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Agricultural and Resource Economics

M.S. COMPREHENSIVE EXAMINATION
Retake, 23 August 2019

You have four hours, after a 20 minute reading period. You do not need to use the
whole time period. You need to answer all three questions, which will be weighted
equally.
Watch the time carefully. The logic used to answer each question is important,
so be sure to specify your reasoning with full sentences. You may support your
answers using diagrams or mathematical derivations where appropriate. If you use
graphs, make sure that they are large enough. We are expecting precise and concise
answers. Also make sure your writing is legible: if we cannot read it, your answer
will be assumed wrong.

1

I. Purchasing wine of unknown quality
Note: You may ﬁnd similarities between this question and Question 1 from the June examination.
Do not try to replicate the results from the previous examination, it will lead you astray. Instead,
concentrate on the present question. If you ﬁnd a part difﬁcult, take the result for granted and move
on to the next part.
We consider the market for wine. There are M producers. Each of them may supply at most
one unit of wine. Producers supply different qualities, and they have different production costs. We
consider the stylized case whereby higher-cost producers systematically supply a higher-quality
wine (if you wonder why that would be, think of the case where wine grown at higher altitude is
higher quality, and it is more costly to farm at higher altitude). This assumption allows us to index
producers by a single continuous parameter θ ∈ [0, 1] that reﬂects the cost (and the quality) of the
wine produced. That is, the opportunity cost of producing one unit of wine for a seller of type θ is
precisely θ. We further assume that θ is uniformly distributed on [0, 1].
On the demand side, there are many buyers, each purchasing at most one unit of wine. There are
more buyers than the M units of wine that can be produced, therefore in equilibrium some buyers
drink water (which is available for free). All buyers have identical preferences. They satisfy the
expected utility hypothesis with von-Neumann-Morgenstern utility function u(w) = − exp(−αw),
for some α > 0. If a buyer purchases water, they get a payoff of zero and therefore their ex post
utility is u(0) = −1. If they purchase a unit of wine of quality θ at price p > 0, they get a payoff
of Kθ − p and therefore their ex post utility is −eα(p−Kθ) .
Buyers do not know the quality of wine prior to purchase. Therefore, sellers get the same price
p > 0 in the market, which they take as given. As usual, producers are willing to sell if the market
price exceeds their opportunity cost.

Supply
[0.4] 1. If the market price is equal to 0 < p ≤ 1, how many producers are willing to sell? What is the
density of the distribution of sellers selling in that market in terms of the characteristic θ?
[0.2] 2. On a graph with quantity on the horizontal axis and price on the vertical axis, represent the
supply curve for wine S(Q). Indicate M on the horizontal axis and 1 on the vertical axis.
Label your graph “Figure 1.”

Demand
[0.3] 3. Interpret the parameter α.
[0.3] 4. Are buyers risk-averse? If so, is absolute risk aversion constant, increasing, or decreasing?
Justify your answers.
[0.3] 5. How much would a buyer be willing to pay for a unit of wine of known quality θ? Your answer,
which you can denote P (θ), should depend only on θ and K. Explain why α does not appear
in P (θ). (Hint: there is no optimization problem here.)
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[0.2] 6. Show that as long as K > 1, buyers’ willingness to pay for wine of known quality θ always
exceeds the opportunity cost of supplying that particular unit.
From now on, we assume that K > 1.
[0.3] 7. Based on your answer to part 6, how many units of wine should be traded in a socially optimal
allocation?
Now suppose that the market price is 0 < p ≤ 1. Although buyers cannot tell the quality of a
given unit of wine purchased, they are intelligent: they know the answer to part 1 above and can
therefore assess the distribution of quality in the market.
[0.6] 8. Show that a buyer’s willingness to pay for a unit of wine of unknown quality when the market
price is p is given by the function


