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Résumé/abstract
Nous examinons comment l'adaptation au changement climatique influence les incitations à ratifier les
accords internationaux environnementaux. En particulier, nous nous intéressons à deux effets liés à
l’adaptation sur les incitations à approuver les accords climatiques. Tout d'abord, nous examinons les
effets de l’hétérogénéité des coûts d'adaptation à travers les pays. Deuxièmement, nous étudions le rôle
du « leakage » entre pays. Nos résultats indiquent que les incitations à ratifier restent inchangées
même en présence de l’hétérogénéité dans les coûts d'adaptation quand il n'y a pas de « leakage ».
Cependant, l’hétérogénéité entre pays peut accroitre les incitations à ratifier ces accords en présence du
« leakage ». Nos résultats soulignent que les politiques visant à réduire la différence des coûts
d’adaptation et le « leakage » peuvent influencer le succès ou l'échec des accords internationaux
environnementaux.
Mots clés : adaptation, accords environnementaux, différences de coût, « leakage ».
We examine how adaptation to climate change affects the incentives to ratify international
environmental agreements (IEAs). In particular, we study the effects of two aspects on the incentives to
join a coalition. First, we analyze cross-country differences in adaptation costs. Second, we investigate
the role of carbon leakage. Wefind that the incentives to join IEAs remain unchanged with crosscountry differences in adaptation when there is no carbon leakage, while these cross-country
differences may strengthen the incentives to join IEAs with leakages. Our results emphasize that
policies directed at reducing cost differences and carbon leakage may also affect the success and
failure of IEAs.
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Introduction

The United Nations Conference on Climate Change in Cancún in 2010 (COP16) and in
Durban in 2011 (COP17) adopted a new approach to design international environmental
agreements (IEAs) compared to the previous Kyoto framework. The new emerging postKyoto framework combines efforts of emissions abatement to adaptation. While most agree
that abatement and adaptation are the two main available options to tackle climate change,
unfortunately the role of adaptation is largely ignored in the study of IEAs.1 In this paper,
we focus on two aspects in the decision to join a coalition. First, we study how cross-country
differences in adaptation costs affect the incentives to join an IEA. Second, we investigate
the role of carbon leakage in the incentives to join a coalition.
Adaptation refers to any activity with a potential to reduce the damages from climate
change. For example, the construction of dams, levees or dikes, changing the types of crops
used in agriculture or improving storm predictions and their warnings (Parry, 2007). The
World Bank estimates that an approximate 2o C increase in world temperatures by 2050 may
require between $70 - $100 billion a year in adaptation costs from 2010 to 2050.2 These
adaptation costs differ widely across countries. For instance, empirical studies find evidence
of cost differences between developed and developing countries.3 These cross-country differences yield new challenges in understanding a country’s incentives to join climate coalitions.
In this paper, we ask three questions. First, how do cross-country differences in adaptation costs affect emissions? Second, how do cross-country differences in adaptation costs
change the incentives to join IEAs? And finally, what is the role of carbon leakage, combined with adaptation, in the incentives to join IEAs? We address these questions within
1

The two exceptions are Benchekroun et al. (2011) and Marrouch & Ray Chaudhuri (2011).
These findings are from “The Economics of Adaptation to Climate Change (EACC)” study in 2011 by
the World Bank. They also find that this amount is comparable to the current annual foreign aid from
developed to developing countries.
3
Ibid.
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the framework of IEA membership games first introduced by Carraro & Siniscalco (1993)
and Barrett (1994). The main difference in our setup is that we explicitly model carbon
leakage and the possibility of adaptation, in addition to emissions abatement, to reduce
environmental damages.
We consider a world consisting of many countries, and we introduce three modeling features that differentiate our paper from previous work. First, countries can simultaneously
choose emissions and adaptation levels. In our context, the most important feature that distinguishes emissions and adaptation decisions relates to their public and private good nature.
While each country’s emissions generate a private benefit, their implications have a global
public bad nature. Note, however, the distinction from adaptation. While adaptation also
generates a private benefit, its implications only benefit the individual country. Therefore,
in our setting, a key feature is that emissions abatement has a public good nature while
adaptation has a private good nature.
Second, we account for cross-country differences in adaptation costs. Specifically, there
are two types of countries: countries with low and high adaptation costs. This feature addresses some of the concerns raised in the recent climatic negotiations in Cancún in 2010
(COP16) and in Durban in 2011 (COP17), where the importance of adaptation differences
among developed and developing countries for environmental agreements was highlighted.
For example, the Cancún Adaptation Fund, established in 2010, aims at reducing the technological gap that exists between developed (low cost) and developing (high cost) countries.
The third modeling feature that differentiates our work is that we explicitly account
for carbon leakage. We do so by modeling a general damage function that includes both
the linear and quadratic forms. We capture the lack of carbon leakage by assuming linear
damages, and the presence of leakage by assuming quadratic damages.
We define a country’s payoff as the difference between benefits from emissions and the
sum of environmental damages and adaptation costs. Each country’s production activities
3

