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Instructions

This exam consists of six questions. Youmust answer all questions. If you need an assumption
to complete a question, state the assumption clearly and proceed. Be as clear as possible in your
answer. You have four hours to complete the exam. Show all your work. If necessary, use math,
graphical analysis and provide definitions of key concepts.

• Be sure to put your assigned letter and no other identifying information on each page of
your answer sheets.

• Also, put the question number, answer page number, and total number of answer pages for
that question (e.g. Question 4 Page 1 of 3 ) at the top of each page.

• Write on only one side of your paper and leave at least 1 inch margins on all sides.

• Make sure your writing is clear and easy to read.

• Turn in your final copy with all pages in order.

GOOD LUCK!



1. (15 points) Consider the following data-generating process:

𝑌𝑡 = 𝜌𝑌𝑡−1 + 𝜖𝑡,

where 𝜖𝑡 is a white noise process with mean zero and variance 𝜎 2. Assume |𝜌| < 1 and that
the process has been initialized from its stationary distribution.
(a) Show whether 𝑌𝑡 is covariance stationary. Provide a formal justification based on the

definition of covariance stationarity.
(b) Derive the unconditional mean and variance of 𝑌𝑡.
(c) Derive the autocovariance function 𝛾 (ℎ) = Cov(𝑌𝑡, 𝑌𝑡−ℎ) for ℎ = 0, 1, 2, and then provide

the general expression for 𝛾 (ℎ).
(d) Suppose a researcher mistakenly treats 𝑌𝑡 as white noise and estimates a model assuming

no serial correlation. What issues could arise in empirical work? In your answer, also
discuss how the behavior of 𝑌𝑡 changes when 𝜌 is very close to 1.
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2. (15 points) Consider a research project investigating the causal effect of crop insurance par-
ticipation (𝑋) on fertilizer application intensity (𝑌), measured as pounds of nitrogen applied
per acre. The study also collects information on farm size (𝐹), soil quality (𝑄), expected
weather risk (𝑊), access to operating credit (𝐶), and realized yield loss during the season
(𝐿). Unobserved managerial ability and risk preferences are summarized by the unobservable
variable (𝑈). The assumed data-generating process is represented by the following Directed
Acyclic Graph (DAG):
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Here, 𝑋 denotes crop insurance participation, 𝑌 denotes fertilizer application intensity, 𝐹 de-
notes farm size, 𝑄 denotes soil quality, 𝑊 denotes expected weather risk, 𝐶 denotes access to
operating credit, 𝐿 denotes realized yield loss, and 𝑈 denotes unobserved managerial ability
and risk preferences.
(a) Identify all backdoor paths between 𝑋 and 𝑌. For each path, indicate whether it is open

or blocked by default, and specify which observed variable(s), if any, can be controlled
for to block the path.

(b) Propose a best-effort minimal adjustment set, using only observed variables, for identi-
fying the total causal effect of crop insurance participation (𝑋) on fertilizer application
intensity (𝑌). If no fully sufficient observed adjustment set exists, explain why. Based
on your proposed adjustment strategy, write a regression specification and state what
causal effect the coefficient on 𝑋 is intended to estimate.

(c) Explain why controlling for access to operating credit (𝐶) may be inappropriate if the
research objective is to estimate the total causal effect of 𝑋 on 𝑌. Also explain why con-
trolling for realized yield loss (𝐿) may create a “bad control” problem.

(d) Discuss whether the coefficient on 𝑋 in your regression specification can be interpreted
as the causal effect of crop insurance participation on fertilizer application intensity. If
not, briefly discuss possible solutions or research designs that could help address the
problem.
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3. (15 points) Consider a panel data model

𝑌𝑖𝑡 = 𝑋𝑖𝑡𝛽 + 𝑐𝑖 + 𝑢𝑖𝑡, 𝑖 = 1, … , 𝑁 , 𝑡 = 1, … , 𝑇 ,

It is known that

(i) 𝐸[𝑐𝑖|𝑋𝑖1, … , 𝑋𝑖𝑇] = 0 for all 𝑖.
(ii) 𝑢𝑖𝑡 are i.i.d. random errors with mean zero and variance 𝜎 2

𝑢 for all 𝑖 and 𝑡.
(iii) 𝐸[𝑐2𝑖 |𝑋𝑖1, … , 𝑋𝑖𝑇] = 𝜎 2

1 for 𝑖 = 1, … , 𝑁/2 and 𝐸[𝑐2𝑖 |𝑋𝑖1, … , 𝑋𝑖𝑇] = 𝜎 2
2 for 𝑖 = 𝑁/2 + 1,… , 𝑁;

𝐸[𝑐𝑖𝑐𝑗|𝑋𝑖1, … , 𝑋𝑖𝑇, 𝑋𝑗1, … , 𝑋𝑗𝑇] = 0 for 1 ≤ 𝑖 ≠ 𝑗 ≤ 𝑁.

(a) Define 𝑣𝑖𝑡 = 𝑐𝑖 + 𝑢𝑖𝑡 and 𝑣𝑖 = (𝑣𝑖1, … , 𝑣𝑖𝑇). Let Ω = 𝐸[𝑣𝑖𝑣 𝑇𝑖 |𝑋𝑖1, … , 𝑋𝑖𝑇]. Denote the residuals
from the OLS regression of 𝑌𝑖𝑡 on 𝑋𝑖𝑡 for all 𝑖’s and 𝑡’s by ̂̂𝑣𝑖𝑡 and ̂̂𝑣𝑖 = ( ̂̂𝑣𝑖1, … , ̂̂𝑣𝑖𝑇). Define
̂Ω̂ = 1

𝑁
∑𝑁

𝑖=1
̂̂𝑣𝑖 ̂̂𝑣
𝑇
𝑖 . A generalized least squares estimator is given by

̂𝛽𝐺𝐿𝑆 = {
𝑁

∑
𝑖=1

𝑋 𝑇
𝑖
̂Ω̂
−1
𝑋𝑖}

−1

{
𝑁

∑
𝑖=1

𝑋 𝑇
𝑖
̂Ω̂
−1
𝑌𝑖} .

