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MICROECONOMICS

Answer ALL SIX questions from Section A and TWO questions from
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SECTION A
1

Suppose that John’s marginal utility of CDs when he has x CDs is given by
u(x; y) = x3 , while his marginal utility of DVDs when he has y DVDs is given
by u(x; y) = y2 .
(a)
(b)
(c)
(d)

What is John’s utility function?
Compute the marginal rate of substitution.
Which of these two bundles does he prefer: (i) (3; 2); (ii) (2; 3)?
Suppose that John’s budget is 20 pounds, the price of a CD is £ 3 while
the price of a DVD is £ 5. If o¤ered bundles (i) and (ii), which one will
he buy? Why?

2

Suppose that a monopolist faces the demand function p(z) = 20 2z, where z
is output. The …rm’s production function is given by z = K 1=2 L1=2 where K
is the amount of capital and L is the amount of labour the …rm uses. Suppose
that the price of one unit of capital is 2 and the price of one unit of labour is
2.
(a) Derive the monopolist’s cost function.
(b) How much will the monopolist sell?
(c) Brie‡y describe what economists mean by ‘third degree price discrimination’.
(d) Brie‡y discuss how your answer to part (a) would change if the monopolist could engage in third degree price discrimination. (Note: Do not try
to derive this mathematically).

3

Suppose that the utility Emily derives from consuming an amount x of wine
and an amount y of cheese is given by
u(x; y) = min f3x; 2yg
(a) What kind of preferences does Emily have for wine and cheese?
(b) Draw her indi¤erence curves for a utility level of 5 and 10.
(c) Suppose that one unit of wine costs $10 and one unit of cheese costs $3.
If Emily has $30 to spend, how much wine and cheese will she consume?

4

Two people each observe a crime and each decides whether to report it. There
is a cost c > 0 of reporting it. For each person the bene…t of the crime being
reported by at least one person is v > 0. Represent this situation as a strategic
game. Find all the Nash equilibria, in pure and mixed strategies.
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5

Consider a Hotelling model of electoral competition in which there are two
candidates and voters’preferred political platforms are distributed uniformly
on the unit interval [0; 1].
(a) Each candidate simultaneously announces a platform and each voter then
votes for the candidate whose announced platform is closest to her preferred one. Each candidate wants to maximize the probability of winning
the election (each wins with probability 0.5 in the event of a tie). Explain
why the pro…le (0:5; 0:5) is a Nash equilibrium.
(b) Suppose now that each candidate has a preferred platform, 0.2 for candidate 1 and 0.45 for candidate 2. Suppose also that they are not interested in winning the election per se, but rather each wants the announced
platform of the winner to be as close as possible to her own preferred
platform. Is (0:5; 0:5) a Nash equilibrium? Describe the best Nash equilibrium for candidate 2.

6

“According to Walras’Law, the value of excess demands must equal the value
of excess supplies on each market. Hence, if there are two markets and one
clears, the other will clear too”. Comment.
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SECTION B
7

Suppose that the production function for pens is given by z = f (P; L), where
z is the number of pens produced, P is the amount of plastic used, and L is
the amount of labour used. Furthermore, let
f (P; L) = P 2=3 L2=3

(a) What are the returns to scale of this function?
(b) Assume that one unit of plastic costs $2 and one unit of labour costs
$3. Derive the cost function. How are the returns to scale captured in
this function?
(c) Show how the cost changes as and output change. Brie‡y discuss your
answer.
(d) In one graph, show the cost, marginal cost and average cost curves.
8

A …rm has a production function given by
z = f (K; L) = 10K 1=3 L1=4
where z denotes output, K is the amount of capital used, and L is the amount
of labour used. Suppose that a unit of capital costs wk = 6 and a unit of labour
costs wl = 7.
(a) Derive the …rm’s cost function.
(b) Suppose that the …rm operates in a perfectly competitive market, where
the market price is p. Find the amount of output produced by a pro…tmaximising …rm.
(c) Suppose instead that the …rm is a monopolist and demand is given by
z = 100 p (and assume that p 100). Find the …rst order condition
for the optimal level of output.
(d) Will the monopolist …nd it optimal to set a price of 75? Brie‡y discuss
your answer.
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9

Suppose that Annie can work in two periods. She has 10 hours in each period,
which she can allocate betwen leisure and work. Leisure in period t is denoted
by lt , hours worked in period t is denoted by ht , and consumption in period t
is given by ct . Her utility is given by
1=3

1=3

1=3

1=3

u(c1 ; c2 ) = c1 + c2 + l1 + l2 :
Her wage in period 1 is given by w1 = 3, and her wage in period 2 is given by
w2 = 5. The price of one unit of consumption is 1.
(a) Explain why it might make sense for Annie’s period 2 wage to be greater
than her period 1 wage.
(b) Suppose that she cannot save or borrow. How much will she work in
each period? How much will she consume in each period? Compare
your results for periods 1 and 2 making reference to the income and
substitution e¤ects.
(c) Now suppose that Annie can save and borrow, and that the interest rate
is 10%. How much will she work in each period? How much will she
consume in each period? Compare your answer to that in part (b).
10

(a) State the First Fundamental Theorem of Welfare Economics and explain,
in the context of an Edgeworth Box economy, why it is true. Which
assumptions of the Theorem are most likely to be violated in practice,
and why?
(b) ‘The Second Fundamental Theorem of Welfare Economics is of doubtful
relevance in practice’. Discuss.

11

Two …rms simultaneously decide whether to enter a new market. There is a
cost k > 0 of entering. If only one …rm enters, it will then be a monopolist;
if both enter, each observes that the other has entered and they then act as
duopolists, simultaneously choosing quantity (in each case the market will
exist only for one period). Both …rms have constant marginal production cost
c > 0 and the inverse market demand curve is linear: p = a bQ, where a > c.
(a) Find all the subgame-perfect equilibria of this game and the equilibrium
payo¤s.
(b) Find all the subgame-perfect equilibria of a game which is the same as
above except that competition at the post-entry stage (when both …rms
enter) is of the Bertrand rather than Cournot variety.
(c) Suppose now that …rm 1 chooses …rst whether or not to enter and …rm
2 decides whether to enter after observing …rm 1’s choice. Find the
subgame-perfect equilibria for the Cournot case. Describe a Nash equilibrium for low k in which …rm 1 does not enter and show that it is a
Nash equilibrium.
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12

Two players play the following simultaneous-move game twice:

C
D

C
2; 2
3; 1

D
1; 3
0; 0

Before playing the second stage of this repeated game, each player observes
the strategies played in the …rst stage. Each player’s payo¤ is the sum of the
payo¤s obtained in the two stages. Denote the whole repeated game by G.
(a) Draw the extensive-form of G. How many subgames are there in G?
(b) How many pure strategies does each player have in G?
(c) Give an example of a strategy for player 1 which is strictly dominated.
Give an example of a strategy which is weakly dominated but not strictly
dominated.
(d) Give an example of a strategy of player 1 for which player 2’s best response involves playing C in the …rst stage.
(e) Show that there is only one subgame-perfect equilibrium of G.
(f) Would you expect that players of this game with a large but …nite number
of repetitions would play the subgame-perfect equilibrium? Why or why
not?
END OF PAPER
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SECTION A
1

The seasonally adjusted current price GDP of the United Kingdom in 2012
was 1,567,170 million pounds, while the seasonally adjusted chain volume
GDP was 1,504,091 million pounds (source: O¢ ce of National Statistics).
(a) Calculate the GDP de‡ator.
(b) Compare the GDP de‡ator to other price indices such as the CPI or the
RPI.

2

The government of an economy decides to cut down on defence spending.
What is the e¤ect of such a policy on the real interest rate, investment, net
capital out‡ows and real exchange rate in the long run when
(a) The economy is closed.
(b) The economy is small and open.

3

Discuss brie‡y the possible long run e¤ects of quantitative easing.

4

Consider a closed economy with …xed prices. Assume that the marginal
propensity to consume is 21 , the income tax rate is 21 and the interest rate
sensitivity of investment demand is 21 . The central bank reduces the interest
rate by one percentage point. By how much would GDP increase in the short
run? Explain the intuition.

5

Explain what the Marshall-Lerner condition is. What would happen in response to a …scal expansion in a small open economy with a ‡oating exchange
rate if the Marshall-Lerner condition is not satis…ed? Explain your answer.

6

Can expected in‡ation have an expansionary short run e¤ect on GDP in a
small open economy with a …xed exchange rate? Explain your answer.
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SECTION B
7

Consider the following model of the natural rate of unemployment. Assume
that the labour force is constant, L. At any given point in time, there are
three groups of workers, namely
employed under probation, P;
employed with tenure (permanent employment until retirement), T;
unemployed, U .
Now, suppose that
workers that are employed under probation become unemployed at a rate
0 < s < 1, or employed with tenure at a rate 0 < r < 1,
workers that are employed with tenure may become unemployed at a
rate 0 < < 1, but they never revert to employment under probation,
and
unemployed workers can only become employed under probation at a
rate 0 < f < 1.
(a) Under what circumstances may a worker who is employed with tenure
become unemployed? Do you expect the rate to be larger or smaller
than s? Explain.
(b) Derive a general expression for the steady state (natural) rate of unemployment, as a function of the rates , r, s and f . Can the natural rate
of unemployment be zero? Why or why not?
(c) Assume that = 0:005, s = 0:01, r = 0:07, and f = 0:2. Calculate the
natural rate of unemployment.
(d) What policies could result in a long term increase of the rate r? What
happens to the natural rate of unemployment when r increases? Explain.
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8

Consider the classical small open economy model described by the following
set of conditions in long run equilibrium:
Y

= 5500; G = 1500; T = 1200
3
C = 250 + (Y T )
4
I = 1000 50r
N X = 250 250"
r = 2
Y = C + I + G + NX
where Y is income, C is consumption, G is government spending, T is taxes,
I is investment, r is the world interest rate, N X is net exports and " is the
real exchange rate.
(a) Calculate the national saving, investment, trade balance and equilibrium
exchange rate for this economy. Are local goods over or undervalued
relative to the rest of the world?
(b) Suppose that this year the government decides to improve public infrastructure and therefore increases government spending G to 1750.
What will be the new equilibrium trade balance and real exchange rate?
Explain your answer.
(c) In the same year as home government spending increases, several foreign
countries decide to institute investment tax credits. What happens to
the world interest rate? What would then happen to the trade balance
and real exchange rate of the small open economy relative to its initial
state?
Make use of diagrams in your explanation.

4 of 5

9

What is convergence in the context of economic growth? Compare the predictions of the Solow and AK growth models regarding convergence.

10

Most countries collect revenues to …nance public services through income tax.
The average tax rate (tj ) is higher in Sweden than in the USA, i.e., tSweden >
tU SA . Use the IS-LM model to answer the following questions under the
assumption that the demand for real money balances is independent of income.
(a) For a given level of government spending (G), would a negative shock to
consumption demand have a smaller or a larger e¤ect on GDP in Sweden
than in the USA? Explain your answer and illustrate graphically.
(b) Suppose that all government spending must be …nanced within the …scal
year by income tax revenue. The government’s budget constraint is Gj =
tj Yj with j = Sweden or U SA. Would a negative shock to consumption
demand have a smaller or a larger e¤ect on GDP in Sweden than in the
USA? Compare your answer to part (a) and explain any di¤erences.
(c) Would your answer to part (b) be di¤erent if you relax the assumption
that the demand for real money balances is independent of income? If
so, how?

11

Evaluate whether the ‘Impossible Trinity’is a good guide for economic policy
in the 21st century.

12

Suppose that a country is hit by an earthquake which destroys physical capital.
Use the AD-AS model to answer the following questions. In each case explain
your answer making use of diagrams as appropriate.
(a) What is likely to happen to the price level?
(b) What is likely to happen to the demand for money?
(c) How would your answer to (a) change if the earthquake destroys the
infrastructure of the banking system as well as capital more generally,
making it more di¢ cult to convert bonds into money?
END OF PAPER
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SECTION A - Answer ALL FOUR questions from this Section.
1

For each of the functions below, check whether it is continuous and di¤erentiable at x = 1. If it is di¤erentiable, …nd the derivative at x = 1.
(a)
y=

x2 + 2x + 1 for x >
0
for x

1
1

y=

ln(x + 5)
for x >
2
ln(2x + 2) for x

1
1

(b)

2

A consumer has the following (‘Stone-Geary’) utility function
U (x1 ; x2 ) = b1 ln(x1

a1 ) + b2 ln(x2

a2 )

where x1 and x2 represent his consumption of good 1 and good 2 respectively,
and b1 ; b2 ; a1 ; a2 are positive non-zero constants. Assume that x1 > a1 and
x2 > a2 , which also implies that the consumer has at least enough income, m,
to be able to buy a1 units of good 1, and a2 units of good 2, i.e.,
m > p 1 a1 + p 2 a2
where p1 and p2 are the prices of the respective goods.
(a) Solve the consumer’s utility maximization problem, i.e., solve for the
optimal values of x1 and x2 , given prices and a …xed income m.
(b) Interpret these demand functions, and describe how they di¤er from the
case when the consumer’s utility function is of the Cobb-Douglas form.
3

(a) Suppose that an individual initially invests £ 100, and then an additional
£ 50 each month, at an annual rate of 6%, compounded monthly. Setting
up this calculation as a di¤erence equation, …nd the general solution and
the particular solution, given the initial value of £ 100. How much money
would have been accrued after …ve years?
(b) Compute
the third-order Taylor series expansion of the function y =
p
1 + x around x = 0.

4

Consider the function
f (x; y) =

2 2

x

6 xy + 9y 2 + ln

(a) Find a value of for which f (x; y) is a positive semide…nite quadratic
function. Show how you obtain your answer.
(b) Assume that = 2. Is the function f (x; y) concave, convex, or neither?
Show how you obtain your answer.
2 of 7

SECTION B - Answer ONE question from this Section.
5

Assume that
Y

= ln w

Z =

ln w

ln w + ln c

ln c
ln c

where ; ; ; > 0 and c; w; Y; Z > 1.
(a) Rewrite the system of equations using vectors and matrices, and solve
for ln w and ln c. What assumption(s) do you need to make?
(b) Using your result in part (a), or by otherwise solving the system, …nd an
.
expression for dY
dw
(c) Assume that Y = ln A and Z = ln B, and that the functions U (A; w) =
w
and V (B; c) = Bc are both homogeneous of degree 1. For the values
A
of ; ; and associated with these assumptions, solve for w and c.
Comment on your results.
6

Consider the following production function, where output, Q, depends on the
amounts used of the factors of production, K and L:
Q(K; L) = A[ K
where A > 0, 0 <

< 1; 1 <

and

+ (1

)L ]

1

6= 0.

(a) Is this function homogeneous? If so, then to what degree?
(b) Find an expression for the slope of the isoquants generated by this production function. Are the isoquants convex?
(c) Set the isoquant slope equal to the ratio of the factor prices, r and w, for
the factors K and L respectively, and …nd the elasticity of substitution.
(d) Set = 1 in the expression for the production function above, and for
the resulting function, remark on the shape of the isoquants and provide
an intuitive interpretation in terms of the substitutability of the factors
of production.
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Section C - Answer ALL FOUR questions from this Section.
7

Random variables X and Y both take on only the discrete values 1 and 2:
You are given that
P (X = 1; Y = 1) = 0:3
P (X = 2; Y = 1) = 0:1
P (X = 1; Y = 2) = 0:1
(a)
(b)
(c)
(d)

Calculate P (X = 2; Y = 2) :
Calculate the marginal probability mass functions for X and for Y:
Calculate the conditional probability mass function P (X j Y = 1) :
Are X and Y independent? Justify your answer.

8

Estimates are that 85% of all email tra¢ c is spam. An email spam …lter uses a
frequency count of suspicious words to ‡ag messages that might be spam and
stores these messages in a special folder. Examination of this folder shows that
99% of the messages that have been ‡agged are indeed spam. Experiments
show that if a message is spam it is ‡agged by the …lter 90% of the time. What
is the false positive rate for this …lter, i.e., the probability that a non-spam
message is ‡agged as spam?

9

Using a dataset on 528 individuals i, with Yi = hourly wage and Xi = years
of education, we can calculate the following Sample Statistics:
n
P= 528
Pi Xi2 = 6910
Pi Xi = 93698
Pi Yi2= 4777:1
Pi Yi = 57166:245
i Xi Yi = 65176:83
2
= 6:197
SX
2
SY = 26:462
(a) Calculate the sample covariance of X and Y using the information provided above.
(b) Typically, economists run the regression of Y on X. Suppose that instead
of running the least-squares linear regression of Y on X, we ran the
least-squares linear regression of X on Y . What are the formulas for the
intercept and slope of this reverse regression line?
(c) Use the Summary Statistics above to calculate the least-squares linear
regression of education on wage (i.e., the slope and intercept of this
reverse regression line).
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10

Please answer all of the following short questions about the relationship between random variables X and Y .
(a) ‘If there is no relationship between X and Y , then C(X; Y ) = 0’. True
or False? Explain the reasoning behind your answer.
(b) In a certain bivariate probability distribution, the variables X and Y are
not independent, and the conditional expectations of Y given X are not
the same for all values of X. Is it possible that C(X; Y ) = 0? Explain
the reasoning behind your answer.
(c) ‘The regression of Y on X has the same R2 as the regression of X on Y ’.
True or False? Explain the reasoning behind your answer.
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Section D - Answer ONE question from this Section.
11

A set of observations yi is generated by the following model
y i = xi + "i

i = 1; : : : ; N

with xi a sequence of …xed numbers, and "i a set of independent and identically
distributed random variables with E("i ) = 0 and E("2i ) = 2 , and is an
unknown parameter.
Using the observations fyi ; xi g three estimators for
PN
b1 = Pi=1 xi yi ;
N
2
i=1 xi

PN
b2 = P i=1 yi ;
N
i=1 xi

are considered

b3 =

N
X
yi
x
i=1 i

Calculate E bj and V ariance bj for each estimator j = 1; 2; 3. Based on
these calculations, which estimator is most preferred? Explain why.
12

Consider the relationship between wages, experience, and union status during
the 1980s. Our dataset contains 528 observations. Each observation corresponds to a person, for whom we observe the hourly wage, union status (1 if
the worker is in a union, 0 otherwise), and years of work experience. In what
follows, denote these variables by wage, union, and exper respectively.
(a) Consider the regression of wages on union status.
wage
d = 8:659 + 2:140union
(0:245)

(0:573)

What does the coe¢ cient on union mean?

(b) Test the null hypothesis that on average, the wages of unionized and
non-unionized workers are the same, against the alternative that they
are not.
(c) Next, consider the regression of wages on union status and experience
below:
wage
d = 8:130 + 2:015union + 0:031exper
(:394)

(0:577)

(0:018)

Based on this regression, write the expression for the …tted least squares
line for unionized workers.

(d) Similarly, based on the regression of wages on union status and experience, write the expression for the …tted least squares line for nonunionized workers.
6 of 7

(e) If two people have the same labor market experience, but one is unionized
and the other is not, what is their predicted average wage di¤erence?
(f)

List the assumptions under which the least squares estimators are unbiased. Do you think the coe¢ cient estimate on the union variable in part
(a) is unbiased? Explain why or why not.

END OF PAPER
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1

Why has there been increased interest in having legally enforced labour standards in recent years? What particular circumstances apply to the European
Union? Why was the United Kingdom one of the last countries in the European Union to introduce a statutory minimum wage?

2

Why has trade union in‡uence diminished substantially in the private sector
in the past three decades? What has changed this in‡uence in the public
sector?

3

To what extent did Clement Attlee originate the post World War 2 British
political order?

4

Thatcherism transformed British politics. Discuss.

5

Tony Blair was the most successful Labour Prime Minister since Clement
Attlee. Discuss.

6

(a) Explain the microeconomic problems of information, monitoring and contract enforcement that arise in providing bank lending in rural areas of
developing countries.
(b) How do informal lenders get around these problems?
(c) In this context, why do informal lenders charge much higher rates of
interest than the formal banking sector?

7

The Lewis model of dualistic development explains the process of development
using the concept of surplus labour.
(a) Explain the Lewis model of dualistic development and the assumptions
upon which it is based.
(b) What is surplus labour?
(c) Does the empirical evidence from poor countries support the predictions
of the Lewis model?

8

(a) What is the di¤erence between economic growth and economic development?
(b) GNP per capita is often used to measure economic development. What
are the problems associated with using a measure like GNP per capita?
(c) Some economists argue that in order to assess development appropriately
we ought to use social indicators such as the Human Development Index
as well as GNP per capita. Is this feasible? Are income and social
indicators likely to be highly correlated with each other?
END OF PAPER
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1

Explain the debate between Allen and Mokyr on the role of institutions and
resources in explaining the Industrial Revolution in Britain.

2

Did advances in the agricultural sector in‡uence the onset of the Industrial
Revolution?

3

What role did international trade play in Britain’s industrialisation? Was this
trade essential to achieving industrialisation?

4

Was industrialisation accompanied by ‘the exploitation of little children’ at
work in factories and mines as argued by the Hammonds? Would evidence on
heights decisively reveal the more intensive use of child labour in this period?

5

‘The technological choices made in key industries in Britain between 1850 and
1914 show no evidence of entrepreneurial failure.’ Discuss, giving examples
from speci…c industries.

6

Is there evidence that banks and …nancial institutions failed to meet the investment needs of British industry in the late Victorian period? Consider how
Broadberry’s analysis of poor productivity performance in the service sector
as instrumental in Britain’s longer-term decline re‡ects on the performance
of the …nancial sector in the years 1850 to 1914.

7

The development of trade unions in the period 1850 to 1914 has been argued
to be detrimental to the growth of the economy in this period. Describe how
unions are deemed to have had such an e¤ect. Does the evidence support this
interpretation?

8

Why was Britain able to recover more successfully from the Great Depression
than many other Western economies?

9

To what extent was the 1920-1 depression a result of (i) supply side and (ii)
demand side factors?

10

Through what mechanisms might long-term unemployment lead to persistently high levels of unemployment? Discuss whether long-term unemployment was a major contributor to the persistently high level of unemployment
observed in the UK in (i) the 1920s (ii) the 1930s.
END OF PAPER
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SECTION A
1.

Find all the Nash equilibria of the following game:

u
m
r

2.

L
M
R
2,0 1,3 5,-1
-1,2 3,0 3,1
4,1 2,2 0,0

Marco has an income of $100, which he spends on two goods, A and B.
Initially, the prices of the two goods are PA = 10, and PB = 10, and his
utility-maximizing consumption is to choose quantities QA = 3, and QB = 7.
Suppose that the price of good B falls from $10 to $5, while Marco’s income
is unchanged, and that Marco’s new utility-maximizing consumption bundle
is QA = 2:5 and QB = 15 at these new prices. Further, after this price
reduction, if enough income were taken away from Marco to put him back on
his original indi¤erence curve, then he would choose to consume QA = 1:5,
and QB = 9.
(a) Determine the change in consumption of B due to the substitution e¤ect,
and the income e¤ect, respectively.
(b) Is product B is a normal good or an inferior good? If it is an inferior
good, is it also a Gi¤en good? Explain your answer.

3.

Do the functions x y (1 ) and ln(x) + (1
) ln(y) represent the same preferences, where x and y are goods? If instead we view x and y as factors of
production, then do these functions represent the same production function?
Explain.

4.

Firm 1 has the pro…t function ln(x) cx and Firm 2 has the pro…t function
ln(y) cy + dx, where x is the quantity of input chosen by 1 and y is the
quantity of input chosen by 2. c and d are strictly positive parameters. The
…rms simultaneously choose input quantities.
(a) Find the Nash equilibrium.
(b) Find the quantities which would maximize the sum of the two …rms’profits. Explain why 1’s input is higher than the Nash equilibrium quantity.
(c) Find a tax which would cause the two …rms to choose the solution in
part (b).
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5.

At its current level of output, a competitive …rm’s marginal product of capital
is twice its marginal product of labour. The price of labour is $6 per unit,
and the price of capital is $3 per unit.
(a) Is the …rm minimizing its cost of manufacturing at its current level of
output? If not, how can it reduce its costs?
(b) Suppose instead that the …rm is a monopolist. Does this a¤ect your
answer to part (a), and if so, how? Explain.

6.

An exchange economy has two agents, A and B, and two goods, x and y.
If xi and y i (where i = A; B) are the amounts consumed by i of x and y
respectively then the marginal rate of substitution of agent i is y i =xi . The
total endowment of good x is 3 and of good y is 2. Find the competitive
equilibrium price ratio.
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SECTION B
7.

“Experimental evidence shows that people do not behave in accordance with
the predictions of game theory”. Discuss.

8.

Two …rms each have constant marginal cost c > 0 and no …xed costs. They
produce identical products and face a linear demand curve q = a p, where
q is total quantity, p is price and a > c.
(a) If the …rms formed a cartel to maximize the sum of their pro…ts, what
price would they both charge?
(b) Suppose that each …rm sets its own price and the market lasts for just two
periods, with each observing the …rst period’s prices before the second
period. Find the subgame-perfect equilibria in pure strategies. Carefully
de…ne the strategies and explain your argument.
(c) Suppose that each …rm sets its own price in each period, the game lasts
inde…nitely, and they both discount future payo¤s. Under what conditions does a subgame-perfect equilibrium exist in which, in equilibrium,
they always both charge the price you found in part (a)? Discuss the
intuition for your answer.
(d) How would your answer to (c) change if each …rm could only observe the
other …rm’s price with a lag of one period, i.e., a …rm cannot observe the
t-period price until the beginning of period t + 2?

9.

A monopolist faces an inverse demand curve given by P = 11 Q, where
P and Q are the price and quantity respectively, with P being measured in
pounds per unit, and Q in thousands of units. Suppose that the monopolist
has a constant average and marginal cost, of $6 per unit.
(a) Derive the monopolist’s pro…t-maximizing quantity, and the corresponding price. What is the resulting pro…t? Check that the monopolist is
producing on the elastic portion of her demand curve, and explain why
that must be the case.
(b) Suppose that a government regulatory agency sets a price ceiling of
$7 per unit, so that the maximum price the monopolist can charge
is $7. What is the monopolist’s pro…t-maximizing quantity, and the
corresponding price? What is the resulting pro…t?
(c) Suppose that the regulatory agency wants to maximize the level of output
chosen by the monopolist. What price ceiling should it set, and what is
the resultant output and the pro…t in that case?
Question Continued on next page.
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(d) Suppose, instead of setting a price ceiling of $7, the regulatory agency
had allowed some imports of the good. Speci…cally, suppose that it had
set an import quota of 1:5 thousand units. Further, suppose that these
imports went to those consumers who had the highest willingness to pay.
Would the resulting price have been higher or lower than $7? Discuss.
10.

Three people, numbered 1, 2 and 3, each have to decide whether to contribute
to the provision of a public good. Each can provide $200 or nothing. If three
people contribute, the value of the good is $500, if two contribute the value
is $400, and if one or none contributes the value is zero. A player’s payo¤ is
the value of the public good minus the value of that player’s contribution.
(a) Suppose that they each decide simultaneously whether to contribute.
Find all the Nash equilibria in pure strategies.
(b) Now suppose that they decide in sequence, in order of player number,
and each observes the previous decisions. (i) Draw the extensive form.
(ii) How many subgames does the game have? (iii) Describe all the
subgame-perfect Nash equilibria.
(c) If the game is as in (b) except that the value of the public good is $200 in
the event that there are only two contributions, …nd the subgame-perfect
equilibrium which has the highest sum of players’payo¤s. Comment.
(d) Suppose again that the game is as in (b) except that players 1 and 2
decide simultaneously rather than sequentially. Use backward induction to derive the reduced game between 1 and 2 and hence …nd all the
subgame-perfect Nash equilibria.

11.

You are given the following linear demand curve for a particular good, called
good 1:
Q1 (p1 ; p2 ; m) = 100

2p1 + 4p2 + 3m

where p1 and p2 are the prices of good 1 and good 2, respectively, and m is
income.
(a) Are good 1 and good 2 substitutes or complements for each other? Explain.
(b) Find the own price elasticity of demand, the cross-price elasticity of
demand, and the income elasticity of demand.
(c) Suppose that m = 10 and p2 = 2: For what combination of Q1 and p1 , if
any, is the own price elasticity unity? Explain your answer.
(d) Suppose that p1 = 4 and p2 = 2: At what income levels, if any, is good
1 a luxury good? Explain your answer.
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12.

Consider a …rm whose production function is given by:
1

f (x1 ; x2 ) = (2x1 + x2 ) 2

where x1 and x2 represent the quantities used of the two inputs.
(a) Does this production function exhibit increasing, decreasing, or constant
returns to scale? Explain brie‡y.
(b) If the …rm faces factor prices of (1; 1) for the two inputs, what is the
cheapest way to produce 4 units of output? Explain.
(c) Derive the cost function for this …rm, as a function of its output y, when
factor prices are (1; 1).
(d) Suppose that the …rm operates in a perfectly competitive market, in
which it can sell its output at a price of p per unit. What is its pro…tmaximizing level of output? Explain brie‡y.

END OF PAPER
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SECTION A
1.

The nominal GDP of the UK in the third quarter of 2014 was approximately
£ 451 bn. In the same period, the exchange rate was around 1.26 e per £ .
(a) What is the nominal GDP of the UK in terms of euros in the third
quarter of 2014?
(b) How would you adjust this number to make the GDP of the UK comparable to the GDP of countries in the Eurozone?

2.

Explain what happens to the natural rate of unemployment of the UK in the
following scenarios:
(a) New European labour laws allow EU citizens to work in countries of the
European Union without work permits.
(b) A new policy changes the maximum duration of Job Seekers Allowance
in a …scal year from 26 to 30 weeks.

3.

What is the money multiplier? Can it be less than one? Assume that the
reserve deposit ratio is 15% and the currency deposit ratio is 1%. By how
much should the Bank of England increase the monetary base in order to
achieve an increase in the money supply of £ 10 million?

4.

What is the ‘Keynes e¤ect’? What assumptions must be made about monetary policy for this e¤ect to operate?

5.

Describe the long run implications of the following for the trade balance and
real exchange rate of a small open economy:
(a) A reduction in the world real interest rate.
(b) A tax rise.

6.

What is the e¤ect of the following on the equilibrium government spending
multiplier in a closed economy with …xed prices:
(a) A reduction in unemployment insurance.
(b) A decision by the central bank to react more aggressively to the output
gap.

2 of 4

SECTION B
7.

Can the classical model of production be reconciled with the di¤erences in
income per capita across countries?

8.

Consider an economy with constant population, described by the Solow model.
Assume that in this economy there is a government that just spends resources
without contributing to production orpcapital accumulation. The production
function in per capita terms is y = k, where y is output per capita and
k is capital stock per capita. The government maintains a balanced budget
and government spending is …nanced by proportional income taxation at a
constant income tax rate . Households save a constant fraction s of their
disposable income, and consume the rest of their income. Capital depreciates
at rate . It is assumed that 0
< 1, 0 < s < 1 and 0 < < 1.
(a) Write the resource constraint for this economy in per capita terms. Use
this to derive equilibrium investment per capita.
(b) Derive the fundamental equation of the Solow growth model for this
economy.
(c) Derive the steady state capital per capita k . How does k change when
the tax rate increases? Provide an intuitive explanation for your answer.
(d) Discuss (without doing any derivations) how your answer in (c) may
change if the government spending were productive, i.e. if G entered the
production function as a factor of production.

9.

Why is it important to have good estimates of long run macroeconomic variables such as potential output and the natural rate of unemployment? What
are the di¢ culties in obtaining high quality estimates for these two variables?

10.

A small open economy with sticky prices is described by the following relationships:
C
I
G
NX

=
=
=
=

1000 + 0:6(Y T );
400 50r;
400; T = 300;
400 100e 0:1Y;

where Y is aggregate income, C is consumption, T is taxation, I is investment,
G is government expenditure and N X is net exports. The nominal exchange
rate, e, is pegged at a value of 1:2.
(a) First, assume that the domestic interest rate, r, is equal to the world
rate, r , and that r = 2:
i. Find the equilibrium income and net exports in this economy.
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ii.

What is the e¤ect on income and net exports of an increase in government spending to 500?
(b) Now suppose that the relationship between r and r is given by:
r = r + (G
i.
ii.

11.

T ):

Discuss brie‡y why this relationship might arise.
Derive the equilibrium government spending multiplier,
of , and provide a brief interpretation of your result.

dY
,
dG

in terms

A central bank in a closed economy is setting the nominal interest rate, i, so
that the real interest rate, r, satis…es the following equation:
r = 2 + 0:5 (

):

The in‡ation target, , is 2, but consumers and …rms in the economy currently
anticipate de‡ation at a rate of 1 per cent.
(a) Show that there is a minimum value for such that the central bank is
able to adhere to its rule, and compute this minimum. What happens
for lower values of ?
(b) Current levels of consumer demand, investment and government spending in the economy imply the following IS equation:
Y = 500

100r:

Derive an aggregate demand curve for this economy in in‡ation-output
space, and comment brie‡y on its shape.
(c) The long-run level of aggregate supply in this economy is given by Y =
450. Discuss, with the use of diagrams, what policy options are available
to ensure Y = Y . How would you expect in‡ation expectations to evolve
if there is no policy change?
12.

To what extent can the Phillips curve account for developments in the United
Kingdom economy, in relation to the following:
(a) Adoption of in‡ation targeting after 1992.
(b) Demand-pull pressures since the …nancial crisis of 2008.
(c) Cost-push pressures, e.g. energy prices, in recent years.

END OF PAPER
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SECTION A - Answer ALL FOUR questions from this Section.

1.

(a) Calculate the nth -order Taylor approximation for ex about x = 0.
(b) Use the Taylor series approximation formula of order 2 to approximate
the function:
√
f (x) = 4 + x
(c) Use your result in (b) to estimate both:
√
i.
4.01
ii. The maximum absolute value of the remainder given your answer to
(c)i.

2.

(a) The demand Dt and supply St for a good in period t are given respectively
by:
Dt = a − bpt
St = −c + dpt−1
where pt is the price in period t and a, b, c and d are positive constants.
i.

If market equilibrium determines actual prices at all times write
down an equation linking pt and pt−1 .
ii. Determine the steady state p∗ for the price process that you formulated in answer to (a)i.
iii. If at t = 0 the price is p0 determine a solution for pt in terms of p0
and p∗ .
iv. Hence or otherwise determine restrictions on a, b, c and d, if any,
under which the system converges on the steady state.
(b) Let

y(t) = ae−bt

where a and b are constants.
i.
ii.

Diﬀerentiate y with respect to t and express your result as a diﬀerential equation.
Drawing on your result in (b)i above or otherwise, solve the following.
Suppose that for a small island economy with population at time t
given by zt , the maximum population supportable at all times is zM ,
and that the rate of change of the population at time t is a constant,
β, times the deviation of the population from this maximum. What
is the current population if at time t = 0 it was z0 ? Give your answer
in terms of z0 , zM and β.
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3.

Evaluate the following stating your answers, in each case, in terms of powers
of e:
(a)

∫

3

[(
2xe

x2 −4

)

2

(b)

∫
1

4.

6

]
1
+ − ln (1.5) dx
x

3 3(3x−2)1/2
dx
e
2

Find and interpret the stationary points of the following functions:
(a) f (x, y) = 43 x3 + y 3 − 64x − 12y + 10
(b) f (x, y) = eα where α = −2y 2 − 6xy − 3x3
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SECTION B - Answer ONE question from this Section.

5.

Consider the following function:
Q = K α Lβ
Where Q is a firm’s output level, K and L are respectively inputs of capital
and labour, and α and β are positive constants.
(a) Determine the values of α and β for which the function is concave.
(b) Suppose now that α = β, r is the unit price of capital and w is the wage
rate.
i.

What is the optimum level of long run production costs expressed
in terms of output Q?
ii. Determine the marginal response of long run cost to a change in
output
iii. How does the result determined in (b)ii compare to the value of the
Lagrange multiplier at the optimum determined in (b)i? Explain
the relationship.
iv. Suppose that capital is fixed in the short run at K. Determine the
short run cost curve in terms of K and Q.
v. Determine the relation between K and Q when the short run and
long run marginal costs are equal, and comment on your answer.
6.

The cost function facing a firm for a given product is given by
C(q) = α2 + q + q 2

α>0

where q is the level of output produced. The demand for the product in
question is given by
q d = 52 − p
where p is the price.
(a) Compute the marginal cost curve and the average cost curve for the firm
(b) Suppose that, despite being the only firm in the market, this firm is
competitive in that it takes the price as given in making all its decisions.
If the firm is profit maximising determine how much the firm wants to
produce at each price level, and hence determine the equilibrium levels
of price and output.
(c) By how much would the optimal profit level at the equilibrium change if
there is a very small change to α? Interpret your result.
4 of 10

(d) Suppose that after a period of time there are N firms in the market,
each facing the above cost function, and all price takers. Determine the
equilibrium values of p and q for each firm.
(e) Suppose that firms have entered the market until the point that each
makes zero profits. Determine N if α = 12 . Determine the equilibrium p
and q.
(f)

Check whether your solution values for p and q and N are consistent
with the following equations,
p = 1 + 2q
1
p =
+1+q
4q
and interpret your findings.

(g) Suppose now that the firm in part (b) had instead been a monopolist.
What price would the firm have set and how much would it be able to
sell? How do these results compare to those for the price-taking firm
examined in (b)?
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Section C - Answer ALL FOUR questions from this Section.
7.

A driving test has both a theory section T and practical section P . Both
must be passed at the same attempt in order to pass the driving test. The
pass rate for the practical is 80% and for the theory 70%. Also 90% pass at
least one or other section at each attempt at the driving test.
(a) What is the probability of someone passing the driving test?
(b) What is the probability that an individual passes the theory section given
that they have passed the practical section?
(c) The rules say that if someone fails the driving test at a particular attempt then they can resit the entire test. Treating successive attempts as
independent, what is the probability an individual will take n attempts
to pass for n = 1, 2, 3, . . .?
(d) Show that with enough resits an individual eventually passes the driving
test.

8.

A random variable X has an exponential distribution if its probability density
function is given by
{
λe−λx x ≥ 0
f (x) =
0
x<0
where λ > 0 is a parameter
(a) Calculate E (X), E (X 2 ) and hence calculate V ar (X).
(b) Show that the median of X is given by

9.

ln(2)
.
λ

Random samples from two populations A and B with population means µA
and µB and population variances σ 2A and σ 2B are collected. The following
sample statistics are calculated
Sample
A
B
Sample size (n)
80
60
Sample mean (x)
10.7 11.5
2
Sample variance (s ) 6.4 4.3
∑
where x = n1 ni=1 xi is the sample mean and s2 =
sample variance estimator.

1
n−1

∑n
i=1

(xi − x)2 the

Stating clearly any assumptions you make
(a) Obtain a 95% confidence interval for µA .
(b) Test at the 5% significance level the hypothesis that µA = µB against
the alternative µA < µB .
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10.

Two economists get in an argument about how to best estimate the eﬀect of
education on wages. Both have the same data on wages and education, where
wage is measured in pounds sterling per hour and educ is measured in years.
They both estimate the regression function:
wage = β 0 + β 1 educ + u
One economist simply estimates the regression function, measuring wage in
pounds sterling and educ in years. She estimates β̂ 0 = 2, β̂ 1 =3. The other,
being more precise, estimates the regression function using wage in pence (and
thus multiplies wage by 100) and educ in days (and thus multiplies years of
education by 365). He claims this will give more precise estimates and higher
R2 .
(a) Calculate the second economist’s estimates of β 0 and β 1 .
(b) Which economist’s regression will obtain a higher R2 ?
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Section D - Answer ONE question from this Section.

11.

A hypothesis test H0 concerns the value of a population parameter p. A test
statistic is given that lies in some set Ω.
(a) Explain carefully the acceptance region A and rejection region R for a
hypothesis test. Why do we choose A and R to be mutually exclusive
and exhaustive?
(b) Explain carefully what is meant by the size and power of a test against
some alternative hypothesis H1 .
(c) To determine if a coin is fair I will toss it n times and reject the hypothesis
that it is fair (and conclude it is biased against heads) if I see no heads
in n tosses. How large must I choose n so that this test has size below
5%?
(d) I decide to toss a coin 10 times and reject the hypothesis that it is fair
if I observe 9 or 10 tails. What is the size of this test?
(e) What is the power of the test described in (d) against the alternative
H1 : P rob(head) = p as a function of p? Where will this power function
be at a maximum? Explain why this is so.

12.

You have data on 88 housing transactions. Each house is reported to have
one of two styles: colonial or modern. There are 27 colonial and 61 modern
houses in your dataset. Each of the houses in your dataset has at least one
bedroom and no more than 7 bedrooms. There are 42 houses with 4 or more
bedrooms and 46 houses with 3 or fewer bedrooms. Your dataset reports the
following variables:
•

P , house price in 1000s of £

•

SQ, the square footage of the house

•

C, a dummy variable describing the style; 1= colonial, 0=modern

•

M , a dummy variable describing the style; 1=modern, 0=colonial

•

BD, a dummy referring to the number of bedrooms; BD = 1 for 3 or
fewer bedrooms, BD = 0 for 4 or more bedrooms

The following sample statistics are reported:
•

E(P ) = 293.55, with standard deviation 102.71

•

E(P |C = 1) = 272.37, with standard deviation 111.69

•

E(P |C = 0) = 302.92, with standard deviation 97.98

•

E(P |BD = 1) = 261.05, with standard deviation 53.71
8 of 10

•

E(P |BD = 0) = 329.14, with standard deviation 129.37

(a) Test, at the 95% confidence level, the hypothesis that there is no diﬀerence in price between colonial and modern houses.
(b) Test, at the 95% confidence level, the hypothesis that houses with four
or more bedrooms, have a higher price than houses with 3 or fewer bedrooms.
(c) You estimate the least squares regression of house prices on square footage
and obtain the following parameter estimates with standard errors reported in parentheses:
P̂ = 11.204 + 0.140SQ
(24.742)

(1)

(0.012)

Interpret the coeﬃcient on SQ and perform a hypothesis test, at the 5%
significance level, that the coeﬃcient is significantly diﬀerent from zero.
(d) After estimating (1), you calculate the residuals of the regression and
plot them in Figure 1.

Figure 1 House price residuals from equation (1)
Which, if any, of the assumptions of the Gauss-Markov Theorem might
be violated? Does the additional information provided in Figure 1 aﬀect
your answer to part (c) above? Explain.
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(e) You next estimate the following two alternative specifications of the relationship between house prices and square footage.
ˆ ) = 4.824 + 0.000401SQ
ln(P
(0.076)

ˆ ) = −0.975 + 0.873ln(SQ)
ln(P
(0.641)

(2)

(0.000036)

(3)

(0.084)

Interpret the coeﬃcients on SQ in (2) and on ln(SQ) in (3). (Assume
that all assumptions of the Gauss-Markov Theorem are satisfied).
(f)

Finally, you estimate the following:
ˆ ) = 4.773 + 0.00039SQ + 0.0858C
ln(P
(0.079)

(0.000036)

(4)

(0.0450)

How do you interpret the coeﬃcient on C? Suppose you estimate this
equation again, but add an additional regressor, M (defined above). How
will the inclusion of M aﬀect your estimate of the coeﬃcient on C?
Justify your answer.

END OF PAPER
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1.

Why has there been a worldwide increase of interest in statutory minimum
wages? What are their limitations as policy instruments to reduce income
inequality?

2.

‘The political conditions in Britain between 1945 and 1979 forced the Conservative and Labour parties to have similar policies.’ Discuss.

3.

‘The policies of the 1979 - 1990 British Conservative government and the manner of their implementation indicate that this government did not subscribe
to the traditional beliefs of the Conservative Party.’ Discuss.

4.

‘New Labour had no choice but to create a new consensus in British politics
based upon the free economy and the strong state.’ Discuss.

5.

Is the EU’s single market a su¢ cient foundation for monetary union among
its members? What other main features of the Eurozone are seen as key to
its sustainability?

6.

(a) Outline a model in which investment in human capital a¤ects economic
growth.
(b) Assess whether investments in primary schooling actually increase income, particularly for developing countries.
(c) Assess whether policymakers should target the supply of education or
school quality to improve educational outcomes in poor countries.

7.

(a) De…ne social capital.
(b) Discuss whether attitudinal or participation data are a better measure
of social capital. Give examples to illustrate your argument.
(c) Does social capital increase economic growth?

8.

(a) What is income inequality? Outline two di¤erent measures of income
inequality.
(b) How does income inequality a¤ect the savings rate of an economy?
(c) Assess whether income inequality decreases with economic development.
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1.

To what extent does the Agricultural Revolution explain the later Industrial
Revolution?

2.

Explain the related concepts of an ‘Industrious Revolution’and a ‘Consumer
Revolution’. How do these concepts …gure in explaining the ‘Industrial Revolution’in Britain?

3.

How large were the pro…ts Britain extracted from its colonies in the eighteenth
century? Were these pro…ts vital for the Industrial Revolution?

4.

To what extent did the Industrial Revolution generate a rapid increase in
standards-of-living for the working class? Discuss with respect to real wages
and at least one other measure.

5.

The large amount of capital invested abroad between 1850 and 1914 has been
argued to have caused a lack of investment in domestic industry and lead to
late Victorian decline. To what extent does the evidence endorse this view?

6.

Failings in British manufacturing before 1914, particularly falling behind Germany and USA in speci…c industries, have been attributed to the poor provision of education in Britain. Explain this argument and consider whether
recent comparative evidence demonstrates a de…ciency in this area.

7.

The roots of Britain’s long term decline have been identi…ed in late Victorian
Britain. Outline the argument about long term decline. Consider how long
term decline can be equated with a verdict of ‘no failure’during the period
1873 to 1896.

8.

Answer both parts:
(a) To what extent is ‘unemployment persistence’ a feature of the labour
market during the 1930s?
(b) Evaluate two suggested explanations for the persistence of unemployment
during the 1930s

9.

Evaluate the historical evidence on two mechanisms through which the General Tari¤ may have in‡uenced the economic recovery during the 1930s.

10.

De…ne ‘path dependence’, and suggest two illustrations of this concept to
British economic history in the 1920s.

END OF PAPER
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SECTION A
1.

‘In an exchange economy with two agents and two goods, if one of the agents
sets the prices and the other acts as a price taker, then the outcome will be
Pareto-inferior to the competitive-equilibrium allocation’. Comment.

2.

John and Mary have identical Cobb-Douglas preferences for music compact
discs (CDs) and a composite good called “all other goods”. Mary chooses
to pay a £ 20 annual membership fee to the MegaCD music club so that
she can buy as many CDs as she wants, at a price of £ 6 per CD. John has
the same subscription option available, but strictly prefers to buy CDs at
Etchemvee music store for £ 8 each, with no membership fee. (Mary also has
the Etchemvee option available, but prefers the MegaCD membership). Can
you determine whose income is higher? Explain.

3.

Suppose that a household purchased bundle X 0 when prices were P 0 (where
X and P represent the vectors of quantities and prices, respectively, of n
goods). Now prices change to P 1 , and the equilibrium bundle becomes X 1 .
If P 0 X 1 = P 0 X 0 , what is the sign of the expression P 1 (X 1 X 0 )? Explain.

4.

Three people sharing a ‡at are considering whether to buy a wireless router
which costs $100. If their reservation values add up to $120, is it Paretoe¢ cient for them to buy it? If any cost must be split equally and each person’s
reservation value is known only to her, is it possible for them to reach the
Pareto-e¢ cient decision for all possible combinations of values? Explain.

5.

If the agents who are a¤ected can bargain over the level of production of an
externality, will the outcome depend on initial property rights? Discuss.

6.

Suppose that the widget industry is perfectly competitive. Each producer has
the long-run average cost function: AC(Q) = 40 6Q + 31 Q2 . The market
demand curve for widgets is given by: D(P ) = 2200 100P . What is the
long-run equilibrium price in this industry, and at this price, how much would
an individual …rm produce? How many active producers are there in the
long-run competitive equilibrium? Explain.
2 of 4

SECTION B
7.

In an exchange economy with two goods and two agents, agent A’s utility is
given by the function ln(xA ) + 3ln(yA ) and agent B’s utility is given by the
function 3ln(xB ) + ln(yB ), where xi and yi are agent i’s consumption of good
x and good y respectively, for i = A; B, and ln is the natural logarithm. A’s
endowment is 3 units of x and 1 of y, while B’s endowment is 2 units of each.
(a) Draw the Edgeworth Box for this problem and derive the equation of the
contract curve.
(b) Find the competitive equilibrium prices and allocation.
(c) Explain why, if one market clears, the other must clear too.
(d) Now suppose that B’s utility function is 3xB + yB , everything else being
the same. Using a diagram, …nd the competitive-equilibrium price.

8.

Suppose the only two goods you care about in the world are mangoes (x) and
chocolate (y) and your utility function is given by u(x; y) = xy. You have no
income, and the only thing in the world you possess is a large box you have
just inherited from your rich uncle who passed away last week. You open the
box, and much to your delight, you …nd it contains 9 cases of mangoes and
3 slabs of chocolate. Currently, mangoes sell for £ 1 per case, and chocolate
sells for £ 9 per slab. Just as you receive the inheritance, the Supreme Leader
of your country announces that he is going to lift the current ban on imports
of chocolate. As a consequence of this announcement, the price of chocolate
immediately falls to £ 4 per slab.
(a) Determine the income and substitution e¤ects of a decrease in the price
of chocolate from £ 9 to £ 4. Are chocolates a normal or inferior good for
you? Explain.
(b) How much would you have been willing to pay the Supreme Leader in
order for him not to lift the import ban against chocolates? Explain.

9.

Discuss the following critiques of the model of rational self-interested maximizing behaviour. Be careful to draw distinctions, if any, between the two
critiques.
(a) It ignores the importance of social norms, and other social constraints
on action.
(b) It ignores behavioural biases, such as those described in Tversky and
Kahneman (1974, Science).
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10.

Answer both parts:
(a) Suppose that a …rm’s long-run cost function can be written in the fol1
lowing form: C(w; r; Q) = Q + f (w; r) where ; > 0, and f is some
function of w and r, which represent the factor prices for the two inputs.
Given this cost function, is it possible to say something about whether
the …rm’s production function has economies or diseconomies of scale?
Explain your answer.
(b) Suppose that a …rm produces output Y using only labour L as an input.
Suppose that the amount of labour required to produce a given level of Y
can be expressed as: L = A+bY , where A; b > 0 and A can be interpreted
as the ‘…xed’amount of labour needed in order to begin production. Is it
possible to say something about whether the …rm’s production function
has economies or diseconomies of scale? Explain your answer.

11.

Two neighbouring …rms (1 and 2) each have the same production function,
given by yi = ln(Li ), where yi is output and Li is labour input for …rm i
(i = 1; 2) and ln is the natural logarithm. Firm 1’s cost function is 21 c1 L21 and
…rm 2’s cost function is 21 c2 L22 + e2y1 , where c1 ; c2 and are strictly positive
constants. The output price is p1 for …rm 1 and p2 for …rm 2.
(a) Discuss why the cost functions might take this form.
(b) For each …rm, …nd the pro…t-maximizing production plan.
(c) Show that if each …rm maximizes its own pro…ts, the outcome will be
Pareto-ine¢ cient from the …rms’point of view. Is there over-production
or under-production? Explain the reason for this ine¢ ciency.
(d) Describe a tax which will remove this Pareto ine¢ ciency. In the absence
of government action, what other solutions might the …rms adopt?
(e) If the government were to impose a tax of the kind you described in part
(d), and then gave the revenue raised to the two …rms, would the outcome
be Pareto-e¢ cient from the point of view of the two …rms? Explain your
answer.

12.

‘Competition based on low wages in poor countries is unfair because it reduces the wages of workers in rich countries’. Discuss the extent to which the
Ricardo model of trade gives support to this statement.
END OF PAPER
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SECTION A
1.

Suppose that population and aggregate output in Europia are both growing
at a rate of 2 per cent per year. Using the Solow growth model, is there a role
for investment in explaining Europia’s economic growth?

2.

General uncertainty about the health of the banking sector of Banania creates
fears of bank runs. What is likely to be the long run e¤ect of this uncertainty
on the general price level of Banania?

3.

Is the natural rate of unemployment ever likely to be zero? Explain why or
why not.

4.

Using aggregate supply-aggregate demand analysis, explain the potential macroeconomic consequences of the following:
(a) A reduction in the marginal propensity to consume.
(b) Rapid growth in online retailing.

5.

Consider a small open economy with …xed prices and a ‡oating nominal exchange rate. Explain the consequences for output and the nominal exchange
rate of an increase in the money supply, assuming that the Marshall-Lerner
condition is not satis…ed.

6.

Describe a set of circumstances in which an increase in expected in‡ation
would have an impact on equilibrium outcomes in the IS-MP model, holding
current in‡ation constant.
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SECTION B
7.

Consider the classical, long-run model of production. The production function
1
1
is Y = AK 2 L 2 , where Y is real GDP, A is total factor productivity, K is the
capital stock and L is the number of workers. Suppose that the economy has a
…xed supply of K = 100 units of capital, and a …xed labour supply of L = 100
workers. Productivity is initially given by A = 4. Assume that the price of
one unit of output is normalised to 1.
(a) Explain how the demand for labour Ld is determined in this economy.
Derive Ld as a function of the real wage rate, capital stock and productivity.
(b) What is the equilibrium real wage in this economy? Show how this is
determined, both graphically and algebraically.
(c) Suppose now that there is an in‡uenza outbreak that leads to a largescale epidemic. Indicate the main channel through which you would
expect the outbreak to have an impact on this economy. Explain carefully and show graphically the resulting e¤ects on the labour market, i.e.
employment, unemployment and real wages.
(d) How, if at all, would your answers in (c) change if, by law, the wage rate
cannot be less than 2?

8.

Explain how housing markets played an important role in the evolution of
events during the 2008-2009 …nancial crisis and Great Recession.

9.

The Bank of England currently targets an in‡ation rate of 2 per cent. Some
economists have suggested that a 4 per cent target would be preferable. Evaluate in detail the merits of this proposal.

10.

Outline three signi…cant macroeconomic policy measures undertaken by the
UK monetary or …scal authorities since the 2008 crisis, and explain how they
are likely to have in‡uenced macroeconomic outcomes in the UK.
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11.

A closed economy with a …xed current price level is described by the following
equations:
C
I
G
r

=
=
=
=

C + c (Y T )
a br
G
r + mY Y Y

where Y is aggregate income, C is consumption, I is investment, G is government spending, T is lump-sum taxation, and r is the real interest rate.
The variables Y , C, G and r are exogenous, and a, b, c and mY are positive
parameters with c < 1.
Suppose the economy is in equilibrium when r = r and Y = Y .
(a) i.

Solve for the value of T that is consistent with this equilibrium, in
terms of the exogenous variables and parameters.
ii. Show that the government will be running a de…cit in equilibrium if
and only if:
1
C + a br
G<Y
1 c
A new government comes to power, and decides to replace lump-sum taxation
with a proportional income tax at constant rate t, so consumption is now given
by:
C = C + c (1 t) Y
(b) Find the value of t that is required to preserve equilibrium with r = r
and Y = Y , in terms of the exogenous variables and parameters.
Suppose t is set at the value you have found in (b).
(c) Prove that the tax reform reduces the equilibrium responsiveness of Y
to exogenous changes in C, and interpret this result with an appropriate
diagram. To what extent does your analysis depend on the coe¢ cients
in the monetary policy rule?
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12.

A small open economy is described by the following equations:
C
I
G
NX

=
=
=
=

200 + 0:75Y
600 50r
400
20 (1 e)

where Y is aggregate income, C is consumption, I is investment, G is government spending, N X is net exports, r is the domestic real interest rate and
e is the nominal exchange rate. The domestic and foreign price levels are
both …xed at a value of 1. The central bank sets r according to the following
monetary policy rule:
r = rw + 0:01 (Y

4200)

where rw is the world real interest rate, with rw = 2. There is perfect international capital mobility, and e is freely ‡oating.
(a) Solve for the equilibrium values of Y , e and N X. Would a change in G
a¤ect equilibrium Y ?
Now suppose that the central bank changes its monetary policy rule to the
following:
r = rw + 0:01 (Y 4200) + 0:2 (1 e)
(b) i. Brie‡y interpret this rule.
ii. Solve for the new equilibrium values of Y , e and N X.
(c) Suppose the government increases G to 425. Find the e¤ect on equilibrium Y , and the equilibrium …scal multiplier, given the new monetary
policy rule. With use of an appropriate diagram, explain why the e¤ects
of government spending di¤er from part (a).
END OF PAPER
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SECTION A Answer ALL FOUR questions from this Section
1.

(a)

Provide a Taylor series expansion for f (x) = ln (1 + x) at x0 = 0 and use it to
explain why f (x) is approximately equal to x when x is close to zero.

(b) Provide a first order Taylor series approximation for f (x) = (9 + x)0.5 around
x = 0. Use this approximation to estimate:

2.

(a)

(i) (9.01)0.5
(ii) the absolute value of the remainder in part (i).
´2 q
Evaluate 1 x (x − 1)3 dx

(b) Let A =

(c)
3.

4(4x−3)
(2x−3)(2x+1)

Find B and C such that A =
´ 16x−12
Evaluate (2x−3)(2x+1)
dx

B
(2x−3)

C
+ (2x+1)

Determine whether the functions below are convex or concave
 √ 
5
(a) f (x) = −4ln x x3 + 6lnx 2 + 4
(b)

f (x, y) = x4 − 12x3 + 54x2 + 10000x + αy2 + 4y + 79431
where
(i) α ≥ 0
(ii) α < 0

4.

A macro model of a closed economy consists of the following equations
Y = C+I +G
M = MD
where Y is income, C is consumption expenditure, I is investment, G is net government
spending, M is the money supply, and M D is the demand for money. In addition, you
are told that consumption expenditure is a function of income, investment is a function
of the interest rate r, and the demand for money is a function of both income and the
interest rate.
(a)

Derive a matrix representation of how, when the system is very close to equilibrium, changes in the endogenous variables Y and r are related to changes in the
exogenous variables G and M.

(b) Use Cramer’s Rule to solve for dY (changes to Y ) in terms of changes in G and,
second, in terms of changes in M.
2 of 9

SECTION B Answer ONE question from this Section
5.

A student takes on some holiday work for a few weeks. Each day (of 24 hours) is
divided into leisure time (including sleep) L and hours in employment E. The student
is paid a wage of w per hour and saves a fixed amount S each day (to be spent after
the holiday). The student buys an amount of consumption goods C each day at unit
price p. Each day the amount spent on consumption plus the amount saved equals the
amount earned exactly. The student’s utility function is given by:
U (C, L) = Cβ L1−β
where 0 < β < 1
(a)

Write down the student’s daily budget constraint in terms of p, w, C, L and S (i.e.,
eliminate E from the equation) and derive expressions for the optimal choices of
C and L.

Now let w = 10; p = 2; β = 0.5; S = 20.
(b) Given these parameter values calculate the optimal values of C, L and U (C, L)
and find the change in optimised utility if the student were to increase slightly the
amount saved daily.
(c)

If the government decides to impose a 20% tax on the wage income of student
workers, calculate the optimal values of C, L and U (C, L) and determine the government’s tax take from each student.

(d) If the government decides to impose a lump sum tax designed to raise precisely
the amount achieved under part (c) calculate the optimal values of C, L and
U (C, L). Under which tax system does the student derive most utility?
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6.

A monopolist has a total cost function of the form TC = kQ + λ , where Q is the level
of output, and k and λ are constants. The monopolist has the possibility of splitting
customers into two distinct markets with the following demand equations:
Market 1: P1 = α + β Q1
Market 2: P2 = δ + γQ2
where Q = Q1 + Q2 , Pi is the price in market i (i = 1, 2), and α, β , γ and δ are constant
parameters with β , γ < 0.
(a)

Determine expressions for the prices (in terms of the constant parameters) that
will be charged if the profit maximising monopolist is allowed to charge different
prices in each market.

Now let α = 180; β = −10; δ = 80; γ = −2.5;λ = 40; and k = 40
(b) Check that the conditions for maximised profits do indeed hold, and determine
the optimised values of prices, output and profits.
(c)

The monopolist is now forced to charge the same price in both markets. What
does the total demand curve look like?

(d) Determine the optimised values of prices, output and profits, if the monopolist is
forced to charge the same price in both markets. Check how the optimised profits
compare with those of part (b) and comment.
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SECTION C Answer ALL FOUR questions from this Section
7.

The discrete random variable X takes the values 1, 2 and 3 and the discrete random variable Y takes the values 1 and 2. Their joint probability mass function is such that both
1
and P (X = 3,Y = 2) = 16 .
marginal distributions are uniform and P (X = 1,Y = 1) = 12
(a)

Calculate and write out the joint probability mass function.

(b) Calculate the conditional distributions P (X | Y = y) for y = 1, 2 and P (Y | X = x)
for x = 1, 2, 3.
(c)

Are X and Y independent? Justify your answer.

(d) Calculate P (X = 2 orY = 2).
8.

The discrete Poisson distribution has probability mass function P (X = k) =
k = 0, 1, 2, . . . where λ > 0 is some parameter.
(a)

e−λ λ k
k!

for

Show that ∑∞
k=0 P (X = k) = 1

(b) Show that E (X) = λ


(c) Show that E eX = eλ (e−1) and hence that E eX > eE(X)
i

t
You may use without proof the fact that et = ∑∞
i=0 i! .

9.

The index t takes on the values t = 1, 2, 3, . . . , T . Xt is a random variable with E(Xt ) = µ
and Var(Xt ) = 1 for all t. The random variables ε t are distributed independently of the
Xt with E(ε t ) = 0 and Var(ε t ) = σ 2 . The random variables Yt are defined as
Yt = tXt + ε t
(a)

What is E(Yt ) and Var(Yt )?

(b) If Ȳ =
(c)

t = 1, 2, . . . , T

1
T

T
Yt what is E(Ȳ ) and Var(Ȳ )?
∑t=1

Suppose we have observations (Xt ,Yt ) for t = 1, 2, . . . T . Give an unbiased estimator for µ and calculate the variance of your estimator.

T
You may use without proof the fact that ∑t=1
t=
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T (T +1)
2

T
and ∑t=1
t2 =

T (T +1)(2T +1)
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10.

(a)

An economist has observations (xi , yi ) for i = 1, 2, . . . N and estimates the relationship
yi = β 0 + β 1 xi + ui
by OLS and obtains β̂ 0 = 1, β̂ 1 = 2. She calculates 1n ∑(xi −x)2 = 10, and 1n ∑(yi −
y)2 = 50.
Let ŷi = β̂ 0 + β̂ 1 xi and ei = yi − ŷi . What is n1 ∑(ei )2 ?

(b) In the simple linear regression model yi = β 0 + β 1 xi + ui , suppose that E[ui ] =
µ 6= 0. Show that the model can always be written with the same slope, but with
a new intercept and error, where the new error has expected value zero.
(c)

Which of the following can cause a least squares estimator to be biased? Explain.
•
•
•

Heteroscedasticity
Omitting an important variable
A linear transformation of the X variable
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SECTION D Answer ONE question from this Section
11.

In this question you may assume that a t-distribution may be approximated by a normal
distribution if the degrees of freedom are greater than 40.
(a)

For a statistical test of a hypothesis H0 against the alternative HA define what is
meant by Type I and Type II errors and the size and power of a test.

(b) A random sample of size n = 50 of a random variable X distributed N(µ, σ 2 ) has
2
1
sample mean x̄ = 4.3 and s2 = n−1
∑ (xi − x̄) = 9.
Perform a test of the hypothesis H0 : µ = 4 against the alternative HA : µ > 4 at
the 5% level.
(c)

What is the power of the test in part (b) against the alternative HA : µ = 5

(d) Let Φ (z) be the cumulative density function of a standard normal random variable. For the test in part (b) if the sample size was just given as n > 40 (and the
values of x̄ and s2 are unchanged) write an expression for the power against the
alternative HA : µ = 5 in terms of n and the function Φ (.)
(e)

Show that the derivative with respect to n of the function you provide in part (d)
is positive. How would you interpret this result?

(f)

Hence or otherwise show that if n ≥ 100 then the power of this test against the
alternative HA : µ = 5 exceeds 95%
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12.

You have a large dataset that records information on earnings, schooling and gender
for over 30,000 individuals. Your dataset reports the following variables:
•

inc, monthly income in $

•

w, hourly wage in $

•

ed, years of education

•

col, a dummy variable indicating completion of a university degree; 1= completed, 0=not completed

•

f emale, a dummy variable indicating gender; 1=female, 0=male

(a)

You estimate the least squares regression of monthly income on years of education and obtain the following parameter estimates with standard errors reported in
parentheses:
ˆ = 137.08 + 122.85ed
inc
(26.25)

(1)

(2.123)

Interpret the coefficient on ed and perform a hypothesis test, at the 1% significance level, that the coefficient is larger than zero. (Assume that all assumptions
of the Gauss-Markov Theorem are satisfied).
(b) You next estimate two alternative specifications of the relationship between monthly
income and schooling. Interpret the coefficients on ed in (2) and on ln(ed) in (3).
(Assume that all assumptions of the Gauss-Markov Theorem are satisfied).
ˆ
ln(inc)
= 6.488 + .064 ed
(0.012)

ˆ
ln(inc)
= 5.557 + 0.691ln(ed)
(.0287)
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(2)

(.001)
(0.011)

(3)

(c)

An econometrics classmate is interested in hourly wages rather than monthly income and specifies the following regression
ln(w) = β 0 + β 1 col + β 2 f emale + u

(4)

STATA produces the following from estimating this relationship. Some numbers
in the output have been replaced by letters.
. reg lnw col female
Source |
SS
df
MS
--- ------ ---+-- ----- ------ ----- ----- ------ Model | 615.110687
2 307.555344
Residual | 4413.26126 31234 .141296704
--- ------ ---+-- ----- ------ ----- ----- ------ Total | 5028.37194 31236 .160980021

Number of obs
F( 2 , 31234)
Prob > F
R - squared
Adj R - squared
Root MSE

=
31237
= 2176.66
= 0.0000
= 0.1223
= 0.1223
= .37589

---------------------------------------------------------------------------lnw |
Coef .
Std . Err .
t
P >| t|
[95% Conf . Interval ]
--- ------ ---+-- ----- ------ ----- ----- ------ ----- ------ ----- ------ ----- ----- -col |
.2665278
.0043917
60.69
0.000
.2579199
.2751357
female | -.1369684
AAAA
-32.02
BBBB
CCCC
DDDD
_cons |
2.204257
.0033226
663.41
0.000
2.197745
2.210769
----------------------------------------------------------------------------

Calculate the values of AAAA, CCCC, and DDDD in the table above. Suggest a
likely value for BBBB. Interpret this p-value.
(d) Suppose your classmate then estimates
ln(w) = δ 0 + δ 1 nocol + δ 2 male + u

(e)

(f)

(5)

where nocol = 1 − col, f emale = 1 − male. What will be the least squares estimates δ̂ 0 , δ̂ 1 and δ̂ 2 ?
The STATA output reports the R2 for equation (4). What does the R2 tell you?
Can you say anything about the magnitude of R2 for equation (5) relative to that
for equation (4)? If you need additional information in order to determine the
relative magnitude, state what information you need.
As it turns out, females are more likely to go to college. Given this information,
if the econometrician uses least squares to estimate
ln(w) = γ 0 + γ 1 col + v
which assumptions of the Gauss-Markov Theorem would be violated? What
would this imply for your results?
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1.

Markets may fail, but governments fail even more. Discuss.

2.

The post-World War Two consensus in British politics was coherent and effective, and it accomplished the objectives of both Labour and Conservative
governments. Discuss.

3.

To what extent did Margaret Thatcher’s Conservative governments establish a
new order in British politics? Consider whether the principal political changes
made by her governments were consistent with the traditions of Conservatism
in Britain?

4.

New Labour maintained the economic policies of Margaret Thatcher’s Conservative governments, but broke new ground in European, foreign and defence
policies. Discuss.

5.

Should Europe dismantle monetary union, or complete it?

6.

