs(s) curve by a star *. s∗1 is the largest coali-

tion in M. In fact, in this particular case M coincides with the sequence

Cs∗
1
, ..., Cs∗j

, ..., Cs∗m
. But this does not have to always be the case, M can

strictly contain the sequence Cs∗j
. In order to identify s̄1 we start from ωs(s

∗
1)

and trace backwards on the ωs(s) curve until we find the first (largest) in-

teger for which ωns(s) ≥ ωs(s
∗
1). This largest integer becomes s̄1. s

∗
2 is the

largest element of M such that s∗2 ≤ s̄1. Starting from s∗2, we repeat the same

process to identify s̄2, which in this particular case is the same as s∗3. Finally,

starting from s∗3 we find s̄3 = s∗4. The s̄i points are marked by a dot on the

ωns(s) curve. In Figure 2, there is only one myopic coalition, and thus there

is no need to define s̄j.

Naturally the Cs∗j
sequence stops either when Cs∗m

is such that ωs(s
∗
m) >

ωns(s) for all s ≤ s∗m − 1 or when Cs∗m
is the smallest coalition in M. Note
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that the existence of Cs∗
1
is established in D ’Aspremont et al. (1983) and re-

inforced by the results in Diamantoudi and Sartzetakis (2015). The existence

of Cs̄1, however, is not guaranteed but it is not necessary for the construction

of σ as illustrated in Step 2 below.

Figure 1

Step 2: In this step we construct σ. Our stable set has the following form:

σ = {Cs−l, ..., Cs−i, ..., Cs−1, Cs0, Cs1, ..., Csi, ..., Csk}. Let Cs0 ≡ Cs∗m
. Then

Csi is determined as follows: Consider the smallest s such that s > si−1 and

ωs(s) ≥ ωns(s
i−1). If s ∈

{

∪m
j=2

(

s∗j , s̄j−1

]}

∪(s∗1, n] then let si = s. Otherwise,

if s ∈
(

s̄j , s
∗
j

]

for some j = 1, ..., m− 1 then let si = s∗j .

Cs−i is the largest coalition such that s−i < s−i+1 and ωns(s
−i) ≥ ωs(s

−i+1)

for all i = 1, ..., l. Note that if Cs0 is such that ωs(s
0) > ωns(s) for all s ≤ s0−1

then Cs0 is the beginning of the sequence and l = 0.

In Figure 1, Cs0 ≡ Cs∗
4
. Starting from s∗4 and tracing the ωs(s) curve

upwards, we are looking for the smallest s greater than s0, for which ωs(s) ≥
ωns(s

0). The integer which is just higher is s1, and since s1 ∈ (s̄2, s
∗
2], then
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s1 = s∗2. Starting from s1, we repeat the same process to find s2 which, in this

particular case, is equal to s̄1. Through the same process we find s3, which

is equal to s∗1. In Figure 1, since Cs0 ≡ Cs∗
4
, we cannot look for any Cs−i, and

thus, σ = {Cs0, Cs1, Cs2, Cs3}. The stable coalitions are denoted on the ωs(s)

curve by a circle, ©. In Figure 2, Cs0 ≡ Cs∗. Following the same process as

in Figure 1 we find s1 and s2. In Figure 2 we have to look to the left of s0

as well. To do this, we start from ωs(s
0) = ωs(s

∗) and move parallel to the

horizontal axis up until we cross ωns(s) to a point lying below ωn(s). The next

integer to this cross point defines s−1, and thus, σ = {Cs−1, Cs0, Cs1, Cs2}.
Stability

No inner contradictions: We will show that all the elements inside σ are both

internally and externally farsighted stable. If |σ| = 1, then the one coalition

in it is trivially both internally and externally farsighted stable since agents

have essentially no other alternative, that is, no other stable coalition toward

which they might want to deviate.

