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Examination Aids: No notes or books are allowed, but you may use a calculator. Please
turn your cell-phones off.
There is an automatic 5 point penalty for anyone working on their exam after the end of
the exam is announced.
The exam is worth 100 points in all.

When you write up your answers, your goal should be to (1) be correct, and (2) con-
vince your reader that your answer is correct. Answers which do not achieve these
goals will not be awarded full credit. To accomplish the second objective, it is helpful
if your work is legible and if all steps are presented, possibly with a line of explanation.

1. Let T denote a stock of South American forest. Suppose that each unit of forest
sequesters s tones of atmospheric carbon each year and that the social value of each
ton of sequestered carbon is v (estimates of v typically range between 20$ and 100$).
Let δ denote the social discount factor.

(a) (15) Suppose that this stock of forest is being cut down at rate ρ, so that Tt+1 =
(1− ρ)Tt. Calculate the discounted present value of carbon sequestered by this
forest.

(b) (10) The United Nations Program to Reduce Deforestation and forest Degrada-
tion (REDD) is intended to reduce the rate of deforestation. Suppose it succeeds
in reducing the rate by 50%, that is, to ρ/2. What is the most we should be
willing to pay to fund the program?

2. Consider the problem of choosing optimal cutting times for a parcel of forest land.
To describe the problem , let D denote the cost of planting a unit of land with trees, c
be the cost per unit volume of lumber of harvesting trees, and p the market price per
unit volume of lumber, r the interest rate. Finally, let V(t) = αt be volume of lumber
per unit of land as a function of the time t since the trees were planted.

(a) (10) Let (t0,t1,t2,....) be a list of the times when the parcel of land is harvested
and replanted. Let W denote the discount present value of this plan. Write an
expression for W.

(b) (5) Argue, briefly but persuasively, that for any harvest plan that maximizes W,
tk+1 − tk is the same for all k.

(c) (5) Write down the condition that any optimal rotation period I∗ must satisfy.

(d) (5) Verify that the optimal rotation period is finite.
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3. Consider a mining firm facing interest rate r, elastic demand p, unit extraction costs,
c(q) = q2, initial stock level S0, and stock level in period t, St. Suppose that the
firm has perfect foresight and that, while the mine may in principle be exploited
indefinitely, in each period the firm maximizes the discount present value of profits
over a two-period horizon. That is, in period t the industry acts to maximize

Πt(qt,qt+1) = (pqt − q2
t ) +

1
1 + r

(pqt+1 − q2
t+1)

(a) (15) Let (qt∗
t ,qt∗

t+1,qt∗
t+2,...) denote the industry’s optimal exploitation plan in

period t. Find the industry’s optimal exploitation plan in period t.

(b) (10) Say that the industry’s behavior is dynamically consistent if at time t + 1 it
is optimal for the industry to follow an optimal plan made in the preceding
period. That is, if we let qs∗

t be the optimal plan for period t made at time s,
then the firm’s behavior is dynamically consistent if

(qt∗
t+1,qt∗

t+2,qt∗
t+3,...) = (qt+1∗

t+1 ,qt+1∗
t+2 ,qt+1∗

t+3 ,...),

Is the firm’s behavior dynamically consistent? Explain.

4. 10 units of water are to be allocated between urban and rural dwellers. Demand for
the two groups is,

Pu(wu) = 10− wu

Pr(wr) = 5− wr/3.

(a) (10) Find the allocation of water that maximizes social surplus graphically.

(b) (5) Suppose that rural dwellers own water rights and sell them in a market.
Find the equilibrium allocation and price graphically.

(c) Suppose the rural dwellers are upstream from the urban dwellers and have the
right to take as much water as they want, but cannot sell excess water.

i. (5) Draw a graph to illustrate the resulting allocation of water.
ii. (5) Find the magnitude of the lost social surplus (relative to the private

property regime) and illustrate this quantity on your graph.
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