generate a global pollutant that benefits each country privately while simultaneously damaging all countries. A country can offset these damages by choosing individual adaptation
levels. We capture the expenditure in adaptation with an increasing cost function. Then,
countries simultaneously choose emission and adaptation levels to maximize their own payoff
given others’ strategies.
Within this context, we derive several results. We find that the incentives to join a
coalition remain unchanged with cross-country differences in adaptation when there is no
carbon leakage. However, these cross-country differences may enhance the incentives to join
IEAs with leakages. These results imply that, with leakage, the existence of adaptation
encourages coalition formation, especially when countries differ in adaptation costs. Hence,
coalition formation is sensitive to adaptation strategies and to the existence of carbon leakage.
These findings imply that policies directed at reducing the gap in adaptation costs, such as
the Cancún adaptation fund, or policies directed at reducing carbon leakage, such as the
Clean Development Mechanism, may also impact the success of IEAs.
Our paper closely relates to two main strands of the literature. First, there is a literature that studies the relationship between emissions abatement and adaptation in climate
economics, but ignore IEAs. A main goal of this literature is to better understand the
relationship between abatement and adaptation as decisions to tackle environmental damages. For example, Kane & Shogren (2000) examine the optimal mix of the two measures
in a one-country model while Onuma & Arino (2011) investigate how innovation in adaptation technology by a developed country may affect a developing country through changes
in abatement efforts by both countries. Some studies also analyze the n-country case. For
example, Buob & Stephan (2008, 2011) develop a multi-region model where countries choose
abatement and adaptation non-cooperatively.4 Zehaie (2009) studies the importance of the
4
Buob & Stephan (2011) study the strategic interaction between emissions and adaptation in a noncooperative game between different regions, assuming that emissions and adaptation are perfect substitutes.
In Buob & Stephan (2008) they use a non-cooperative Nash game to analyze whether funding adaptation is
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timing between adaptation and emissions and Ebert & Welsch (2012) study the interactions
between emissions and adaptation in a two country model. Our paper differs from these
works because we study the incentives to join IEAs in addition to the relationship between
emissions abatement and adaptation.
The second strand of the literature is extensive and studies the incentives to join IEAs and
the stability of those agreements. Finus (2003) provides an excellent review of this literature.5
These studies, however, ignore adaptation. Our paper contributes to this broader literature
as it is among the first to study adaptation within the context of IEAs and by doing so, we
can examine additional challenges to the success and failure of IEAs. We are only aware of
two studies directly studying adaptation in the context of IEAs. Benchekroun et al. (2011)
study the effect of an improvement in adaptation technology on free riding incentives while
Marrouch & Ray Chaudhuri (2011) focus on the impact of adaptation on the stable size
of the coalition. Our paper differs from these two papers because we analyze cross-country
differences in adaptation costs and the role of carbon leakage in addition to adaptation.
By doing so, and in contrast to others, we can identify conditions under which adaptation
encourages or discourages IEA formation in a rich setting.
The remainder of the paper unfolds as follows. In Section 2, we present a model with
heterogeneous adaptation costs. In Section 3, we present the polar cases of non-cooperative
and cooperative behaviors. In Section 4, we examine coalition formation and the stability of
IEAs. Finally, Section 5 concludes.
incentive compatible in the sense that it stimulates abatement of emissions.
5
See also Hoel & Schneider (1997), Eyckmans & Tulkens (2003), and Petrosjan & Zaccour (2003), and
more recently, Rubio & Ulph (2006, 2007), McGinty (2007), de Zeeuw (2008), Breton et al. (2010) and
Nkuiya (2012).
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The Model

We consider a world economy with n countries. Countries emit a global pollutant as a result
of their consumption and production activities. We denote ei as the emission level of country
P
i where i ∈ N = {1, 2, ..., n}, and E = ni=1 ei are total emissions. While total emissions
yield damages for every country, each country can offset the effects of pollution by investing
in adaptation. We denote ai as the adaptation level of country i where i = 1, 2, ...n. We
think of ai as effective adaptation that reflects both the level of the adaptation effort and
the efficiency of the adaptation technology. Emissions and adaptation are the two strategies
a country chooses in our model. The key difference between emissions and adaptation lies in
the public nature of pollution and the private nature of adaptation.6 While each country’s
emissions are a private decision, global pollution is a global public bad and hence, countries
have incentives to free ride on emissions abatement. Instead, adaptation is a private decision
with country-specific benefits and costs. The distinction between the public and the private
nature of emissions and adaptation is key to understand each country’s incentives to join
environmental coalitions to reduce global emissions.
In this model, each country’s welfare (i.e., payoff) consists of benefits, damages, and costs.
Each country simultaneously chooses their emissions and adaptation levels to maximize their
payoff.7 Benefits depend on each country’s individual emissions since it is a by-product of
production and consumption. Global pollution damages all countries while each has the
option to reduce damages through adaptation. Finally, adaptation is costly for each country.
Formally, we define country i’s payoff as:

W (ei , ai , E) ≡ B (ei ) − D(E, ai ) − C j (ai ),

(1)

6
One might argue that adaptation could also have some sort of public nature. See, for example, Mendelsohn (2000) who distinguishes private and public adaptation, and shows that the level of private adaptation
is efficient, while joint adaptation may be under-provided.
7
Our approach draws from Zehaie (2009) and Ebert & Welsch (2012) who find that the sequential (ex-post
adaptation) and simultaneous games are equivalent when a country chooses emissions and adaptation.
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where B (ei ) is benefits from emissions described in (2), D(E, ai ) is damages from pollution
defined in (3) and C j (ai ) is the cost of adaptation defined in (4).
First, we consider a benefit function that is identical across countries. Country i’s benefit
from polluting is:

ei 
,
B (ei ) ≡ ei α − β
2
where α and β are positive parameters. We necessarily have 0 < ei <

(2)
α
β

to guarantee

a non-negative marginal benefit and 0 < E < n αβ since all countries are identical. The
concave functional form of this benefit function is convenient since it allows us to restrict
the maximum level of benefits a country can obtain from emissions. All countries benefit
equally from emissions. This assumption implies that all countries use the same production
technology.8
Second, the damage function for country i is:

D(E, ai ) ≡ (ω − ai )

Eη
,
η

(3)

where ω > 0 is a damage parameter from total pollution.9 Parameter η ≥ 1 captures the
curvature of the damage function. This damage function allows us to consider a continuum
of cases, including linear and quadratic damage functions. This is in contrast to others who
consider either the linear or the quadratic case in the study of incentives to join IEAs. By
accounting for the curvature of the damage function, we are able to study cases with and
without carbon leakage in emissions among countries. Carbon leakage refers to the increase
in emissions by one country as a response to another country’s emission reduction. Our spec8