If |σ| > 1 , we start by considering Cs−l. It is internally farsighted stable

since no smaller farsighted stable coalition belongs to σ, therefore agents have

nowhere (farsighted stable) to go to if they exit. Similarly, Csk is externally

farsighted stable since there is no other larger farsighted stable coalition.

We start with internal farsighted stability. Let us consider some Csi ∈ σ

where s0 < si < sk. It is internally farsighted stable because ωs(s
i) ≥

ωns(s
i−1) by construction of σ, therefore, no signatory wishes to exit. Now

consider Cs−i ∈ σ where s−l < s−i < s0. Observe that if l > 0 then for all s

such that s < s0 we have ωs(s) > ωns(s−1). Then, s−i is internally farsighted

stable since we cannot construct a sequence that leads from Cs−i to Cs−i−1

as, at least at the last part of the sequence the agent will not wish to exit

since ωs(s
−i−1 + 1) > ωns(s

−i−1).

We continue with external farsighted stability. Let us consider some Csi

∈ σ where s0 < si < sk. From the construction of the sequences in Step 1 we

can see that if s ∈
{

∪m
j=2

(

s∗j , s̄j−1

]}

∪ (s∗1, n] then ωns(s−1) ≥ ωs(s). Thus, if

si+1 is such that s∗j < si+1 ≤ s̄j−1 for some j, or s∗1 < si+1 then no sequence of

coalitions leading from Csi to Csi+1 can be constructed as, at least at the very

last step of the sequence, the agent will not wish to enter since ωns(s
i+1 − 1)

≥ ωs(s
i+1) and hence Csi is externally farsighted stable. If si+1 = s∗j for some

j = 1, ..., m−1, then again we cannot construct a sequence since si ≤ s̄j < s∗j
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and ωns(s̄j) ≥ ωs(s
∗
j) and thus si is externally farsighted stable. For all s−i

where s−l ≤ s−i < s0 external farsighted stability comes directly from the

construction of σ since ωns(s
−i−1) ≥ ωs(s

−i) and no agents wishes to enter.

Figure 2

Accounting for every exclusion: Consider Ch /∈ σ such that h < s−l. From

the construction of σ we have ωs(s
−l) > ωns(s) for all s < s−l, hence, Ch is

externally farsighted unstable. Consider Ch /∈ σ such that s−i < h < s−i+1

for all i = 1, ..., l. From the construction of σ we have that ωns(h) < ωs(s
−i+1),

hence Ch is externally farsighted unstable.

Now consider Ch /∈ σ where si < h < si+1 for some i = 0, ..., m. If

si+1 ∈
{

∪m
j=2

(

s∗j , s̄j−1

]}

∪ (s∗1, n] then ωs(s
i+1) ≥ ωns(s

i) and ωns(s
i) > ωs(h)

for every h such that si ≤ h < si+1. Thus, Ch is internally farsighted unstable

since its members wish to exit and become nonsignatories of Csi. If s
i+1 = s∗j

and h ∈ (s̄j , s
∗
j) for some j = 1, ..., m − 1 then ωs(s

i+1) = ωs(s
∗
j) > ωns(h)
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for every h such that s̄j < h < s∗j . Therefore, Ch is externally farsighted

unstable since nonsignatories of Ch wish to join in and reach Csi+1 ≡ Cŝj . If

si+1 = s∗j and h ∈ (si, s̄j] for j = 1, ..., m− 1, then ωns(s
i) > ωs(h) for every

h such that si ≤ h ≤ s̄j. Therefore, Ch is internally farsighted unstable since

its members wish to exit and become nonsignatories of Csi.

Lastly, consider the case where Ch /∈ σ where sk < h we have ωns(s
k) >

ωs(h) for all h > sk, hence, Ch is internally farsighted unstable.

Uniqueness

Uniqueness stems from the fact that Cs0 is always internally and exter-

nally farsighted stable, regardless of the composition of σ. In particular, it is

internally farsighted stable either because ωns(s) < ωs(s
0) for every s < s0

which means that no agent will ever wish to exit since every situation there-

after is worse than the s0 regardless of σ, or because it is the smallest s∗ ∈ M.

