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Abstract

We examine the formation of International Environmental Agree-
ments (IEAs). We extend the existing literature by endogenizing the
reaction of the IEA’s members to a deviation by a member or a group
of members. We assume that when a country contemplates exiting or
joining an agreement, it takes into account the reactions of other coun-
tries ignited by its own actions. We identify conditions under which
there always exists a unique set of farsighted stable IEAs. The new
farsighted TEAs can be much larger than those some of the previous
models supported but are not always Pareto efficient. We extend the
analysis to allow for coordinated action, that is, groups of countries
jointly exiting or entering the agreement and fully characterize the
coalitionally farsighted stable TEAs.
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1 Introduction

International environmental agreements (IEAs) aim at controlling global pol-
lution (climate change, greenhouse gases, etc.), forming thus, a special case
of the public good provision problem. Indeed, although the socially optimum
outcome requires that every country participates and ratifies the agreement,
each country has an incentive to free ride on the cooperating efforts of every
other participant. This incentive stems from the fact that the savings gen-
erated by not abating outweigh the marginal environmental damage caused,
when every other country agrees to control its emissions.

IEAs are a relatively new brunch of the public good provision theory that
goes as far back as at least Lindahl (1919). International agreements differ
from a typical public good in that there is no supra-national authority that
could possibly enforce the socially optimal outcome. Thus, for an ITEA to
be ratified and implemented it has to be self-enforcing. Due, primarily, to
the latter requirement a number of the theoretical assertions as well as the
empirical observations go against the Coasian prediction (1960) that efficient
outcomes will prevail.

IEAs are generally signed by a significant number of countries but not all
the potential signatories. Typical examples are the Vienna Convention signed
by 184 countries, the Montreal Protocol signed by 183 countries, the UN-
FCCC (United Nations Framework Convention on Climate Change) singed
by 186 countries, and lastly the Kyoto protocol signed, so far, by 74 coun-
tries. It should be noted that United Nations consists of 189 member states.
Although it seems tempting at this point to conclude that, indeed, the grand
coalition is (almost) formed and efficiency is (almost) attained, it should be
noted that the measures over which each agreement was reached varied sig-
nificantly both in abatement costs and environmental impact. The fact that
the Kyoto protocol was drafted before 1998 but 4 years later is only signed
by less than half the countries and has not come into force yet illustrates
how the number of signatories may drop significantly if the measures to be
undertaken are more substantial.

Given the unclear signals drawn from the empirical observations, there
is a wedge drawn between the various theoretical studies on IEAs'. On the

'For an in depth comparison of the approaches see Tulkens (1998). A more general



one hand there is a series of works initiated by Carraro and Siniscalco (1993)
and Barrett (1994) that, through a non-cooperative game theoretic approach,
supports the pessimistic view that unless alternative incentives (such as for
example technology transfers and/or trade sanctions) are put into force IEAs
are futile in the sense that they will be either signed by very few? countries or,
if signed by more, it will be over an agreement without any substance®. The
disparity between this brunch of the literature and the empirical observations
can be attributed to a fundamental 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 encourages deviations and 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. Although, closer to the aforementioned empirical findings it does
not explain the difficulties encountered in the Kyoto protocol. The basic
assumption underlying the Chander and Tulkens (1997) model is that when
a country deviates it assumes that the agreement collapses and each country
fends for itself. Naturally, the pessimistic expectation of a potential perpe-
trator 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.

A question that is not new to game theoretic analysis is how credible
such a threat is, and if an agreement that is designed along these lines is
still self-enforcing. Our work addresses precisely this issue and attempts to

literature review is offered by Ioannidis, Papandreou and Sartzetakis (2000).

?Diamantoudi and Sartzetakis (2001) show in the model adopted by Barrett (1994)
that 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.

3As will show in Section 2, in Barrett’s (1994) model, even if we abstract from the
specific functional forms and IEAs are signed in equilibrium by a significant number of
countries, the agreed upon emission levels are identical to those of the laissez-faire state
where each country optimizes individually.



bridge the gap between the two approaches. When a country defects from
an agreement it makes no exogenously imposed assumptions regarding the
behavior of remaining members of the agreement. Instead, it foresees! what
their reaction will be, and which equilibrium agreement will result from such
a deviation. We offer two analyses: one where countries always act alone
whether that is to join or withdraw from an agreement and one where any
group of countries may choose to coordinate their actions in either joining or
withdrawing from an agreement.

Closer in spirit to the works of Ray and Vohra (1997), (1999) and (2001)
we define equilibrium IEAs in a consistent manner. That is, each country, or
group of countries, upon deviation anticipates the equilibrium, hence credible
result, of its actions and compares that outcome to its status quo, instead of
the immediate, yet possibly unstable, one. Although Ray and Vohra’s (1997)
and (1999) works are general and do not concentrate on the public good
provision problem, their (2001) does. The present paper, although closer
to their (2001) work thematically, it resembles more their (1997) theoretical
approach in the sense that it does not model coalition formation explicitly
with an extensive form game but focuses on an equilibrium analysis.

Compared to the concept of equilibrium binding agreements by Ray and
Vohra (1997) our analysis imposes two restrictions and relaxes one of their
assumptions. The first restriction is that agents are symmetric and although
it is, indeed, a serious and limiting assumption it is the most common in
the literature, offered if not at the outset at least as a hypothesis in the re-
sults. Such an assumption allows us to fully characterize our solution set.
The second restriction concerns the set of permissible structures. Instead of
considering all possible coalition structures and thus allow for multiple IEAs
to develop, we constrain our analysis to the case where only one TEA is al-
lowed to form and the only question remaining is the equilibrium size of this
agreement. This assumption is adopted in the works of Carraro and Sinis-
calco (1993) and Chander and Tulkens (1997) among others. Although this
assumption seems rather strong it is actually instigated from our empirical
observations. Indeed, IEAs are usually unique and fostered by the United

Nations. It is an intriguing question whether this is an equilibrium outcome

*Such an analysis is discussed and encouraged by Ecchia and Mariotti (1998) and
Carraro and Moriconi (1998).



itself, but this is not a question we address in this project. The assumption
adopted by Ray and Vohra (1997) that we relax is that agreements can only
shrink in size and never grow. We allow, thus, for the possibility of rene-
gotiation among countries, in the sense that although an IEA may collapse
countries can always agree anew upon some larger agreement.