One might argue that countries benefit differently from emissions. We abstract from such heterogeneity
to better understand the role of carbon leakage and heterogeneity in adaptation costs in the standard IEA
setting. One could easily extend our model to incorporate differences across countries in the benefit function.
9
Some might argue that global pollution affects countries differently. We abstract from this effect without
loss of generality to concentrate on the importance of heterogeneity in adaptation costs and its implications
for the stability of IEAs.
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ification in equation (3) allows us to study carbon leakage because when η = 1, the damage
function is linear and there is no carbon leakage among countries. Instead, when the damage function is non-linear (η > 1), there exist carbon leakage among countries. The explicit
consideration of the curvature of the damage function is a novel feature of our model. We
highlight three characteristics from equation (3). First, the marginal damage from emissions,
∂D(E,ai )
∂ei

=

∂D(E,ai )
∂E

= (ω − ai )E η−1 ≥ 0, is decreasing in adaptation ai . Second, a country’s

damage decreases in its level of adaptation,

∂D(E,ai )
∂ai

from adaptation is increasing in total emissions,

=

−E η
η

∂ 2 D(E,ai )
∂ai ∂E

≤ 0. Third, the marginal benefit

= −E η−1 ≤ 0.

Third, the adaptation cost function for county i, of type j, features diminishing returns
to scale and is increasing in the level of adaptation:

C j (ai ) ≡

cj 2
a,
2 i

j = H, L,

(4)

where cj is the cost of adaptation. A second novel feature of our model is that we consider
cross-country differences in adaptation costs. There are two types of countries: high (H)
and low (L) adaptation cost countries. While global emissions damage all countries equally,
we include heterogeneous adaptation costs across countries. That is, we allow countries to
be identical within each group but differ across groups in their adaptation cost. nH and
nL denote the number of each type such that they add up to the total number of countries
n = nL + nH .
In the next section we analyze and compare the polar cases where the decision to join an
IEA is exogenous. The partial equilibrium analysis follows in section 4 where the decision
to join a coalition is endogenous.

8
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Polar cases

This section presents the cooperative and non-cooperative emission strategies and in section
3.3, we compare our results to previous results in the IEA literature where adaptation is
mainly ignored. In the subsequent sections, we denote subscripts n and c to represent the
non-cooperative and cooperative equilibrium outcomes to simplify notation.

3.1

Non-cooperative outcome

Country i simultaneously chooses its emission and adaptation levels to maximize its own
payoff taking as given the emission and adaptation choices of all other countries.10 Formally,
country i solves
max W (ei , ai , E) ,

(5)

{ei ,ai }

where W (ei , ai , E) is given in (1).
The first-order conditions for emissions (ei ) and adaptation (ai ) are:
α − βejn = (ω − ajn )(E n )η−1 ,
(E n )η
= cj ajn ,
η

j = L, H.

j = L, H

(6)
(7)

Condition (6) indicates that each country chooses its equilibrium emission level so as to
equate its marginal benefit and its marginal damage from polluting. Condition (7) shows
that at the equilibrium, the marginal benefit and the marginal cost of adaptation are equal.
10

The question of timing is inapplicable in our setting since the sequential (ex-post adaptation) and
simultaneous games are equivalent. Note that the irrelevance of timing between emissions and adaptation
only holds when adaptation happens after emissions in the sequential game. If a country chooses to adapt
before polluting, the irrelevance of timing no longer holds. In our paper, we abstract from the possibility
that countries would choose to adapt before polluting, and therefore, the irrelevance of timing shown by
Zehaie (2009) holds. Therefore, the results of our simultaneous game are equivalent to those of a sequential
game where countries choose adaptation after emissions.

9

Using conditions (6) and (7), we derive the best-response functions:

1
α − (ω − ajn )(E n )η−1 ,
β
(E n )η
=
, j = L, H.
cj η

ejn =
ajn

j = L, H

(8)
(9)

Substituting (9) into (8) yields emission levels as a function of total emissions for both
types of countries:

eLn
eH
n



1
(E n )2η−1
η−1
=
α+
,
− ω(E n )
β
ηcL


1
(E n )2η−1
η−1
=
− ω(E n )
α+
.
β
ηcH

(10)
(11)

Using (10) and (11) and the fact that En = nL eLn + nH eH
n , the level, En , that solves the
following equation is the non-cooperative level of total emissions:

η−1

η(βEn − nα) = (E n )




−nηω +

nL nH
+ H
cL
c



η

(E n )


.

(12)

This result allows us to fully characterize the emission and adaptation levels of the noncooperative equilibrium. Indeed, the total emission level En ∈ (0, nα/β) is the unique
positive solution of (12). Also, given En , country emission and adaptation levels are given in
(8) and (9). As expected, condition (9) suggests that countries with a low cost of adaptation
choose to adapt more than countries with a high cost of adaptation.
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3.2

Full cooperative outcome

All countries choose their emission and adaptation levels under the full cooperation outcome
to maximize their joint payoff. Formally:
Xn

max

i=1

{ei ,ai }i∈N

W (ei , ai , E) ,

(13)

where W (ei , ai , E) is given in (1).
The first-order conditions for emissions and adaptation are:

α − βejc =


L L
η−1
nω − nH aH
,
c − n ac (Ec )

(Ec )η
= cj ajc ,
η

j = L, H,

(14)

j = L, H.

(15)

The condition given by (14) indicates that when all countries cooperate, the marginal benefit
from emissions equals the sum of the marginal damages from polluting. Equation (14) is the
Samuelson (1954) condition for the provision of public goods, which in this case is global
environmental quality. Condition (15) states that the private marginal benefit and cost from
adaptation are equal. From conditions (14) and (15), we derive the best-response functions:


1
L L
η−1
α − nω − nH aH
,
c − n ac (Ec )
β
(Ec )η
, j = L, H.
=
ηcj

ejc =
ajc

j = L, H,

(16)
(17)

We substitute equation (17) into (16) and using Ec = nL eLc + nH eH
c we derive:
η−1

η (βEc − nα) = n (Ec )




−nηω +

nL nH
+ H
cL
c



η

(E c )


.