In the latter case it is again internally farsighted stable because for all s such

that s ≤ s0 we have ωs(s) > ωns(s− 1) and no sequence can be constructed

that leads to smaller IEAs, regardless of σ.

Cs0 is externally farsighted stable since, by its very construction we cannot

find a sequence that will lead to a larger coalition. Once Cs0 is included in

every σ two groups of coalitions are excluded from every σ, namely those

between Cs0 and Cs1 due to internal and external farsighted instability and

those between Cs0 and Cs−1 due to external farsighted instability. Continuing

in this manner we end up with a unique σ as constructed earlier.

Therefore, allowing for farsighted behavior increases the set of possible

stable coalitions. Within a non-cooperative behavioral framework, the cred-

ible threat of the partial collapse of an agreement deters deviations, sus-

taining thus larger coalitions relative to the case of myopic behavior. The

complete characterization of the farsighted stable set confirms earlier indica-

tions in the literature, using either simulations or specific functional forms,

and bridges the gap between cooperative and non-cooperative game-theoretic

frameworks. The following corollary summarizes the relationship between the

set of farsighted stable and myopically stable coalitions.

Corollary

1. There may exist myopically stable coalitions that are not farsighted sta-

ble.
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2. There may exist farsighted stable coalitions that are not myopically sta-

ble.

3. There may exist farsighted stable coalitions that are smaller than the

smallest myopically stable coalition.

4. The largest farsighted stable coalition will always be larger than or equal

to the largest myopically stable coalition.

The conclusion we can draw from the full characterization of σ is that, if

some international organization proposed any of the farsighted stable IEAs

contained in σ, this proposal will be adopted by the countries involved. From

a normative point of view when a coordinating agency (such as the UN for

example) puts forth a proposal it can always select the one yielding the higher

aggregate welfare among the IEAs included in σ. Although we expect that

larger coalitions will yield higher welfare, this is only the case for signatories

but nothing can be said about the non signatories, given that ωns is non-

monotonic is s. In the next Section we consider the special case of quadratic

benefit and damage functions and we are able to draw welfare conclusions.

If, however, some agreement that is not farsighted stable is proposed, the

final outcome will be a smaller or a larger stable agreement, depending on

whether it is farsighted internally or externally unstable respectively.

4 A special case: quadratic benefit and dam-

age functions

In this Section we employ particular functional forms in order to clarify

the difference between myopic and farsighted equilibria. In particular, we

demonstrate that larger coalitions, and hence higher welfare payoffs, can be

attained under foresight even in simple environments with specific functional

forms. Since most of the literature is build on the quadratic functional forms

paradigm, we use the same functions, that is, B(ei) = b
[

aei − 1
2
e2i
]

and

D(E) = 1
2
c(E)2, where a, b and c are positive parameters.

With these specifications, each country i’s welfare function becomes,

w(ei) = b

[

aei −
1

2
e2i

]

− c

2

(

∑

i∈N
ei

)2

.
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Solving the corresponding welfare maximization problems, as set up in

Section 1, yields the equilibrium values of the emission levels es, ens and

E. Substituting these values into the welfare functions, yields the indirect

welfare function of the signatories, ωs, and the non-signatories, ωns,
13

ωs = ba2
[

1

2
− n2γ

2Ψ

]

, and ωns = ba2
[

1

2
− n2γX2(1 + γ)

2Ψ2

]

,

where γ = c
b
, Ψ = X2 + γs2 and X = 1 + γ (n− s). The properties of these

indirect welfare functions are established in Proposition 1, with zmin = 1+γn

1+γ
.

Proposition 1 established the monotonicity of ωs with respect to s, under

general functional forms. The following Lemma shows that ωns is also mono-

tonically increasing in s, in the special case of quadratic functional forms.