Our analysis starts in Section 2 from Barrett’s (1994) model that employs
D’ Aspremont et. al ’s (1983) solution concept of coalitional stability. A ma-
jor difference between Barrett (1994) and Carraro and Siniscalco (1993) is
that the former adopts a leadership model a la Stackelberg where the IEA
leads and the non-signatories follow whereas the latter adopts a simultaneous
a la Cournot model and considers transfers. Although our analysis can easily
be applied to the simultaneous model we chose the leadership one primarily
because we wanted our results to be directly comparable to those of Bar-
rett (1994) since we do not consider transfers either’. In Subsection 3.1 the
solution concept is modified to capture consistency and foresight while uni-
lateral actions are maintained. Subsection 3.2 extends further the notion to
allow for coordinated action and the results are significantly closer to those
of Chander and Tulkens (1997). Section 4 concludes the paper.

2 The Model

We assume that there exist n identical countries, N = {1, ...,n}. Production
and consumption in each country generate emissions e; > 0 of a global pol-
lutant as an output. Thus, the social welfare of country i, w;, is expressed
as the net between the benefits from country i’s emission, B;(e;), and the
damages D;(F) from the aggregate emissions F =) ._ e;. Since the coun-
tries are assumed to be identical we henceforth drop the subscripts from the

individual welfare function:

w = B(e;) — D (ZZEN ez-> :

Secondarily, once the IEA is substantially large, as we will show, it seems natural to
further assume that the non-signatories will wait to observe the outcome of negotiations
and hence behave as followers.




We further assume that the benefit function is strictly concave, that is,
B(0)=0, B'>0and B"” <0, and the damage function is strictly convex,
that is, D(0) =0, D’ >0and D" > 0.

The ratification of the IEA is depicted by the formation of a coalition.
In particular, a set of countries S C N sign an agreement and N\S do not.
Let the size of coalition be denoted by |S| = s, total emissions generated by
the coalition by Fs while each member of the coalition emits eg, such that
E, = se,. In a similar manner, each non-signatory emits e,s, giving rise to a
total emission level generated by all non-signatories E,s = (n — s)e,s. The
aggregate emission level is, F = Es + E,s = ses + (n — $)eéps.

Non-signatories behave non-cooperatively after having observed the choice
of signatories. Therefore, their maximization problem gives rise to an indirect
welfare function w,,s as follows:

Wns(€s, §) = max [B(ens) — D(ses + (n — s — 1)e; + e5)] -

€ns

When operating at the optimum, non-signatories’ emissions satisfy the con-
dition

B(e(es)) = D'(ses + (n = s)ep,(es)),

which yields a best response function e (e, ).

Signatories maximize the coalition’s welfare, swy, taking explicitly into
account N/S’s behavior. Similarly, the coalition’s maximization problem
yields an indirect welfare function w; as follows:

ws(s) = énﬁx [sB (es) — sD [ses + (n — s)e; (s, s)]] -

The optimal signatories’ emissions e*(s) satisfy the following condition’:

8625(65, 8))

B'(e;(s)) = D'(se(s) + (n — s)ep,(€5(s), 5)) |5+ (n— s) 9.

ca=es(s)

The following proposition establishes that in the presence of cooperation,
that is, in the case where s > 1 it is not always true that those that do not

®Note that in the extreme cases where s = 0 the model reduces to a Cournot-type
competition whereas if s = n all countries cooperate.
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cooperate emit more and enjoy higher welfare than those that cooperate. On
the contrary, there exists a critical coalition size, below which the signato-
ries emit more and attain higher welfare than the non-signatories and above
which the reverse is true. Moreover, this critical coalition size is almost (due
to integer adjustments) the worst, in terms of per member welfare level, in
comparison with other coalition sizes. Since this critical size can be greater
than one, we also establish that the welfare of a signatory, w, is not neces-
sarily increasing as the number of signatories, s, increases. Let e,. and E,.
denote the individual and aggregate emissions when there is no agreement
and countries behave a la Cournot.

Proposition 1 Consider the indirect welfare functions of signatory and non-
signatory countries, ws(s) and wys(€i(s), s) respectively. Let

_ B"(ene) —nD"(Ey.)

- B”(enc) _ -D”(Enc)

min

then,

min
z )

1. eX(s)

AV
VIIA

er(s) s

2. if s = 2™ then eX(s) = e} ,(s) = ene (Rutz and Borek (2000)),

ns

3. wy(s) increases (decreases) in s if s > 2™ (5 < z™B),

4- 7o = arg minsE?Rﬂ[O,n] Ws(s)a

5. ws(s) % wns(€(s),s) & s § min8

Proof. Although in our model s is a non-negative integer smaller than

n, for the ease of exposition and calculations in the following proof we use
z to denote a real number taking values from [0,n]. At the end we convert

back to integer s.

"The fact that the point of intersection between w,(s) and wy,(s), when s is a real
number, occurs when emission levels are equal to those of the purely non-cooperative case,
where there is no leader and firms compete a la Cournot, is due to Rutz and Borek (2000).
We are re-stating it as part of proposition 1 in order to present it in terms of our notation
and terminology, since Rutz and Borek’s model is specified in terms of abatements.