(18)

These calculations allow us to fully characterize the emission and adaptation levels of

11

the cooperative setting. For each cost type, since countries have the same marginal benefit
and marginal damage from pollution, they emit at the same level, even if they differ in
adaptation costs. Furthermore, they fully internalize the negative global externality. Both
a low and high cost country’s emission levels are given in (16), while the differences among
countries arise in their adaptation. For both country types, adaptation levels are given in
(17). As expected, low cost countries always adapt more than high cost countries since
the marginal cost to adapt is larger for a high cost country. At the aggregate level, total
emissions, Ec ∈ (0, nα/β), are the unique positive root of (18).
In the next section, we investigate the role of carbon leakage in two polar cases.

3.3

The role of carbon leakage

We first analyze the implications of carbon leakage. We consider two cases: linear and
non-linear damages (equation (3)). Recall that in the absence of adaptation (ai = 0 in
(3)-(4)), we know from the IEA literature that there is no carbon leakage in emissions
among countries when damages are linear (η = 1) because the best-response functions are
orthogonal. With a non-linear damage function (η > 1), however, there is carbon leakage in
emissions among countries since the best-response functions are downward slopping. From
the best-response function in equation (16), we confirm that the existence (and lack) of
carbon leakage remains as before even when we introduce adaptation into the IEA model
(i.e. for the linear case

∂ei
∂e−i

> 0, and for the non-linear case

∂ei
∂e−i

< 0). With a linear damage

function and adaptation, there is no leakage since the best-response functions become upward
slopping while with non-linear damages, there are leakages in emissions because their bestresponse function remain downward sloping (eqs. (8)-(9)).
We compare the polar cases (cooperative and non-cooperative) in three propositions.
First, we examine the strategic relationship between emissions and adaptation from the
optimality conditions in (8) and (9).
12

Proposition 1. The strategic relationship between emissions and adaptation depends on the
existence of carbon leakage. In absence of leakage, emissions and adaptation are strategic
complements in equilibrium while with leakages, they can be either complements or substitutes.
Proof. We substitute En from (9) into (8) and we then differentiate individual emissions
with respect to adaptation:
cj (ω − ajn ) (1 − η) + ajn η
∂ejn
=
.
1
∂ajn
β ajn cj η η

(19)

When damages are linear (η = 1), equation (19) is always positive. However, with non-linear
damages (η > 1), the sign depends on the magnitude of adaptation, costs and damages. This
relationship also holds for the cooperative case using equations (16) and (17).



The strategic complementarity between emissions and adaptation describes how the incentives to emit respond to the possibilities to adapt in each country. We find that the
role of leakage is critical to understand this relationship. The lack of leakage means that a
country emits more as a response to others’ increase in emissions. In that case, a country’s
choice of adaptation and emission move in the same direction. Hence, a country’s option to
reduce the impact of global pollution on damages is to adapt more. Conversely, when other
countries emit less, a country will react by emitting less and reducing so the need to adapt.
This is, there is a strategic complementarity between emissions and adaptation under the
no-leakage scenario. However, the presence of leakage means that a country increases its
own emissions as a response to other’s reduction of emissions since the best-response functions are downward sloping. In this case, the relationship between emissions and adaptation
depends on their magnitudes, where these two variables could exhibit complementarity or
substitutability.
Next, we compare total emissions in the two polar cases. We begin with the case of
13

no leakage, (η = 1 in equation (3)), and calculate total emissions for the non-cooperative
and cooperative cases. First, solving equation (12), we obtain total emissions for the noncooperative case:
n(α − ω)
.

H
L
β − ncH + ncL

En =

(20)

Second, solving for (18), we obtain total emissions for the cooperative case:

Ec =

n(α − nω)

.
H
L
β − n ncH + ncL

(21)

An interior solution where countries generate positive emission levels requires the following
two conditions:11


β>n

α > nω

,

(22)

nH n
+ L
cH
c

.

(23)


L

We compare total emissions in the two polar cases using equations (20) and (21). In the
absence of adaptation, a global agreement to reduce pollution always leads to lower total
emissions than the case with no agreement because countries internalize the negative externality of polluting. As expected, this result also holds with cost heterogeneity in adaptation.
Proposition 2 summarizes this comparison.
Proposition 2. In the presence of adaptation and no carbon leakage, total emissions are
lower under full cooperation than under non-cooperation in emissions abatement. Furthermore, countries adapt more under non-cooperation.
Proof. See the Appendix.



11

We derive these two existence conditions substituting equation (12) into equation (10) and equation (21)
into equation (16) in the linear case (η = 1).
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Next, we analyze the effects of carbon leakage in total emissions (η > 1 in equation (3)).
Proposition 3. In the presence of adaptation and carbon leakage, total emissions are lower
under full cooperation than under non-cooperation in emissions abatement. Furthermore,
countries adapt more under non-cooperation.
Proof. See the Appendix.



This result is also consistent with the literature on transboundary pollution and holds
because the marginal cost of emitting in the fully cooperative setting is larger than in the
non-cooperative equilibrium. This is the case because the presence of adaptation does not
change the negative sign of the slope of the best-response emissions function. As such, the
disincentive to emit is larger under full cooperation. Following the same reasoning, with full
cooperation, countries adapt less.

4

Coalition formation and stability

In this section, we examine the incentives to voluntarily join a coalition and the stability
of such self-enforcing agreement. This IEA is a two-stage game. In the first stage (the
membership game), countries decide unilaterally whether to ratify the treaty. In the second
stage, signatory countries decide jointly the emission level that maximizes their aggregate
payoff, while non-signatory countries choose the individual emissions to maximize their own
payoff. Furthermore, every country chooses their own private adaptation level. Our game
follows the Cournot approach when choosing emissions and adaptation. We solve this game
by backward induction starting from the second stage.
We denote k L and k H as the number of low and high cost signatory countries. The total
number of countries that join the IEA is k = k L + k H while n − k countries choose to stay
out of the coalition. We first analyze the incentives to emit and adapt of non-signatory
15

countries. A non-signatory country i solves:
max

{ei ,ai }i∈N \S

W (ei , ai , E) ,

(24)

where N \S is the set of non-signatory countries. From the first order conditions, we derive
the best-response functions for emissions and adaptation:

1
α − (ω − ajns )E η−1 , j = L, H,
ejns =
β
Eη
ajns =
, j = L, H,
ηcj

(25)
(26)

where the subscript ns stands for non-signatory countries. Second, we derive the emission
and adaptation strategies of signatory countries. Signatory countries solves:
X
max
W (E, ai ) ,
{ei ,ai }i∈S

i∈S

(27)

where S represents the set of signatory countries. The best-response functions of emissions
and adaptation are:

1
η−1
α − (kω − k L aLs − k H aH
)E
,
s
β
Eη
, j = L, H,
=
ηcj

ejs =
ajs

j = L, H,

(28)
(29)

where s stands for signatory countries.
Next, we calculate total emissions for non-signatory and signatory countries. Total emissions

from

non-signatories

is

Ens .