1
αKp
P̃ (p) = ln
.
α
1 − e−αKp
[0.3] 9. Of course, we prefer to express willingness to pay as a function of quantity rather than price.
Using part 1 and part 8, express P̃ as a function of Q, the quantity of wine sold in the market,
rather than p. You will call that new function P¯ (Q).
The rest of the question is devoted to representing the willingness-to-pay function P̄ (Q) on Figure
1 to ﬁnd the
� market
 equilibrium. To that effect, we will analyze the behavior of the function
φ(x) ≡ ln 1−xe−x for x > 0.
 −x 
, show that limx→0 φ(x) = 0. (Hint: for all y ∈ R, ey ≡
[0.3] 10. By writing φ(x) = − ln 1−xe
P+∞ yk
k=0 k! .)
[0.3] 11. Show that φ0 (x) > 0 for all x > 0.
For the rest of the problem you can take for granted that, in addition to the properties shown in
parts 10 and 11, φ(x) is concave and its slope at x = 0 approaches 12 .
[0.6] 12. Find a set of two inequalities involving α and K that ensure that the willingness-to-pay function intersects the supply function S(Q) at some quantity 0 < Qe < M.
[0.5] 13. Assuming the conditions in part 12 are satisﬁed, represent P¯ (Q) on Figure 1. Represent the
equilibrium (Qe , pe ). Indicate the location of producers unwilling to sell wine, if any.
[0.4] 14. Does the market mechanism always lead to a socially efﬁcient outcome in this market? Justify
your answer using answers to the previous parts, and provide some intuition.
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II. Linear estimators
This question begins with a typical single-X Ordinary Least Squares regression:
yi = β1 + β2 Xi + ui ,

(1)

with each ui an independent N (0, σ 2 ) random variable.
The Xi variables are considered non-random and the model above is considered to be the
correct one for each yi .
1. Prove that the OLS estimator
βˆ2 =

Pn
i=1 (Xi − X)(yi − y)
Pn
2
i=1 (Xi − X)

can be written as a linear function of the yi variables, in the form
β̂2 =

n
X

a i yi .

i=1

What is ai ?
2. Prove that this estimator is unbiased. (Hint: either summation notation or matrix notation is
ﬁne here and in subsequent parts of this question.)
3. Explain why the presence of an omitted explanatory variable in your model could cause bias
in your β̂2 . (Hint: Your explanation should also indicate why bias may not result.)
4. Explain why your estimator might then be inconsistent.
5. Now you consider another estimator:
Pn
(Zi − Z)(yi − y)
β̃2 = Pni=1
i=1 (Zi − Z)(Xi − X)
Show that this estimator can also be thought of as a linear function of the yi variables, of the
form
n
X
b i yi .
β̃2 =
i=1

What is bi ?
6. Under the assumption that the Zi variables are non-random, and that
n
X
(Zi − Z)(Xi − X)
i=1

does not equal zero, prove that β̃2 is unbiased.
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7. Is it possible for β̃2 to be unbiased, even when β̂2 is biased due to the omitted-variables problem?
8. Is it possible for β̃2 to be consistent, even when β̂2 is not (again, due to the omitted-variables
problem)?
For the rest of this question, you may take the model in Equation (1) to be correctly speciﬁed (i.e.,
the functional form is correct and there is no omitted variable). All other assumptions normally
made for OLS may or may not hold, and these are the focus of the rest of this question.
9. Pick any three of the parts below and answer brieﬂy. Each describes a common estimation
problem that could arise. Indicate the consequences for OLS and (where relevant) a preferred
estimator.
(i) Each ui has E(ui ) = 0 and V (ui ) = σ 2 , but ui is not normally distributed.
(j) Each ui is distributed as N (0, σ 2 Wi ).
(k) A second equation is known to be relevant:
Xi = γ1 + γ2 Wi + vi
where Wi is a non-random policy variable announced in advance and easily observed by
all, and each vi ∼ N (0, σv2 ) is independent of every other variable in the model.
(l) The previous part applies, except that ui and vi are correlated.
(m) It is believed that, in the original equation, the values of both the intercept and the slope
changed midway through the sample.
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III. Sugar tax
Many people blame sugar-sweetened beverages (SSBs) for growing obesity and related problems
in rich and poor countries alike. Many places have imposed taxes on SSBs in an attempt to remedy
these problems.
1. In order to understand the effect of SSB taxes on obesity, it is ﬁrst important to determine
how much of the tax, which is typically imposed on distributors, is passed through to the
retail prices faced by consumers. In a 2018 ‘Research Letter’ published in the Journal of the
American Medical Association, Cawley, Willage and Frisvold use the Philadelphia airport to
estimate the pass-through rate of a 1.5 cent/ounce tax on SSBs. The setting of the Philadelphia
airport provides a natural experiment for this study since part of the airport is in the city of
Philadelphia (subject to the SSB tax) and part of the airport is outside the city boundary (not
subject to the SSB tax).
Using this natural experiment as an example, describe carefully the tradeoffs between internal
validity and external validity in empirical research. Discuss the considerations a researcher
should take into account when deciding on a research design that balances these tradeoffs.
To better understand the effects of the SSB tax in Philadelphia on the retail market for SSBs,
Cawley, Frisvold, Hill, and Jones (CFHJ) conduct a broader analysis that uses data collected from
more conventional retail settings in the city of Philadelphia and surrounding areas. We will use
pieces of this 2018 NBER Working Paper (#24990) for the remainder of this question. CFHJ
describe their core Difference-in-Difference (DiD) empirical speciﬁcation as follows:
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2. What does it mean to cluster standard errors? Why do CFHJ in this case cluster standard errors
at the store level? In this analysis, would you expect standard errors clustered in this way to
be larger or smaller than non-clustered standard errors? Justify your reasoning.
3. To justify their DiD identiﬁcation strategy, CFHJ provide the following appendix ﬁgure for the
year prior to the implementation of the SSB tax in Philadelphia (“Philadelphia” line in ﬁgure).
The “Philadelphia MSA” line includes the city of Philadelphia plus all the surrounding areas
that are part of the broader Metropolitan Statistical Area.