8The point of intersection between wy(s) and wy,s(s) when s is a real number has been
identified independently by Rutz and Borek (2000), but the authors did not identify neither
the relation between the two functions beyond the point of intersection nor the fact that
the point of intersection is the lowest point of wg(s).

7



1-2. Let E*(z) denote the aggregate optimal emission levels given a coalition
size z and €} (2) = e} (€%(2), z). Since B" < 0 we have eX(2) = = e (2) &

< ns
« < . . g

B'(€e;(2)) = B’ (€;,(2)) . But in equilibrium we also have

Ble) = DEE) |2+ - Zmld)

and

B'(ens(2)) = D'(E"(2)),

thus in equilibrium,
HORERNOR
z+(n— Z)aegs—e(js) es=e*(2) § 1.

From the first order condition of the non-signatories we have that
B'(ef (es)) = D'(zes + (n — z)ef (es)) which is an identity and dif-
ferentiating both sides with respect to e, yields:

de (es) _ zD"(E(es)) and
des B"(eps(e5)) — (n— 2) D"(E(es))
dezs(es) zD"(E"(z))

)
9es  ley—es2) B"(eps(2)) — (n — 2) D"(E*(2))
Substituting the latter into the former inequality results in:

zD"(E*(2))
B(e:4(2)) = (n — 2) D"(E*(2))

z+ (n—2)

VIIA
—_

Which reduces to

B(e,(2)) = nD"(E"(2))
B"(eys(2)) = D"(E*(2))

mﬂ}
O
VIIA - AV
D
g
™
Sx —
(3

(
Observe that when e*(z) = e} ,(z) the non-signatories’ first order con-
ditions remains satisfied, i.e.,

B'(e;,(2))

ns

B'(e;,(2))

ns

D'(se5(2) + (n — 2)e,,4(2)) &
D'(ne;,(2))

8



which is identical to the first order condition of the pure non-cooperative
case where countries compete a la Cournot, hence, e,(2) = €%(2) = epe.
Note that due to the strict concavity of the benefit function and the

strict convexity of the damage function there exists a unique e,. and,
min __ B”(enc)_nD”(Enc)

= B D) Reverting the coalition size back

thus, a unique z

to integers yields:

es(s) % ers(s) < s § Zmin,

3-4. Since wg(eX(z)) = B(eX(z)) — D (E*(z)) we have

dwdsz(z) _ B,(ez(z))dec’s‘liz)
—D/(E*(Z)) ez‘(z) — 625(65) + dejiZ)Z + (n — Z) dei}z(Z)

which can be rewritten as follows:

dws(z)  dej(2)
dz N dz

—D'(E*(2))les(2) — ens(es)] — D'(E*(2))(n — 2)—=

es=e* (z)]

es=ek(z)

[B'(€5(2)) — 2D'(E*(2))]

But we know that in equilibrium

B'(el(z)) = D'(E*(2)) _86256(565)

S

z+ (n—2)

o) 9652 dene)
"2 = DB <z>>[ o

—D'(E*(2))[€5(2) — €5,(2)]-
We also know from (1-2) above that
ae;s(es)

Oeg

B 2D"(E*(2))
B"(e14(2)) = (n — 2) D"(E*(2))’

ea=e (2)

Moreover, the same first order condition that yields %@(es)

s

, in equilib-

rium becomes

B'(ens(2)) = D'(ze{(2) + (n = 2)e},4(2))-



Differentiating both sides with respect to z yields

B,,(ezs(z))@é—iz) _ D”(E*(Z)) eX(z) + Zd%iz) —e(2)+ (n—2) de;zisz(z)

hence

dep,(z)  D"(E°(2) [e3(2) — en,(2)] + D" (E*(2)) 245

dz B'(ers(2)) — (n — 2)D"(E*(z))
Next, we replace de%z(z) and 86:536(;5) in d“’dsz(z) which yields
dws(z) B"(e;,(2))
— _D, E* * _ * ns
L8 D) - ] | e
Now observe that since &7 (ezs(zﬁ_ﬁjgg,, OIS 0 and —D'(E*(2)) <

0 for all z, the sign of %) depends solely on [eX(z)—e,(2)]. Therefore,

dw *
dz ns
given the uniqueness of 2™, we can conclude that w,(s) is U-shaped

dwa(z) = 0. The conversion to integer values of coali-

dz 5= ymin >
=

tion size is trivial.

and hence

5. Recall that wy(s) = B(ei(s)) — D(E*(s)) and wys(s) = B(ei(s)) —
: )) and since

B’ > 0 we have B(e(s)) % B(ek (s)) < ei(s) % el (s) e s § Zmin,

|

The next natural step is the determination of the size of the stable coali-
tions. In the works of Barrett (1994) and Carraro and Siniscalco (1993)
the solution concept used is Nash equilibrium, which examines whether a
coalition is immune to unilateral deviations. The aspect of the stability no-
tion that examines the incentives of the existing members of the coalition is
internal stability, while the aspect that examines the incentives of the non-
signatories is external stability. This notion of stability was first developed
by D ’Aspremont et al. (1983) within the context of cartel stability in a price
leadership model and was adopted later on by Carraro and Siniscalco (1993)
and Barrett (1994) to analyze IEAs. Formally a coalition of size s* is,

internally stable if wy(s*) > wps(s* —1)
and externally stable if w,s(s*) > wy(s* +1).

10



Note that due to the finite number of countries, once a country exits or
enters the coalition, the size of the coalition changes resulting in adjusted
emission levels and hence different per member welfare level. Recall that the
emissions (and by extension the welfare) of signatories depends on the size of
the coalition. Thus, according to the original definition of Nash equilibrium
all other agents do not change their behavior once a country exits (or enters)
the coalition, however, they do adjust their emissions as a response to the new
size. Note that in this general form we do not have an analytical solution.
However, in the case of quadratic benefit and damage functions as shown
by Diamantoudi and Sartzetakis (2001) in a companion paper the stable
coalition is of size 2, 3 or 4.

