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 Climate change, air pollution, deterioration of the ozone 
layer, ocean pollution etc.

 Transboundary or global in nature
 Mainly due to human activity and by extension GHG 

emissions
 Create negative externalities within each country and across 

countries

Environmental Issues



 Montreal Protocol (1987), Kyoto Protocol (1997), the Paris 
Agreement (2015).

 The basic problem inherent in IEAs is that each individual 
country has strong incentives to free ride on the cooperation 
of the rest.

 In general, a large coalition of signatory countries is hardly 
stable, and the free-rider incentive is strong.

International Environmental Agreements





 “Self-enforcing International Environmental Agreements” Barrett (1994) 
introduces the basic model with symmetric countries.

 Global Net Benefits: 

 Country i’s Benefit from Abat.: 

where                  denotes global abatement

 Country i’s Abatement Cost:

 Finding: A single coalition form and it can be of any size while 

emissions become negative.

Literature - Barrett (1994)



Single Agreement 
N=10

|S1|=10

|S1|=9 |S2|=1

|S1|=8 |S2|=1 |S3|=1

|S1|=7 |S2|=1 |S3|=1 |S4|=1.
.
.



Literature – cont.

A large literature emerged on many different directions:

 Different functional forms (or general)

 Dynamic coalition formation processes (either through repetition or 

sequential actions)

 Different solution concepts (foresight etc)

 Heterogeneity

 Issue Linkage

 Vast majority assumed a single Agreement



 North American Agreement on Environmental Cooperation 
(NAAEC, 1994 )

 European Union Multilateral Environmental Agreements 
between its Member States and non-EU Member countries 
such the Seventh Environment Action Programme (7th EAP, 
2014)

 Asia-Pacific Partnership on Clean Development and Climate 
(APP, 2005)

Multiple International Environmental 
Agreements



N=10

|S1|=10

N=10

|S1|=5|S2|=5

N=10

|S1|=2 |S2|=2 |S3|=2

|S4|=2 |S5|=2

Symmetric Multiple Agreements



N=10

|S2|=2
|S1|=8 N=10

|S1|=7 |S2|=3

N=10

|S1|=6 |S2|=2

|S3|=2

Asymmetric Multiple Agreements



Literature - Theoretical

 Ray and Vohra “Equilibrium Binding Agreements” (1997) analyze 
EBA in a general context where the payoff to each player depends 
on the actions of all other players. It concludes that every binding 
agreement is inefficient.

 Diamantoudi and Xue “Coalitions, agreements and efficiency” 
(2007) allows for arbitrary coalitional deviations to study conditions 
for efficient equilibrium binding agreements. The negative results 
even in the presence of transfers strengthen Ray and Vohra’s 
outcome.



Literature – most relevant

 Finus and Rundshagen 2006

Multiple Agreements

 Linear Damage Function (Dominant Strategies)

 Strong Nash Equilibrium



Primitive Model
from Diamantoudi & Sartzetakis (2006) 

 N identical countries 

 Each country generates emissions:

 i's Benefit Function: 

 i's Damage Function:

 i's Welfare Function:

 Where



Coalition Formation
 A set of countries Sj signs some agreement          , where 

M={1,…,m}, and ,                              for all  . 

Let            and 𝑺𝑺 =∪ 𝑆𝑆𝑗𝑗.

 Set of countries of 𝑁𝑁\𝑺𝑺 does not sign any agreement.

 Each member of a coalition 𝑆𝑆𝑗𝑗 emits: 𝑒𝑒𝑠𝑠𝑗𝑗
 Each non-signatory country emits: 

 Aggregate emission:



Maximization

 Countries behave as follows:

 max
𝑒𝑒𝑠𝑠𝑗𝑗

𝑠𝑠𝑗𝑗
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𝑐𝑐 ∑𝑘𝑘=1𝑚𝑚 𝑠𝑠𝑘𝑘𝑒𝑒𝑠𝑠𝑘𝑘 + 𝑛𝑛 − ∑𝑘𝑘=1𝑚𝑚 𝑠𝑠𝑘𝑘 𝑒𝑒𝑛𝑛𝑛𝑛
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Main Findings - Welfare

 Within a given coalition structure, the welfare of a member of a coalition 
is higher, the smaller the size of the coalition it belongs to.

 The welfare of a member of a coalition is higher when the number of 
coalitions in a given coalition structure decreases. 

7 2 1≺ ≺

7 2 1 9 1≺𝟏𝟏



Main Findings - Welfare
 DEF (Yi 1997) A coalition structure 𝑃𝑃 is more concentrated than a 

coalition structure �𝑃𝑃 if 𝑃𝑃 can be derived from �𝑃𝑃 by a single move or 
a sequence of moves where one member at a time is moved from 
one coalition in �𝑃𝑃 to another equal or larger coalition in �𝑃𝑃.

7 2 1
8 1 1

7 3

8 2



Main Findings - Welfare

 The welfare of a member of a coalition is higher when the coalition 
belongs in a more concentrated coalition structure.

 A more concentrated coalition structure has higher total welfare than a 
less concentrated one. 

7 2 1 8 1 1≺𝟏𝟏



|S1|=5 |S2| =5

|S1|=5 |S2|=4 |{i}|=1

Coalitional Stability – Internal Stability

No desire to exit from 
an existing coalition



|S1|=6 |S2|=3 |{i}|=1

|S1|=7 |S2|=3

Coalitional Stability – External Stability

No desire to join an 
existing coalition 
when you are a 
singleton.



Numerical
 Example
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