(a) Credit markets are imperfect in rural areas of developing countries. In
this context, discuss the informational and other problems associated
with bank lending to rural borrowers.
(b) How do moral hazard and adverse selection a¤ect who gets access to
funds? Do these two issues apply to both formal and informal lenders?
(c) What is microcredit and how does it attempt to overcome the problems
associated with bank lending?

7.

(a) GDP per capita is conventionally used to measure economic development.
What are the problems associated with this measure?
(b) Discuss the social indicators that can be used to measure economic development. What are the problems associated with these measures?
(c) Is there any correlation between GDP per capita and these social indicators? How does this inform the debate about whether GDP per capita
should be used to measure economic development?

8.

(a) Describe the Lewis dualistic labour-surplus model and discuss each of
the assumptions upon which it is based.
(b) Discuss the empirical evidence in support of, or against, the Lewis model
using case studies taken from at least two di¤erent countries.
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1.

(a) Describe the demographic changes causing the growth in Britain’s
population that occurred between 1650 and 1850.
(b) Were these changes caused by either protoindustrialisation or
proletarianisation? Explain your answer.

2.

Parliamentary enclosure changed property rights in English agriculture.
(a) Describe how these changes might theoretically lead to more e¢ cient
agriculture.
(b) To what extent does the evidence suggest that Parliamentary enclosure
was important in achieving the gains observed?

3.

Recently both Joel Mokyr and Robert Allen have rehabilitated the role of
widespread inventiveness and new technology in achieving revolutionary growth
during the Industrial Revolution, but they see very di¤erent factors underpinning this innovative activity. Compare and contrast Mokyr’s and Allen’s
views on the causes of technological advance.

4.

Anthropometric evidence, such as height data, has been analysed to determine
the e¤ect of industrialisation on the standard of living of the working class
from 1750 to 1850. Discuss whether this evidence has been able to settle the
debate about living standards.

5.

Drawing on Broadberry’s comparative work for the UK, USA and Germany
from 1850 to 1913, describe the di¤erent levels of labour productivity
observed in manufacturing. Discuss relative performance in the service sector
during this period and how this might lead to long-term decline for the UK.

6.

There is little evidence of the "complacency, conservatism and antiquated
methods" that the late Victorian entrepreneur has been accused of
exhibiting, but Victorian entrepreneurs may have failed to adopt the corporate
capitalism so successfully embraced in other countries. Discuss.

7.

Did the …nancial sector fail industry in late Victorian Britain?

8.

Were trade union bargaining power and the availability of unemployment
bene…t important causes of the unemployment observed in interwar Britain?

9.

Evaluate the mechanisms by which devaluation a¤ected economic recovery
during the 1930s.

10.

(a) How did the depression of 1920-1 cause an output gap?
(b) Evaluate whether the depression of 1920-1 a¤ected the path of productivity in the UK economy during the 1920s.
END OF PAPER
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SECTION A
1.

A decision maker (DM) is facing a set of alternatives.
(a) What does it mean for DM to have rational preferences over these alternatives?
(b) What does it mean for DM to be a utility maximiser?
(c) Explain why a utility maximiser necessarily has rational preferences.
(d) If this set of alternatives is finite, then explain briefly why DM with
rational preferences is necessarily a utility maximiser.
(e) Give a concrete example of a DM with rational preferences who is not a
utility maximiser.

2.

A consumer’s preferences over bundles of two divisible goods are represented
by the following utility function:
u(x, y) = x + y 2 .
Unit prices of these goods are denoted by px and py , respectively, and are
positive.
(a) Draw at least three indifference curves for this consumer, depicting x on
the horizontal axis, and y on the vertical axis.
(b) Suppose that buying the bundle (2, 5) exhausts the consumer’s budget.
Moreover, M Ux /px = M Uy /py at this bundle. What can you say about
this consumer’s optimal choice? How does this bundle relate to her
optimal choice?
(c) For what price ratios px /py would this consumer spend all of her budget
on a single good? Explain briefly.

3.

A consumer lives for two periods. Denoting his consumption in these periods
by c1 and c2 , respectively, his preferences over consumption possibilities are
given by
u(c1 , c2 ) = c21 c32 .
The unit price of the consumption good is 1 in both periods. His income is
100 in period 1, and 150 in period 2.
(a) If the consumer could borrow or save without interest, what would be
his optimal choice? That is, how much would he borrow (from his future
income) or save (from his present income)? What would be his resulting
consumption?
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(b) Suppose, instead, that the consumer can borrow or save at an interest
rate of 50%. What would be his optimal behaviour now?

4.

An exchange economy has two agents, A and B, and two goods, x and y. A’s
endowment is 1 unit of good x and 1 unit of y. B has 2 units of x and no
units of y. A has utility function uA (xA , yA ) = min{xA , yA }; B has utility
function uB (xB , yB ) = xB + 2yB .
(a) Draw the Edgeworth Box.
(b) Find the equation of the contract curve.
(c) Find a pair (px , py ) of competitive equilibrium prices. Is the equilibrium
price ratio necessarily unique?

5.

For an economy with one public good and one private good and two agents,
suppose that units of the private good can be turned into units of the public
good at the rate of one-to-one. Suppose also that the amount of the public
good and the distribution of the private good between the two individuals is
such that one person’s marginal rate of substitution (MRS) of private good for
public good is 0.4, while the other’s MRS is 0.7. Is this allocation efficient?
If not, explain how a Pareto-improvement can be brought about. State a
necessary condition on the agents’ MRS for an allocation to be Pareto-efficient.

6.

‘As long as preferences satisfy the non-satiation property, any desirable allocation of goods can be achieved in competitive equilibrium by a suitable
redistribution via income taxes’. Comment.
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SECTION B
7.

(a) Define Marshallian and Hicksian demands. Briefly explain the difference.
(b) Consider a non-Giffen inferior good. What happens to the consumer’s
Marshallian demand for this good if its price rises from p0 to p00 ?
(c) What are the directions of the substitution and income effects related to
this price change? Which effect dominates?
(d) The graph below depicts the changes in the consumer’s Marshallian and
Hicksian demands (to be denoted x(·, ·) and h(·, ·), respectively) in relation to the price change between p0 and p00 . The two points marked
on the curves are the consumer’s Marshallian demands at prices p0 and
p00 , where the horizontal axis depicts price, and the vertical axis depicts
demand. Copy this figure on your answer sheet, and identify the six
relevant points marked on the graph below (two on the curves and four
on the axes). Explain which curve corresponds to what.

(e) Explain why the curves are ordered the way they are (the dashed curve
on top, the solid curve in the middle, etc.)
8.

Suppose there is only one technology to produce a particular good, therefore
all firms producing this good are effectively identical. Assume also that this
technology has diminishing returns to scale.
(a) Suppose Sn stands for the industry supply curve of this good when n
firms are active. How does Sn compare with Sn+1 ? Give a plausible
illustration of the supply curves S1 , S2 , S3 on the same graph in which
quantity is depicted on the horizontal axis. (Use a whole page to make
sure your drawing is big enough to accommodate the answers to parts
(b), (c), (d) below.)
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(b) Suppose c∗ is the minimum possible value of average cost for these firms.
Now indicate clearly on the same graph which (quantity, price) points
we may observe in reality.
(c) Illustrate a demand curve on this graph which leads to exactly two firms
operating. Explain why this is the case.
(d) If the demand is strong enough (or if the firms are small enough), we
should be observing an approximately flat industry supply curve. Explain why. What can you say about the market price of this good under
these circumstances?
9.

Consider a labour market with an upward sloping labour supply curve.
(a) What does it mean for the wage to be competitive?
(b) If the market is monopsonistic, i.e., if there is a single firm employing
labour, how would this firm set the wage? How would this wage compare
with the competitive wage? Explain briefly.
(c) Using a graph to illustrate labour (supply and demand) on the horizontal
axis; and wage (and unit cost of labour) on the vertical axis, compare the
monopsonistic market with that of the competitive market in terms of
the level of employment, the wages, the firms’ surplus, and the workers’
surplus.
(d) Discuss whether unemployment would go higher or lower if the government imposes a minimum wage above the market wage in this monopsonistic market.

10.

‘An externality problem is really a problem of a missing market. Invariably
the solution is to create the market’. Discuss.

11.

(a) A production economy with one input (labour) and one produced good
has many consumers and many firms. All the firms have the same production function, which exhibits constant returns. Explain why any
competitive equilibrium price pair of this economy is also a competitive
equilibrium price pair of an economy with a single agent and a single
firm.
(b) Robinson Crusoe has utility function u(f, `) = ln(f ) + ln(`), where f is
his consumption of food, ` is his number of hours of leisure and ln(·) is the
natural logarithm. He has T > 0 hours which he splits between leisure
and labour. There is one firm, owned by Robinson, which produces y(L)
units of food with L hours of labour input, where
y(L) = Lα .
Suppose that 0 < α < 1.
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i.

Find Robinson’s optimal production plan and sketch a diagram to
illustrate it.
ii. Suppose that the firm acts as a price-taker. Normalizing the food
price to 1, find the firm’s food supply function, labour demand function and profit function for the case α = 0.25.
iii. Explain what is meant by a competitive equilibrium for this model.
iv. Use your result in (i) to deduce the equilibrium price pair, explaining
which theorem you use to do this.
v. Now suppose that α > 1. Does a competitive equilibrium exist?
Explain your answer diagrammatically.
12.

Consider a Ricardian trade model with two countries (A and B) of equal
populations and two produced goods (x and y). Consumers in country A
3/4 1/4
are all identical and have utility function uA (xA , yA ) = xA yA , where xA
and yA are consumption of good x and good y, respectively. Consumers in
1/4 3/4
country B are all identical and have utility functions uB (xB , yB ) = xB yB .
All consumers have 1 unit of labour and supply it inelastically. They have
equal shares in all firms in their own country but have no other endowments.
In country A all firms in the x industry have production function fAx (L) = 6L,
where L is labour input. All firms in the y industry have production function
fAy (L) = 12L. The corresponding production functions in country B are
fBx (L) = 10L and fBy (L) = 4L.
(a) Sketch the (per-person) production possibility set for each country when
trade is not possible (autarky).
(b) Sketch the corresponding joint production possibility set when trade in
goods is possible.
(c) Find competitive equilibrium prices for each country for the autarky
case.
(d) Now suppose that trade in goods is possible. Assume that in competitive
equilibrium each country specialises completely in one good.
i.

For each country, write down an equation relating the wage to the
price of the good which is produced in that country.
ii. For each country, write the budget constraint of a typical consumer
at equilibrium prices.
iii. Hence find the competitive equilibrium prices and quantities, normalizing the price of good x as 1. What is the quantity of exports
and imports of each good? Explain why this is an equilibrium.
(e) Briefly comment on the change in relative goods prices when trade is
opened and on the effect on the welfare of the agents in the two countries.
END OF PAPER
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SECTION A
1.

Suppose that the job separation and …nding rates in an economy for any given
month are 2% and 18% respectively. What is the natural rate of unemployment? Explain how information about, as well as the number of, job vacancies
may a¤ect the natural rate of unemployment.

2.

Consider an economy described by the Solow growth model in which aggregate production is given by the Cobb-Douglas production function. What
relationship must the saving rate satisfy in order for the economy to be at the
golden rule steady state? Explain.

3.

Suppose that there is a permanent increase in the long-run real aggregate
income of an economy. What is the e¤ect of this on the aggregate price level?
What medium-run policy(ies) could the central bank implement to prevent
this from happening?

4.

Explain what is meant by ‘crowding out’in the context of …scal policy analysis. In a small open economy that satis…es the Classical dichotomy, what
component(s) of expenditure are crowded out by a tax-…nanced increase in
government spending?

5.

How do the following factors matter for the position and slope of the aggregate
demand curve in in‡ation-output space?
(a) Consumers’marginal propensity to save.
(b) The long-run real interest rate.

6.

Suppose that consumer spending in a …xed-price closed economy depends on
e
e
T , where
long-run disposable income, according to the function C = Y
e
e
Y and T are expected values for long-run income and taxation respectively,
and 0 < < 1. Assuming that the real interest rate is constant, what is the
e¤ect on output, in the short run of:
(a) a temporary increase in government spending by G?
(b) a permanent increase in government spending by G?
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SECTION B
7.

Following the EU membership referendum in June 2016, there was a signi…cant
drop of the nominal exchange rate of Euros per Pound (e/£ ). In the last year
this exchange rate has been about 10% lower relative to where it was in the
year before June 2016.
(a) Which of the two main price indices, namely the GDP de‡ator and the
CPI, do you expect to see reacting more to this drop in the exchange
rate of e/£ , and why?
(b) In‡ation in the Eurozone in the last two years has been very low and
close to zero. Assuming that purchasing power parity (PPP) holds, how
much would the in‡ation rate in the UK be, following the recent Pound
devaluation? To what extent is this prediction realistic? Explain your
reasoning.

8.

Consider the following production function
F (K; L) =

h

K

1

+ (1

)L

1

i

where K is capital stock, L is labour supply, and 0 <
parameters.

1

;
< 1 and

> 0 are

(a) Give an interpretation for the parameters
and . Does F exhibit
increasing, constant or decreasing returns to scale? Let k = K=L and
y = Y =L. Derive the production function in per worker terms:
(b) Let = 1=2 and = 2. Suppose that F (K; L) describes the aggregate
production in an economy in which labour force is equal to the total
constant population L, capital depreciates at a 10% rate per year, and
households save 10% of their income per year.
i. Write the equation for capital accumulation and use it to demonstrate that this economy will have a unique steady state.
ii. What is the steady state of capital per worker k , output per worker
y , and consumption per worker c in this case?
(c) Continue assuming that = 1=2 and = 2. Will this economy always
have a steady state for any savings or depreciation rate? Explain.
9.

What is the role of banks in the monetary system? Describe a simple model
of money supply and use it to explain to what extent banks and the monetary
authority determine money supply in an economy.

10.

The economy of Zenland has a large number of …rms, each responsible for
setting the price of their products. The ideal price for an individual …rm
to set, p , depends on the economy-wide aggregate price level, P , and real
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marginal costs, c, as follows:
p = P + (c

c) ;

where > 0 is a parameter and c is the expected value for c. Marginal costs,
in turn, relate to the economy’s aggregate output gap Y Y according to
the following linear relationship:
c=c+

Y

Y ;

for some parameter > 0. Before observing c, all …rms make an initial choice
for the price that they plan to set, which they equate to their expected value
of p .
(a) Let the fraction of …rms that revise their price be a parameter 0 <
Show that the aggregate supply curve is of the linear form:
=

e

+

Y

< 1.

Y ;

where = P P 1 is the in‡ation rate, e is expected in‡ation, and the
slope depends on parameters , and .
(b) Now suppose that the fraction of …rms revising their price is given by:
(c c)2
;
+ (c c)2
where > 0 is a parameter.
i. Provide a brief interpretation of this expression.
ii. Derive an expression for the aggregate supply curve in this case, and
sketch it in in‡ation-output space.
(c) Discuss the implications of your result in (b) for the sensitivity of output
and in‡ation to demand shocks.
11.

A small open economy with …xed prices and a …xed exhange rate is characterised by the following aggregate relationships:
C
I
G
T
NX
e

=
=
=
=
=
=

100 + 0:7 (Y T ) ;
120 10r;
150;
150;
160 0:1Y 50e;
e;

where Y is aggegrate income, C is consumption, I is investment, G is government spending, T is taxation, N X is net exports, e is the nominal exchange
rate and r is the real interest rate. Net exports are assumed to equal the
current account balance throughout.
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(a) Suppose that capital is perfectly mobile internationally, with a world real
interest rate rw = 2. Derive expressions for the equilibrium income and
net exports in terms of e. For what values of e does international capital
‡ow out of this economy?
(b) The central bank decides that the income level in (a) is too low. It bans
private-sector capital ‡ows, and chooses r to maximise income, subject
to a restriction that the o¢ cial sector cannot borrow internationally.
i. Solve for the value of Y that is chosen, as a function of e. For what
values of e will the strategy be successful?
ii. Derive the relationship between the chosen value of r and e, and
explain its form intuitively.
(c) Assess the di¤erent policy options that are available in the event that
the output level in (b) remains too low.
12.

What policy conclusions should be drawn from the observation that monetary
policy only a¤ects the economy after ‘long and variable lags’?
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SECTION A – Answer ALL FOUR questions from this Section.

1.

(a) Find the Taylor series expansion for
f (x) = x5 + x − 2
centred on x = 1.
(b) Let Yt be national product at time t, Ct be total expenditure and I
investment. Suppose Ct = α + βYt , Ẏt = γ(Ct + I − Yt ), I is a constant,
and α, β and γ are positive constants.
i.
ii.
iii.
iv.

2.

Derive a diﬀerential equation for Yt .
Determine the value of any stationary point.
Find a solution for Yt if Y2 = 3.
Determine and interpret the conditions under which the system is
stable.

Let g(x) = (x − 3)(x − 2)(x − 1)
(a) Determine the values of x for which g(x) > 0, and also those for which
g(x) < 0.
(b) Expand g(x) expressing it in terms of x3 and x2 etc.
(c) Find the second order partial diﬀerentials of the function
f (x, y) =

1 5 1 4 11 3
α
λx − λx + λx − 3λx2 + 117x + y 2 + 2456
20
2
6
λ

(d) Using the results of (a) and (b) (or otherwise) determine values of x, α
and λ for which the function f (x, y) given in (c) is convex.
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3.

(a) “Matrix multiplication is not commutative in general, although it is associative; matrix addition is distributive.”
Explain the above sentence. Is it correct?
(b) A and B are square matrices with AB + BA = A
Show that:
i.
ii.

A2 B − BA2 = 0
A3 B + BA3 = A3

(c) Suppose







3 1 2
x1
29
A =  4 0 6  x =  x2  y =  46  and Ax = y
1 1 1
x3
12
Using Cramer’s rule (or otherwise), determine x2 .
4.

Evaluate the following integrals:
(a)

∫
0

(b)

1

(

e3x
2ex
+
(1 + ex )2 (1 + ex )

∫

5

)
dx

1

(x − 1)(5 − x) 2 dx
1
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SECTION B – Answer ONE question from this Section.
5.

A monopolist can set prices diﬀerently in two isolated markets. The demand
curves for each market and their total costs are given as:
Market 1 q1 = 42.4 − 0.4p1
Market 2 q2 = 20.6 − 0.1p2
and
T C = 300 + 6 (q1 + q2 )
where qi , and pi are respectively quantity demanded and price of the commodity provided for market i = 1, 2. TC is total cost.
(a) Determine the maximum profit that can be achieved with price discrimination.
(b) Determine the price elasticity of demand in both markets at the profit
maximising level of output.
(c) Determine the maximum profit that can be achieved without price discrimination.
(d) Compare and interpret your findings in (a) and (c).
(e) If a temporary quota on production is introduced at Q = q1 + q2 = 8
determine the maximised profits.
(f) Determine the price elasticity of demand at the point of maximal profits
determined in (e).

6.

An individual’s utility from consuming x1 units of good number 1 and x2 units
of good number 2 is:
U (x1 , x2 ) = α ln(x1 − a) + β ln(x2 − b)
where a, b, α and β are positive constants, 0 < α, β < 1.
(a) Determine the marginal rate of substitution of x1 for x2 .
(b) If the utility level reached is constrained by the budget equation px1 +
qx2 = M, where p and q are prices of units of goods 1 and 2 respectively,
and if pa + qb < M , determine the demand curve for each good.
(c) How does an optimised value of utility change if M increases slightly.
Simplify your answer as much as possible.
(d) Show that if α + β = 1 then the demand curves can be expressed as:
px1 = αM + pa − α(pa + qb)
qx2 = βM + qb − β(pa + qb)
(e) For either demand curve derived in (d), verify that the price elasticity of
demand is negative.
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SECTION C – Answer ALL FOUR questions from this Section.

7.

X and Y are discrete random variables whose joint probability mass function
is given (partially) in the table below. The marginal distributions are such
that P (X = −1) = 1/3 and P (Y = −1) = P (Y = 0) = 1/4.
Y
−1
0
+1
1
X −1
/48
1/4
+1
(a) Complete the table and explain whether X and Y are independent random variables.
(b) Write out the probability mass functions for the random variables
1
.
X
( )
(Y )
and E X1 .
(c) Calculate E (X), E (Y ), E X
(
)
(d) Hence or otherwise calculate Cov Y, X1 .

8.

Y
X

and

(a) You purchase a certain product. The manual states that the lifetime,
T , of the product, defined as the amount of time (in years) the product
works properly until it breaks down, satisfies
( )
t
P (T ≥ t) = exp −
, for all t ≥ 0
5
If you use it for two years without any problems, what is the probability
that it breaks down in the following year (i.e. between t = 2 and t = 3)?
(b) According to the Centers for Disease Control (CDC), women who smoke
are about 13 times more likely to develop lung cancer than women who do
not smoke. They also report that in 2015 13.6% of women were smokers.
If you learn that a woman has been diagnosed with lung cancer, and
you know nothing else about her, what is the probability that she is a
smoker?
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9.

A continuous random variable X has probability density function given by
1
f (x) = , for 0 ≤ x ≤ θ
θ
where θ > 0 is some parameter.
(a) Show that this function satisfies the definition of a probability density
function.
(b) Calculate E(X) and E (X 2 ) and hence V ar (X).
(c) What is the cumulative distribution function for the random variable X?
(d) Given an IID random sample X1 , . . . , Xn of observations from f (x), calculate the expected value and variance of the sample average given by
N
1 ∑
Xi
X̄ =
N i=1

(e) Give an unbiased estimator for θ. Explain why it is unbiased and calculate its variance.
10.

Consider the linear population regression model y = β0 + β1 x + u.
(a) State the Gauss-Markov assumptions.
Let z = log(1 + x2 ). Define an estimator for β1 as
∑N
i=1
β̃1 = ∑N

(zi − z)yi

i=1 (zi

− z)xi

(b) Assume that the Gauss-Markov assumptions hold. Show that β̃1 is an
unbiased estimator for β1 .
(c) Next, assume that the assumption of constant conditional variance is
violated. Explain how this aﬀects your answer to part (b).
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SECTION D – Answer ONE question from this Section.

11.

Workers in a firm sell a product. The value of a worker’s sales is a random
variable X with exponential distribution. The exponential distribution has
probability density function f (x) = β1 e−x/β , where x ≥ 0 and β > 0 is a
parameter.
(a) For the exponential distribution calculate E(X) and E (X 2 ) and hence
V ar (X).
(b) Initially the firm oﬀers a bonus payment to any worker whose sales exceed
2. What fraction of the workforce (as a function of β) will get the bonus?
(c) The firm observes average sales of a sample of 100 workers to be x̄.
Stating clearly any assumptions you make, what can you say about the
distribution of x̄?
(d) For a test of a hypothesis H explain what is meant by
i.
ii.

a Type I and Type II error,
the size and power of the test.

(e) The firm thinks that its workers either all have β equal to 1/3 or all have
β equal to 1/2. Test, at the 1% level, the null hypothesis that β = 1/3
against the alternative β = 1/2 if the realised value of x̄ = 0.433.
(f)

What is the power of this test against the stated alternative?

(g) The firm then decides it should only pay a bonus to 5% of the workers.
If half the workforce is of each type, what threshold should be chosen?
You may assume without proof that the cubic equation x3 −10x−10 = 0
has a single positive solution at x = 3.578.
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12.

Consider the regression lwagei = α + β1 educi + εi where lwage is the natural
log of the wage, and educ is years of education. An economist estimates this
regression using a nationally representative sample from the population of a
high income country.
Table 1
. reg lwage educ
Source |
SS
df
MS
- - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Model | 22.2629147
1 22.2629147
Residual |
WWWW
862 .243022541
- - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Total | 231.748345
863 .268538059

Number of obs
F( 1,
862)
Prob > F
R - squared
Adj R - squared
Root MSE

=
=
=
=
=
=

864
91.61
0.0000
TTTT
SSSS
.49297

-----------------------------------------------------------------------------lwage |
Coef .
Std . Err .
t
P >| t |
[95% Conf . Interval ]
- - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - educ |
.055974
.0058481
VVVV
XXXX
YYYY
ZZZZ
_cons |
1.195559
.0771467
15.50
0.000
1.044141
1.346976
------------------------------------------------------------------------------

(a) What is the estimate of β1 in this sample? How do you interpret the
estimate?
(b) Calculate VVVV, YYYY, and ZZZZ in the Table above.
(c) Given your answer to part (b), what is a likely value for XXXX? Interpret
the p-value associated with the estimate of the coeﬃcient on educ.
(d) Calculate WWWW. Explain what Residual SS is.
(e) Provide a mathematical formula for R2 . Calculate its value for this
regression.
Next the same economist uses Stata to generate the output in Table 2 below.
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Table 2
. reg lwage
Source |
SS
df
MS
- - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Model |
0
0
.
Residual | 231.748345
863 .268538059
- - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Total | 231.748345
863 .268538059

Number of obs
F( 0,
863)
Prob > F
R - squared
Adj R - squared
Root MSE

=
=
=
=
=
=

864
0.00
.
0.0000
0.0000
.51821

-----------------------------------------------------------------------------lwage |
Coef .
Std . Err .
t
P >| t |
[95% Conf . Interval ]
- - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1.881686
1.950891
_cons |
1.916288
.0176297
108.70
0.000
-----------------------------------------------------------------------------. predict lwage_pred
( option xb assumed ; fitted values )
. gen lwage_dev = lwage - lwage_pred

(f)

Write out the regression function for the Stata output from Table 2.
Interpret the constant term.

(g) Using the information in Tables 1 and 2, roughly sketch a scatterplot of
the residuals from the regression in Table 2 in which the residuals are on
the y-axis and year of education is on the x-axis. Explain any pattern
one would observe.
The same economist then uses Stata again to generate the output in Table 3
below.
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Table 3

. reg educ
Source |
SS
df
MS
- - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Model |
0
0
.
Residual | 7105.74884
863 8.23377618
- - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Total | 7105.74884
863 8.23377618

Number of obs
F( 0,
863)
Prob > F
R - squared
Adj R - squared
Root MSE

=
=
=
=
=
=

864
0.00
.
0.0000
0.0000
2.8695

-----------------------------------------------------------------------------educ |
Coef .
Std . Err .
t
P >| t |
[95% Conf . Interval ]
- - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _cons |
12.87616
.0976209
131.90
0.000
12.68456
13.06776
-----------------------------------------------------------------------------. predict educ_pred
( option xb assumed ; fitted values )
. gen educ_dev = educ - educ_pred

Finally, the economist estimates
. reg lwage_dev educ_dev

(h) Explain what the estimated coeﬃcient on educ dev will be. Use the
definition of the slope parameter in a bivariate regression to provide a
derivation that justifies your answer.
(i)

How does the value of R2 in this last regression compare to that of the
R2 you calculated in part (e) above for the regression of lwage on educ?
Explain.

END OF PAPER
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1.

"The international di¤erences in the pattern of state intervention suggest
that there is more than one way of combining the market and the state."
Discuss with reference to the (historical and/or contemporary) experiences of
advanced capitalist economies.

2.

Explain why the government failure approach argues for the ‘de-politicisation’
of the economy. What are the merits and the shortcomings of this argument?

3.

"No system of economic governance in the European Union is sustainable
without full …scal union." Discuss.

4.

To what extent was a new economic and foreign policy settlement established
in post-World War II Britain?

5.

"Margaret Thatcher’s Conservative government transformed British politics,
however Tony Blair’s New Labour government added virtually nothing new,
but largely continued Thatcher’s policies." Discuss.

6.

"The Great Recession of 2008, along with Britain’s other major economic
di¢ culties since 1945, required more than monetary and …scal policies to
resolve." Discuss.

7.

(a) How do political institutions a¤ect economic development?
(b) What is the relationship between governance and growth?
(c) Do political institutions or human capital better explain why some countries are rich and others poor?

8.

(a) What is a public good? Suppose we overuse a pure public good, how
does this create a collective action problem? Explain your answer using
the example of any one public good.
(b) Explain how institutions may act as solutions to collective action problems. In this context, what is the Olson (1965) group-size paradox?
(c) How might ethnic diversity a¤ect the government’s provision of public
goods?
END OF PAPER
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1.

‘The cotton industry could not have developed to the extent that it did without trade, but this does not imply that international trade was essential to
achieving Britain’s industrialisation.’ Discuss.

2.

Explain the economic mechanisms through which transport improvements
might aid economic growth. With reference to two types of transport, consider whether transport played this role in aiding growth in Britain’s industrial
revolution.

3.

N.F.R. Crafts’view that the Industrial Revolution was characterised by a slow
rate of economic growth and limited in‡uence of new technology has recently
been challenged by (a) evidence on the occupational structure of Britain and
(b) the shift in technology occasioned by high wages and cheap energy costs.
Explain how these have challenged Crafts’view.

4.

The commercial revolution preceded the Industrial Revolution. How important were the developments in …nance and commerce in enabling industrialisation?

5.

Consider evidence on the growth of output and productivity to evaluate the
economic performance of the late Victorian economy.

6.

Britain had a visible trade de…cit from 1850-1914. Explain how this trade
de…cit might be related to the high levels of interest, pro…ts and dividends
being returned to the economy from capital export in previous years. Does the
trade de…cit necessarily imply poor performance in Britain’s manufacturing
sector?

7.

‘The technologies used in various industries in Britain from 1850-1914 demonstrate entrepreneurial failure.’ Discuss whether this inference is correct with
reference to at least two industries.

8.

Compare and contrast the causes of the peaks in unemployment in Britain in
1920-1 and 1929-32.

9.

Evaluate the evidence as to whether the 1932 General Tari¤ impacted favourably
on Britain’s economic recovery during the 1930s.

10.

What were the short-term and the long-term e¤ects of Britain’s policy goal
of returning to the gold standard at the pre-World War I parity?

END OF PAPER
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SECTION A – Answer ALL FOUR questions from this Section.

1.

Let f (x) = ln(1 − x).
(a) Provide a Taylor series expansion for f (x) around the point x = 0.
(b) Provide a polynomial function P (x) which is at most 0.0001 away from
f for all x ∈ (0, 0.1).
(c) Hence find a number that estimates ln(0.99) that is correct to at least 4
decimal places.

2.

Evaluate the following integrals (making sure you show your work):
∫
(a)
xe3x dx
∫

e2

dx
x(ln x)3
e
∫
2x
(c)
dx
2
x + 6x + 5
(b)

3.

Let T : R3 → R3 be a linear transformation such that
(1, 0, 0) →
7
(0, 1, 0)
(1, 1, 0) →
7
(−1, 1, 0)
(1, 1, 1) →
7
(−1, 1, −1)

(a) Provide a matrix representation for T according to the standard unit
basis.
(b) Denoting this matrix by A, compute the matrices A2 and A5 . (Hint:
Feel free to use the geometric interpretation of T .)
(c) Determine whether T is singular or not. If it is non-singular, express
T −1 in matrix representation. If it is singular, explain why.

2 of 8

4.

A firm uses two inputs K and L to produce an output according to its technology
f (K, L) = K α Lβ
where 0 < α, β < 1/2 are parameters that capture the eﬃciency of the firm’s
technology.
(a) Let w and r be the prices of L and K respectively, and p the price of the
output. Write the firm’s profit maximisation problem.
(b) Which problem do you need solve to obtain the cost function?
(c) If α = 0.25, β = 0.25, w = 0.25, r = 4, and p = 4, compute the numerical
value of the firm’s profit.
(d) Now suppose the firm has access to two costly innovations A and B.
Innovation A improves α by 0.01, whereas innovation B improves β by
0.01. Which innovation does the firm prefer? And in approximate terms,
what is the most the firm would be firm willing to pay for its preferred
innovation?

3 of 8

(TURN OVER)

SECTION B – Answer ONE question from this Section.
5.

Consider a market for an ordinary good where the price in each period is
determined by the standard market clearing condition: supply equals demand.
Let the demand curve for this good be f (p) and the supply curve be g(p).
(a) You are told that at every price p, the price elasticity of market demand
for this good is ap2 and the price elasticity of market supply is bp2 where
a and b are given constants. If both the market demand and the market
supply at p = 1 are 100, derive the demand curve f and the supply curve
g.
(b) Suppose demand Dt and supply St in period t are determined according
to
Dt = f (pt )
and
St = g(pt−1 )
where pt is the market price in period t. Obtain a diﬀerence equation for
pt , and evaluate all steady states if there are any.
(c) Obtain a formula which expresses the price in period t as a function of t
and p0 .
(d) Determine the conditions under which pt converges, and whether there is
a stable long run equilibrium. Comment on the nature of the convergence
path.

6.

Let f : R2 → R be given by
f (x, y) = 2x2 + 5y 2 − 4xy − 6x + 4y + 13
(a) Identify and classify all stationary points of f . Does f admit a global
maximum?
(b) Now suppose the domain of f is restricted to D ⊂ R2 described by
3
(x − y)2 + y 2 ≤ 87
2
Explain why f must admit a maximum and a minimum on domain D.
(c) Identify where f takes its maximum and minimum values on domain D.
Make sure you show your work in getting your answers.
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SECTION C – Answer ALL FOUR questions from this Section.

7.

Let X and Y be continuous random variables with joint probability density
function
f (X, Y ) =

x + xy
2

0 ≤ x ≤ 1, 0 ≤ y ≤ 2

(a) Calculate the marginal probability density functions for X and for Y .
(b) Calculate E (X) and E (Y ).
(c) Are X and Y independent? Justify your answer.
8.

(a) In a particular Cambridge College, 18% of all students both play football
and row, and 32% of all students play football. What is the probability
that a student rows given that the student plays football?
(b) We have two bags each containing black and white balls. One bag contains three times as many white balls as black balls. The other bag
contains three times as many black balls as white balls. Suppose we
choose one of these bags at random. From this bag we select five balls
at random, replacing each ball after it has been selected. The result is
that we find 4 white balls and one black. What is the probability that
we were using the bag with mainly white balls?

9.

A (null) hypothesis is to be tested by calculating a test statistic t that takes
values in some sample space Ω
(a) Explain what is meant by acceptance (A) and rejection (R) regions for
the test. What properties should we require of these regions?
(b) Explain what is meant by a Type I and Type II error and define the size
and power of the test.
(c) What problems might occur if we choose A such that the probability of
a Type I error is zero?
(d) If we carry out several independent tests of size α show that the probability we reject at least one of the nulls, even if they are all true, is
1 − (1 − α)n , where n is the number of tests carried out. Hence show
that if we make each individual test size αn then the overall testing procedure will have overall size (ie the probability we reject at least one of
the nulls, even if they are all true) approximately α.
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10.

To investigate the relationship between wages, experience, and union status
we have a dataset containing 528 observations, each corresponding to a person,
for whom we observe the hourly wage (W ), union status (1 if the worker is in
a union (U ), 0 otherwise), and years of work experience (E).
(a) Consider the regression of wages on union status:
c = 8.659 + 2.140U
W
(0.245)

(0.573)

Provide an interpretation for the coeﬃcient on U .
(b) Test the null hypothesis that, on average, the wages of unionized and
non-unionized workers are the same against the alternative that they are
not.
(c) Next, consider the regression of wages on union status and experience:
c = 8.130 + 2.015U + 0.031E
W
(.394)

(0.577)

(0.018)

Based on this regression:
i.
ii.

write an expression for the fitted least squares line for unionized
workers.
write an expression for the fitted least squares line for non-unionized
workers.

(d) If two people have the same labor market experience, but one is unionized
and the other is not, what is their predicted average wage diﬀerence?
(e) List the assumptions under which the least squares estimators are unbiased. Is the coeﬃcient estimate on the union variable in part (a) unbiased? Explain why or why not.
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SECTION D – Answer ONE question from this Section.
11.

Random variables X1 and X2 are drawn independently from a distribution
with probability density function f (x) and cumulative distribution function
F (x).
(a) Calculate P (X1 = x, X2 ≤ x) in terms of f and F and hence show that
P (max {X1 , X2 } = x) = 2f (x)F (x)
Now suppose that f (x) is the uniform distribution U [0, 1] i.e.
f (x) = 1 0 ≤ x ≤ 1
(b) Calculate F (X) and hence write down the probability density function
of the random variable Y = max {X1 , X2 }.
(c) Show that E (Y ) =

2
3

and V ar (Y ) =

1
.
18

(d) A game is played where each of 90 students draws independently two
numbers from a U [0, 1] distribution and keeps the highest of their two
draws. The resulting 90 values are summed and the entire group gets
a free meal if the sum exceeds 60 and a free meal with wine if the sum
exceeds 65. Stating clearly any assumptions you make:
i.
ii.

What is the probability they get the meal?
What is the probability they get the meal with wine?

(e) Explain how your calculations above would change if each student can
draw N times from the U [0, 1] distribution and keep their largest draw.
12.

A researcher has access to data for a sample of size N on a random variable
Y . The sample contains data on two sub-populations, each containing NA
and NB (N = NA + NB ) observations on, respectively, random variables YA
and YB .
(a) Using the following linear regression equation
Y A = α A + εA

(1)

where αA is an unknown parameter and εA is an error term. Find an
expression for the ordinary least squares (ols) estimator of αA
(b) If the mean in population A is µA and the mean in population B is µB
how would you test the hypothesis H : µA = µB ? State any additional
assumptions that you need to make to undertake your test.
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(c) Consider now the following linear regression equation
Y

= λ + βD + ε

(2)

where λ and β are unknown parameters and ε is an error term. D is a
dummy variable that is equal to 1 for membership of subpopulation A
and equal to 0 for membership of subpopulation (B). Find an expression
for the ordinary least squares (ols) estimator of β and explain how one
could use this to test the equality of population means.
(d) Provide an interpretation for the ordinary least squares (ols) estimators
b and β.
b
λ
(e) Why might an analyst prefer to utilise the method used in part (c) over
(b).
(f)

“If individuals are randomly allocated to subpopulations A and B, the
ols estimator βb will be unbiased for β.” Evaluate this statement.

END OF PAPER
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SECTION A
1.

Explain carefully the relationship between a …rm’s long-run average cost curve
and its short-run average cost curves.

2.

Consider a consumer with increasing preferences over consumption streams
in two periods i = 1; 2. His income in period i is positive. He can borrow or
save at the same interest rate. At the initial interest rate, the consumer saves
in period 1. Then, the interest rate goes down.
(a) If the consumer remains a saver after the interest rate falls, is he better
o¤ or worse o¤? Explain brie‡y.
(b) After the fall in the interest rate, is it possible that he increases his
consumption in period 2? Explain whether your answer depends on
whether consumption in period 1 and in period 2 are normal or inferior
goods.

3.

A consumer compares bundles (x1 ; x2 ) with respect to their distance from
(2; 5) on the R2 0 plane. Given any two alternatives a = (a1 ; a2 ) and b = (b1 ; b2 )
in R2 0 , she prefers the one further away from the point (2; 5). If a and b are
equidistant from (2; 5), then she is indi¤erent between a and b.
Answer the following questions and explain your answer brie‡y in each case.
(a)
(b)
(c)
(d)

Are her preferences increasing or not?
Are her preferences convex or not?
Does she have rational preferences or not?
Can we call her a utility maximiser or not?

4.

‘In a pure exchange economy with two agents, A and B, and two goods, x and
y, if A is able to make a take-it-or-leave-it o¤er to B it makes no di¤erence
if the o¤er is an allocation or a pair of prices at which B can trade; the …nal
allocation will be the same in both cases, and Pareto-e¢ cient’. Comment.

5.

‘In a pure exchange economy with two agents and two goods a competitive
equilibrium will exist as long as both agents have non-satiated preferences,
since they will negotiate a trade in which both markets clear’. Comment.

6.

In a Robinson Crusoe economy with a single produced good and one input,
labour, the production function is y = L2 , where L is labour input. The
utility function is U (c; l) = c2=3 l1=3 , where c is consumption of the produced
good and l is the amount of leisure. The amount of time available is T . Find
the optimal amount of output and leisure. If this optimal allocation were the
outcome of a competitive equilibrium, what would the equilibrium wage and
pro…t have to be? Explain whether the allocation could be the outcome of a
competitive equilibrium.
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SECTION B
7.

A monopolist’s market research reveals that the population of students have
a di¤erent demand for its product compared with the population of those
who are in full-time employment. Speci…cally, the respective market demand
functions are DS = 100 2ppand DE = 100 p: The production function of
the monopolist is f (K; L) = KL, and the unit prices of inputs K and L are
pK = 1 and pL = 4, respectively.
(a) Does this monopolist have increasing, constant, or decreasing returns to
scale?
(b) Derive the monopolist’s cost function, that is, compute how much it costs
for the monopolist to produce q units.
(c) Suppose the monopolist can engage in third degree price discrimination
and thus set two prices: pS for the students and pE for the employed.
What are the monopolist’s pro…t-maximising prices for the students and
the employed?
(d) De…ne the price elasticity of demand, and compute it for both students
and employed at the prices set by the monopolist.
(e) Now suppose the monopolist cannot price discriminate. What price will
it set? What will be the price elasticity of demand for the combined
market of students and employed?
(f) In the light of your answers to parts (d) and (e), comment brie‡y on the
relationship between price and price elasticity of demand at the monopolist’s pro…t-maximising choices.

8.

A consumer’s preferences over bundles (x; y) in R2 0 are represented by a
utility function
p
u(x; y) = ( x + y)2
(a) Provide a de…nition of quasi-linear preferences. Verify that the above
consumer has quasi-linear preferences.
(b) Suppose the consumer’s optimal choice features positive amounts of both
goods. Describe, in words, Slutsky’s and Hicks’interpretations of the income e¤ect associated with a small decrease in px . Qualitatively compare
their magnitudes in this particular case.
(c) Describe, in words, what Equivalent Variation (EV), Compensating Variation (CV) and Change in Consumer Surplus (CS) mean.
(d) Qualitatively compare the magnitudes of the three welfare measures for
this consumer when px decreases by a small amount. Explain how you
have reached your conclusion.

9.

‘Widely observed altruistic behaviour and the prevalence of framing e¤ects
render economic modelling based on utility-maximising individuals too unrealistic to be useful.’ Discuss.
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10.

(a) Consider a Ricardian trade model with the following features. In country
A, labour produces twice as much per hour in industry y as in industry x.
Country B labour is twice as productive as country A labour in industry
x and 50% more productive than country A labour in industry y. There
are constant returns to scale in all …rms and each consumer supplies one
unit of labour inelastically.
(i) Describe what is meant by a competitive equilibrium of the model,
when trade in goods is possible but labour migration is not.
(ii) Suppose that in the competitive equilibrium there is complete specialization of production.
( ) Find upper and lower bounds for the ratio of the price of good
x to the price of good y, and explain why specialization occurs
in equilibrium if the ratio is between these bounds.
( ) Find the ratio of the wage in B to the wage in A, in terms of
the output prices.
( ) What is the lowest possible value of this ratio?
(b) ‘Free Trade exploits a country and makes it worse o¤ if its workers make
much lower wages than workers in other countries’. Discuss in the context
of the model in (a).

11.

Consider an economy with two types of …rms which emit greenhouse gases.
Each …rm emits one thousand tonnes of such gases. The bene…t to society
of reducing emissions by Q tonnes is Q. The cost of reducing emissions by
q is q 2 for a …rm of type and q 2 for a …rm of type (independently of
any other production decisions). There are n …rms of each type. Assume that
< 2 and < 2 .
(a) Find the socially optimal amount of emission reduction for each …rm.
(b) Find an emissions tax which would achieve the social optimum, and
explain why it does so.
(c) Suppose the government adopts a cap-and-trade approach, issuing k
emission permits for free to each …rm. Each permit allows the emission of one tonne of greenhouse gases and can be traded between …rms
in a competitive market.
(i) How many permits should the government issue?
(ii) For a given type …rm, write down the pro…t, from abatement and
corresponding sale of permits, if the market price of permits is p and
abatement is q . Hence …nd the total demand for permits at price
p.
(iii) Write down the market-clearing condition. Find the equilibrium
price of permits when the government issues the optimal number of
permits. Brie‡y discuss your result.
(iv) Consider brie‡y whether there is a better way for the government
to distribute permits than giving k for free to each …rm.
4 of 5

12.

(a) n people eat a meal together in a restaurant. Person i (i = 1; 2; :::; n)
has utility function Ui (yi ; xi ) = yi + ai ln(xi ), where yi is the amount of
money i ends up with, xi is the amount of food she eats, ln(:) is the
natural logarithm and ai > 0. One unit of food costs p > 0. Assume
that each person’s initial income Yi is large. yi is equal to Yi less the cost
of xi .
(i) For each person, derive an expression for the Pareto-e¢ cient amount
of food consumption.
(ii) Suppose the diners know that, at the end of the meal, the bill is to
be divided equally between them. How much will each person decide
to consume?
(iii) What do the results in (a)(i) and (a)(ii) suggest about the e¢ ciency
of dividing the bill equally between diners?
(b) n people each attend a …rework display. Person i (i = 1; 2; :::; n) has
utility function Ui (yi ; X) = yi + aln(X), where X is the total quantity
of …reworks, a > 0 and otherwise notation is as in (a). A quantity X of
…reworks costs qX, where q > 0.
(i) Derive an expression for the Pareto-e¢ cient amount of …reworks and
show that it corresponds to the Samuelson Rule.
(ii) If each person individually buys …reworks for the display at unit cost
q, what will the total amount of …reworks be?
(iii) What do your results in (b)(i) and (b)(ii) suggest about private
provision of public goods?
END OF PAPER
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SECTION A
1.

Explain why periods of war are associated with high long run real interest
rates.

2.

De…ne the two main measures of the price level in an economy, namely the
GDP de‡ator and the Consumer Price Index. What are the main di¤erences
between the two measures? Which of the two is a better measure of the cost
of living in an economy?

3.

The natural rate of unemployment in the UK dropped from around 11% in
the early 1980s to 5% by 2005.
(a) Assuming that the separation rate during this period has been the same,
at a level of 1%, calculate the change in the …nding rate that generates
this drop in the unemployment rate.
(b) Provide one possible explanation for why the …nding rate in the UK
during this period changed.

4.

Describe two policy measures that may be expected to increase aggregate
output in an economy, while the nominal interest rate is constrained at the
zero lower bound.

5.

Explain how each of the following a¤ects the size of the equilibrium …scal
multiplier:
(a) The investment decisions of …rms depend on the level of output.
(b) There is increased uncertainty about macroeconomic policy management.

6.

Explain what is meant by the ‘Balassa-Samuelson e¤ect’.
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SECTION B
7.

The Central Bank of Nilland reports that current money supply in the economy is 120 billion Nil Dollars. The Central Bank requires a 20% reservedeposit ratio from all commercial banks and estimates that the currency deposit ratio is approximately 0.5%. Suppose that the Central Bank considers
implementing a policy that will double the money supply, by increasing the
monetary base.
(a) If they implemented the policy, by how many Nil Dollars would the
Central Bank increase the monetary base? Explain your answer carefully.
(b) What is the long run impact of this proposed change in the money supply
on prices and the in‡ation rate of Nilland?
(c) Why does the Central Bank not have an exact …gure for the currency
deposit ratio? How important is it for the Central Bank to have a good
estimate of the currency deposit ratio?

8.

Consider an economy described by the Solow growth model: The production
function is
Y = F (K; L) = AK L1 ;
where A is the productivity parameter, Y is total output, K is capital stock
and L is the population, which is equal to the labour force. The saving rate
is s and the depreciation rate is . Neither technology nor population grows
over time. Suppose that the economy is initially at its steady state.
For each of the two situations below, explain with the help of the Solow
diagram, how the economy behaves over time. Comment on the evolution of
both capital and output per capita (k and y respectively), as well as the levels
of capital and output in the economy.
(a) Severe weather conditions cause major damage to the country’s transport
infrastructure.
(b) An in‡uenza epidemic results in many deaths and poor health of the
general population.

9.

Aggregate expenditure in a closed economy with no government is characterised by the following relationships:
C =
I =

+ Y +"
r

where C is consumption, I is investment, Y is aggregate income, , , and
are positive parameters with < 1, and " is a mean-zero permanent random
shock to aggregate consumption.
The real interest rate r is chosen by the central bank according to the rule:
r=r+
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where is the in‡ation rate, > 0 is a parameter, T is a target in‡ation
rate, and r is the central bank’s assessment of the natural real interest rate.
Aggregate supply is described by:
=

1

+v Y

Y

where 1 is lagged in‡ation, Y is a measure of potential output, and v > 0
is a parameter.
(a) Suppose that r is de…ned as the interest rate that would equilibrate
savings with investment in the absence of both price rigidities and shocks.
i. Express r as a function of the model’s parameters and Y :
ii. Solve for the output gap Y Y and in‡ation rate in terms of the
consumption shock " in both the short run (assuming that 1 = T )
and the long run.
(b) Now suppose that, after observing the consumption shock, the central
bank has the freedom to change its policy rule. How, if at all, would
you recommend that the policy rule should be changed? Discuss the
implications of your answer for the overall macroeconomic signi…cance
of aggregate demand shocks.
10.

How desirable is it for countries that are pegging their exchange rates to
restrict the cross-border ‡ow of capital, goods and services?

END OF PAPER
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1.

‘The conventional view is that most of today’s rich countries have used freemarket, free-trade policies to develop their economies. The reality is the
opposite.’ Discuss with reference to historical examples.

2.

‘Despite the aspirations of free-market economists, it is not possible to rid the
economy of politics.’ Discuss.

3.

‘Given the political constraints, there will never be a coherent system of
economic governance in the European Union.’ Discuss.

4.

‘The political accord in British politics between 1945 and 1979 proved to be
e¤ective in delivering the outcomes that the electorate and the politicians
wanted.’ Discuss.

5.

‘Margaret Thatcher’s government was a radical one, but Tony Blair’s New
Labour government was much more in accord with the wishes of the
electorate.’ Discuss.

6.

In what ways was the Great Recession of 2008 di¤erent in nature from other
major economic challenges Britain has faced since 1945? In what ways did
British governments deal with the Great Recession di¤erently from how they
dealt with other major economic challenges since 1945?

7.

(a) In what ways might legal institutions a¤ect economic development?
(b) What is the di¤erence between common law and civil law legal systems?
(c) Does the empirical evidence suggest that legal systems explain di¤erences
in economic growth across countries?

8.

(a) What is social capital?
(b) In order to measure social capital, is it better to use attitudinal data or
participation data? Provide examples to illustrate your argument.
(c) How does social capital a¤ect human capital in the economy?
END OF PAPER
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1.

It is often argued that the agricultural sector played an important role in
British industrialisation.
(a) How might developments in the agricultural sector in‡uence industrialisation?
(b) Which of these possible in‡uences, if any, are supported by the evidence
for Britain?

2.

Did international trade make an important contribution to industrialisation
in Britain?

3.

How, if at all, does evidence on human heights alter our assessment of the
e¤ects of industrialisation on living standards in Britain between 1750 and
1850?

4.

Assess the importance of any two of the following in‡uences on technological
innovation during the British Industrial Revolution:
(a) factor prices;
(b) the Enlightenment;
(c) institutions.

5.

‘Britain invested large amounts of her wealth overseas between 1850 and 1914,
but the evidence that this was detrimental to the performance of the economy
is weak.’ Discuss.

6.

For the latter part of the nineteenth century, compare British and German
provision of (a) formal scienti…c education and (b) other ways of acquiring
human capital. Can de…ciencies in human capital provision be causally linked
to the relative decline of the UK economy in this period?

7.

It has been argued that the long-term relative decline of the British economy
had its roots in the late Victorian era. Does Broadberry’s work on the relative
performance of manufacturing and services support this interpretation?

8.

Describe British government policies with regard to unemployment bene…ts
in the 1920s. Were these policies the main cause of unemployment in Britain
during this period?

9.

Why did Britain devalue the pound in 1931? Evaluate the mechanisms by
which devaluation a¤ected economic recovery during the 1930s.

10.

Evaluate the e¤ects of the policy of Imperial Preference introduced in 1932
on British trade during the 1930s.
END OF PAPER
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SECTION A
1 Consider the following two models of international trade. Answer both parts
of the question.
(a) Assume that in a Ricardian world there are 3 countries, which produce
Apples and Oranges, using labour as their only input. What can we say
about the pattern of production in this world? Draw the production possibility frontier and discuss what the relative price of Apples to Oranges
could be.
(b) Consider a world with two countries, Home and Foreign. They both produce two goods using capital and labour as inputs: a labour intensive
good X1 and a capital intensive good X2 . Assume that the production
technologies are constant returns to scale and that there is no labour mobility between countries. Assume further that Home is labour abundant
and small, whereas Foreign is capital abundant and large. Discuss the
e¤ect of an import subsidy in the Home country on wages, output prices
and trade. How would your answer change if Home was a large rather
than a small country?
2 Robinson Crusoe lives alone on an island. He has T number of hours each day
that he can either devote to work producing coconuts or consume as leisure.
His utility function over those two commodities is given by u(l; c) = ln l + c;
where l is leisure, c is coconuts and > 0. His production function of coconuts
is f (L) = ln(L + 1), where L is the amount of hours he works per day. Set
the price of coconuts equal to 1, and denote the wage rate by w.
(a)

i. Set up the producer’s problem for Robinson and …nd the demand
for labour and the supply of coconuts as a function of the wage rate
w. (Careful: your answer will depend on whether w 1 or w > 1).
Calculate the pro…t function.
ii. Set up the consumer’s problem for Robinson and …nd the demand
for leisure and coconuts as a function of the wage rate.

(b)

i. Look for a competitive equilibrium with w 1 and show that there
is such an equilbrium if
T . What is the equilibrium wage and
allocation in this equilibrium?
ii. If > T , what would you expect the equilibrium wage and allocation
to be?

(c) If a central planner interested in achieving e¢ ciency were to organize
Robinson’s activities, how many coconuts would he ask Robinson to produce and how much leisure to consume? Explain your answer.
2 of 7

3 Consider two di¤erent price vectors p = (px ; py ) and p0 = (p0x ; p0y ), with py =
p0y , and a consumer with income m. We are interested in comparing the
consumer’s welfare at these two price vectors.
(a) De…ne the notions of (i) (change in) consumer surplus, (ii) compensating
variation and (iii) equivalent variation, and contrast the three.
(b) Compare and rank the notions of consumer surplus, compensating variation and equivalent variation in terms of integrals of the Marshallian
and Hicksian demand functions. Draw a graph.
(c) Assume that the consumer’s indirect utility function is given by v(p; m) =
m2
. Using results from duality theory, …nd the Marshallian demand
4px py
functions of this consumer. Calculate the change in consumer surplus
for a price movement from p = (2; 3) to p0 = (1; 3) when the consumer
has income m = 10.
4 Albert and Betty live in a two goods exchange economy. Albert has utility
1=4 3=4
function uA (xA ; yA ) = xA yA and an endowment of three units of good
x and two units of good y, while Betty has utility function uB (xB ; yB ) =
min(xB ; 2yB ) and an endowment of two units of good x and one unit of good
y. Prices are px and py respectively.
(a) What are the competitive equilibrium prices and the equilibrium allocation? Is the allocation Pareto e¢ cient? Explain why.
(b) What are all the Pareto e¢ cient allocations in this economy? Draw a
diagram to explain your answer.
(c) Assume that the government wants to implement the following Pareto
e¢ cient allocation: (xA ; yA ) = (1; 1) and (xB ; yB ) = (4; 2) via a lumpsum transfer of good y from Albert to Betty. How much of y does Albert
have to give to Betty, so that this allocation emerges as the competitive
equilibrium of the economy?
(d) Assume now that lump-sum taxes are not feasible. Instead, the government imposes a per unit tax on Albert’s consumption of good y and
transfers the money received to Betty. Explain whether it is possible
to implement the allocation in (c) as the competitive equilibrium of the
economy with such redistributive taxes.
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SECTION B
5 Answer all parts of the question.
(a) The Allais paradox involves choices between the following lotteries, where,
for example, (p1 ; x1 ; p2 , x2 ) denotes a lottery that pays prizes x1 and x2
with probabilities p1 and p2 respectively:
A: (0.9, $0; 0.1, $5million)
B: (1, $1million)
C: (0.01, $0; 0.89, $1million; 0.1, $5million)
D: (0.89, $0; 0.11, $1million)
i. What hypothetical decisions are subjects asked to make, and what
choices are commonly observed?
ii. How do these choices contradict expected utility maximisation?
iii. Give an interpretation of the preferences expressed by subjects.
iv. Do you think these preferences are reasonable?
(b) The Ellsberg paradox makes use of a monetary prize equal to $100, and
two urns: Urn X, containing 50 red balls and 50 black balls, and Urn Y,
containing red and black balls in unspeci…ed numbers.
i. What hypothetical choices are subjects asked to make, and what
choices are commonly observed?
ii. What aspect of the standard theory of decision making under uncertainty do these choices contradict?
iii. Give an interpretation of the preferences expressed by subjects.
iv. In what settings do you think we would we be likely to …nd preferences of this type?
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6 In 2050 the temperature of the world will have risen by T degrees, where
E(T ) = 5 and Var(T ) = 10. A large rise will cause ‡ooding in much of the
world, but also a boom in Greenland as ice melts. The return of the market
portfolio in the period to 2050 is described by M = 100 10T + 1 , i.e.
investments in this portfolio are multiplied by M over the period to 2050,
where E( 1 ) = 0 and Var( 1 ) = 1000. The value of Greenland Construction
Company (GCC) in 2050 will be $ billion, with = T +1+ 2 , where E( 2 ) =
0 and Var( 2 ) = 1. The random variables T; 1 and 2 are independent. There
is a risk-free asset with return r = 10. The return of GCC is R = =v, where
the current value is $v billion.
(a) Calculate the following:
i. Expected return E[M ] and variance Var[M ] of the market portfolio,
ii. E[ ] and Cov[ ; M ],
iii. E[R] and Cov[R; M ] as functions of v.
(b) What is the CAPM formula relating R and M ? Under the assumptions
of CAPM, what is the current value of GCC?
(c) Is v greater or less than E[ ] =r and why?
(d) If the variance of 2 were increased, how would that a¤ect v? You should
assume that GCC is small relative to the world market, and that Var[M ]
is not (signi…cantly) a¤ected.
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p
7 Larry dislikes exercise. His preferences are given by E[ w] e, where w is
wealth and e 2 f0; 1g is the amount of exercise he takes. Larry initially has
wealth 16 but may face an illness which results in medical costs of l = 16. If
not, there are no costs l = 0. The probability of illness is pI = 3=4 if e = 0,
and pI = 1=4 if e = 1. These probabilities are known to all parties.
(a) Suppose there is no insurance available. Will Larry exercise? What is
his resulting utility u?
(b) Suppose there is a monopolist insurer with no transaction costs. The
insurer maximises expected pro…ts, subject to giving Larry at least the
utility u found in part (a). Suppose the insurer does not observe e
but only whether the medical costs were incurred. He o¤ers a contract
specifying payments of H if Larry remains healthy and I if he falls
ill, where k > 0, k = H; I, indicates a payment paid by Larry, and
k < 0 indicates a payout by the insurer. So, Larry’s …nal wealth is
wH = 16
H when healthy and wI =
I when ill.
i. What are the conditions on wH and wI for Larry to accept the contract and choose e = 1? Why would we expect wH > wI in this
contract?
ii. Calculate the optimal contract which makes Larry want to accept
p
p
and choose e = 1? (Hint: …rst calculate wH and wI .) What are
expected pro…ts for this contract?
iii. Is this better than the optimal contract which causes Larry to choose
e = 0? Explain your answer.
(c) If the insurer could observe e and condition payments on the level of
exercise as well as on medical costs, what sort of contract would you
expect? What can you say about Larry’s …nal wealth in both states,
whether he exercises, and how resulting pro…ts compare to those in part
(b)? (You do not need to do any calculations here.)
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8 Consider the following model of reciprocation. There are two stages. In the
…rst stage, A(gatha) has the opportunity of doing a favour of size x 0 for
B(eatrice). In the second stage B, having received the favour, can reciprocate
by doing a favour of size y 0 for A. A can be a sel…sh type (S) or a generous
p
type (G). If A p
is sel…sh, A’s utility is y x. If A is generous,p
A’s utility is
p
y x + 0:1 ( x y). If B believespA is sel…sh, B’s utility is x y. If B
p
believes A is generous, B’s utility is x y + 0:1 y x .
(a) Interpret the preferences of A and B.
(b) Suppose B knows A’s type. What choices of x and y would you expect?
(c) Suppose B does not know A’s type but attaches positive probabilities to
A being S or G. What are the conditions for a separating equilibrium?
(You should give the equations that need to be satis…ed but you do not
need to solve for the range of separating equilibria.)
(d) Which equilibrium is best for type G of A?
(e) Describe the signalling motive that A has. Comparing your answer to
(d) with your answer to (b), how has the utility of A and B changed?
END OF PAPER
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SECTION A
A.1 Consider the following stylised Phillips curve
t

=

e
t

+

ut ;

where t denotes the in‡ation rate, et the expected in‡ation rate and ut the
unemployment rate. The subscript t denotes the time period.
De…ne the natural rate of unemployment, un , and rewrite the above relationship in terms of un .
Suppose that the population can be divided into two subgroups. The …rst
group, which comprises a fraction of the population, has rational expectations such that et = t . The second group, which then comprises the fraction
(1
), has adaptive expectations such that et = t 1 . Derive an expression
for t in terms of ut and un . How does the slope of the Phillips curve change
depending on the parameter ? Use the logic of the Aggregate Supply curve
to provide an intuitive explanation.
A.2 Firm i produces output according to
yi = F (Li ei );
where yi denotes …rm i’s output, Li labour inputs and ei is e¤ort per worker.
As usual in the e¢ ciency-wage literature, e¤ort depends on …rm i’s wage, wi ,
relative to the average wage in the economy, w, according to ei = e(wi ; w; T ),
where T denotes the economy’s temperature. E¤ort is increasing in wi and T ,
but decreasing in w.
Set up the …rm’s optimisation problem and show that, in the optimum, the
elasticity of e¤ort with respect to wi is equal to unity. (Functions F ( ) and
e( ) happen to be such that the …rst order conditions are both necessary and
su¢ cient.)
In equilibrium all …rms will set identical wages. Suppose that the e¤ort funcw
) , with > 0 and
2 (0; 1). Derive the
tion is given by e = (wi
T
equilibrium temperature, T (as in Barro [1989], “An E¢ ciency Wage Theory
of the Weather”).
A.3 Suppose investors are concerned that the US government will temporarily
default on its debt payments in three months due to a failure to agree on
lifting the debt ceiling. Analyse the likely e¤ect of this on the price and yield
of US Treasury bills and bonds with a maturity of one month, three months
and three years, and explain how it would a¤ect the shape of the US yield
curve.
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A.4 Suppose euro area banks are making unexpected early repayments of large
three-year loans made by the European Central Bank during the sovereign
debt crisis. Analyse the short-run e¤ect of this on the money supply, nominal
interest rate, nominal exchange rate and aggregate output in the euro area
using the DD-AA model.
A.5 Consider a model in which aggregate demand is given by
yt = mt

pt + v

and aggregate supply by
yt

ytp = (pt

Et 1 [pt ])

where yt denotes the log of real output, ytp the log of the trend of real output,
mt the log of the money stock, pt the log of the price level, and v is the log of
the velocity of money. As usual, the subscript t denotes the time period, and
Et 1 [ ] denotes the rational expectation of some variable given information
available in period t 1.
The monetary policymaker responds to changes in output in the previous
period according to
m t = y t 1 + "t
where "t is the unsystematic, unpredictable component of money with Et 1 ["t ] =
0. The policymaker can vary so that the responsiveness of monetary policy
to output changes.
Show that has no impact on output, yt . Apart from rational expectations
what other assumption is crucial for this result to go through?
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SECTION B
B.1 Consider the Bernanke-Blinder extension to the ISLM model. Banks are assumed to hold bonds B, loans L and reserves R as assets, and have deposits
D as liabilities, so that the representative bank’s balance sheet is
B + L + R = D:
Reserves are equal to the legal minimum reserve requirement R = D, where
= 41 . The demand for deposits is given by
1
iB ;
2

Dd = Y

where Y is real aggregate output and iB the bond interest rate. The demand
for loans is described by
Ld = Y

(iL

iB ) ;

where iL is the loan interest rate. The supply of loans is given by
Ls =

2
(D
3

R) :

Goods market equilibrium is described by
Y = 100

iL

1
iB :
2

(a) Derive the equilibrium bond interest rate, iB , in the money market in
terms of output, Y , and reserves, R; and derive the equilibrium loan
interest rate, iL in the loan market in terms of Y , R, and iB . Give an
intuitive explanation.
(b) Derive output, Y , in terms of R and iB such that there is equilibrium in
both the goods market and the loan market. Give an intuitive explanation.
(c) Suppose the initial level of reserves is R = 10 and that the central bank
conducts an open market purchase of bonds for an amount of 5. Compute
the initial and new equilibrium levels of output, Y , the bond interest rate,
iB , and the loan interest rate, iL . Illustrate the e¤ect graphically and
provide an economic explanation.
(d) Explain carefully how the e¤ect in part (c) would be di¤erent if the
economy were in a liquidity trap.
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B.2 Consider a price-taking representative agent who faces the following optimisation problem
max fu(c1 ) + u(c2 )g

c1 ;c2 ;b2

subject to c1 + b2 = (1 + r1 )b1 + y1
c2 = (1 + r2 )b2 + y2

T1
T2 ;

where ct denotes consumption, bt savings, yt income, Tt lump-sum taxes, and
rt the (real) interest rate. As usual, t = 1; 2, denotes time. The utility
1
function, u(c), is given by c1 , with > 1.
Assume that the economy is closed with no investments, such that the GDP
identity is given by yt = ct + gt , where gt denotes government spending.
Income, yt , is a pure endowment. The government runs a balanced budget
such that Tt = gt .
(a) Derive the Euler equation associated with the above optimisation problem and provide an intuitive explanation.
(b) Suppose for simplicity that gt = 0, t = 1; 2. Derive the equilibrium
interest rate, r2 , as a function of the ratio of y1 and y2 . What happens to
the interest rate, r2 , if agents receive unexpected news in period 1 that
y2 will fall? What is the intuition behind this result?
(c) Given a certain value of y1 and y2 , suppose that g1 suddenly rises but
that g2 remains at zero. What is the e¤ect on output, y1 , and the interest
rate, r2 ? Provide the intuition for this result. Illustrate this situation
graphically in the (y1 ; r2 )-plane. How does this di¤er from the standard
intertemporal model, and why?
(d) Lastly, suppose that both y1 and y2 increase by a constant proportion
> 1. For simplicity gt = 0, t = 1; 2. How does the interest rate,
r2 , respond to this change? Illustrate this situation graphically in the
(y1 ; r2 )-plane. Explain intuitively.