Using

equation

(25),

combined

Ens = (nL − k L )eLns + (nH − k H )eH
, we get:

ns


1
nL − k L η nH − k H η
η−1
Ens =
(n − k)α − (n − k)ω −
E −
E E
.
β
ηcL
ηcH
Likewise, using equation (28) along with Es = k L eLs + k H eH
s , we obtain:




H
L
kk η kk
1
2
η
η−1
kα − k ω − L E − H E E
.
Es =
β
ηc
ηc
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with

(30)

(31)

We calculate total emissions summing (30) and (31). After rearranging terms, we find
that total emissions (E) are the positive root of the equation:
 L

 

n + k L (k − 1) nH + k H (k − 1)
2
η−1
− n − k + k ηω +
E η . (32)
η(βE − nα) = E
+
cL
cH
Notice that for the polar cases, k L = k H = 0 or k L + k H = 1, equation (32) yields exactly
relation (12), characterizing total emissions obtained under the non-cooperative equilibrium.
For k L = nL and k H = nH , (32) becomes (18), characterizing total emissions for the cooperative setting. The equilibrium level of total emissions E ∈ (0, nα/β) is a root of (32).
Given this result, the adaptation levels of non-signatories and signatories are given in (26)
and (29). Also, given adaptation, the emission level of a non-signatory and a signatory are
given in (25) and (28). From these equations, we derive the following proposition.
Proposition 4. All signatory countries choose the same emission level while non-signatory
countries emit according to their adaptation cost.
Proof. For signatories, equilibrium emissions in equation (28) are independent of the cost
type. For non-signatories, however, equilibrium emissions in equation (25) depend on the
adaptation cost type.



Our results in proposition 4 describe country incentives to emit for a given coalition size.
We find that all countries within the agreement emit equally while countries outside of the
coalition behave as singletons. The non-signatory countries act in their own self interest and
emit according to their adaptation cost as in the pure non-cooperative case. We explore
adaptation next.
Proposition 5. Adaptation in equilibrium is a dominant action and independent of a
country’s IEA membership decision.
Proof. From equilibrium outcomes in equations (26) and (29) for non-signatories and signatories, a country’s adaptation level is determined by total emissions instead of its own
17

individual emissions.



Countries choose their adaptation level independently of their IEA membership decision.
Thus, high and low cost countries choose their emissions depending on their cost type. This
result is driven by the private good nature of adaptation.
Proposition 6. The presence of adaptation does not nullify the emissions abating role of
IEAs.
Proof. Using (25) and (28) along with the facts that ω ≥ ajs , and ω ≥ ajns , we get
ejns − ejs ≥ ω(k − 1) + ajns + kω > 0.

Therefore, a non-signatory country always emits more than a signatory country.



In line with the established IEA literature, this result describes that the presence of
adaptation is not a limiting factor in the role of a climatic coalition. Some argue against
placing efforts into adaptation, fearing diminished willingness to abate within environmental
agreements.12 Contrary to this belief, our result shows that the presence of adaptation does
not obstruct the success of IEAs at reducing emissions within a coalition.

4.1

Stability conditions

Next, we study the incentives to ratify an IEA. We follow the stability concept first introduced
by d’Aspremont et al. (1983). A coalition is stable when both the internal and external
stability conditions hold. Internal stability holds when no country inside of the coalition has
incentives to leave the coalition while external stability holds when no country outside of the
coalition has incentives to join the coalition. The internal stability conditions for low and
12

See for example the article “Dutch defense against climate change: Adapt” published in The Washington
Post in 2009.
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high cost countries are:

L
≥ Wns
k L − 1, k H ,


H
k L , k H ≥ Wns
kL, kH − 1 ,

WsL k L , k H
WsH



and, the external stability conditions for low and high cost countries are:


L
Wns
k L , k H ≥ WsL k L + 1, k H ,


H
k L , k H ≥ WsH k L , k H + 1 .
Wns

(33)
(34)

(35)
(36)

We compute the incentives to deviate by comparing each country’s payoffs. For a given
coalition size, k = k L + k H , the net payoff of a signatory and a non-signatory of type j are:



 E η 1 j 2
β j
j
L
H
j
Ws k , k
= es α − es − ω − ajs
−
a ,
(37)
2
η
2 s


 E η 1 j 2

β j
j
L
H
j
−
a
,
(38)
Wns k , k
= ens α − ens − ω − ajns
2
η
2 ns
where ejs , ejns , ajs , ajns , and E are defined in equations (25), (26), (28), (29), and (32). Using
this conditions along with ejns > ejs and ajns = ajs , we compare the net payoff of countries
with the same cost of adaptation inside and outside of the agreement. Comparing equations
(37) and (38), we find that countries with low (high) adaptation cost who agree to join the
coalition always gain less (more) than those countries of the same type who choose to stay
out of the coalition. This comparison helps us understand the characteristics of countries
with stronger incentives to join coalitions.
We summarize these stability conditions using a stability function for low and high cost
countries following the approach by Hoel & Schneider (1997) and Nkuiya et al. (2014):13



L
φL k L , k H = WsL k L , k H − Wns
k L − 1, k H ,
(39)



H
kL, kH − 1 .
(40)
φH k L , k H = WsH k L , k H − Wns
13

Following the norm in this literature, we restrict our attention to the largest stable coalition size that
arises.
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The coalition k L , k H is internally stable when the conditions φj k L , k H ≥ 0, j = L, H


hold. And the coalition k L , k H is externally stable when the conditions φL k L + 1, k H ≤

0, and φL k L , k H + 1 ≤ 0 hold.