Lemma 1 Assuming quadratic benefit and damage functions, ωns(s) in-

creases (decreases) in s if s > zmin
ns (s < zmin

ns ).

Proof. Consider the derivative of ωns with respect to s.

∂ωns

∂s
=

−a2bn2γ2(1 + γ) [1 + γ (n− s)] [(1 + γ)(s2γ − 2s(1 + nγ)) + (1 + nγ)2]

[1 + γ (2n + (s− 2) s+ γ(n− s)2)]3
.

The above expression has the following three roots,

n+
1

γ
,

(

n+
1

γ

)[

1± 1√
1 + γ

]

.

It is clear that two of the roots, the first and the one with positive sign

in the brackets, are of greater value than n, and thus not interesting. The

only admissible root zmin
ns =

(

n+ 1
γ

) [

1− 1√
1+γ

]

< n, is a minimum, since,

evaluated at this point, the second order derivative is positive.

Therefore, using quadratic functional forms, both ωs and ωns are mono-

tonically increasing in s, the first after zmin and the second after zmin
ns , inter-

secting just once at zmin > zmin
ns . Diamantoudi and Sartzetakis (2006) have

determined the size of the unique (myopic) stable IEA, which, as noted above,

takes the values of 2, 3, or 4 depending on the values of the parameters.

The unique farsighted stable set of farsighted stable coalitions, σ, is

characterized by a sequence whose members satisfy the internal ωs(s
∗) ≥

13The solution of the problem is presented in Diamantoudi and Sartzetakis (2006).
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ωns(s
∗ − 1) and external ωs(s

∗ + 1) ≤ ωns(s
∗) stability conditions. In partic-

ular we identify a sequence st = f(st−1), for t = 1, ... and s0 = {2, 3, 4} such

that,

ωns(s
t−1) = ωs(s

t) =⇒ X2(st) + γ(st)2 =
Ψ2(st−1)

(1 + γ)X2(st−1)
.

Simple manipulations reduce the above to the following polynomial,

γ (γ + 1) (st)2 − 2γ (γn+ 1) st + (1 + γn)2 − Ψ2(st−1)

X2(st−1)(1 + γ)
= 0,

Recalling that smin = 1+γn

1+γ
, the roots of the polynomial can be written as

follows,

(st) = smin

(

1± 1√
γ

√

Ψ2(st−1)

(γn+ 1)2X2(st−1)
− 1

)

.

Note that the roots are real, since Ψ2(st−1)

(γn+1)2X2(st−1)
− 1 > 0. This is so, since

rearranging terms and selectively substituting the values of X and Ψ yields,

γs (s−X) (Ψ + (1 + γn)X) > 0. As shown in Diamantoudi and Sartzetakis

(2006), s > X for all s > smin We can further rule out one of the roots by

showing that 1− 1√
γ

√

Ψ2(st−1)

(γn+1)2X2(st−1)
− 1 < 0.

Thus, the sequence is,

(st) = smin

(

1 +
1√
γ

√

Ψ2(st−1)

(γn+ 1)2X2(st−1)
− 1

)

.

It is easy to see that (st) > smin for all t since 1√
γ

√

Ψ2(st−1)

(γn+1)2X2(st−1)
− 1 > 0

and it can also be easily verified that d(st)
d(st−1)

> 0.

In order to restrict the sequence to integers, let I [x] denote the integer

above x if x is not an integer and I [x] = x if x is already an integer. Formally

the set of farsighted stable coalitions is,

σ =











st ∈ [0, n] |
st = I

[

smin
(

1 + 1√
γ

√

Ψ2(st−1)

(γn+1)2X2(st−1)
− 1
)]

,

for t = 1, 2, ... and s0 = {2, 3, 4}











.

Given the above set of farsighted stable coalitions, that includes the my-

opic one, and the result of Remark 1, we are able to draw the following

conclusion regarding aggregate welfare.
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Remark 1 Larger farsighted stable coalitions yield higher aggregate wel-

fare, under quadratic specification of benefits and damages.