5 of 6

(TURN OVER)

SECTION C
C.1 Explain the implications of the e¢ cient market hypothesis and discuss whether
they are consistent with empirical evidence.
C.2 On 23 January 2014, the Argentina peso dropped about 15% against the US
dollar. Discuss what could be the causes of a currency crisis.
C.3 Explain Ricardian equivalence, and discuss what implication it might have on
the e¢ cacy of expansionary …scal policy.
C.4 Labour productivity is ten times higher today than 100 years ago. Yet the
unemployment rate is roughly the same. Discuss possible explanations.
C.5 It is believed that time-consistent discretionary monetary policy normally
results in excess in‡ation. Argue why this is the case, why a policymaker
would want to reduce the in‡ation bias of discretionary monetary policy, and
how she could do this.
END OF PAPER
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SECTION A
A.1 A researcher is interested in analysing the relationship between inflation and
unemployment. She starts by considering the regression model:
∆π t = β 0 + β 1 Ut + εt
where ∆π t is the first difference of the inflation rate at time t and Ut is the
unemployment rate. εt is a disturbance term which the researcher assumes to
be independent and identically distributed over time. The researcher obtains
ordinary least squares estimates of β 0 and β 1 and their associated standard
errors.
(a) The researcher suspects that the disturbance term might be generated
by an AR(1) process, i.e. εt = φεt−1 + e
εt where e
εt is an independent and
identically distributed (over time) disturbance. Explain what implications, if any, this would have for the original least squares estimates and
standard errors.
(b) Describe in detail one formal test statistic that can help the researcher
in deciding whether or not her initial assumption was correct.
(c) Suppose the researcher concludes that the disturbance term is serially
correlated as described in (a) above. The true model is now assumed to
be:
∆π t = β 0 + β 1 Ut + εt
εt = φεt−1 + e
εt .
Show that this model can be rewritten as an autoregressive distributed
lag (ADL) model. Does the original model impose any parameter restrictions on your ADL model? Ignoring any such restrictions, discuss
why least squares standard errors for the (unrestricted) ADL model are
valid.
A.2 A researcher wants to estimate the impact of terrorism on tourism in Nigeria.
However, she has reasons to believe that high levels of tourism can themselves
trigger terrorist activities and decides to analyse the two series jointly using
the following system of equations:
nt = β 0 + β 1 it + β 2 nt−1 + β 3 it−1 + εnt
it = γ 0 + γ 1 nt + γ 2 it−1 + γ 3 nt−1 + εit ,
where nt is the number of tourists visiting Nigeria in quarter t and it is the
number of terrorism incidents during the same period. The terms εnt and εit
are normally distributed random variables with zero means, finite variances
σ 2n and σ 2i , and covariance σ ni . Further, the researcher has ascertained that
both series are stationary.
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(a) Explain why the least squares estimates of the parameters in the system
of equations above will be biased.
(b) A colleague suggests that she can still forecast each variable by using
the associated reduced form. Explain how to obtain this reduced form
from the above system and why OLS estimates would be consistent in
this case.
(c) Suppose the researcher wants to test the hypothesis “terrorism Grangercauses tourism in Nigeria”. Explain what is meant by this hypothesis
and how the researcher can test it.

A.3 Let Yi denote an observed measure of health for individual i, and Y1i (Y0i ) potential health with (without) health insurance. The causal effect of insurance
on health is given by the difference Y1i − Y0i .

(a) Consider the following potential outcome data for two individuals k and
l:
Y1k = 4,
Y1l = 5,

Y0k = 3
Y0l = 5.

You are told that one of the individuals purchases insurance. Which of
the two would you expect to buy insurance?
Show that Yk −Yl can be written as additive in a causal effect of insurance
on k and a selection effect.
(b) For a group of N individuals let Di = 1 (0) denote that individual i
is insured (not insured). A colleague suggests computing the following
difference in group means, namely ȲDi =1 − ȲDi =0 .
In what sense does this average difference in means estimate the causal
effect of insurance on health?
(c) If insurance status is randomly assigned, show that the difference in
expectations by insurance status identifies the causal effect.
If insurance status is not randomly assigned discuss how the causal effect
of insurance can be identified if all differences across the insured and
uninsured individuals were measurable.
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A.4 Consider the following two regression models
Yi = α + βX1i + γX2i + ei
Yi = αs + β s X1i + esi

(1)
(2)

where (1) represents the true model in that Y is a linear function of X1 and
X2 . (2) represents the model specified by the analyst who does not observe
X2 . ei and esi are error terms. Assume that ei is an i.i.d. error. α, αs , β, β s ,
and γ denote unknown parameters.
(a) Show that the bias from omitting X2 can be written as
β s = β + π 21 γ,

(3)

where π 21 is the coefficient on X1i in a regression of X2i on X1i .
(b) As a possible solution one analyst proposes to use an imperfect measure
of X2 , say X2∗ . Another analyst proposes an approach based upon the
use of one or more instruments for X1 .
Explain the key distinction between these two estimation strategies.
A.5 Consider the following panel data model
yit = xit,1 β i1 + xit,2 β i2 + xi,3 β i3 + αi + εit ,

(4)

where i = 1, ..., N and t = 1, ...T . xit,1 and xit,2 denote regressors that vary
over i and t; xi,3 is a time invariant observed regressor. αi denotes an unobserved time invariant effect, and εit is an error term.
Parameters β i1 , β i2 , and β i3 vary across i.
(a) What restrictions placed upon (4) would justify the use of a pooled OLS
estimator?
What restrictions placed upon (4) would justify the use of a fixed effects
(FE) estimator?
Explain why the FE estimator might be preferable to OLS. In what sense
is the FE estimator restricted?
(b) An economic model for describing gross firm investment for the ith firm
in year t, denoted IN Vit , is written as
IN Vit = f (Vit , Kit ),

(5)

where Vit denotes the stock market value of the firm at the beginning of
the year. Kit is a measure of the capital stock.
In Table 1 we present the results based upon the use of a Pooled OLS
estimator using T = 20 years of data (1935-1954) and N = 2 firms. SSE
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is the sum of squared residuals, and σ
b2 denotes the estimated variance
of the error term.
In Table 2 we present the results from an alternative model where Di = 1,
a binary indicator for firm 1, has been used to allow for heterogeneity in
partial effects at the level of the firm.
i. Test whether the restrictions implied by the use of the Pooled OLS
estimator are justified.
ii. Write down a regression equation which underlies the model in Table
2. Explain how the Pooled OLS estimator with multiplicative effects
is different from the FE estimator.
In what sense is this regression equation restricted?

Table 1: Pooled Ordinary Least Squares Estimates of Investment Equations
Dependent Variable: IN V
Variable

Coefficient

p-value

constant
V
K

17.872
0.0152
0.1436

0.015
0.019
0.000

SSE = 16563.00 σ
b2 = 447.65

Table 2: Pooled Ordinary Least Squares Estimates from the Dummy Variable Model
Dependent Variable: IN V
Variable

Coefficient

p-value

constant
D
V
D×V
K
D×K

−9.956
9.447
0.027
0.026
0.152
−0.059

0.676
0.745
0.030
0.448
0.000
0.615

SSE = 14989.82 σ
b2 = 440.877
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A.6 An investigator analysing the behaviour of real personal consumption in the
USA over the period 1960Q1-2012Q4 (212 observations) estimates the following series of regressions using Ordinary Least Squares
b t = 0.0100 − 0.0599rt
∆c
(0.0014) (0.0414)
2
R = 0.0099
SSR = 0.009905

(6)

b t = 0.0066 + 0.2547∆yt−1 + 0.1193∆yt−2 − 0.0455rt
∆c
(0.0014) (0.0525)
(0.0525)
(0.0391)
2
R = 0.1316
SSR = 0.008687

(7)

ût = 0.0013 − 0.0879∆yt−1 − 0.0604∆yt−2 − 0.0023rt
(0.0015) (0.0600)
(0.0586)
(0.0385)
+0.1569ût−1 + 0.1776ût−2
(0.0772)
(0.0801)
2
R = 0.0427
SSR = 0.008316

(8)

ct denotes the log of real consumption, yt the log of real personal disposable
income, and rt is a measure of the real return on an investment in the US stock
market. ∆ is the first difference operator such that ∆ct = ct − ct−1 . Figures
in parentheses are standard errors, R2 is the coefficient of determination and
SSR is the sum of squared residuals. In (8) the variable ût is the estimated
residual from (7).
(a) Using the information provided, and assuming that the disturbances in
(6) and (7) are not serially correlated, test the hypothesis (using a 5%
significance level) that the growth rate of consumption is unaffected by
past growth rates of disposable income. Comment on your findings.
(b) Explain how the results of equation (8) can be used to construct a test
of whether the disturbances associated with (7) are serially correlated,
and conduct such a test using a 5% significance level.
Explain the reason for including the regressors ∆yt−1 , ∆yt−2 , and rt when
conducting such a test.
(c) Comment on your findings, indicating any further regressions which you
would estimate using this dataset.
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A.7 Consider the first-order autoregressive process
xt = ρxt−1 + εt ,
where εt is a Normally distributed white noise process satisfying
E [εt ] = 0
 
E ε2t = σ 2 < ∞
E[εs εt ] = 0, s =
6 t.
(a) Derive expressions for the mean, variance and autocovariances of xt , and
set out the conditions for xt to be a stationary time series process.
(b) An investigator analysing the behaviour of the sterling-dollar exchange
rate using monthly data for the period Jan 1979-Dec 2012 (408 observations) estimates the following regression
b t = 0.04475 − 0.02729exrt−1 ,
∆exr
(0.0185) (0.0109)
where exrt is the logarithm of the sterling-dollar exchange rate, and ∆ is
the first difference operator such that ∆exrt = exrt − exrt−1 . Figures in
parentheses are standard errors.
Using this information, test (at the 5% significance level) the null hypothesis that the logarithm of the sterling-dollar exchange rate is a nonstationary time series. Comment on your findings and the investigator’s
analysis.
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SECTION B
B.1 A researcher is interested in testing the theory of Purchasing Power Parity
(PPP) using UK and US quarterly data. Let et , p∗t and pt denote the logarithms of the Pounds (Sterling) per Dollar exchange rate, the US price level
and the UK’s price level in quarter t. Define ft = et + p∗t , such that ft gives
the logarithm of the Pound sterling value of the US price level. The researcher
considers testing for two distinct versions of PPP theory. The strong version
of PPP theory requires ft −pt to be a stationary, zero mean, process. The weak
version of PPP requires ft − βpt to be a stationary process for some positive
constant, β. The researcher supplies you with three results:
i

Based on unit-root tests, she has concluded that ft is an integrated
stochastic process of order 1. Additionally, she has studied the time series
properties of pt and obtained the following estimated regression
∆pt = 0.212+0.011t−0.0312pt−1 +b
υ t , 1976Q1−1998Q4 (92 observations)
(0.188)

(0.009)

(0.0286)

where t is a linear time trend, ∆pt is the first difference of the logarithm
of the UK’s price level and υ
bt denotes least squares residuals. The figures
in parentheses give the associated standard errors.
ii

A least squares regression of ft on pt and a constant yields:
ft = 0.012 + 0.988pt + u
bt , 1976Q1 − 1998Q4 (92 observations)
(0.041)

(0.026)

where u
bt denotes least squares residuals. The figures in parentheses give
the associated standard errors.
iii

In addition the researcher estimated the following equation:
∆ft = 0.019−0.106u
bt−1 +b
εt ,
(0.004)

SSR = 0.0421, 1976Q1−1998Q4 (92 observations)

(0.032)

where ∆ft is the first difference of ft and b
εt denotes least square residuals.
SSR gives the residual sum of squares under this sample. The figures in
parentheses give the associated standard errors.
(a) The researcher is concerned that the regression of ft on pt in the second
regression above might be spurious. What is the spurious regression
problem and what property of pt would justify this concern? Using only
the first estimated regression (i.e. the regression for ∆pt ), test, at the
5% level, whether this is indeed a valid concern. State clearly your null
and alternative hypothesis.
(b) Assume that the spurious regression problem is indeed a valid concern.
What information would you need regarding u
bt (in the second estimated
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regression) in order to ignore this problem and what does this imply for
ft and pt ? Would this information also allow you to test whether the
weak version of PPP theory finds support in the data? Describe your
proposed testing strategy for the weak version of PPP theory.
(c) Suppose the researcher was only interested in testing the strong version
of PPP theory. Suggest an alternative testing strategy that allows the
researcher to test whether the strong version of PPP holds in the data.
(d) Assume that the weak version of PPP theory holds. Give an economic
interpretation of the slope parameter in (iii) estimated by the researcher.
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B.2 An investigator analysing household expenditure on healthcare (defined as the
sum of out-of-pocket expenses and health insurance premiums) in the US has
access to a sample of data for 6771 randomly selected households. She starts
by estimating the following regression equation using Ordinary Least Squares
ln hxi = β 0 + β 1 ln inci + β 2 ln sizei + εi ,

(9)

where hxi is total expenditure on healthcare by household i, inci is a measure
of disposable income for household i, and sizei is the total number of persons
in household i. εi is assumed to be a Normally distributed random disturbance
with mean zero.
(a) Provide an economic interpretation for the parameters of equation (9).
What restriction would you need to impose on these parameters to test
the hypothesis that (i) the share of income spent on healthcare is the
same for all income levels and (ii) the amount spent per household member is independent of household size?
Using the results shown in column (1) of Table 3, conduct separate tests
of these two hypotheses using a 1% significance level.
The investigator now adds a number of additional variables to the regression. These are defined in Table 4.
She then runs a series of further regressions: the results of these regressions are given in columns (2-5) of Table 3.
(b) Using the results in column (3) of Table 3, derive an expression for the
marginal effect of an additional year of age (as defined in Table 4) on
healthcare expenditure. What do your results suggest about how healthcare expenditure varies with age?
(c) The investigator now splits the sample into two sub-samples, distinguished by whether the household has health insurance (hinsi = 1) or
not (hinsi = 0).
Results for these two sub-samples are given in columns (4) and (5) of
Table 3.
Using a 1% significance level conduct a formal test of the hypothesis
that the parameters determining healthcare expenditure are the same for
both groups of households. Describe how you would specify a regression
equation to test the hypothesis that the parameters relating to income,
household composition and age differed between subsamples, while the
remaining parameters (relating to education, region and urban status)
were the same.
(d) Comment on the investigator’s methods, and her principal findings.

10 of 15

Table 3: Results
Dependent Variable: ln hx

ln inc
ln size
babies
children
age
agesq
ed2
ed3
ed4
MidWest
South
West
Other city
Big town
Small town
Rural
Intercept
R2
SSR
N

(1)

(2)

(3)

(4)
uninsured

(5)
insured

1.526∗∗
(0.039)
−0.530∗∗
(0.050)

1.566∗∗
(0.037)
0.037
(0.060)
0.806∗
−0.346∗
0.319∗∗
0.0002∗∗

−7.860∗∗

0.240∗∗
−0.037
−0.344∗∗
0.298∗∗
0.297∗∗
0.499∗∗
0.350∗∗
−11.100∗∗

1.449∗∗
(0.040)
0.137∗
(0.061)
0.796∗
−0.350∗
0.031∗∗
0.0003∗∗
0.286∗∗
0.617∗∗
0.586∗∗
0.229∗∗
−0.021
−0.347∗∗
0.274∗∗
0.292∗∗
0.485∗∗
0.348∗∗
−10.590∗∗

1.013∗∗
(0.057)
−0.011
(0.090)
−0.060
−0.334
0.052∗∗
−0.0003∗
0.040
0.305∗∗
0.199
0.027
−0.216
−0.235∗
0.103
0.044
0.413∗∗
0.163
−7.650∗∗

0.488∗∗
(0.023)
0.290∗∗
(0.032)
0.193
−0.171∗
0.017∗∗
0.000
0.156∗∗
0.182∗∗
0.185∗∗
0.102∗
0.072∗
−0.006
−0.064
−0.036
0.058
0.061
1.260∗∗

0.185
32742
6771

0.353
25999
6771

0.360
25716
6771

0.207
7534
2427

0.230
2710
4344

Standard errors are given (in parentheses) for the variables ln inc and ln size. R2 denotes
the coefficient of determination, SSR the sum of squared residuals, and N the sample size.
** (*) denotes significance at 5% (10%).
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Table 4: Variable Definitions
agei
agesqi
babiesi
childreni
ed2i
ed3i
ed4i
regioni
urbani
hinsi

mean age of adults in the household
(agei )2
proportion of household members aged less than 2
proportion of household members aged 2-16
1 if household head completed high school
(but has no college education)
1 if household head has some college education
1 if household head is college graduate
regional dummy variables - North East is omitted
dummy variables for urban status - ‘big cities’ omitted
1 if household has health insurance
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B.3 We consider the determinants of choice of school faced by students in an urban
district of Uttar Pradesh, India. There are three types of schools: two are
private, and one is government (G). The private schools are aided (PA) and
unaided (PUA). Although privately managed, PA schools do not charge fees
and are almost entirely funded by the state government and heavily regulated.
PUA schools charge fees, are autonomous and self-financed. Government
funded schools do not charge fees.
(a) Let Ui,pa , Ui,pua , and Ui,G denote, respectively, the utility received by
the ith student from choosing each school. Assuming utility maximisation, write down the observational rule based upon the binary choice of
whether or not to send a student to a private unaided (PUA) school.
Write down a general expression for E(yi = 1|xi ), where yi = 1 indicates
that the ith student attends a PUA school, and xi denotes a vector of
exogenous variables that influence school choice.
(b) Data on the schooling choice, alongside a number of explanatory variables, were collected from 928 students aged 13-14 years in 30 schools
across the different types. Table 5 presents variable definitions. In Table
6 we present results for a simple binary choice model where School Type
= 1 if an individual went to a private unaided school. P-values are
reported in parentheses.
i. Summarise the principal results for the linear probability model
(LPM) in column (1).
ii. Compare the results for the LPM model with those for the probit
model in columns (2) and (3). APE denotes the Average Partial
Effect.
iii. In what sense is the use of the OLS estimator restrictive?
If all the explanatory variables are binary, how would this change
your response?
(c) In another probit model where both Ability and Wealth were excluded,
the log likelihood statistic (LR) is -451.08. Do the data support these
restrictions?
(d) What are the limitations of the observational rule you found in part (a)?
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Table 5: Definitions of Variables

Siblings

Number of siblings

Ability

Score on the ability test

Wealth

Index of monetary value of assets in the household, divided by 10

Male

male = 1, female = 0

Lowcaste

Belongs to the low caste? yes =1, no = 0

Muslim

Religion Muslim? yes = 1, no = 0

MEducation

Mother’s education in years, divided by 10

MEducation2

Square of MEducation

Sikh

Religion Sikh or Christian? yes = 1, no = 0
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Table 6: Results

Dependent Variable: School Type
(1)

(2)

(3)

OLS

b
Probit β

Probit APE

Siblings

−0.002
(0.007)

−0.100
(0.009)

−0.038
(0.009)

Ability

0.008
(0.000)

0.030
(0.000)

0.011
(0.000)

Wealth

0.010
(0.000)

0.046
(0.000)

0.018
(0.000)

Male

0.173
(0.000)

0.858
(0.000)

0.317
(0.000)

Lowcaste

−0.141
(0.000)

−0.550
(0.003)

−0.193
(0.001)

Muslim

−0.139
(0.000)

−0.723
(0.000)

−0.251
(0.000)

MEducation

−0.025
(0.002)

−0.126
(0.001)

−0.048
(0.001)

MEducation2

0.002
(0.001)

0.008
(0.001)

0.003
(0.001)

Sikh

0.220
(0.002)

0.888
(0.007)

0.340
(0.002)

Constant

0.004
(0.939)

−1.883
(0.000)

−

LR statistic

-

-340.44
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1

‘Poverty in developing countries is related to nutrition and human stature’.
(a) What is poverty and how pervasive is it? Explain two di¤erent ways to
measure poverty.
(b) Elaborate a model of nutrition-related poverty traps. Does this explain
why some countries are rich and other poor?
(c) Is there any empirical evidence that overcoming poverty traps and raising
the standard of living are related to changes in nutrition and human
stature?

2

‘Income inequality is both a cause and a consequence of economic development’.
(a) What is income inequality and why does it matter for economic development? Outline two di¤erent measures of income inequality.
(b) For di¤erent levels of income, explain how income inequality might a¤ect
the savings rate of an economy.
(c) Are there other channels through which income inequality might also
a¤ect economic development?

3

Please answer both parts of this question.
(a) It is often argued that ‘globalization’is likely to increase the incidence of
child labour, and the use of ‘sweatshop’labour, in developing countries.
Discuss these arguments, with reference to any empirical evidence.
(b) Explain the role played by strong complementarities in production in
the O-ring theory of economic development. Would that model support
a strategy of balanced growth, or one which relied on the importance of
the linkages created by the promotion of a particular sector, such as light
manufacturing?

4

It is often argued that asymmetric information problems, and problems of
enforcement of repayment, hinder the economic and …nancial development of
poor countries.
(a) Explain, with the aid of a model if necessary, how the availability of
collateral can help to solve the problem of ex ante moral hazard in developing country credit markets.
(b) Explain, with the aid of a model if necessary, how group lending with
joint liability can help to solve the problem of ex post moral hazard in
developing country credit markets.

5

‘Governments in developing countries should not try to correct for market
failures, given the risk of government failure’. Discuss, with reference to the
empirical evidence.

6

Are natural resources good for development? Contrast the concept of a ‘resource curse’against the ‘staples theory’of development.
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7

‘Fertility decisions can be explained by income levels, and by social interactions’.
(a) Over the course of economic development, what is the relationship between fertility and income? Is this relationship evidence that births are
an inferior good?
(b) Theoretically, can fertility decisions also be explained by social norms
and social interactions?
(c) A developed country recently introduced a birth bonus programme so
that the government pays £ 3000 to each mother at the time of each birth.
Researchers have found that this programme had a positive e¤ect on
marriage rates and fertility rates, starting one year after the programme
went into e¤ect. Can the economic theories that you have discussed in
(a) and (b) explain these …ndings?
END OF PAPER
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Sub-section A.I: Answer at least one question from this sub-section
1

Let A and B be square matrices of the same dimension. Are the following
statements true or false? Justify your answers.
(a) If A is invertible, then det (A 1 ) = det1 A .
(b) det (A + B) = det (A) + det (B).
(c) If A is idempotent (A2 = A) then det (A) = 1:

2

(a) Let U be a set of vectors in R3 whose second and third entries are equal.
Every vector in U has a unique representation
2 3
2 3
2 3
2 3
a
1
0
0
4 b 5 = a 4 0 5 + (b a) 4 1 5 + a 4 1 5 ;
b
1
1
0
for any a; b 2 R. Is the set
82 3 2 3 2 3 9
0
0 =
< 1
4
5
4
5
4
0 ; 1 ; 1 5
B=
:
;
1
1
0
a basis for U ? Explain your answer.

(b) Write down a basis for the space of quadratic functions f (x) = ax2 +bx+c
satisfying f (0) = 0:
3

(a) Give the de…nition of an orthogonal matrix.
(b) Let fu1 ; u2 ; u3 ; u4 g R4 and
A = [u2
B = [u1

u3
u4

u1
u2

u4 ];
u3 ]:

Show that A is orthogonal if and only if B is orthogonal.
(c) Show that if M is orthogonal then M 2 is orthogonal.
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Sub-section A.II: Answer at least one question from this sub-section
4

If X is a random variable, then let MX (t) be the value of the momentgenerating function of X at t:
(a) If X1 ; X2 ; :::; and Xn are independent random variables and
Y = X1 + X2 + ::: + Xn
show that
MY (t) =

n
Y

MXi (t)

i=1

(b) A random variable X with Poisson distribution with parameter
probability mass function:

has

x

e
x!

P (X = x) = f (x) =

for x = 0; 1; 2; :::

Its moment-generating function is:
MX (t) = e

(et 1)

Find the probability distribution of the sum of n independent random
variables X1 , X2 ; :::; Xn having Poisson distributions with the respective
parameters 1 ; 2 ; :::; n .
5

R
(a) Let p(DjMk ) = p(DjMk ; k )p( k )d k denote the likelihood of model Mk
integrated over the distribution of k . Assuming that the set of models
is given by = fM0 ; M1 g, write down an expression for the posterior
odds for M1 against M0 .
(b) Let X denote a binomial random variable with parameters n and .
The prior distribution of is a beta distribution with parameters and
. Show that the posterior distribution of
given X = x is a beta
distribution with parameters x + and n x + .
De…nition: A random variable R has distribution Beta( ; ) if its pdf
has the form
fR (r) /

6

r

1

(1

r)
0

1

0 r 1
otherwise

(a) State Chebyshev’s inequality.
(b) Let Xi (i = 1; :::; n) denote a random sample from a Bernoulli distribution in which the probability that
Pn Xi = 1 is : Find the mean and
variance of the sample mean, X = 1 Xi =n; and show that X converges
in probability to :
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Sub-section A.III: Answer at least one question from this sub-section
7

Let K
R and f : K ! K be a function. If f (k) = k, then k is called a
…xed point of f .
(a) Prove that if K is a closed interval, and f is continuous, then f must
have a …xed point.
(b) Given an open interval I, show by an example that a continuous function
f : I ! I does not necessarily have a …xed point.

8

(a) De…ne what it means for a function f : Rn ! R to be quasiconcave.
(b) “If u(x) and v(x) are quasiconcave functions, u(x) + v(x) is quasiconcave.”By sketching a counterexample, or otherwise, show that this statement is not true. (Hint: A condition for a function f : R ! R of a
single variable to be quasiconcave is that it is single peaked; i.e. f (x) is
weakly increasing on x
and weakly decreasing on x
for some
2pR [p f 1; 1g.)
(c) Is e x+ y quasiconcave? Explain your answer.

9

A …rm maximizes pro…t = (1 w)h p, where w is the wage o¤ered to workers
for each unit of time worked, and h is the amount of time they have to work
each day, and p = w h2 is the number of workers the …rm can hire under
these terms. The …rm is subject to a minimum wage requirement w
w,
where w = 1.
(a) What are the Lagrangian …rst order conditions for this problem?
(b) Find the optimal choices (w; h).
(c) Find ddw at w = 1, where (w) is the pro…t resulting from a minimum
wage w.
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SECTION B
Sub-section B.I: Answer only one question from this sub-section
10

Let

2

1
6 0
A=6
4 1
2

0
1
0
0

1
0
1
2

3
2
0 7
7
2 5
3

(a) Find bases of
(i) the row space of A,
(ii) the column space of A;
(iii) the null space of A.
(b) Comment on the dimensions of the spaces in (a).
(c) Find a basis of the eigenspace of: the smallest eigenvalue of A, giving an
approximate numerical answer.
11

Suppose there is a …xed population and everyone belongs to the labour force.
At a given point in time, each worker can be in one of three states:
employed under probation, E
employed with tenure, T (permanent employment until retirement),
or
unemployed, U .
Suppose that:
Workers that are employed under probation become unemployed at
a rate 0 < s < 1 or employed with tenure at a rate 0 < < 1.
Workers that are employed with tenure may lose their job and become unemployed at a rate 0
< 1 (redundancy in this case may
be due to exogenous reasons and not because of their performance
or productivity, e.g. because the …rm they worked for closes down),
but they never revert to employment under probation.
Unemployed workers become employed under probation at a rate 0 <
f < 1 and employed with tenure at a rate 0 < < f .
(a) Express the dynamics of the di¤erent employment states as a system of
di¤erence equations in matrix form and explain why the matrix M that
describes the dynamics is Markov.
(b) Let s = 0:01;
= 0:1;
= 0:05; f = 0:2;
= 0:01. Show that the
Markov matrix M is regular. What are the steady state rates of employment under probation, employment with tenure and unemployment?
(c) Suppose now that = 0, i.e. once a worker gets tenure, he can never
become unemployed. What will happen to the rates of employment under
probation, employment with tenure and unemployment in the long run?
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Sub-section B.II: Answer only one question from this sub-section
12

Let X1 ; X2 ; :::; Xn denote n i:i:d: random variables. Let b be an estimator of
an unknown parameter .

(a) Show that the mean square error (MSE) of an estimator b, E[(b
)2 ],
is given by Var(b) + [E(b)
]2 .
(b) Suppose X1 ; X2 ; :::; Xn come from a normal distribution, and consider
the following two estimators of the variance ( 2 ), where X is the sample
mean of Xi :
1X
=
(Xi
n i=1
n

b2n

Sn2 =

1

n

1

n
X

X)2
(Xi

X)2

i=1

Determine: E[b2n ], E[Sn2 ], Var(b2n ), and Var(Sn2 ).
Which estimator is preferable? Justify your answer.
2

2
n
Hint: (n 1)S
2
n 1
(c) Consider the following model for Xi with probability mass function f (x; ):

Xi =
f (x; ) =

+ "i
(1

x

)1 x ;

0

1; x = 0; 1

For each of the following estimators of
A. b2 = X1 + X2
P
B. bn = n1 ni=1 Xi
Pn
C. bn+1 = 1
Xi
n+1

i=1

(i) compute the sampling distribution of the estimators, and
(ii) compute the Mean Square Error.
Which estimators are consistent? Which estimator is preferred? Explain
your answer.
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13

A random variable Y with distribution gamma( ; ) has probability density
function
f (y; ; ) =

y

1

e

y=

= ( );

0

y < 1;

;

> 0;

where ( ) is the gamma function. The mean of Y is ; while the variance
is 2 : Suppose that is known and that a random sample of size n is taken.
(a) Find the maximum likelihood (ML) estimator of the parameter and determine whether it is the minimum variance unbiased estimator (MVUE).
(b) Show that the sum of the sample observations is a su¢ cient statistic for
.
(c) Now suppose that i ; i = 1; :::; n; is di¤erent for each observation, with
i = exp( xi ); where xi ; i = 1; :::; n; is an (observed) explanatory variable and is an unknown parameter. Write down the log-likelihood
funcXn
tion. Let e denote the ML estimator of : If p lim
x2i =n = q;
i=1
where q is a positive
p e constant, show that the variance of the limiting
) is 1= q:
distribution of n(
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Sub-section B.III: Answer only one question from this sub-section
14

Consider the graph of the function f (x) = 1=x with domain (1; 1) and codomain R so that the domain is represented on the horizontal x-axis, and the
co-domain is represented on the vertical y-axis.
Now, consider the three dimensional object you would get if you rotate the
graph around the x-axis, a “vase of in…nite depth, lying on its side”. (The
top of the vase is a circle of radius 1, and the vase gets narrower as we move
deeper.)
(a) Is the area between the graph and the x-axis …nite? If so, compute it. If
not, explain why not.
(b) Does the vase have …nite volume? If so, compute it. If not, explain why
not.
p
R1
(c) The surface area of the vase is given by 1 f (x) 1 + (f 0 (x))2 dx. Does
the vase have …nite surface area? If so, compute it; if not, explain why
not.
(d) Which would take more paint: to …ll the vase with paint, or to paint the
surface of the vase? Give an explanation.

15

(a) Suppose the population P (t) of the world evolves according to
K P , where K > 1 is a constant.
(i) The initial population is P (0). Find P (t).
(ii) What happens as t ! 1?

dP
dt

=

(b) Suppose the population P (t) and technology K (t) of the world evolve
according to dP
= f (P; K) = K P and dK
= g (P; K) = P K K ,
dt
dt
where K > 1 is a constant.
(i) Find the stationary points and …nd which of these are stable.
; dK as a function
(ii) Sketch the phase diagram showing the vectors dP
dt dt
of (P; K) on the space P 0, K 0.

END OF PAPER
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1 Immigration
Suppose that there are 60 million people in the labour force in Mexico and 120
million in the US. All workers prefer to work in their own country, but the extent
of this preference varies across people, and its value is uniformly distributed
between $0 and $12. Hence, if the wage di¤erence is above $12 everyone would
choose to work in the country with the higher wage. And, if the wage di¤erence
is $8, two thirds of the workers in the low-wage country would work in the highwage country, and so on. The marginal product of labour in each country is given
by:
M P LU S = 24
M P LM X = 10

1
E
10 U S
1
E
10 M X

where EU S is the total number of people working in the US in millions (this
total potentially includes both US and Mexican citizens) and EM X is the total
number of people working in Mexico (in millions, and again, this total potentially
includes both US and Mexican citizens). Assume that Mexican and US workers
are perfect substitutes (that is, they are equally productive when working in the
same country), and assume that the same product is produced in both countries,
and that the product price is $1.
(a) What are the market clearing wages if immigration is not allowed?
(b) Now suppose that workers can freely migrate from one country to another.
How many people will migrate, and what will happen to wages in each
country?
(c) What happens to output in each country when immigration is allowed?
What happens to total output (the sum of the outputs in the two countries)?
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2 Trade and Wages
Colombia, a country with a relative abundance of unskilled labour, gradually
reduced barriers to trade with skilled-labour abundant economies (like the EU
and US) between 1984 and 1998.
(a) Discuss the expected long run impact of this trade liberalization on the
wages of skilled and unskilled workers in Colombia and the US in a twogood, two-country, two-factor model of international trade in which highskill and low-skill labour are the only factors of production, technologies for
producing the skill-intensive good and the unskilled-labour intensive good
are constant returns to scale and identical in both countries, and consumers
in both countries have identical, homothetic preferences. A complete answer
should discuss, using graphs if necessary, changes in allocation of skilled and
unskilled workers across the sectors of the economy in each country.
(b) In their empirical study of "Trade reforms and wage inequality in Colombia", Attanasio, Goldberg and Pavcnik estimate (1) an increase in wage
inequality in Colombia and (2) an increase in the skill premium (i.e., the
return to college education relative to primary school) over the period 19861998. Discuss, with reference to the Stolper-Samuelson Theorem, how the
Attanasio, et.al. results con…rm or refute the idea that increased trade is
behind rising wage inequality. In addition to examining changes in wages,
what other predictions of the Heckscher-Ohlin model can be tested using
data from Colombia?
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3 Unions
At the competitive wage of $20 per hour, …rms A and B both hire 5,000 workers
(each working 2,000 hours per year). The elasticity of labour demand is -2.5 and
-0.75 at …rms A and B respectively. Workers at both …rms then unionize and
negotiate a 12 percent wage increase. Workers not employed in …rms A or B can
…nd a job elsewhere paying $20 per hour.
(a) What is the total wage bill at each …rm prior to the unionization?
(b) What is the employment e¤ect of unionization at …rm A? What is the …rm’s
wage bill after the unionization? Explain how the total income of workers
changed.
(c) What is the employment e¤ect of unionization at …rm B? What is the …rm’s
wage bill after the unionization? Explain how the total income of workers
changed.
(d) Consider the task of a union organizer. Suppose now, that neither …rm A
nor …rm B is unionized. If the union organizer only has enough resources to
organize a union at one …rm, which …rm should she target for a union drive?
How does your answer relate to what you found in parts (b) and (c)?
(e) What wage would the union charge for the …rm that is targeted for a union
drive in part (d)? Specify any assumptions that you make.
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4 Backward-Bending Labour Supply Curve
Let H denote the total amount of time available to workers (for leisure and
work), let L be the consumption of leisure and let S be the supply of labour, so
L + S = H. Let W be the wage rate. Let Y be the income from other sources
available to the worker. Workers maximize their utility U , which depends on the
amount of leisure L and other consumption C:
U (L; C) = 1r [aLr + (1

a)C r ],

where r is a parameter, r < 1 (so, r can be negative), and 0 < a < 1.
The lower r the less easily a worker can substitute between leisure and consumption. The consumption good, "other consumption C", has a price normalized to
unity.
(a) Write down the budget constraint of the worker. Give a verbal interpretation
of the total budget available to the worker.
(b) Derive the supply of labour.
(c) Under what conditions for r and H=Y will the labour supply curve be backward bending?
(d) Consider the budget constraint in part (a). Explain which term captures
the income e¤ect and which term captures the substitution e¤ect. Which of
the two explains why the labour supply curve may be backward bending?
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5 Interpretation of Regression Results for an Earning Equation
We have a cross section dataset with data on several thousands of individual
workers. When running a regression of their log wages lnW on their years of
schooling S, years of work experience after leaving school X, a dummy for race
D (which takes the value 1 for black workers and the value 0 otherwise) and a
set of dummies for the industry in which the worker is employed, one …nds the
following result:
lnW = 1:12 + 0:10S + 0:00X

0:12D + industry dummies + error term

(a) Consider an individual who must choose between either leaving school to go
to work or spending an additional year at school. What are the bene…ts of
one additional year of education in terms of higher wages? What are the
costs of an additional year of education? (You can ignore the direct cost of
education (tuition fees) for the moment.) What role does the interest rate
play in his decision?
(b) Assume that the tuition fee is equal to 30% of the yearly salary. What is the
impact of the tuition fee on the individual’s choice? How does the tuition
fee a¤ect the cost of an additional year of education you computed in (a)?
(c) In the above regression, years of work experience after leaving school have
no impact on wages. Suppose that the coe¢ cient on experience was 0.05
instead. Would that change the trade-o¤ between work and schooling discussed under (a)? Explain why.
(d) Suppose we rerun this regression leaving out the variable for years of schooling S: How would you expect that to a¤ect the coe¢ cient on race D? Why
do you think so? People use this coe¢ cient to measure the degree of racial
discrimination on the labour market. Which coe¢ cient measures discrimination best, the coe¢ cient from the regression with or without years of
schooling? Give an argument in favour of each.
(e) Industry dummies are highly signi…cant in this regression. Why is this
potentially an argument against the standard neo-classical view that labour
markets for a worker with a particular set of skills always clear? Provide
an argument why the signi…cance of these dummies might nevertheless be
consistent with the neo-classical view.
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6 Deferred Compensation
(a) Explain how deferred compensation may motivate e¤ort from employees.
(b) Under what circumstances might an employer choose this way of eliciting
e¤ort over other possible ways?
(c) What circumstances might make it di¢ cult to get employees to accept deferred compensation packages?
7 Household Economics
To what extent has the incorporation of activities within the household in economic theory aided our understanding of the aggregate increase in married women’s
labour force participation in recent years? Discuss with reference to household
production time.
8 Duopsonistic Competition
(a) In a model of duopsonistic competition as in Bhaskar, Manning and To
(2002), show that the …rm with the higher marginal product will o¤er a
higher wage in equilibrium.
(b) Use your answer in (a) to show that the empirical observation that a large
…rm often o¤ers a higher wage and still makes a larger pro…t than a smaller
rival is no paradox.
END OF PAPER
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SECTION A
1. Jacques and Gilles live up on a hill. They would like to plant new trees on the
hill, where there are currently no trees. They have identical utility functions:
U = 4 log(X) + 2 log(T )
where X is a (private) consumption good, with price = £ 1, and T is the total
number of trees on the hill. The cost of planting a tree is also £ 1. Jacques and
Gilles also have identical incomes: YJ = YG = $100. Assume that Jacques
and Gilles are the only agents in this society.
(a) Suppose that trees on the hill are planted privately, where TJ is the number of trees planted by Jacques and TG is the number of trees planted by
Gilles. The two tree lovers act independently to maximize their individual utility, while anticipating the planting actions of each other. What
is the private equilibrium number of trees that would be planted on the
hill?
(b) What is the Pareto e¢ cient number of trees that should be planted on the
hill? Explain the similarities or di¤erences between the Pareto e¢ cient
number of trees and the private equilibrium obtained in part (a).
(c) Suppose that a social planner decides that 10 trees should be planted on
the hill. Further, she decides that tree planting will be a public-private
partnership. To raise funds for planting these 10 trees, the social planner
levies a lump sum tax of £ 5 each on Jacques and Gilles. Of course,
Jacques and Gilles can also plant trees independently, in addition to the
ones planted by the social planner, to maximize their individual utility.
What is the new equilibrium number of trees planted on the hill? Explain
the similarities or di¤erences between the number obtained here, and the
private equilibrium obtained in part (a).
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2. Consider a small open economy, Home, which produces and consumes three
goods: good 1, good 2, and good 3. The goods di¤er in the factor intensity
of their production, and each good can be traded with the rest of the world.
Suppose that, as a result of political turmoil overseas, a large amount of
(physical) capital is repatriated back to Home.
(a) How would you expect this ‘capital shock’to a¤ect the composition of
output in Home? Explain.
(b) Suppose that initially, before the increase in capital stock, good 1 was
being exported, and goods 2 and 3 were being imported. Is it possible
that the capital shock might lead to good 2 being exported? Explain.
(c) Suppose that the capital shock draws so much capital from the rest of
the world that the export supply of good 3 from the rest of the world
becomes an upward-sloping curve. Describe the impact on welfare, in
Home and in the rest of the world, of an import tari¤ imposed by Home
on good 3.

3. Christie spends a signi…cant share of her income on football boots, and the rest
on a composite good, whose price is normalized to 1. She is currently employed
at the market wage of w. Her uncle Joe urges her to join his shoe factory,
where she receives the same market wage w, but where she will be entitled to
the employee discount on the purchase of football boots. With the discount,
she will pay p0 for each pair of boots, which is lower than the market price
p. She also receives an o¤er from a competing shoe company called “Rival”,
which o¤ers Christie a …xed amount E to endorse its products. Uncle Joe will
not hire Christie if she accepts Rival’s o¤er. Still, Rival’s o¤er is attractive
enough to make Christie indi¤erent between accepting it and taking her uncle
Joe’s job. Christie accepts the endorsement deal. Unfortunately, before she
gets a chance to cash the endorsement cheque, Rival goes bankrupt. So the
endorsement deal is o¤, and uncle Joe has already refused to hire Christie.
However, uncle Joe is willing to give Christie the job again (with the employee
discount on football boots), but only if Christie agrees to pay him a bribe B
to get the job.
(a) Suppose that both goods are normal goods. In that case, is the highest
bribe B that Christie is willing to pay greater than or less than the endorsement fee E? Explain. (You may …nd it helpful to draw a diagram).
(b) Now suppose that Christie’s preferences can be represented by a quasilinear utility function u(s) + g, where s is football boots, and g is the
composite good. Again, compare E with B. Explain your answer.
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4. Consider an exchange economy populated by three individuals, Kurly, Larry,
and Moe, and two goods, guavas and nuts. The preferences of the three
individuals can be characterized as follows. Kurly always demands equal
quantities of both goods. Larry spends two-thirds of his income on guavas,
and the rest on nuts. Moe never consumes nuts. Let nuts be the numeraire
good, so its price is normalized to one, and use p to denote the price of guavas.
(a) What utility functions would represent the preferences of each of these
individuals? Draw indi¤erence curves for each of the three.
(b) Suppose that the endowments of Kurly, Larry, and Moe are (5,0), (3,6)
and (0,4) respectively, where each pair of numbers denotes the number of
units of guavas and nuts that the individual is endowed with. Compute
the competitive equilibrium, and in particular the equilibrium price ratio
and the consumption allocation.
(c) Suppose that Moe receives an additional endowment of four units of
guavas. Compute the new equilibrium price ratio, and the new equilibrium consumption levels for each individual. Compare these equilibrium
outcomes with those in part (b), and comment brie‡y.

4 of 7

SECTION B
5. Mr. Average has constant relative risk aversion with coe¢ cient
1
ing that his vNM utility function is u (x) = x1 .

> 0, imply-

(a) What property does a risk averse agent’s preference satisfy? What property does the preference of an agent with constant relative risk aversion
satisfy?
(b) Suppose a representative portfolio of equities has gross return over 1 year
X, which is :9 with probability 1=2 and 1:26 with probability 1=2, while
a risk-free bond has gross return r = 1:01. Mr. Average chooses to invest
30% of his savings in equities and the rest in bonds. Calculate .
(c) Suppose Mr. Average is given a hypothetical choice between having
wealth W and having wealth given by the lottery 21 ; 0:9W ; 12 ; 2W .
Which would he choose?
(d) How do the calculations above illustrate the equity premium puzzle? Suggest a possible explanation of the puzzle.

6. Country X would like to sell GDP bonds to country Y. One GDP bond pays
= 1e in 1 year’s time if the GDP growth of country X is greater than 1%;
and
= 0 in one year’s time if GDP growth is less than 1%. There is a
market portfolio with gross return M which can be either high, M = 1:3; or
low, M = 0:9. The joint probabilities of high and low market returns and
high and low growth are given below:
P
growth in country X > 1% growth in country X < 1%
M = 1:3
0:4
0:1
M = 0:9
0:1
0:4
There is a risk free asset with gross return r = 1 (i.e. no interest is paid over
the year).
(a) Calculate E [M ], Var[M ], E [ ] and Cov[M; ].
(b) Assuming the CAPM equation holds, …nd the current market value of a
single GDP bond.
(c) An inverse GDP bond pays 1e in 1 year’s time only when the GDP
growth of country X is less than 1%. Which has a greater market value,
a GDP bond or an inverse GDP bond? Explain.
(d) Brie‡y, why might country Y be concerned about adverse selection or
moral hazard when it buys GDP bonds from country X?
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7. A town hires a company to carry out a construction project. The company
has a choice r 2 f1; 2g of resources to devote to the project; this choice of r
is not observed by the town. The project may face delays, and bad weather
makes delays more likely. The joint probabilities of good weather and delays
depend on r and are as follows:
P when r = 2 good weather bad weather
on time
45%
25%
delayed
5%
25%
and
P when r = 1 good weather bad weather
on time
35%
10%
delayed
15%
40%
(a) The town o¤ers a contract in which the company’s payment T may depend on whether the project was completed on time and may also depend
on the weather. Suppose the town is risk neutral, receiving utility 10 T
if the project is completed on time, and 5 T if it is completed late. The
company is risk averse, receiving utility u (T ) r, where u00 < 0, and has
known reservation utility u.
i. Describe the optimal contract, assuming that this involves the company choosing r = 2. How will this depend, if at all, on whether
there are delays and on the weather? Explain how risk is distributed in this contract. (You do not need to set up any optimization
problems or calculate the optimal contracts.)
ii. Does the town’s inability to observe r reduce the utility it can
achieve, compared with when it can observe r? Explain.
(b) Now suppose the town is risk averse while the company is risk neutral.
The town receives utility v (10 T ) if the project is completed on time,
and v (5 T ) if it is completed late, where v 00 < 0; the company receives
utility T r. How do your answers to parts i. and ii. change?
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8. Cambridge Cycle Company (CCC) has managed to monopolize the market
for bikes in Cambridge. Cambridge residents are composed of two groups,
Students and Professionals. Students form 43 of the population. Each resident
demands at most 1 bike. The monetary value that each student attaches to
a bike is q, where q is the quality of the bike. The monetary value that each
professional attaches to a bike is 2q. CCC is pro…t-maximizing, and producing
a bike of quality q costs q 2 .
(a) Initially CCC o¤ers a special deal to students on presentation of a student
card. What qualities of bikes will CCC sell and at what prices?
(b) Professionals Against Discrimination successfully lobbies for a law against
student deals. Now CCC is able to o¤er bikes intended for students and
bikes intended for professionals, but each type is allowed to choose the
deal intended for the other type. What qualities of bikes will CCC want
to sell now and at what prices? (You should state any results that you
need to use here but do not need to prove them.)
(c) CCC anticipates that the number of professionals residing in Cambridge
will rise on completion of the East-West rail link, while student numbers
remain the same. How would you expect this to a¤ect the qualities and
prices of bikes on o¤er at CCC?
END OF PAPER
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SECTION A
A.1 An economy is populated by L̄p physicists and L̄j janitors. A representative
firm operates under perfect competition and maximises profits
Π = max {F (Lp , Lj ) − wp Lp − wj Lj },
{Lp ,Lj }

1

where F (Lp , Lj ) = [ηLγp + (1 − η)Lγj ] γ denotes the production function, and
wp and wj denote the real wages for physicists and janitors, respectively. The
parameters η and γ satisfy η ∈ (0, 1) and γ ∈ (−∞, 1).
Derive the firm’s first order conditions. For η > 0.5, under which condition
will janitors earn higher equilibrium wages than physicists? Intuitively explain
why.
A.2 A representative household faces the following optimization problem,
max {u(C0 ) + u(C1 )}

C0 ,C1 ,B1

subject to C0 + B1 = (1 + r0 )B0 + Y0 − T0
C1 = (1 + r1 )B1 + Y1 − T1 ,
where Ct denotes consumption, Bt government bond holdings, Yt labor income, Tt taxes, and rt the real interest rate, where the subscript t indicates
the time period, t = 0, 1. The utility function u(·) satisfies u0 (·) > 0 and
u00 (·) < 0. Derive the Euler equation, and provide a brief intuitive explanation.
The government’s budget constraints are given by
G0 − D1 = T0 − D0 (1 + r0 )
G1 = T1 − D1 (1 + r1 ),
where Gt denotes government purchases and Dt government debt, t = 0, 1.
Both Yt and Gt are exogenous. In equilibrium Dt = Bt .
Using this equilibrium condition, substitute the government’s budget constraint in period 0 into the representative household’s budget constraint in
period 0. Do the same for period 1. Substitute these results into the Euler
equation to derive the equilibrium real interest rate. Interpret your results.

2 of 6

A.3 Consider the following Baumol-Tobin model of money demand. A representative economic agent can choose between two assets: cash M , which is required
for spending, but earns zero nominal return; and bonds, which yield the nominal interest rate i. The agent receives a nominal income P Y in the form of
bonds at the beginning of the period and spends a fraction γ of it uniformly
during the period. P denotes the aggregate price level, Y real income, and
γ ∈ (0, 1). The agent incurs a real transaction cost c > 0 each time she sells
bonds.
Derive the average level of real money holdings M/P that minimises total
costs for the agent, and the real money demand elasticities with respect to
real income Y and the nominal interest rate i. How do the results depend on
the fraction γ of income that is spent?
A.4 Suppose the central bank suddenly announces that it will perform a large
outright open market purchase six weeks from now. Using the asset market
model and assuming prices remain sticky for three months, analyze how this
affects the nominal exchange rate at (i) the time of announcement, and (ii)
the time of implementation.
A.5 Suppose a policymaker faces the constraint of the Phillips Curve
πt =t−1 πte + α(yt − ȳ)
where yt is output, ȳ is potential output, so yt − ȳ is the output gap. πt is
the inflation rate, and t−1 πte is the rational expectation of inflation in period t
formulated in period t − 1. The policymaker sets output, yt , to minimise the
loss function
Lt = (yt − y T )2 + β(πt − π T )2 .
It is assumed that y T ≥ ȳ.
Derive equilibrium inflation and output.
Suppose that you suspect that with probability ρ, y T is equal to y ∗ which
strictly exceeds ȳ, while with the complementary probability (1 − ρ), y T is
equal to ȳ. What is the expected inflation bias? Explain why.
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SECTION B
B.1 The reservation wage, wr , in McCall’s search model is characterised by the
equation

Z ∞
β
(w − wr )dF (w) ,
wr − b =
1−β
wr
where b denotes unemployment benefits, β ∈ (0, 1) the discount factor, w
wages, and and F (w) denotes the cumulative distribution function (CDF) for
wage offers.
(a) Intuitively explain how the reservation wage depends on both b and β.
(b) Suppose that b increases. What happens to the job finding rate, and what
is the implication for the unemployment rate? What are the possible
effects on output/welfare?
Let V (w), denote the value of having a job paying a perpetual wage w,
V (w) =

w
.
1−β

Let U denote the value of not having a job,
U = b + βE[max{V (w), U }],
where E denotes the expectations operator associated with the CDF above.
(c) For a given value of U , graphically illustrate the value
W = max{V (w), U },
with w on the x-axis, and with W on the y-axis. Carefully mark out the
reservation wage, wr , in your graph, and explain.
(d) Suppose w has a uniform distribution with the following CDF
F (w) =

w−w
,
w−w

w ∈ [w, w]

where the mean, µw , and variance, σw2 , are given by
1
µw = (w + w),
2

σw2 =

1
(w − w)2 .
12

Suppose now that w and w changes to wnew = w + ε and wnew = w − ε,
respectively, with ε > 0. What is the effect on the mean and the variance
of the wage offer?
How do you think this change of the wage offer distribution will affect
the reservation wage? Explain intuitively why.
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B.2 Consider the following model of a small open economy (Home), which interacts
with the rest of the world (Foreign):
i = i∗ + E [e] − e
1
M−P = Y− i
2
Y = (e + P∗ − P) − θi
where i is the Home nominal interest rate, i∗ the Foreign nominal interest rate,
e the nominal exchange rate expressed as the Home price of Foreign currency,
E [e] the expected future exchange rate, M the Home money supply, P the
Home aggregate price level, P∗ the Foreign aggregate price level, Y Home
aggregate output, and all boldface variables are in logs. The coefficient θ
depends on the interest rate sensitivity of investment. People have rational
expectations. In the short run, the aggregate price level P is fixed. In the long
run, the price level P is flexible and output is at its natural rate Ȳ. Suppose
that M = M̄, Ȳ = 0, P∗ = 0.05 and i∗ = 0.10, and assume initially that
θ = 0.
(a) Give an economic interpretation of the three equations displayed above.
(b) Compute the long run equilibrium values of i, P, e and E [e]. Explain
how they are affected by the level of M̄.
(c) Suppose now that there suddenly is a permanent increase in the money
supply M̄ from 0 to 0.25. Compute the short run equilibrium level of
the nominal interest rate i, the nominal exchange rate e and output Y.
Analyze the short-run effects, both graphically and intuitively. Is there
exchange rate overshooting in this case?
(d) Assume now that θ = 1 and again analyze the short-run effects of a
sudden, permanent increase in the money supply M̄ from 0 to 0.25.
Compare the results to part (c).
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SECTION C
C.1 In 2008, the Consumer Price Index (CPI) in the United States fell and has
remained 4 percent below its trend. The unemployment rate in the United
States rose to around 10 percent, and slowly declined over the course of six
years. Is this pattern consistent with the NAIRU theory? (Note. The trend
of CPI is defined as the level that would have materialised under an uninterrupted inflation rate of 2 percent per year.)
C.2 During the recent financial crisis, output, consumption, investment, and the
real interest rate declined substantially. Which types of events/shocks can
reconcile these facts with the predictions of the neoclassical intertemporal
model? Which events/shocks cannot?
C.3 On 22 January 2015, the European Central Bank (ECB) announced a program
of large-scale asset purchases, while its main refinancing rate was virtually
zero. Analyze how this is likely to affect bond yields, equity prices, bank
lending and economic activity in the euro area.
C.4 In the aftermath of the financial crisis, several central banks in advanced
economies have engaged in ‘quantitative easing’. This has lead to the allegation of a ‘currency war’ that negatively affects other countries. Analyze
whether ‘quantitative easing’ is likely to have a detrimental effect on economic
activity in other countries and discuss how these countries could adjust their
macroeconomic policy to counter any negative effects.
C.5 In the Bank of England Act of 1998, the UK government formally delegated
monetary policy to an independent Monetary Policy Committee. Why would
the government want to restrict its policy options in this way?
END OF PAPER

6 of 6

ECT2
ECONOMICS TRIPOS PART IIA
Wednesday 3 June 2015

1:30pm-4:30pm

Paper 3
THEORY AND PRACTICE OF ECONOMETRICS I
The paper is divided into two Sections A and B.
Answer FOUR questions from Section A and TWO questions from Section B.
Each Section carries equal weight.
Answers from each Section must be written in separate booklets with the letter of
the Section written on each cover sheet.
Credit will be given for clear presentation of relevant statistics.
This written exam carries 60% of the marks for Paper 3.
Write your candidate number (not your name) on the cover of each booklet.
Write legibly.

STATIONERY REQUIREMENTS
20 Page booklet x 2
Rough work pads
Tags
SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS
EXAMINATION
Calculator - students are permitted to bring an approved calculator
Durbin Watson and Dickey Fuller Tables
New Cambridge Elementary Statistical Tables
You may not start to read the questions printed on the subsequent
pages of this question paper until instructed that you may do so by the
Invigilator.
1 of 14

SECTION A
A1

A researcher, who has access to a dataset containing observations on labour
demand, capital, output and average wages for a sample of 569 …rms, computes
the following regressions using Ordinary Least Squares (OLS):
log(labour) = 6:177 + 0:990 log(output) 0:004 log(capital)
(0:071) (0:026)
(0:019)
SSR = 122:24
SST = 779:09
R2 = 0:8430

0:928 log(wage) + u
b
(0:071)

and
u^2 = 2:545 0:904 log(output) + 1:142 log(capital)
(3:003) (0:560)
(0:376)

1:299 log(wage)
(1:753)

+0:138 (log(output))2 + 0:090 (log(capital))2 + 0:193 (log(wage))2
(0:036)
(0:014)
(0:259)
0:192 log(output) log(capital) + 0:138 log(output) log(wage)
(0:037)
(0:163)
0:252 log(capital) log(wage) + residual
(0:105)
SSR = 404:53
SST = 450:93
R2 = 0:1029
For each regression SSR is the residual sum of squares and SST is the total sum
of squares. Figures in brackets are standard errors. The dependent variable
u^2i in the second regression is the squared residual from the …rst.
(a) Using this information, conduct a statistical test (at the 5% level) of the
null hypothesis that the disturbances in the …rst of the two regressions
above are homoscedastic. Explain the reasoning behind your choice of
test statistic.
(b) What are the implications of the result which you obtained in part (a)
for the properties of the OLS estimators in the …rst regression and their
associated standard errors?
(c) Outline two alternative strategies which the researcher could adopt in
response to a …nding of heteroscedasticity.
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A2

A researcher, who has access to monthly data on London house prices from
February 1996 to December 2014 inclusive (227 observations), obtains the
following estimates by OLS :
d t ) = 0:0539 + 0:00002t 0:0089 log(pricet 1 )
log(price
(0:0230) (0:00003)
(0:0048)
SSR = 0:02411
SST = 0:02564
R2 = 0:0599

d t ) = 0:0482 + 0:00005t 0:0094 log(pricet 1 )
log(price
(0:0198) (0:00003) (0:0042)
P
+ 12
log(pricet j )
j=1 bj
SSR = 0:01584

SST = 0:02564

R2 = 0:3825;

where log(pricet ) is the …rst di¤erence of log(price), that is log(pricet ) =
log(pricet ) log(pricet 1 ), and the b0j s in the second equation are (unreported)
regression coe¢ cients. For each regression, SSR is the residual sum of squares,
SST the total sum of squares and …gures in brackets are standard errors.
(a) Explain why the researcher has included both a constant and a trend
term in the …rst equation.
(b) Explain why the researcher has included the additional lagged di¤erences in the second equation. Are they statistically signi…cant? (You
may assume that the two regressions are estimated with the last 213
observations).
(c) Using your preferred equation, conduct a statistical test (at the 5% level)
of the null hypothesis that the coe¢ cient of lagged log(pricet ) is zero.
What do you conclude about the model speci…cation?
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A3

(a) State the conditions under which a univariate stochastic process, zt ; is
stationary.
(b) Write out the moving average representation of the autoregressive process
zt = zt

1

+ "t ;

"t

N ID(0;

2

);

where N ID(0; 2 ) denotes normally and independently distributed with
mean zero and variance 2 : Hence show it is stationary provided that
j j < 1:
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A4

A researcher interested in the e¤ect of military service in Vietnam on wages
collects data from a random sample of 4000 workers aged 40 and runs an OLS
regression on the model
yi =

+ xi + ui ;

i = 1; :::; 4000;

where yi is the i-th worker’s annual wage, xi is a binary variable that is equal
to 1 if the ith individual served in the military and is equal to 0 otherwise,
and are unknown parameters and ui is an error term.
(a) Write down an expression for the OLS estimator b.
(b) During the Vietnam War there was a draft, where priority for the draft
was determined by a national lottery based upon the day of birth, db; of
the potential conscript (1 db 365).
For a given draft year, a variable ei = 1(dbi < ) was constructed and
used as an instrument for xi . The integer is chosen based upon the
demand for conscripts in a given year. Setting ei = 1 (0) indicates that
the ith individual is draft-eligible (ineligible).
i. Explain the requirements for ei to be a valid instrument.
ii. Show that the IV estimator of may be written as
bIV = (y e

y n )=(^
pe

p^n );

where y e (y n ) is mean earnings for the draft-eligible (ineligible) sample and p^e (^
pn ) is the probability of being a veteran conditional upon
being draft-eligible.
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A5

A regression model, which uses panel data with T observations for each of N
individuals, seeks to explain the total variation of a set of observations, yit ;
i = 1; ::; N; t = 1; :::; T around a global mean y. The total variation can be
written:
Tyy =
=

N P
T
P

(yit

i=1 t=1
N P
T
P

(yit
i=1 t=1
|
{z

Twy

y)2
N P
T
P
(y i
y i )2 +
i=1 t=1
} |
{z
Tby

y)2
}

(a) With reference to the above decomposition, explain the rationale for
basing alternative panel data estimators on variation in Tyy and Twy .
(b) For the panel data estimator based solely on Twy , explain the rationale for
discarding Tby . In what sense is there a cost to excluding this variation?
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A6

Suppose a researcher is interested in using time series data to understand how
private consumption expenditures (Ct ) are a¤ected by aggregate disposable
income (Yt ). In particular the researcher wants to know the long run e¤ect
on consumption of a permanent change in income. The researcher initially
considers the following ADL(1,1) model:
ct =

0

+

1 yt

+

2 yt 1

+

3 ct 1

+ "t ;

where ct and yt are the natural logarithms of Ct and Yt ; respectively and "t is
a disturbance term.
(a) Show that the ADL(1,1) model under consideration can be equivalently
represented by an Error-Correction Model (ECM). Which parameter in
your ECM representation gives the long-run e¤ect the researcher is interested in? Explain.
(b) Despite overwhelming evidence for non-stationarity of consumption and
income, the researcher is considering simply regressing ct on yt in order to
estimate the long-run relationship between them. Under what conditions
would this strategy be valid? Give an economic reason that makes this
condition more likely to be met and brie‡y discuss one way to test for it.
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A7

Suppose a researcher is trying to estimate whether the price of electricity, pt ;
responds to the price of oil in world markets, ot : The researcher has access to
time series data and …nds that both series are stationary in …rst di¤erences,
but not in levels. Therefore the researcher decides to estimate the following
equation relating the growth in electricity price to the growth in oil prices:
pt =

+

ot + "t ;

where "t is assumed to be an independently and identically distributed disturbance with mean zero and variance 2 :
(a) Having estimated the model by OLS, the researcher is concerned that the
residuals might be serially correlated. If this is the case, what are the
consequences for OLS estimation and inference? How can the researcher
formally test for this serial correlation?
(b) Suppose that, when making their pricing decisions, electricity …rms would
prefer responding fully to current oil prices changes. However, adjusting
electricity prices is costly because it breaks legal contracts with households who have signed a …xed-price agreement based on prices last period.
Suppose therefore that …rms set their price by minimizing the quadratic
cost function
C t = ( pt

pt )2 + (1

)( pt

pt 1 )2 ;

where pt is the pro…t maximizing price-growth rule, assumed to be
given by pt = + ot : Show that the solution to the cost-minimization
problem implies an Autoregressive Distributed Lag (ADL) model. Give
a brief economic interpretation of this model.
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SECTION B
B1

An investigator analysing the determinants of earnings in Belgium has access
to a dataset containing information on 1472 individuals (579 females, 893
males). The investigator starts by estimating the following regression using
OLS:
d
ln(wage)
= 5:0123 + 0:1145male + 0:1643educ + 0:0343exper
(0:0347) (0:0153)
(0:0064)
(0:0025)
2
SSR = 116:15
SST = 193:34
R = 0:3992

0:00049exper2
(0:00006)

where the variables are de…ned as follows:
wage hourly wage rate
male dummy variable - 1 if male, 0 female
educ educational level attained (1 is lowest, 5 highest)
exper work experience in years
SSR is the residual sum of squares, SST is the total sum of squares and …gures
in brackets are standard errors.
(a) Using these results, compute the marginal e¤ect of an extra year of experience on the wage of a worker with 20 years of experience. What is
the number of years after which this marginal e¤ect becomes negative?
(b) The investigator now wishes to assess whether the determinants of earnings are di¤erent for males and females and so estimates the regression
d = b + b educ + b exper + b exper2
ln(wage)
0
1
2
3

for the whole sample, and for males and females separately. The table
below gives summary statistics (coe¢ cients and standard errors are not
reported). Using these results test, at the 5% signi…cance level, the null
hypothesis that the determinants of earnings are the same for males and
females.
All
M ales F emales
SSR
120:5958 70:3979
44:5082
SST
193:5958 117:7076
71:2538
2
R
0:3762
0:4019
0:3754
Observations
1472
893
579
(c) Explain carefully how you would conduct a test of the hypothesis that the
e¤ect of education on earnings di¤ers between males and females, while
the e¤ect of experience is the same for both genders. You should give
a detailed algebraic speci…cation of any regressions you would conduct,
and state the distribution of any test statistic you would use.
(d) Another researcher suggests that the education variable is misspeci…ed,
in that there is no reason to assume that an individual who has attained
level 5 has …ve times as much ‘educational capital’as someone who has
only attained level 1. Explain how you could modify the speci…cation of
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the original equation so that it incorporates a more general model of the
returns to education, and indicate how you would chose between the two
speci…cations.
(e) Comment on the design of the investigator’s research, indicating in particular any additional data which you would wish to collect in order to
improve the reliability of the parameter estimates.
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B2

We are interested in the causal e¤ect of fertility on the labour force participation of women. The population comprises married women and is restricted to
couples who have at least two children, were married at the time of the 2000
Census, married only once, and married at the time of their …rst birth. The
transition from two to three or more children is substantive - there are 38% of
women with a third child in the sample; it is also likely to impart an impact
on labour force participation.
The response variable, y1 ; is binary, equal to 1 (0) if the woman was (not)
working at the time of the survey. The key variable of interest, morekids,
is unity if a woman has three or more children, and zero otherwise. Other
controls used are: mother’s age, agem, age at …rst birth, age first, years of
education of mother, educm, …rst birth is a boy, boy1st, and second birth
is a boy, boy2nd. Race and ethnic dummy variables are also included; these
are black, hisp, and otherrace.
(a) Write down a model for the probability of having more than two children
conditional upon the available data. Do this assuming …rstly that the
e¤ect of a change in any given regressor on the probability of having more
than two children is constant, and then for the probit model, where the
partial e¤ects are individual speci…c.
(b) i. For the probit model write down an expression for the likelihood and
log-likelihood for the ith individual.
ii. Show that the partial e¤ects for the probit model are heterogenesous. In what sense does this represent an advantage over the linear
probability model?
iii. Write down an expression for the partial e¤ect of a discrete and continuous variable on the probability of having more than two children.
(c) i. Summarise the principal …ndings in Table 1 overleaf. Why is the
distinction between parameter estimates and marginal e¤ects redundant in the case of the OLS estimator?
ii. Why might the OLS estimates be unreliable?
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Table 1: Parameter Estimates
OLS bols

Probit bp

Marginal E¤ects

-0.422
(-77.00)

-0.160
(-79.91)

agem

0.0227
(72.40)

0.0600
(70.69)

0.0226
(72.92)

age first

-0.0380
(-96.04)

-0.101
(-90.83)

-0.0380
(-95.80)

boy1st

0.000524
(0.27)

0.00139
(0.27)

0.000523
(0.27)

boy2nd

-0.00525
(-2.74)

-0.0139
(-2.73)

-0.00524
(-2.73)

black

0.188
(46.87)

0.521
(42.94)

0.197
(43.41)

hisp

0.0477
(11.34)

0.127
(11.34)

0.0481
(11.35)

otherrace

0.0602
(12.95)

0.158
(12.77)

0.0598
(12.78)

educm

0.0272
(59.59)
254654
0.0631

0.0726
(56.99)
254654

0.0274
(58.17)
254654

morekids

Sample size
R2

-0.161
(-78.77)

t statistics in parentheses
+
p < 0:10; p < 0:05
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B3

A Central Bank is interested in understanding the historical e¤ect of money
supply on in‡ation. Researcher A at the Central Bank proposes an Autoregressive Distributed Lag, ADL(1,1), model:
pt =

0

+

1

mt +

mt

2

1

+

pt

3

1

+ ut ;

where pt is the quarterly growth rate of the GDP de‡ator (that is, in‡ation),
mt is the quarterly growth rate of money supply and ut is a zero mean
disturbance with variance 2u : This disturbance is assumed by Researcher A
to be conditionally independent with respect to current money supply growth
and past money growth and in‡ation. Researcher B at the Central Bank
proposes instead the following bivariate Vector Autoregression Model (VAR)
approach:
pt =
mt =

+
m0 +
p0

p1
m1

mt +
pt +

p2
m2

pt 1 +
pt 1 +

mt 1 + "pt
m3 mt 1 + "mt

p3

where pt and mt are as in the ADL model and "pt and "mt are assumed to be
zero mean disturbances with variances 2p and 2m respectively and covariance
pm . In both cases, disturbances are assumed to be independent of past
disturbances and realizations of money growth and in‡ation. Additionally,
both researchers have tested for non-stationarity and agree that pt and mt
are stationary series.
(a) Researcher B claims that, if his VAR model for in‡ation and money
supply growth is correct, the ADL(1,1) model for in‡ation proposed by
Researcher A cannot possibly deliver consistent estimates of 0 ; 1 ; 2 .
Under what condition on the mt equation in the VAR is Researcher
B’s claim false? Justify your answer.
(b) Researcher A, in turn, claims that the parameters in the VAR - as proposed by Researcher B - cannot be estimated consistently by OLS either.
Discuss (without proving) why Researcher A’s claim is valid. If Researcher B is solely interested in forecasting in‡ation and money growth,
is there a transformation of Researcher B’s VAR that can be estimated
consistently by OLS? If so, derive this transformation and justify why
OLS estimates are now consistent.
(c) The Central Bank now discloses to the researchers that it will be using
their model estimates to answer the following policy question: "If the
Central Bank raises money supply growth by 2% permanently today
what is the e¤ect on long-run in‡ation?" Researcher B now claims that,
if his VAR model for in‡ation and money supply growth is correct, the
ADL model will not provide the correct answer to this question (even
if B’s previous concern in (a) is shown not to be valid). Under what
condition on mt is B’s new claim invalid?
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(d) Researcher B gathered data on quarterly in‡ation and money growth,
estimated a reduced form VAR and obtained the following estimates:
cpt = 0:02 + 0:65 pt
(0:03)

(0:11)

d
mt = 0:01 + 0:35 pt
(0:01)

(0:09)

1

+ 0:32 mt

1

+ 0:51 mt 1 ;

(0:12)

1

(0:17)

where the numbers in the equations are OLS estimates and the numbers
in parenthesis give the associated OLS standard errors. Given these
estimates, test whether Researcher B’s claim described in question (c) is
valid.
END OF PAPER
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1.