4.2

Stability analysis

In this section, we seek to understand how adaptation changes the incentives to join an
IEA. In particular, we focus on two aspects: the role of carbon leakage and the role of
cost heterogeneity in adaptation costs. To explore these roles, we consider four cases. We
first study coalition formation with identical and different adaptation costs in a world with
no leakage. We then consider identical and different adaptation costs but in a world with
carbon leakage. Our baseline scenario is the case where adaptation is not possible. Table 1
and proposition 7 summarize our results.
Table 1: Stable coalition size with adaptation, cost heterogeneity and leakage.

No adaptation
Adaptation

No leakage
Leakage
Identical costs
Different costs
Identical costs
Different costs
max 3 countries
max 2 countries
max 3 countries max 3 countries max 3 countries max grand coalition

In the first row of Table 1, we present the well-known results from the IEA literature
with a Cournot set-up where adaptation is ignored. We do so to better understand how
the incentives to join a coalition change in our setting. The previous literature shows that
the maximum number of countries that join a stable coalitions is three in absence of leakage
while the maximum number of countries is two with leakages (see, for example, Finus, 2003).
In our paper, we derive the following results:
Proposition 7. Adaptation is unsuccessful at encouraging participation without leakages
while potentially successful with leakages. Specifically:
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(i) A maximum of three countries form a stable coalition when all countries have identical
adaptation costs and there are no leakages in emissions.
(ii) A maximum of three countries form a stable coalition when all countries differ in adaptation costs and there are no leakages in emissions.
(iii) A maximum of three countries form a stable coalition when all countries have identical
adaptation costs and there are leakages in emissions.
(iv) Large stable coalitions can arise when countries differ in adaptation costs and there are
leakages in emissions.
Proof. See the Appendix for the formal proof of (i). In the text we provide numerical
examples to prove (ii), (iii) and (iv).



We first analyze coalition formation with no leakage and identical adaptation costs i.e.,
cL = cH = c. This case corresponds to the second row of Table 1 and Proposition 7.(i) (see
the Appendix for the formal proof). We show that the option to adapt does not change
the incentives to join a coalition compared to the case where adaptation is not possible.
Indeed, the literature finds that in a Cournot IEA game with no adaptation nor leakage, the
maximum number of countries that join a coalition is also three (Table 1). The intuition
behind this result is as follows. In the absence of adaptation, each country has free riding
incentives to reduce emissions because countries’ emission strategies are independent. In our
paper, adaptation and emissions move in the same direction. Recall from Proposition 1 that
adaptation and emissions are strategic complements in the absence of leakages. Hence, this
complementarity leaves the free riding incentives unchanged and thus adaptation does not
bring in any new mechanism to reduce free riding incentives in this setting. This implies that
the maximum number of countries that join an IEA remains unchanged when we introduce
adaptation in a world with no leakage.
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Next, we explore whether these results change when countries differ in adaptation costs.
We calculate the stability of an agreement numerically because analytical solutions cannot be
derived since the equilibrium solutions are implicit. We constrain the set of parameter values
such that both the non-negativity of emissions (ei > 0) and no over-adaptation (ω > ai )
hold. We first select a set of parameter values, and second, we study how sensitive our
results are to changes in those values. For the benefit function in equation (2), we choose a
combination of α and β parameters such that the slope is larger than the intercept of the
marginal benefit from emissions, i.e. α < β. We consider a set of n = 100 countries where
half are low cost countries. We use the set of parameters, α = 2.9 and β = 223. The damage
parameter is ω = 0.029 and adaptation costs cL = 44.5 and cH = 45, i.e., cL < cH .14 This
case corresponds to Proposition 7.(ii).
The maximum stable coalition size is equal to three in line with the case with symmetry
in adaptation cost discussed in Proposition 7.(i). Indeed, Propositions 7.(i). and 7.(ii),
contribute to a better understanding of the role of adaptation and the lack of leakage in the
success and failure of IEAs. The possibility to adapt does not introduce incentives to reduce
the free rider behaviour due to lack of leakage. This result is in contrast with Marrouch
& Ray Chaudhuri (2011) who find that the grand coalition can be an equilibrium outcome
with no leakages but in a Stackelberg game.
Our results shed some light on the role of adaptation in changing country incentives
to join IEAs. As mentioned before, some argue against placing efforts into adaptation,
fearing diminished willingness to join international agreements to reduce emissions. See,
for example, the article “Dutch defense against climate change: Adapt” published in The
Washington Post in 2009. Contrary to this belief, our results show that the presence of
14