Do you think this ﬁgure justiﬁes the authors’ use of DiD in this analysis? Be as speciﬁc as
possible in your evaluation of this ﬁgure as it relates to their DiD identiﬁcation strategy.
4. The authors designed their collection of data for this study in a particular way. Speciﬁcally:
(a) They randomly selected 66 retailers in the city of Philadelphia (taxed). They then used
Census data to select a comparison store in the untaxed MSA based on the store type and
the percentage of African-American, percentage Hispanic, and percentage in poverty in
the neighborhood of the store. Using economic concepts relevant to this research question, discuss the empirical advantage of matching the comparison stores to the taxed stores
in this way.
(b) They collect data from stores on the posted shelf prices of 38 taxed and 8 untaxed products
(e.g., juice and water that were not subject to the SSB tax) across a range of beverage
types, manufacturers, and container sizes. Why would the authors choose to collect data
on untaxed beverages? Explain carefully.
(c) They collected data at two points in time: Nov-Dec 2016 and Nov-Dec 2017. What is the
advantage of collecting data in Nov-Dec for both years?
5. In Table 1 below, the authors report mean prices from their data in cents per ounce, with standard errors in (.) and sample sizes in [.]. What can we infer from these descriptive statistics?
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6. The authors report their estimated DiD coefﬁcients in Table 2, where prices are in cents per
ounce and each cell shows the DiD estimate (β3 in the speciﬁcation above) from a separate
regression. Write one paragraph that interprets and discusses these results in the context of the
research question and relevant economic concepts.

7. The authors estimate the same DiD speciﬁcation with product availability rather than price as
the outcome variable (i.e., if a given product was available for purchase in a given store (1)
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or not (0)). The results from these regressions are available in Table 3 below. What more do
we learn from these results that is not evident from the Table 2 results above? Be speciﬁc and
discuss the practical value-added of these results in the context of this research question.

8. The authors use a “triple” DiD approach to unpack their DiD estimates and understand heterogeneity in these estimates. To estimate a triple DiD, one simply adds a triple interaction
to the basic DiD speciﬁcation above (i.e., all the terms shown in the simple DiD continue
to be included). One dimension of heterogeneity they explore is “travel time to the closest competitor outside the city” (called Time). They do this by adding the triple interaction
“Philas × Postt × Times” to the simple DiD. The authors estimate a positive and statistically
signiﬁcant coefﬁcient on this triple interaction. In the context of this problem, what can you
infer about how consumers and retailers in the city of Philadelphia responded to the SSB tax?
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