De‡ation and recession in Japan
Measure and explain the relationship between real GDP growth and movements in the general level of prices in Japan between 1980 and 2013.
How relevant to your analysis is the New Keynesian Phillips Curve?
In the light of your …ndings, assess the likely impact of Quantitative Easing
(QE) on future economic growth and in‡ation in Japan.

2.

Productivity growth in the UK
Using the data supplied and any other as appropriate, examine and explain
the inter-industry variations in the contribution of multi-factor productivity
(MFP) to productivity growth in the UK between 1998 and 2013.

3.

UK house prices
Examine and explain regional variations in house prices in the UK between
1983Q1 and 2014Q4.

4.

Share prices, market valuations and shocks
Analyse and explain movements in the share price of Tesco PLC on the London Stock Exchange between 1 January 2012 and 1 February 2015 in relation to:
a) Other peers in the food and drug retail sector;
b) The FTSE100;
c) consumer spending;
d) media events (press releases, etc.).
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5.

Economics and the Research Excellence Framework 2014
With reference to the UK Research Excellence Framework (REF) assessment
2014, investigate whether membership of the Russell Group of UK universities
is systematically related to a signi…cantly higher proportion of research output
submitted for Economics (Assessment Unit 18) being graded at 4* overall than
is the case for non-Russell Group members.
What other factors may contribute to the outcome and how important are
they?
Compare your …ndings with the results of a similar analysis of REF grades
for Business and Management (Assessment Unit 19).
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NOTES ON DATA SOURCES
1.

De‡ation and recession in Japan
GDP, CPI and other major economic indicators for Japan are at:
https://data.oecd.org/japan.htm#pro…le-economy
The o¢ cial database for Japanese GDP is at:
http://www.esri.cao.go.jp/en/sna/sokuhou/sokuhou_top.html
Japan Statistical Yearbook is at:
www.stat.go.jp/english/data/nenkan/index.htm

2.

Productivity growth in the UK
Data are at:
http://www.econ.cam.ac.uk/intranet/projects/part2a/datasets2015/
ONS_Productivity_data.xlsx
The data supplied are from Connors, E. and M. Franklin (2015). ‘Multi-factor
Productivity (experimental), Estimates to 2013’, O¢ ce for National Statistics,
23 January 2015. Available at: http://www.ons.gov.uk/ons/dcp171766_392139.pdf

3.

UK house prices
Regional and national house price data for the UK are available at:
http://www.nationwide.co.uk/about/house-price-index/download-data#tab:Downloaddata,
and
http://www.lloydsbankinggroup.com/media/economic-insight/regional-house-prices/

4.

Share prices, market valuations and shocks
Tesco daily share price data from 40/02/2005 to 03/02/2015 are given at:
http://www.econ.cam.ac.uk/intranet/projects/part2a/datasets2015/
Tesco-share-price-2005-2015.xlsx
Consumer trends time series data are at:
http://www.econ.cam.ac.uk/intranet/projects/part2a/datasets2015/
ONS_Consumer-trends-data-2014Q3.xlsx
General economic data are at: www.ons.gov.uk/
Company information is at: www.tescoplc.com
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5.

Economics and the Research Excellence Framework 2014
Research Excellence Framework data are at: www.ref.ac.uk

END OF PROJECT

5 of 5

ECT2
ECONOMICS TRIPOS PART IIA
Friday 5 June 2015

9:00am-12:00pm

Paper 4
ECONOMIC DEVELOPMENT

Answer FOUR questions only.

Each question will carry equal weight.
Write your candidate number (not your name) on the cover sheet of each
booklet.
Write legibly.

STATIONERY REQUIREMENTS
20 Page booklet x 1
Rough work pads
Tags
SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS
EXAMINATION
Calculator - students are permitted to bring an approved calculator
You may not start to read the questions printed on the subsequent
pages of this question paper until instructed that you may do so by the
Invigilator.

1 of 3

1.

‘The key to development lies in a Big Push’.
(a) Explain the role of coordination problems and externalities in producing development traps where some countries are unable to move from
subsistence agriculture to an industrialised economy.
(b) What role might foreign aid play in resolving the coordination problems
of the ‘Big Push’? Explain.
(c) Does the Millennium Villages Project o¤er any evidence in support of
the ‘Big Push’model? Discuss.

2.

‘The returns to education at the micro level are high while those at the aggregate level are very low.’
(a) Explain how returns to education at the aggregate and micro levels are
calculated.
(b) What are the potential explanations for the di¤erence in estimated returns?
(c) What are the implications of …nding such divergence in returns to education for the productivity gap between rich and poor countries?

3.

Please answer all parts of this question.
(a) Discuss the tari¤ policies of Canada, Australia and Argentina from the
1870s to 1970s.
(b) Do the ‘Settler Economies’provide evidence to support the existence of
a Tari¤-Growth paradox? Explain.
(c) What policy lessons are there for modern developers in the evidence
above?

4.

Please answer all parts of this question.
(a) You are hired by the World Bank to analyse the extent of protection in
a developing country. You know the nominal tari¤s on all goods and are
given all the relevant prices and the values of all inputs by good. Explain
in brief why it is useful to compute the e¤ective rate of protection for
each industry.
(b) You …nd that in some industries the value added seems to be negative.
Would you advise the government to close down these industries? Explain.
(c) Many developing countries are sceptical of the bene…ts of free trade and
have chosen to follow various import-substituting policies. Discuss potential reasons for the ‘export pessimism’that provided a rationale for
these policies.
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5.

Please answer both parts of this question.
(a) What were the key institutional di¤erences between Canada, Argentina
and Australia? Discuss.
(b) Do you believe the relative success of Canada supports the view that
institutions rule? Explain.

6.

Please answer all parts of this question.
(a) The transition from high to low fertility is a global phenomenon. What
are the key factors driving this transition according to economic theories
of fertility? Explain the relevant models.
(b) How do mortality declines enter into the theories discussed in (a)?
(c) If our interest is in explaining recent sharp declines in fertility in developing countries over short periods of time, is access to contraceptives
entirely irrelevant to these fertility outcomes? Explain.

7.

The experiences of the developing economies, including the East Asian ‘miracle’economies, after the Second World War show that infant industry protection is a necessary but not a su¢ cient condition for economic development.
Discuss.
END OF PAPER
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SECTION A
Sub-section A.I: Answer at least one question from this sub-section
1.

Answer all parts.
(a) Find an a 2 R such that the following matrix A is singular:
0
1
a a
1
A=@ 2 2 0 A
7 3
5
(b) Are the following sets of vectors linearly independent?
80 1 0
1 0
19
1
2
< 1
=
1
S1 = @ 0 A ; @ 2 A ; @ 3 A ; S2 =
;
2
:
;
5
5
1

2
1

;

0
5

(c) What is the rank of the following matrix?
0
1
1 2
1
2 A
B=@ 0 3
5
1
5
2.

Which of the following are vector spaces? Justify your answers carefully.
(a) V1 = Z, i.e. all integers, with standard addition and scalar multiplication.
(b) V2 = ff 2 C 0 with f : [0; 1] ! Rg, i.e. the set of all continuous functions
from [0; 1] to R, with the standard addition and scalar multiplication.
(c) V3 = R2 , with the standard addition and the following scalar multiplication:
v1
0
=
, 2 R:
v2
v2

3.

Let A be an n n matrix and be an eigenvalue of A.
(a) Show that 2 is an eigenvalue of A2 . More generally, are the eigenvalues
of the product of two matrices the same as the product of the eigenvalues
of the two matrices?
(b) Show that + is an eigenvalue of A + A. More generally, are the
eigenvalues of the sum of two matrices the same as the sums of the
eigenvalues of the two matrices?
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Sub-section A.II: Answer at least one question from this sub-section

4.

Answer both parts.
(a) Let X denote a random variable with …nite mean
Show that for any k > 0

and variance

2

.

2

P fjX

j

kg

k2

(b) A post o¢ ce handles 10,000 letters per day with variance of 2,000 letters.
What can be said about the probability that this post o¢ ce handles
between 8,000 and 12,000 letters tomorrow?
What about the probability that more than 15,000 letters come in?
5.

A research program studies the human health risk from recreational contact
with water contaminated with pathogenic microbiological material. Water
samples were taken from sites identi…ed as having a heavy environmental
impact from birds.
(a) Let be the true probability that a one-litre water sample from this type
of site contains pathogenic material. What is the distribution of y, the
number of samples containing the pathogenic material?
(b) Out of n = 116 one litre water samples, y = 17 samples contained the
pathogenic material. Using a Beta (1,2) prior for , …nd g( jy); the
posterior distribution of given y.
(c) Find the normal approximation to this posterior distribution.
N.B. A random variable X
tion has the form
x
0

fX (x) _
Furthermore E (X) =
6.

Beta( ; ) if its probability density func-

+

1

(1

x)

1

and V ar (X) =

0 x 1
elsewhere
( + )2 ( + +1)

.

Given a sample of size n from the Bernoulli (point binomial) distribution
f (x; ) =

x

(1

)1 x ;

x = 0; 1;

show that X is a su¢ cient statistic for : Is it e¢ cient?
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Sub-section A.III: Answer at least one question from this sub-section
7.

Let f : (1; 1) ! R be the function de…ned by f (x) = (ln x)exp x . Let A and
B be constants such that y = Ax + B is the equation of the line tangent
to the graph of this function at the point (e; f (e)), where e = exp(1) is the
mathematical constant.
(a) Evaluate A and B.
(b) Draw this line on an xy-coordinate plane, and evaluate the area of the
triangle formed by this line, the x-axis and the y-axis.

8.

Suppose that temperature varies continuously on a circle. Show that there
must be two antipodal points on this circle at which the temperature is identical.

9.

There are two …rms A and B who engage in quantity competition, with …rm
A choosing production quantity …rst.
(a) Firm B chooses a production quantity r (having observed …rm A’s production quantity q) to maximize pro…ts B = (10 q r) r r. Assume
that there is a strictly positive solution r (q; ). Show that B
rr < 0 and
@r
@r
…nd @q and @ .
(b) Knowing that …rm B will respond as above, …rm A chooses q to maximize
A
= (10 q r (q; )) q c (q; ), where cq > 0, cqq > 0, and cq < 0.
What might represent? Assume that there is a strictly positive solution
@q
and @q
.
q ( ; ). Show that A
qq < 0 and …nd the signs of @
@
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SECTION B
Sub-section B.I: Answer only one question from this sub-section
10.

Answer all parts.
(a) Let V be a vector subspace of Rn with an orthogonal basis fv1 ; :::; vp g,
and let fw1 ; :::; wq g be an orthogonal basis of V ? . Show that the set
fv1 ; :::; vp ; w1 ; :::; wq g is an orthogonal set.
(b) Let
0
1
0
1
3
1
v~1 = @ 1 A ; v~2 = @ 1 A
2
2

and let V~ = Span f~
v1 ; v~2 g. Find a set of vector(s) fw~1 ; :::; w~q g that span
?
~
V .
(c) Is the set f~
v1 ; v~2 ; w~1 ; :::; w~q g an orthogonal basis for R3 ? Explain your
reasoning carefully. Comment on the relationship of the dimensions of
V~ , V~ ? and R3 .

11.

Imagine an online retailer with two types of customers: one-time customers
and repeat customers. Let the number of one-time and repeat customers in
month t be ot and rt , respectively. Any given customer is either a one-time
or a repeat, but no customer is both in a given month. A one-time customer
can become a repeat customer. Data from the retailer shows that each month
40% of one-time customers remain one-time customers (i.e. they have not
placed any additional orders since the …rst time they have used the retailer)
and that there is a 90% chance that repeat customers continue to buy the
retailer’s goods.
(a) Write the evolution of the retailer’s customers over time as a system of
di¤erence equations.
(b) Show that in the long run this retailer will not have enough business to
survive.
(c) The retailer is now considering introducing a referal incentive scheme
that will encourage its repeat customers to get a friend of theirs to try
the retailer. What is the minimum per-month referal success rate from
the repeat customers that will keep the retailer a‡oat in the long run?
What proportion of one time to repeat customers will the retailer have
in the long run for such a referal rate ?
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Sub-section B.II: Answer only one question from this sub-section

12.

Let E, C, and M , represent three binary random variables denoting, respectively, recovery from an illness, whether a drug was taken, and gender. Eighty
individuals su¤ering from a given disease were randomly sampled from a population of su¤erers. Table 1 (on the next page) shows some summary statistics
on the joint distribution, f (E; C; M ); by treatment, recovery and gender.
(a) We observe that
bEjC > bEjC
bEjC;M < bEjC;M
bEjC;M < bEjC;M

where bEjC > bEjC indicates that recovery rate for patients taking the
drugs exceeds that of the control. Explain these paradoxical results.
(b) The joint distribution of the two random variables E and C is:
fE;C (e; c) = fEjC (ejc)fC (c)
By considering this joint distribution in conjunction with the full distribution f (E; C; M ), demonstrate that the paradox arises from a problem
of endogeneity.
(c) An analyst has access to the data on the eighty individuals that were
used in the study. In examining the relationship between recovery and
treatment he speci…es the following regression equation:
Ei =

+ C i + "i ;

and are unknown parameters and "i i:i:d(0;
equation be modi…ed to control for endogeneity?
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2 ).

How might this

Table 1: Combined (Males and Females)
Total
40
40

E E
Drug ( C ) 20 20
C
16 24
Males

Total
30
10

E E
Drug ( C ) 18 12
C
7 3
Females
E
Drug ( C ) 2
C
9

13.

Total
10
30

E
8
21

The pdf for a Pareto distribution is
f (y) = y

( +1)

;

0<

< 1; y

1

(a) Obtain the quantile function. What is the value of the median when
=1?
(b) Show that the mean only exists for > 1: Given a random sample of
size n; …nd a simple method of moments estimator for :
(c) Derive the ML estimator for and …nd its asymptotic variance. What
advantages might the ML estimator have over the simple MM estimator?
(d) Suppose we reparameterize by setting
= exp( ) and maximize the
likelihood function with respect to ; where 1 < < 1. What is the
95% con…dence interval for ?
(e) Construct a (large sample) likelihood ratio (LR) test of the null hypothesis that = 1 against the alternative 6= 1: Would the LR test of = 0
give the same result?
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Sub-section B.III: Answer only one question from this sub-section
14.

Answer all parts.
(a) What does it mean for a production function f : R3 ! R with three
inputs to have constant returns to scale? De…ne carefully.
(b) Suppose that g : R3 ! R has continuous partial derivatives with respect
to all three of its variables. If x; y, and z are di¤erentiable functions from
R to R, then express dtd g(x(t); y(t); z(t)) using the chain rule.
(c) Let f : R3 ! R be a constant returns to scale production function with
three inputs: capital, labour, and technology. Prove that
f21 (K; L; T )K + f22 (K; L; T )L + f23 (K; L; T )T = 0:
Recall that fi denotes the partial derivative of f with respect to its ith
variable.

15.

Answer all parts.
(a) Find the solution to the di¤erential equation
initial conditions y (0) = 3 and y 0 (0) = 1.

d2 y
dx2

= y which satis…es the
0 1
z
1 0
to z ( n) is

(b) This di¤erential equation can be written in the form z 0 =
where z =

y
y0

. The Euler approximation with step size
0 1
zn = yyn0 , where z0 = 31 and zn+1 = zn +
z . Here yn is the
n
1 0 n
approximation to y ( n) and yn0 is the approximation to y 0 ( n). Find zn
and hence the approximation yn to y ( n).
x)
= , …nd limn!1 n log 1 + n and hence
(c) Given that limx!0 log(1+
x
n
show that 1 + n ! e , as n ! 1.
(d) Given a particular value of x > 0, give the Euler approximation to y (x)
using n steps of size = nx . Show that this converges to y (x) as n ! 1.

END OF PAPER
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1. In most countries, education is subsidised, either by fellowships for the cost
of living or by subsidies for the direct cost of education (teacher salaries,
classrooms and lecture halls). Using the implications of various theoretical
models to support your arguments, brie‡y discuss the following arguments
surrounding the subsidisation of education:
(a) When and why might education be left to the market?
(b) When might education be subsidised? Distinguish between e¢ ciency and
distributional arguments. Use relevant empirical evidence to illustrate
your answer.
(c) Is there an argument for taxing education? Again, distinguish between
e¢ ciency (either Pareto or Hicks-Kaldor) and distributional arguments
and cite relevant empirical evidence.
2. In a duopsonistic labour market, both …rms have constant marginal product
but …rm B has a higher marginal product than …rm A.
(a) What are the consequences of this di¤erential productivity on the equilibrium market outcomes?
(b) What happens to these equilibrium outcomes if the transport cost goes
up?
3. In the UK there is about a 60 point gap in test scores between 15 year olds
whose mothers have high and low levels of education (this is based on PISA
test scores, and international assessment of skills and knowledge). The government is considering basing school accountability on average growth in achievement of students in the school rather than the current system that is based
on the proportion of students who get a C or better on 5 of their GCSEs.
(a) Explain the potential tradeo¤s between these two systems.
(b) Is there a way you might modify the government’s proposed strategy to
narrow the achievement gaps? Explain.
4. “Globalisation is not responsible for rising wage inequality because the HeckscherOhlin model has been rejected by empirical studies.” True or false? Explain
your answer.
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5. The small country of Islandia produces two goods: cellphones and appliances.
Islandia is a price-taker on world markets and the relative price of cellphones
to appliances is equal to 1. The country is inhabited by three types of people:
unskilled workers (L), skilled workers (S) and capital owners (K). Unskilled
workers can work in either sector. Skilled workers are only productive in the
cellphone industry. Each capital owner owns one unit of capital which is useful
in the production of appliances. The output of cellphones (Qc ) and appliances
(Qa ) takes place according to the following production technologies:
0:5
Qc = L0:5
c S
0:5
Qa = L0:5
a K

where, under full employment of unskilled workers, Lc + La = L. There are
440 million unskilled workers, 60 million skilled workers, and 50 million capital
owners living in Islandia.
(a) Derive the demand curve for unskilled labour in each sector of the economy, …nd the equilibrium allocation of unskilled labour, the equilibrium
level of output in each sector, the wage of unskilled workers and the wage
of skilled workers.
(b) Islandia does not allow immigration. Wages of both skilled and unskilled
workers in Islandia are high relative to a neighbouring economy. The
government in Islandia is considering two immigration policy proposals.
Proposal A would allow immigration of 110 million unskilled workers, but
no immigration of skilled workers. Proposal B would allow immigration
of 40 million skilled workers, but no immigration of unskilled workers.
Which residents of Islandia, if any, will support proposal A and which
will oppose it? Which residents of Islandia, if any, will support proposal
B and which will oppose it? Justify your answer. Suppose an objective
of immigration policy is to reduce inequality in Islandia. Discuss whether
the proposals under consideration could achieve this goal.
(c) An alternative proposal to maintain immigration restrictions but allow
the outsourcing of tasks to a foreign economy is put forward. What can
you say about the welfare consequences of this alternative proposal for
the residents of Islandia? Clearly state any assumptions you need to
make to support your conclusions.
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6. Consider a unionised …rm with a linear labour demand curve L = a bW .
The market wage is equal to W . The …rm has no …xed cost, so its pro…t is
equal to its producer surplus.
(a) State the employment level that would prevail without a union.
(b) The union has a membership greater than this level of employment. It
strives to maximise the total amount of rent for its members. Give an
expression for this total amount of rent. The bargaining between the
union and the …rm follows the right-to-manage model. Calculate both
the wage level and employment.
(c) Draw a diagram showing the total rent for the union, the …rm’s pro…t and
the e¢ ciency loss under this right-to-manage model. Give expressions
for these amounts.
(d) Suppose that the union and the …rm meet and agree to switch to the
e¢ cient-bargaining model and decide to share the e¢ ciency gain compared to the outcome under the right-to-manage model equally. What
will be the level of employment and why? What are the pro…ts of the
…rm? And what is the wage level?
(e) Describe how the results for wage levels and employment would di¤er in
the right-to-manage model analysed in (b) above if the union only cared
about the insiders, those currently employed by the …rm, denoted M , if
(i) M > Lright to manage and (ii) M < Lright to manage .
(f) Now suppose that a …xed fraction of the workforce leaves the …rm for
retirement every period. What is the implication for the evolution of
both employment by the …rm and union membership?
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7. Since 1970 the UK has introduced legislation aimed at reducing gender inequalities within the labour market.
(a) Outline the provisions of the main pieces of relevant legislation.
(b) Evaluate how successful the legislation has been in achieving this goal.
(c) Discuss the form that any further intervention required might take.
8. There is a contradiction inherent in the use of deferred compensation to motivate e¤ort and in recent pension reforms.
(a) How might deferred compensation be used to motivate e¤ort? Use a
diagram to illustrate this motivational e¤ect.
(b) Discuss the contradictions that motivating e¤ort through deferred compensation might pose with recent pension reforms.

END OF PAPER
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SECTION A
1. Answer both parts of this question.
(a) "Borda voting delivers a well-de…ned set of social preferences but violates
one of the four axioms of an Arrow social choice rule". Discuss this
statement.
(b) Xavier, Yolanda and Zeke, plan a holiday together and need to decide
how much money they are going to spend. X(avier) would like to spend
as much money as possible; his utility from the trip is U X (m) = m,
where m is the total sum of money spent on the trip. Y (olanda) would
like to spend exactly 4000 pounds; her utility is U Y (m) = (m 4000)2 .
Z(eke) likes either cheap backpacking trips or expensive resort vacations;
his utility is U Z (m) = (m 5000)2 . They are considering three possible
budgets for their trip: t = 3000, t0 = 4500 and t00 = 6000:
i. Assume that they use majority voting to decide successively over
two alternative budgets, i.e. they …rst vote over the pair (t; t0 ), then
over (t0 ; t00 ) and then over (t; t00 ). Will this procedure allow them to
determine a “best”budget? Explain why or why not.
ii. A fourth friend, Zzazz, o¤ers: “Take me on the trip. I have exactly
the same preferences as one of you. If you let me vote as well, we’ll
be able to sort this out!”Is he correct?
iii. Another friend suggests: “Instead of taking Zzazz, just change the
budget t0 to a di¤erent amount!” What new amount t0 should they
choose and why?
2. Nigel and David discuss the possibility of "Brexit" and its consequences.
(a) Nigel is in favor of the UK leaving the European Union. He argues:
"The UK’s access to European markets and therefore exports as well as
imports are not going to be a¤ected because of the global World Trade
Organization rules. On the other hand, there will be a massive reduction
in foreign workers employed in the UK. This implies that wages will rise
and UK workers will be much better o¤." Assuming Nigel’s assumptions
are correct, can you use the Heckscher-Ohlin model of international trade
to support Nigel’s claim? Discuss all implications of such a model.
(b) David answers as follows: "I am against such a move. Even if your
assumptions about the consequences of Brexit are true, foreign workers are mostly unskilled workers, and a reduction in the UK’s unskilled
labour force will put the UK at a competitive disadvantage. Imports
and exports will increase and the terms of trade will deteriorate." Can
you change the model you built for your answer in (a) to accommodate
David’s view of the UK economy? Does this allow you to support his
claim? Discuss all its implications.
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3. Answer both parts of this question.
(a) Equilibrium Existence
i. Using graphs, demonstrate and discuss the su¢ cient conditions for
the existence of a competitive equilibrium.
ii. Give an example of an economy in which these conditions are not
satis…ed but a competitive equilibrium nevertheless exists. A graph
with explanations will su¢ ce.
(b) Excess Demand Functions
i. Explain why excess demand functions are necessarily homogenous of
degree zero.
ii. Consider the following functions. Could they be excess demand functions of some economy? Explain why or why not.
E(p) =

Ex (p) =
Ey (p) =

8
>
< Fx (p) =
F (p) =
Fy (p) =
>
:
Fz (p) =

px
py
p2z
p2x

+ 3px py
3py px
+5

7 pxp2pz
y
6

4. Robinson Crusoe lives alone on an island. He has a total number of H > 1
hours available each day, which he spends either lounging on a deck chair or
collecting melons. p
If he spends L < H hours searching for melons he will …nd
an amount y = 2 L. His utility from lounging and eating is described by
a Cobb-Douglas utility function, but in addition, searching for melons gives
Robinson a nasty headache. Denoting by x the amount of melons Robinson
eats, by l the number of hours he lounges and by y the amount of melons he
collects, his overall utility is described by:
u(x; y; l) = xl

y;

Let the price of melons be p and the price of labour be w.
(a) Interpret Robinson’s utility function.
(b) Solve for the competitive equilibrium price ratio and the competitive
equilibrium allocations.
(c) Suppose that Robinson decides he would like to spend just the right
amount of time collecting melons and the rest lounging on his deck chair
to maximize his welfare. Will he be better o¤ by doing this rather than
by relying on the market? Solve for the optimal amount of time spent on
either activity and comment on the (possible) di¤erence to your answer
in (b).
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SECTION B
5. A coin has probability p of landing heads. Chantal has a utility function
u(x) = ln x and she is o¤ered a gamble in which she will be paid x = $2n if
the …rst head occurs on the nth ‡ip.
(a) Derive the coe¢ cient of absolute risk aversion for Chantal.
(b) What is the expected value of the gamble when p = 0:5?
(c) For general p, express the expected utility of the gamble to Chantal as
a sum.
(d) Evaluate the sum obtained in (c), i.e. …nd a closed form formula in p
without the summation sign. Hint: you can use the following summation
formula:
1
X
1
(1 p)n =
p
n=0
(e) What is Chantal’s certainty equivalent for the gamble?

6. Mr. Charles is a striker in football team J who has scored an average of 23
goals per season in his …rst 3 years playing for the club. His current contract
stipulates a …xed annual salary of 18; 000; 000 for the next 3 years. He is
approached by football club L who o¤ers him the following contract:
You will receive a …xed compensation of 17,500,000 per year for the next three
years. In addition, you will receive a bonus of 100,000 for each goal scored
in o¢ cial matches. An additional clause is that in case the team were not to
manage to qualify for an European football competition, then 1,000,000 will
be deducted from your salary in the subsequent year (in which the team is not
playing in Europe).
Discuss the factors that will in‡uence Mr. Charles’ decision to accept or
decline the o¤er, and how the new contract is likely to a¤ect his performance
in case he were to accept it. Can football club L change the terms of its
o¤ered contract - in a way that (approximately) does not change the expected
payment - to improve the chance of Mr. Charles’ acceptance? Write down
an improved contract o¤er and discuss the changes that would make it more
likely for Mr. Charles to accept it compared to the above o¤er.
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7. Students apply for internships with an employer E. A student can be one
of three types t: low quality, t = 0, medium quality, t = 6, or high quality,
t = 12. E does not know an individual student’s type but knows that there is
an equal proportion of each type in the applicant pool. Students send CVs to
obtain an interview, and they can put anything they want on the CV, that is,
the CV is an “announcement”a 2 f0; 6; 12g of their type. E after reading the
CV gives a recommendation r for an interview, with r 2 f0; 1; 2; :::; 11; 12g.
E’s and a student S’s payo¤s are:

(
r
uE (r; t) =
t

t
r

if t r
if t < r

and

(
r (t + 4)
uS (r; t) =
(t + 4) r

if t + 4 r
if t + 4 < r

(a) Consider the following strategy pro…le. Each student sends a CV that
announces her truthful type, i.e. a = t. E believes the CV and assigns
a recommendation equal to the announcement, i.e. r = a. Compute the
payo¤ of each type of student and the average payo¤s for E. Explain
carefully whether or not this is an equilibrium.
(b) Consider the following strategy pro…le. All students of all types send a
CV that announces that they are of high quality, i.e. a = 12. E does
not believe the CV and assigns all students a recommendation r = 6.
Compute the payo¤ of each type of student and the average payo¤s for
E. Explain carefully whether or not this is an equilibrium.
(c) Consider the following strategy pro…le:
Students of type 0 send a CV that announces a = 6.
Students of type 6 and of type 12 both send a CV that announces
a = 12.
E identi…es students who announce a = 6 to be t = 0, and he assigns
them r = 0. E identi…es students who announce a = 12 to be equally
likely to be type 6 or type 12, and he assigns them r = 9. Compute the
payo¤ of each type of student and the average payo¤s for E. Explain
carefully whether or not this is an equilibrium. (E only receives CVs
with a = 6 or a = 12, but you can assume that in case E were to receive
a “strange”CV with a di¤erent a he assigns r = 0 to that CV).
(d) Brie‡y, explain what the “human capital”and “signalling”explanations
of wages are. Give an example of empirical evidence that shows that the
mechanism proposed by the “signalling”theory plays an important role
in determining wages.
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8. Consider the following experiment. In each treatment, participants have to
pick one of two events, A or B, to gamble on:
Treatment 1:
A drawing a red marble from a bag containing 50% red and 50% white
marbles
B drawing a red marble 7 times in a row, with replacement, from a bag
containing 90% red and 10% white marbles
Treatment 2:
A drawing a red marble from a bag containing 50% red and 50% white
marbles
B drawing a red marble at least once out of 7 attempts, with replacement, from a bag containing 10% red and 90% white marbles
(a) Compute the probability of event B in treatment 1 and in treatment 2.
(b) Describe what the majority of experimental participants are likely to
choose for the gambles in treatments 1 and 2. Comment on your …ndings.
(c) What bias might explain the inconsistent choices observed in the experiments? Carefully describe how the bias explains the choices in both
treatments.
(d) Describe how the inconsistent choices observed in this experiment have
implications for insurance.
(e) Describe how the bias in (c) may play a role in labour markets.
END OF PAPER
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SECTION A
A.1 Consider the following intratemporal (i.e. within period) optimisation problem:
ct1
1
+ `t
ct ;`t
1
subject to ct = (1 `t )wt ;
max

where ct denotes consumption, `t leisure, wt the real wage, Lt = (1 `t ) hours
worked, and the parameter is positive. Compute optimal consumption ct
and hours worked Lt as a function of the real wage wt .
Suppose that the economy is growing at a rate g every year such that wt+1 =
(1 + g)wt , for t = 0; 1; : : : In a famous essay, John Maynard Keynes predicted
that from 1930 to 2030 the real wage would rise sixfold, while hours worked
would decline to a third of their level in 1930. Which value of g and in
the above framework are consistent with Keynes’s predictions? Explain what
your answer implies about the relative strengths of income and substitution
e¤ects of the real wage on labour supply? (Feel free to use the approximation
ln(1 + x) x for a su¢ ciently small value of x.)
A.2 Consider the following McCall search model, in which the reservation wage
wr is determined by:
wr

b=

1
|

X

w2W

max fw
{z

h(wr )

wr ; 0g Pr (w);
}

where b denotes unemployment bene…ts (b 0) and the worker’s intertemporal discount factor (0 <
< 1). Assume that wage o¤ers w are drawn
from the set W = fw1 ; w2 ; w3 g, with 0 < w1 < w2 < w3 . The probability
Pr(w) that any w 2 W occurs is given by Pr(w1 ) = p1 , Pr(w2 ) = p2 , and
Pr(w3 ) = 1 p1 p2 , where p1 and p2 are positive and satisfy p1 + p2 < 1.
Carefully draw wr b and h(wr ) in a graph with wr on the horizontal axis. In
the standard McCall search model the probability of …nding a job is strictly
decreasing in the level of unemployment bene…ts b. Explain whether this is
still true in the above framework.
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A.3 Using the Bernanke-Blinder model, analyse the e¤ects of a large outright
open market purchase by the central bank when the economy is in a liquidity
trap. Carefully explain how the e¤ect on aggregate output is a¤ected by the
liquidity trap.
A.4 On 3 December 2015 the European Central Bank announced a reduction in
its deposit rate by 10 basis points, and an extension of its large-scale asset
purchase program of e60bn per month until at least March 2017. In response
to this news, the euro experienced a signi…cant appreciation. Explain whether
this could be consistent with the asset market model of the exchange rate.
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SECTION B
B.1 Consider a price-taking representative agent who faces the following optimisation problem
max

fc1 ;c2 ;b2 ;`1 ;`2 g

fln c1 + ln `1 + (ln c2 + ln `2 )g ;

subject to c1 + b2 = w1 (1 `1 ) T1 ;
c2 = w2 (1 `2 ) + b2 (1 + r2 ) T2 ;
where ct denotes consumption, `t leisure, bt savings, Tt lump-sum taxes, wt
the real wage, rt the real interest rate, and the intertemporal discount factor
(0 < < 1). The subscript t = 1; 2 denotes the time period.
(a) Derive the agent’s intertemporal budget constraint. Give an economic
interpretation of the result.
(b) Find the optimality conditions for c1 , c2 , b2 , `1 and `2 . Derive the intertemporal Euler equation for consumption, and the intratemporal (i.e.
within period) Euler equation characterizing the optimal trade-o¤ between consumption and leisure. Give an intuitive explanation of these
Euler equations.
Assume that the economy is closed and that there is no investment. So the
GDP identity is given by yt = ct + gt , where gt denotes government purchases,
which are exogenous, and yt denotes aggregate output, which is equal to
yt = wt (1 `t ). Suppose that wt = At , where At represents productivity
in period t = 1; 2: In addition, assume that the government runs a balanced
budget such that Tt = gt .
(c) Solve for the equilibrium level of output yt in terms of At and gt for
t = 1; 2. Derive the …scal multiplier @y1 =@g1 for a permanent increase in
g1 . Provide an intuitive explanation of the results.
(d) Now suppose that A1 = A2 = 1 and g2 = g1 , where 0
1. What
are the …scal multipliers @yt =@gt for t = 1; 2? Compare the result to
part (c). Derive the equilibrium real interest rate r2 and explain how
it is a¤ected by a rise in g1 when = 0 and when = 1. Explain the
intuition underlying these results.
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B.2 Suppose a central bank using monetary targeting minimizes the social welfare
loss function
1
1
)2 +
(y y )2
L= (
2
2
where is in‡ation, y the output gap,
the in‡ation target, y the output
gap target and a positive parameter. Assume that
> 0 and y > 0. The
central bank sets the rate of money growth m, which a¤ects in‡ation:
=m+v
where v is a white noise velocity shock with variance
relation is described by
e
y= (
)+s

2
v.

The aggregate supply

where e denotes private sector in‡ation expectations, s is a white noise aggregate supply shock with variance 2s , and is a positive parameter. Assume
that v and s are independent.
At the beginning of the period, the private sector forms its in‡ation expectations e using rational expectations. Subsequently, the supply shock s and
velocity shock v are observed. Then, the central bank adjusts its monetary
policy instrument m, after which in‡ation and the output gap y are realized.
(a) Derive the rate of money growth m that the central bank sets for a given
level of private sector in‡ation expectations e . Explain intuitively how
m depends on , y , e , s and v.
(b) Derive the level of private sector in‡ation expectations e , and the outcome for in‡ation and the output gap y. Compute the expected value
and variance of in‡ation and the output gap: E [ ], E [y], Var [ ] and
Var [y]. Give a brief economic interpretation of the results.
(c) Suppose the government is dissatis…ed with macroeconomic performance
and considering whether to require the central bank to announce and
commit to a rate of money growth mC before the start of the period.
Derive the level of mC that minimizes expected social welfare losses L and
the resulting macroeconomic outcomes C , yC , E [ C ], E [yC ], Var [ C ]
and Var [yC ]. Would commitment improve macroeconomic outcomes?
(d) Alternatively, the government could delegate monetary policy to a new
central banker (indicated by CB) who minimizes L but with a di¤erent
or y , such that either (i) CB = 0, or (ii) yCB = 0. Explain whether these
delegation options would improve macroeconomic outcomes compared to
part (b). In addition, analyse which of the three alternatives would be
best: commitment as in part (c), delegation (i) or delegation (ii).
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SECTION C
C.1 For an extensive time series covering post-war data in the United States,
the …scal multiplier is commonly estimated to be about 0.8. Yet, during
the …nancial crisis of 2008-2010 the IMF estimated the …scal multiplier to be
around 1.5. Assume that these estimates are accurate for their respective time
periods. Presuming any rise in government spending is debt …nanced, discuss
to which extent the presence of both non-Ricardian (i.e. liquidity constrained)
and Ricardian households can explain this notable di¤erence.
C.2 The table below illustrates the evolution of some macroeconomic variables
for the US economy at the indicated time periods. In particular, it shows
the unemployment rate ut , the employment-to-population ratio nt , and the
percent deviations from trend for the consumer price index (CPI) p~t and for
real GDP y~t , where the trend paths for the CPI and real GDP have been
computed based on their average growth rates during the decade before the
…nancial crisis.
Variable
Period t
2007Q1 2009Q4 2015Q4
ut
4.5%
9.8%
5.0%
nt
63.3%
58.5%
59.4%
p~t
0%
-4.6% -11.5%
y~t
0%
-8.2% -11.3%
Discuss to which extent these data are consistent with the NAIRU, and which
other theories (if any) may help to provide a more complete understanding.
C.3 On 1 March 2016, the Japanese government issued a ten-year government
bond at a negative yield. At the same time, …ve-year government bonds in
Germany had reached yields of around -0.4%. Explain carefully what it means
to issue or buy a bond with a negative yield, and discuss what factors have
contributed to the unprecedented phenomenon of negative government bond
yields in much of Europe and Japan.
C.4 Suppose that exit from the European Union by the United Kingdom (‘Brexit’)
would have a negative e¤ect on UK net exports. In addition, assume that the
uncertainty created by the prospect of Brexit makes investment in the UK
less attractive. Analyse the e¤ects of these ‘Brexit shocks’ on the nominal
exchange rate, the nominal interest rate and aggregate output in the UK in
the short run.
END OF PAPER
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SECTION A
A1

Consider a three-period panel regression model
Yi1 =
Yi2 =
Yi3 =

+
0+
0+

0

1 Xi1

+
1 Xi2 +
1 Xi3 +

+ "i1 ,
i + "i2 ,
i + "i3 ,

i

where Yit and Xit denote the values of an outcome and a regressor repectively
for the ith individual in period t, with i = 1; :::; n and t = 1; 2; 3; i is
an individual-speci…c unobserved e¤ect, and "it is an unobserved error term.
Assume that we have n individuals randomly sampled from the population.
(a) Suppose we pool all the observations so that there are 3 observations per
individual corresponding to the 3 time periods and thus a total of 3n
observations altogether. Now, suppose we regress Yi on Xi (including an
intercept) using all 3n observations. Under what assumption will this
pooled OLS estimator give us consistent estimates of 1 ?
(b) Now consider the second-di¤erenced estimator obtained by regressing
(Yi3 Yi2 ) (Yi2 Yi1 ) on the regressor (Xi3 Xi2 ) (Xi2 Xi1 ). Under
what conditions will this estimator be unbiased for the causal e¤ect of
X on Y ?
(c) Under what condition would you prefer the estimator in part (a) over
the estimator in part (b)?
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A2

Consider the regression model Yi = 0 + 1 Xi + Ui for an I.I.D. sample with
N = 1000 observations. Suppose Ui
I.I.D. (0; 2 ) and Xi are I.I.D. for
i = 1; 2; :::; 1000, and that the Xi is independent of Ui . Let ^ 1 denote the
OLS estimator of 1 , and consider another estimator ~ 1 of 1 , constructed in
the following way:
~ = Y3 + Y1 2Y2 .
1
X3 + X1 2X2
You can assume that Xi are continuously distributed and that X3 + X1 2X2
never takes the value 0.
(a) Is ~ 1 an unbiased estimator of 1 ? Why?
(b) Can ~ 1 be a better estimator than the OLS estimator? Why?
(c) Is ~ 1 a consistent estimator of 1 ? Why?
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A3

Consider the regression model for whether a student gets a …rst class mark in
the …nal examination:
F irsti =

1 if 0 + 1 M alei + Ui > 0,
0 otherwise,

for an I.I.D. sample with 331 observations, where M alei is a dummy variable
which equals 1 if student i is male and is zero otherwise, and F irsti is a dummy
variable for whether student i got a …rst class mark, and is zero otherwise.
Table 1 at the end of this question gives the distribution of First by gender.
(a) Suppose the unobserved component Ui is independent of M alei , and
follows a normal distribution with mean 0 and variance 1. What is the
probability of getting a …rst class degree for male and for female students
in terms of 0 and 1 ?
(b) Given your answer to part (a), how would you estimate 0 and 1 based
on the information provided in Table 1? (Hint: remember that the
cumulative distribution function for the normal distribution is strictly
increasing).
(c) Is it reasonable to assume that Ui is independent of M alei ?
Table 1
First
Not First
Total

Female
19
97
116
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Male
34
181
215

Total
53
278
331

A4

The following problem concerns the phenomenon of "job-lock" in the United
States, where employees cannot leave their present job because of employer
provided health-insurance. If they leave the present job and take up a new
job, then the new health insurance will not cover them for pre-existing health
conditions, leading to a job-lock. In order to study this phenomenon empirically, a researcher estimates the following probit model on male workers in the
construction industry who are between 35-45 years old and ethnically white:
Pr (Yi = 1jHIi ) =

(

0

+

1 HIi )

where Yi is a dummy variable which equals 1 if individual i has changed jobs
in 2013 and is zero otherwise, HIi is a dummy for whether individual i was
covered by employer provided health insurance in 2012 and is zero otherwise,
and ( ) is the standard normal cumulative distribution function.
(a) How would you test whether there is any job-lock, based on this equation? Can you think of a reason why this test may not be a satisfactory
indicator of job-lock?
(b) Now let Pi be a dummy variable taking the value 1 if individual i has a
chronic medical condition which will not be covered by the new insurance
plan if he changed jobs, and Pi is zero otherwise. Consider the equation
Pr (Yi = 1jHIi ; Pi ) =

(

0

+

1 HIi

+

2 Pi

+

3 Pi

HIi ) .

How would you test the presence of job-lock using estimates of parameters appearing in this equation? Why?
(c) Would you prefer the method based on the equation in part (b) or the
one in part (a)? Why?
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A5 A researcher considers the following expectations augmented Phillips
curve
e
(Ut
) + et ;
t
t =
where t is in‡ation, et is expected in‡ation with the expectation formed
in year t 1, Ut is the unemployment rate,
is the natural rate of
unemployment, and et is a supply shock. The researcher has data on
UK annual CPI in‡ation and the unemployment rates for the period
1989-2014. OLS regression of
t = t
t 1 on Ut gives
bt = 1:61

(0:89)

0:25 Ut ; R2 = 0:1535; T = 25;

(0:12)

with standard errors in parentheses.
(a) Explain how the model estimated by OLS is related to the expectations
augmented Phillips curve. What would be your estimate of ?
(b) Under what assumptions is the OLS estimator of the coe¢ cient on Ut
unbiased? Discuss the validity of these assumptions.
(c) Test the hypothesis that Ut does not a¤ect t using a 5% signi…cance level
test. Give two reasons why the results of your test might be unreliable.
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A6

A researcher studies demand for cash in the UK. She runs a regression of the
logarithm of the cash in circulation, log Mt ; on the logarithm of the nominal
household …nal consumption expenditure, log Ct , using quarterly data from
1985q1 to 2006q1. The OLS results (standard errors in parentheses) are:
d
log
Mt = 0:596 + 1:10 log Ct ; R2 = 0:9570; T = 85:
(0:26)

(0:026)

(a) How would you interpret the estimated coe¢ cient on log Ct ?
(b) A colleague points out that both log Mt and log Ct contain a clear time
trend. What might be consequences of this fact for the validity of the
above regression results?
(c) Reestimating the regression with time trend gives
d
log
Mt = 20:08 + 0:03 t
(1:01)

(0:0015)

0:96 log Ct ; R2 = 0:9923; T = 85;

(0:11)

(1)

so that the researcher becomes very puzzled about the sign of the estimated coe¢ cient on log Ct . The colleague gets the residuals u^t from (1),
and obtains the following OLS result:
d
u^t = 0:0006
(0:001)

0:064u^t 1 ;
(0:030)

where u^t = u^t u^t 1 : What does this result tells us about the validity
of (1)? Can you propose a better speci…cation for the regression model
describing the demand for cash?

7 of 12

(TURN OVER)

A7

In order to understand the relation between TV watching and obesity among
children, a researcher estimates the following equation by OLS, with standard
errors reported in parentheses:
ltvyesti = 0:99 + 0:01 bmii +0:018 agei
(0:02)

(0:001)

(0:011)

0:0009agesqi
(0:0005)

0:034f emalei + Ui ,
(0:012)

where ltvyesti denotes log of hours spent watching TV by the ith child on the
day before the survey was taken, f emalei is a dummy which equals 1 if the
child is female and is 0 otherwise, agesqi is the square of the child’s age, bmii
is the child’s body mass index (weight for height) and Ui is an unobserved
error term.
(a) Assuming the Gauss-Markov assumptions hold, what is the interpretation of the coe¢ cient -0.034 on f emale?
(b) What do the above estimates imply about how watching TV varies with
age, all else being equal?
(c) Provide an example of an omitted variable which would imply that the
estimated coe¢ cient of bmi in the above equation is biased for the causal
e¤ect of bmi on watching TV.
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SECTION B
B1

The following question pertains to the e¤ect of background characteristics on
the probability that an applicant is admitted to study economics at a selective
UK university. TSA is an aptitude test with two components –Critical Thinking and Problem Solving – in each of which the maximum possible mark is
100. We draw a random sample of 800 applicants and record their characteristics and whether they were admitted. The summary statistics are reported in
Table 2, at the end of this question. Finally, a logit regression of admission
on these background characteristics yields the output reported in Table 3
which appears on the next page. Based on these output, please answer the
following questions:
(a) A hypothesis test for the joint signi…cance of the two dummy variables
and their interaction yields a chi-square test-statistic with p-value equal
to 0.0028. What can we infer from this?
(b) What is the predicted probability of being admitted for a male, independent school applicant who has scored exactly the average mark in
the two TSA components? What is the predicted probability of being
admitted for a female, non-independent school applicant who has scored
exactly the average mark in the two TSA components?
(c) How would you test whether the di¤erences in probabilities in part (b)
are zero?
(d) If your test suggests that the admission probability is lower for male,
independent school applicants, would this imply discrimination against
this demographic group?
(e) What intercept and slope-coe¢ cient estimates would we get if our dummy
regressors were female, independent and their interaction, instead of
male, independent and their interaction?

Table 2
Variable
got_in
tsa_critical
tsa_problem
indep
male
indep_male

Description
Mean Min Max
1 if admitted, 0 otherwise
0.37
0
1
TSA Critical score
68.83 44
95
TSA Problem-Solving score
61.68 36
95
1 if from indep school, 0 otherwise 0.46
0
1
1 if male, 0 otherwise
0.61
0
1
indep male
0.30
0
1
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Table 3
Y=got_in
Coe¤ Std_Error Coe¤/Std_Error
tsa_critical 0.10
0.01
8.86
tsa_problem 0.12
0.01
9.25
indep 0.002
0.30
0.01
male -0.17
0.26
-0.66
indep_male -0.66
0.38
-1.77
constant -14.31
1.06
-13.35
Maximized log-likelihood = -372.1331, N=800,
LR chsq(5)=307.91, pvalue=0.00001.
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B2

A researcher estimates the following ADL model using OLS:
vc
b t = 675:6 + 0:49 vct
(138:7)

(0:11)

1

+ 0:015clt

0:018clt 1 ;

(0:006)

(0:007)

where vct is the monthly number of violent crimes in Cambridgeshire and clt
is the number of people in East England who claim unemployment bene…ts
during month t: The estimates of the standard errors are given in parentheses.
The OLS estimates are based on 61 observations, starting from December 2010
up to December 2015. The average number of violent crimes and average
number of unemployment bene…t claims over this period were 738 and 89647,
respectively.
(a) What is the estimated value of the long-run change in the expected
value of the violent crimes given a permanent increase in the number of
unemployment claims by 1000? Is this estimate economically signi…cant?
(b) Under what assumptions are the OLS estimators of the coe¢ cients of
the ADL model consistent and asymptotically normal?
(c) Let u^t be the residuals from the above regression. The OLS regression
of u^t on a constant, vct 1 ; clt ; clt 1 ; and u^t 1 yields
b^t =
u

109:2 + 0:086vct
(224:4)

(0:176)

1

0:003clt + 0:004clt
(0:008)

(0:008)

1

0:171u^t 1 :
(0:217)

What does this tell us about the validity of the original OLS results?
(d) The researcher next estimates the following OLS regression:
vc
b t = 63:7 + 1:75 t

0:156vct

2

0:597

(45:3)

(0:67)

(0:074)

1

0:25 vct

(0:13)

1

What does this result imply about the validity of the assumptions that
you discussed in (b)?
(e) To forecast vct ; the researcher estimates the following regression
vc
b t = 2:92

(12:5)

(0:106)

2

vct 1 ;

where 2 vct = vct
vct 1 = vct 2vct 1 + vct 2 : The values of vct
for December, November, and October of 2015 were, respectively 997,
1007, 1068. What is the forecast of vct for January 2016?
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B3

We are interested in understanding how married couples’ hours of work are
related using data from n randomly sampled households. Consider the simultaneous structural equations
(1)
(2)

hhoursi =
whoursi =

+
0+
0

+ 2 kidsi + Ui ,
1 hhoursi + 2 kidsi + Vi .
1 whoursi

Here hhoursi denotes the husband’s weekly hours of work in the ith sampled
household, whoursi denotes the wife’s weekly hours of work, kidsi denotes the
number of children the couple has, while Ui and Vi denote the error terms.
Please answer the following questions.
(a) How would you interpret the coe¢ cient 1 ? You do not need to discuss
any economic model of utility maximization here.
(b) Solve for hhoursi and whoursi in terms of kidsi ; Ui and Vi by solving the
two equations. The resulting equations are called the "reduced form"
equations. Explain why an OLS of hhoursi on whoursi and kidsi (and a
constant) give us biased estimates of the causal e¤ect of the wife’s hours
of work on the husband’s hours of work.
(c) Under what conditions can we use kids as an instrument for whours
and estimate 1 by two-stage least squares? Can you write down one
situation where these assumptions may fail?
(d) Finally, suppose that the covariance between U and V across households
is zero, and suppose kids is a valid IV for whours in equation (1). Can
you describe a way to consistently estimate 1 , the co¢ cient of hhours
in the second equation, i.e., equation (2)? You will need to consult the
reduced form for hhours in part (b) of this question.
(e) Is it reasonable to assume that the covariance between U and V is zero?
END OF PAPER
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1.

Alcohol consumption and labour market outcomes.
Using the dataset provided from the US National Longitudinal Survey of Youth
(NLSY) and any other data and information you choose, examine the relationship between alcohol consumption, total annual wage and salary income, and
total number of annual hours worked for young adults (those between the ages
of 24 and 32 in 1989) over the period between 1989 and 1994.
Compare your results with those of other recent studies and consider the implications for health and labour market policies.

2.

Earnings, welfare spending and the economic and social characteristics of cities in the UK.
Centre for Cities, an independent non-partisan think-tank, monitors and analyses cities in the UK in terms of economic and social indicators that cover:
business and innovation; demographics; housing; industrial structure; jobs and
employment; size; skills and earnings; travel and environment; and spending
on welfare.
Using these data and any other you choose to introduce, identify and evaluate
the factors in‡uencing inter-city variations in weekly workplace earnings and
in welfare spending per head in 2014.
Consider the signi…cance of your …ndings for the Cambridge economy.

3.

Reinhart and Rogo¤ revisited: Public debt, economic growth and
in‡ation.
For the IMF’s 37 advanced economies, test the proposition that a level of public
debt representing 90 per cent of GDP is the threshold above which the rate of
economic growth starts to decline. What, if any, is the relationship between
the level of public debt and in‡ation?
Base your analysis on the period 2007 –2015.
Use general government net debt as your measure of public debt.
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4.

Media shocks and VW’s share price: an event study between September 2015 and January 2016.
On September 18 2015, Volkswagen (VW), the German motor vehicle manufacturer, admitted that it had …tted ‘defeat devices’to mask the full extent of
emissions in laboratory tests to nearly half a million cars supplied in the United
States. This was followed by a succession of further disclosures and assertions.
Identify the occurrence and timing of the main news events related to this incident, and examine and comment on their impact on movements in VW’s share
price in relation to:
(a) those of other European automobile manufacturers;
(b) the DAX 30 index (covering 30 major blue-chip companies quoted on the
Frankfurt Stock Exchange).

5.

Business education and earnings from employment.
Using the data provided from the Financial Times Global MBA rankings for
2015, and any other data and information you wish to introduce, evaluate
the relationship between salaries post-graduation and the characteristics of the
business school which conferred the MBA degree.
Do you think the FT ranking is sensible? What steps should a business school
take to improve its position in the MBA ranking?
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NOTES ON PROJECTS
Data and information folders for each project are at:
http://www.econ.cam.ac.uk/intranet/projects/part2a/datasets2016/
1.

Alcohol consumption and labour market outcomes.
Folder 1 (Alcohol Consumption) contains the data set F1_alcohol_consumption.xlsx,
together with de…nitions of variables.
The data set comes from the National Longitudinal Survey of Youth (NLSY)
and includes information on labour market outcomes, alcohol consumption, and
assorted demographics for individuals in each of 2 years –1989 and 1994. The
data are restricted to young adults who are between the ages of 24 and 32 in
1989 (and hence 29-37 in 1994). Each individual has a unique identi…er (variable named id) and the year is indicated by the variable named year.
Variables are available for:
The labour market
Alcohol consumption
Demographics.
It is important to note that not all of the variables are in the most appropriate
form for regression analysis.
The data set is in its original unedited form, as supplied by NSLY. Some series
contain outliers –extreme values –that will bias your results if not removed or
modi…ed. There will be redundant information –more variables than you wish
to use. Additionally, not all of the available variables will make sense in your
model. Be especially careful of variables that don’t make sense together, but
may alone.
You will have to make decisions about what to include, keeping in mind the
ceteris paribus interpretation of multiple regression analysis.

2.

Earnings, welfare spending and the economic and social characteristics of cities in the UK.
Folder 2 (Cities) contains:
The Centre for Cities Report (F2_Cities_Outlook-2016.pdf)
The full data base giving the details for all 62 cities (F2_Cities_Database.xlsm)
Centre for Cities classi…es 62 urban areas in Great Britain in quadrants in terms
4 of 7

of resident wages and welfare spending per capita (see below). A principal aspect of the analysis is that most high wage/low welfare cities are in the south
of England.

The task is to examine the relationships between wages and welfare, as dependent variables, and the associated characteristics of the cities. The interaction
between wages and welfare is an important part of this analysis, as is the e¤ect
of being in the south.
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3.

Reinhart and Rogo¤ revisited: Public debt, economic growth and
in‡ation.
Folder 3 (Public Debt) contains:
The IMF 2015 database, including the list of the 37 advanced economies
(F3_WEOOct2015all_project_database.xlsx).
Reinhart, C. M. & K. Rogo¤ (2010). ‘Growth in a time of debt’. American
Economic Review, Vol 100(2), May, pp.573-78 (F3_Reinhart&Rogo¤_AER_2010.pdf).
Further IMF information and archival databases are at:
http://www.imf.org/external/pubs/ft/weo/2015/02/weodata/index.aspx.
Reinhart and Rogo¤ (R&R), examining data for 44 countries over a time span
of about 200 years, found that the relationship between government debt and
real GDP growth was weak for debt/GDP ratios below a threshold of 90 percent of GDP. Above 90 percent, median growth rates fell by one percent, and
average growth fell considerably more. They found no apparent contemporaneous link between in‡ation and public debt levels for the advanced economies as
a group. R&R’s methods and conclusions were subsequently subject to heavy
criticism.
Your task is to investigate whether the pre-crisis relationships between debt,
growth and in‡ation have re-asserted themselves in the post-crisis recovery period. Your work is likely to combine cross-section and time-series analysis.

4.

Media shocks and VW’s share price: an event study between September 2015 and January 2016.
Folder 4 (VW) contains:
VW’s daily share price (in e) for the year from 1 January 2015 to 31
January 2016 (F4_VW_shareprice_xlsx).
The DAX 30 share index for the same period (F4_DAX30_data.xlsx).
A selection of relevant press cuttings from the Financial Times (F4_VW_ft.pdf).
Share price information for other European car manufacturers is available on
their respective websites and from Bloomberg (bloomberg.com) and DataStream (forms.thompsonreuters.com/datastream). Global share indexes are at:
http://www.google.co.uk/…nance.

6 of 7

5.

Business education and earnings from employment.
Folder 5 (MBA) contains the Financial Times global MBA rankings (F5_globalmba-ranking-2016.xlsx) and the full report (F5_FT_MBA.pdf).
More information is available at www.ft.com/mba.
The FT ranks global business schools’MBA programmes on the basis of a set
of weighted criteria that includes: numbers of students and Faculty members;
Faculty with doctorates; fees; and initial post-graduation salaries. Starting
salaries might re‡ect the value-added by the School. But there are likely to be
signi…cant endogeneity and other e¤ects.

END OF EXAMINATION PAPER
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1.

The Harris-Todaro model of rural-urban migration aims to explain the phenomenon of continuous migration from rural to urban areas in developing
countries despite rising unemployment in cities.
(a) Discuss the assumptions behind the model critically.
(b) Why might accelerated urban employment creation actually increase levels of unemployment? (You may show this either algebraically or using
a diagram).
(c) Evaluate the e¤ects of an alternative policy to lower urban unemployment. Explain the rationale and the potential outcome.

2.

Political scientists argue that the main reason for the resource curse is that
leaders can embezzle resource rents without being monitored.
(a) Sketch a model of why a large endowment of resources may result in a
government providing fewer public goods than an equivalent state without such an endowment.
(b) Is the problem likely to be exacerbated in a democracy? Explain.
(c) Can this framework tell us whether it was a good idea to invade Iraq?
Explain in brief.

3.

The following table displays the decomposition of output per worker in each
country into three terms: the contribution from physical capital intensity
(K=Y ), the contribution from human capital per worker (H=L), and the contribution from productivity (A), where i denotes a country. All terms are
expressed as ratios to U.S.A. values.
Country
yi = (Y =L)i
U.S.A.
1
India
0.086
China
0.060
Kenya
0.056
D.R. Congo
0.033
Average 127 countries
0.296
Standard deviation
0.268

=1

(K=Y )i
1
0.709
0.891
0.747
0.499
0.853
0.234

hi = (H=L)i
1
0.454
0.632
0.457
0.408
0.565
0.168

Ai
1
0.267
0.106
0.165
0.160
0.516
0.325

(a) Discuss the relationship of output per worker and productivity in the
table above carefully. What does the pattern of standard deviations
suggest?
(b) Discuss the role of human capital in explaining output per worker. Is this
likely to be a¤ected by how human capital is measured? Explain.
(c) It is argued that much of the productivity gap cannot be attributed to
di¤erences in technology across countries but to di¤erences in e¢ ciency.
Discuss three potential reasons for di¤erences in e¢ ciency that might
obtain across countries, illustrating each with a diagram or an example.
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4.

Wage inequality has risen in both high income countries and low or middle income countries since 1980. Many have argued that globalisation is the
cause. We can model globalisation as the integration of two countries along
any one of a number of dimensions. For example, globalisation can be de…ned
as increased trade due to reduced tari¤s or trade costs, increased immigration, more globally integrated production through outsourcing, or increased
production by multinational corportations.
(a) Sketch a two country model in which globalisation causes rising wage
inequality in one country, but declining wage inequality in another. Use
equations and/or graphs in your analysis.
(b) Sketch a two country model in which globalisation causes rising wage
inequality in both countries. Use equations and/or graphs in your analysis.
(c) Critically discuss the empirical evidence that globalisation is the cause
of rising wage inequality.

5.

Import tari¤s vary considerably across products and across industrial sectors
for many countries.
(a) Describe in detail the two main theoretical models that have been proposed to explain cross-sectional variation (across products and industries) in tari¤s within a country.
(b) Evaluate the empirical evidence for each of these models.
(c) In light of your answer to (a) and (b) above, what can theoretical models
of trade agreements teach us about the likelihood that countries can
negotiate to achieve perfectly free trade (i.e. import tari¤s of zero for all
traded goods)?

6.

(a) A demographic transition has occurred to varying degrees in di¤erent
parts of the world. Brie‡y outline the key demographic problems today
in (i) Europe and North America and (ii) South Asia and Sub-Saharan
Africa.
(b) Economists have suggested that the Household Demand model, and a
model of Reproductive Externalities, can be used to explain the demographic transitions that you have described in (a). Compare and contrast
the two models.
(c) Does either model help us to explain why we have seen very sharp declines
in fertility in poor countries over relatively short periods of time?
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7.

An economy consists of two industrial sectors, apparel and co¤ee pots. Coffee pots are produced according to a speci…c factors technology which combines capital in co¤ee pot factories with mobile labour; the marginal revenue product of labour in co¤ee pots (in sterling) is given by: M P RLc =
(1000000 Lc )=20000 where Lc is the number of workers in the co¤ee pot
industry. The apparel sector uses a …xed factor called sewing machines and a
mobile factor, labour, to produce units of apparel. Production takes place according to a Leontief technology: qa = minfsm; La g where sm is the number
of sewing machines in the industry and La is the number of workers. Each
unit of apparel sells for £ 20. In the economy, there are 1,000,000 workers
who are freely mobile between the two sectors, 250,000 sewing machines, and
50,000 units of co¤ee pot capital. All workers work if the wage they can earn
exceeds £ 1.
(a) Graph and label the labour allocation problem for this economy. Solve
for the equilibrium levels of employment and the wage in each sector.
What are the total earnings to each speci…c factor? Comment on your
results.
(b) Suppose that 20,000 immigrants arrive and that they are indistinguishable from natives in the labour market. Graph the new labour allocation
problem for this economy. Solve for the equilibrium levels of employment and the wage in each sector of the economy. What are the total
earnings to each speci…c factor? How has welfare changed relative to the
pre-immigration economy? Who gains and who loses when the economy
is opened to immigration?
(c) Suppose instead that the 20,000 newly arrived immigrants formerly worked
as designers and engineers in the co¤ee pot industry in their home
country. Assume all of the immigrants join the co¤ee pot industry
as designers and engineers rather than as ordinary labourers so that
the MRPL curve for ordinary labourers is now given by: M RP Lc =
(2000000 2Lc )=20000. The newly arrived immigrants enter the co¤ee
pot industry under a pro…t-sharing agreement; the owner of the co¤ee
pot capital agrees to give them any revenues that are left over after he
pays the workers and pays himself the earnings he had in part (a) above.
Graph the labour allocation problem for this economy under these different assumptions and solve for the equilibrium levels of employment
and the wage in each sector of the economy. Comment on who gains and
loses from immigration by designers and engineers of co¤ee pots.
(d) Discuss the di¤erent empirical methodologies for evaluating the impact
of immigration on natives’wages proposed by Borjas (2003) and by Ottaviano and Peri (2012). Would the two methodologies applied to the
situations described in (b) and (c) arrive at the same conclusion or different conclusions? Explain why.
END OF PAPER
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SECTION A
1

Let fan gn2N be a sequence in with an 2 R for all n 2 N. Find a counterex< 1 for all n, then
ample to the following statement: If an > 0 and an+1
an
an ! 0.

2

Find the Hessian of the following function and determine under what condition
on a the function is either concave or strictly concave.
f (x; y) = x + a(ex + ex+y ):

3

Establish whether the following statements are: True, False, or Indeterminate.
Explain your reasoning.
(a) After a very …erce battle, 72% of soldiers have lost an eye, 85% have lost
an arm, and 63% have lost a leg. Therefore, no less than 20% of them
are missing: an eye, an arm, and a leg.
(b) Suppose that Y and X are continuous random variables with a joint
density f and conditional densities generically denoted by f (:j:): If for
some y and x; f (yjx) = 0; then f (y) = 0:

4

Establish whether the following statements are: True, False, or Indeterminate.
Explain your reasoning.
P
(a) If Xn is a discrete random variable for each n; and if Xn ! 0; then
Pr(Xn = 0) ! 1:
(b) The Gauss-Markov theorem says that with normally distributed errors
the ordinary least squares estimator is Best Linear Unbiased.
(c) Suppose that A; B are symmetric real matrices. Let be a nonzero
eigenvalue of AB; then 2 is an eigenvalue of (AB)2 :
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SECTION B
Sub-section B.I: Answer two questions from this sub-section
1

Consider the problem of …nding the global maximizers and minimizers of the
function f (x; y; z) = x2 + y 2 + z 2 on the constraint set f(x; y; z) 2 R3 j
xy + yz + zx = 3a2 g for a 6= 0.
(a) Is the constraint quali…cation met at every point of the constraint set?
Does a global constrained maximum/minimum necessarily exist?
(b) Find the critical points of the Lagrange function. Are they global constrained maxima or minima?

2

Nari has income m which she spends on sweets (x) and manga novels (y).
Both goods have a price of 1. Nari’s utility over income levels (budget sets)
is as follows:
U (m) =

max

x;y2BS(m)

(u(x; y) + v(x; y))

max

v(x0 ; y 0 );

0; x + y

mg;

x0 ;y 0 2BS(m)

with
BS(m) = f(x; y) 2 R2 j x
u(x; y) = 2y x2 ;
v(x; y) = 2y + 6 ln x:

0; y

(a) For a given income m, derive the optimal amount of sweets and novels
Nari would consume. Draw the income expansion path in the (x; y)plane. In what way do her choices reveal that she is struggling with
temptation and self control?
(b) What is U (m) for m 1 and for m 3? How does Nari’s utility vary
with income within these income level bounds? Comment.
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3

There are two types of workers, high ability workers who, using one unit of
labour, can produce a1 units of a consumption good, and low ability workers
who produce only a2 units, where a1 > a2 . A principal (P ) wants to hire
workers to produce the good but faces the following dilemma: he has no time
to directly monitor his workers’labour input and can only observe the total
amount of the good produced by each worker. He therefore decides to o¤er
employment contracts of the form (w; x), where w is the wage paid to the
worker and x is the amount of the good the worker is asked to deliver. The
provision of supplying labour, l, is costly for a worker, where the cost is 21 l2 ,
independent of a worker’s type. Since x = ai l, an ai -type worker, obtaining a
contract (w; x), has utility
u(w; x; ai ) = w

1
2

x
ai

2

:

Workers prefer employment over staying at home if their utility of working is
weakly larger than 0. P ’s pro…ts are
v(w; x) = px

w;

where p is the price of the good. The country has a fraction of high ability
workers and a fraction 1
of low ability workers, with 0 < < 1.
(a) Assuming that P is able to distinguish between high and low ability
type workers, write down his pro…t maximization problem for a particular worker type ai and derive the …rst-order conditions. Compare the
solution for a high ability worker to the one for a low ability worker.
(b) Assume now that P is unable to di¤erentiate between worker types. If he
o¤ered the same contracts as the ones derived in (a), would each worker
type self-select truthfully into the right contract? What additional constraints have to be satis…ed? Discuss which ones should be binding.
(c) Using your answer in (b) solve for the optimal solution of P ’s problem
when he is uninformed about worker types and discuss its properties.
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Sub-section B.II: Answer two questions from this sub-section
1

Suppose that there are three football teams: I, M, and R. The teams are to
play a tournament in which …rst I plays M, then M plays R, then R plays I
and then I plays M again, and so on. The tournament concludes when and
only when one team has won two matches.
(a) Suppose that the teams are equally matched so that the probability of
victory in any given game is equal to 1/2 (there are no draws allowed,
the result is decided by the toss of a coin). Show that the probability of
R winning the tournament is only 1/4 compared with 6/16 for the two
other teams.
(b) Suppose that R decides not to take part because the odds are against
it, so that the tournament is now played just between I and M. The
tournament organizers wanting to maximize revenue now allow draws
between teams. Suppose that the probability of I beating M is 1 in
any one game, while the probability of M beating I in any one game
is 2 : You are to calculate the probability that I wins the tournament,
which is denoted by p0;0 . Proceed by the following steps.
(i) First, suppose that M has won one match and that I has won one
match, and let p1;1 be the probability that I wins the tournament
from this point. Calculate p1;1 :
(ii) Second, suppose that I has won one match and M has won none.
Let the probability that I wins the tournament from this point be
called p1;0 : Derive an expression for p1;0 :
(iii) Complete the argument to obtain an expression for p0;0 .

