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Problem 1: International Environmental Agreement

Consider a situation with three symmetric countries i ∈ {1, 2, 3} and regional (uniformly
mixed) emissions. There are some damages that the countries can reduce by abating
emissions. The abatement benefit for each country i is given by

Bi(Z) = 4Z,

where Z is total abatement given by Z = Z1 + Z2 + Z3. The abatement cost for each
country is given by

C(Zi) =
3

2
Z2
i ,

where Zi is abatement in country i.

(a) What are the individual countries’ non-cooperative abatement level?

(b) Explain briefly why this is not an efficient solution.

(c) What is the cooperative abatement level?

The three countries meet and agree on an international environmental agreement
(IEA) to implement the cooperative abatement level.

(d) Explain and show whether this IEA will be stable.

Now, consider a situation with many countries and a common international exter-
nality (from a global uniformly mixing pollutant, for instance CO2).

(e) Discuss what is needed for cooperation by an IEA to take place and to be robust
over time?
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Problem 2

Assume fossil energy (x) and non-fossil energy (y) are perfect substitutes as inputs in
an aggregate production function. All other inputs are given. Both energy sources have
increasing marginal production costs. Fossil energy is assumed to have a negative envi-
ronmental (climate) impact, while non-fossil energy is assumed to have no environmental
impact.

Consider the following alternative policy instruments: (i) a tax on x, (ii) a subsidy
on y, (iii) a renewable portfolio standard (RPS), i.e. a requirement that y ≥ αx, where
α is a policy parameter

(a) Derive the optimal tax when (i) is the only policy used, and the optimal subsidy
when only (ii) is used.

(b) Rank the three policies with respect to social welfare when in each case the policy
is set so that a specific target x∗ for x is achieved (same x∗ for all three cases).

(c) Assume that y is produced by many small producers, and that future production
costs of y are lower the higher current aggregate production of y is (due to “learning
by doing”). Would this change your ranking of the three policies?

(d) Assume now that y is bioenergy, and that production of 1 unit of y has a negative
impact on the environment equal to the impact that γ units of x has, where γ is an
exogenous parameter between 0 and 1. (The climate damage function is in other
words now D(x + γy) instead of the previous function D(x).) Assume that only
policy (ii) is used. What can you say about the optimal tax/subsidy on y in this
case?
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