3 Foresight

3.1 Unilateral Action

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 agents are finite, once
a member of the coalition deviates and withdraws from the agreement, 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.

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
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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 initiates the disbursement of
the coalition.

In this work we endow countries with foresight. In particular we built
a solution concept in the spirit of von Neumann and Morgenstern (vIN-M)
stable set while amending the dominance relation to incorporate forward
lookingness, which gives us a set of stable coalitions that would survive cred-
ible deviations. The issue of credibility and foresight has risen 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 Cy it compares w;(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 N\C;_ 1, that is, wys(s — 1). This
comparison examines the internal stability condition as defined earlier. The
agent implicitly assumes that once it deviates, no one else will want to devi-
ate and therefore it will indeed enjoy welfare wys(s — 1) with certainty. But
this is not always the case, in fact, it is possible that another country may
wish to exit coalition Cs 1, by now, and join the non-signatories of N\C_o,
and so on. Thus, the country should compare its status quo w(s) with the
final outcome that will result once it initiates a sequence of events by exiting
Cs. 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

12



another outcome also in the stable set.” 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 set.!’ Although the notion of the stable
set is very appealing exactly due to the afore mentioned properties that at-
tribute consistency!! it has been criticized on two grounds. Firstly, it does
not always exist, and secondly, it suffers from myopia as well, as depicted by
Harsanyi (1974) who suggested that the simple (one step) dominance relation
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.

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 ¢ which is the collection of all farsighted stable coalitions, i.e.,
o ={Cs, Cy...,Cr}. A coalition Cj is farsighted stable given ¢ and thus, Cj
€ o if it is both internally and externally farsighted stable given o.

A coalition is considered to be internally stable if no country wishes to exit
from it. So far, a country compared its current welfare ws(s) with the welfare
of the set of non-signatories it would join, wys(s — 1). We claim that such a
comparison is justified only if Cs_; is a stable coalition itself, i.e., Cs_1 € o
as well, which would imply that if C,_; becomes the status quo it would

remain so. Otherwise, if Cs 1 ¢ o once at Cs_; some other country may

9This 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.

0 This 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.

1ts 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 vIN-M stability, yet with the precise assumption of optimistic behavior explicitly
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.

13



wish to either join or exit. Thus, the very first country when contemplating
whether to exit from C§ 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 C; 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 w,s(s) with the welfare it will enjoy once it joins the
coalition, namely wg(s + 1). Such a comparison is justified only if Csy1 € o
is a stable coalition itself and thus, no more countries wish to enter or exit.
The country should compare its status quo with the final outcome that will
arise. Formally,

Definition 1 A set of coalitions, o, is a farsighted stable set if
1. o is free of inner contradictions:

(a) Every coalition Cs € o is internally farsighted stable, i.e.,
there does not exist a finite sequence of coalitions Cy_1, ..., Cs_p,,
wherem € {1, ..., s} such that Cs_,, € 0 andws(s—j) < wys(s—m)
for every 3 =0,1,....m — 1.

(b) Every coalition Cs € o is externally farsighted stable, i.e.,
there does not exist a finite sequence of coalitions Csyq, ..., Csim,
where m € {1,....,n — s}, such that Csyp € 0 and ws(s +m) >
wns(s+J) for every j =0,1,....,m — 1.

2. o accounts for every coalition it excludes:

That is, for every coalition Cs ¢ o either

(a) C; is internally farsighted unstable, i.e., there exists a finite
sequence of coalitions Cs_1,...,Cs_p,, where m € {1,...,s} such
that Cs_p € 0 andws(s—j) < wps(s—m) for everyj =0,1,...,m—

1, or

(b) Cs is externally farsighted unstable, i.c., there exist a finite
sequence of coalitions Cysyq, ..., Csim, where m € {1,...n — s},
such that Csip € 0 and ws(s + m) > wps(s + j) for every j =
0,1,.,m — 1.
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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
exit, and that a perfectly collusive situation where the coalition C), 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
its difficulty to exist. However, the following theorem establishes that there
exists a stable set ¢ as long as there exist a unique myopic stable coalition
of size s*!2.

Another problem associated with the stable set is its multiplicity. More
precisely the existence of more than one farsighted stable sets o, suggest-
ing different collections of farsighted stable outcomes. Notice the difference
between uniqueness of a farsighted stable coalition and uniqueness of a set
of farsighted stable coalitions. The former, is obviously not true as we will
illustrate in the following result were we claim that a sequence of coalitions
are farsighted stable, whereas the latter is asserted in the following Theorem

when s* is unique.

Theorem 2 If there exists a unique myopic stable coalition of size s* there

exists a unique farsighted stable set of farsighted stable coalitions, o.

Proof. The proof of Theorem 2 consists of three parts. In the first part
we construct set ¢ with the use of an algorithm that identifies the coalitions.
Note that although o is constructed in terms of coalition sizes for simplicity,
it in fact contains all the permutations of each size. They obviously do not
contradict each other since when one agreement is induced from an other it
has to grow or shrink monotonically. In the second part we show that o is
farsighted stable and in the third part we show that ¢ is the unique farsighted
stable set.