2

Suppose that the true ability of a student is a random variable X and it
is distributed as N ( ; 2 ), where ; 2 are unknown parameters. Suppose
however that the marking process records only Y; where
Y = X + u + v + w;
where u; v; w are independent and identically distributed and mutually independent standard normal random variables representing the measurement
errors introduced respectively by marker 1, marker 2, and marker 3.
(a) Derive an expression for the (population) best linear predictor of X given
Y; which is denoted by EL (XjY ):
(b) Suppose we have a sample of size n student scores fYi ; i = 1; : : : ; ng that
have been marked by the three markers: The University has proposed to
replace the raw score of student i; Yi ; by EL (Xi jYi ) or some estimate of
this quantity. Explain how we could make their policy operational, i.e.,
how could we estimate EL (Xi jYi ) for student i: Which students would
prefer this performance measure over Yi ?
(c) How would we test the hypothesis that = 50 versus the alternative
hypothesis that < 50?
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3

Suppose that you observe data fYi ; Xi ; i = 1; : : : ; ng with Xi 2 RK : You
believe that the linear regression model holds, so that
Yi =

+

|

X i + "i ;

where 2 RK is an unknown parameter vector and 2 R is an unknown
scalar parameter. Explain how you would test the following hypotheses. In
your answer, be clear about what additional assumptions you make and what
role the assumptions have in making the test valid. Also give the test statistics
and the (theoretical) critical values that you would use.
(a) The null hypothesis that = 0 versus the alternative that > 0:
(b) The null hypothesis that = 0 versus the alternative that 6= 0:
(c) The null hypothesis that = 0 and = 0 versus the alternative that
6= 0 or 6= 0:
END OF PAPER
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1. In their seminal paper, Krueger and Summers (1988) presented evidence on
the earnings function, where they regress individual log wages on personal
characteristics like age, years of schooling, gender, race, occupation and a
set of industry dummy variables. The coe¢ cients of these industry dummies
for a one-digit classi…cation and their standard deviation weighted among
individuals are reported in Table I below.

(a) Give an interpretation of the coe¢ cients for the industry dummy variables and of the standard deviation of the industry di¤erentials reported
in the one but …nal row. Controlling for personal characteristics and the
residual, and assuming the industry di¤erentials to be normally distributed among individuals, what is the relative wage di¤erential between
the 2.5 and 97.5 percentiles of the distribution of industry di¤erentials
for 1974?
(b) The existence and persistence of these large wage di¤erentials between
industries is considered to be a challenge for the standard neoclassical
model of the labour market. Explain why this is the case.
(c) Some economists have argued that this interpretation of the empirical
results in part (b) is false, since the estimation results do not account for
the role of unobserved personal characteristics. Explain their reasoning.
(d) How could you address this objection? Explain what type of data you
would need for that. Discuss whether or not your proposed approach
2 of 7

solves the problem entirely, or whether there is still a remaining source
of uncertainty.
(e) Burdett and Mortensen (1998) have developed a model with search frictions and on the job search. It assumes that workers receive random
o¤ers from a wage distribution and switch jobs when getting a better
paying o¤er. Hence, workers move gradually to better paying jobs. Is
the evidence in Table IX from Krueger and Summers (1988) consistent
with this model? (industry wage premium refers to premiums reported
in Table I, standard errors in parentheses) Explain your answer.
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2. Consider a union that bargains with a …rm on the wages W in the …rm. The
market wage is W . The …rm can only hire members of the union at the
wage rate W agreed upon with the union. Workers not employed by the …rm
can …nd a job elsewhere which pays the market wage W . The …rm has a
downward sloping linear labour demand curve, L(W ), such that L(W ) > 0
(at the market wage, the demand for labour is positive). Total membership of
the union is larger than L (0), so that the …rm can always hire all the workers
it needs.
(a) The leaders of the union debate the objectives of the union. One union
leader suggests that the best objective for the union is to maximize the
total wage bill of the …rm W L (W ). One of his colleagues argues that
this is an unsound strategy. Explain their argument. Whose side would
you choose in this debate?
(b) The union leaders decide to maximize the total wage surplus above the
market wage of all workers hired by the …rm, that is W W L (W ).
One of the leaders says that the union could get a better outcome if
they agree with the …rm on a joint contract about both wage W and
employment L. The union leader reaches agreement with the …rm on
such a joint contract on wages and employment. Draw a …gure with the
…rm’s labour demand curve, its iso-pro…t curves, the union’s indi¤erence
curves, and the curve with the locations of all e¢ cient contracts (the
contract curve). Explain the shape of the curves. What factor determines
which point on the contract curve will actually be realized? Discuss the
starting and the end point of the contract curve.
(c) The union objective function in part (b) features risk neutrality. Explain
why. What would change in the locations of the curves if the objective
function of the union would exhibit risk aversion? Explain why.
3. (a) Use the Principal-Agent model to explain how performance-related pay
might be used to incentivise e¤ort.
(b) Describe the characteristics of public sector employment that might explain the much lower use of performance-related-pay than in the private
sector.
(c) Give an example of a performance-related-pay scheme that has been
successfully adopted in the public sector.
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4. The gender pay gap in the UK remains substantial. Decomposition of the pay
gap broadly identi…es human capital di¤erences, discrimination and time out
of the labour market as the key elements underlying the gap.
(a) Referring to empirical work, describe how the relative importance of
these components of the gap has changed in recent decades.
(b) The magnitude of the gender pay gap varies across countries. Consider
how legislation and labour market institutions might contribute to the
variation observed.
5. (a) Suppose that workers only care about the present value of their lifetime
income. Describe how the decision to acquire schooling depends on the
interest rate and the wage levels for di¤erent levels of schooling. Explain
the relation.
(b) Discuss why self-selection into education makes it di¢ cult to measure
the return to schooling.
(c) In the returns to education literature Angrist and Krueger (1991) used
the quarter of birth of the respondent as an instrumental variable for
schooling. Discuss their strategies and explain how the proposed method
is able to disentangle the self-selection into education and the returns to
schooling.
(d) Buckles and Hungerman (2013) document large seasonal changes in the
characteristics of women giving birth throughout the year in the United
States. Children born in the winter are disproportionally likely to be
born to women who are teenagers, who are unmarried, and who lack a
high school degree. Discuss the implications of this result for conclusion
that can be drawn from Angrist and Krueger’s results.
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6. Consider an individual choosing hours of work H. Let L be the hours of
leisure. The sum of H and L is the total hours available. Let W be the wage
rate and N be non-labour income. The individual maximizes a standard
utility function derived from consumption and leisure.
(a) Write down the budget constraint for this individual and draw it on a
diagram. Make sure that you label the diagram clearly. Indicate the
feasible set of consumption-leisure choices.
(b) Draw indi¤erence curves in the same diagram and indicate the optimal
allocation of consumption and leisure. Explain why the individual would
not choose consumption and leisure at values other than the optimal
allocation you indicated.
(c) Assume from now on that non-labour income N is zero and leisure is
a normal good. Suppose that the government decides to give every individual with an income Y below the poverty line Y a transfer of size
B=Y
Y . Show the new budget constraint for the individual. Discuss whether this transfer program has any work disincentives and why.
What is the impact of the level of the poverty line Y on labour supply?
Explain your answer.
(d) Now suppose that the government would like to change the program in
part (c) to a negative income tax program where the bene…t amount is
given by B = Y
0:5 Y for all levels of Y . Draw the new budget constraint and illustrate why this new program may improve the incentives
to work relative to the program considered in part (c). Use the diagram
to show whether or not this program provides any disincentives to work
for certain individuals? Explain your answer.
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7. Suppose that a government passes a new legislation that requires all employers
to o¤er their workers paid family leave up to a maximum of 18 weeks. Workers
on leave receive 55% of their income prior to the family leave.
(a) Draw a budget constraint for someone without non labour income before
and after the introduction of the legislation. Analyze the role of the slope
of the indi¤erence curve in the decision of a family to take up the leave.
(b) Suppose that the government decides that workers can receive 100%
instead of 55% of their income during family leave. What is the impact
of this increase on labour supply and the take up of family leave during
the 18 weeks of eligibility?
(c) The Norwegian government introduced the policy described in part (b).
Carneiro, Løken, and Salvanes (2015) analyze the e¤ect of this policy
on the long run outcomes for children whose parents were eligible for
the family leave, by comparing the outcomes before and after the introduction of the policy. Their results suggest that the introduction of the
legislation led to an increase in the years of schooling and future earnings
of the children whose parents were eligible. Discuss what their results
imply for the role of early investment in children in explaining outcomes
in adult life.
8. Intergenerational mobility in income is often described by the intergenerational elasticity of lifetime earnings.
(a) Specify the regression equation usually used for measuring this relationship, and give an interpretation of the relationship.
(b) What is the relationship between the coe¢ cients of this regression equation on the one hand and the correlation between the log earnings of
parent and child on the other hand? How might this a¤ect a comparison
of intergenerational mobility across countries?
(c) Discuss two measurement issues that arise when estimating the intergenerational elasticity of earnings.
END OF PAPER
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SECTION A
1. Suppose there are three parties, j = A; B; C, seeking election. Party j is
located at point xj , where 0
xj
1, 0 represents being liberal and 1
represents being conservative. These locations are such that xA < xB < xC .
There is an odd number of voters, n. Let each voter i have a bliss point li in
terms of ideology, where 0 li 1. Voter i’s payo¤s from electing party j is
1 (li xj )2 .
(a) De…ne a Condorcet winner for this setting.
(b) Suppose the voters simultaneously cast a vote for one of the three alternatives and the election is decided by electing the party with the most
votes. In the event of a tie a party with most votes is elected, with each
party with most votes being elected with equal probability. Suppose each
person votes for their most preferred party. Find an example in which
B is a Condorcet winner, but A wins the election.
(c) Suppose we model voting as a simultaneous move game. The players are
the n voters, the action set of each voter i is the set of available alternative
parties fA; B; Cg, the election is decided as described in the previous part
and, as before, i’s payo¤s from electing party j is 1 (li xj )2 . Are the
voting decisions in your example to the previous part of the question a
Nash equilibrium?
(d) Argue that there is always a Condorcet winner in the environment considered in this question.
(e) Now suppose elections are done in the following way. First the electorate
must choose between two of the parties by voting for one of them. The
party with the most votes wins. The electorate then chooses between
the winner in this round of voting and remaining party by voting for one
of these two alternatives. Suppose voters vote for their most preferred
candidate in each round. Does the identity of the party that is ultimately
elected depend on which two parties face-o¤ against each other in the
…rst round?
(f) Consider the dynamic game corresponding to the voting sequence in
part (e). Is the Condorcet winner elected in all subgame perfect Nash
equilibria regardless of which two parties face-o¤ in the …rst round?
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2. Two opposing nations are disputing a nearby territory. Each nation must
decide on an action to take. They can keep peace if both nations choose
the action “Peace” (P). However, they can choose to …ght. Speci…cally, each
nation has two “weapons”: sanctions (S) or arms (A). This circumstance leads
to the following stage game :
Nation 2
Peace
Sanctions
Arms
Peace
(10; 10)
(2; 8)
( 5; 13)
Nation 1 Sanctions
(8; 2)
(5; 5)
(0; 0)
Arms
(13; 5)
(0; 0)
(1; 1)
(a) Suppose this game is played once. Find all the pure strategy Nash Equilibria.
(b) Suppose this game is played twice and players have time preferences
represented by the discount factor , where 0
1. Write down an
example of a strategy for Nation 1.
(c) Suppose = 1. Show that there is a pure strategy Subgame Perfect
Nash Equilibrium where both nations choose the action “Peace” in the
…rst period.
(d) Suppose that the game is played in…nitely often. Consider the grim
trigger strategy in which player i alternates between playing Peace and
Arms, so that Peace is played in odd periods and Arms is played in
even periods, as long as player j 6= i has never deviated from the same
sequence of Peace in odd periods and Arms in even periods, and otherwise, i plays Sanctions forever. Find the smallest , where 0 < < 1,
such that for all
, the strategy pair in which each nation uses this
strategy is a subgame perfect equilibrium. [Hint: If 0 < r < 1, then
P
1
1
2t
2 t
t
t=0 r = 1 r , and r = (r ) ].
(e) Suppose now instead the payo¤s are the following.

Nation 2
Peace
Sanctions
Arms
Peace
(10; 10)
(2; 8)
( 5; 13)
Nation 1 Sanctions
(8; 2)
(0; 0)
(0; 0)
Arms
(13; 5)
(0; 0)
(1; 1)
For these payo¤s, why are the strategies used in part (d) a Nash equilibrium
for all >
(the
you just calculated, although you do not need to have
answered the previous part to answer this part)?
(f) Is the Nash equilibrium you found in part (e) a subgame perfect Nash
equilibrium? Explain why, or why not.
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3. There are …ve bank robbers, A, B, C, D and E. They have just stolen 10
identical gold bars and need to decide how to split them among themselves.
The gold bars are indivisible (there is no time to melt them without risking
being caught). They agree to the following game. The game consists of a
sequence of rounds. In each round a bank robber proposes aPsplit of the gold
(an integer xi for each bank robber in the game such that i xi 10). The
bank robbers in the game then vote on whether to accept the proposed division
or not. If strictly more than half of those in the game vote in favor of the
division, then the game ends and proposed split of gold bars is implemented.
If half or fewer of the bank robbers in the game vote in favor of the division,
then the bank robber making the proposal is killed, an outcome worse than
receiving no gold bars. The game then moves onto the next round. In the
…rst round bank robber A makes the proposal. If the second round is reached
bank robber B makes the proposal. If the third round is reached bank robber
C makes the proposal, then D if the fourth round is reached and …nally E.
Bank robbers prefer more gold bars to less. You may assume that indi¤erent
bank robbers never vote for the proposal unless they are o¤ered all
the gold bars, in which case they vote in favor of the proposal.
(a) Write down an example of a strategy for bank robber B.
(b) Find the payo¤s of all the bank robbers in the subgame perfect Nash
equilibrium.
(c) Suppose bank robber A understands game theory, calculates the subgame perfect Nash equilibrium, and then remarks: “There is no way I’m
making that o¤er, game theory is stupid.”Discuss in detail (this part of
the question is a substantial portion of the whole question).
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4. Suppose that two workers indexed i = 1; 2 compete for bonus of value B.
Each worker produces output yi (ei ) = ai + ei where 0 ai
1 denotes the
workers’ abilities (which are common knowledge) and where ei
0 denotes
workers’e¤ort choices. Let a1 > a2 . Worker i’s cost of e¤ort is ei . Worker
1 receives the bonus if y1 y2 > . If y1 y2 = the workers share the
bonus evenly, and if y1 y2 < worker 2 receives the bonus (where may be
positive or negative). Workers’payo¤s are the value of the bonus they receive
less their cost of e¤ort. The game proceeds by workers …rst simultaneously
choosing their e¤ort levels before the bonus is allocated as described above.
(a) Show that there is no pure strategy Nash equilibrium in which both
e1 > 0 and e2 > 0.
(b) Suppose both players play mixed strategies. Let player 1 mix as described
by the cumulative distribution function F1 and player 2 mix as described
by the cumulative distribution function F2 . It will be convenient to work
with
a1 a2
. Assume that B > > 0.
Use the iterated deletion of strictly dominated strategies to argue that worker
1 only ever plays 0
e1
B
and worker 2 only ever plays e2 = 0 or
e2 B.
(c) We will look for a mixed strategy Nash equilibrium in which the workers
choose zero e¤ort with positive probability and otherwise mix over effort levels according to the (strictly increasing) cumulative distribution
functions F1 and F2 .
Show that for these mixed strategies to constitute a mixed strategy Nash
equilibrium the following equations must hold at every 0 < e1
B
and
every
e2 B:

F2 (e1 + ) =
F1 (e2
where

1

and

2

) =

+ e1
B
2 + e2
B

1

are constants.

(d) Find 1 and 2 , then write down the cumulative density functions for
this mixed strategy Nash Equilibrium. Be sure to describe the CDF for
all possible e¤ort levels. [Hint: Note that F1 (B
) = 1 and F2 (B) = 1].
(e) Find the expected e¤ort of the workers in this equilibrium. How does
the sum of the workers’expected e¤orts vary in ? Discuss.
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SECTION B
5. Consider the following variation of the Holt-Laury (HL) risk-elicitation method.
As in HL, a participant has to choose either Option A or B for each of the
10 decisions. For each decision, Option A gives outcome A1 if the coin toss
yields Heads (i.e. with probability 0.5) and outcome A2 if the coin toss yields
Tails (i.e. with probability 0.5). Similarly, Option B gives outcome B1 if the
coin toss yields Heads and outcome A2 if the coin toss yields Tails.
Option A
Option B
Decision
Heads
Tails
Heads
Tails
number Outcome A1 Outcome A2 Outcome B1 Outcome B2
1
0.05
4.95
2.65
2.75
2
1.10
3.90
2.65
2.75
3
2.40
2.60
2.65
2.75
4
2.40
2.60
2.00
3.40
5
2.40
2.60
1.90
3.50
6
2.40
2.60
1.75
3.65
7
2.40
2.60
1.60
3.80
8
2.40
2.60
1.45
3.95
9
2.40
2.60
1.05
4.35
10
2.40
2.60
0.20
5.20
(a) List the choices of a risk neutral individual for each of the decisions.
Explain your answers.
(b) Consider Decision 3. Can you rank Option A and Option B in terms of
…rst order stochastic dominance? Can you rank Option A and Option
B in terms of a mean preserving spread? Explain your answers and
interpret what they mean in terms of the returns and/or riskiness of the
two gambles.
(c) Consider Option B for decisions 6 and 7. Can you rank them in terms
of …rst order stochastic dominance? Can you rank them in terms of a
mean preserving spread? Explain your answers and interpret what they
mean in terms of the returns and/or riskiness of the two gambles.
(d) Assume an expected utility maximizer with utility function u(x) = x0:5
takes the test above. What would she pick for each of the 10 decisions?
(e) Individual 1 chooses Option B for decisions 1-5 and then A for 6-10.
Individual 2 chooses Option B for decisions 1-7 and then A for 8-10.
Which individual is more risk averse?
(f) Does your answer in the previous part depend on assuming that these
individuals are making decisions according to the expected utility framework?
(g) How does this test di¤er from the standard Holt-Laury risk-elicitation
test? List two advantages of this variation compared to the standard
version.
6 of 8

6. A (risk neutral) start-up P wants to recruit a (risk-averse) coder A to improve
its algorithm for ad-targeting. An improvement would bring P a bene…t of
= > 4. No improvement brings P a bene…t of = 0. A can either exert
high e¤ort eH at a cost of c > 0 or low e¤ort eL at zero cost. If A exerts eH
then the probability of an improvement is pH = 0:5, otherwise the probability
of an improvement is pL = 0:25. Let A’s outside option be u = 0 and let w
indicate the wage P pays to A. The utility of P is equal to minus the wage
w, and the utility of A is equal to ln w minus the cost of exerting e¤ort. The
timing of the game is as follows: (i) P o¤ers a contract to A; (ii) A accepts
the contract or rejects it (and gets the outside option); (iii) if A has accepted
the contract, he chooses low or high e¤ort.
(a) Assume that P can see A’s e¤ort choice. Solve for the optimal contract.
Find a condition that ensures that P prefers A to exert high e¤ort.
Hereafter assume that P cannot observe A’s e¤ort choice.
(b) State P ’s maximization problem formally.
(c) Derive the cheapest contract that implements the low e¤ort eL .
(d) Derive the cheapest contract that implements the high e¤ort eH . What
is the expected cost to P ? How does it compare with your answer in
(a)? Comment.
for which it is optimal for P to
(e) Let c = ln 2. Find the range of
implement high e¤ort. How does this compare to the condition in (a)?
Comment.
7. “What you learn is irrelevant, the sole bene…t of a Cambridge education is to
earn a degree with Cambridge written on it.” Comment.
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8. Kahneman, Knetsch and Thaler (1990, KKT hereafter) describe the results
of a series of experiments that show the existence of the endowment e¤ect.
(a) Give a de…nition of the endowment e¤ect.
(b) Describe the design of the experiments and how the endowment e¤ect
can explain the results.
(c) Give at least 4 alternatives to the endowment e¤ect to explain the results
in the experiments. For each alternative, explain whether and how the
experiments in KKT are able to exclude it.
(d) “If the endowment e¤ect is real then indi¤erence curves are not parallel.”
Comment.
(e) “The endowment e¤ect disappears with market experience and therefore
it is irrelevant for understanding real world markets.” Comment.

END OF PAPER
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SECTION A
A.1 In McCall’s search model it is commonly assumed that a job lasts for perpetuity. As a consequence, the reservation wage, wr , is implied by the equation
U=

1
wr ,
1−β

where U denotes the value of unemployment, and β is the discount factor.
Now assume that a job does not last for perpetuity, but terminates in each
period with probability δ. The value of having a job paying wage w – denoted
V – is therefore
V = w + β[(1 − δ)V + δU ].
(a) Derive the value of U in terms of the reservation wage and the relevant
parameters.
(b) Holding wr constant, how is U related to δ? Explain.
(c) Lastly, assume that unemployment follows the law of motion
ut+1 = (1 − f )ut + δ(1 − ut ),
where f denotes the job-finding rate. Provide an intuitive explanation
of the above law of motion, and derive the steady state unemployment
rate, uss . If F (w) denotes the cumulative distribution function for job
offers, how do you think f is related to wr ?
A.2 Consider the following static optimisation problem
max{ln(c) + ln(`)}
c,`

subject to c = (1 − `) − T,
where c denotes consumption, ` leisure, and T lump-sum taxes.
(a) Derive optimal labour supply L = 1 − ` as a function of T . Explain
intuitively how L is related to T .
(b) Suppose that output, Y , is given by L. In addition, the government runs
a balanced budget such that G = T . The GDP identity is Y = C + G.
What is the fiscal multiplier?
(c) Suppose now that taxes are distortionary such that the budget constraint
is
c = (1 − `)(1 − τ ),
where τ is the tax rate. The government still runs a balanced budget
such that G = τ L. What is the fiscal multiplier under these conditions?
How does your answer differ from the previous case in which taxes were
lump-sum? Provide an intuitive explanation.
2

A.3 The yield on two-year German government bonds reached close to −1% in
February, while the interest rate on the standing deposit facility of the European Central Bank (ECB) was −0.40%.
Explain carefully what it means to buy a bond with a negative yield. Why
would European banks and investors be willing to buy a two-year bond at
such a negative yield below the ECB deposit rate?
A.4 After the referendum on 23 June 2016, the British pound experienced a large
depreciation while the UK had a big current account deficit. Derive the
Marshall-Lerner condition for the case in which initially EX = κIM , where
EX denotes exports, IM imports, and κ is a positive parameter, assuming
no net factor income or unilateral current transfers from abroad. Explain
whether the presence of an initial current account deficit makes it more or
less likely that the exchange rate depreciation improves the current account
for a given level of aggregate output.
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SECTION B
B.1 Consider a population of measure (size) one. The measure of unemployed, Ut ,
employed, Nt , and out-of-the-labour-force, Ot , must satisfy the identity
1 = Ot + Ut + Nt .
The labour force itself is then simply given by Lt = Ut + Nt . The law of
motion for Nt and Ut are given by
Nt+1 = Ut f + (1 − δ)Nt
Ut+1 = Ut (1 − h − f ) + δ(1 − Ut ),
where f , h, and δ are some constant parameters. A steady-state is defined as
a situation in which Xt+1 = Xt = X, for X ∈ {U, N, O}; that is, a situation
in which all variables are constant.
(a) What is the implied law of motion for Ot ? Provide an intuitive explanation. What is the interpretation of the parameter h?
(b) What are the steady state values of Ut , Nt , and Ot . Explain intuitively
how these depends on the parameters f , h, and δ.
(c) What is the steady state unemployment rate? How is the unemployment
rate related to the parameter h? Explain intuitively why this relationship
emerges.
(d) Figure 1 illustrates the transitional dynamics from doubling the value of
h, using the steady-state values of Nt , Ut , and Ot as initial conditions. As
can be seen from the figure, the employment-to-population ratio declines
to a permanently lower value, while the unemployment rate temporarily
declines but subsequently recovers. Provide an intuitive explanation why
this pattern is observed. In this case, is the unemployment rate an
accurate indicator of how well the economy is performing?
Employment-to-population ratio

0.9

Unemployment rate

0.051
0.05

0.88

0.049

0.86

0.048

0.84
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0.046
0.8
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0.044
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0.043

0.74
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0
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Figure 1: The transitional dynamics of the employment-to-population ratio and the unemployment
rate arising from a doubling of the value of h.

4

B.2 Consider the following Bernanke-Blinder model. Banks are assumed to hold
bonds, B, loans, L, and reserves, R, as assets, and have deposits, D, as
liabilities, so that the representative bank’s balance sheet is
B + L + R = D.
Reserves are equal to the legal minimum reserve requirement R = τ D, where
τ = 21 . The demand for deposits is given by
1
1
D d = Y − iB ,
2
2
where Y is real aggregate output and iB the bond interest rate. The demand
for loans is described by
Ld = Y − iL + iB ,
where iL is the loan interest rate. The supply of loans is given by
Ls =

1
(D − R) .
2

Goods market equilibrium is described by
Y = α − iL − iB ,
where α is an aggregate demand parameter.
(a) Derive the equilibrium bond interest rate, iB , in the money market in
terms of output, Y , and reserves, R; and derive the equilibrium loan
interest rate, iL , in the loan market in terms of Y , R, and iB . Explain
intuitively how iB and iL are affected by Y and R.
(b) Derive output, Y , in terms of α, R, and iB , such that there is equilibrium
in both the goods market and the loan market. Explain intuitively how
this equilibrium output is affected by iB and R.
(c) Assume that initially α = 340 and R = 40. Suppose that there is a
negative aggregate demand shock that reduces α by 20. Compute the
initial and new equilibrium levels of output, Y , and the bond interest
rate, iB . Give an intuitive explanation for the effects.
(d) Suppose that the central bank would like to completely offset the effect
on output of the negative aggregate demand shock in part (c). Compute
the change in reserves, R, that would be needed to achieve this, and the
resulting bond interest rate, iB . Show the effects of these changes in α
and R on Y and iB in one diagram and give an economic interpretation
of the results.
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Section C
C.1 A government wishes to fund some of its expenditures through debt instead of
(lump-sum) taxes. However, in order to encourage the private sector to lend
the required resources to the government the interest rate must rise, which
may crowd out private investments. Discuss the merits of this argument in the
context of the neoclassical model with and without the presence of liquidity
constrained consumers.
C.2 Suppose there is a large increase in the supply of labour due to immigration.
Under the assumption that the immigrants are identical to domestic workers
in all characteristics, discuss how this increase in labour supply could affect
the unemployment rate in the context of:
(a) A standard demand-supply framework in which a minimum wage prevents market clearing.
(b) A generic model of efficiency wages.

C.3 Suppose that the new president of the United States decides to appoint governors to the Federal Reserve Board who have an inflation target of 2% and a
target for real GDP growth of 4%, while current longer-run Federal Reserve
forecasts for US real GDP growth are about 2%. Use the Barro-Gordon model
to explain what effect that is likely to have on US inflation and output. Discuss how the result is likely to be affected if the Federal Reserve governors are
given personal incentives to achieve the real GDP growth target of 4%, such
as a contract that includes a bonus that is increasing in real GDP growth, or
the risk of being fired if the real GDP growth target is not achieved.
C.4 The United Kingdom plans to exit the European Union (‘Brexit’) in about
two years. Suppose that the implementation of Brexit will lead to a lasting
increase in barriers to international trade that will reduce the relative demand
for UK goods and services. Analyze the effects that the anticipation of Brexit
is likely to have on the UK economy in the short run, including aggregate output, consumption, investment, the current account, nominal interest rate and
nominal exchange rate. Compare this to the likely future effects of the implementation of Brexit on the UK economy. Specify and discuss the assumptions
behind your results.
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SECTION A: HISTORY OF ECONOMICS

1.

(a) Discuss the relationship between production and exchange in Smith’s
‘Wealth of Nations’.
(b) Critically assess how your answer to part (a) can help us understand
signi…cant aspects of present-day economies.

2.

(a) To what extent were the assumptions underlying Ricardo’s theory of
pro…t appropriate in the context in which he lived?
(b) Critically assess if and how any of the aspects discussed in part (a) can
help us understand problems faced by present-day economies.

3.

(a) Critically assess Marx’s view that exploitation of workers occurs even
within voluntary market exchanges.
(b) Discuss the relevance, if any, of your answer to part (a) for understanding
present-day economies.

4.

(a) Discuss the extent to which Menger’s view of human action di¤ers from
that of Jevons.
(b) Critically assess how your answer to part (a) can help understand the
di¤erences between the traditions of economic thought that were inspired
by Menger and Jevons respectively.

5.

(a) Outline and discuss Keynes’accounts of decision-making in general and
of private investment decision-making in particular.
(b) Critically assess which elements, if any, of your answer to part (a) depend
on the stage of development of the economy in which decisions are made.

6.

(a) Critically assess the extent to which the New Keynesian assumption of
nominal rigidities captures Keynes’ arguments concerning real adjustments.
(b) How do the microfoundations of New Keynesian Economics compare to
Keynes’understanding of economic decision-making?
2 of 3

SECTION B: PHILOSOPHY OF ECONOMICS

SOCIAL ONTOLOGY
7.

’Ontology has no bearing on science in general, and so social ontology is not
relevant to modern economics. Hence social ontology is largely absent from
modern economics’. Critically discuss and evaluate these assessments.

8.

What does it mean to say that the corporation is a legal …ction? How does
this latter notion bear on the ability of transnational companies to shift assets
and liabilities around the globe?

9.

‘Mere representations of certain speci…c social phenomena are su¢ cient to
allow functions associated with those phenomena to be served’. Explain this
statement with reference to money, and compare the implied theory of money
with a conception based on social positioning.
GENERAL PHILOSOPHY

10.

Critically assess whether rational choice theory has been successful as a scienti…c theory.

11.

Should economics strive for objectivity? If yes, then how? And if no, why
not?

12.

‘There is more to welfare than satisfaction of preferences’. Critically examine
this assessment drawing on alternative theories of welfare.

END OF PAPER
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SECTION A

1

Solve the following first-order differential equation
ẏ + ty = 3ty 2 .

2

Suppose functions f : R2>0 → R2 and g : R2>0 → R2 are given by


1
f (x, y) = [x − y, ln x] and g(x, y) = 2x,
y
where R>0 stands for the set of positive real numbers.
Compute the derivative of the function f · g by using the Product Rule for
Differentiation. (Note that f · g is the inner product of f and g.)

3

Let X be a real valued random variable, and let q be a number such that
Pr(X < q) ≤ α

and

Pr(X > q) ≤ 1 − α

where 0 < α < 1.

Give a sufficient condition to ensure that q is unique. Give an example where
q is not unique.
4

Establish whether the following statements are True, False, or Indeterminate.
Explain your reasoning.
(a) Let X, Y, Z be random variables. Suppose that X is independent of Y
and X is independent of Z. Then, cov(X, Y + Z) = 0.
(b) A consistent test is one for which the power tends to one as the sample
size gets larger for any fixed alternative hypothesis.
(c) The set {(x, y) : x2 + y 2 = 0, x, y ∈ R} is a subspace of R2 .
(d) If vectors x1 , . . . , xK are linearly dependent, then any of them is a linear
combination of the others.
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SECTION B
Sub-section B.I: Answer two questions from this sub-section.

5

(a) Consider the maximization problem
max ln(x1 ) + ln(5 + x2 )
x1 ,x2

s.t.

4 − x1 − x2 ≥ 0,

x1 , x2 ≥ 0 .

(i) Argue that the constraint qualification is met in this problem.
(ii) Does a constrained maximizer necessarily exist?
(iii) Solve for the constrained maximizer.
(b) Consider the maximization problem
max ln(x1 ) + ln(x2 ),
x1 ,x2

s.t.

2x1 + x2 ≤ 3,
x1 + 2x2 ≤ 3
x1 + x2 ≤ 2

x1 , x2 ≥ 0.

(i) Find the constrained maximizer of this problem without having to
use the Lagrangian or the Kuhn-Tucker method. Which of the constraints are not binding at the constrained maximizer? Which ones
are binding?
(ii) Use your answer in (b(i)) to decide if the constraint qualification is
met in this problem.
(iii) Use the Kuhn-Tucker method to find the critical points of the Lagrange Function. Comment on whether or not the Kuhn-Tucker
method allows you to find the constrained maximizer in this problem.
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6

Everyone in Albert’s class has 8 hours to split between studying for their
physics exam or watching reruns of old East Enders episodes on TV. Albert’s
classmates, on average, study for sC hours, and watch TV for tC hours. Albert’s utility depends not only on his own choice of study (sA ) versus watching
TV (tA ), but also on his classmates’ choices. Specifically:
U (sA , tA ) = Us (sA ) + Ut (tA ),
where
Us (sA ) =

 1
 2 (sA − sC ) if sA ≥ sC


2
(s
3 A

2/3

2/3

Ut (tA ) = tA − tC

− sC ) if sA < sC ,

(In your answer you can use first-order conditions without explicitly setting
up the maximization problem if you explain them verbally.)
(a) Give a brief interpretation of Albert’s utility function. Map his indifference curves and his time constraint.
(b) How many hours will Albert spend studying and watching TV if sC = 5
and tC = 3?
(c) Assume now that Albert’s classmates decide to study harder, sC = 6,
and to watch less TV, tC = 2. How much time will Albert spend on each
activity now? Interpret your findings.
(d) Albert’s mother would like Albert to study the “right” amount of time,
which she thinks is some s̄A ∈ [0, 8]. She thinks that if she could just get
Albert to believe that his classmates study that many hours, i.e. sC = s̄A ,
then Albert would indeed study s̄A hours . Is she correct? What is the
range of times Albert can be made to study by manipulating his beliefs
about sC ?
7

Solve the following optimal control problem, using different boundary conditions as set out in (a), (b) and (c):
Find u(t) and y(t) to maximize V subject to ẏ = y + u, where
Z 1
V =
−(u(t))2 dt .
0

(a)

y(0) = 1, y(1) = 0.

(b)

y(0) = 1, y(1) free.
(Hint: When y(1) is free, you need to use the transversality condition to
get an additional constraint on the costate variable.)

(c)

y(0) = 1, y(1) ≥ 2.5.
(Hint: Use your answer in (b).)
4 of 6

Sub-section B.II: Answer two questions from this sub-section.

8

You have just robbed the First National Bank with four accomplices. Unfortunately, things did not go well and you are staring down the barrel of Dirty
Harry’s 44 magnum. A 44 magnum revolver fully loaded contains 6 bullets.
He has fired n ≤ 6 shots, and you know he hit all four of your accomplices.
You have to decide whether he fired 6 shots or less, because it will determine
your next course of action. Assume that Dirty Harry started with a loaded
pistol, and he shoots at robbers one by one. Each of his shots has a success
probability of p independent of previous outcomes, and only when he shoots
down a robber, does he move onto the next target.
(a) Derive the probability that Dirty Harry has fired six shots (and has no
bullets left) in terms of p.
(b) If p = 1/2, then what is the probability that you will survive Dirty
Harry’s magnum?
(c) Suppose that you know he has fired 5 shots. (1) What is the best guess
of p if you are a Frequentist? (2) What is the posterior mean of p if you
are a Bayesian (with uniform prior on p)?

9

Suppose that X ∼ U [0, θ] with θ ∈ (1, ∞) an unknown parameter (X is
uniformly distributed on [0, θ]). Suppose that X1 , . . . , Xn are i.i.d. draws from
this population. Suppose that we observe Y1 , . . . , Yn with Yi = Xi 1(Xi > 1),
where 1(·) is the indicator function, specifically

1 if x > 1
1(x > 1) =
0 if x ≤ 1.
Let

n

2X
Yi .
θb =
n i=1
b Is θb an unbiased estimator? Derive its probability limit
(a) Calculate E θ.
θ∞ when n → ∞.
(b) Let
1
1
θe = θb +
2
2

q
θb2 + 4.

Show that θe is a consistent estimator of θ.
e You may assume that
(c) Derive the limiting distribution of θ.

√ 
D
n θb − θ∞ −→ N (0, v(θ))
for some v(θ) > 0.
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10

Suppose that A is a 3 by 3 positive semi-definite matrix. Suppose that Aqi =
λi qi , i = 1, 2, 3, where {q1 , q2 , q3 } is an orthonormal set in R3 . Let
x=

3
X

ci q i

i=1

for scalars ci , i = 1, 2, 3.
|

|

(a) Calculate x x and x Ax in terms of ci , λi , i = 1, 2, 3.
(b) Calculate
|

x Ax
x| x
in terms of ci , λi , i = 1, 2, 3. For what values of ci , i = 1, 2, 3 is this
quantity maximized and minimized? In this part, you may assume that
λ1 > λ2 > λ3 .
|

|

(c) Suppose that A = X(X X)−1 X , where X is the 3 by 2 matrix


1 0
X =  1 1 .
1 1
What are λi , i = 1, 2, 3, in this case?

END OF PAPER
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1

A small open economy is populated by native born individuals and immigrants. Immigrants comprise 10 percent of the total population. Suppose that in the short run,
production in this economy uses two specific factors, capital and land, to produce televisions and apples, respectively. Labour is used in the production of both goods and
is freely mobile across sectors. Suppose that a political event leads to the expulsion of
all immigrants. Discuss the consequences of this event in the short run on wages, the
labour allocation across sectors, and output. A full answer should include references to
empirical work that justify your assumptions or support your conclusions.

2

Consider a multinational firm that is headquartered in Japan. The firm has a plant in
Japan that sells its output to Japanese consumers. The firm wishes to expand its operations to serve consumers in Britain and Germany. The firm’s production technology is
such that regardless of where its plant(s) is (are) located, it will produce using locallysourced inputs.
(a)

What factors should the firm consider when trying to decide the profit-maximizing
strategy to reach these consumers? Justify your answer with reference to empirical evidence.
(b) If Britain and Germany are initially part of a free trade agreement, but then cut the
agreement and impose 10 percent import tariffs on all merchandise imported from
the other party, how does this change the firm’s strategy? Justify your answer with
reference to empirical evidence.

3

Suppose there are two countries in the world, Pluto and Neptune, and they each produce
and consume two goods, chocolates and books. Consumers in both countries spend 5/7
of their income on chocolates and 2/7 of their income on books. Labour is the only
factor of production in both countries. The countries differ in terms of the technology
used in the production of each good. In Pluto, 2 units of labour are required to produce
both books and chocolates. In Neptune, a book can be produced with 3 units of labour
while a chocolate requires 4 units. There are 20 million workers in Pluto and 15 million
in Neptune.
(a)

Which country has an absolute advantage in chocolates? In books? Which country has a comparative advantage in chocolates? In books?
(b) Find the autarky relative price of chocolates to books in both countries. Draw a
graph of the relative supply of chocolates to books in each country.
(c) Derive the relative demand of chocolates (to books) and plot the curve with the
relative price of chocolates to books on the y-axis.
(d) Derive the world relative supply of chocolates to books and draw it on the graph
from part (c) above.
(e) Compute the relative price of chocolates to books under free trade. Which country
produces which good or goods in the free trade equilibrium? Is there complete
specialization? Who gains from trade?

2 of 3

(TURN OVER)

(f)

Suppose the population of Neptune grows by 5 million workers. Which country
produces which good or goods in the free trade equilbrium? Is there complete
specialization? Who gains from trade?
(g) Are you able to draw conclusions about the role of relative country size and the
distribution of the gains from trade from this example? Why or why not? Explain.

4

Why are some countries so much richer than others? This question is at the core of a
large literature on the sources of cross-country income inequality.
(a) Describe in detail how development accounting addresses this question and what
it tells us about the sources of income differences across countries.
(b) Poor countries have as much as 90% of their workforce in agriculture, while rich
countries as little as 3%. Explain why this matters for development accounting
and for the conclusions we can draw from it.
(c) Caselli (2005) states that development accounting “should be understood as a
diagnostic tool”. Discuss this statement.

5

There exist multiple hypotheses about the fundamental causes of economic development. One of them focuses on institutions.
(a) Describe the institutions hypothesis.
(b) Explain the challenges involved in providing evidence for the role of institutions in development and describe how Acemoglu, Johnson and Robinson (2001;
henceforth, AJR) address these challenges in the article “The Colonial Origins of
Comparative Development: An Empirical Investigation”.
(c) Some researchers argue that European settlers brought with them not so much
their institutions, but their human capital. Discuss what this argument implies for
AJR’s strategy and conclusions.
(d) Do we learn from AJR which specific institutions matter for economic development? Discuss.

6

A large fraction of the population in developing countries suffers from very poor health.
Health care policy, as a consequence, has been the subject of an intense policy debate.
(a)

In this debate, we can distinguish a supply-side and a demand-side view. Describe
the main arguments of each view.
(b) Critically review the evidence on health care provision and health-seeking behaviour in low-income countries, identifying and discussing the facts that support
the supply-side view and those that support the demand-side view.
(c) In the state of Rajasthan, India, the health administration and a local NGO partnered
to reduce nurses’ absenteeism through an incentive program. While initially successful, the program eventually failed because political support was lacking. Explain why this example suggests supply- and demand-side factors may be intertwined.
END OF PAPER
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1. (a) Describe the econometric problem of ‘ability bias’in the estimation of the
impact of schooling on earnings. Explain how instrumental variables can
be used to address the problem. Provide an example of an instrument
for schooling and explain why it is a good instrument.
(b) Another approach to dealing with the ‘ability bias’in the estimation of
earnings functions is to use data with pairs of siblings within the same
family and to assume that ability is family-speci…c, i.e., all siblings in
the same family have the same ability.
i. Write down an earnings function that would justify the argument
that this approach can be used to obtain the causal impact of schooling on earnings. Clearly state any assumptions you are making.
ii. Suppose that the …rst-born child of a family always gets more family
resources for education. State the conditions (in terms of the variables in your equations) under which this would cause bias in the
schooling estimate.
2. Consider an individual choosing hours of work H. Let L be the hours of
leisure. The sum of H and L is the total hours available. Let W be the wage
rate and N be the non-labour income. The individual maximizes a standard
utility function derived from consumption and leisure. Assume that leisure is
a normal good.
(a) Draw the budget constraint and indi¤erence curves for this individual
on one diagram. Indicate the optimal allocation of consumption and
leisure and explain why the individual would not choose consumption
and leisure at values other than the optimal allocation you indicated.
Please make sure that you label the diagram clearly.
(b) Assume from now on that non-labour income N is zero and there is a
proportional income tax to all individuals. Denote t as the marginal tax
rate. Discuss how this proportional tax may a¤ect the labour supply
decision of this individual and why.
(c) Now suppose that the government would like to o¤er tax credits to working individuals. For those with disposable income (i.e. after-tax earnings) at or below a threshold E , the tax credits are proportional to the
disposable income. Denote by s the rate of the tax credits. For instance,
at the threshold, the amount of tax credits individuals can claim is sE .
For disposable income above the threshold E , the amount of credit is
tapered away at 50% per extra pound of income (until the amount of
credit depletes to zero). Draw the new budget constraint and discuss
why the tax credit programme may provide work incentives. Does the
programme provide any disincentives to work for certain individuals? If
so, illustrate it on the diagram and explain it carefully.
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(d) Exploiting a US tax credit reform, Eissa and Liebman (1996) …nd that an
increase in the earnings subsidy rate (from 11% to 14%) had a positive
impact (an increase of 2.4 percentage points) on women’s labour force
participation. Does this empirical evidence support the predictions you
obtained from part (c) and explain.

3. Assume the standard schooling model with an in…nite lifetime, perfect capital
markets, no direct costs of schooling and maximization of the present value
of lifetime earnings. But now assume you can work part-time while in school
and that you earn E per period during school.
(a) Assuming that earnings after school is f (S), where S is the completed
level of schooling and f is a concave and increasing function, derive the
marginal condition that gives the optimal level of schooling S. You may
assume that S is continuous. Draw a diagram that corresponds to it.
(b) Assume that E is a function of the percent of your time that you devote
to working while in school. Calling that percent ‘p’, we denote by E(p)
> 0. But also assume that more
your earnings while in school, with @E
@p
time working reduces your studying time and hence reduces the value
of your education, so that earnings after school are now f (S; p), where
@f
< 0. Derive the marginal condition for the choice of p and discuss
@p
how we can interpret it as a cost-bene…t trade-o¤.

4. Discuss short-run implications of each of the following events on (i) relative
wage rates between skilled and unskilled workers and (ii) relative quantities
of labour (i.e., equilibrium employment levels) between skilled and unskilled
workers:
(a) A relative increase in imports of products produced by low-skill labour
vs high-skilled labour;
(b) A rise in the stock of capital, assuming the capital-skill complementarity
hypothesis holds;
(c) A rise in payroll taxes;
(d) A rise in college tuition fee;
(e) A fall in the minimum wage (which kept the wage above the marketclearing level for unskilled workers).
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5. Suppose that for a country the relation between GDP (denoted by X), employment (denoted by L), and the average level of full time education (denoted
by H) is given by
1
Ht2 + tHt
2
where rt is the cost of capital and t is time. This relation assumes that …rms
adjust their stock of physical capital such that its marginal productivity is
equal to the cost of capital rt .
ln Xt =

0

+

ln Lt

ln rt + t + Ht

(a) Give an interpretation of the …nal four terms in this equation.
(b) For what parameter value(s) would this economy exhibit constant returns
to scale? Explain your answer.
(c) What is the rate of growth of the average level of education for which
the marginal productivity of human capital is constant over time? Give
an interpretation of your answer.
(d) Suppose that individuals would invest in human capital up till the point
where its marginal return is equal to the cost of capital and suppose that
the cost of capital is constant over time, rt = r. What would be the level
of human capital in this economy at time t?
(e) Suppose that a worker’s labour market career lasts 40 years and that
the average years of education is 12 years. By how much would GDP
increase if the average level of education were increased by one year?
(Hint: account both for the higher productivity and the longer time
spent in the education-system).
6. (a) Brie‡y discuss the evidence presented by Krueger and Summers on interindustry wage di¤erentials on the labour market. What is the magnitude
of these di¤erentials? How do these di¤erentials behave over time and
across countries?
(b) Why are these di¤erentials hard to square with a perfectly ‡exible labour
market?
(c) Some economists have claimed that unobserved heterogeneity between
individuals o¤ers an explanation for these wage di¤erentials. Explain
their argument. What type of research might shed light on this issue?
(d) Why might labour market imperfections as discussed by Burdett and
Mortensen, where workers and …rms meet only randomly and hence have
to wait for a match to their optimal counterpart, o¤er an explanation
for these industry di¤erentials? What trade-o¤ do …rms face in these
models when deciding on their optimal wage o¤er? Why would more
capital intensive and more pro…table …rms choose to pay higher wages
in this type of world?
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7. (a) Explain how an e¢ ciency wage may be used to motivate e¤ort.
(b) Under what circumstances is an e¢ ciency wage a more e¤ective way to
motivate e¤ort than performance-related pay?
(c) Describe deferred compensation and consider whether this might be more
e¤ective than either an e¢ ciency wage or performance-related-pay in
eliciting e¤ort from an employee.
8. The last …fty years have seen a remarkable increase in women’s labour force
participation, a substantial reduction in the gender pay gap but little change
in occupational segregation.
(a) To what extent might occupational segregation explain the remaining
gender pay gap?
(b) How might a comparable worth policy be e¤ective in addressing this
cause of the pay gap?
(c) How e¤ective have such policies been in practice?
END OF PAPER
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1.

Suppose we are interested in the relationship between the number of police
o¢ cers per capita and the number of reported crimes per resident in annual
panel data on crime in a random sample of UK counties, collected from 20092010. The regression equation is
crmrteit =

0

1 (t = 2010) +

1 policeit

+

2 povertyit

+ ai + uit ,

where crmrteit is the crime rate per resident in county i in year t, policeit is
the number of police o¢ cers per resident, povertyit is the poverty rate, and
ai is the unobserved county speci…c e¤ect while uit is the idiosyncratic e¤ect.
The dummy 1 (t = 2010) is 1 if the observation comes from 2010 and is zero
otherwise. This dummy is included to make it possible that the intercept
in 2010 is di¤erent from that in 2009. Assume that uit is uncorrelated with
police and poverty in all years and is also uncorrelated with ai .
(a) Under what condition(s) will a cross-sectional regression with just 2009
data give us consistent estimates of the causal e¤ect of police on crime?
(b) Under what condition(s) will a …rst-di¤erenced regression give us consistent estimates of the causal e¤ect of police on crime?
(c) Given your answers to part (a) and part (b) above, can you suggest a
situation where the cross-sectional regression might be preferable to the
…rst-di¤erenced regression for the above dataset?
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2.

The following is a system of simultaneous equations:
y1 =
y2 =

+
20 +

10

1 y2

+
2 y1 +

11 x1

+ u1
21 x1 + u2

(2.1)
(2.2)

where y1 ; y2 ; x1 are observed, and u1 ; u2 are unobserved zero mean homoskedastic disturbances satisfying the conditions E (uj x1 ) = 0; for j = 1; 2. You wish
to estimate 1 .
(a) Derive the reduced-form for y2 by solving the above equations for y1 and
y2 . Hence state conditions on the and/or parameters under which
the OLS estimator of 1 is consistent.
(b) Concerned that the necessary condition in part (a) may not hold, you
estimate the model by 2SLS using x1 as an instrument for y2 . Under
what conditions on the and/or parameters is the 2SLS estimator of
1 consistent?
(c) Do the conditions you derived in part (a) and in part (b) also imply
‘unbiasedness’of the respective estimators? Explain your answer.
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3.

The following question concerns the e¤ects of background characteristics and
admission assessment scores on the eventual performance of students in the
…nal university examination.
The names of the variables and a brief description are as follows:
Variable
…nalsavg

Description
Average …nals score
(the outcome)

Mean Std. Dev

Min

Max

64:98

4:44

25

77

tsa_critical

Pre-admission
Reasoning Test-Score

75:16

9:53

49:9

95:6

tsa_problem

Pre-admission
Quantitative Test-Score

67:78

9:31

45:6

95:6

69

9:18

7:67

91

0:48

0:5

0

1

interview
indep

Interview Score
= 1 if from
independent school

male

=1 if male

0:64

0:48

0

1

indep_male

indep male

0:29

0:46

0

1

Finally, a linear regression of …nal university examination performance on
these background characteristics using the same dataset yields the following
output
Y=…nalsavg Coe¤
constant
53:89
tsa_critical
0:03
tsa_problem 0:05
interview
0:06
indep
0:04
male
0:67
indep_male
0:06
2
R =0.06, N=325

Std Error 2-sided pvalue
2:78
0:00
0:04
0:29
0:02
0:03
0:02
0:00
0:78
0:96
0:66
0:31
0:97
0:95

(a) Suppose all schools are classi…ed as independent or state. What coef…cients and intercept estimates would be obtained if we replaced male
dummy by female dummy, indep dummy by state dummy, and include
the interaction state female instead of indep male?
(b) How would you test the hypothesis that gender has no impact on …nal
university examination performance, given the other covariates, in this
regression model?
(c) If we do not include the interaction term indep_male in our regression
model, what are we implicitly assuming about the e¤ect of gender and
school background on …nal university examination performance?
4 of 8

4.

The following problem concerns the phenomenon of "job-lock", where employees cannot leave their present job because of health insurance provided by the
employer. If they leave the present job and take up a new job, then the new
health insurance will not cover them for preexisting health conditions, leading to a job-lock. In order to study this phenomenon empirically, a researcher
collects data on male workers in the construction industry who are between
35-45 years old and ethnically white. Let Yi be a dummy for whether worker
i has changed jobs in 2013, let HIi be a dummy for whether the individual
was covered by a health insurance provided by the employer in 2012, and Pi
be a dummy for whether the individual is covered by their spouse’s health
insurance plan in 2012 and 2013.
Suppose the true probability of job-change is correctly speci…ed as a probit
model. Precisely, suppose that
Pr (Yi = 1jHIi ; Pi ) =
where

(a)
(b)

(c)

(

0

+

1 HIi

+

2 Pi

+

3 Pi

HIi ) ,

( ) denotes the CDF for the standard normal distribution.

How would you detect the presence of job-lock using estimates of parameters
appearing in the above equation?
What minimal assumption needs to be made about the unobserved characteristics of the sampled individuals in order that your method described in part
(a) truly detects job-lock?
Now suppose each worker included in the sample who has health insurance
provided by the employer also happens to have spousal insurance cover; conversely, each worker included in the sample who does not have health insurance
provided by the employer also happens not to have spousal cover. Can you
still detect job-lock using the above equation? Why?
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5.

This question pertains to the purchase of a high-quality mosquito bednet in
a developing country with prevalence of malaria. The data were generated
by a randomized experiment across a cross-section of 2231 households. In
particular, the (subsidized) price at which a household (hhd) could acquire a
previously unavailable, high-quality mosquito net was varied randomly across
households. The names and brief descriptions of the variables are as follows.
The symbol ‘R’stands for the local currency
Variable
net
price
child
income

Description
1 if hhd bought net,
0 otherwise
Price faced by hhd (in R)
Number of children
below 10 years

Mean

Std. Dev Min

Max

0:34

0:48

0

1

129:76

71:28

0

300

1:74

1:51

0

14

309:79

0

5750

Hhd monthly income (in R) 138:45

When …tted to these data, a probit model yields the following output:
Y=net
Coe¤
Std Error 2-sided pvalue
constant
1:01
0:07
0:00
price
0:02
0:0005
0:001
child
0:065
0:02
0:00
income
0:00008
0:0001
0:46
Pseudo-R2 =0.19, N=2231

(a)

(b)

(c)

Consider a ‘typical’household, de…ned as one with income R140 and having
2 children below 10 years. How low does the price have to be in order for the
probability of bednet purchase for such a household to exceed 0.5?
Suppose a household with income R140, having 2 children below 10 years
and facing a price of R130, has its income increased to R1400. How much
would its probability of buying a bednet change? Is this di¤erence statistically
signi…cant? How can you tell?
Can you suggest an intuitive explanation why the coe¢ cient of ‘child’is negative?
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6.

A researcher is studying the relationship between crime and unemployment
using UK annual data from 1972 to 2002. Variables GCt and Ut equal,
respectively, the annual growth of the number of recorded thefts (in percent)
and the change in the unemployment rate from the previous year. The OLS
regression of GCt on Ut and Ut 1 gives the following results (with the
standard errors given in the parentheses)
dt = 8:77 + 5:07 Ut
GC
(2:30)

(3:01)

3:18 Ut 1 ; R2 = 0:095:

(3:01)

(6.1)

(a) What are the estimates of the impact and long-run multiplier? Interpret
these estimates. Using a 5% signi…cance level test, test the hypothesis
that a one percentage point increase in the unemployment rate results
in a ten percentage points increase in the theft growth rate in the same
year.
(b) Under what assumptions are the reported OLS estimates consistent?
Under what assumptions is the test you propose in (a) asymptotically
valid? Brie‡y discuss the plausibility of all these assumptions.
(c) Let u^t be the OLS residuals from the above regression. The OLS regression of u^t on u^t 1 yields
u^bt = 0:55 + 0:44 u^t 1 ; R2 = 0:175:
(2:12)

(0:18)

The researcher says that these results invalidate those reported in equation (6.1) above and proposes to use the Cochrane-Orcutt method instead. Explain the researcher’s logic and brie‡y describe how you would
implement the Cochrane-Orcutt method. What may be a problem with
this method in the present context?
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7.

Consider the following model for log of annual global carbon dioxide emissions,
lCO2t :
lCO2t = 0 + 1 t + 2 lCO2t 1 + ut ;
(7.1)
where ut are i.i.d. shocks with mean zero and variance 2 ; t is time, and
j 2 j < 1.
(a) Assuming that the values of 0 ; 1 ; 2 and 2 are known, what will
be the variance of the forecast obtained using model (7.1) of log of carbon dioxide emissions 20 years from now? Name at least two potential
problems with using model (7.1) for carbon dioxide forecasting.
(b) The OLS regression that uses data from t = 1910 to t = 2013 yields
dt=
lCO2

3:65 + 0:0022

(1:65)

(0:001)

t + 0:923
(0:035)

lCO2t 1 :

Using these results, test the hypothesis that lCO2t is a random walk
with drift. Use a 5% signi…cance level test.
(c) To study the e¤ect of carbon dioxide emissions on global warming you
regress average annual UK temperature, T empt ; on lCO2t : The corresponding OLS results (based on the data from 1910 to 2013) are
Td
empt = 10:35 + 0:225
(0:54)

(0:068)

lCO2t ; R2 = 0:097:

Critically assess these results.

END OF PAPER
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SECTION A
1. Suppose there are n countries, indexed i, and each country decides how much
to pollute. Pollution by country i generates some benefits for i by increasing
i’s output.
P Denote the amount of pollution generated by country i by qi , and
let Q = i qi be total pollution. Suppose there is a threshold Q̄ > 0, such
that if Q > Q̄, the world irreversibly changes. If instead Q ≤ Q̄ then the
world remains as it is. Let the expected utility of country i be
qi − λi prob(Q > Q̄),
where λ1 > λ2 > · · · > λn > 1. You may assume that the countries are
expected utility maximizers.
The timing of the game is as follows. First nature draws Q̄ ≥ 0 from a cumulative distribution function F , where F is a strictly increasing and concave
function with F (0) = 0. This draw is not observed by any country, and then
the countries simultaneously choose qi ≥ 0.
(a) What might λi represent?
(b) Define a Nash equilibrium in this context.
(c) Under what conditions
is qi = 0 a best response for i to others choosing
P
quantities Q−i = k6=i qk ?
(d) Find a pure strategy Nash equilibrium.
(e) Argue why, or why not, the Nash equilibrium you found is unique.
(f) What happens to the total level of pollution as the λi terms change?
Discuss.
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2. A smuggler is trying to bring illegal goods into a country. There are three
possible entry points: By land (l), by sea (s) and by air (a). The police
have total resources of 1 and must allocate these resources to the entry points
according to a vector (rl , ra , rs ), such that rl ≥ 0, ra ≥ 0, rs ≥ 0, and
rl + ra + rs = 1. Simultaneously, the smuggler chooses a route and the police
choose where to allocate their resources. The smuggler may randomise his
choice. Let (pl , pa , ps ) be the probability vector with which the smuggler
chooses land, air and sea respectively. Suppose the chance of the smuggler
being caught is pl rl2 +pa ra2 +ps rs2 . The police want to maximize the chance the
smuggler is caught, while the smuggler wishes to minimize this probability.
(a) Write down the game corresponding to this situation.
(b) Show that there is no Nash equilibrium in which the smuggler does not
play a totally mixed strategy (i.e., does not choose each entry point with
strictly positive probability).
(c) Show that there is no Nash equilibrium in which the police allocate no
resources to one of the entry points.
(d) Find the Nash equilibria.
(e) What is the equilibrium probability with which the smuggler is captured?
(f) Now suppose that the police move first, committing resources to the
three entry points and then, after observing this allocation, the smuggler
chooses which route to take. Use backward induction to find a Nash
equilibrium of this game.
(g) Now suppose that the smuggler moves first, choosing a single entry point,
and after observing this choice, the police choose how to allocate their
resources. Use backward induction to find a Nash equilibrium of this
game.
(h) Discuss and provide intuition for the differences (or lack thereof) between
the Nash equilibria you found in the three games.
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3. Consider the following normal form game:

a
b
Player 1 c
d
e

Player 2
A
B
C
(5, 7) (4, 11) (6, 4)
(14, 0) (5, 0) (7, 2)
(12, 5) (15, 5) (8, 6)
(18, 1) (5, 4) (4, 2)
(0, 1) (0, 2) (4, 2)

D
(8, 0)
(9, 0)
(7, 6)
(3, 5)
(0, 3)

E
(3, 0)
(4, 5)
(2, 7)
(6, 0)
(7, 3)

(a) Write down mathematically what it means for a pure strategy to be
strictly dominated by another pure strategy.
(b) Show that playing A is strictly dominated by playing a mixture of the
other actions available to player 2.
(c) Why can strategy A never be played with positive probability in any
Nash equilibrium (including a mixed strategy Nash equilibrium)?
(d) Show also that player 2 cannot play actions B or C with positive probability in any Nash equilibrium (including a mixed strategy Nash equilibrium), and that player 1 cannot play actions a or c with positive
probability in any Nash equilibrium (including a mixed strategy Nash
equilibrium).
(e) Can any other actions be ruled out as never being played with positive
probability in a Nash equilibrium?
(f) Hence find all the Nash equilibria (including mixed strategy Nash equilibria) of the game.
(g) How would you expect this game to be played?
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4. Suppose there are three political candidates who differ in how conservative/liberal they are. This is represented by their locations on the unit interval. Candidate A’s location is lA = 0.2, candidate B’s location is lB = 0.6,
and candidate C’s location is lC = 0.7. There is a unit mass of voters, who
each also have a location on the unit interval. Suppose these voters are distributed over the unit interval according to a continuous and atomless probability density function f . Let voter i’s utility from candidate j being elected
be Ui (j) = −(li − lj )2 , where li is i’s location.
(a) Suppose everyone votes for their most preferred candidate. Who would
vote for which candidate?
For the rest of the question you may assume that people are located uniformly
over the unit interval.
(b) What proportion of the vote does each candidate receive?
(c) Who would receive the most votes if candidate B dropped out?
(d) Given the choice between A, B and C, discuss whether you would expect
people to vote truthfully.
(e) Show that there is a Condorcet winner among A, B and C, and identify
who it is.
(f) Suppose another candidate entered at some location x ∈ [0, 1]. For what
locations x ∈ [0, 1] would there still be a Condorcet winner?
(g) When voters’ preferences are as described in the question, what voting
system would you recommend be used and why?
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SECTION B
5. Gneezy and Rustichini (QJE, 2000) conducted a field experiment in which
high school students collecting charitable contributions were divided into three
compensation schemes:
• No compensation
• 1% of the total amount collected
• 10% of the total amount collected
Compensation came from the researchers and it was not subtracted from the
amount collected for charity.
(a) What are the advantages and disadvantages of a field experiment compared to a laboratory experiment?
(b) Describe the results of the experiment and how they compare with the
assumptions and theoretical predictions of the standard Principal-Agent
model with moral hazard.
(c) Give a formal definition of anchoring.
(d) How can anchoring explain the results of the experiment?
(e) Discuss in detail at least one further explanation other than anchoring
that Gneezy and Rustichini give for their findings.
(f) Describe the design and results of a laboratory experiment that shows
the role anchoring plays in the evaluation of contracts.
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6. Consider the following 2-dimensional simplex to represent lotteries in probability space.

(a) Draw the points representing the following lotteries: L1 = {0, 1, 0}, L2 =
{0.5, 0, 0.5} and L3 = {1/3, 1/3, 1/3}.
(b) Consider lottery L = {p1 , p2 , p3 }. What type of triangle is the 2-dimensional
simplex above if we want to have that pi ∈ [0, 1] and p1 + p2 + p3 = 1?
(c) Prove by contradiction that if the independence axiom holds then indifference curves have to be parallel.
(d) Prove by contradiction that if the independence axiom holds then indifference curves have to be straight lines.
Now consider the following lotteries on the set of outcomes C = {1, 2, 3, 4, 5}:
3 2 3
• LA = {0, 10
, 5 , 10 , 0}

• LB = {0, 14 , 12 , 14 , 0}
• LC = {0, 0, 21 , 14 , 14 }
1 1 2 1 1
• LD = { 10
, 5 , 5 , 5 , 10 }

(e) Rank them in terms of first order stochastic dominance (FOSD) and
show graphically each FOSD relation.
(f) Rank them in terms of second order stochastic dominance (SOSD) and
show graphically each SOSD relation.
(g) Using your results in (e) and (f), what are the most and least preferred
lotteries for a risk averse expected utility maximizer?
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7. “When drafting a contract, an employer should always include any available
measure to evaluate the performance of the employee.” Discuss.
8. Gigi decides to retire after a successful year. He goes to the bank to choose
how to invest his £42m wealth (you can assume this is Gigi’s total wealth).
The Investment Advisor shows Gigi the following 4 options with payoffs that
depend on either a good or a bad outcome:

No investment
Investment 1
Investment 2
Investment 3

Bad
42
25
36
20

Good
42
59
49
70

For each investment option, there is a 50% chance of a good outcome and a
50% chance of a bad outcome. The Advisor tells Gigi that if he does not make
a choice then the No Investment option is automatically selected. Notice that
to simplify calculations the outcomes are expressed in millions of pounds.
(a) Assume that Gigi is a risk neutral expected utility maximizer. What is
his choice?
(b) Assume√that Gigi is an expected utility maximizer with utility function
u(x) = x/10. What is his choice?
(c) Give a definition of status quo bias. How would status quo bias affect
Gigi’s choice? Describe in detail an experiment that supports your answer.
(d) Now assume that the Advisor gives Gigi one further option: Investment
4 that has a bad outcome of 25 with probability 12 and a good outcome
of 80 with probability 21 . How does this change your answers in (a), (b)
and (c)? Discuss.
(e) What is the relevance of your answers above to the design of a pension
scheme? Discuss evidence that supports your answer.

END OF PAPER
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SECTION A
A.1 Using the simplification β(1 + r) = 1, the consumption function according to
the Permanent Income Hypothesis is given by
!
∞
X
r
s−t
β ys + (1 + r)at ,
ct =
1 + r s=t
where ct denotes consumption in period t, β ∈ (0, 1) the discount factor, r the
(real) interest rate, ys (real, non-financial) income in period s, and at wealth
in period t.
(a) Compute the marginal propensity to consume (MPC) out of current
income.
(b) Define permanent income, ȳ. Compute the MPC out of permanent income.
(c) Explain what the MPC out of transitory income is.
A.2 Consider the following Shapiro-Stiglitz model in which the value of working is
w − ē, where w denotes the real wage, and ē the utility cost of exerting effort.
The value of shirking is given by
(1 − π)w + πpw∗ + π(1 − p)b,
where π denotes the probability of being detected shirking, p the probability
of finding a new job at outside wages, w∗ , and b the level of unemployment
benefits. In equilibrium, p = 1 − u and w = w∗ , where u is the unemployment
rate.
(a) Use the above expressions and relationships to derive the no-shirking condition. Provide a brief intuitive explanation of the relationship between
the unemployment rate, u, and the wage, w.
(b) Assume there are N firms in the market. The first order condition for
each firm yields
F 0 (ēL)ē = w,
where L denotes labour demand, and the production function is given
by F (ēL) = (ēL)α , with α ∈ (0, 1]. Provide an intuitive explanation of
the relationship between wages and labour demand.
(c) The unemployment rate equals
u=

L̄ − N L

,

L̄
where L̄ denotes the labour force. Show how an expansion of the labour
force from L̄ to L̄0 affects the equilibrium wage and unemployment rate
in this model for (i) α ∈ (0, 1), and (ii) α = 1.
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A.3 ‘In the Bernanke-Blinder model with a liquidity trap, an open market purchase
by the central bank could lead to a larger increase in aggregate output than
without a liquidity trap, ceteris paribus.’ True or false? Explain your answer
carefully and illustrate it graphically.

