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Part 1 – Endogenous coalition formation

Consider the following two-stage game: In stage 1 each of N identical countries decides
whether or not to join a coalition of countries. In stage 2 both the coalition members
and the outsiders determine their emission levels. In the second stage, the coalition
maximizes the payoff to each of its members, and each outsider maximizes its own
payoff.

Let each country i’s payoff be given by πi = I − c(ai) − D(e), where I is some
exogenous income, a is abatement with ai = E − ei where E is the business-as-usual
emissions and ei are country i’s actual emissions. The cost of abatement are given by
c
2
a2i . The environmental cost to each country is D(e) = de; where e is total emissions.

1.) Describe the outcome of this game.
2.) Show how total emissions and total welfare depend on c.
3.) Assume that each country has some disutility of being an outsider when there exists
a coalition of emission abating countries, and that this disutility is larger the larger this
coalition is. Let this feature be modeled by subtracting the term γk from the payoff of
those countries that are not part of the treaty, and where k is the number of countries
that have ratified the treaty. How does this change in the model affect the outcome of
the game?

Part 2 – Contribution to a public good

Suppose a coastal community, consisting of N identical citizens, plans to build a dike
to protect against a flood. Assume that each individual can either to the project or
not. For each contributing citizen, the dike is heightened by, say, one meter, and the
expected sea-level rise is F meters (assume F ≤ N). The individual cost of contribut-
ing to the project is c. If the flood comes and the dike is not sufficiently high, all
citizens of the community (whether contributing to the dike or not) suffer a damage
D. If the dike is sufficiently high, all citizens are protected.

1.) What is the outcome if the citizens are unable to make any agreement?
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2.) What is the outcome if there is a government that can force the citizens to behave
in a certain manner?
3.) What is the outcome if there is a government which can enforce treaties or agree-
ments among citizens, but which cannot force citizens to join an agreement?
4.) How does your analysis depend on the extent of the damage D?
5.) Now suppose that the tidal rise is no longer a certain number, but that it is
uncertain. For simplicity, suppose that F is uniformly distributed between 0 and N .
How does your answer to 1.), 2.), and 4.) change?

Part 3 – Welfare effects of alternative agreement structures

A large group of countries is considering an international environmental agreement
to reduce the emissions of a transboundary pollutant that has the property that it
is the sum of emissions from all of the countries that effects the environment in each
country. The countries agree that the sum of emissions should be reduced to 50% of the
pre-agreement sum of emissions. Four types of international agreements are proposed

1. Each country has to cut back emissions to 50% of its pre-agreement level.

2. Countries are given quotas proportionally to their pre-agreement emission levels.
The sum of quotas is 50% of the sum of pre- agreement emissions. Quotas may
be traded among countries, i.e. a country can sell/buy quotas to/from another
country if both countries reach an agreement on such a trade.

3. Countries are given quotas proportionally to their population level. Otherwise
this agreement is the same as the one above.

4. Each country is required to have a domestic emission tax. The tax rate is the
same for all countries, and is set through the international agreement at a level
that is so high that the sum of emissions from all countries is 50% of the sum of
pre-agreement emissions.

Discuss similarities and differences between these four alternative agreements.
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