12Diamantoudi (2000) within the context of cartel stability in a price leadership model
establishes a general result that guarantees the existence of ¢ when the coalition members’
payoff is increasing in the size of the coalition, that is, in our context, when ws(s) is
increasing in s.
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CONSTRUCTION

Step 1: We include Cy in 0. Let s* = s°. If s° = n, then ¢ = {N} and
we proceed to step 2. Otherwise, we start increasing the coalition size by one
until we reach s' such that s* > s® and w,(s') > wps(s°). In fact, if such a
coalition Cj: exists, it does not immediately succeed Cyo, that is s > s* + 1,
otherwise w;(s') = wys(s?) € ws(s® + 1) = wys(s”) which would contradict
the uniqueness of Cy. If such a coalition of size s' exists, we include it in
o and continue increasing the size of the coalition by one at a time until we
reach Cy2 where s? > s' and w;(s?) > wys(s'). If such a coalition of size s?
exists, we include it in 0. We continue in this manner until we reach N. So
far, we have a set 0 = {Cy,Cq,...,Cy,....,Cu} for j = 0,1,2, ..., k where
k <n—1, and s* < n such that w,(s? + 1) < wy,s(s?) from the uniqueness of
s* and that w,(s7™) > wp,(s?) for j > 0 from the construction of o.

Step 2: We return to Cy and start decreasing the size by one un-
til we reach C,-1 such that s} < s and wps(s™!) > we(s?). In a sim-
ilar manner C,—1 cannot immediately precede Cyo, that is s7! < s¥ — 1,
otherwise the uniqueness of Cy would be contradicted. If such a coali-
tion C,s-1 exists we include it in o and continue decreasing the size of the

coalition by one until we reach C,-2 where s72 < s7! and w,s(s72) >
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2

ws(s71). If such a coalition of size s~2 exists, we include it in . We con-

tinue in this manner until we reach the null coalition. We now have a set
o = {Csfl, cery Cs—i, cery Cs—l, Cso, Csl, cery Csj, ceey Csk} for i = 0, 2, cery [ where
I <n—1,and s7' > 0. Moreover, we know that ws(s™%) > wys(s™% — 1)
from the uniqueness of s* and that w,(s ) < wps(s 1) for i > 0 from the
construction of o. Note that o # () since, there always exists at least Cyo € o.

STABILITY

Next we argue that o is farsighted stable. We start by showing that all
the elements inside o are both internally and externally farsighted stable. If
lo| = 1, that is, it is a singleton then the one coalition in it is trivially both
internally and externally farsighted stable since countries have essentially
no other alternative, no other farsighted stable coalition or non-signatories
group, smaller or larger to want to deviate to.

If |o| > 1, that is o contains more than one coalition we start by consid-
ering Cyw. It is internally farsighted stable because if its members exit they
would hope to end up as non-signatories of C,—1 which is the next smaller
farsighted stable coalition. Indeed wys(s™ 1) > w,(s°) by construction. How-
ever, at least at the last step of the sequence no member would wish to exit
the coalition any longer since wps(s™!) < wy(s™t + 1). Cyo is externally far-
sighted stable because even though wy(s') > w,s(s"), by the construction of
o, we also have that w(s!) < wys(s! — 1), thus at least at the last step of
the sequence that would lead us to C: no country wishes to join Clu.

Next consider some Cy;, where 1 < j < k. It is internally farsighted
stable because w;(s7) > wys(s771) hence no member wishes to exit and end
up at Cy;—1. Note that if a country exits C; it will end up at Cy;-1 since
ws(s7 — 1) < wWps(s77Y), o ws(897 1+ 1) < wps(s771) , thus more countries
will exit. If a country, member of Cy;, exits its coalition it induces Cy; — 1,
nevertheless, once Cy; — 1 is induced, another country will join the group of
non-signatories of Cy; — 2, and then another country will join the group of
non-signatories of C,; — 3, and so on until they reach Cy;-1, since they all
prefer the final outcome wys(s7 1) to their current coalition except the very
first country that exited Cy;. Note that C ;-1 is the terminal outcome since,
C,i—1 € 0, i.e., it is a farsighted stable outcome by construction.

C,; is externally stable since w(s/™!) < w,s(s/1—1) even though w,(s/*1) >

wns(s?). That is, although members of the group of non-signatories of C,;

17



would like to join the coalition Cy;+1 since they prefer it to their current
situation, at least at the last step of the sequence that would lead to C,;+1 no
more members of the non-signatories of C;+1 — 1 wish to join the coalition
Citr.

Next consider Cjx, which is externally farsighted stable since there is no
other larger farsighted stable coalition for the non-signatories to want to join.
C,x is internally farsighted stable for the same reason C\; is, that is, because
Ws(8F) > wns(sP71) and ws(s* — 1) < wps(8P7Y), o ws(8P 14+ 1) < wps(sF71).

Now consider some Cy-i. It is internally stable for the same reason Clo
is, that is, if its members exit they would hope to end up as non-signatories of
C,-i-1 which is the next smaller farsighted stable coalition. Indeed w,,s(s™"~1) >
ws(s7%) by construction. However, at least at the last step of the sequence
no member would wish to exit its coalition any longer since wys(s™1) <
wy(s7 1 +1). Cy—i is externally stable since if a member joins it will end up
being a member of Cs—i+1 which is the next larger farsighted stable coalition
and it is not preferred, i.e., wps(s™") > ws(s7"1). Note that the joining mem-
ber will end up at Cy—it1 since wys(s7 +1) < wg(s ), o wps(s7 = 1) <
wy(s7 ).

Lastly, consider C-:. It is internally stable since there does not exist any
other smaller farsighted stable coalition. It is externally stable for the same
reason C—i is.

Next we will argue that every Cs ¢ o is accounted for, that is, either its
internal or external farsighted stability is violated. Observe that, if s=* > 0,
all C; such that 0 < s < s~ are externally unstable since by construction of o,
ws(87Y) > wps(s) for all s < s7'. Similarly, all C, such that s™* < s < s7**! are
externally unstable since by construction of o we have ws(s 1) > w(s).