A.4 Suppose the economy of Euroland is described by the DD-AA model, with
the nominal interest rate at its effective lower bound, iELB . Carefully explain
what this implies about the shape of the AA curve. In addition, analyze the
short-run effect of a sudden, permanent increase in Euroland’s money supply
(e.g. due to quantitative easing) on its nominal exchange rate and aggregate
output.

3 of 6

(TURN OVER)

SECTION B

B.1 Consider the following optimization problem for a representative consumer:
max {ln(c1 ) + β ln(c2 )},

c1 ,c2 ,b2

s.t.

y 1 = c1 + b2 ,
c2 = y2 + (1 + r2 )b2 ,

where ct denotes consumption in periods t = 1, 2; b2 savings from period 1 to
period 2; yt (real, non-financial) income in periods t = 1, 2; r2 the real interest
rate received in period 2; and β ∈ (0, 1) the discount factor.
(a) Derive the Euler equation for the above problem. Provide an intuitive
explanation of the relationship between c1 and c2 .
(b) Use the market clearing condition, b2 = 0, to find the equilibrium interest
rate, r2 , in terms of β, y1 , and y2 . Explain intuitively how the equilibrium
interest rate depends on the ratio y1 /y2 .
For the remainder of this question assume that y2 = z2 k2α , where z2 and k2
denote productivity and capital in period 2, respectively, and α ∈ (0, 1). In
addition
k2 = (1 − δ)k1 + I1 ,
r2 + δ = αz2 k2α−1 ,
where I1 denotes investment in period 1, and δ the depreciation rate. Assume
for simplicity that δ = 1, and that income in period one, y1 , is still treated as
a known parameter.
(c) Use the market clearing condition, b2 = I1 , to derive the equilibrium
values of I1 , c1 , r2 , y2 and c2 in terms of the parameters α, β, z2 and y1 .
Explain how they are affected by a rise in y1 .
(d) Illustrate the effect of a rise in y1 on I1 , c1 and r2 using a graph with y1
on the horizontal axis and r2 on the vertical axis. Explain your answer.
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B.2 Suppose the central bank of Americana minimises the loss function
Lt =

1
1
(π t − π ∗ )2 + (Yt − Yt∗ )2
2
2

where π t denotes inflation, π ∗ the central bank’s inflation target, Yt aggregate
output, Yt∗ the central bank’s output target, and the subscript t indicates the
time period. The economy is described by the Phillips curve

π t = π et + α Yt − Ȳ + εt
where π et denotes private sector inflation expectations, Ȳ potential output, εt
is an i.i.d. cost-push shock with E [εt ] = 0, and α is a positive parameter. The
timing in each period t is as follows. First, the private sector rationally forms
its inflation expectations π et . Subsequently, the cost-push shock εt is observed.
Finally, the central bank sets Yt , resulting in π t . Assume that initially Yt∗ = Ȳ
for all periods t.
(a) Derive the central bank’s targeting rule for any Yt∗ . Give an intuitive
explanation of the result.
(b) Derive private sector inflation expectations π et , and solve for output Yt
and inflation π t . Provide an economic interpretation of their properties.
(c) Now suppose that in period t = 1, after the private sector has formed
its expectations π e1 , the new President of Americana suddenly appoints
new central bankers with a higher output target, such that Y1∗ = Ȳ + β,
where β is a positive parameter. Compute output Y1 and inflation π 1 .
Compare the results to part (b).
(d) Suppose that the new central bankers are appointed for two periods, so
that Y2∗ = Ȳ + β. Compute private sector inflation expectations π e2 ,
output Y2 and inflation π 2 . Compare the results to parts (c) and (b),
and explain intuitively how output and inflation in Americana change
over time.
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SECTION C

C.1 ‘Ricardian equivalence implies that – in the context of the neoclassical framework – expansionary fiscal policy has no effect on the economy.’ Discuss the
merits of this argument using the neoclassical framework with and without
liquidity constrained consumers.
C.2 The theory of efficiency wages reconciles optimizing behaviour with wages that
are above the market-clearing level. Discuss the ideas underlying efficiency
wages, and discuss evidence for and/or against this theory.
C.3 During the first six weeks of 2018, 10-year government bond yields in the
United States, United Kingdom and Germany rose by about 40, 40 and 30
basis points, respectively, while the Federal Reserve, Bank of England and
European Central Bank maintained their policy rate settings. Analyze what
factors may have contributed to this bond market sell-off.
C.4 The Trump administration has embarked on large tax cuts and protectionist
trade policies. Analyze the short-run effects of each of these measures on the
US economy, including the nominal interest rate, the nominal exchange rate,
aggregate output, consumption, investment and the current account deficit.
Discuss any assumptions you make.

END OF PAPER
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1.

A researcher has the following data for a sample of 64 US college towns for
the years 1980 and 1990: average housing rental price rent; city population
pop; average income avginc; and student population as a percentage of city
population pctstu: The researcher de…nes a dummy variable y90 as 1 if the
year is 1990 and 0 otherwise.
The researcher runs two regressions with ln (rent) as the dependent variable: an ordinary least squares (OLS) regression combining the observations
for 1980 and 1990, and a …rst di¤erenced (FD) regression based on these
two years of data. The explanatory variables used are a constant, ln(pop),
ln(avginc), pctstu; and y90.
The slope coe¢ cients from these regressions are shown in the following table; t statistics are given in parentheses.
Dep. variable: ln (rent)
ln (pop)
ln (avginc)
pctstu
y90
R2
N

OLS
FD
0.041 (1.81) 0.072 (0.82)
0.571 (10.76) 0.310 (4.66)
0.005 (4.95) 0.011 (2.71)
0.262 (7.54)
0.86
0.32
128
64

(a) The coe¢ cient estimate on ln (avginc) is almost twice as large in the
OLS regression relative to the FD regression. In contrast, the coe¢ cient
estimate on pctstu is half as large in the OLS regression relative to the
FD regression. Give an intuitive explanation of these …ndings.
(b) The change in y90 from 1980 to 1990 is the same for all towns. Explain
why the table does not provide an estimate corresponding to y90 for the
FD regression.
(c) Can you describe a scenario under which the OLS estimates are likely to
be “better”than the FD estimates? In your answer clearly indicate what
it means for the estimates to be “better”and discuss how reasonable you
think this scenario is.
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2.

The following pair of simultaneous equations describe the total demand for
and supply of the “King…sher”brand of beer across Indian restaurants in the
UK in the month of June, 2017:
Demand: y1 =
Supply: y2 =

+
20 +

10

1 y2

+
2 y1 +

11 x

+ u1
21 x + u2 ;

(1)
(2)

where y1 and y2 are the natural log of quantity and of price, respectively;
the control variable x denotes the distance between the restaurant and the
port where imported King…sher beer enters the UK; u1 and u2 are unobserved homoskedastic disturbances satisfying the conditions Cov (uj ; x) = 0;
for j = 1; 2, and Cov (u1 ; u2 ) = 0.
(a) State conditions on the and/or coe¢ cients under which we can consistently estimate the price elasticity of demand for King…sher beer by
simply running an OLS of y1 on a constant, y2 ; and the control variable
x.
(b) Suppose that you are concerned that the conditions stated in your answer
to part (a) do not hold. Suppose that you wish to estimate the price
elasticity of demand by 2SLS using only data for y1 ; y2 ; and x. How
would you perform this exercise? Under what conditions on the and/or
parameters is the 2SLS estimator consistent?
(c) Suppose the conditions stated in your answer to part (b) hold, so that we
can consistently estimate the price elasticity of demand. Is that su¢ cient
to also consistently estimate the price elasticity of supply? Give reasons
for your answer.
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3.

Suppose that the county of Foxfordshire has passed a law requiring employers
to provide 6 months of paid maternity leave. You are concerned that women’s
wages will drop in order to pay for this new bene…t. You …nd a data set that
samples men and women in Foxfordshire and in neighboring Wolfordshire and
has information on wages. You pool two cross-sections, one from the year before the law took e¤ect and one from the year after, and …nd that the average
wage for various groups is as follows (the …rst row is women and the second
is men):
Average wage Wolfordshire
Foxfordshire
Before After Before After
Women
9
12
8
10
Men
12
16
10
15
(a) Suppose you estimate the following model by OLS using only data from
Foxfordshire:
wage =

0

+

1 af ter

+

2 women

+

3

(af ter women) + u;

where af ter is a dummy variable for the year after the change and women
is a dummy variable for being a woman. What is the numerical value of
your estimate of 3 ?
(b) Suppose instead you estimate the following model by OLS using all the
data:
wage =

+ 1 af ter + 2 women + 3 (af ter women)
+ 4 F + 5 (af ter F ) + 6 (women F )
+ 7 (af ter women F ) + u;
0

where af ter and women are as before, and F is a dummy variable for
Foxfordshire. What is the numerical value of your estimate of 7 ?
(c) Can you provide a concrete example of a scenario where the estimate ^ 3
in part (a) will not yield a consistent estimate of the e¤ect of the law
on women’s wages, but the estimate ^ 7 in part (b) will? Explain the
reason(s) for the inconsistency of ^ 3 and the consistency of ^ 7 in your
example.
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4.

Consider the simple regression model
Y =

0

+

1X

+ u,

(a)

where E (u) = 0 but Cov (X; u) 6= 0. Let Z be a valid instrumental variable
for X: Further, let Z take on only two values: 0 and 1.
Show that
Cov (Z; Y )
.
1 =
Cov (Z; X)

(b)

Let

= E (Z) = Pr (Z = 1). Show that for any random variable W ,
E (W ) =
Cov (Z; W ) =

(c)

E (W jZ = 1) + (1
) E (W jZ = 0) ,
(1
) [E (W jZ = 1) E (W jZ = 0)] .

Using (a) and (b), show that
1

=

E (Y jZ = 1)
E (XjZ = 1)

Suggest and interpret an IV estimator of
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E (Y jZ = 0)
.
E (XjZ = 0)
1.
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5.

This question pertains to school attendance of children in rural India in 2005.
The data were collected through a household survey, containing information
on 17310 children. The names and brief descriptions of the variables are as
follows. Price and income are in thousand Indian Rupees.
Variable
inschool
price
f emale
income
age

Description
1 if child in school,
0 otherwise
Price per month of
attending a local school
1 if child is female,
0 otherwise
Family income per
capita per month
Age of child in years

Mean Std. Dev

Min

Max

0.34

0.48

0

1

0.176

0.224

0

2

0.44

0.49

0

1

3.078

1.072

11.77

4.77

1.593 5.713
5

18

When …tted to these data, a probit model for school attendance yields the
following output:
Dep. variable: inschool
constant
price
f emale
age
age_f emale = (age f emale)
income
Pseudo-R2 =0.33, N=17310

(a)

(b)

(c)

Coe¤ Std Error
3.76
0.114
-0.41
0.06
-0.65
0.14
-0.256
0.007
0.018
0.009
0.29
0.01

Consider a female, 15 year old child with family income 3. How low does
the price per month of attending a local school have to be in order for her
probability of school attendance to exceed 0.5?
Suppose instead of using the dummy variable for female, we use a dummy variable for male, i.e. male = 1 if and only if f emale = 0. Similarly age_f emale
is replaced by age_male = age male. What will the coe¢ cients be of a probit regression of school attendance on constant, price, male, age, age_male
and income?
How will you test whether age has any explanatory power for inschool in the
original probit regression model above? Describe the test statistic and the
criterion you will use to perform the test.
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6.

An economist estimates an AR(2) model for the UK employment rate using
an OLS regression with quarterly data from 1971.q1 to 2017.q3 (187 observations). The regression results are
d t = 0:93 + 1:681emplt
empl
(0:52)

(0:054)

1

0:694emplt 2 ; R2 = 0:99;
(0:054)

where the standard errors are given in parentheses, and emplt denotes the UK
employment rate at time t; i.e., the proportion of people aged 16 to 64 years
(in percent) who were in work at time t.
(a) Give the de…nition of a weakly stationary stochastic process. Assuming
that emplt is weakly stationary and follows a stable AR(2) process, what
do the above results tell us about the expected value of emplt ?
(b) Verify that the estimated AR(2) model is stable. Explain your reasoning.
How would you test for the absence of serial correlation in the error term
of the AR(2) model for the employment rate?
(c) The values of the UK employment rate in 2017.q2 and 2017.q3 were,
respectively, 75.1 and 75.0. Given the above results, what is your forecast
of the UK employment rate in 2018.q1? Explain how you would estimate
the variance of your forecast error.
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7.

An economist studies monthly data on the Swedish exchange rate (kronor/US$)
for the period from March 2008 to February 2018 (120 observations). This
exchange rate is denoted as SweER. The sample autocorrelogram for SweER
is as shown in the picture below.

(a) How would you characterize the behavior of SweER using the information
in the above sample correlogram?
(b) The economist uses the data to obtain the following OLS results
d t = 0:332
SweER
(0:142)

0:0436SweERt
(0:0191)

1

+ 0:421 SweERt 1 ;
(0:084)

where the numbers in parentheses are the standard errors, SweERt is
the Swedish exchange rate at time t; and SweERt 1 = SweERt 1
SweERt 2 : Using these results, test for a unit root in SweERt . Use
a 5% signi…cance level test. Why is it important to have SweERt 1
included in the regression for the purpose of testing for a unit root?
(c) Suppose that in addition to the data on the Swedish exchange rate, the
economist has similar data on the Norwegian exchange rate. Describe a
procedure that the economist can use to test a hypothesis that these two
exchange rates are cointegrated. If we …nd evidence of cointegration, how
could you use the cointegrating relationship for constructing a forecasting
model for the Swedish exchange rate?
END OF PAPER
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1. Discuss the empirical evidence on changes in the wage distribution within high-income
and low-income countries over the last twenty five years. What have been the major trends in
different countries around the world? Which model of international trade offers the most insight into understanding changes in the wage distribution: the Ricardian model of comparative advantage based on technological differences, the Heckscher-Ohlin model of comparative
advantage based on differences in factor endowments, or models of outsourcing and splitting
up the value chain of production? Discuss the advantages and disadvantages of these models
and discuss the role of technology.
2. Consider the Ricardian model with a continuum of goods, z, indexed from 0 to 1, and two
countries, A and B. Preferences in the two countries are identical and are Cobb-Douglas with
a constant expenditure share for each good, b(z). Initially the two countries have identical
population sizes, LA = LB , and are in autarky. Technology is as follows: aALz units of labour
are required to make good z in country A, aBLz units are required in country B and the unit
labour requirement is strictly positive for all goods.
(a) Describe what would happen to production, trade and real wages in country B if the
two countries open to free trade in goods. You might wish to use a graph to illustrate
your points.
(b) Suppose that under free trade country B experiences a decline in its population so that
LA > LB . Explain the implication of this change in relative population sizes on the
pattern of production, trade and the real wage in country B.
(c) Finally, suppose that after the population decline in country B, the two countries negotiate to allow the free movement of people between the two countries. Would anyone
choose to immigrate/emigrate? If yes, who? What would be the consequences? Clearly
state any assumptions you make to answer this question.
3. Suppose the United Kingdom leaves the EU customs union and freely sets its own trade
policy. For simplicity, assume that the UK chooses a single trade policy that it imposes
against imports from all trading partners (EU and non-EU). Under option 1, the UK would
unilaterally completely liberalize trade in all goods. Under option 2, the UK would maintain
its current WTO tariff commitments (i.e., keep external tariffs imposed on imports exactly at
the level they are at now.) For simplicity, assume that quotas are not used and are not being
considered under any option. Using standard trade models, explain the pros and cons of these
two policy options making clear any assumptions you make about the size of the UK relative
to the Rest of the World. Include a discussion and graph of the double-distortion created by
import tariffs and describe the circumstances in which non-zero tariffs are welfare enhancing
for at least some agents in the UK.
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4. There exist multiple hypotheses about the fundamental causes of economic development.
One of them focuses on geography.
(a) Outline the geography hypothesis.
(b) Explain the challenges involved in providing evidence for the role of geography in
development and describe how Dell, Jones and Olken (2012; henceforth, DJO) address
these challenges in the article “Temperature Shocks and Economic Growth: Evidence
from the Last Half Century”.
(c) Do DJO identify precise mechanisms underlying the relationship between geography
and economic development? Discuss.
(d) Does the empirical strategy in DJO have any limitations? Discuss.
5. A recent paper studied the introduction of electronic voting technology in Brazilian elections. It found that the new technology, which guided voters step by step, facilitated voting
and reduced errors, generating a lower number of residual votes (i.e. votes not assigned to
a candidate and discarded from the tallying of results). This was especially true for less
educated citizens, who struggled with the previous system of paper ballots. The study also
observed that, following the change in voting technology, there was a shift in government
spending towards health care, an increase in utilization of health services and an improvement in the health of newborns.
(a) Can the findings in this study be reconciled using a voting model that you are familiar
with? Why or why not? Discuss.
(b) How does the evidence in this study compare to that in other papers examining the
relationship between voting and public health policy? Discuss any similarities and
differences.
6. A new study shows that the level of deforestation and illegal logging across Indonesian
districts is positively related to the degree of ethnic fractionalization.
(a) Why would more fragmented communities be exposed to higher levels of illegal logging? Summarize the political economy theories that could offer an explanation for the
relationship between ethnic diversity and deforestation.
(b) Which findings in the existing empirical literature are consistent with the hypothesis
that ethnic diversity affects deforestation? Discuss with reference to specific papers.
(c) Are there reasons why the relationship uncovered in the new study may not be causal?
Which alternative explanations would you consider? Discuss.
(d) Can a government address the problem with a policy directed towards ethnic divisions
or should it focus its efforts on more direct measures (such as higher controls on logging
activity)? Discuss.
END OF PAPER
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SECTION A
1

Show that the sequence fxk gk2N , with xk = k, does not converge.

2

Is the function f (x1 ; x2 ; x3 ) = x1 + x22 + x33
Justify your answer.

3

Suppose that X and Y are two random variables with E(X) = E(Y ) = 0 and
var(X) = 2X < 1 and var(Y ) = 2Y < 1: Which of the following statements
could be true?
(a) var(X Y ) = var(X) var(Y )
(b) var(X + Y ) var(X) + var(Y )
(c) var(EL (Y jX)) var(Y ); where EL is the best linear predictor
(d) var(EL (Y jX)) < var(E(Y jX)):

4

Establish whether the following statements are True, False, or Indeterminate.
Explain your reasoning.
(a) Suppose that as n ! 1
p

n(Xn

x1 x2

3x3 convex or concave?

D

) ! U;

where U denotes a random variable with a uniform distribution on [0; 1],
then as n ! 1
Pr n(Xn
)2 x ! x2
for all x 2 [0; 1]:
(b) Let X be a random variable with c.d.f. FX (x) = Pr(X x): Let SX (x) =
1 FX (x) be the survivor function of X: The survivor function is weakly
decreasing and right continuous.
(c) Suppose that
1 1 1
V =
:
1 1 1
The matrix V V
rank.

|

|

is of full rank, whereas the matrix V V is of de…cient
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SECTION B
Sub-section B.I: Answer two questions from this sub-section
1

Consider the following optimal control problem
Z T p
2 c(t)as(t)dt
Maximize V =
0

s.t.

ds
= s_ = [1 c(t)]as(t)
dt
where a > 0, c(t) > 0 is consumption at time t, and s(t) is the level of stock
at time t. The initial stock at time 0 is s(0) = 1, and s(T ) > 0 is the amount
of stock at time T .
(a) Solve for the optimal capital stock s(t), t 2 [0; T ].
(b) What condition must s(T ) satisfy for this problem to be solvable? Interpret your answer.
2

Marbod can either spend his income on a composite consumption good x
(money) or buy cigarettes y. His "commitment utility" over money and cigarettes is given by u(x; y) = x y, and his "temptation utility" by v(x; y) = xy,
where > 0 is his level of addiction. The prices of money and cigarettes are
both equal to 1.
(a) (i) Interpret these utility functions and use Gul-Pesendorfer’s model
of temptation and self control to formulate Marbod’s utility over
income.
(ii) Solve for his optimal consumption choices of money and cigarettes
for a given income level m and a given level of addiction . Show
that there is an income threshold m( ), such that for income levels
above m( ) he gives into temptation and smokes, while for income
levels below m( ) he does not. Discuss your …ndings.
(iii) For a given level of temptation , derive Marbod’s utility of income.
Draw a graph of his utility of income (i.e. income on the x-axis).
Comment on how his utility varies with income and his level of addiction.
(b) Assume that Marbod’s income m and his current level of addiction is
such that m > m( ). He can join a program to help him quit smoking. If
he sacri…ces a fraction of his income his addiction level will be reduced
by a fraction .
(i) What fraction of his income must Marbod sacri…ce to be sure that
he won’t smoke? That is, calculate the smallest (m; ), call this
level (m; ), that implies y = 0.
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(ii) Assume that Marbod has spent the fraction (m; ) of income calculated in part (i.) to reduce his addiction. Would he voluntarily
sacri…ce a slightly higher fraction of his income to reduce his level of
addiction a bit further?
3

Consider an economy populated by individuals who are simultaneously producers and consumers of a consumption good. Individuals are indexed by a
parameter , their type, where 2 f 1 ; 2 g and 1 < 2 . Assume that half of
the population is of type 1 and half is of type 2 . All individuals have the
same utility function ln(c) l, where c is consumption and l is labour. An
individual of type can produce output according to the production function
q = l. The government would like to …nd an allocation that maximizes social
welfare taking into account the resource constraint, i.e. that total consumption must be no larger than total production. Social welfare is utilitarian:
1
(ln c1
2

1
l1 ) + (ln c2
2

l2 ):

(a) Assume that the government knows each individual’s type. Write down
the government’s maximization problem in the variables c1 ; c2 ; q1 ; and q2
(this will simplify things later). Solve for the …rst-best levels of individual
consumption and supply. Comment on your …ndings.
(b) Assume now that the government does not know an individual’s type
and has to rely on each individual to self-select his or her preferred
consumption-supply pair. Write down the government’s new maximization problem, carefully explaining the additional incentive compatibility
constraints. Derive the …rst-order conditions.
(c) Using the …rst-order conditions derived in (b), show the following:
(i) The additional incentive compatibility constraints cannot bind simultaneously.
(ii) Assume that you know that only type 2 ’s incentive compatibility
constraint binds (don’t attempt to prove this). Show that this implies that type 1 consumes less than type 2 . Compare to your
answer in (a).
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Sub-section B.II: Answer two questions from this sub-section
1

Suppose that two fair dice are tossed independently and the outcome space is
S = f(1; 1); : : : ; (6; 6)g : Suppose that John only observes the sum of the two
dice, whereas Mary only observes the product of the two dice.
(a) Describe the sigma algebra on S corresponding to John and the sigma
algebra on S corresponding to Mary.
(b) Let X be the random outcome of the …rst die, and let Y be the random
outcome of the second die. Can one determine X and Y uniquely by
asking John and Mary what they observed?
(c) Suppose that I have to ask either John or Mary what they observed,
but I can’t ask both. Suppose that I also know that X
Y: I want
to uniquely determine X and Y: Whom should I ask to maximize the
probability of being able to do so?

2

Her Majesty’s Revenue and Customs (HMRC) wishes to …nd out what proportion of taxpayers have paid their taxes in full. If they just ask people this
question directly, they are unlikely to get an accurate answer. Instead they
formulate a cunning plan. They propose two questions:
Q1. Did you pay all your taxes in the last …nancial year?;
Q2. Did you get a head in the coin toss that you just did?
They send a letter to a sample of n taxpayers: the letter contains question
Q1 with probability and contains question Q2 with probability 1
(with
the instruction to toss a coin); where is a number chosen by HMRC with
2 (0:05; 0:95): Each taxpayer answers the question (truthfully) they received
by sending a simple yes or no by return of post so that HMRC only knows
the answer but they don’t know to which question it was an answer. Let p be
the population proportion of taxpayers who paid their taxes in full. Let be
the population proportion of taxpayers who would answer yes to the question
they received.
(a) Derive an equation for in terms of p and :
(b) Now suppose that HMRC receives k "yes" answers from the n letters
issued. From this information, provide an estimator pb of the fraction of
the taxpayer population that paid all their taxes last year. Derive also
a con…dence interval for p.
(c) Suppose that the new head of HMRC wants a simpler approach and
suggests to estimate p by
k
pe = :
n
Derive the mean squared error of this estimator. In which case is this
estimator preferable to pb?
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3

The bootstrap is a method widely used in statistical inference. Suppose that
fx1 ; : : : ; xn g is a sample of data that takes distinct values. A bootstrap sample
fx1 ; : : : ; xn g is drawn from fx1 ; : : : ; xn g with replacement. Suppose that n =
5; and we have drawn fx1 ; : : : ; x5 g = fx1 ; x1 ; x3 ; x5 ; x5 g :
(a) Show how we can write
x = A5 x;
|

|

|

where x = (x1 ; : : : ; x5 ) = (x1 ; x1 ; x3 ; x5 ; x5 ) and x = (x1 ; : : : ; x5 ) are
vectors containing the bootstrap sample and the original sample, and
A5 is a 5 5 matrix: What is the rank of A5 ? Find an eigenvalue and
eigenvector of A5 :
|
|
(b) Let x = (x1 ; : : : ; x5 ) = (x1 ; x1 ; x3 ; x5 ; x5 ) be the given bootstrap vector
and de…ne
S = fy : A5 y = x g R5 :
Is this set a subspace of R5 ?
(c) Now consider the general case where x is a typical bootstrap sample
of size n from a vector x: Describe the matrix An such that x = An x:
Suppose that we only observe the bootstrap data x ; but we know the
matrix An : Under what circumstances may we obtain the original data
x uniquely from the bootstrap sample?
END OF PAPER
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SECTION A - Answer TWO questions from this Section.
1. Consider an individual choosing hours of work H. Let L be the hours of leisure. The sum of
H and L is the total hours available. Let W be the wage rate and N be the non-labour income.
The individual maximizes a standard utility function with preferences over consumption and
leisure. Assume that leisure is a normal good.
(a) Draw the budget constraint and indifference curves for this individual in a diagram with
consumption on the y-axis. Indicate the optimal allocation of consumption and leisure
and explain why the individual would not choose other bundles of consumption and
leisure. Please label the diagram clearly.
(b) In the early 1990s the Canadian government funded a demonstration project – the Self
Sufficiency Project (SSP) – designed to test whether an earnings subsidy could help
long-term welfare recipients make a permanent break from program dependency. The
SSP evaluation used a randomized design. One-half of a group of long-term welfare
recipients was offered the SSP supplement (the treatment group), while the other half
remained in the regular welfare system (the control group). Assume that non-labour
income N is zero.
(i) Under the regular welfare system, welfare payments are reduced dollar-for-dollar
for any earnings beyond a threshold G. Draw the budget constraint facing individuals in the control group. Illustrate on a diagram and explain in words how the
regular welfare system affects the labor supply incentive for people at different
positions along the budget constraint.
(ii) Under the SSP supplement, the subsidy formula is equivalent to a negative income tax with a 50% tax rate, a “guarantee level" that is equivalent to G, and
a minimum hours requirement of at least 30 hours per week. Draw the budget
constraint facing individuals in the treatment group. Illustrate on a diagram and
explain in words how the SSP supplement changes the labor supply incentive for
people at different positions along the budget constraint (relative to the regular
welfare rules). Does the program provide any disincentives to work for certain
individuals? If so, illustrate it on the diagram and explain it carefully.
(iii) Discuss the value of random assignment in the evaluation of the SSP. (Hint: Suppose the group of long-term welfare recipients can self-select into either the SSP
supplement or the regular welfare payments. Who is more likely to choose the
SSP supplement?)
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2. Assume the standard schooling model with infinite lifetimes, perfect capital markets, and
no direct costs of schooling. But now assume there is a consumption value of education.
Let the individual utility function be U(S,V ), where S is the years of schooling and V is the
present value of lifetime income. Let
U(S,V ) = δ1 S − δ2 S2 + δ3 log(V ),

(1)

where δ1 > 0, δ2 > 0, δ3 > 0.
2

(a) Assuming that per-period earnings after completing schooling are f (S) = eα+β S−γS ,
where f is an increasing concave function for relevant values of S. Let r be the real
interest rate. Derive the first order condition for utility maximization.
(b) What is the optimal level of schooling S?
(c) Draw a diagram in V − S space (with V on the y-axis) showing the optimal level of S.
How does the optimal level of S relate to the value that would be obtained if there were
no consumption value of schooling?
(d) Consider the equation for the choice of schooling derived in (b). Are the comparative
statics of the model – the effects of β and r – affected by δ1 and δ2 ?
3. Human Capital
(a) Describe the problem of “ability bias” in the estimation of the impact of schooling on
earnings with a simple econometric model. Show how instrumental variables (IV) can
be used to address the problem.
(b) The empirical literature on estimating the effect of schooling on earnings shows that
IV estimates typically are larger than OLS estimates, which is regarded as surprising
because the “ability bias” is presumed to create an upward bias in OLS estimates.
Could this result be explained by an “absolute” advantage story: suppose those who
have higher education levels would have had absolutely lower earnings if they had
stopped their schooling earlier than those who are observed to have lower schooling
levels. Write down an econometric model of the returns to education under the scenario
in which the absolute advantage story is true and explain whether or not this creates a
downward bias in OLS estimates.
(c) Provide at least one additional explanation for why OLS estimates of the effect of
schooling on earnings might be smaller than the IV estimates.
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SECTION B - Answer One question from this Section.
4. In economics, there are two main models of education: the human capital model and the
signalling model.
(a) Briefly describe the main differences between these models.
(b) Suppose that workers’ utility function is given by
U (W, x; a) = χW −

γ 1−η η
a
x ,
η

where W is the wage rate, a is the worker’s ability, and x is the years of education a
worker takes, and where χ > 0, γ > 0, and η > 1 are parameters. The wage of a worker
depends on her years of education
W = ω0 + ω1 x,
where ω0 ≥ 0 and ω1 > 0 are parameters. Calculate the optimal years of education x∗
a worker chooses.
(c) How does x∗ depend on the worker’s ability? What feature of the utility function
U (W, x; a) leads to this result?
(d) Is this outcome consistent with the human capital model, the signalling model, or with
both?
(e) Suppose that firms observe workers’ years of education but not their ability. Furthermore, workers’ productivity is equal to their ability. Suppose that free entry of firms
drives down profits to zero and suppose that ability is uniformly distributed between 0
and 2. What are the values of ω0 and ω1 ?
(f) Normalize the total size of the population to unity. How does the total (utility) cost of
education depend on γ? Give the intuition for this result.
(g) Suppose the government is able to tax the full cost of education and distribute the
revenues from this tax equally among all workers. What would be the optimal tax rate
as a percentage of the private cost of education? What would be the total tax revenue?
Who would gain from this redistributive policy and who would lose? Explain your
answer.
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5. Consider a labour market with search frictions. All jobs are equally productive and yield
an output X. Workers receive job offers at a rate λ . Existing jobs are destroyed at a rate
δ . The interest rate is ρ. Let F (W ) be the distribution of wages W among job offers. Job
seekers will accept any new job that offers a wage greater or equal than their current wage.
When a workers leaves a job, the firm is left with a vacancy; the asset value of a vacancy is
equal to V .
(a) Write down the Bellman equation for the asset value of a job J (W ) as a function of its
wage W . Give the intuition for your answer.
(b) Derive the first order condition for the optimal wage offer W ∗ of the firm. Give the
intuition for your answer.
(c) Although all firms are equal, an equilibrium where all firms pay the same wage does
not exist in this economy. Explain why this is the case.
(d) Consider a firm that offers a wage W such that a fraction F of all other firms offers a
lower wage. Since all firms are equally productive, the asset value of a job must be
independent of the wage policy W of the firm. Use this observation to calculate the
wage offer of this firm.
(e) Consider the case in which the asset value of a vacancy is zero, V = 0, but in which
firms differ in their productivity. Let X (F) be the productivity of a firm with rank F
in the productivity distribution; hence, a fraction F of all firms have a productivity less
than X (F). Suppose X (F) = F. Let J (F,W ) be the asset value of a job of rank F
offering a wage W . Derive the Bellman equation for the asset value of a job and the
first order condition for the optimal wage offer W (F) of a firm of rank F.

(f) Show that the optimal wage offer is an increasing function of F. Hint: use F 0 (W ) =

1
dF
=
dW
W 0 (F) . Provide intuition for this result.
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SECTION C - Answer One question from this Section.
6. Please answer parts (a) and (b).
(a) The Oaxaca decomposition separates the gender pay gap into its constituent parts.
(i) Write down the Oaxaca decomposition of the gender pay gap for hourly wages
when hourly wages are a function of human capital attributes and time spent in
household production.
(ii) Describe the changes in women’s qualifications and labour market attachment in
recent decades.
(iii) Explain how the changes in (ii) would affect the elements of the pay gap identified
in (i) above.
(b) A recent study by Lundborg, Plug and Rasmussen (2017) examines a component of the
gender pay gap known as the ‘motherhood gap.’
(i) Outline the study design.
(ii) Describe the key findings.
(iii) What do the authors suggest lies behind this ‘motherhood gap’?
7. Claudia Goldin (2014) notes that there is some convergence in many aspects of men’s and
women’s education and work but the pay gap persists. In discussing how pay equality may
be achieved, she concludes: ‘The solution does not (necessarily) have to involve government
intervention... But it must involve changes in ... how jobs are structured and remunerated to
enhance temporal flexibility.’
(a) Describe the effectiveness of government policies on pay that have been aimed at reducing the gender pay gap in the UK.
(b)

(i) In what ways do jobs need to be ‘structured and remunerated’ to facilitate the
achievement of equal pay?
(ii) Describe the key features of the pharmacy industry in the USA that have enabled
gender pay equality to be achieved.

END OF PAPER
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SECTION A: HISTORY OF ECONOMICS
1.

(a) Discuss the relationship between self-interest and fellow-feeling in Adam
Smith’s view of human action.
(b) What role, if any, does state intervention play in the theory of a cumulative process of growth found in the Wealth of Nations?

2.

(a) Compare the theories of economic growth proposed by Adam Smith and
David Ricardo.
(b) Critically assess whether one of the above theories is more relevant than
the other to understand growth in modern economies.

3.

(a) Outline and assess Marx’s views on the inherent instability of capitalism.
(b) Critically compare Marx’s views with Ricardo’s theory of growth and
distribution.

4.

(a) In what way, if any, can Marshall’s contribution be seen as an attempted
synthesis of Classical and Marginalist theories?
(b) Critically assess whether is it a successful synthesis.

5.

(a) In what sense, if any, does Keynes’contribution combine elements of the
Classical and Marginalist paradigms?
(b) Critically discuss whether Keynes’ contribution constitutes a distinct
paradigm.

6.

(a) Critically assess Schumpeter’s views on the long-term prospects of capitalism.
(b) Compare Schumpeter’s views, as discussed in part (a), with those of
Keynes and Marx.
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SECTION B: PHILOSOPHY OF ECONOMICS
SOCIAL ONTOLOGY
7.

(a) Explain the assessment that it is because i) limited liability corporations are real entities positioned as legal persons that ii) transnational
corporations can decide where in the world to pay any taxes.
(b) An alternative assessment is that premise i) in (a) is wrong and this is
why limited liability corporations are widely regarded as …ctitious persons. Making use of the technical notion of a legal …ction, or otherwise,
brie‡y evaluate the latter alternative assessment.

8.

(a) Explain the assessment that money is positioned bank debt.
(b) Explain why John Searle concludes that internet payments involve no
money.
(c) Critically comment on (a) and (b).

9.

(a) ‘Keen to promote a turn to evolutionary economic theorising, Veblen
(more than a century ago) provided an ontological analysis when coining
the term neoclassical economics.’Explain this statement.
(b) Suggest some criteria that you think might reasonably be used in deciding
how a term like neoclassical economics is most appropriately de…ned
today, and assess, with reasons, whether Veblen’s conception …ts any of
them.
(c) Critically comment on (a) and (b).

GENERAL PHILOSOPHY
10.

What, if anything, is wrong with rational choice theory as a scienti…c theory?

11.

Does welfare economics make defensible assumptions about well-being? Justify your answer.

12.

Is Cost Bene…t Analysis a good decision procedure? Justify your answer.

END OF PAPER
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1

A small open economy is an exporter of a primary good, x1 , and an importer of a manufactured x2 . Both goods are produced domestically using a
sector-speci…c input of capital and labour and are substitutes in consumption.
Labour can move freely between the two sectors and the total endowment of
labour is …xed. The government levies an export tax on x1 .
(a) Given the export tax is already levied, would it be bene…cial to impose
a tari¤ on good x2 ? Explain carefully.
(b) Suppose that the government must raise revenue to …nance public services. Under which conditions can you use the Diamond-Mirrlees production e¢ ciency result to argue that trade taxes are not optimal? Describe
the second-best optimal tax structure.

2

Suppose that the marginal deadweight cost associated with the value added
tax (VAT) levied on car seats for children (at 5 percent) is three times smaller
than the marginal deadweight cost associated with the VAT levied on highchairs for children (at 20 percent).
(a) Does this imply that it would be optimal to lower the VAT on highchairs
and increase the VAT on car seats?
(b) One argument in favour of di¤erential VAT rates is that it gives the tax
system a "pro-poor" bias. Evaluate this rationale and discuss alternative
ways to give the tax system such a bias.

3

Smoking bans were recently introduced in the United Kingdom. Scotland
introduced a ban on 26 March 2006, Wales on 2 April 2007, Northern Ireland
in 30 April 2007, and England in 1 July 2007. You wish to estimate the impact
of the ban on the incidence of lung cancer in the population.
(a) Suppose that you decide to use a di¤erences-in-di¤erences design to evaluate the impact of the ban.
i. Describe in detail what your study would look like, paying special
attention to the assumptions that you need to make.
ii. What are the main threats to internal validity?
iii. Suppose you …nd that the ban has no e¤ect. Would this necessarily
mean that it was ine¤ective at improving health outcomes? Explain
why or why not.
(b) Instead, suppose that you decide to use a regression discontinuity design
to evaluate the impact of the ban.
i. Describe in detail what your study would look like, paying special
attention to the assumptions that you need to make.
ii. What are the threats to internal validity?
(c) Is there a better research design that you could use to analyse this data?

2 of 4

4

You wish to estimate the e¤ectiveness of mosquito nets in reducing the number
of malaria infections. Malaria is transmitted through the bite of infected
mosquitoes.
(a) Describe in detail a randomised controlled trial that would help you
assess the e¤ectiveness of handing out mosquito nets free of charge.
(b) Suppose you are told the following about mosquitoes and malaria: (i)
mosquitoes only reproduce in the wet season, and (ii) mosquitoes become
infected by biting a person with malaria. How does your experimental
design deal with these two issues? If it does not, how would you modify
it so that it does?
(c) Discuss the threats to the internal and external validity of your proposed
study.

5

A highway agency needs to import some raw material for a road project and
needs to estimate the appropriate shadow price.
(a) The world market price of the raw material is p and the material is
subject to an import duty . What is the shadow price of the raw
material?
(b) The agency learns that the use of the raw material poses a health risk.
It has estimated that social damage (d) is
r2
;
2
where r is the physical units of the raw material imported for the project.
What is the shadow price of the raw material in this case? What is the
numeraire relative to which the costs are measured? Would it ever be
appropriate to use the duty inclusive price (p + ) as the shadow price?
d=r+

6

The rule that the Department for Environment Food and Rural A¤airs (Defra) uses for allocating funds for ‡ood defence is that for every £ 1 spent on
protective schemes there must be an average of £ 8 of damage avoided.
(a) What is the justi…cation for this rule?
(b) The bene…ts of most ‡ood defence schemes are spread over many years,
sometimes centuries. How should this be taken into account?

7

It used to be the case that Cambridge economics undergraduates started applying for jobs during the Easter break in their …nal year. Today, they start
applying much earlier than that.
(a) Discuss why this change might have happened. Does it represent a market failure?
(b) Based on the experience obtained from market design in the market for
junior doctors, can you suggest a reform that would make the market for
graduates in economics more e¢ cient?
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8

A worker chooses how much e¤ort to exert without knowing the state of the
economy. She has preferences over her (uncertain) income (w)
e and e¤ort (a)
as follows
a1+
1 2
;
U (a) =
2
1+
2
where = E [w],
e
= V ar (w),
e and and are positive constants. E¤ort
has an e¤ect on pro…ts ( ) as follows
= x + a;

where x is a random variable describing the state of the economy. This state
is unknown to the worker and is unobservable to the …rm’s owner. Both the
worker and the …rm’s owner observe pro…ts.
(a) How might the …rm’s owner use information on pro…ts to incentivise the
worker?
(b) Suppose that the …rm wants to maximise pro…ts over a long time horizon,
with e¤ort being chosen in each period by the worker. Suppose further
that the random variable, x, follows the process
xt+1 = xt +

t+1 ;

where t+1 is independent over time. How should the intensity of the
…rm’s incentives change over time? Does your answer depend on the
value of ?
9

To what extent do the following provide evidence for the signalling model over
the human capital model of education?
(a) An econometrician estimates that the e¤ect of education on observed
wages diminishes as individuals get older.
(b) All UK universities choose to charge fees at the maximum amount of
£ 9000 per year for all courses.

10

(a) If there were no government involvement in health care provision, what
level of provision might we expect to observe?
(b) The government wants to achieve e¢ ciency and equity improvements
over this outcome. Evaluate the following policies:
i. The government paying for health care directly and …xing the prices
paid for health procedures.
ii. The government removing barriers to entry of new hospitals.
END OF PAPER
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1

(a) What is “the New Keynesian Phillips curve”approach?
(b) What are the advantages and disadvantages of this approach?
(c) What if any are the advantages of the Mankiw-Reis “sticky-information”
approach compared with “the New Keynesian Phillips curve?”

2

(a) In what ways can the Neoclassical growth model explain why some countries are rich while others are poor?
(b) What is the role of institutions in economic development?

3

Testifying before the U.S. Congress in 1960, economist Robert Tri¢ n exposed
a fundamental problem in the international monetary system:
If the United States stopped running balance of payments de…cits, the
international community would lose its largest source of additions to
reserves. The resulting shortage of liquidity could pull the world economy
into a contractionary spiral, leading to instability.
If U.S. de…cits continued, a steady stream of dollars would continue to
fuel world economic growth. However, excessive U.S. de…cits (dollar
glut) would erode con…dence in the value of the U.S. dollar. Without
con…dence in the dollar, it would no longer be accepted as the world’s
reserve currency. The …xed exchange rate system could break down,
leading to instability.
(a) Discuss the determinants of the progressive erosion of ‘con…dence’ in
the U.S. dollar convertibility throughout the 1960s, assessing the role
played by the mismatch between international dollar circulation and gold
reserves.
(b) Is this dilemma entirely a result of the debt and budget policies in the
country issuing the international reserve currency? Discuss.

4

In July of 2012 the President of the European Central Bank stated that he was
“...ready to do whatever it takes” to preserve the Euro as a single currency
of the European Union. Critically evaluate the economic justi…cation for this
policy. What further measures does the Euro Area need to take in order to
ensure that this guarantee continues to be credible?

5

In the context of Poole’s analysis for the choice of a policy instrument, under
what conditions should the monetary authority target a monetary quantity
rather than an interest rate? Explain the assumptions underlying the analysis.
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6

Consider the following model with monopolistic competition. There is a continuum of households each of which owns a …rm and provides labour for some
…rm other than its own. Households maximise utility
1

U i = Ci

Li

subject to their budget constraint
P Ci = P

i

+ W Li

where Ci , Li and i are consumption, labour supply and pro…t of the …rm
owned by household i respectively, P is the aggregate price index and W is
the nominal wage rate. Each …rm produces a di¤erentiated good and goods
are imperfect substitutes. The demand for the good of …rm i is
Qi = Y

Pi
P

;

>1

where Y is average real output, Pi is the price of the good of …rm i. The
production function for a …rm i is Qi = Li , where Qi is real output of …rm i.
The labour market is perfectly competitive. Firms maximise pro…ts, subject
to their production function. Aggregate demand is given by Y = M=P , where
M is money supply.
(a) Assuming that all households and …rms are identical, derive the equilibrium real output Y and equilibrium price P in this economy. What
happens to these when the parameter increases? Explain.
(b) Derive the equilibrium real output in the absence of labour markets, i.e.
in a variation of the model where households work for their own …rm.
Explain the di¤erence with the result obtained in part (a).
(c) Assume that = 2 and = 2 and that the …rms face a menu cost Z =
0:001 if they change their prices. Assume that money supply increases
by 5% ( M=M = 0:05). Would it be optimal for the …rms to keep their
prices …xed? Interpret your results.
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7

Consider a continuous-time Solow growth model. The production technology
is represented by:
Y (t) = K(t) L(t)1 ; 2 (0; 1);
where Y (t) corresponds to output, K(t) is the capital stock, and L(t) is labour.
Population grows at constant rate n and agents save a fraction s 2 (0; 1) of
income. The economy is closed which implies that investment equals savings.
Capital evolves according to the following equation of motion:
_
K(t)
= q(t)I(t)

K(t);

> 0;

where I(t) denotes investment and is the depreciation of the capital stock.
Variable q(t) corresponds to the inverse of the relative price of machinery
to output. Assume that this relative price is declining over time, such that
q(t)
_
= > 0.
q(t)
(a) Write down the equilibrium equation that describes the evolution of capital per unit of labour. What is the long-run growth rate of output per
unit of labour along the Balanced Growth Path? Explain.
(b) Does the economy converge to this Balanced Growth Path equilibrium?
Explain. (Hint: Show how the system can be made stationary.)
(c) What is the equilibrium level of output per unit of labour along the
Balanced Growth Path equilibrium?
(d) Show the dynamics of the output per unit of labour after a permanent
increase in , which corresponds to the inverse of the relative price of
machinery to output. Explain.
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Consider a version of the Mundell-Fleming model allowing for a country’s risk
premium $:
h _
_
1
IS : Y =
A+ Y Y
rL i + $ $
t+1 +
1
C + Y
M
LM :
= YY
ii
P_
BP (U IP ) : e t+1 + $ e =i i

i
e
e

A positive shock to $ means that international investors require a higher rate
of return to invest in …nancial and real assets issued by the country. Above,
Greek (upper case) letters denote parameters, assumed to be positive, and:
Y_ (Y )
A
P
M

output (foreign output) i (i )
_
autonomous spending
t+1
price level
$_
nominal money supply e e t+1

(risk-free) nominal interest rate (foreign)
expected in‡ation
country risk premium
exchange rate (expected)

(a) Analyze the e¤ects of an increase in $ under (1) …xed and (2) ‡exible
exchange rates. Explain carefully the mechanisms under which, according to the model, the central bank may/may not be able to stabilize the
economy. For each regime discuss the change in (i) the level of output,
(ii) the composition of aggregate demand, (iii) the balance of payments
and capital ‡ows.
(b) According to the model, the risk-premium shock may result in an economic expansion. Provide a critical assessment of the key maintained
assumptions under which this is possible, and derive implications for
monetary policy.
(c) Many observers have recently criticized the ‘Trilemma’in international
…nance, stressing that its economic foundations have changed in a world
with globalized capital markets, where ‡uctuations in country risk may
create large capital out‡ows.
(i) State the Trilemma, and modify the model so as to allow for capital
controls.
(ii) In light of your answers to parts (a) and (b), discuss the implications
of large ‘risk shocks’for the trilemma.
You can carry out your analysis either algebraically or graphically (using the
(Y; i) space), or both. State rigorously your arguments, and explain thoroughly your answers.
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Suppose an economy is characterized by the following equations:
AS/Phillips curve :
AD :
Money demand :

m

= e + ay + e
e
y = b(i
)+u
=y+ ;

where ( e ) is in‡ation (expected in‡ation), y is the output gap, i is the
nominal interest rate, m is the growth rate in money supply; e, u, and
are mean-zero, mutually uncorrelated shocks with variances 2e , 2u , and 2 ,
respectively, and a > 0, b > 0. Let the monetary authority implement policy
by setting i to minimize the expected value of the loss function
L=E

1
(y
2

y )2 +

1
2

2

;

where y > 0 and > 0. The public sets its in‡ationary expectations prior to
the policymaker’s setting of i, in the absence of any information on the shocks
u, e, and , and in accordance with rational expectations.
(a) Assume …rst that the policymaker can set the nominal interest rate after
observing the shocks e, u, and . Find the optimal (discretionary) rule
for the nominal interest rate as a function of the shocks and expected
in‡ation.
(b) Now assume that the policymaker commits herself to the interest-rate
policy i = k0 +k1 e+k2 u, prior to observing any values for the disturbances
e, u, and . Find the optimal values of k0 , k1 , k2 .
(c) Compare the outcomes under the two policies above: do they have the
same average in‡ation, average output, variance of output, and variance
of in‡ation? Does the equilibrium output react to the supply shocks and
to the demand shocks? Explain.
END OF PAPER
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1

Consider the marriage problem with strict preferences.
(a) De…ne stability and show that a stable matching always exists.
(b) Explain what men-optimal stable matching means. Does it always exist?
(c) If M is the men-optimal stable matching, and if is a stable matching,
show that every woman (weakly or strictly) prefers to M .
(d) State and prove the Singles Theorem.

2

There are n students, and n schools with one seat each. Each school x has a
strict priority ranking x over students. Each student i has a strict preference
ranking i over schools.
The schools’priorities are commonly known. The students are asked to submit
their preferences into an algorithm which proceeds as follows:
Step 1: Every student points at her top school, and each school points at the
student with the highest priority. If there is a cycle in this graph, match each
student to the school she is pointing at, remove these students and schools
from the problem. Go to step 2.
For t

2:

Step t: Every remaining student points at her top school among the remaining schools. Each school points at the student with the highest priority among
the remaining students. If there is a cycle in this graph, match each student
to the school she is pointing at, remove these students and schools from the
problem. If any students and schools remain, go to step t + 1. Otherwise end.
(a) Is there always a cycle whenever a graph is built in this algorithm? If
so, prove it. If not, give an example to the contrary.
(b) Assume that the students reveal their preferences truthfully. Is the outcome of this algorithm e¢ cient? If yes, prove it. If not, give an example
to the contrary.
(c) A matching violates priorities if there is a student-school pair (i; x)
who are not matched, i prefers x to her assigned school, and x ranks i
higher than the student assigned to x. (That is, (i; x) form a blocking
pair.) Assuming that the students reveal their preferences truthfully, can
the outcome of the algorithm violate priorities? If yes, give an example.
If not, prove that the outcome never violates priorities.
(d) Give a formal de…nition of strategy-proofness. Is the above algorithm
strategy-proof? If so, prove it. If not, give an example to illustrate the
contrary.
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3

(a) Which of the following statements are true and which are false? Explain
your answer carefully (to show a statement is false it su¢ ces to provide
a counter-example).
i.

Consider the following game
1/2 A2 B2
A1 1,3 0,0
B1 0,0 3,1

The pure strategy pro…le (B1 ; A2 ) cannot occur if the players are
rational and rationality is common knowledge.
ii. If a pure strategy is not strictly dominated by another pure strategy
it is also not strictly dominated by any mixed strategy.
iii. The strategies chosen in any Nash equilibrium cannot all be weakly
dominated.
iv. A su¢ cient condition for a mixed strategy pro…le to constitute a
Nash equilibrium is that each player is indi¤erent between all pure
strategies that receive a positive probability from the mixed strategy
equilibrium of the player.
(b) Consider the following 2-player public-goods game with incomplete information. Players decide simultaneously whether to contribute to the
public good. Each player derives a bene…t of 1 if at least one of them
contributes and zero otherwise. The cost of contribution for each player
i = 1; 2 is given by ci and is known only to that player. Each player i
believes that cj for j 6= i is distributed uniformly on the interval [0; K].
All aspects of the game, other than the private costs ci ; are common
knowledge.
i.

ii.

Compute the unique Bayesian Nash equilibrium of this game. What
is the likelihood of the public good being provided in this equilibrium?
Comment on the ine¢ ciency of the equilibrium.
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(a) Suppose that a game is played repeatedly a …nite number of times. Show
that if the stage game has a unique Nash equilibrium then the repeated
game has a unique subgame perfect equilibrium. Does your result depend
on the players’discount factors?
(b) Consider a 2-player game G described by the following payo¤ matrix:
A
B
C

A
6,6
7,0
0,3

B
0,7
0,0
a; b

C
3,0
b,1
0,0

for some parameters a and b. Assume that the players are restricted to
using pure strategies.
i. Suppose that G is played twice, the players do not discount the
future and there is perfect monitoring. Assume that a b > 1 and
b > 3. Show that there exists a subgame perfect equilibrium such
that both players choose A in period 1. Is there any subgame perfect
equilibrium that results in outcome (B; A) or (A; B) in period 1 for
these paramater values?
ii.

Assume that a = 1 and b = 2. Compute the set of pure strategy
Nash equilibria of G. What are the minmax payo¤s for each player?
Suppose that G is in…nitely repeated and the players discount the
future by a factor < 1. Show that there exists a subgame perfect
equilibrium that induces the outcome (A; A) at every period on the
equilibrium path if is su¢ ciently close to 1. Is there any subgame
perfect equilibrium that results in a cycle of (B; A) and (A; B) on
the equilibrium path?
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An art dealer approaches you for advice on how to sell a painting.
(a) First suppose that he is facing two private clients who intend to use the
painting to decorate their homes. Which of the two auctions –sealed bid
…rst price or second price –yields the dealer a higher revenue?
(b) Suppose that the art dealer can post a …xed price for the painting. Suppose the two clients have valuations for the painting that are distributed
uniformly and independently on the unit interval. Compare the revenue
from the optimal posted price mechanism with the revenues obtained in
the auctions in part (a) above.
(c) How can the art dealer modify the second-price auction to raise greater
revenues?

6

Consider the following game of network formation. There are n players who
each have information which is worth 1 to themselves and everyone else. They
can (unilaterally) form links with each other to access their information. The
cost of a link is c > 0. A pro…le of linking decisions de…nes a network. Suppose
that on any link, information sharing is mutual.
Assume that information ‡ows seamlessly and without decay through the
network. Then, given a pro…le of linking strategies g = (g1 ; g2 ; g3 ; : : : ; gn ), the
payo¤ to player i is given by
i (g)

= ni (g)

i (g)c;

where ni (g) is the number of players accessed directly or indirectly by player
i in network g (including himself), and i (g) is the number of links she forms.
(a) Show that a Nash equilibrium network is minimally connected or empty.
Give two examples of minimally connected networks.
(b) A Nash equilibrium is said to be strict if every player chooses a strict best
response to the strategies of others. Show that a strict Nash equilibrium
network is either empty or it is a centre-sponsored star.
(c) A network is e¢ cient if it maximises the sum of individual utilities. Prove
that a minimally connected network is e¢ cient if c < n, and the empty
network is e¢ cient, otherwise.
(d) What are the costs of decentralised linking?
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Consider an economy with S states of the world and a single underlying asset
with payo¤ vector y = (y1 ; y2 ; : : : ; yS ).
(a) What is meant by a call option with strike price K in this economy?
(b) What is meant by a put option with strike price K in this economy?
(c) Now suppose that S = 3 and y = (2; 5; 7). Suppose further that there
are two put options with strike prices 3 and 6. Suppose …nally that the
prices of the underlying asset, the put option with strike price 3, and the
put option with strike price 6 are 23, 3, and 14, respectively, and that
there is no arbitrage.
What is the price of a call option with strike price 4?

8

Suppose that there are two investors and two states of the world. Suppose
further that: the endowment of investor 1 is (1; 2); the endowment of investor
2 is (1; 3); and both investors have the same utility function
u(c1 ; c2 ) =

1

v(c1 ) +

where

2

v(c2 );

1

v(x) = 2 x 2 :
(a) What is meant by an Arrow-Debreu security in this economy?
(b) Suppose that all possible Arrow-Debreu securities are traded. Taking
the prices of these securities as given, …nd the consumption demands of
the two investors.
(c) Find the equilibrium demands of the two investors.
(d) Comment on the form of these demands.
END OF PAPER
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SECTION A

1

An entrepreneur wants to raise project funding of I > 0 from a competitive
market of lenders who require a zero average rate of interest. If …nancing is
obtained, the entrepreneur exerts e¤ort which in‡uences the probability of the
project’s success. If e¤ort is high, the project succeeds with probability pH ;
if e¤ort is low, the probability of success is pL < pH . In case of success, the
project yields £ 1 while a failed project yields zero. The entrepreneur gains
a private bene…t B > 0 from low e¤ort and is protected by limited liability;
e¤ort is not observed by lenders. A loan agreement is given by Rb + R` = 1,
where, in the event of success, the borrower receives Rb and the lender receives
R` . Assume that pH > I > pL + B.
(a) Under what conditions will lenders be willing to …nance the project?
(b) Now consider two stand-alone projects, and , with success probabili6
8
1
9
, pL = 10
and pH = 10
, pL = 10
, respectively. Each project is
ties pH = 10
…nanced independently by an entrepreneur and is otherwise identical (in
terms of I and B). Which of these two projects has higher pledgeable
income? Carefully explain your answer.
(c) How would your analysis in part (a) change if the entrepreneur had
existing debt commitments D > 0 from elsewhere? Discuss.

2

Consider an individual who is deciding about her occupational choice. The
individual has initial wealth a and is deciding between being a worker or
an entrepreneur and her goal is to maximise income. If she decides to be a
worker, she will receive the market wage w and can also make a deposit in
…nancial intermediaries. As an entrepreneur she has access to a technology
that produces y = xk , where y is output and k is capital invested and
2 (0; 1). If a < k, than the entrepreneur has to borrow k a from …nancial
intermediaries. The gross interest rate is r.
(a) Suppose that there is an enforcement technology that makes loan repayment perfectly enforceable so that the monitoring and commitment
problems can be ignored. Set up the entrepreneur’s maximisation problem. Find the optimal level of capital, and the associated optimal pro…t
function.
(b) For what values of x will the individual choose to be an entrepreneur?
Does the occupational choice depend on the initial wealth a? Can this
model explain misallocation of talent and of capital?
(c) Now, assume that loan repayment is imperfectly enforceable: by expanding some resources, which we assume to be proportional to the size of
investment, k, entrepreneurs can avoid repayment altogether. Assume
2 of 7

that < r. Show what would be the limit on borrowing if lenders provide
…nancing up to the point where borrowers have the incentive to repay.
Comment on your result.
(d) For the case when loan repayment is imperfectly enforceable (part (c)),
for what values of x will the individual choose to be an entrepreneur?
Does the occupational choice depend on the initial wealth a? Can this
model explain misallocation of talent and of capital?
3

Suppose that a company is induced by its shareholders to pay out a higher
dividend.
(a) Carefully explain why such a higher dividend would have no impact on
…rm value under the assumption of perfect capital markets.
(b) In practice, would such a higher dividend lead to a rise or fall in …rm
value? Explain your answer.
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SECTION B
4

Consider the following two-period model with no uncertainty featuring …nancial markets and banking. There are three agents in the economy: a representative bank, a representative …rm, and a representative household. The
household is endowed with ! units of a good in period 1, and wants to smooth
consumption over time, saving part of the endowment in period 1 to consume
in period 2. The price of the consumption good in period 1 is normalized
to unity, while the price of the consumption good in period 2 equals p. The
household allocates savings into deposits, Dh , and purchases bonds in the
amount Bh , issued by the bank and the …rm. The …rm raises funds, I, needed
for production of the consumption good in period 2 via issuing bonds in the
amount Bf and getting bank loans in the amount Lf . The …rm has access
to technology f (I). The bank issues loans, Lb , issues bonds, Bb , and collects
deposits, Db . Deposits pay net interest rD , bonds pay net interest r, and loans
pay net interest rL . The household maximises utility u(c1 ; c2 ), where c1 and c2
denote household consumption in period 1 and 2, respectively. The …rm and
the bank maximise their respective pro…ts. All agents behave competitively,
and the household owns the …rm and the bank.
(a) Set up the household’s maximisation problem, and state the restriction
on r and rD characterising an interior solution.
(b) Set up the …rm’s maximisation problem, and state the restriction on r
and rL characterising an interior solution.
(c) Set up the bank’s maximisation problem. Find the bank’s equilibrium
pro…t, using your answers in parts (a) and (b). Does the bank’s composition of the balance sheet (e.g., the distribution of liabilities between
bonds and deposits) have any e¤ect on the consumer or the …rm? Is the
bank necessary in this environment?

5

Consider a …rm with a production function f ( ), which transforms input x
into output f (x). Assume that the price of the input and the output are both
equal to 1, and that f 0 (x) > 0, and f 00 (x) < 0. The …rm requires external
…nance in the form of a loan L in order to buy the input. The total amount
of input the …rm is able to use for production is x = L + W , where W is the
…rm’s wealth. The …rm chooses L to maximise its pro…t given the loan’s net
interest rate r.
(a) Assume that …nancial markets are perfect so that there are no limits on
the amount L the …rm is able to borrow. Set up the …rm’s maximisation
problem and write down the …rst order condition.
(b) Consider now the case of strong informational asymmetries so that the
…rm is only able to obtain a fully collateralized loan. In this case, the
4 of 7

qK
amount of the loan, L, has to satisfy the constraint L
, where K
1+r
is the amount of the …rm’s assets (capital) and q is the price of one unit
of capital. Set up the …rm’s maximisation problem and write down the
…rst order condition, which relates the productivity of input x, the loan
cost r, and the Lagrange multiplier on the collateral constraint, .

(c) Compare the optimal amount of x, and the resulting output f (x) in
parts (a) and (b), assuming that the borrowing constraint in part (b) is
binding.
(d) What is the e¤ect of a reduction in the …rm’s wealth, W , on x, f (x), and
L in the case of perfect …nancial markets in part (a) and in the case of
imperfect …nancial markets in part (b)?
(e) What is the e¤ect of a reduction in the …rm’s collateral value, qK, on x,
f (x), and L in the case of perfect …nancial markets in part (a) and in
the case of imperfect …nancial markets in part (b)?
6

Consider an economy with a unique good and three dates— dates 0, 1, and
2— with a storage technology that yields a zero net interest and a long-run
technology that yields R = 5=3 units with certainty at date 2 but yields only
l = 2=3 if prematurely liquidated at date 1. Both technologies are available
to any agent. A continuum of agents of unit mass is endowed with 1 unit
at date 0. Of these agents, a proportion = 2=3 will prefer to consume at
date 1 and nothing at date 2 (they are labeled ‘early consumers’), and the
complementary proportion 1
= 1=3 will prefer to consume at date 2 and
nothing at date 1 (they are labeled ‘late consumers’). The agents’ utility
function is u(c) = ln(c).
(a) Find the Pareto optimal allocation. What is the ex ante utility of agents
associated with this allocation?
(b) Find the equilibrium allocation under autarky and the ex ante utility of
agents.
(c) Find the market allocation (bond economy) and the ex ante utility of
agents associated with this allocation. In this economy, the bond is
priced at p at date 1 which yields one unit of good at date 2.
(d) Rank these allocations in terms of their desirability.
(e) Discuss how a bank can achieve the Pareto optimal allocation, and why
an ine¢ cient equilibrium of a bank run is possible.
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SECTION C
7

(a) An economist estimates the following equation rj rf = 0 + 1 ^ j +error,
where rj is the mean return on asset j, rf is the return on the risk-free
asset, and ^ j is (pre-estimated) asset j’s beta. If CAPM is true, what
are your predictions on the estimates of 0 and 1 ?
(b) “Given the availability of a risk-free asset, e¢ cient portfolios have no
unsystematic risk.” True or false? Explain.
(c) De…ne the equity premium puzzle, and explain how consumer heterogeneity in consumption and income risk, and limited stock market participation may help explain the puzzle.
(d) “There is evidence that stock prices rise on average on sunny days. This
evidence proves that the stock market is not e¢ cient in semi-strong
form.” True or false? Explain.

8

Assume the following two risky portfolios that lie on the capital market line
with the following mean-standard deviation characteristics:
Mean Std.
Portfolio 1
6%
1%
Portfolio 2
9%
3%
The standard deviation of the market (tangency) portfolio m ,
4%.

m

, equals

(a) Find the risk-free rate, rf , and the mean return on the market portfolio.
(b) Write down the security market line in the mean-beta space given the
data above. Find portfolio 1’s and portfolio 2’s betas.
(c) Consider now a portfolio m comprised only of risky assets with mean return exceeding the return on the market portfolio, lying on the e¢ cient
frontier for risky assets. Is the mean return on the zero-covariance portfolio to m higher or lower than rf ? Support your answer with a graph.
(Hint: you do not need any calculations here.)
9

Consider the following two risky assets characterised by random payo¤s and
their respective probabilities.
Asset 1
Payo¤ Prob.
2
0.25
4
0.5
9
0.25
6 of 7

Asset 2
Payo¤ Prob.
1
0.33
6
0.33
8
0.34

Explain whether one asset dominates the other using the following ranking
criteria: …rst-order stochastic dominance, second-order stochastic dominance,
and the mean-variance dominance. Based on your results conclude whether
any of these criteria provide a complete ranking of risky distributions.
10

Assume that the true asset-pricing model is the standard CAPM, with the
true market portfolio having the mean return E[~
rm ], and the risk-free asset
having the rate of return rf .
(a) Write down the mean return for asset j as a function of E[~
rm ], rf , and
j where j is asset j’s beta relative to the market portfolio m .
(b) Assume now that an econometrician uses a proxy for the market portfolio
instead of the true market portfolio. Let the mean return for the proxy
portfolio be E[~
rm ], and the mean return for a zero-covariance portfolio z
to the market proxy portfolio be E[~
rz ]. Write down the mean return for
asset j as a function of E[~
rm ], E[~
rz ], and j , where j is asset j’s beta
relative to the market-proxy portfolio m.
(c) Find the mean return on the zero-covariance portfolio z using (a), and
use (b) to …nd the estimating equation for the mean return of asset j.
Would you reject the null of CAPM?
(d) De…ne Roll’s critique, and discuss the above results in terms of this
critique.

END OF PAPER
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1

Discuss whether all political decision-making processes must be considered a
failure because they result in ine¢ ciently high levels of spending and excessive
levels of taxation.

2

A society is populated by three groups of citizens, indexed by i = 1; 2; 3. The
size of group i is ni with n 1 = n3 = 1 and n2 > 2. All citizens are endowed
with the same level of income y. The government provides a public good g
which is …nanced by a proportional tax on income t. The utility function of a
representative citizen in group i is ui = ci +ai ln g where ci is consumption and
ai captures the value of the public good to citizens in group i. Assume that
a3 > a2 > a1 . Two political parties compete in an election and can commit
to a …scal plan.
(a) Suppose that all citizens can vote. Explain carefully what the parties
will do to win the election. Characterise the …scal plan that will be
implemented after the election. What will happen to the level of spending
and to the tax rate if y increases? Explain.
(b) Suppose that a citizen is quali…ed to vote if he or she is a taxpayer and is
disquali…ed otherwise. What would the parties do to win the election if,
for technical reasons, only citizens in group 1 can be taxed? What would
happen to the level of spending and to the tax rate if a tax collection
innovation makes it possible also to tax citizens in group 2 (at the same
rate as the one applied to citizens in group 1)?
(c) Based on evidence from the USA, what would you expect will happen to
welfare spending in a state after it becomes illegal to condition the right
to vote on poll tax payments?

3

A government introduces a cap-and-trade system to regulate pollution from
the energy sector. Research has established that social marginal damage and
marginal abatement cost will be equalised if E permits to pollute are allocated to the sector in total.
(a) Suppose the government issues E permits. Explain carefully when and
why the total reduction in pollution will be achieved e¢ ciently.
(b) A consequence of the cap-and-trade system is that the marginal cost of
electricity generation increases. Electricity is subject to various taxes.
Would you recommend that the government issues E permits? (You
may assume that the electricity market is competitive).

