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Problem 1. Consider the model in the lecture notes March 7th with quadratic utility
functions B and C. Suppose there are only two periods, 1 and 2, which starts with some
initial stocks G0 and Ri,0. Further, let bt and ct be different for t = 1 and t = 2. Suppose,
also, that qR = 1, and allow ri,t to be negative as well as positive (that is, the windmills
never depreciates, and they can be recycled for other uses, if necessary).
(a) Derive the equilibrium gi,t and ri,t for t = 2, conditioned on the stocks G1 and Ri,1.
(b) Derive the equilibrium gi,t and ri,t for t = 1, conditioned on the stocks G0 and

Ri,0.
(c) If period 2 represents the "rest of the time", where the decisions for that period

remains unchanged as commitments forever (presuming the politicians would be able to
commit from then on), then it may be reasonable to assume

c2 =
c1
1− δ

and b2 =
b1
1− δ

.

Assume this, and compare then the answers under (a) and (b): When do countries
pollute the most? When do they invest the most, and consume more energy? Please
discuss and explain.

Problem 2. Return to the infinite time horizon model in the lecture notes where
utility function B (.) and C (.) are quadratic as in (Q). Suppose the countries are identical
in that Ri,t−1 is the same for every i. Further, suppose the countries might introduce a
policy in the current period, period t, but they all believe that from next period on, period
t+ 1, etc, then the outcome of the game will be business as usual.
(a) Suppose the investment stage has passed and the countries consider an emission

tax τ , paid by each country for each unit of emission. At the emission stage, which τ is
socially optimal for that period? (You can assume that the tax revenues are distributed
in a manner such that each contry presume that it cannot affect the revenues it receives.)
(b) Now, in contrast, suppose τ is set at the start of the period (before the investment

stage). How is τ affecting ri,t, gi,t, and yi,t?
(c) What is now the socially optimal τ?
(d) Suppose that at the beginning of the period t, the players can decide on the

emission tax τ but also an investment subsidy s. What is the socially optimal s and τ?
(e) Compare the answer to the τ derived in (c), and explain.



(f) Suppose that the countries expect that, after period t, then in period t + 1 and
thereafter, the countries will negotiate the short-term contracts discussed in class, March
14th. How will your answer to (a)-(b) differ? negotiated by the n countries in reality?
(g) Is there any reason to believe that these "socially optimal" policies will be equal

or different from the ones.

Problem 3. These models all assume that (i) Ri,t and gi,t are perfect substitutes for
i, (ii) the investment cost is linear, and (iii) the resource stock is not exhaustible. Which
important effects are we missing, in your view, when we make these strong assumptions?
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