Next we consider Cy such that s/ < s < s/*1. By construction of o we
know that ws(s? + 1) < wps(s?), ..., ws(s7T — 1) < w,,(s7), thus coalitions
Cs +1,...,Cg+1 — 1 are internally farsighted unstable since their members
wish to become non-signatories of coalition C\;.

If s* < n, we consider Oy such that s*

< s < n. By construction of
o we know that ws(n) < wps(s¥),...,ws(s" + 1) < wys(s®), thus coalitions
Cgryq, ..., Oy are internally farsighted unstable since their members wish to
join the group of non-signatories Cl.

UNIQUENESS
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Uniqueness stems from the fact that Cyo is internally and externally far-
sighted stable regardless of the composition of . In particular, since Cy is
unique we know that wy,s(s—1) < wy(s) for all s < 5% and wys(s) > ws(s+1)
for all s > sY. Therefore, no sequence of coalitions starting from Cyo can lead
to a smaller coalition since it will collapse at least at the last step. Similarly,
no sequence of coalitions starting from Cyo will lead to a larger coalition since
again it will collapse at least at the last step. Once Cyo is included in every
o two groups of coalitions are excluded from every o, namely those between
Cy and (i due to internal instability and those between Cy and Cs-1 due
to external instability. Continuing in this manner we end up with a unique
o as constructed earlier. m

It is important to mention that the assumption of uniqueness of Cy: is
no too severe. Is is shown in Diamantoudi and Sartzetakis (2001) that for
the case where both the benefit and damage functions are quadratic the
myopic stable coalition is not only unique but it takes the values of 2, 3 or
4. Moreover, it is known in the literature that in the event of a quadratic
benefit and linear damage function the myopic stable coalition is also unique
and takes the values of 2 or 3.

The conclusion we can draw from the full characterization of o is that
if some farsighted stable IEA contained in it is proposed it will be adopted.
From a normative point of view when a coordinating agency (such as UN for
example) puts forth a proposal it can always select the most efficient, hence
the largest, among the IEAs included in o. If, however, some agreement that
is not farsighted stable is proposed depending on whether it is internally
or externally unstable the final outcome will be a smaller or a larger stable
agreement respectively.

3.2 Coordinated Action

A natural extension of our analysis so far is to allow countries to coordinate
their actions. In other words to allow for coalitional deviations as opposed
to unilateral ones in both directions. That is, countries can coordinate their
actions and exit jointly from an agreement, but most importantly countries
can coordinate their efforts in joining the agreement. Case in point is the
fully coordinated ratification of the Kyoto Protocol by the European Union
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member states on the 31 of May 2002. It is, indeed, often the case that
countries join an environmental agreement in groups through international
conventions and meetings and not one by one.

Allowing countries to coordinate their moves enhances their bargaining
power in the sense that a group of countries can cause more damage than
a single country and hence pose a bigger threat. At the same time simulta-
neous multilateral action may alleviate the disadvantage of the first mover
advantage as is the case in the unilateral action framework. Consider, Figure
1 and notice that the farsighted stable IEA of size s? is a Pareto improvement
on farsighted stable IEA of size s!, for all agents involved, signatories and
non-signatories alike. What stops, therefore, a group of non-signatories to
join in? The very fact that they cannot do it together. As argued in the
proof of Theorem 2, assume that all countries start entering the agreement
sequentially, at least at the last step, the very last country does not have an
incentive to enter anymore. The agreement has grown sufficiently and the
country is better off remaining a non-signatory and free-riding thus on the
efforts of those that moved earlier. This argument is very similar to that
developed by Chander (1998).

To formally define our notion we need to introduce some additional no-
tation. In particular, we need to differentiate between the coalition that
represents the agreement and the group of countries that coordinate their
moves. Let T C N denote a deviating group of countries'® and |T'| = t its
size.

Next we specify and appropriately denote what a coalition can (directly)
induce or bring about. If a group of countries 7' deviates from within an
agreement Cf, i.e., T" C Cs then all this deviating coalition can induce is a
smaller agreement Cs ; = Cs\T where T' C N\C;_;. Whereas, if a group of
countries 7" deviates from the set of non-signatories N\Cs, i.e., T' C N\Cj
then all this deviating coalition can induce is a larger agreement Cs,; =
Cs, UT. We will write Cj AN C, to denote that a group of countries 7' is
inducing agreement C, from agreement C. A further specification of whether
T C Csor T C N\Cs will tell us whether C, is larger or smaller. Note that
just for simplicity we do not allow a deviating group of countries to contain

130ften to clarify matters further we will precede the notation with either the acronym
IEA or the word agreement.
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both signatories and non-signatories. Such a restriction has no implications
due to the assumption of symmetric countries. Suppose to the contrary that
there exists some group of countries T' that consists of both types (signatories
and non-signatories) and this group prefers some other agreement. Then,
by symmetry, all countries prefer this other agreement which can be reached
directly via “pure” deviating groups in the following manner: if the preferred
agreement is larger then a subset of the non-signatories can join in, if the
preferred agreement is smaller then a subset of the signatories can exit.
Lastly, we need to specify and denote coalitional preferences. When a
(homogeneous) group of countries 7' compares its status quo with some agree-
ment it can directly induce, it knows exactly its payoffs. That is, if T' C C;