4

“In the presence of transaction costs, the outcome of Coasian bargaining depends on the initial allocation of property rights”. Discuss.
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5

(a) In order to choose optimal marginal and average income tax rates, policy
makers need information about behavioural elasticities. Which compensated, uncompensated, income, and intertemporal elasticities are needed?
(b) What can we learn about optimal rates from evidence on these elasticities?

6

The government is concerned about the rise in part-time work and wants to
put incentives into the tax schedule to encourage more full-time work. Its
proposal is to give anyone working over 30 hours a week a tax credit of £ 200
per week, which is withdrawn at the rate of 30% when annual earned income
rises above £ 15,000.
(a) How successful is this policy likely to be for di¤erent groups in society?
(b) Should the amount of tax credit awarded be reassessed each month or
each year?

7

Consider an economy with two distinct administrative regions, North and
South. Each region can undertake some investment in a local public good
that improves the welfare of the region’s residents. However, the nature of
this particular public good is that there are some spillovers across regions.
More precisely, let n be the public good level in the North and let s be the
public good level in the South. Welfare functions in each region are given by:
p
p
W N (n; s) = 2[a n + b ns] cn
p
p
W S (s; n) = 2[a s + b sn] cs;
where W N ( ) is welfare in the North, W S ( ) is welfare in the South, a > 0
and c > b > 0.
(a) Find the Nash equilibrium levels of n and s when public investment
decisions are taken simultaneously. What is the equilibrium welfare level
in each region? Give an interpretation of the results.
(b) Now suppose that the two regions are integrated so that public investment decisions are centralised. What levels of n and s would be chosen by a benevolent social planner who wishes to maximize W N (n; s) +
W S (s; n)? Are these levels higher or lower than those found in part (a)?
Explain. What impact does central planning have on welfare in each
region? Explain.
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8

Some economists view trade agreements between large countries (which can
exert market power over internationally traded goods) as a means of restricting
the use of import tari¤s in order to solve the terms-of-trade driven prisoner’s
dilemma. However, while this might be a useful way of thinking about trade
agreements for large countries, it o¤ers no insight into why small countries,
which are price takers in international markets, would unilaterally impose
tari¤s or why such countries would then join trade agreements that require
them to lower tari¤s. Discuss why welfare-maximising small open economies
might impose non-zero tari¤s. How could joining a trade agreement to lower
tari¤s improve the small open economy’s welfare?
END OF PAPER
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1

Each landlord in a village needs two workers for his land. One worker performs
tasks that can be monitored by the landlord. The other worker performs tasks
where the e¤ort cannot be observed during each period, while he is working,
but is revealed at the end of the period. Wages are paid at the beginning of
each period.
(a) The worker assigned to the tasks where e¤ort cannot be observed will
evidently shirk if he is hired for a single period. One solution to this moral
hazard problem is for the landlord to hire workers,who are in…nitelylived, on a permanent basis. There is now a cost to shirking because the
permanent worker will be …red by his employer at the end of the period
when it is discovered that he failed to put in e¤ort. Let the market
clearing wage for casual workers, who perform the monitored task, be
Wc . Let the wage received by the permanent worker be Wp . Both types
of workers incur the same cost of e¤ort e, which the permanent workers
avoid when they shirk. Casual workers can be monitored, so they never
shirk. The landlords in the village communicate with each other, so any
permanent worker who shirks will never be hired again as a permanent
worker, but will be hired in the future as a casual worker (assume that
there is no unemployment). Derive Wp as a function of Wc , e and (the
discount factor).
(b) Now suppose we introduce imperfect communication among the landlords. In particular, let the probability of being rehired as a permanent
worker in the period after shirking be 0 < P < 1. If a shirker is rehired
in the subsequent period, we assume that he stays honest thereafter. If
he is not immediately rehired as a permanent worker he will remain as a
casual worker forever after. What happens to Wp as P increases? Derive
the result mathematically and then explain the result.
(c) Suppose, instead, that we introduce an exogenous probability of separation in the model. This means that a permanent worker who puts
in e¤ort could still be asked to leave by his landlord. He will become a
casual worker for at least one period, but could be rehired in the future
as a permanent worker by another landlord. In contrast, if he shirks
and is then …red, he will always remain a casual worker. What happens to Wp as increases? Explain without explicitly deriving the result
mathematically
(d) We e¤ectively assumed in part (a) that no landlord would hire a previous
shirker as a permanent worker, which implies that P = 0. Assuming an
exogenous probability of separation, as above, explain why no landlord
would want to deviate and hire a previous shirker.
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2

Each …rm in an industry consists of a single entrepreneur and the …rm’s output
is described by the function: Y = !K 1=2 , where ! is the entrepreneur’s ability
and K is the amount of capital (in dollars) that he invests in the …rm. Assume
that capital markets are e¢ cient and that the unit cost of capital (the interest
rate) is r. Normalize so that the unit price of the product is set to one.
(a) Show that (i) high ability entrepreneurs invest more and (ii) higher ability
entrepreneurs have higher output.
(b) Now suppose that capital markets are imperfect and …rms must turn
to informal sources of credit such as their community networks. Half
the entrepreneurs in the industry belong to a wealthy caste who moved
recently from farming into business and the other half belong to castes
that have been engaged in business for generations.
When the …rms in the industry were surveyed by a research team, it was
discovered that entrepreneurs from the traditional farming community
invested more, but had lower output, on average, than entrepreneurs
from the traditional business communities. This appears inconsistent
with the result in part (a), where entrepreneurs who invested more had
higher output. Reconcile this apparent discrepancy, using the framework
set up in part (a) to help you. Derive the precise mathematical condition
under which this empirical …nding could be obtained and then provide
the intuition for your answer.
(c) Apart from capital market imperfections, can you think of other explanations for the empirical …nding? [Hint: modify the production function
or consider imperfections in other markets].
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3

A landlord and a tenant are attempting to work out a tenancy arrangement.
There are two states in this world: a high (H) state and a low (L) state. The
payo¤ in the high state is H = 1 and the payo¤ in the low state is L = 0:5.
The probability of obtaining the high payo¤ is e, where e is the e¤ort exerted
by the peasant, who will till the land. The tenant’s cost of e¤ort is 0:5e2 .
Assume that both the landlord and the tenant are risk-neutral.
(a) Derive the e¢ cient level of e¤ort, e .
(b) Consider a …xed-rent contract in which the landlord chooses the rent R
…rst, then the peasant chooses e¤ort e. Let the rent, R, be greater than
the payo¤ in the low state, L = 0:5. Assume also that the peasant has
no wealth of his own.
Solve for the equilibrium level of e¤ort, e .
(c) Now consider an alternative sharecropping contract. Assume here that
the landlord gets 1/4 of the payo¤ and the peasant gets 3/4 of the payo¤.
Derive the equilibrium level of e¤ort, e .
(d) The standard result when comparing alternative land market contracts
is that the …xed rent contract is e¢ cient, while sharecropping reduces
the tenant’s incentive to exert e¤ort. Is this the case here? If not, why
not?

4

(a) The Indian system has been remarkably resilient over thousands of years,
with individuals overwhelmingly continuing to marry within their caste.
(i) Provide di¤erent explanations for the persistence of the caste system.
Include but do not restrict yourself to economic explanations.
(ii) How could you distinguish empirically between these di¤erent explanations?
(b) Economists have o¤ered various explanations for why the poor might fail
to save and invest as much as they might. In particular, agents might be
impatient, have inconsistent time preferences or be prey to temptation
in the form of goods that are highly valued today.
Brie‡y explain the di¤erences between these models and discuss the implications of each for savings and investment behaviour.
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Education production functions describe the technology for producing some
school output, such as test scores.
(a) Discuss two di¢ culties in conceiving of the school as a typical …rm that
produces output using some speci…ed production factors.
(b) Explain, using a standard speci…cation for an education production function, the distinction between a production function e¤ect of changing
school inputs and the reduced-form e¤ect or policy e¤ect. Use this
to explain why randomised evaluations might obtain estimated impacts
that mislead policymakers.
(c) Estimates of the production function parameters are likely to be biased
for many reasons. Suggest three reasons why this problem might occur,
with an explanation for each of them.

6

The assumption of separation between consumption and production is often
invoked in modelling an agricultural household.
(a) Explain either using a diagram or with a formal statement of the model,
what is meant by the assumption of separation and the consequences for
e¢ ciency in allocation.
(b) Consider the following labour demand function of a farm household:
LD = LD (wh ; wO ; A; x) where wh is the wage for hired labour; wO is the
wage that household members can obtain if they work o¤ farm; A is land;
x is a vector of variables describing household composition.
(i) Describe how you might test the separation hypothesis with data on
these variables.
(ii) There are a number of di¢ culties in testing the separation hypothesis. Endogenous household formation, seasonality in the labour market and measurement error are three examples. Discuss the implications of each for your test. What particular error in measurement
might be of most concern and why?
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7

Basu and Van model the use of child labour in the production of marketed
goods. They make two key assumptions: 1) Parents care about the child’s
welfare and send them to work only if the household cannot survive on adult
earnings alone; and 2) adult and child labour are substitutes in production.
(a) Describe the Basu and Van model either formally with equations or using
a diagram. Describe the circumstances under which we obtain: (i) a
unique equilibrium; (ii) multiple equilibria.
(b) Are the two assumptions described above defensible? Describe circumstances in which each of these assumptions might be violated.
(c) What are the e¤ects of a complete ban on goods produced by child labour
on equilibrium allocation in the labour market? Discuss.
END OF PAPER
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SECTION A
1

Consider a duopoly where …rm A has marginal cost cA and …rm B has marginal
cost cB . The …rms face an inverse demand curve p = =Q1=2 where p is the
market price, Q is industry output, and is a measure of market size. Assume
that …rms’marginal costs satisfy 0 < cA < cB < 2cA .
(a) Compute the Cournot-Nash equilibrium price, as well as …rms’market
shares and pro…ts.
(b) Derive the …rst-best levels of price and output which maximize total
surplus. Comment brie‡y on how these di¤er from the Cournot-Nash
solution.
(c) Suppose that …rm B increases its output by a small amount dq B > 0,
starting from the Cournot-Nash equilibrium. What is the impact on (i)
…rm A’s output choice, (ii) industry output, and (iii) …rm B’s pro…ts?
(d) Comment brie‡y on …rm B’s action from part (c) from the viewpoint of
competition policy, especially towards predation.

2

Consider a Hotelling duopoly with horizontally di¤erentiated products. Consumers are uniformly located on a line [0; 1], where each consumer always buys
one unit of the good and pays a linear transport cost td to buy at a distance
d from their location on the line (so t is the unit transport cost). Firm A has
marginal cost cA and is located at 0, while …rm B has marginal cost cB cA
and is located at 1. Each …rm chooses its price in order to maximise its pro…t.
(a) Suppose that both …rms have identical marginal cost, cA = cB = c.
Derive …rms’equilibrium prices and pro…ts.
(b) Now consider a mean-preserving spread of …rms costs, such that cA =
c
and cB = c+ (where < c and < 23 t). Compute …rms’equilibrium
prices and pro…ts. Comment on the implications of this change in …rms’
costs.
(c) Consider a social planner who wishes to maximize total surplus, given
…rms’costs cA = c
and cB = c+ . Derive …rms’socially optimal market shares. Comment brie‡y on your result, including on the di¤erence
between the social and the private optima.
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3

Consider an economy in which there are …ve goods and consumer utility is:
U=

5
X

(

ci

1)=

i=1

where
> 1. Consumer’s maximize utility subject to the budget constraint,
P5
p
c
I, where pi is price, ci is consumption, and I is income.
i=1 i i
(a) What is the relative demand ci =cj as a function of prices?
(b) The elasticity of substitution between any two goods is de…ned as
d ln(ci =cj )=d ln(pj =pi )
where j 6= i. Derive the elasticity of substitution between goods i and j.
(c) What is the demand for good 3 as a function of prices and income?
(d) The elasticity of demand is de…ned as = (dci =ci )=(dpi =pi ). What is
the exact formula for the elasticity of demand for good 3 as a function
of prices?
(e) Write the exact formula for the elasticity of demand for good 3 as a
function of prices and the expenditure share on good 3.
(f) Suppose the number of goods in the economy were n rather than 5 so
that
n
X
( 1)=
U=
ci
i=1

P
and the budget constraint were given by ni=1 pi ci I. What happens
to the elasticity of demand for good 3 as n increases?
(g) Krugman (1979) showed that for a …rm i with a cost function that includes a …xed cost and a constant marginal cost k the pro…t-maximizing
price is given by
pi =
k
1

where is the elasticity of demand de…ned in part (d). Using your
answer to part (f), what can you say about price-cost markups in the
monopolistically competitive equilibrium with a very large n? How does
the price-cost markup of a representative …rm change when the economy
opens to trade? How does the scale of production at a representative
…rm change when the economy opens to trade?
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SECTION B
4

Explain the impact of third-degree price discrimination on prices, consumer
surplus, and social welfare.

5

(a) Explain carefully why relative performance evaluation, in theory, can be
bene…cial in incentive contracting with moral hazard.
(b) Discuss reasons why …rms, in practice, might not use relative performance evaluation as predicted by the theory.

6

Explain why electricity markets may be susceptible to the exercise of market
power, and what policymakers might do about it.

7

“Economic theory shows that vertical integration reduces transaction costs
and that …rms are therefore more e¢ cient than markets.”Discuss.

8

(a) How should policymakers evaluate horizontal mergers in capacity-driven
markets with homogeneous products?
(b) What additional considerations, if any, are introduced by the existence
of product di¤erentiation?

9

Consider two …rms with identical cost functions engaged in Cournot competition in a third country. Both …rms export to the third country which has
no domestic producer of the good. The …rst …rm is located in country A and
the other …rm is located in country B.
(a) Describe the equilibrium in the third country’s market when the government of country A o¤ers a welfare-maximizing speci…c subsidy to …rm
A for every unit of output that it exports and sells in the third country.
How does this equilibrium compare to the free trade equilibrium? What
impact does the subsidy o¤ered by the government of country A have on
welfare in country A and on welfare in the third country?
(b) Now suppose that the government of country B also decides to o¤er a
welfare-maximizing speci…c subsidy to its …rm for every unit of output
that its …rm exports and sells in the third country. How does this equilibrium compare to the one in which only the government of country
A o¤ered a speci…c subsidy? What impact do these subsidies have on
welfare in country A and country B?
(c) Under the rules of the World Trade Organization, export subsidies are
generally prohibited. Comment on whether or not this prohibition makes
sense in light of your analysis of a Cournot duopoly in a third country
market. Which agents in society would support or oppose a ban on
export subsidies?
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10

Melitz (2003) introduces heterogeneity in …rm productivity into a monopolisitic competition model of international trade.
(a) Brie‡y discuss which, if any, empirical phenomena Melitz’s model can
better explain relative to a Krugman model that assumes …rms are identical with regard to productivity.
(b) Assume that the industry in a country is monopolistically competitive.
Suppose that all employers in this economy would like to engage in employment discrimination in the following sense. Two groups of workers
are perfectly substitutable inputs into production. However, one group
is preferred in that all employers have the same taste-based prejudice
against the non-preferred group and are willing to give up some pro…ts
to avoid hiring them, but agree to hire from the non-preferred group if
the wage is su¢ ciently lower than the preferred group’s wage. Comment
on whether or not two di¤erent wages for these two groups can be an
equilibrium in (i) a Krugman model in which all …rms have the same
productivity and in (ii) a Melitz model in which …rms vary in their productivity. Which …rms, if any, are going to be most willing to hire the
non-preferred group in the equilibrium under autarky?
END OF PAPER
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SECTION A
1

The one-way error components model may be written as
yit =

+ x0it + wit ;

(1)

for i = 1; :::; N and t = 1; :::; T . xit is a vector of covariates, and wit = i + "it
is an error term.
and denote unknown parameters. Let ^ OLS and ^ F E
be, respectively, the pooled OLS and the Fixed E¤ects estimators for .
(a) Carefully evaluate the following statements:
i. independent of whether i are treated as …xed or random, b F E is
unbiased and consistent.
ii. if the i ’s are …xed, b F E is a Best Linear Unbiased Estimator (BLUE);
if the i ’s are random, b F E is not BLUE, but the RE estimator is.
(b) Assuming that the i ’s are random, …nd the covariance matrix of the
vector (wi1 ; wi2 ; :::; wiT ) ; where wit = i + "it , and use it to explain
how the RE estimator may be considered a Generalised Least Squares
estimator.
(c) In what sense do ^ OLS and ^ F E represent limiting cases of the Random
E¤ects estimator?
2

Consider the following random utility model
Uijt =

0
i vjt

+ "ijt

(2)

where Uijt is the utility received by individual i in choosing alternative j at
time t. vjt denotes an L 1 vector of attributes of alternative j, including
price. i denotes a vector of taste parameters. "ijt is a stochastic i.i.d. term
which is distributed according to the type I extreme value distribution.
(a) Consider the Mixed Logit Model. Assume that vectors i are i.i.d.
N ( ; ) : Then the probability Pjt that a randomly selected individual
chooses alternative j in period t can be written as
Z
Pjt = Ljt ( ) ( j ; )d ;
(3)
where ( j ; ) is the density of N ( ; ) evaluated at . What does
Ljt ( ) represent? Given (2), what is an explicit expression for Ljt ( )?
(b) What restrictions on (3) would deliver the logit probability? Demonstrate that a logit speci…cation is not consistent with ‡exible substitution
patterns.
(c) Show how equation (2) can be written in the willingness-to-pay (wtp)
space. In what sense might models speci…ed in wtp space represent an
improvement over a preference space speci…cation?
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3

To forecast aggregate US consumption three econometric teams suggest the
following models estimated on quarterly US data over the period 1947q32012q4 (T = 262 observations, standard errors in parentheses throughout,
AIC and SBC are de…ned so that lower values indicate a better model).
Team 1 argue that theory suggests consumption should be a random walk and
estimate the following model
d
ct = 0:0053;
(0:0004)

R

2

= 0:00, AIC =

7:478; SBC =

7:464; DW = 1:49:

Team 2 argue that, viewed as a pure time series model, an ARMA(1,1)
+
ct 1 + "t + "t 1 is a better …t and estimate
^ = 0:0014; ^ = 0:7443; ^ =
(0:0006)

0:5504;

(0:1155)

R2 = 0:088, AIC =

ct =

(0:1441)

7:554; SBC =

7:513; DW = 1:97:

Team 3 estimate the following error correcting mechanism arguing that there
is a stable “Great Ratio”of consumption to investment apparent in the data
d
ct = 0:0100 + 0:1260 ct
(0:0024)

(0:0608)

R2 = 0:176, AIC =

1

+ 0:0293 it
(0:0089)

7:640; SBC =

1

+ 0:0175sprett
(0:0045)

0:0077 (ct

1

(0:0030)

1

7:572; DW = 2:02

and they also report the following regression over the same sample period
(cd
it ) = 0:0498 + 0:3007 (ct
t
(0:0147)

(0:0595)

1

it 1 )

0:0662 (ct
(0:0194)

1

it 1 ) ;

R2 = 0:11; DW = 2:07;

where ct is log(consumption), it is log(investment), sprett is the return on
the S&P stock market index (measured as the change in the log of the stock
market index) and xt = xt xt 1 .
Assess the statistical adequacy of these models and explain the advantages and
disadvantages of using each to forecast consumption. What further diagnostic
tests would you suggest to improve the forecast model?
4

(a) Explain what you understand by a structural and reduced form vector
autoregression.
(b) A reduced form VAR is written as
x1t
x2t

=

c11 c12
c21 c22

x1t
x2t

1
1

+

u1t
u2t

Explain how you might obtain impulse response functions for the responses of xjt ; j = 1; 2; to the structural shocks.

3 of 5

(TURN OVER)

it 1 ) ;

5

An examiner and an assessor independently mark N = 150 undergraduate
dissertation works on a 0 - 100 scale. For each dissertation, they have to
report not only their …nal mark, but also their marks for originality, clarity
of exposition, and technical quality of the work (also on a 0 - 100 scale).
Consider the following two regressions
yiE =
yiA =

E

+
A
+

E
E
1 origi
A
A
1 origi

+
+

E
E
2 clari +
A
A
2 clari +

E
E
E
3 techi + "i
A
A
A
3 techi + "i ;

(4)
(5)

where yiE and yiA are the …nal marks given by the examiner and the assessor,
respectively, to the dissertation i; origiE and origiA are the examiner’s and the
assessor’s marks for the originality, clariE and clariA are their marks for clarity
A
of exposition, and techE
i and techi are their marks for the technical quality
of the work.
A
(a) Explain why "E
i and "i are likely to be correlated and discuss consequences for the equation-by-equation OLS method of estimating the parameters.
(b) A chair of the dissertation committee expects that the examiner and
the assessor put the same weights on the technical quality in their …nal
marks. How would you test the hypothesis that the chair’s expectation
is correct?
A
(c) An econometrician postulates that "E
i and "i are jointly normally distributed. He estimates the system (4)-(5) by maximum likelihood and
gets the value of the log of the likelihood 482:83. Then, he re-estimates
the system, this time …xing A
1 = 0, and obtains the value of the log of
the likelihood 485:43. Given these results, would he reject a hypothesis that the assessor does not put any weight on the originality of the
dissertation in her …nal mark? Explain your answer.
6

Suppose (yi ; xi ; wi ) ; i = 1; 2; :::; n; is an i.i.d. sequence with yi = + xi + "i ;
where xi is a scalar and wi is a 4 1 vector. Assume E("i jwi ) = 0 and n = 75:
(a) Let u^i ; i = 1; :::; n; be residuals from the OLS regression of xi on constant
and wi : OLS regression of yi on constant, xi and u^i gives
y^i = 1:3 + 0:7 xi + 0:2 u^i ;
(0:15)

(0:02)

(0:03)

where the standard errors are given in the parentheses. Given these
results, would you reject the hypothesis that xi is an exogenous variable?
Explain your answer.
(b) You suspect that E("2i jwi ) depends on i: Discuss relative advantages and
disadvantages of 2SLS and GMM estimation of .
(c) Suppose that E("2i jwi ) = exp f + 0 wi g : Explain how could you estimate ; ; and by GMM.
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SECTION B
7

For time series data should a high R2 be taken as a sign of a good predictive
model? Carefully explain your answer.

8

When there is a single endogenous regressor, a …rst-stage F -statistic less than
10 indicates that the instruments are weak. Explain the rationale for this
statement.

9

With reference to the heterogeneity of partial e¤ects and the potential endogeneity of right hand side variables, discuss the merits of the linear probability
model relative to the threshold models such as logit and probit.
END OF PAPER
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1

Describe the areas of economic history that probate inventory evidence has
been used to investigate? What are the potential biases in this source? What
are the implications of these biases for drawing conclusions about increased
consumerism in the seventeenth and eighteenth centuries? Brie‡y describe a
method that might correct for one of these biases.

2

EITHER
(a) Discuss the relative importance of markets and the State in enabling
modern economic growth.
OR
(b) ‘The use of local market data from nineteenth-century British and Irish
sources is too problematic and antiquarian to be useful for quantitative
economic historians’. Discuss.

3

How important were customs and institutions in the development of early
modern …nancial markets? Relate your discussion to the example of Marine
Insurance.

4

What insights has
(a) pushing back the male occupational structure before 1851
and
(b) a deeper understanding of female labour force participation and
occupational structure
added to our understanding of the development of the British economy over
the eighteenth and nineteenth centuries?

5

Energy accounting and human growth imply an improvement in the nutrition
of Britons around 1700. How might this be linked to economic growth around
this time? Although improving, the nutrition of the average Briton still
appears low. Does this observation suggest that the view that nutrition was
an important determinant of economic growth is incorrect?

6

EITHER
(a) To what extent was mortality decline a necessary condition for the growth
of urban areas in Britain between 1700 and 1900?
OR
(b) Were the introduction of local public health measures determined by
the extent of the franchise in nineteenth-century England and Wales?
To what extent were public health measures a fundamental cause of
mortality decline in the later nineteenth-century?

7

Models of market potential indicate location may play a key role in explaining comparative development. Explain the validity of this statement using
Australia as an example.

2 of 3

8

Review and evaluate critically the quantitative evidence on the in‡uence of
macroeconomic policy on economic growth and stability, and on economic
welfare, in Britain since 1945.
END OF PAPER
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1.

The Social Mobility and Child Poverty Commission wants to “restart the
twin engines of social mobility: Education and Housing” to increase social
mobility in the United Kingdom. Based on the evidence from the United
States, evaluate critically how this can best be done.

2.

Much of the blame for the recent …nancial crisis has been placed on the contracts that bankers had. The government is considering two policy options:
(a) Restricting the use of bonus pay for bankers
(b) Forcing bankers to bear the consequences of their losses
What might the govenment’s objectives be in considering these policies? What
are the likely impacts of each policy on the behaviour of bankers? Why have
these two features of contracts not been introduced already by shareholders?

3.

A government agency needs to establish the shadow price of an input to an
infrastructure project. The input is traded in a competitive market. The
producers of the input receive a unit subsidy:
(a) Suppose that the economy is closed. The project is expected to have a
big e¤ect on the market price of the input. Show how to determine the
shadow price of the input?
(b) Explain carefully why a small price e¤ect can be ignored in the calculation of shadow prices. Suppose the price e¤ect of the project is small.
What is the shadow price now?
(c) Suppose that the economy is small and open to international trade. The
economy is a net exporter of the input. What is the shadow price of the
input?

4.

(a) Explain the di¤erence between the utility and the consumption discount
rate. Is the consumption discount rate always larger than the utility
discount rate? Explain.
(b) Suppose that a public sector project which enables higher consumption
in the future leads to a fall in private investment in the present. Under which conditions would it be appropriate to use the consumption
discount rate as the social discount rate?

5.

A government o¢ cial investigates the expected consequences of a new subsidy
to producers of good x. The o¢ cial concludes that the industry is competitive
and that the good is a normal good.
(a) Suppose that the production technology exhibits constant returns to
scale. What is the …scal cost of the subsidy? Who would the subsidy
primarily bene…t? What is the deadweight cost of the subsidy?
(b) Will it make a di¤erence to your conclusions in (a) if the supply of x is
perfectly inelastic? Explain carefully.
(c) Suppose that the marginal cost of public funds is greater than 1. Explain
how this a¤ects the evaluation of the e¢ ciency cost of the subsidy.
2 of 6

6.

(a) Why is so much health care provided by governments in rich as well as
in poor countries when most of the bene…ts are private?
(b) In 2011, average life expectancy at birth in the US was 78.7 years compared to the OECD average of 80.1 despite the fact that US per capita
health care spending was 2.5 times the OECD average. To what extent
can information asymmetries help explain these facts?

7.

Collective bargaining enables trade unions to share pro…ts with …rms. As a
consequence, the wage in the unionised sector (eg. manufacturing) increases
relative to the wage paid in the non-unionised sector (eg. services).
(a) Does collective bargaining cause production ine¢ ciencies?
(b) What are the conditions for the Diamond-Mirrlees production e¢ ciency
result? Can the production e¢ ciency result be applied to advocate restrictions on workers’rights to organise trade unions? If so, how?
(c) Could it be optimal for a government to impose speci…c taxes or subsidies
on non-labour inputs in the unionised sector of the economy? If so, at
what level should they be set?

8.

Please indicate whether each of the following statements is true, false or uncertain and explain your answer. No credit will be given for answers without
explanations.
(a) An advantage of quasiexperimental methods (eg. di¤erence-in-di¤erences,
regression discontinuity and instrumental variables) relative to randomized control trials is greater generalizability.
(b) You have data on school performance in an area that experienced an
earthquake. The damage to schools from the earthquake depended on
the distance from the centre of the earthquake. Distance of the school
from the earthquake would provide a good instrument for determining
the e¤ect of number of school days missed on student performance.
(c) In an e¤ort to improve student achievement, the government implements
a policy in which students have to perform above a given threshold on
tests in order to be promoted to the next school year. Those that perform
below the threshold will be retained (meaning they have to repeat the
grade). Given data on wages at age 25 and performance on the exam used
to determine whether the student is promoted or retained, a regression
discontinuity estimator would provide a good estimate of the e¤ect of
grade retention on wages.
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9.

You have data for a nationally representative sample of kindergarteners in the
US that follows them until third grade (an excerpt of the Early Childhood
Longitudinal Survey of Kindergarteners). You are interested in determining
the e¤ect of teacher quality on behavioural test scores. Results from some
regressions are reported in table 1 below (more details on the data are included
in the footnote of the table).
(a) Column (1) reports an OLS regression of the student’s behavioural test
score (a measure of self control) on student characteristics and teacher
quality, measured through teacher experience and whether the teacher
has a master’s degree. Column (2) adds in the lagged behavioral test
score of the student. Interpret estimates of the e¤ect of teacher quality
and compare estimates across columns (1) and (2). Is it useful to control
for the lagged behavioural test score? Explain.
(b) Column (3) includes school …xed e¤ects. How do results compare to
columns (1) and (2)? Explain whether this matches your intuition. Do
these estimates help provide information about the e¤ects of teacher
experience and teachers having a master’s degree on student behaviour?
(c) Now suppose that some states decide to require that all teachers have a
masters’degree in order to be able to teach. You have longitudinal data
on average student behavioural test scores across states both before and
after these policies were introduced. Can you use this information to
improve upon your estimates of the e¤ect of teachers having a masters’
degree? Explain in detail how you could use this information and the
assumptions needed for your strategy to provide an unbiased estimate of
the e¤ect of teachers having a masters’degree.
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Table 1: E¤ect of Teachers on Behavioural Test Scores
(1)
(2)
(3)
Whole
Whole Whole/FE
Male
-0.3389 -0.2201
-0.2010
[0.0152] [0.0206]
[0.0213]
white
0.0018 -0.0589
-0.0780
[0.0271] [0.0375]
[0.0470]
black
-0.3052 -0.3020
-.2978
[0.0349] [0.0492]
[0.0669]
Hispanic
-0.0134 -0.0305
-0.0667
[0.0339] [0.0477]
[0.0596]
age
0.0156
0.0041
0.0014
[0.0057] [0.0100]
[0.0105]
Socioeconomic status
0.1296
0.0988
0.0872
[0.0104] [0.0141]
[0.0177]
Class Size
0.0051
0.0033
0.0041
[0.0017] [0.0025]
[0.0049]
Teacher Experience
0.0097
0.0081
0.0026
[0.0030] [0.0039]
[0.0047]
Teacher Experience2
-0.0004 -0.0003
-0.0002
[0.0001] [0.0001]
[0.0001]
Teacher has Master’s degree
0.0669
0.0868
0.0807
[0.0164] [0.0219]
[0.0273]
Lagged behavioural test score
0.3670
0.3483
[0.0109]
[0.0116]
Constant
-0.033
0.0434
0.0992
[0.0597] [0.1010]
[0.1379]
Observations
15233
7363
7363
R-squared
0.0586
0.191
0.3153
Standard errors in brackets. Data Source: Early Childhood Longitudinal Survey
of Kindergarteners in 1998/99. The data surveys a cohort of kindergarteners in
1998/99 and follows them over time. There are 3 observations for each student
in the sample used for this table, taken at the end of kindergarten, end of …rst
grade and end of third grade. Dependent variable is taken from behavioural test
measuring a student’s self control. Along with teacher characteristics (experience
and master’s degree) and class size, controls include whether the student is male,
white, black or Hispanic, as well as the age and socioeconomic status of the student.

5 of 6

(TURN OVER)

10.

In a country educated workers can be either doctors (denoted d) or engineers
(e). Doctors require 2 periods of education and engineers 4 periods. Assume
that inhabitants devote 10 periods of their life to education and work and that
prior to educating themselves all workers are identical except for their gender,
with half of the workers being men and half being women. In addition, wages
for the educated are strictly decreasing in labour supply and capital markets
are perfect with a zero interest rate. The lifetime utilities U of workers are
given by
10
X
U=
ln (1 + ci;t )
t=1

where ci;t is consumption in period t = 1; :::; 10 for an individual in occupation
i 2 f0; e; dg ; where 0 denotes other workers who have no education. Analogously, wi;t is wage in period t for an individual i. Finally, over their lifetime
workers cannot consume more than their income:
10
X

ci;t

t=1

10
X

wi;t

t=1

(a) If there is an equilibrium where workers overall are equally distributed
across the three occupations and where w0 = 60, then what are the wages
of doctors wd and engineers we ?
(b) If women only devote 8 periods of their life to education and work instead
of 10. What will happen to wd and we if demand for uneducated labour
is perfectly elastic at w0 = 60 and demand for doctors and engineers is
strictly positive at any wage? What does the gender distribution across
occupations look like?
(c) Assume in addition there are complementarities for women between being a doctor and time not spent in education and work (eg if there are
non-wage bene…ts of being a doctor). Explain qualitatively how your
answer in (b) might change.
(d) Empirically the distribution of men and women across occupations di¤ers
and the returns to schooling are typically higher for men than for women.
Could your answers above help to explain these observations?
END OF PAPER
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1 ‘The Euro Area falls so far short of being an Optimal Currency Area that it will
require radical reforms to governance in Europe if the Euro is to be a long run
success.’ Discuss this statement in the context of proposals for reform since the
…nancial crisis.
2 Thomas Piketty in his book, ‘Capital in the Twenty-First Century’, has documented that the wealth-income ratio in rich countries has increased from roughly
200-300% in 1970 to 400-600% in 2010. He uses standard analytical results of
the Solow growth model to make predictions about inequality (i.e., the division
of income between labour and capital) in the future. Evaluate these …ndings and
predictions.
3 The US has long been earning a higher return on its foreign assets than it pays
on its foreign liabilities - according to conservative estimates, the di¤erence is
about 1.5 percentage points for the period post 1973.
What can explain this ‘exorbitant privilege’of the US?
4 In the Real Business Cycle model random ‡uctuations in productivity induce
persistent movements (through time) in aggregate output, investment and consumption.
Discuss the two sources of persistence in output ‡uctuations present in this model.
Make sure:
(i) you clearly state what assumptions - on model primitives like household
preferences and/or production technology - are necessary for each source of
persistence to be present and:
(ii) explain the mechanism through which each assumption delivers persistent
movements in aggregate output.

5 Consider a continuous time Solow growth model. There is a large set of identical
…rms indexed by ‘i’. The production technology of …rm i is represented by:
Y i (t) = Ai (t)K i (t) Li (t)1

;

2 (0; 1);

where Y i (t) corresponds to the output of …rm i, K i (t) is the capital stock used
by …rm i, and Li (t) is labour employed by …rm i. A productivity factor is given
by Ai (t) = Y (t) , where Y (t) is aggregate output and 2 (0; 1). Moreover,
+ < 1. The labour force grows at a constant rate n and households save a
fraction s 2 (0; 1) of income. Assume that investment equals savings. Aggregate
capital stock evolves according to the following equation of motion:
_
K(t)
= I(t)
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K(t);

> 0;

where I(t) denotes investment and

is the depreciation of the capital stock.

(a) What is the intuition behind Ai (t) = Y (t) ?
(b) Show that the economy exhibits a balanced growth path with a positive
long-run growth rate in output per worker.
(c) Does the economy converge to this balanced growth path equilibrium? Explain.
(d) Suppose that the economy is initially on a balanced growth path equilibrium.
Consider a change in immigration laws such that it is harder for immigrants
to move from another country, so the economy’s underlying labour force
growth rate decreases (n0 < n). Describe the e¤ects of such a policy on
the dynamics of output per worker of this economy. Be sure to distinguish
between short-run and long-run e¤ects.
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6 Consider a small open economy lasting for two periods, populated by identical
agents with expected utility:
W = U (C) + Et U (C1 )
C is consumption in the …rst period and C1 is consumption in the second period.
Preferences are such that marginal utility U 0 () is strictly convex. Output, Y , is
exogenous. Residents can borrow or lend in an international market at a given
rate, R.
In the initial period Y = 8. In the second period, according to available forecasts:
Y1 =

Y1H = 12 probability 0:6
Y1L = 7 probability 0:4

A revision of the above forecasts yields:
(
Ye1H = 15 probability 0:5
Ye1 =
Ye1L = 5 probability 0:5
where Ye1 denotes revised …gures.

(a) De…ne the real interest rate under …nancial autarky RF A .
(b) How would the real interest rate in …nancial autarky change with the revision
e F A (after the revision) compare with
of the output forecasts? I.e., how does R
FA
the pre-revision R ?
(c) What are the implications of the revision for the current account of the
country in the initial period? Explain.
(d) According to the former chairman of the Federal Reserve Board, Ben Bernanke,
the US current account de…cit in the last two decades is caused by a ‘saving
glut’at world level. In light of the evidence on ‘global imbalances,’brie‡y
explain how the above model can help us to understand the ‘saving glut’
hypothesis by Bernanke.
(e) Suppose that the residents of the country have the following preferences:
U (C) = 30C

C2

Using these preferences, can you verify numerically your answer to (b)
above? Why or why not?
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7 It is 1810 and Albion is at war with Francia. The national debt of Albion is 200%
of nominal income. Government expenditure is 15 % of nominal income and taxes
raise 5% of income. Assume that the Government always pays an interest rate
of 3% on its borrowings. The outcome of the war is uncertain. Assume in‡ation
is zero.
(a) Describe a model of government expenditure, debt and sustainability to
show how debt evolves over time.
(b) Describe a possible path for national debt using a diagram when:
(i) The real interest rate is greater than the growth rate of the economy.
(ii) The real interest rate is less than the growth rate of the economy.
In 1814 Francia is …nally defeated at the Battle of Kings Cross and the Albion
Government cuts military expenditure, so now government expenditure is reduced
to 5% of national income. Taxes remains the same.
(c) Now describe a new path for national debt when:
(i) The real interest rate is greater than the growth rate of the economy.
(ii) The real interest rate is less than the growth rate of the economy.
(d) We know that the debt-income ratio of Albion declined to about 30% by
1914. Why have we not observed similar declines in European debt-income
ratios since the 1970s?
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8 Output and in‡ation are determined by:
yt =
t

=

rt +
e
t

t;

+ y t + "t

e
where yt is the output gap, rt = it
t is the real interest rate, it is the nominal
e
interest rate and t is the expected in‡ation rate. The random shocks t and "t
are mean zero, independent and serially uncorrelated with variances 2" and 2 .
Assume that the Central Bank can observe the shocks perfectly.
The Central Bank minimises a quadratic loss function

Lt = [yt2 ] + (
Assume that the in‡ation target,

)2

t

= 0, and expectations are rational.

(a) What is the optimal feedback rule for the nominal interest rate? Discuss
the properties of this rule.
(b) What does this rule imply for the equilibrium processes for output and
in‡ation?
(c) What does this rule imply for the volatilities of output and in‡ation?
Assume now that the shock to demand, t , is no longer observed perfectly. Instead
the Central Bank relies on its own estimates of the demand shock and an average
of forecasts produced outside of the central bank. These unbiased estimates are:
e1t =

e2t =

t

+

t

t

+

t

e1t is the Central Bank’s forecasts and e2t is the average of outside forecasts. t
and t are mean zero, independent and serially uncorrelated with variances 2
and 2 which measure the degree of precision of the two forecasts. The Central
Bank combines these estimates using a weighted average of the two estimates of
the form
c
)e1t + e2t
t = (1
(d) How should the Central Bank determine the relative weight, ?
(e) How does this a¤ect the feedback rule?
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9 Consider the following model.
Technology: There exists a representative …rm which operates a production technology given by a constant returns to scale Cobb-Douglas function:
Yt = F (Zt ; Kt ; Lt ) = Zt Kt Lt1
where Yt is output at time t, Kt is the capital input rented by the …rm at time
t and Lt is the total amount of labour input hired by the …rm at time t. is a
real number such that 2 (0; 1), and Zt is a random variable determining the
total factor productivity of the representative …rm at time t:
Households: There exists an in…nitely lived representative household whose expected lifetime utility is given by:
E0

1
X

t

log(Ct )

t=0

where is a discount factor such that 0 < < 1, Ct is the consumption of the
household at time t and log(.) is the natural logarithm. The household owns the
factors of production, Kt and Lt ; and rents them out to the …rms at prices rt (the
rental rate of capital) and wt (the wage rate) every period. The proceeds from
renting the factors of production form the income of the household at period t.
This income is spent on consumption, Ct ; or on investment, It ; in the capital
stock. The capital stock depreciates every period at rate , such that:
Kt+1 = It + (1

)Kt

(a) Solve the maximization problem of the household, giving the optimal choices
of capital and labour at every period t, and show that its solution implies an
Euler equation linking consumption in consecutive periods. Brie‡y interpret
this Euler equation.
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Assume that the representative …rm takes input prices as given and cannot in‡uence them. The …rm’s maximization problem is
max Zt Kt Lt1

Kt ;Lt

wt Lt

rt K t

with …rst order conditions:
@ t
= Zt Kt 1 L1t
rt = 0
@Kt
@ t
= (1
) Zt Kt Lt
wt = 0
@Lt
(b) Brie‡y interpret the …rst order conditions.
(c) Assume that the total labour endowment, at every period, is given by Lt = 1
and that capital depreciates fully every period, i.e. = 1: Show now that
the conditions in (b) imply that in equilibrium the law of motion for capital
is given by:
Kt+1 =
Zt Kt
(d) Assume that the log of total factor productivity evolves according to the
following stationary …rst order autoregressive, AR(1), process:
log(Zt ) = zt = zt

1

+ "t

where "t is an i.i.d. disturbance.
Show that given:
(i) the assumption Lt = 1;
(ii) the expression for capital in part (c) and;
(iii) the production function;
that this together implies that the log of output follows an AR(2)
process in equilibrium. Based on this brie‡y discuss why and when
the above model can be expected to generate an hump-shaped impulse
response to a one-time shock to total factor productivity.

END OF PAPER
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1. (a) Consider the following two-player game, where 1 is the row player and 2 is
the column player:
A2 B2 C2
A1 a, b 1, 2 c, d
B1 1, 1 0, 0 1, 1
C1 e, f 1, 2 g, h
where a, b, c, d, e, f, g, h are payoffs such that 2a+e > 3, 2c+g > 3, b+2d > 6,
and f + 2h > 6.
i. Show that for each player, strategy B is strictly dominated by another
strategy (possibly a mixed one).
ii. Find conditions (inequalities) on a, b, c, d, e, f, g, h such that no player
has a dominant strategy.
iii. When the conditions in part (ii) above are satisfied, find the mixed strategy Nash equilibria of the game.
(b) By means of an example or otherwise show that rational players do not necessarily choose a Nash equilibrium in normal form games.
(c) Discuss the role of common beliefs and common knowledge of beliefs in justifying the concept of Nash equilibrium in complete information normal form
games.
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2. (a) Consider the 2-player game G described by

A1
B1
C1

A2
B2
4, 4
−1, 5
0, −1 −1, −1
5, 1
0, 2

C2
−1, 0
2, 0
0, 0

i. Suppose that players choose pure strategies. Compute the Nash equilibria and the minmax payoffs for each player.
Suppose G is played infinitely often, players have a common discount factor
δ < 1, players choose pure strategies and there is perfect monitoring.
ii. Describe a strategy profile that is a subgame perfect equilibrium for every
discount factor δ.
iii. Show that the payoff vector (4, 4) can be sustained as a subgame perfect
equilibrium average payoff profile if and only if δ ≥ 1/5.
(b) Consider the following extensive form game:

i. Describe the set of all mixed strategy perfect Bayesian equilibria of the
game. Are any of the equilibria pure?
ii. Describe the set of all mixed strategy perfect Bayesian equilibria if we
modify the game by changing the outcome associated with playing (L, L0 )
to (1, 1) (instead of (4, 1)). Are there any pure strategy equilibria in this
case?
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3. (a) Describe the two-sided, many-to-one matching environment with strict preferences. (Use the firms-workers terminology.) Give the formal definition of a
stable matching.
(b) Do stable matchings always exist? If yes, prove it. If not, give an example
which does not admit any stable matching.
(c) State the rural hospitals theorem and prove it.
(d) If we allow weak preferences, do your answers to the above questions change?
If not, explain why not. If yes, give an example which illustrates how the
conclusions might change.

4. Consider the first price auction for a single indivisible object between two bidders
i = 1, 2. Each bidder i draws an independent signal ti which is uniformly distributed on the unit interval. Given signals ti and tj , the valuations of the bidders
are
v1 = 2t1 + t2
v2 = 2t2 + t1 .
If bidder i receives the object and pays p, her utility is 2ti + tj − p. Each bidder
knows her own signal, but not the other’s.
(a) What is the expected value of the item to a bidder with type ti ?
(b) Assume a symmetric equilibrium of the sort b(ti ) = kti + m, and solve for k
and m.
Now, suppose that the bidders’ valuations are given by vi = 2ti + 21 .
(c) Compare the expected revenue of the first price auction in this case to the
expected revenue of the first price auction in part (b).
(d) Alternatively, the seller considers selling the object with a fixed posted price.
That is, he posts a price q, and if any of the bidders wants to buy the object
at that price, they do so. If both want to buy it at that price, the seller
decides randomly whom he will trade with, again at that price q. If the seller
wants to maximise his expected revenue from this form of sale, what is his
optimal choice of q? What is the associated revenue?
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5. There are 5 towns and M workers. In each town there is a single firm which
produces the unique consumption good using labour as an input. All firms have
the same concave production function f , and all workers are mobile. Now suppose
that the central government undertakes an experiment in which it imposes a tax
t on labour in the towns in S = {1, 2, 3}.
(a) Write down the equilibrium conditions for the economy.
(b) How do wages change in response to the tax? Justify your answer.
(c) How does labour demand in the towns in S change in response to the tax?
Justify your answer.
(d) How does labour demand in the towns in N = {4, 5} change in response to
the tax? Justify your answer.
(e) How do the profits of firms change in towns in S and in N ?
(f) Comment carefully on your answers to parts (b)-(e).

6. There are two investors, two dates and two states of the world. Investor 1 has
utility function
v(c10 ) + π1 v(c11 ) + π2 v(c12 )
and endowment e1 = (5, 4, 1), where c10 is her consumption at date 0, c11 is her
consumption at date 1 in state 1, c12 is her consumption at date 1 in state 2 and
π = ( 32 , 13 ). Similarly, investor 2 has utility function
v(c20 ) + π1 v(c21 ) + π2 v(c22 )
and endowment e2 = (5, 1, 4). There is a single real asset with payoff (1, 0).
(a) Comment carefully on the model.
(b) Explain carefully what is meant by an equilibrium of this economy.
(c) Assuming that v = log (the natural logarithm), find:
i. the demand for date-0 consumption of each investor;
ii. the demand for the asset of each investor;
iii. the date-1 consumption of each investor.
(d) What is meant by the state-price vector of an investor?
(e) Find the state price vector of each investor. Comment carefully on these
vectors.
Page 5 of 6

7. Consider a model of network formation with undirected networks and heterogeneous costs. The set N = {1, . . . , n} of agents is partitioned into K groups of
equal size J ≥ 3. If agents i and j belong to the same group, then each of them
needs to incur a cost of c to form a link between them. If agents i and j belong
to different groups, then each needs to incur a cost C > c > 0 to form a link.
The payoff of an agent i in network g is
X
X
ui (g) =
δ d(i,j)−1 −
c
j6=i

j:gij ∈g

where 0 < δ < 1, and d(i, j) is the geodesic distance between i and j.
Assume that c < 1 − δ. Prove the following statements:
(a) If C < 1 − δ then the unique efficient network is the complete network.
(b) If 1 − δ < C < 1 − δ 2 , and K = 2, then the efficient networks have exactly J
links between the two groups and in at least one group each player is involved
in exactly one of the J links.
(c) Assume K = 3. Show, by means of an example, that all pairwise stable
networks might be inefficient. (Provide specific values of C and δ.)
8. (a) Describe the set-up of the standard one-shot public good game experiment,
the equilibrium of this game, and the Pareto optimal action profile.
(b) Now consider public good game experiments with repetition. What do “partners” and “strangers” treatments mean? What is the evidence on how subjects’ behaviour differ in the two types of treatment?
(c) Palfrey and Prisbey (1997) modify the standard public good game set-up by
using the following payoff function:
X
πi = ri (y − xi ) + m
xj
j∈G

where y is the initial endowment given to each subject, and xi ∈ [0, y] is
subject i’s contribution decision.
Give an interpretation of the parameters m and ri . Briefly describe their
experimental design and how their design helps the authors to differentiate
among different explanations for contribution patterns.
(d) What happens to contribution patterns if one introduces the possibility for
subjects to punish others? Do the results differ in strangers and partners
treatments?
[END OF PAPER]
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SECTION A
1

In the spirit of Jevons’ double coincidence of wants problem, consider an
individual who faces a choice between monetary exchange or direct barter in
a world of J goods, where there are 3 search costs for each monetary exchange
and search costs for barter exchange. Solve for the expected search costs
faced by this individual in both cases. At what point, in terms of J, will an
individual be indi¤erent between monetary and barter exchange?

2

Explain the factors that may determine the ratio of cash to deposits held in
a household’s balance sheet. Sketch, using an appropriate model, the impact
on this ratio of (i) a positive shock to the marginal e¢ ciency of capital and
(ii) a …nancial crisis.

3

Consider an entrepreneur with no cash but some illiquid asset worth a, who
would like to undertake a project, which can take on two values, R > 0 (“Success”) and 0 (“Failure”) with probability e 2 [0; 1] and 1 e, respectively.
The entrepreneur chooses e (e¤ort), which costs her c(e) = 12 ce2 , where c is
a constant c > R. The entrepreneur needs to borrow one unit of capital to
undertake her project. This entrepreneur maximises income and her opportunity cost of undertaking this project is w > 0. The lender is risk neutral and
faces a limited liability constraint. Her payo¤ is r, the gross loan interest rate,
when the project return is high; and a when the project return is low. The
opportunity cost of funding this project is > 0, which corresponds to a return on a risk-free project. Lenders compete for borrowers, which drives their
pro…ts to zero. What is the optimal lending contract when e¤ort is private
information of the borrower? Comment on the properties of this contract.

4

As of 2014 some 34 countries have adopted In‡ation Targeting.
(a) Why is In‡ation Targeting so attractive?
(b) How has In‡ation Targeting performed since the …nancial crisis of 2007/8?
(c) How does In‡ation Targeting compare to other policy regimes such as
price level targeting and nominal income targeting?
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5

You are given the following information about three assets, where
mean and j is the standard deviation of asset j:

j

is the

Asset:
j
j
1
5% 9%
2
10% 40%
3
12% 10%
The risk-free interest rate, r0 , equals 4%.
(a) Calculate and interpret the Sharpe ratio for each of the three assets.
(b) Suppose that the risk (standard deviation) of a benchmark portfolio is
given by 25%. What, if anything, does this imply about the comparative
performance of the assets in terms of risk-adjusted performance (RAP)?
(c) You are now told that a mean-variance e¢ cient portfolio, E, is available
with E = 8% and E = 8%. What inferences can you draw from this
information?
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SECTION B
6

Vincent Company (VCo) has assets with a market value of $600 million, $70
million of which are cash. It has debt of $250 million, and 20 million shares
outstanding. Assume perfect capital markets.
(a) Find VCo’s current share price.
(b) Assume that VCo distributes the $70 million as a dividend. Calculate
the stock price after the dividend has been paid.
(c) Assume that VCo distributes the $70 million as a share repurchase. Calculate the stock price after the share repurchase.
(d) Find the debt-to-equity ratio of VCo if it distributes the $70 million as
a dividend and if it distributes it as a share repurchase.

7

Carefully discuss the microfoundations of credit constraints and how the government could intervene in the credit market to improve its functioning. Then
discuss the empirical evidence on which credit friction seems to be more relevant in practice and the implication of this for policies.

8

What are the main predictions of the Capital Asset Pricing Model (CAPM)?
Discuss the role and signi…cance of the assumptions needed to obtain the
predictions. Finally comment on the empirical success of this model.

9

Consider an economy with a continuum of agents of measure one and a unique
good and three dates, with a storage technology that yields a zero net interest
and a long-run technology that yields R > 1 units with certainty at time
t = 2 but yields only L
1 if prematurely liquidated at time t = 1. Both
technologies are available to any agent. Each agent is endowed with one unit
of the consumption good at time t = 0. Of these agents, a proportion will
prefer to consume at time t = 1, and the complementary proportion 1
will prefer to consume at time t = 2. The agents are ex-ante identical but
subject to consumption uncertainty: with probability an agent will want
to consume only in period 1 (type 1 consumers), and with probability 1
she can get utility from consuming in either period 1 or period 2 (type 2
consumers). More speci…cally, utility is:
(
ln c11
for impatient consumers
2
2
ln (c1 + c2 ) for patient consumers,
where
is

is the time discount factor, 0 <
ln c1 + (1

Assume that R > 1.
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< 1. The ex-ante expected utility
) ln(c1 + c2 )

(a) Explain why the outcome in which agents cannot trade with each other
(i.e., autarky) is ine¢ cient.
(b) Find the optimal allocation for this economy.
(c) Consider a banking contract in which a depositor’s type is private information. Explain how such a contract can implement the optimal
outcome.
(d) What is a bank run? Why is the deposit contract sometimes vulnerable
to bank runs?
10

Consider the Phillips curve
y= (

e
t)

t

+

t

where y is the output gap, t is the in‡ation rate, et is rationally expected
in‡ation and t is an iid random process with variance 2 . Assume that = 1.
The Central Bank’s loss function is
L = Et f

2

+ (y

y )2 g

The target rate of output, y , is higher than the actual level of output.
(a) What equilibrium does this model give for in‡ation and output?
(b) What are the volatilities of in‡ation and output?
Suppose transparency is measured by the extent to which the public is sure of
the value of . In particular, assume that the public observes the value of as
0
= + t , where t N (0; 2 ). Also assume that t and t are uncorrelated.
(c) What is the new equilibrium for in‡ation and output?
(d) What does this imply for the volatilities of in‡ation and output?
(e) How can the Central Bank improve its transparency when the public is
uncertain of the value of ?
END OF PAPER
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1

In a town with a continuum of voters (of measure 1) decisions about income
taxation and spending on a public good are made by direct voting and any
voter can propose a tax rate and a level of spending. The preferences of voter i
are Wi = (1
)yi + g, where 2 [0; 1] is the income tax rate, g is the public
good, and yi is the income of voter i. The income distribution is uniform
on the interval between zero and one. The parameter 6= 1 represents the
(constant) marginal value of the public good. The town has to balance its
budget.
(a) Suppose that decisions are made with the majority rule. Which tax rate
and what level of spending will the town adopt? What role does play?
Explain carefully whether you can apply the median voter theorem to
answer this question.
(b) Let > 1. Is the policy outcome in (a) a political failure? Explain
carefully.
(c) Suppose that decisions are made with the unanimity rule and that > 1.
Which tax rate and what level of spending will the town adopt? Is there
a political failure in this case? Explain carefully.
(d) Based on your answers to the previous questions, evaluate the case for
using the unanimity rule to make public choices.

2

(a) Why might legislative procedures have a critical in‡uence on policy outcomes?
(b) Compare di¤erent legislative procedures with respect to e¢ ciencies in
the policy outcomes that they induce.

3

(a) When will a market for tradable pollution permits achieve an e¢ cient
allocation?
(b) Suppose that an existing market for tradable carbon dioxide (CO2 ) permits covers the entire electricity producing sector. Given that, would it
be optimal for a social planner to subsidise electricity generation from
renewable energy sources?
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4

(a) Green taxes are often levied as a mark-up on existing taxes on, for example, energy consumption or road use. Explain how the optimal green
mark-up on a good that is already subject to a tax is determined.
(b) Why have green taxes become popular at the expense of command-andcontrol instruments in recent decades?

5

(a) There is a well-established positive correlation between height and earnings. Why might this be problematic when trying to explain the reasons
governments resort to distortionary income taxation?
(b) ‘Observed labour supply elasticities are higher for high earners than middle earners. High earners should therefore face lower marginal tax rates.’
Do you agree?

6

‘When realistic assumptions are made about the life cycle, the zero capital
tax result no longer goes through.’ Discuss.

7

(a) What factors does a multinational enterprise (MNE) take into consideration when trying to decide how best to satisfy demand for its output
in a foreign market? A complete answer should discuss the empirical
evidence regarding the decision to serve a market through exports versus
foreign direct investment.
(b) Suppose that signi…cant factor endowment di¤erences exist across markets so that exports and foreign direct investment are complements in the
production function of an MNE rather than substitutes. What factors
might a¤ect an MNE’s decision to engage in foreign direct investment?

8

‘The terms of trade argument [for tari¤ setting] is of little practical importance.’Krugman and Obstfeld (1997). Discuss.
END OF PAPER
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1

2

3

(a)

There are three types of farm‐plots in rural India: owner operated plots, plots on
which a tenant pays a fixed rent to the owner, and plots on which a
sharecropper keeps a share of the output and the owner takes the rest. It is not
unusual to find the same farmer cultivating multiple plots of different types; e.g.
owned and rented or owned and sharecropped. Sharecroppers have a reduced
incentive to exert effort because they only get to keep a share of the output.
Provide an economic explanation for why sharecropping is still observed and
indicate what types of individuals are most likely to become sharecroppers and
which types of plots are most likely to be sharecropped.

(b)

A researcher compares effort, measured by the hours of labour per unit of land,
on sharecropped and owner operated plots in a village. She finds that effort is
greater on owner operated than on sharecropped plots. Discuss possible
explanations for this result and describe how you would control for alternative
explanations when testing for the incentive effect.

(a)

Let the wage, W, received by a worker at the beginning of each period be
described by W=N1/2. λ is the level of social connectedness in the worker’s
community and N is the number of community members working as a group for
the same employer. Let the cost of effort that must be exerted by each member
of the group in each period be C. If a worker shirks in any period, he will be fired
and subsequently remain unemployed forever. Derive the relationship between
social connectedness, , and the size of the largest stable group, N*.

(b)

The counties in Mississippi where plantation crops were grown in the past
witnessed the greatest outflow of blacks to northern cities during the Great
Migration, and there is evidence that this outflow was supported by
exceptionally strong networks. These counties have lower levels of social capital
in the black population today. Is this a contradiction or is there a consistent
explanation? Explain.

(a)

Millions of Europeans moved to the United States between 1850 and 1910.
Historical evidence indicates that migrants from the same village in Europe often
ended up in the same U.S. city and in the same occupation. Provide two
explanations for this phenomenon.

(b)

The communities set up by European migrants flourished through much of the
twentieth century. However, the working class occupations that their members
were engaged in began to disappear in the 1980s. Nevertheless, a working‐class
“culture” that discouraged occupational and spatial mobility persisted in these
communities, with negative economic consequences for their members. Explain
why this culture emerged and why it persisted.
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4 (a)

The transition from trade to manufacturing is a key step in the development
process. Pioneers in manufacturing typically had high ability and the resources
to invest in the fixed capital that is needed for manufacturing production. Would
this transition occur earlier or later in an economy in which trade was controlled
by a small number of business communities? Discuss.

(b)

Studies of productivity across firms find large differences ranging from 2:1 across
firms in the USA and 5: 1 in China and India. Explain how this evidence might be
consistent with mis‐allocation of resources, ruling out alternative explanations
such as mis‐measured prices.

5 The difficulties of measuring GDP, particularly in poor countries, have led to alternative
approaches to measuring the standard of living.
(a)

One approach is to measure a nation’s welfare, as a consumption equivalent
measure. Assuming an additive, separable utility function defined over
consumption, health and inequality, explain how such a measure might be
constructed and how standards of living can be compared using an equivalent
variation.

(b)

Explain how the measure above would change if we used compensating rather
than equivalent variation. Explain whether the distinction matters for poor
countries and why.

6 Political scientists often use the overall tax rate in an economy as a measure of
government accountability.
(a)

Explain the rationale for this assumption and explain why the tax rate might be
similar to a public good.

(b)

Suppose politicians attempt to stay in power by exerting patronage through the
distribution of government revenues. Let t denote the tax rate, Y denote taxable
income, e, the fraction of tax revenue that is embezzled, and P denote the total
amount available for patronage. Assume that politicians wish to maximise P
subject to e(t), where e’(t) < 0. Let e= α(1‐t), where α = rate of embezzlement.
i)
ii)

Obtain the optimal amount of revenue available for patronage by
politicians and explain why all the resources are not embezzled.
Suppose that the country now discovers large natural gas resources, of
the order rY, where r is the proportion of income from natural gas. Re‐
examine your answer in i) above and explain why the provision of public
goods might worsen with increased incomes from natural gas resources.

TURN OVER
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7 The measurement of individual well‐being usually relies on survey data.
(a)

Survey data and National Accounts data differ substantially both in terms of
measurement of levels and of growth in per‐capita consumption. Explain why
they differ and discuss the implications for the measurement of growth and
inequality.

(b)

Explain what the International Comparison Project does and why the results in
2011 differ from those in 2005.
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SECTION A
1

Consider a multi layer principal-agent contract. The utility U and V of the
agent and the middle manager read
1 2 1
e
Var [W ]
2
2
1
Var [S W ]
V = E [S W ]
2
with e = e¤ort of the agent, W = wage of the agent, S = salary of the middle
managers, while ; ; and are positive parameters. The principal is risk
neutral, the outside option of the agent is U = 0. Output x satis…es
U = E [W ]

x=e+v
where v is a normally distributed error term N (0;
principal can sell x is equal to unity.

2

). The price at which the

(a) What is the …rst best level of e¤ort that would prevail under perfect
information on the side of the principal and the middle manager?
(b) However, e and v are unobservable to the principal and the middle manager. They observe only x. The middle manager o¤ers a linear performance contract to the agent W = a + bx, and the principal o¤ers a linear
contract to the middle manager, S = c + dx, where a; b; c; and d are
the parameters of the contract. What level of e¤ort e will the agent set,
taking his contract as given?
(c) What value for the piece rate b will the middle manager set?
(d) In a simple principal agent model with a risk neutral principal and a risk
averse agent, the piece rate set by the principal is b = = ( + 2 ). The
current piece rate di¤ers for two reasons. Discuss these reasons. Is there
an interrelation between these two reasons?
2

Consider a world with two countries, 1 and 2, with distinct market sizes. The
market in country 1 is small, in the sense that it can only accommodate the
entry of one …rm, while that of country 2 is larger, in the sense that it can
accommodate two …rms. Firm A is active in its home market (country 1) and
exports to country 2. Firm B sells its output in country 2 only. In country 1,
inverse demand is given by:
qA1 = a

pA1

In country 2, the goods produced by …rm A and …rm B are regarded as
imperfect substitutes by consumers and inverse demands are given by:
2
(1620
3
2
=
(1620
3

qA2 =

2pA2 + pB2 )

qB2

2pB2 + pA2 )
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where, qij is the quantity demanded from …rm i = A; B in country j = 1; 2 and
pij is the price of the good sold by …rm …rm i = A; B in country j = 1; 2. To
capture the idea that country 1 is smaller than country 2, assume a < 1620.
Assume that both …rms produce at zero marginal cost.
(a) Suppose that the markets in country 1 and 2 are segmented in the sense
that price arbitrage across international markets is not allowed. Firms
compete on price. Solve for the pro…t-maximizing prices and quantities
of …rm A and …rm B and compute the equilibrium pro…ts of each …rm.
(b) Suppose that country 2 has an antidumping law. Under this law, the
importing country’s government will impose a speci…c tari¤ of on imports if the price at which the foreign …rm sells the good in country 2
is lower than the price at which it sells the good in its domestic market.
This law implies that if pA2
pA1 , then the tari¤ will be set to zero.
What is …rm A’s pro…t maximizing strategy under this law?
(c) What are the welfare e¤ects of the speci…c tari¤ in part (b) on country
2? Is this speci…c tari¤ a rent-shifting tari¤? Explain why or why not.
(You might wish to make reference to the nature of competition in your
explanation).
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SECTION B
3

A worker and a …rm have an employment relation, which bene…ts both partners. Both make unveri…able investments in their outside options and in their
mutual relation.
(a) Give an example for each of the four types of investment that can be
made, i.e. in the relation and the outside option, for both the worker
and the …rm.
(b) The worker and the …rm have an argument about the best way to organize their relation. The …rm proposes just to agree to start the relation
and to settle the distribution of the gains after they both have made
their investments. The worker argues that it is better for the …rm to
hire the worker for a …xed wage, because that would improve incentives.
Explain for each of the four types of investment whether a …xed wage reduces or increases incentives for the investment relative to the proposal
by the …rm. Explain whether that change in investment is a welfare
improvement or not, and why this is the case.
(c) The …rm argues that this argument is mistaken. By using a …xed wage
contract, the …rm would be the residual claimant (getting what is left
over of the surplus after paying the wage, and hence bearing all the
risk). It would be better to make the worker the residual claimant.
What type of contract could both partners use to make the worker the
residual claimant? When would that be a better solution than a …xed
wage contract?
(d) The worker argues against this solution. He says that he does not need
contractual monetary incentives, because the worker and the …rm can negotiate an implicit contract about the worker’s investment. The worker
argues that this contract works, because they have a long-standing relation. If the worker does not perform, the …rm can always …re the worker.
Explain why the worker might be right. Can this mechanism implement
the …rst best?

4

Conglomerates diversify by investing in a wide range of activities, which are
only weakly related. There is a dispute on whether this is a good or a bad
phenomenon, both from the perspective of the …rm and of society at large.
(a) Discuss brie‡y four reasons why companies might diversify. For each of
these reasons, discuss in one sentence if this reason bene…ts i) shareholders; and ii) society at large.
(b) The fact that one or more of the reasons for the formation of conglomerates are at the expense of their shareholders suggests that there is a
principal-agent problem.
(i) Who is the principal, who is the agent? What is the nature of this
principal-agent problem?
4 of 5

(ii) Explain why …rms with concentrated shareholdership, like family
…rms, are less vulnerable to this problem.
(iii) Give a reason why society at large might choose to side with the
principal (think of the e¢ ciency of the allocation of capital).
(c) One might expect that the management of a conglomerate might be
better informed about the quality of individual investment projects than
the outside market and hence that conglomerates have an advantage
in allocating investment funds. Explain why the outside market might
nevertheless be more e¢ cient.
5

“When there are …xed costs to …rms of entering a market, allowing for free
entry into a market ensures an e¢ cient outcome.”Discuss whether this statement is true or false. Specify your assumptions about consumer preferences,
market structure and market size.

6

Consider an economy in which consumers have constant elasticity of substitution preferences over n goods and …rms must pay a …xed cost in order to
enter a market. Initially, this economy is in autarky. Discuss the impact on
this economy if it signs a free trade agreement with an economy with the
same consumer preferences and population size under two di¤erent sets of
assumptions:
(a) all …rms have the same productivity and can sell in any location under
the free trade agreement (i.e., there are no transport costs, tari¤s or
foreign market entry costs under the free trade agreement);
(b) …rms in both countries di¤er in their productivities and can sell in their
trading partner’s market under the free trade agreement if they pay a
…xed cost to enter their trading partner’s market.
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SECTION A
1

In their 1983 Journal of Political Economy paper, Hansen and Singleton derive
the following relationship between the consumption growth, ct ; and the rate
of return, rt , on a …nancial asset:
rt

ct =

+ "t ;

where is the coe¢ cient of relative risk aversion, and E ("t jIt 1 ) = 0 with
It 1 representing the information available at time t 1:
(a) Explain why running the OLS regression of rt on a constant and
not appropriate for estimation of .
(b) A researcher proposes to use ct
regression of rt on a constant and

1

ct is

and rt 1 as instruments for ct in the
ct . Discuss this choice of instruments.