Show that this estimator is asymptotically efficient.
(b) Propose an alternative estimator of 𝛽, based on the structure of Ω under assumptions (i),

(ii), and (iii), that is more efficient than ̂𝛽𝐺𝐿𝑆 considered in part (a).
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4. (15 points) In a two-consumer exchange economy, Consumer 1 has utility function 𝑢1(𝑥11, 𝑥21) =
min{𝑥11, 2𝑥21} and initial endowment 𝜔1 = (0, 1). Consumer 2 has utility function 𝑢2(𝑥12, 𝑥22) =
(𝑥12+𝑥22)1/2 and initial endowment 𝜔2 = (1, 0). Assume that the price of each good is positive.
Normalize prices by (𝑝1 = 1, 𝑝2 > 0). As a result, Consumer 1’s wealth is 𝑝2, and Consumer 2’s
wealth is 1.
(a) Plot the Edgeworth box for this economy, labeling the origins of consumers, the axes

for goods, and the initial endowment. Plot any indifference curve in the interior of the
Edgeworth box for Consumer 1 and label it as 𝐼 𝐶1. Do this for Consumer 2 and label
the indifference curve as 𝐼 𝐶2. Are their preferences locally non-satiated? Continuous?
Convex?

(b) Set up Consumer 1’s utility maximization problem and solve Consumer 1’sWalrasian de-
mand correspondence. Similarly, set up Consumer 2’s utility maximization problem and
solve Consumer 2’s Walrasian demand correspondence. Note that both should depend
on 𝑝2.

(c) Identify the Walrasian equilibrium price that clears the market and the corresponding
Walrasian equilibrium allocation. Is the Walrasian equilibrium in this problem Pareto
optimal?
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5. (20 points) Suppose an individual has wealth 𝑤0 > 0 to be divided between a safe asset with
gross return 𝑅 and a risky asset with random gross return 𝑥, where 𝔼[𝑥] > 𝑅. When the
individual invests a share 1 − 𝛼 of wealth in the safe asset and a share 𝛼 in the risky asset, his
random wealth next year is

𝑤1 = ((1 − 𝛼)𝑅 + 𝛼𝑥)𝑤0.

(a) Let 𝑢(⋅) be an increasing, strictly concave, and differentiable Bernoulli utility function.
Set up the expected utility maximization problem of the individual. Show that a strictly
risk-averse individual will choose 𝛼 > 0.

(b) Derive the coefficient of absolute risk aversion and the coefficient of relative risk aversion
for the Bernoulli utility function

𝑢(𝑤) = 𝑤 1−𝜌 − 1
1 − 𝜌

,

where 𝜌 > 0 is a constant.
(c) The Bernoulli utility function is given in part (b). Based on your intuition from part (b),

should the optimal share of the risky asset 𝛼 depend on the wealth level 𝑤0? Assume
that the optimum is interior, namely 𝛼∗ ∈ (0, 1), and analyze the first-order condition to
support your answer.
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6. (20 points) Consider two stores 𝑖 = 1, 2 offering a homogeneous good. The stores’ marginal
cost is 𝑐 (this is the retail cost that the stores pay to the manufacturer). There are𝑁 consumers
with unit demand for the good. The value of the good 𝑣 is identical for all consumers and is
common knowledge. The two stores compete in a Bertrand fashion by simultaneously setting
prices. Consumers visit at most one store (perhaps due to time constraints). For now assume
that all consumers are informed about the two stores’ prices and go to the store with the
lowest price. Assume that in case of indifference, consumers choose one of the two stores at
random.
(a) Solve for the pure strategy Nash equilibrium prices of this game (𝑝∗

1 , 𝑝∗
2) and argue that

this equilibrium is unique.
Suppose now that half of the consumers are informed and can observe both prices, so they
go to the store with the lowest price. The other half of the consumers are uninformed and
select one of the stores at random. If the price in that store is at most 𝑣, the uninformed
consumer purchases the item.

(b) Is there a pure strategy Nash equilibrium in which the two stores offer deterministic
prices? If so, characterize the equilibrium prices (𝑝∗∗

1 , 𝑝∗∗
2 ).

(c) Consider a symmetric mixed strategy equilibrium in which each of the stores prices ac-
cording to a continuous and atomless cdf 𝐹(𝑝), with 𝑝 ∈ [𝑝, ̄𝑝]. Explain why in such a
mixed strategy equilibrium, a store makes a price offer lower than 𝑐 and higher than 𝑣
with zero probability.

(d) Write the expected payoff of store 𝑖 from quoting a price 𝑝 given that the other store
adheres to the mixed equilibrium strategy described in part (c).

(e) Suppose that this mixed strategy equilibrium generates expected profit 𝜋∗. Derive the
equilibrium cdf 𝐹(𝑝, 𝜋∗). Do not worry about the bounds 𝑝 and ̄𝑝 for now. You will
derive them in the next part.

(f) Argue that ̄𝑝 = 𝑣 is the only possible equilibrium upper bound of the distribution you
found. Hint: Suppose that ̄𝑝 < 𝑣. What is the expected payoff from offering 𝑝 = ̄𝑝 in this
symmetric equilibrium? Does a store have a profitable deviation?

(g) Given ̄𝑝 = 𝑣, find 𝜋∗ and 𝑝. Write down the equilibrium cdf 𝐹(𝑝).
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