We carry out sensitivity analyses to study the robustness of our main results using simulations. First,
we examine the implication of group size asymmetry on coalition stability. To do so, we fix the total number
of countries at n = 100 while we study the effect of variation in group sizes. Our variations consider cases
with nL , nH ∈ [2, 98]. Our results suggest that the incentive to ratify the treaties are unaffected by the group
size asymmetry.
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adaptation does not reduce country incentives to join IEAs. While unfortunately we find
no evidence that adaptation can encourage coalition formation, at least our results confirm
that adaptation does not play a negative role in the incentives to form IEAs in a world with
no leakage.
We now turn to the case with leakages, which is a particularly interesting case since leakages enhance interaction among countries. We consider the widely used quadratic damage
function (with η = 2) as an example of the non-linear case. The previous literature finds
that the maximum number of countries that form a stable coalition is two in a world with
leakage (first row of Table 1). Next, we analyze how these results change in the presence of
adaptation.
We start by analyzing the stability conditions when countries have identical adaptation
costs before we turn to cost heterogeneity. We also derive the result with a numerical
exercise. As before, our choice of parameter values is: n = 100 countries, α = 2.9 and
β = 223, ω = 0.029 but with c = 45. We conduct sensitivity analyses on these parameter
values. We summarize our results with identical costs in the Proposition 7.(iii).
Proposition 7.(iii) departs from the baseline scenario without adaptation, where the maximum stable coalition size is two (see Table 1). In contrast, we find stable equilibria where
three countries choose to join an IEA. This result implies that the existence of adaptation
could enhance the incentives to join the coalition. While an increase in the stable coalition
size is an encouraging outcome, yet the puzzle of small coalitions remains in this setting. The
intuition behind this result is as follows. With leakages in emissions, a country’s response
to larger emissions by others is to reduce its own emissions since the best response functions
are downward slopping (eqs. (25) and (28)). Moreover, the possibility to adapt makes these
best response functions flatter (Benchekroun et al., 2011). This implies a lower willingness
to reduce emissions when other countries increase theirs. This willingness yields a higher
number of countries interested in joining an IEA relative to the case without adaptation.
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Now that we understand the pure contribution of adaptation to the stability of IEAs,
we explore how cost heterogeneity affects participation incentives in a world with carbon
leakage. This case corresponds to Proposition 7.(iv). We derive this result using the same
set of parameter values as before, except that we include cost heterogeneity where cL = 44.5
and cH = 45. We find that the maximum number of countries that could join a coalition is
three. While the incentives to participate increase with adaptation, comparing this result to
the case of cost symmetry in adaptation, we find that cost heterogeneity does not enhance the
incentives to join an IEA. These results are robust to changes in the total number of countries,
in environmental damages (ω) and in benefits from pollution. With these examples, we find
that carbon leakage in combination with adaptation increases the incentives to join a coalition
while cost heterogeneity leaves the incentives unchanged.
Some might worry that cross-country differences in adaptation costs might weaken the
incentives to join an IEA on the basis that the provision of adaptation is a private good. Our
results, which are robust to the choice of parameters, show that cross-country differences do
not weaken participation incentives. In fact, we find that in some specific cases, we can
even obtain cases in which cross-country differences might strengthen IEA participation to
the point that any coalition size between three and n can be achieved as a stable outcome,
including the grand coalition. Next, we present these cases and discuss the conditions under
which cost heterogeneity increases IEA participation compared to the symmetric case.
We choose sets of parameter values that satisfy the following characteristics. One, the
number of countries is smaller than before, let’s say n = 20 countries, where 10 are low
cost. Two, the parameters in the benefit function satisfy α = 0.1 and β = 1500 and, three,
environmental damages are ω = 0.0000001. When these three characteristics hold, we find
that any number of countries between three and n could join an IEA with cost heterogeneity
(cL = 14 and cH = 14.5) while no country decides to join with cost homogeneity.15 This
15

For example, with the set of parameter values n = 20 countries, nL = 10, nH = 10 α = 0.1 and β = 1500,

24

result implies that there exists some cases in which any number of countries would participate
in an IEA in a world with carbon leakage and cross differences in the cost of adaptation.
While these results are sensitive to the choice of parameter values, it is interesting to know
that there exist some examples in which a large number of countries would join a coalition.
These results vary with the choice of parameter values. For example, we find that as the
number of countries n tends to rise, participation tends to decrease. Also, we find that as the
marginal damage from emissions increases (as ω), the free riding incentives increase and the
incentives to join the coalition diminish. We also study the implications of the magnitude of
cost difference on this result. In particular, we use the same set of parameters except that
we vary cH . Our numerical exercise reveals a clear relationship between the stable coalition
size and the potential gain from cooperation.16 As the potential gains increase so does the
equilibrium coalition size, which is a result that is in contrast to the traditional IEA literature
(see, for example, Barrett, 1994). Although the magnitude of the cost heterogeneity (the
difference between cH and cL ) does not display a monotonic relation with the equilibrium
coalition size, small or large heterogeneity can result in small or large stable coalitions. In
contrast with the baseline scenario where adaptation is not possible (see Table 1), the above
results suggest that leakage and heterogeneity in adaptation costs provide a way to overcome
the puzzle of small coalitions.
In this case as well, the worry that cross-country differences in adaptation costs might
weaken the incentives to join an IEA are alleviated. Indeed, this result suggests that crosscountry differences might instead strengthen IEA participation. The possibility to encourage
participation even with cross-country differences is an optimistic result.
Our Propositions 7.(i). and (ii) have some policy implications. Participation incentives
ω = 0.0000001, cL = 14 and cH = 14.5 the maximum number of countries that join is 18. And, with the set
of parameter values n = 20 countries, nL = 10, nH = 10 α = 0.1 and β = 1500, ω = 0.0000001, cL = 14 and
cH = 16 full cooperation is sustained as an equilibrium outcome.
16
L
The potential gain from cooperation is defined as nL [WsL (nL , nH ) − Wns
(0, 0)] + nH [WsH (nL , nH ) −
H
Wns
(0, 0)].
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are not affected when there are no leakages irrespective of cost heterogeneity. This result
implies that, in the absence of leakages, policies directed at reducing the cross-country gap
in adaptation costs might be ineffective at increasing the success of IEAs.
To sum up, we look again at Table 1. Our most striking result arises when we compare the
case without carbon leakage to the case with leakage. In the absence of leakages, adaptation is
not potent enough to increase the incentives to participate because of the complementarity
between adaptation and emissions. With leakages, however, adaptation introduces new
incentives that can counteract the free riding incentives on emissions and in turn increase
the incentives to participate in an agreement.