To compare myopic and farsighted equilibria, we consider the same nu-

merical example used in Diamantoudi and Sartzetakis (2006), that is, n = 10,

a = 10, b = 6 and c = 0.39999, which results in γ = 0.066665. This example

yields a myopic stable coalition of s∗ = 3.

Figure 3 illustrates this numerical example, where ωs(s) is depicted by

the solid line, ωns(s) by the dot-dashed line and ωns(s−1) by the dashed line.

All three indirect welfare functions are plotted against different coalition sizes

s.14

Figure 3

Note that coalition s∗ = 3 is stable since it is both internally, ωs(s
∗) >

ωns(s
∗ − 1) and externally stable, ωs(s

∗ + 1) < ωns(s
∗). To construct the set

of farsighted stable coalitions we follow the process described in the proof of

Theorem 1. Starting from the myopic stable coalition s0 = s∗ = 3 and tracing

the ωs(s) curve upwards, we are looking for the smallest s greater than s0,

for which ωs(s) ≥ ωns(s
0). Given that in our example, ωns(3) = −306.321,

the integer which is just higher than s0, is s1 = 5, and thus s1 = s∗2 = 5.

14The three indirect welfare curves in Figure 3 are exactly the same as in Diamantoudi
and Sartzetakis (2006).
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To find s2 we repeat the same process, looking for the smallest s for which

ωs(s) ≥ ωns(5) = −19.6664, which is s2 = 9, and thus s2 = s∗3 = 9. Since in

this example n = 10, we stop the process and thus, σ = {3, 5, 9}. This exact
same process is captured by the sequence σ and it does generate the same

numbers.

In terms of aggregate emissions and welfare we note that in this example,

the myopic stable coalition yields, E = Es+Ens = ses+(n−s)ens = 53.3123

and W = sωs + (n − s)ωns = −3, 425.17. The farsighted stable coalition

s∗2 = 5, yields, E = 38.7102 and W = −1, 501.54, while farsighted stable

coalition s∗3 = 9, yields, E = 16.3158 and W = 189.993. As expected,

larger coalitions yield substantially lower aggregate emission levels and higher

aggregate welfare levels.

5 Epilogue

We extent the International Environmental Agreements’ literature by en-

dowing countries with foresightedness and we derive the size of farsighted

stable coalitions. That is, we assume that when a country considers joining

or withdrawing an environmental coalition, it takes into account the reaction

of all other countries to its own decision. Unlike the case of myopic countries,

it does not only consider the other countries emissions’ adjustment ignited

by its decision, but also the possibility that some of them may change their

status relative to the coalition. Thus, in deciding to exit (or join) the coali-

tion, it compares its current welfare, as part of the IEA (or outside the IEA)

with its ultimate welfare resulting from its own exit and the reactions by all

other countries. We provide a solution concept allowing for unilateral actions

that capture exactly such a decision-making process and show that the new

farsighted stable coalitions are much larger than those supported when my-

opic behavior is assumed. Foresightedness introduces the credible threat of

the partial collapse of a coalition and in doing so provides a solid connection

between the non-cooperative and the cooperative approach. Our results are

in accordance with the fact that a number of international environmental

agreements with a large number of signatories are in force. Finally, we are

able to show that, in the case of quadratic benefit and damage functions,

larger farsighted stable coalitions yield lower aggregate emissions and higher
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aggregate welfare.

Diamantoudi and Sartzetakis (2015) have extended the analysis by con-

sidering coordinated actions by group of countries and derived the size of

coalitionally farsighted stable IEAs. Our work can further be extended by

relaxing the two critical assumptions identified in the Introduction. First,

it would be interesting to allow for multiple coalitional structures to form

and coexist. Second it is very important to study the case of heterogeneous

countries. Although our definition can be trivially extended to accommodate

asymmetric decision makers and existence results may be possible to attain,

a full characterization of the solution set like the ones offered in this work

would be very difficult to obtain.
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