and C, T, Cs_¢ then we say that Cs_; = Cj if and only if w,s(s—1t) > ws(s).
T

If T ¢ N\Cs and C; x, Cs.¢ then we say that Cs; = Cs if and only if
T

ws(s +t) > wps(s). If, however, T' C C5 but T cannot directly induce some

agreement C, from agreement Cy, we will say that C, = C; if and only if

min{w;s(q),wns(q)} > ws(s). If T C N\Cs and again TTcannot induce C,
from S we will say that C, = C if and only if min{w;(q), wns(q)} > was(s).
Naturally, all preferences begome strict or get reversed when the inequalities
become strict or get reversed, respectively. This conservative approach in
coalitional preferences is adopted to avoid the (overly optimistic) tendency
of changing roles within the same agreement: Consider the case where some
IEA, C; is already assumed stable and Cj is large enough so that it awards its
members higher welfare than the purely non-cooperative state a la Cournot,
Che, and that wps(s) > ws(s). Then, members of the agreement will be
tempted to break the agreement and induce C,,. in the hope that some other
group of countries will now induce C and the original perpetrators will now
become non-signatories of C;. Under such a scenario o* may fail to exist.
In the solution concept that follows we consider a set * to be a collection
of coalitionally farsighted stable IEAs if every IEA that belongs to the set
is not in conflict with any other IEAs also in the set, moreover, all IEAs
excluded from o* are accounted for in a consistent manner. In particular, an
IEA is not in conflict with an other IEA if there does not exist a sequence of
coalitional moves that can eventually induce one agreement from the other,
while along the path of these coordinated moves every acting coalition prefers
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the final agreement to its status quo. Furthermore, an IEA is accounted for
in a consistent manner when there exists a sequence of coalitional moves that
can lead to an IEA that is stable itself, i.e., in ¢*, and again every acting
coalition prefers the final agreement to its status quo. Consistency is achieved
because the “dominating” outcome -the very reason for deviating- is stable
(credible) itself.

Definition 2 A set of IEAs, o*, is a coalitionally farsighted stable set
if

1. o* is free of inner contradictions:

Every IFA C, € o* is coalitionally farsighted stable, i.c., there
does not exist a finite sequence of coalitions T°,...,T™, and a sequence
of IEAs Cy, ..., Cym such that Cyo = Cy, Cym € 0*, Oy —— Cys1 and
C,i ;] Cym for every j =0,1,....,m— 1.

2. o* accounts for every IFA it excludes:

Every Cs ¢ o* is coalitionally farsighted unstable, i.e., there exist a fi-
nite sequence of coalitions T, ..., T™, and a sequence of IEAs Cy, ..., Cym
such that Cyo = Cy, Cym € 0", Cl; X, sit1 and Cg < Cym for every
j=0,1,....,m—1. v

In the following result we offer a full characterization of all possible
o*s. In particular, we establish that the grand coalition can always be sup-
ported as a coalitionally farsighted stable set. While all other o*, if pay-
offs are generic, contain exactly one element that is also Pareto efficient.
Let C; denote the agreement whose non-signatories attain the highest pay-
off among the non-signatories of all agreements where s < s*. That is,
§ = argmax,c(o,.. s } Wns(s). The following result, similarly to Theorem 2,
is expressed in term of agreement sizes. Thus, although ¢* may contain only
one “size”, it supports all agreements (permutations) of that size. Note that
any two such agreements cannot contradict or dominate each other due to the
conservative approach adopted in the coalitional preferences defined earlier.
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Theorem 3 1. o* = {C,} is a coalitionally farsighted stable set of IEAs.

2. o* = {Cs} where Cs # C,, is a coalitionally farsighted stable set if and
only if wps(s) > ws(n) and ws(s) > wps(8).

3. There exists o* = {C5,Cs} if and only if 35,5 € {0,...,n} such that
S # 3, ws(8) = wns(5), wns(5) > ws(n), ws(5) > wns(8) and wps(S) >
Wns(r) for all 5 <r < z™n,

4. There does not exist o* such that |o*| > 2.

Proof. The figures inserted in each part of the proof are intended to
help the reader follow through the various cases. When an agreement C; is
marked with a star it means that is supported by some ¢* in one of the three
cases. When an agreement C is circled, besides the star, then the graph
depicts the case where that particular C; is included in o*. Given the specific
o* the single arrows denote all the unstable IEAs while the double arrows
illustrate some of the typical paths that lead from an unstable agreement to
a stable one.

1. Inner contradictions are obviously not present since o* contains only

one element.
A \
w, w, ;(s) @, (5)
w, W, () ¥

/ 4,

/ @(s’)

unstable

Figure 2
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To see how every Cs ¢ o* is accounted for note that ws(n) > wys(8),
otherwise, since wy(5) > wys(8) we would have wg(n) < wys($) < wy(S)
and ws(n) would not be maximizing the total welfare. Now consider
some IEA Cj such that w,s(s) < wg(n). Such an IEA is coalitionally
farsighted unstable since there exists coalition 7% = N\C; that prefers
C, € o* to Cs and can directly induce C,, from C; by joining Cs. If there
exists Cy such that wys(s) > ws(n) it must be the case that ws(s) <
ws(n). In this case, there exists coalition T° = C; that prefers C,, € o*
to Cs and can induce Cy = C,,. (the state where s = 0 and all countries
behave a la Cournot) by exiting the agreement. Then, coalition 7% = N
will induce C,, € o* from Cj, since C,, is both inducible from and
preferred to Cj via coalition T7.

2. When ¢* = {C;} obviously there are no inner contradictions.

A

@ @I5) o, (s)

@, 'n '.B(\
P / 4.
R A
/ ~ al /
A

Figure 3

Note that since Cj is such that wy,s(s) > ws(n) it must be that s >
2™ - All O, such that r > s are coalitionally farsighted unstable since
Wns(8) > ws(n) > ws(r) and members of C,. will exit the agreement and
directly induce Cy. All C, such that r < 2™ are coalitionally farsighted
unstable since ws($) > wys(S) > wps(r) and members of N\C,. will join
the agreement and directly induce Cy. All C, such that z™® < r < s
are coalitionally farsighted unstable since w,s(s) > ws(s) > wy(r) and
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coalition T° = C, can induce Cjy from C, and then coalition 7! = C,

can and would like to (directly) induce coalition Cs.