5

Conclusion and policy implications

In this paper we examine how adaptation affects countries’ incentives to ratify IEAs. In
particular, we study the impact of cross-country differences in adaptation costs and the role
of leakages on participation incentives. In this setting, our results suggest that adaptation is
unsuccessful at encouraging participation without leakages while potentially successful with
leakages. Furthermore, we find that cost heterogeneity in adaptation costs could strengthen
the incentives to join a coalition when there are leakages among countries.
In our paper, countries’ choice of emissions and adaptation are complements without
leakages. This means that a country has stronger incentives to emit when the cost of adapting
is low. With leakages, however, the strategic relationship depends on the magnitude of
adaptation, costs and damages. While this relates to some’s fears regarding high pollution
as a consequence of low adaptation costs, our results suggest that the possibility to adapt
does not necessarily limit a country’s incentives to voluntarily reduce emissions within a
climate coalition. In fact, we find that the role of adaptation in coalition formation is highly
dependent on the the existence of leakages. In fact, we find stronger incentives to join a
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coalition to reduce emissions when countries generate leakages and have the option to adapt.
Our results have relevant implications for policies directed at reducing the gap in adaptation costs among developed and developing countries. For example, the Cancún Adaptation
Fund,17 established in 2010 to reduce the technological gap that exists between developed
(low cost) and developing (high cost) countries. We find that cost heterogeneity in adaptation is associated with higher participation in IEAs. Hence, a policy directed at reducing
the cost gap in adaptation must also consider that the incentive to join a coalition might be
altered when heterogeneity decreases or ceases to exist.
Our results also have implications for policies directed at regulating leakages. Since
our analysis suggests the existence of stronger incentives to join a coalition with leakages,
policies directed at reducing the leakage among countries could reduce the incentives to form
a coalition to abate emissions. For example, some argue in favor of the Clean Development
Mechanism to reduce carbon leakage (see, for example, Kallbekken, 2007). In our setting,
such a policy could weaken the incentives to join a coalition.
Our discussion is not intended as criticism against existing international climate policies,
such as the Cancún Adaptation Fund or the Clean Development Mechanism. Instead, we
draw attention to how such policies might change the incentives to form large coalitions.
Our results indicate that heterogeneity among countries encourages coalition formation, and
hence, policies directed at reducing these heterogeneities could create barriers for coalition
formation.
Finally, we summarize some of the limitations of our study and we make suggestions
for further research. First, we assumed that the effect of pollution, (ω) is identical for all
countries. While it is likely that global emissions affect each country differently, we chose
to abstract from this heterogeneity and concentrate on the role of cross-country differences
in adaptation. An extension could be to make this effect heterogeneous. Another possible
17

More information regarding the Funds is available at https://www.adaptation-fund.org/.
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extension is to analyze transfer programs in relationship with the policies discussed above.
Despite these limitations, our paper provides a complementary explanation to better understand the incentives to join IEAs.
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Appendix
Proof of proposition 2
From total emissions in the polar cases in equations (20)
 we derive:
 Hand (21),
nL
n
βω − α cH + cL

 

 .
En − Ec = n (n − 1) 
H
L
H
L
β − ncH + ncL
β − n ncH + ncL

(41)

Assume by contradiction that En ≤ Ec . In this case, given the existence assumptions 22 and
23, equation (41) implies that:
α
ω≤
β



nH nL
+ L
cH
c


.

(42)

Rearranging (42) leads us to
aLn >

1
nω

.
L
c nH + nL
cH

cL

Combining this relation with the assumption that no over adaptation is possible (i.e., aLn <
ω), we get ω >

1  nω 
.
cL nH + nL
cH

This implies that En ≤ Ec holds if and only if cL > cH . Since

cL

this condition is a contradiction with cH > cL , we necessarily have En > Ec .
Proof of proposition 3
We define l(E) ≡ η (βE − nα) as a function given by the left-hand sides of both equations
h
 L

i
η
n
nH
η−1
(12) and (18). We also denote h(E) ≡ (E n )
−nηω + cL + cH (E n ) as the right-hand
h
 L

i
η−1
n
nH
η
side of (12) and g(E) ≡ n (Ec )
−nηω + cL + cH (E c ) as the right-hand side of (18).
We represent these functions in Figure 1, with η > 1, where En is defined by the intersection
between l(E) and h(E) while Ec is given by the intersection between l(E) and g(E). From
the benefit function in (2), total emissions must be smaller than B ≡ nα/β, which is true
for both Ec and En as illustrated in Figure 1. Then, we necessary have Ec < En . For
adaptation, since En > Ec , by conditions (9) and (17), the result follows.
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Figure 1: The comparison between En and Ec .
Proof of proposition 7.(i)
Consider countries with a linear damage function (η = 1) and identical adaptation costs.
Then, the stability function is φ (k) = Ws (k)−Wns (k−1). We re-write this stability condition
as:
φ (k) =

(k − 1) (nα − cβω)2
2β ((3k − k 2 − n + cβ − 2) (k − k 2 − n + cβ))2

Ω(k, n),

(43)

where Ω(k, n) = (3 − k) (cβ)2 +2 (k 3 − 4k 2 + (n + 3) k − n − 2) (cβ)−k 5 +5k 4 −(2n + 7) k 3 +
(4n + 3) k 2 +(2n − n2 ) k−n2 . Ω(k, n) is a second degree polynomial (in cβ) with the following
roots:

√
1 
3k − n + ∆ + kn − 4k 2 + k 3 − 2 ,
k−3

√
1 
=
3k − n − ∆ + kn − 4k 2 + k 3 − 2 ,
k−3

β1s =

(44)

β2s

(45)

where ∆ = −12k + 7n + kn2 + 4k 2 n − 17kn + 16k 2 − 4k 3 + n2 + 4.
Any coalition of size k ≥ 4 is internally stable if and only if φ (k) ≥ 0. Since all terms
multiplying Ω(k, n) are positive, this condition holds when Ω(k, n) ≥ 0. This inequality
holds if and only if cβ ∈ [β2s , β1s ]. In addition, we find that β2s < β1s < n2 . These results
combined with the existence assumption (23) suggest that any coalition of size k ≥ 4 cannot
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be internally stable.
It remains to show that a coalition of size k = 3 may be stable. By setting k = 3, we get
Ω(3, n) = 4cβ(n − 1) − (3n2 + 13n). Since Ω(3, n) is positive when cβ ≥ (3n2 + 13n)/4(n − 1),
we find that the maximum number of countries that can join a coalition is equal to three
when this condition holds.
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