Observe that if o* = {C;} is a coalitionally farsighted stable set and
Cs # C,, then it must be that w,s(s) > ws(n) for the exclusion of
C,, to be accounted for. Since wys(s) > ws(n) it is also implied that
Cs # Cs, hence wy(s) > wys($) is necessary for the exclusion Cj, recall
that ws(8) > wys(8).

. Firstly note that if wps(8) > ws(n) then it must be the case that § €
{s*,...,n}. Then, w,s(5) = ws(5) implies that 5 € {0,...,s* — 1}. Note
also that it may be the case that C5; = Cj.

A
ws

a)ll

Figure 4

First we show that there are no inner contradictions: No signatories of
Cs can directly induce C; and since w(5) > wps(S) = min{ws(8), wns(8)}
no member will initiate an action. No non-signatories of Cs can di-
rectly induce Cj5 either and since w,s(5) = min{ws(5),wns(5)} they
will not deviate. Similarly, no members of C; wish to join N\Cj be-
cause ws(§) = wps(5). As for the non-signatories of Cj, they will
not initiate an action either since they cannot directly induce C; and
Wns(8) > ws(5) = min{w,(S), wns(5)}-

Next we show that every excluded outcome is accounted for:
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All agreements larger than Cj are unstable since signatories will exit
and directly induce Cj since w,,5(8) > ws(n) > wy(3) for all s > 5. Any
agreement Cy such that z™® < s < 5 is also unstable: its members wish
to break apart and join the non-signatories of Cs since wy(s) < w,(§) =
wWns(8). Any agreement C, such that 5 < s < 2™ is unstable since the
non-signatories can directly induce Cj since wys(s) < wns(5) = ws(8).
Lastly, any agreement C such that s < 5 is unstable since its non-

signatories will directly induce Cs since wys(s) < wns(8) < ws(8).

Lastly we will argue that all the conditions presented in (3) so far
are necessary: Observe from the argument presented in (1) that C,
cannot coexist with any other agreement in ¢*. But if C, ¢ o* it
must be that 3C € o* such that w,s(s) > ws(n) for the exclusion
of C,, to be accounted for. Let this IEA be C; and note that the
latter inequality implies that § € {s*,...,n}. Next observe that for
Cs € 0%, C5 # (5 it must be the case that w,s(5) = ws(§). Otherwise,
if wps(5) > ws(8) the members of C would exit and induce Cs, while if
Wns(5) < ws(5) then members of N\C; would join the IEA and induce
Cs. Note that w,s(5) = w,(8) implies that 5 € {0, ..., 2™"}. If s = § then
the rest of the conditions are immediately implied by the definition of
Cs. If 5 # 5 then from the definition of Cs we have w,(8) > wys(5)
and hence wps(8) > wps(§). Therefore, since C; cannot be directly
induced by C; and w,(8) > min {ws(5),wns(5)}, Cs does not account
for C3’s exclusion. For Cj to account for the exclusion of Cfj, since
ws(8) > wns(8) > wys(S) it must be the case that ws(5) > wys($). Lastly,
note that for all C,. such that 5 < r < 2™ to be accounted for it must be
the case that wys(r) < wys(5). Otherwise, if wys(r) > wns(5) = ws(8),
(s cannot account for C,’s exclusion since ws(r) > wyps(r) > wy(3)
and N\Cj5 is not directly inducible by either C, or N\C,. Similarly, Cs
cannot account for the exclusion of C, either since wy(5) < wps(r) <
ws(r) and Cs is not directly inducible by either C, or N\C..

. Suppose in negation that there exists o* such that |o*| > 2. It is obvious
from the arguments presented in (1-2) that such a ¢* will not contain
either C,, or Cj if ws(s) > wps($). Suppose now that it contains some
Cs such that ws(s) < wps(§). Then from the arguments presented in
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(3) o* cannot contain C; or any other Cs where wy,s(S) = w;(s) either.
Finally, in (3) we also argued that Cs cannot coexist with any other
Cy if wis(8') > ws(8) or wps(s') < ws(3).

|

As can be easily seen from the characterization of the two analyses, uni-
lateral and coordinated, the latter supports more socially beneficial IEAs
than the former. When actions can be coordinated, countries can use the
complete collapse of the agreement as a threat to sustain it. The insights
drawn from the results of the coordinated action analysis can have a signif-
icant effect from a normative perspective. In particular, the rules for entry
into force of the Kyoto Protocol require 55 Parties to the Convention to rat-
ify the Protocol, including enough countries accounting for 55% of a certain
groups carbon dioxide emissions in 1990. It remains an interesting puzzle
whether had the rules for participation been stronger, we would be observing
such a reluctance from a number of countries to ratify the agreement. In
other words, has the commitment (through the ratification process) of about
half the countries encouraged the other half to free-ride? An answer to this
question is far from trivial, as the theoretical restrictions along with several
(economic and political) factors that are not even discussed in this work play
a crucial role in the negotiation process.

4 Epilogue

The present paper examines the problem of deriving the size of farsighted
stable IEAs. We assume that when a country or a group of countries contem-
plates exiting (or entering) an agreement, it takes into account the actions of
other groups of countries ignited by its own. That is, it compares its current
welfare, as part of the IEA (or outside the IEA) with its ultimate welfare
resulting from its own exit (or entry) and the subsequent reactions by other
countries. We provide two solution concepts allowing for unilateral and co-
ordinated actions that capture exactly such a decision-making process and
show that the new (coalitional) farsighted stable coalitions are much larger
than those the previous models supported. In this manner, we explain better
the fact that IEAs are already ratified by a large number of countries while
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we provide formal arguments that would encourage an even larger number

of countries to join in.

The first and foremost step in extending this work is the study of the

heterogeneous country case. Although both our definitions 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.

5
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