(c) 2SLS that implements the proposal described in (b) yields the following
result (based on 237 observations)
R2 = 0:0331:

r^t = 0:0002 + 0:851 ct ;
(0:005)

(2:061)

The corresponding …rst stage regression yields
cct = 0:0025 + 0:0039rt
(0:0003)

(0:0069)

1

0:2928 ct 1 ;
(0:0640)

R2 = 0:0752:

For both results, the estimates of the standard errors are reported in the
parentheses. To test the null hypothesis that the coe¢ cient of relative
risk aversion equals 5, a researcher computes the t-statistic based on the
2SLS result. The value of the statistic is 2:01; so the researcher decides
to reject the null. Explain why you might remain skeptical. Could you
suggest an alternative testing strategy?
2

Suppose that you have a large random sample of electricity producing …rms,
each of which is a price taker, cost minimiser, produces electricity on demand,
and uses labour, capital, and fuel as the factors of production. You would like
to estimate a labour cost share equation
SL;i =

L

+

L

log PL;i +

K

log PK;i +

F

log PF;i +

Q

log Qi + "i ;

where SL;i is the labour share in the i-th …rm’s cost of producing output Qi ,
and PL;i ; PK;i ; and PF;i are the labour, capital and fuel prices, respectively.
(a) Your colleague suspects that the conditional variance of "i is some nonlinear function of log Qi : Describe a Lagrange Multiplier test procedure
for testing a hypothesis that the conditional variance of "i is, in fact,
constant.
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(b) You were asked to also estimate the capital cost share equation
SK;i =

K

+

L

log PL;i +

K

log PK;i +

F

log PF;i +

Q

log Qi +

i:

Assume that both this equation and the labour cost share equation are
homoscedastic. Would the joint estimation of the two equations be useful
in this situation? Explain your answer.
(c) Micro theory suggests that K = L : Propose a method that can be used
to estimate the parameters of the labour and capital cost share equations
subject to this constraint.
3

A standard model for estimating the e¤ects of job training on subsequent
wages may be written as
log(wageit ) = z0it + progit + "it ;

(1)

where i = 1; :::; N indexes individuals and t = 1; :::; T indexes time periods;
wageit denotes a measure of wages; progit is a binary indicator for participation in a job training program; and zit is a vector of observable characteristics
that a¤ect wages and may also be correlated with program participation. The
composite error term is given by "it = t + ci + uit , where t and ci denote, respectively, unobserved time and individual speci…c e¤ects, and uit represents
unobserved factors that vary over i and t.
(a) An analyst estimates the parameters of (1) using the …xed e¤ects estimator. Information on zit is available. Write down the necessary assumptions for a consistent estimator of . Explain what is meant by the strict
exogeneity assumption and why this might be violated in this particular
case.
(b) Now assume that the analyst considers a di¤erent model
log(wageit ) = log(wageit 1 ) + z0it + progit + "it :
Demonstrate that the presense of a lagged dependent variable precludes
the use of a …xed e¤ects estimator unless T is large. Show how a …rst
di¤erence transformation facilitates the use of an estimator that exploits
a weak exogeneity assumption.
(c) Show how it is possible to generalise (1) in the presence of both T > 2
and multiple training programs.
4

An outcome variable y is binary. An analyst has available a vector of covariates
x, where one of the covariates of interest, say l, is binary.
(a) Write down a probit model for y. Explain why the partial e¤ects of the
components of x on the probability that y = 1 are heterogeneous by
construction.
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(b) For the probit model we assume that the error terms, say "i ; are i.i.d.
N (0; 1). Suppose instead that we have assumed more generally that "i
are i.i.d. N ( ; 2 ). Demonstrate that the restrictions = 0 and 2 = 1
are identifying assumptions.
(c) You are interested in determining the e¤ect of l on y. Explain in detail
how you would estimate this e¤ect using average partial e¤ect (ape) and
partial e¤ect at the mean (pea). Explain how you would estimate the
precision of your pea estimate.
5

Time series variables x1t and x2t satisfy the VAR equation
x1t
x2t
where "t =

"1t
"2t

1:0
0:5

x1t
x2t

1

+

1

"1t
"2t

;

is a serially uncorrelated stationary process. Let

A=

Note that CAC

0:5
0:25

=

1

=

0:5
0:25

1:0
0:5
1 0
0 0

=

(a) Show that if we de…ne

1
0:5

and C =

2
1

:

:

y1t
y2t

=C

=

y1t
y2t

x1t
x2t

then

y1t
y2t

satis…es the

VAR
y1t
y2t

1

+C

1

"1t
"2t

and hence show that x1t and x2t are I(1) variables.
(b) De…ne
= A I (where I is a 2 2 identity matrix). Show that
det( ) = 0 and further that we may write
0

=
where

=

0:5
0:25

and

(c) Show that if we write xt =

1
2

=
x1t
x2t
0

:
then

xt =

0

0

xt satis…es the equation

"t

Explain what this means for the variables x1t and x2t :
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The …gure below shows quarterly UK electricity demand (measured in Gigawatt hours) from 1998Q1 to 2014Q3 (from DECC Energy Trends).
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Econometricians wish to produce a forecasting model for UK electricity demand (demt ). To produce a forecast model they …rst estimate the following,
where is the …rst di¤erence operator ( = 1 L) and ‘time’a time trend
\
demt = 29632:5
(12862:)

53:9941 time
(21:862)

0:820524 demt
(0:071540)

0:285923 demt
(0:12928)

1

+ 0:113146 demt
(0:073133)

1

2

T = 64 R2 = 0:9334
(standard errors in parentheses)
(a) Does this provide evidence that demand is an I(1) variable?
(b) They decide that demand is best modelled as an I(1) variable and then
estimate the following model (Model 1)
\
4 demt = 1422:98
(864:62)

45:1086 time + 0:341583
(21:766)

(0:12232)

4 demt 1

T = 62 R2 = 0:2228 DW = 1:99
(standard errors in parentheses)
where 4 = 1 L4 gives fourth di¤erences. Explain why the 4th di¤erence model might be used for this data. What can be deduced from the
Durbin-Watson statistic?
(c) Examination of the correlogram of the residuals from Model 1 shows the
autocorrelations are (approximately) 0 = 1; 1 = 0; 2 = 0; 3 = 0; 4 =
0:5 and zero thereafter. What does this pattern of residuals suggest?
How does this relate to your answer to (b)?
5 of 7
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(d) An alternative strategy estimates the following model (Model 2), where
Q1,Q2,Q3 and Q4 are seasonal dummies
d t = 65315:5 Q1 + 47050:3 Q2 + 51069:5 Q3 + 66884:2 Q4
dem
(12320:)

(12835:)

+ 0:383250 demt
(0:12483)

1

(10763:)

+ 288:831 time
(89:901)

(10464:)

4:94084 time2
(1:3345)

T = 62 R2 = 0:9545
(standard errors in parentheses)
To what extent does Model 2 help explain the earlier results?
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SECTION B
7

Explain what makes GMM a particularly useful econometric technique. Provide details and examples to strengthen your arguments.

8

Economic theory implies equilibrium relationships that constrain the behaviour of time series variables and a modelling strategy that incorporates those
relationships will consequently outperform univariate methods. Discuss with
relevant examples.

9

The canonical form of regressions estimated with panel data consists of model
speci…cations which utilise within-unit time, between-unit time and betweentime components of variation. With reference to one or more applications,
discuss how the exploitation of these di¤erent components of variation, provides the analyst with the ability to both entertain alternative hypotheses and
accommodate endogeneity where there may be a limited number of external
instruments.

END OF PAPER
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1

Compare and contrast the 1930s economic recovery in two countries chosen
among: Australia; Canada; Argentina and Japan. Did deliberate policies play
a role in their recovery pro…les?

2

Economic historians argue that a set of important developments in the 1920s
helped to set the stage for the Great Depression of the 1930s. What were
those developments? How did they set the stage and shape the Depression
that followed?

3

Discuss the role of investment, rearmament, and public works in the growth
of the German economy between 1933 and 1939.

4

Compare and contrast the regulatory outcomes of the interwar banking crises
in at least three countries chosen among: Canada; Germany; Italy; Sweden
and the USA.

5

Was the German “crisis-before-the-crisis” of the late 1920s the inevitable result of the stabilization of 1923/24?

6

In contrast to the pre-1913 period we observe a synchronised international
business cycle during the interwar period. Analyse the causes of this change
and consider the implications for interwar economies.

7

‘The formation of trading blocs and discriminatory bilateral trading agreements resulted in a world trading structure that caused the collapse of world
trade during the 1930s’. Discuss.

8

Examine the relationship between trade policy and economic recovery in the
1930s drawing on evidence from two countries.

9

‘Economic recovery during the 1930s was delayed until the introduction of
new underlying policy regimes’. Discuss.

10

Evaluate the e¤ect of exchange rate policies on economic growth during the
1920s.

END OF PAPER
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1.

(a) Can market prices be used as shadow prices in an economy where consumers have heterogeneous preferences over project outputs and other
goods? Would it be possible to use market prices if everyone had the
same preferences but had di¤erent levels of income?
(b) HM Treasury recommends using the ‘adjusted social weights approach’
to take distribution into account in social cost bene…t analysis. Explain
what the numeraire is in this approach.

2.

Assume that there is constant returns to scale in the production of all goods
in a closed economy and that there are two factors of production –labour and
land –both in …xed supply to the economy as a whole.
(a) The government subsidises the production of agricultural goods. Who
bene…ts from this policy? What is the social cost of the subsidy?
(b) The farm workers’union is eager to expand employment in the agricultural sector. It proposes scrapping the production subsidy and replacing
it with a wage subsidy to farm workers. Would you support this proposal? Explain carefully why/why not.

3.

A small open economy levies value added tax (VAT) on all goods. A public
sector project needs to import a …nal consumption good. The cost of transporting the good from the border to the project site is c per unit. Explain
carefully what the appropriate shadow price is. Can the world market price
always be used as the shadow price for an internationally traded good? Illustrate your answer with two examples.

4.

(a) Explain what the Ramsey optimal tax principle is and discuss one example in which the optimal commodity tax structure does not satisfy this
principle.
(b) The government needs to raise extra tax revenues to fund a budget
de…cit. A consultant advises the government to ‘…nd a few price inelastic goods and tax them heavily’. Evaluate the optimality of this
proposal and, if you disagree with it, explain how you would adjust the
commodity tax structure to raise the extra revenue.

5.

The government considers making the university tuition fee that a student has
to pay depend on his or her A-level (or high school) exam results. How might
the behaviour of A-level (or high school) students and their participation in
university education be a¤ected if better performing A-level students pay more
than worse performing students? Alternatively, how would these choices be
a¤ected if worse performing A-level students pay more than better performing
ones? What happens to the return to education under the two alternatives?
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6.

Donald Trump believes that migrant workers are less productive than native
workers. He obtains information on the income of workers i in period t, Yit , as
well as their migrant status, Mit , and other demographic and education variables (collected in the vector Xit ). Mr. Trump then runs an OLS regression
of log income on migrant status:
ln Yit =
and estimates ^ =

+ Mit + "it

0:07 with a standard error of 0:02.

(a) Why might this estimate of the e¤ect of migration status on income be
biased?
(b) If data were available on the siblings of each migrant, how might that
help obtain better estimates of the relationship between migration status
and income?
7.

Two policies are under consideration for improving road safety in England.
P1. Reducing the drink driving limit from 80 to 50 milligrammes (mg) of
alcohol per 100 millilitres (ml) of blood.
P2. Reducing the speed limit from 70 miles an hour to 55 miles an hour on
motorways.
A researcher has collected the following facts. The drink driving limit in
England is currently 80 mg of alcohol per 100 ml of blood. In Scotland the
limit was reduced from 80 mg to 50 mg in December 2014. In Poland the
limit is 20 mg. The speed limit is 70 miles per hour on motorways in Scotland
and England and 90 miles per hour in Poland. How would you evaluate, using
data for these three countries, which policy should be introduced?

8.

Imagine that genetic testing by insurance companies can identify the ex-ante
probability that an individual will need health care. Previously, this was
private information to each individual. How could this help the insurance
market reach a …rst best amount of insurance? Would the supply of health
care then be e¢ cient? Would individuals want the testing to be introduced?

9.

The University of Hope observes the research publications of one of its academics, Professor Green. It also has information on the research publications
of academics at the nearby University of Mars. How should the University of
Hope use this information to design an optimal contract for Professor Green?
How should this contract evolve over time? Does the optimal contract for
Professor Green depend on the way the University of Mars pays its professors?
END OF PAPER
3 of 3

ECT3
ECONOMICS TRIPOS PART IIB
Friday 20 May 2016

2:00-5:00

Paper 2
MACROECONOMIC PRINCIPLES AND PROBLEMS

Candidates are required to answer FOUR questions only.
Answer all parts of the question.
Each question will carry equal weight.
Write your candidate number (not your name) on the cover of each booklet.
If you identify an error in this paper, please alert the Invigilator, who will notify
the Examiner. A general announcement will be made if the error is validated.
Write legibly.

STATIONERY REQUIREMENTS
20 Page booklet x 1
Rough work pads
Tags
SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS
EXAMINATION
Calculator - students are permitted to bring an approved calculator
You may not start to read the questions printed on the subsequent
pages of this question paper until instructed that you may do so by the
Invigilator.
1 of 6

1

What are the attributes of an international reserve currency? What are the
advantages and policy trade-o¤s for the country issuing it? In your answer
discuss whether the recent global …nancial crisis has in‡uenced economists’
views on these issues.

2

Consider the following economy. On the production side, there is a continuum of …rms, each producing a di¤erentiated good. Goods are imperfect
substitutes such that the demand for the good of …rm i is:
Qi = Y

Pi
P

; >1

where Y is aggregate real output, Pi is the price of the good of …rm i and P is
the aggregate price index. Each …rm produces its good with the production
function Qi = Li where Qi is the real output of …rm i and Li is the amount
of labour employed by …rm i. Real pro…ts of …rm i are therefore given by
Pi
W
L , where W is the nominal wage rate for a unit of labour,
i = P Qi
P i
determined in a perfectly competitive labour market.
On the household side, there is a continuum of households, each of which owns
a …rm and provides labour to some other …rm (other than its own). Household
i maximises utility:
1
Li
U i = Ci
subject to the budget constraint:
P Ci = P

i

+ W Li

where Ci and Li are the consumption and labour supply of household i:
the real pro…t accruing to the household from the …rm it owns.

i

is

(a) Derive the optimal price charged by …rm i. Comment brie‡y on how this
price depends on the parameter :
(b) Derive the labour supply function of household i. Comment brie‡y on
how labour supply depends on the parameter :
(c) Aggregate demand is given by Y = M=P where M is the money supply.
Assume further that all households and …rms are identical. Derive the
symmetric equilibrium and obtain expressions for real aggregate output
Y and the aggregate price level P:
(d) Suppose now that prices are …xed and do not respond to aggregate demand. Why would increasing the money supply be welfare improving
relative to the symmetric equilibrium you derived in (c)?
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3

During 1980, real GDP in the UK contracted by about 4.5% relative to its
level in the last quarter of 1979. The …gure below plots the evolution of real
GDP along with (real aggregate) Consumption, Investment and Total Factor
Productivity. All series have been divided by their respective peak value of
1979, quarter 4. The graph covers the recession period (from 1980, quarter 1
till 1981, quarter 1) as well as the ensuing recovery period.

(a) Provide an interpretation of the 1980 UK recession through the lens of
the Real Business Cycle (RBC) model. Make sure that your answer
considers:
(i) why the percentage decline in aggregate consumption during the
recession was smaller than the decline in GDP, and
(ii) why policy makers may have chosen not to pursue countercyclical
policies to alleviate the recession.
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4

In contrast to the US, the UK and other advanced countries, the global crisis
and great recession created a sovereign debt crisis in the euro-area. This
caused large and variable interest rate di¤erentials on public debt issued by
di¤erent member countries and a large sovereign default (Greece).
(a) Explain how a sovereign debt crisis can be driven by debt and/or selfful…lling market expectations of a default.
(b) Which features of the Eurozone as an incomplete monetary union may
have contributed to the sovereign debt crisis?

5

Consider a small open economy existing for two periods, 0 and 1, populated
by many identical agents with preferences:
log C0 + log C1 :
At time 0, the residents are endowed with an exogenous amount Y0 of output.
They can invest their savings either in foreign assets B1 , which yield the world
interest rate R, or in domestic projects I0 , which yield output in period 1 Y1
with decreasing returns:
Y1 = AI0 :
The initial net foreign wealth is zero (B0 = 0), so that B1 coincides with the
current account (i.e. B1 B0 = B1 < 0 represents the current account de…cit,
CA). Investing in project I0 requires a specialized imported input, at the
price p units of output. Hence it costs pI0 units of output(=consumption).
(a) De…ne the ‘intertemporal production possibility frontier’(IP P F ).
(i) Assuming …nancial autarky, write down the IPPF equation and illustrate graphically its properties.
(ii) How does the IPPF change if the price of the imported input p falls?
Explain.
(b) Write down the budget constraint of the country in the two periods
(including B1 ) and the problem of the representative consumer. Derive
the …rst order conditions characterising the optimal consumption and
investment decisions.
(c) De…ne and derive the interest rate under …nancial autarky RF A . Is RF A
increasing/decreasing in p? And in A?
(d) Assume that preferences and technology are such that RF A > R. Is the
current account going to be positive or negative? Explain.
(e) Derive the consumption and investment plans if agents can trade the
international bond.
(f) Starting from an initial de…cit, will a fall in p increase or decrease the
de…cit? Explain.
(i) Contrast the answer to (f) with the e¤ect of an increase in the marginal
product of investment.
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6

Consider the three-equation model, where in‡ation and output are determined
by
t

yt

=
=

e
t

+ yt + t
yt 1
rt +

t

where rt is the real interest rate. The Central Bank has the following loss
function:
Lt = (yt )2 + ( t
)2 :
As yet, we do not specify a process for in‡ation expectations. Assume that
the Central Bank can control perfectly the real interest rate, and that t and
t are additive supply and demand shocks drawn from zero-mean, serially
uncorrelated, noise processes with variances 2 and 2 .
(a) Provide a brief explanation for the three equations, including the interpretation of .
(b) Derive the optimal feedback rule, conditional on information right before
time t, and comment brie‡y on it.
(c) What are the equilibrium processes for output and in‡ation?
(d) Assume rational expectations E ( et ) = E ( t ). What is the in‡ation bias
in this economy? Comment brie‡y on its value.
(e) If you had observations on in‡ation and output generated by this economy and you graphed in‡ation against output, how would you draw
conclusions about the drivers of business cycles?
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7

Consider the continuous time Solow model. Suppose that the production
function is represented by:
Y (t) = [K(t)] [A(t)L(t))]1

;

2 (0; 1);

where K(t) denotes the capital stock, which depreciates at constant rate ;
A(t) is a labour productivity factor, which grows at rate g; and L(t) is labour,
which grows at rate n. The equation of motion of the capital stock is:
_
K(t)
= I(t)

K(t);

where I(t) corresponds to investment and the initial capital stock, K(0) > 0,
is given. The economy is closed. Now, di¤erently from the standard Solow
growth model, assume that net investment I(t)
K(t) is a constant fraction
s~ 2 (0; 1) of net output Y (t)
K(t).
(a) Write down the equilibrium equation that describes the evolution of capital. What is the long-run growth rate of income along the Balanced
Growth Path? Explain.
(b) Does the economy converge to this Balanced Growth Path equilibrium
and what is the equilibrium level of output along the Balanced Growth
Path? Explain.
(c) What is the capital to output ratio along the balanced growth path? If
there is a slowdown in growth such that g + n goes to zero, then what
will happen to the capital to output ratio in the long-run? What will
the e¤ect of this growth slowdown on the income share of capital be?
Explain.
(d) Is this model consistent with the empirical evidence on the dynamics of
savings shown during lectures? Explain what happens to the savings
rate when there is a slowdown in economic growth.
8

The Stokey and Lucas model with tax distortions implies that tax rates should
be smooth across time. In reality, they are not. Furthermore, it has happened
that conservative governments have seen an increase in national debt and
progressive governments have seen a decrease in national debt. Discuss three
models that can explain why taxes are not smooth and discuss the rationale
for using debt to …nance capital investment.

9

In a chapter in the Handbook of Development Economics, Sir Partha Dasgupta asks the following questions: “Should one expect the global economic
growth that has been experienced over the past …ve decades to continue in
the foreseeable future? Should we be con…dent that knowledge and human
skills will increase in such ways as to lessen our reliance on nature in relation
to humanity’s growing numbers and rising economic activity?” Comment on
these questions using the Solow model with natural capital.
END OF PAPER
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1

(a) Consider an auction in which 2 players simultaneously choose bids, which
must be in non-negative multiples of one penny. The higher bidder wins
one pound. If the bids are equal, neither wins anything. Each player pays
his own bid, whether he wins the pound or not (i.e. the loser pays too).
Each player’s utility is simply his net winnings; that is, the players are
risk-neutral. Construct a symmetric mixed-strategy Nash equilibrium in
which every bid less than £ 1 has a strictly positive probability.
(b) Show that any game with a …nite number of pure strategies has a mixed
strategy Nash equilibrium. (You may assume the following result: any
normal form game has a Nash equilibrium if the set of strategies for every
player is convex and compact and the payo¤ function for each player i
is quasi-concave in i0 s strategy and continuous in the strategies of all
players).
(c) Consider a 2-player simultaneous one shot game in which the set of strategies for each player is given by the interval [0; 1]: Let the two players’
payo¤ functions be
(s1 s2 )2
1 (s1 ; s2 ) =
and
2 (s1 ; s2 ) =

(s1 + s2
(s1 s2

1)2 if s1 <
1 2
) if s1
4

1
4
1
4

where i and si refer to the payo¤ function and strategy of player i = 1; 2:
By sketching the best reply functions (in pure strategies) for each of the
two players, show that this game does not have a Nash equilibrium in
pure strategies. Comment brie‡y on the lack of existence of an equilibrium in this game.
(d) Consider the game in part (c) and assume that the players choose their
strategy sequentially. First, player 1 chooses some s1 2 [0; 1]. Second,
player 2, knowing the choice of player 1, chooses some s2 2 [0; 1]. The
payo¤s are as in part (c). Does this game have a subgame perfect equilibrium (in pure strategies)? If so describe a subgame perfect equilibrium.
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2

(a) Consider the following game
1/2 A2
B2
A1 100,400 0,0
B1 0,0
400,100
Can the pure strategy pro…le (A1 ; B2 ) occur if the players are rational? (You
must explain your reasoning).
(b) Consider the following game:
1/2
A
B
C
i.

ii.

L
3,0
0,0
1,1

R
0,1
3,1
1,0

Suppose that players choose pure strategies. Compute the set of
strategies that survive iterated elimination of strictly dominated
strategies.
Suppose that players choose mixed strategies. Compute the set
of strategies that survive iterated elimination of strictly dominated
strategies.

(c) A seller has a single indivisible object to sell. There are two potential
buyers. Each values the object at 5 with probability 13 and at 1 with
probability 23 . These valuations are independent and privately known to
the buyer concerned. The seller holds an auction in which only two bid
values, 5 and 1, are allowed: The winner is the higher bidder (a tie being
broken by a randomization with equal probabilities) and the winner pays
the average of the two bids made; the loser pays nothing.
i. Show that it is a Bayesian Nash equilibrium for each bidder to bid
his value.
ii. What is the seller’s expected revenue in this equilibrium? Suppose that the seller replaces the above auction by a second-price
auction. What would be the expected revenue of the seller in any
Bayesian Nash equilibrium of the second-price auction. Does the
revenue equivalence theorem hold in this example? If not, which
assumption of the Theorem is violated?
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3

Consider a Bertrand game in which n identical …rms with a constant marginal
cost c
0 set prices once and simultaneously. Let Q(p) = a p be the
aggregate demand in the industry if p is the price, where a is some constant
such that a > c. Assume that if a group of …rms charge the same price, they
split their share of the market equally.
(a) What is the Bertrand Nash equilibrium of this game? What is the
monopoly price pm ?
(b) Suppose that the above game is played in…nitely often and the …rms
discount the future payo¤s by a common discount factor < 1. Assume
there is perfect monitoring.
i.

ii.

Show that for any price p 2 [0; pm ] there exists a subgame perfect
equilibrium that results in each …rm charging price p in every period
if and only if
1 n1 : Explain why having more …rms makes it
harder to sustain collusion.
Are there any subgame perfect equilibria that induce prices above
p > pm and, if so, for what values of ?

(c) Suppose that in the above repeated game the value of a is random. In
each period, …rst, a is drawn independently with probability q(a) from
a …nite set and then revealed to the …rms. Second, after observing the
value of a, the …rms simultaneously choose non-negative prices for that
period.
i.

Consider any symmetric stationary subgame perfect equilibrium of
this game. Assume that, along the equilibrium path, each …rm
a+c
charges a common price p(a)
at every date whenever a is
2
realised at that date. Characterise the expected equilibrium payo¤
of each …rm in terms of p(a).
ii. Show that for su¢ ciently large , setting the monopoly price at every
date and for every a can be sustained as an equilibrium.
iii. Fix any , and consider any strongly (most collusive) symmetric
stationary equilibrium. Show that on the equilibrium path the …rms
set prices countercyclically in states of the world in which a takes
high values. Provide an intuition for this result. What happens to
the equilibrium prices when a takes low values?
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Suppose that there are two states and two assets. Asset 1 has payo¤ vector
(1; 1) and asset 2 has payo¤ vector ( 45 ; 45 ). Asset prices are q 2 (0; 1)2 .
(a) What is the gross return on asset 1?
(b) What is the gross return on asset 2?
(c) What is meant by weak arbitrage?
(d) Assuming that there is no weak arbitrage, what comparisons can you
make between the gross returns on the two assets? Justify your answer
carefully.
Now suppose that only asset 2 is traded, and that the price of this asset is 2.
(e) What can you say about the value of the non-traded asset (2; 1)?
(f)

What can you say about the value of the non-traded asset (2; 7)?

(g) What can you say about the value of an arbitrary non-traded asset
(z1 ; z2 )?
5

Suppose that there are two consumers and two goods. Consumer 1 has utility
function
u1 (c11 ; c12 ) = log(c11 ) + log(c12 )
and endowment
! 1 = (1; 2);
and consumer 2 has utility function
u2 (c21 ; c22 ) = log(c21 ) + 2 log(c22 )
and endowment
! 2 = (1; 3):
Prices are denoted by p.
(a) Explain carefully what is meant by a Walrasian Equilibrium with Transfers.
(b) Solve for the Walrasian Equilibrium with Transfers in which wealth is
allocated equally between the two consumers. In particular:
i.
ii.

Find the equilibrium prices.
Find the equilibrium consumption bundles of both consumers.
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6

Consider the game of strategic substitutes on a network with complete
information, which was …rst analyzed by Bramoullé and Kranton (2007).
Let N = f1; :::; ng be the set of players and g an unweighted and undirected network. Each player chooses action xi 2 [0; 1) and receives
payo¤:
0
1
X
ui xi ; xNi (g) = f @xi +
xj A cxi
j2Ni (g)

where c > 0, f (:) is strictly concave and continuously di¤erentiable, and
0
0
we assume f (0) > c > f (x) for x large enough. Denote by x the
aggregate equilibrium action.

(a) Give a formal de…nition of the following notions.
i. Independent set
ii.

Maximal independent set

iii. Maximal independent set of order r
(b) Give the formal de…nition of a specialized Nash equilibrium. State a
theorem that characterizes the specialized Nash equilibria of the game
in relation to one of the formal concepts in (a)(i)-(iii). No proof of the
theorem is required.
(c) Consider the network in …gure 1 with n = 8. List all specialized Nash
equilibria of this network.

Figure 1: A network with n = 8
(d) Explain informally the notion of stable equilibrium used by Bramoullé
and Kranton (2007). State a theorem that characterizes the stable equilibria of the game in relation to one of the formal concepts in (a)(i)-(iii).
No proof of the theorem is required.
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(e) Consider the network in …gure 1 with n = 8. List all stable equilibria of
this network.
(f)

Suppose that the link g17 is added. What happens to the stable equilibria? Does the addition of g17 increase or decrease welfare (where welfare
is de…ned as the sum of payo¤s)?

(g) Suppose that the link g15 is added. What happens to the stable equilibria? Does the addition of g15 increase or decrease welfare?
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7

Keser (1996) modi…es the standard public good game experimental set-up by
using the following payo¤ function:
X
ui (xi ) = 41(20 xi ) (20 xi )2 + 15
xj
j2G

where xi is participant i’s contribution and G is the group of 4 participants
that i is assigned to.
(a) What is the Nash equilibrium contribution?

(b) Describe how Keser (1996)’s experiment is di¤erent from the standard
public good game experiment. What was the main objective of the experiment? Describe the results.
(c) In Keser (1996)’s experiment there was random rematching of subjects
into groups of 4, and each session consisted of 16 subjects with 25 periods
per session. Describe what “random rematching”means. In the context
of this experiment, what are the advantages of random rematching compared to:
i.

a one-shot game?

ii.

…xed groups of 4?

iii. a stranger design?
(d) Laury and Holt (2008) run a similar experiment with the following payo¤
function:
!2
X
X
ui (xi ) = y xi +
xj
xj
j2G

j2G

where y is the initial endowment.
i.

Find the equilibrium aggregate level of contribution. What are the
theoretical predictions for individual contributions?

ii.

Describe the results of the experiment

iii. What was a likely confounding factor in their experimental design?
(e) Now consider a similar experiment with the following payo¤ function:
!
X
1 2
ax
(1)
ui (xi ) = a ln 1 + xi +
xj
2 i
j2G
i.

The payo¤ in (1) is a speci…c case of a more general model covered
in the lectures. Write down the formal set-up of the general model.

ii.

Brie‡y describe the results of an experiment to test the general model
using the functional form in (1). You can limit your description to
the speci…c treatment with the payo¤ function in (1).
END OF PAPER
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SECTION A
1

This question asks about the determination of the price level under a Gold
Standard. The demand for money (notes) is given by:
Mtd = pt + yt

Et [pt+1

pt ] ;

where Mtd is the demand for money, pt is the log of the aggregate price level,
yt is real expenditure, Et is the expectations operator at time t, and are
parameters representing elasticities and t is the time subscript. The supply
of money under a Gold Standard is given by:
Mts = Gm
t +

t;

where Mts is the supply of money, Gm
t is the quantity of monetary gold held at
the central bank and used as an asset to back monetary liabilities. Variable t
represents an additive term in the money supply and is chosen by the central
bank according to the following rule:
t

=

$Et [pt+1

pt ] ;

where $ is a parameter representing the responsiveness of
changes in the price level.

t

to expected

(a) Solve for the current price level, pt , and show its response to the current
period expectation of the price level at time t + 1.
(b) Using the previous expression explain how an appropriate choice of the
gold money multiplier, t , could be used to stabilise the price level in
response to expected in‡ation or de‡ation. What then determines the
price level?
2

In the costly enforcement model of Gertler and Karadi (2010) explain how
unconventional monetary policy a¤ects the external …nance premium and real
output and investment.

3

Answer the following questions:
(a) What do we mean by the ‘new normal’in monetary policy?
(b) What implications does this have for the future use of monetary policy?

2 of 5

4

The following information is provided for a stock market:
j

Security A
80%
Security B
5%
Market Portfolio M 50%

jM

0.9
-0.5
1.0

Where: j = standard deviation of the rate of return on asset j for j = A; B;
M ; jM = correlation coe¢ cient between the return on asset j and the return
on the market portfolio. The mean rate of return on the market portfolio is
7:5% and the risk-free rate of return is 3%.
(a) In the Capital Asset Pricing Model, explain what is meant by the Security
Market Line, SM L. State the SM L from the given information.
(b) In the Capital Asset Pricing Model, explain what is meant by the beta
coe¢ cient, j , for a security. Calculate the beta coe¢ cients and the
expected return for the two securities from the given information.
5

In a market there are two types of borrowers, Safe and Risky. Banks cannot
distinguish between them. A borrower is Safe with probability 2 (0; 1) and
Risky with probability 1
.
A Safe borrower has access to projects that succeed and pay Rs > 0 with
probability ps 2 (0; 1) and pay 0 otherwise.
A Risky borrower has access to projects that succeed and pay Rr > 0
with probability pr 2 (0; 1) and pay 0 otherwise.
Assume that 0 < pr < ps < 1 and ps Rs = pr Rr = R. To …nance projects
borrowers need a unit of capital from a bank. The bank asks for a repayment
amount x in the event that the borrower’s project does not fail. If the project
fails, borrowers owe nothing. If the project succeeds, borrowers consume their
output minus x; if the project fails, borrowers consume zero. Assume that
borrowers and lenders are risk neutral. There is a risk-free interest rate of r
that banks must pay to their depositors and R > 1 + r. Assume that there is
competition such that banks’pro…ts are zero in equilibrium. Borrowers stop
borrowing if the expected utility of being a borrower falls below zero.
(a) Show that if a Safe borrower decides to borrow, a Risky borrower will
too.
(b) Find the critical interest rate r at which Safe borrowers stop borrowing.
(c) What happens to the equilibrium payment x when r > r? Explain.
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SECTION B
6

Explain carefully Lucas’ calculation of the welfare costs of business cycles.
How does this cost relate, if at all, to the equity premium puzzle?

7

ABC plc has assets with a market value of $900 million, $100 million of which
are cash. It has debt of $400 million, and 40 million shares outstanding.
Assume perfect capital markets.
(a) Find ABC ’s current share price and debt-to-equity ratio. Explain.
(b) Assume that ABC distributes the $100 million as a dividend. Calculate
the stock price and the debt-to-equity ratio of ABC after the dividend
has been paid. Explain.
(c) Assume that ABC distributes the $100 million as a share repurchase.
Calculate the stock price and the debt-to-equity ratio of ABC after the
share repurchase. Explain.
(d) Assume that ABC raises an additional $50 million by issuing new shares
and distributes $150 million cash as a dividend. Calculate the cumdividend stock price of ABC before the ex-dividend day. Explain.

8

Information asymmetries are important in theory but di¢ cult to identify in
practice. Explain how Moral Hazard and Adverse Selection a¤ect credit contracts. Describe how Karlan and Zinman (Econometrica, 2009) in an experiment estimate the presence and importance of information asymmetries in a
consumer credit market in South Africa. What are their main …ndings and
their implication for policy?

9

Consider the Diamond and Dybvig (Journal of Political Economy, 1983)
model. Explain how bank deposit contracts can provide allocations superior to autarky, and how this o¤ers an explanation of how banks subject to
runs can attract deposits. What is the main service o¤ered by banks in the
Diamond and Dybvig model? Explain how bank runs emerge in the model
and why they cause real economic e¤ects.
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10

A Central Bank faces a canonical New Keynesian model written as:
t

yt =
it
L=

= yt +
1

(it

+ mt ;

(1)

rtn ) + yt+1 ;

(2)

t+1

t+1

zero lower bound;

0
1
X
j=0

j1

2

(

2
t+j

2
+ yt+j
):

(3)
(4)

and yt correspond to in‡ation and the output gap in period t, respectively.
Variable it is the nominal interest rate, rtn is the natural real interest rate and
L denotes the loss function for the Central Bank. At t = 0, the economy is
subjected to a positive monetary shock m0 .
t

(a) Explain brie‡y the interpretation of these equations.
(b) Show diagrammatically what the optimal policy is under discretion.
What is the in‡ation bias?
(c) Suppose now the central bank faces a zero interest rate bound. Show
diagrammatically what the discretionary policy is in these circumstances.
(d) Suppose the Central Bank introduces forward guidance? What does this
do to the optimal policy?
(e) The Central Bank introduces forward guidance with the zero lower bound.
What does this do to the optimal policy?
(f) Suppose instead the Central Bank switches to in‡ation targeting. What
does this do to the optimal policy?

END OF PAPER
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1.

A government considers granting a monopoly to produce a good. The production of the good generates pollution which harms consumers. Pollution can
be reduced by abatement or by cutting production. Before the monopoly is
granted, the government de…nes the regulatory framework for the monopoly.
It considers two frameworks:
Framework 1: Subsidise production at rate s1 and tax pollution at rate t1 .
Framework 2: Tax pollution at rate t2 .
(a) Explain what the optimal rates are under the two frameworks.
(b) The government realises that potential operators of the monopoly will
lobby to obtain it and that they are willing, in total, to invest real resources equal to the entire monopoly pro…t to win the monopoly right.
The government views these investments as pure waste. Should the tax
in framework 2 be adjusted to take this into account? If so, how?

2.

The government is worried about the externality generated by second-hand
smoking.
(a) Is it true that a tax on cigarettes induces the market for cigarettes to
operate more e¢ ciently?
(b) Under which circumstances should the optimal tax on cigarettes not
re‡ect the externality that smoking imposes on others?

3.

It is often suggested that democratically elected governments are biased towards high government spending and taxation. Evaluate whether political
economy models can explain why this may be the case and discuss empirical
evidence that supports or contradicts this suggestion.

4.

A city is divided into three wards with the same number of voters in each.
There are two political parties, L and R. The city receives a budget of £ 1 from
the central government. It funds local public goods in the three wards, where
xi is the share of the budget spent on local public goods in ward i = 1; 2; 3.
The party that wins the majority of seats in the city council decides on the
budget allocation. Voters’ utility is linear in the public goods provided to
their ward, i.e., ui = xi . They also care about the ideology of the parties.
The ideological bias of individual voters in favour of party L is not observed
by the parties, but they know that they are drawn from uniform distributions
with support on the following intervals:
Ward 1:
Ward 2:
Ward 3:
2 of 3

[ 2; 0]
[0; 2]
[ 2; 2]

(a) Suppose the election system is based on the …rst-past-the-post rule under which each ward elects one councillor to the city council using the
majority rule and the party that gets the most councillors decides on the
budget allocation. Explain carefully how the two parties propose to split
the budget to maximise their chance of winning the election.
(b) Suppose, instead, that the election system is based on the proportional
rule under which the party that gets the most votes amongst all voters in
the city decides on the budget allocation. Explain carefully how the two
parties propose to split the budget to maximise their chance of winning
the election.
(c) Compare the budget allocation under the two election systems and discuss whether the voters in ward 3 are favoured or not.
5.

Real interest rates have fallen signi…cantly around the world over the last
decade. Does this imply that pay-as-you-go pension schemes should be expanded?

6.

Is it more important for optimal policy that governments should have reliable estimates of labour supply elasticities, or of the elasticity of taxable
income? Discuss two important conceptual di¢ culties associated with estimating labour supply elasticities.

7.

How and why should the shape of the earnings distribution in‡uence optimal
labour income tax rates?

8.

Does the Atkinson-Stiglitz theorem imply that governments should not tax
bequests?
END OF PAPER
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1

(a) The lifetime payo¤ for individual i from community j who
P starts a career
in business in a developing economy in period t is ! ji + t =01 ! j , where
! ji is his ability and ! j is the ‡ow of individuals from his community
into business in previous periods. Explain why both individual ability
and the stock of community members in business are included in the
payo¤ function.
(b) As an alternative to business, individuals in this economy can select into a
traditional occupation. The payo¤ from this occupation for all members
of community j is uj > 1. In period 0, ! 0 individuals are moved
exogenously into business in each community. Derive an expression for
! jt as a function of uj and t: Then show that this expression implies
that the number of entrants into business grows over time, and more
steeply in historically disadvantaged communities with lower uj , as long
as ! 0 is su¢ ciently large. Assume that ability is distributed uniformly
on the unit interval.
(c) Suppose we …nd that the number of entrants into business is increasing
over time, more steeply in communities with worse outside options (lower
uj ). Although this result is consistent with the network-based model of
occupational choice described above, other explanations that do not rely
on a role for networks are available. List these alternative explanations
and discuss how you would distinguish the network-based theory from
each of these explanations, clearly describing the data that you would
need in each case.

2

(a) N individuals residing in a political constituency select one of their members to serve as their unpaid representative for a single period. The
representative’s task is to provide a public good whose level, c , where
0 < < 1, is determined by the e¤ort c that the representative exerts.
The level of the public good maps one-for-one into the utility derived
from its consumption by each member of the constituency and the utility cost per unit of e¤ort is equal to one. Derive the level of the public
good that will be provided by the self-interested representative.
(b) Derive the e¢ cient level of public good provision. Why is this di¤erent
from the derived level above in part (a)? Discuss alternative strategies
that could be used to induce the representative to provide the e¢ cient
level of the public good.
(c) Suppose that M < N individuals in the constituency belong to the same
ethnic group. Explain how this group could use its social connections to
increase the level of public goods relative to the benchmark level derived
in part (a). How would this compare to the e¢ cient level that you derived
in part (b)? Relate this result to the performance of other non-market
institutions.
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3

(a) It is a well documented fact in many developing countries that a …rm’s
pro…t is positively associated with the number of suppliers who provide it
with credit. Could we infer from this association that business networks
are active in these countries?
(b) Discuss additional data sources and associated statistical tests that could
be used to increase our con…dence that networks are active.

4

(a) Blue-collar (working class) communities often instil a strong sense of community identity among their members. Provide an economic explanation
for this identity. Use the same argument to predict which households in a
widely dispersed rural insurance network would have a stronger sense of
community identity. What consequences would this community identity
have for the educational and occupational choices of their members?
(b) An enduring puzzle in development economics is why so many people live
in areas where productivity and/or living standards appear to be low.
The Rosen-Roback model o¤ers one framework for understanding location choice. Discuss the current evidence on the disparity across space
in living standards with this framework in mind, and provide three potential explanations for the current distribution of the population within
countries in sub-Saharan Africa.

5

(a) Explain the distinction between an agricultural household model in which
production and consumption decisions are separable and a model in
which these decisions are non-separable. (You may either set up a model
or illustrate your answer with a diagram).
(b) Consider the case of a farm household that produces both food and cash
crops and faces two market failures. The market for food su¤ers from
the rationing of supply, while the labour market is also constrained, with
little or no opportunities for o¤-farm work. Explain the response of
the household to an increase in the price of the cash crop. Would this
response change if the market in food was not rationed? Explain.
(c) In 1976-77, Brazil’s production of arabica beans plunged by 60% due
to frost hitting co¤ee production which in turn resulted in a sharp rise
in the world price of co¤ee. Other co¤ee producers such as Kenya responded with increased exports of co¤ee. However, Tanzania, which was
a socialist state in this period, with sharp restrictions on the import of
consumer goods, actually saw a drop in co¤ee production. Explain this
perverse supply response.
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6

Suppose the technology of skill formation for a child is described by the function f . f is a function of the stock of skills in period t for child i; it ;
investments, Iit , parental environment, Pi and shocks to skill accumulation,
P
it . Skills in period t + 1 are described by it+1 = f ( it ; Iit ; i ; it ). The function f is increasing in each of its arguments and is concave in Iit . (The stock
of skills at each stage can be re-written as a function of previous investments).
(a) It is believed that the technology is characterised by "self-productivity"
of skills. Describe what this implies for the properties of f and explain
in brief why this might be consistent with the empirical evidence on skill
formation.
(b) It is also thought that the technology is characterised by the dynamic
complementarity of skills. Describe what this implies for the properties
of f and explain what it means for policies on early childhood education.
(c) The estimation of the technology presents a number of di¢ culties, including measurement error and the endogeneity of investment. Explain
why these two issues might arise.

7

The media arguably plays an important role in democracies in ensuring government accountability to voters. To examine this issue, we study the daily
newspaper coverage of corruption scandals involving the government across
the four main newspapers in Argentina during the period 1998–2007. This period covers the tenure of four di¤erent Presidents of Argentina. The following
speci…cation is proposed in order to do so:
F rontP agesmj =

+ GovernmentAdvertisingmj +

j

+

m

+

mj

where F rontP ages is the total amount of front page space devoted to covering
corruption scandals of the current administration in month m, in newspaper
j; GovernmentAdvertising is the amount of money spent by the government
on advertising in month m and in newspaper j; while j is a dummy variable
for newspaper j; is a dummy variable to indicate the month, and is an
error term.
(a) Discuss the rationale for the speci…cation above, focusing on your prediction for the relationship between front page coverage and government
advertising. Describe a theoretical framework that might explain this
relationship.
(b) Table 1 presents estimates of both the basic speci…cation above and two
extensions. Column 2 presents the speci…cation with the addition of
a set of newspaper
president interaction dummies (i.e., it includes a
set of 16 dummies, one for each newspaper-president pair). Column 3
also includes a time trend for each newspaper-president pair. The time
4 of 5

trend consists of a linear function over the number of months the government has been in o¢ ce, which is then interacted with the 16 newspaperpresident dummies. Discuss these results brie‡y and explain the rationale
for the two extra speci…cations.
Table 1
Front Page Coverage of Corruption Scandals
(1)
(2)
(3)
Government Advertising
-1.99*** -0.87*** -0.52*
Fixed e¤ects
Newspaper
Yes
Yes
Yes
President
Yes
Yes
Yes
Newspaper president
No
Yes
Yes
Newspaper president time trend
No
No
Yes
Adjusted R2
0.49
0.65
0.68
Observations
466
466
466
Maximum number of Newspapers
4
4
4
Maximum number of Months
117
117
117
*** Signi…cant at the 1 percent level;* Signi…cant at the 10 percent level
END OF PAPER
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SECTION A - Answer ONE question from this Section.

1.

Consider a market in which products are vertically differentiated by quality. There are
two firms in the market. Firms 1 and 2 offer goods of qualities, s1 and s2 , respectively.
Assume that s1 s2 and s1 ; s2 2 [1; 2]. Suppose that firm i has constant marginal cost
of production equal to csi . That is, it is more expensive to produce goods of higher
quality. Firms compete by first choosing quality levels and then choosing prices.
A consumer can consume at most one unit of a good. A consumer with income m who
consumes a product of quality si obtains utility v(m; si ) = si6m pi . If the consumer
decides not to buy any good, her utility is zero. Consumer income m is uniformly
distributed on the interval [2; 8] with density 1=6. The total mass of consumers is 1.
For all questions below, suppose that in the subgame perfect Nash equilibrium the two
firms will cover the market. That is, all consumers will buy at least one unit of the
good.
(a) Derive the demand functions of firms 1 and 2.
(b) Calculate the reaction functions of the two firms.
(c) Calculate the Nash equilibrium in prices.
(d) Solve for equilibrium profits as functions of s1 and s2 . Interpret the profit functions.
(e) What are the equilibrium quality choices of the two firms?
(f) Solve for equilibrium profits in terms of the cost of quality, c. How does an
increase in c affect the profits of the two firms? Discuss the intuition behind this
result. For what values of c, if any, are the low quality firm’s profits higher than
the high quality firm’s profits. Discuss.
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2.

Consider the following setting. There is a product with demand in each period t = 1; 2
given by Qt = 1 pt . There is one incumbent firm (firm a) and another firm that
considers entering at cost e (firm b). Each unit of output has a marginal cost c, where
c < 1. On top of this cost, production requires an irreversible investment in capacity
with a one time investment cost k < 1 c per unit of output; hence, production capacity
in period 2 must be greater than or equal to the capacity in period 1. For simplicity,
payoffs in both periods are weighted equally (no discounting).
The timing of the game:
Stage 1 The incumbent firm a decides how much capacity qa1 to install in period 1.
Stage 2 The incumbent firm decides how much output qa1 qa1 to produce in period
1.
Stage 3 The potential entrant observes the capacity installed by firm a and decides
whether or not to enter. If it decides not to enter, it makes zero profit.
If the entrant enters, in stages 4 and 5, there are two active firms, a and b. If not,
there is one active firm, a.
Stage 4 The active firms simultaneously decide how much capacity qx2 (x = a; b) to
install for period 2, subject to the constraint that the incumbent cannot reduce its
capacity qa2 qa1 .
Stage 5 The active firms simultaneously decide how much to produce, qx2 qx2 in
period 2.
For each question below, explain your answer carefully.
(a) Write down the general profit function Πx (x = a; b) that each firm wants to maximize.
(b) Derive the optimal levels of capacity and output:
the output of firm a in period 1, conditional on its capacity choice.
the output of the active firms in period 2, conditional on their capacity and the
output produced by the other firm.
the capacity of the active firms in period 2, conditional on the capacity of firm a
in period 1.
(c) Firm a will set qa2 = qa1 . If firm b enters, it will set qb2 = qb2 . Explain both
results.
(d) What is the critical level of e for which firm b will enter, conditional on the
capacity installed by firm a in period 1?
(e) What is the critical level of e for which the capacity choice of firm a in period 1
is not affected by the threat of entry?
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SECTION B - Answer TWO questions from this Section.
3.

“Governments should subsidize firm entry into markets.” Discuss whether you agree
or disagree with this statement. In your answer, clearly specify any assumptions you
make about market structure. A complete answer will discuss the statement in both a
purely domestic as well as in an international context.

4.

Consider a firm which wants multiple tasks to be done and which hires multiple workers.
(a) When should the firm assign each task to a separate group of workers and when
should it combine tasks in a single job such that each worker does all tasks?
Explain why separation of tasks might yield a better outcome. Discuss the role
of the following factors:
the complementarity of tasks for the firm;
the form of the cost of effort undertaken by agents;
the uncertainty about the relationship between effort and output;
the uncertainty about the cost of effort for various tasks.
(b) Give examples of two tasks that you would separate and two tasks that you would
combine and provide an argument for your decision, using the reasoning you
developed under (a) above.

5.

Consider a country that allows third degree price discrimination by domestic firms.
(a) Discuss the impacts of this policy on prices, profits, consumer’s surplus and social welfare. Does your analysis suggest any dimensions along which third degree price discrimination should not be allowed?
(b) Now, suppose this country belongs to the WTO and does not allow dumping by
foreign firms. Explain the welfare consequences for domestic agents if the policy
response to dumping by foreign firms is an import tariff on dumped merchandise.

6.

Discuss the theoretical models that justify the seven rules of G.O.D (Good Organization Design). Provide examples to illustrate the rules.
END OF PAPER
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SECTION A Answer FOUR questions from this Section
A1

Figure 1 shows the log of seasonally adjusted UK total employment (000s)
from 1993Q1 to 2007Q4. We are interested in forecasting the trend in
employment.
Figure 1: UK Log Employment 1993-2007
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One method is to specify a linear trend model
yt = α + βt + ut
and the trend is then defined as
ŷt = α̂ + β̂t
where α̂ and β̂ are the least squares estimates.
An alternative is given by Hodrick and Prescott. Given observations yt
where t = 1, . . . , T the Hodrick-Prescott method is to solve
)
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T
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where for quarterly data we shall take λ = 1600.
(a)

Explain the rationale behind the Hodrick-Prescott method. What is the
role of the parameter λ? What motivates the choice of λ?

3

The following results are found for the estimated trends ŷt and τt and their respective cyclical components (yt − ŷt ) and (yt − τt ). Figure 2 plots the estimated
trends τt and ŷt (the linear trend is the straight line).
Figure 2: Trend Estimates of Log Employment
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The table below reports a number of diagnostic statistics. Both Augmented
Dickey Fuller (adf) test statistics include two lags of the dependent variable,
an intercept but no trend.
Correlations (60 observations) and Unit Root tests (57 Observations)
Correlation between cycles (yt − τt ) and (yt − ŷt ) = 0.9319
Correlation between trends τt and ŷt = 0.9997
ADF t statistic for (yt − τt ) = −3.28
ADF t statistic for(yt − ŷt ) = −2.32
(b)

It is argued on the basis of these results that the Hodrick-Prescott trend
is virtually indistinguishable from the linear trend model, and that consequently Hodrick-Prescott trend forecasts can be obtained simply by forecasting the linear trend model. Explain whether you think this is a sensible
strategy.

(c)

The Financial Crisis led to a succession of substantial negative shocks to
UK employment through 2008 and 2009 (see Figure 3). Explain how forecasts produced using the ŷt model would compare to this outcome. If the
model had been reestimated over successively increasing samples (1993Q12007Q4, 1993Q1-2008Q1, 1993Q1-2008Q2 etc) how would the forecasts
from this model evolve over this period?
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Figure 3: UK Log Employment 2003-2014
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(d)

An alternative procedure is to specify an arima model for yt . Explain how,
given such a model, one could obtain an estimate of trend employment.
How would forecasts produced from the arima model over time contrast
to those you discussed in (c)?

A2

In standard units, a barrel of oil has roughly 6 times the energy content of
of natural gas. If the fuels were perfect substitutes, oil prices would thus
tend to be about 6 times natural gas prices. In practice, however, the ease
of using oil for making gasoline means that oil is more valuable. So oil has
usually traded higher. Figure 4 shows the ratio of the price of West Texas
Intermediate oil (in dollars recorded at the Cushing, Oklahoma, trading
hub) to the wellhead price of U.S. natural gas (in dollars) over the period
1986:01 to 2008:12.
Figure 4: Oil to Natural Gas Price Ratio
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Preliminary analysis does not reject the null hypothesis that both lgast
and lwtit are I(1) in levels but I(0) in first differences where lgast is
ln(U.S. natural gas price)t and lwtit is ln(West Texas Intermediate price)t .


lgast
and
Using this data, the following var is estimated with Xt =
lwtit
Xt = A0 + A1 Xt−1 + A2 Xt−2 + εt ,
where A0 is a 2× 1 vector, A1 and A2 are each 2× 2 matrices of coefficients
and εt is 
a 2 × 1 vector
 of stationary errors.
π11 π12
= A1 + A2 − I where I is the 2 × 2 identity matrix.
Let Π =
π21 π22
(a)

Explain the econometric consequences of the following:
i.

(b)

Rank(Π) = 2 so that Π is invertible.
αβ ′

ii.

Rank(Π) = 1 so that we can write Π =


β1
β=
are both 2 × 1 vectors.
β2

where α =

iii.

Rank(Π) = 0 so that Π is a 2 × 2 matrix of zeros.



α1
α2



and

The hypothesis that rank(Π) = 1 is not rejected by the data. The following
table then reports estimates and the maximised value of the log likelihood
function (llf) when the system is estimated subject to certain restrictions.
Use these results to explain carefully what can be concluded about the
relationship between the oil and natural gas price over this period.
Restrictions
imposed
Rank (Π) = 1

Estimated

Coefficients

π12
0.0870
α2
0.0475

π21
0.0475
β1
1

π22
−0.0513
β2
−1.0806

543.50

Rank (Π) = 1
& β1 = 1

π11
−0.0805
α1
−0.0805

Rank (Π) = 1
β1 = 1 & β2 = −1

α1
−0.0866

α2
0.0446

β1
1

β2
−1

543.24

(0.0234)

(0.0242)

(0.0186)

(0.0193)

llf

543.50

(0.1044)

Note: Standard errors in parentheses.
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(c)

Since 2008 hydraulic fracturing has greatly increased the domestic production of US shale gas with limited export opportunities due to a lack
of liquified natural gas terminals. adf unit root tests with lag order four
(selected by the Akaike Information Criterion) including a constant but
no trend for (lwtit − lgast ) are reported in the table below. How would
you interpret these developments? What would it imply for the VECM as
a forecasting system in recent years?
Sample period
1986:01-2008:12
1986:01-2012:12

A3

Number
of Obs
271
319

ADF t-statistic
for (lwtit − lgast )
-3.0830
-1.5492

To investigate the effect of a tax on consumption an estimate of the price
elasticity of demand is required. Data on prices and quantities are collected
across 48 US states and the following demand and supply model specified
 
ln qid = α0 + α1 ln (pi ) + γ ′ zi + εdi
ln (qis ) = β0 + β1 ln (pi ) + δ′ wi + εsi ,

where qid and qis are the quantity demanded and supplied in state i, pi is
the price in state i. The vectors zi , wi each contain state specific variables
that are thought to also affect demand and supply respectively; εdi and εsi
are random errors.
A number of strategies to estimate the elasticity are suggested:
(a) One suggestion is to estimate the following equation by ordinary least
squares (ols)
ln (qi ) = δ0 + δ1 ln (pi ) + ui .
A concern is that the omitted variables will cause ui to be heteroscedastic and consequently generalised least squares (gls) or heteroscedasticity corrected standard errors (hcse) should be used.
Discuss the merits of gls vs hcse procedures in this situation. Under
what circumstances might this approach give unbiased estimates of
the price elasticity?
(b) An alternative is to use two-stage least squares (2sls). Explain how
this would proceed. Your answer should include a discussion of the
requirements that must be imposed to be able to recover consistent
estimates of the price elasticity of demand and of the possible consequences if these restrictions do not hold.

7

A4

We are interested in whether an outcome for region s at time t, yst, is affected by the presence of a binary treatment τst . For the potential outcome
y0,st in the absence of a treatment, we write
E[y0,st |as , xst , t] = α + λt + a′s γ + x′st β.

(1)

xst denotes time varying covariates, and as is a vector of unobserved,
time-invariant regional effects. λt represents a year effect, and γ, β, and
α denote unknown parameters.
(a) Assuming that the causal effect of the treatment, say ρ, is additive
and constant, find an expression for E[yst |as , xst , t, τst ] and write
down a regression equation for yst .
(b) Suggest an estimator that would deliver an unbiased estimate of the
treatment effect ρ.
(c) We now write τst as
τst = 1(Ts ≤ t ≤ Ts + 1)ρ12 + 1(Ts + 2 ≤ t ≤ Ts + 3)ρ34
+ ... + 1(Ts + 14 ≤ t)ρ15

(2)

1(·) denotes the indicator function and Ts indicates the date of the
policy introduction for region s.
i) In providing an interpretation of parameters ρ12 , ρ34 , and ρ15 ,
explain why an analyst might specify a model where τst is given
by (2).
ii) In a model with τst as in (2), we write the composite error εst =
νst + ust , where νst = αs + λt + (φs × t) + (ωs × t2 ). αs and
λt , denote, respectively, region and year effects, and φs and ωs
are coefficients of region-specific quadratic trends; ust denotes a
random error.
Discuss how such a specification for νst might represent an improvement over an alternative where νst is additive in region and
year effects.
(d) An analyst now exploits individual-level variation within states and
estimates the following equation
yist = ρτst + x′ist β + νst + uist

(3)

where i indexes individuals. Focussing on a model where the treatment effect is constant and νst = αs + λt , discuss the relative benefits
that such a model might bring. Carefully discuss the implications for
inference.

(TURN OVER)
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A5 Suppose yi∗ is an unobserved latent variable such that
yi∗ = x′i β + εi ,
and yi = 1(x′i β +εi ≥ 0). xi denotes a K ×1 vector and β is a conformable
vector of unknown parameters. i = 1, ..., N indexes N independent observations.
(a) Write down the likelihood function (lf) and show that the form of
the lf is invariant for logit and probit models.
(b) Derive the first order conditions and contrast these with the linear
model.
(c) For covariate xi,k show that the magnitude of βk does not determine
the magnitude of the partial effects.
(d) For a given function g(.), we define a partial effect as
pek (x, ε) = g(x + △k , β, ε) − g(x, β, ε),
with △k is a vector of zeros except at position k, where the value is
one.
For the threshold binary choice model, where F (ε) denotes the cumulative distribution function, carefully explain the basis of an average
partial effect, apek (x, ε), which we write as
ˆ
pek (x, ε)dF (ε)dF (x).
apek =
x,ε

(e) Consider the model Pr(yi = 1|xi , zi ) = G(x′i β + zi′ γ), where G(.)
denotes the cumulative distribution function and zi denotes a L × 1
vector.
In testing the null hypothesis H0 : γ = 0, we run the following
regression
q

u
bi

bi (1 − G
bi )
G

on q

gbi

bi (1 − G
bi )
G

xi , q

gi
b

bi (1 − G
bi )
G

zi ,

(4)

b u
b and b
b
bi = G(x′ β),
where G
bi = yi − G(x′i β),
gi = g(x′i β).
i

gbi xi denotes the gradient of G(x′i β+zi′ γ) with respect to β, evaluated
at β = βb and γ = 0.

Similarly, b
gi zi denotes the gradient of G(x′i β + zi′ γ) with respect to
γ, evaluated at β = βb and γ = 0
Carefully explain how you would use the output from the regression
given by (4) to test H0 : γ = 0.

9

A6 Elaborate upon the following statements.
(a) Relative to the linear probability model, the advantages of the threshold binary response model are less when the design matrix is sparse,
and/or when there are endogenous binary regressors.
(b) In the context of dynamic panel data models, the use of gmm-style
instruments circumvents the sample size efficiency trade-off.
(c) If in a linear fixed effects static panel data model, time series variation around regressors xit is limited, a comparison between the fixed
effects and competing estimators using mean square error may be
appropriate.
(d) The relative advantages of the random coefficient logit model over
logit are compromised when the mixing distribution is taken to be
multivariate normal.
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SECTION B Answer ONE question from this Section
B1

One interpretation of the Lucas Critique is that econometric models can
only be “predictive” and never be “structural”. Explain what you understand by this statement and what it implies for econometric modelling of
economic relationships.

B2

“Many macroeconomic variables display trending behaviour so in order to
model relationships between such variables it is necessary to model the
trend.” Explain the econometric implications of this statement.

B3

Constructing the counterfactual in a convincing way is a key requirement
of any serious policy evaluation method.
With reference to both a number of econometric methods and empirical
applications, evaluate the statement that differences across methods relate
primarily to the particular way that the treatment group is reproduced
among the non-treated (and vice versa), thereby establishing experimental
conditions in a non-experimental setting.
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1

Explain how shocks and institutions impacted on unemployment rates during
the 1920s.

2

Evaluate the causes of rapid productivity growth in the US economy during
the 1920s.

3

‘German hyperin‡ation was the outcome of distributional con‡icts’. Discuss.

4

Examine the relationship between tari¤s and economic recovery during the
1930s.

5

Critically evaluate the role of the gold standard in causing and propagating
the global Great Depression. To what extent was exit from the gold standard
su¢ cient to generate economic recovery?

6

In contrast to the pre-1913 period we observe a synchronised international
business cycle during the interwar period. Analyse the causes of this change
and consider the implications for business cycle volatility.

7

What is a “policy regime change” and how does the concept help us to understand the economic recovery of three countries during the 1930s?

8

Was …nancial instability during the inter-war period exacerbated by poor bank
regulation and supervision?

9

Evaluate the role of economic policies in explaining the recovery path of the
US economy between 1933 and 1942.
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1.

New evidence shows that emission of air pollutants from diesel vehicles is a
major contributor to air pollution in many cities around the United Kingdom.
Diesel is used both by private and commercial vehicles (trucks, tractors, vans
etc.). Assume that diesel is initially (i.e., before the new evidence emerged)
subject to an optimal Ramsey tax.

(a) Evaluate the case for increasing the tax on diesel in the light of the new
evidence and explain how the optimal tax should be determined.
(b) Diesel is an important input in the agricultural sector (most tractors run
on diesel) but is not a major contributor to rural air pollution. Is there a
case for rebating the (additional) diesel tax to agricultural users? Relate
your answer to the Diamond-Mirrlees production efficiency result.

2.

A club has £100 to spend on top-up healthcare for its members. The club has
three types of members: kids (k), old (o) and middle-aged (m). The (ordinal)
utility functions of the three types of members are
U o = 10 log(x), U k = 5 log(x), U m = log(x),
where x is the amount of healthcare consumed. All members consume 10 units
of public healthcare (per person) before the top-up scheme is introduced. The
club has one member of each type and the price per healthcare unit is 1.

(a) The board consults the Green Book (the UK government’s cost-benefit
manual) for advice on how the funds should be allocated. Explain what
the Green Book recommends.
(b) The board considers three policies:
Policy A: Give all the funds to the old;
Policy B: Give all the funds to the kids;
Policy C: Divide the funds equally amongst the kids and the old.
Undertake a cost-benefit analysis of the three policies and make a recommendation to the board.

2 of 5

3.

Exit from the European Union’s Common Agricultural Policy gives the United
Kingdom an opportunity to reconsider its agricultural support policy. Under
current EU policy, import levies are applied to specified agricultural goods
imported into the EU and UK farmers get subsidy payments that are proportional to the area of land in cultivation.
(a) The Department for Environment, Food and Rural Affairs wants to know
if the subsidy payments based on land in cultivation actually benefit UK
farmers. Explain carefully with reference to theory and evidence if this
is likely to be the case.
(b) The import duties levied by the EU are detrimental to producers of
agricultural goods in the developing world and the UK could consider
adopting free trade in the sector. However, one of the main aims of the
EU policy is “food security” (i.e., a secure internal supply of food). A
consultant has estimated the social benefit for the UK of food security
(measured in pounds):
B(x; x̄) =

(x − x̄)1−γ
,
1−γ

where x is UK production of food, x̄ is a “security floor” below which
production must not fall and γ > 0.
Given the food security objective, evaluate whether the UK should impose an import duty on food and, if so, at what level. Would it make a
difference to your answer if the UK were a net exporter of food at world
market prices?

4.

A public sector project will deliver ∆x1 units of a good to the economy.
Private producers already supply the good. Explain how the shadow
price of the project’s output is determined in the following scenarios:
(a) The good is supplied by competitive domestic producers and is subject to a per unit subsidy s.
(b) The good is imported from abroad and is subject to an import subsidy τ .
(c) The good is supplied by competitive domestic producers and its
production generates an external cost δ per unit produced. Would
your answer change if the good was subject to an optimal Pigouvian
tax?

3 of 5
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5.

A university in the UK has a hypothesis that the Brexit vote in June
2016 will reduce the number of European applications. Its admissions
officer collects data on the country of origin of applicants and on their
high school grades, for the years between 2008 and 2017.
(a) How might the admissions officer test the hypothesis? Are the data
on high school grades helpful?
(b) Charlie wants to challenge the hypothesis. He observes that simultaneously with the vote for Brexit, a new mandatory admissions
test was introduced that costs each applicant £50. How might this
contaminate your answer to part (a)? How might this problem be
addressed?

6.

The government wants to estimate how responsive unemployed men are
to financial incentives to work. The government takes 1000 volunteers
from the pool of currently unemployed men and randomly assigns these
men to a control and treatment group. The men in the treatment group
receive a bonus of £200 on finding a job. At the end of the experiment
(one year later), employment is 13% higher in the treatment group than
in the control group.
(a) What can we learn from this experiment?
(b) How might the results be used to design a policy that could encourage the unemployed to find jobs?

7.

Consider an individual whose wage contract, w, is:
w(y, z) = α + β(z + γy)
where z is the profits of the individual’s firm, y is profits of a competing
firm and {α, β, γ} are the parameters of the contract. The profit of the
firm is z = x + e where x is market demand and e is the individual’s own
effort (which are not observed by the firm).
(a) What is the optimal value of γ?
(b) Will the optimal value of α be affected by the choice of γ?
(c) In practice, firms appear to under-use relative performance pay.
Does this mean that workers obtain excess rents from their firms?

4 of 5

8.

(a) In the US, before Obamacare, the young (who are low risk) and
those with pre-existing medical conditions did not have healthcare
insurance. Can this observation be reconciled with the RothschildStiglitz model of insurance? Explain carefully.
(b) The three main components of Obamacare were: (i) insurance companies had to accept all applicants, with the price for health insurance depending only on age, smoking, family size and area of
residence; (ii) price variation on the basis of preexisting medical
conditions was made illegal; and (iii) individuals were penalised for
not taking out health insurance. What would be the impact of these
components on the efficiency and equity of the health insurance market?

9.

(a) Individuals leave secondary school with either high productivity θH
or low productivity θL . They then decide how much university education, e, to undertake. Workers believe that if they obtain at least
ē years of university education, then firms will think they are highly
productive and pay the wage wH . Under what assumptions about
beliefs on ē, the level of θH and the cost of education will the economy be at a pooling equilibrium, and under what assumptions will
it be at a separating equilibrium?
(b) What would happen to the equilibrium if the government provided a
subsidy to university education, making university education cheaper?
What would happen if the government provided an income-contingent
loan?

END OF PAPER
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1. An article published by the Wall Street Journal in September 2016 had the
following title: “Why Are We Stuck in a World of Slow Economic Growth?".
(a) According to many, the main reason is lower fertility rates. How would
a drop in fertility translate into a slow down in growth according to
exogenous and endogenous growth theory?
(b) Drawing on economic growth theory, discuss and critically evaluate other
potential reasons for the slow down in growth.
2. Consider a modi…ed continuous-time Solow model that includes the housing
stock of the economy, denoted by B (t). Housing is an input in production of
output Y (t). The production technology is given by:
1

Y (t) = K(t) B(t) (A(t)L(t))

;

where 0 < + < 1 with > 0 and > 0. Suppose the technology A(t)
and the population L(t) grow at constant rates g and n, respectively. Moreover, assume that the accumulation of the housing stock is constrained by the
_
B(t)
= g + n. The accumulation
technology and population growth, such that B(t)
equation for capital is given by:
_
K(t)
= I(t)

K(t);

where I (t) is investment and is the depreciation rate of capital. A constant
fraction 0 < s < 1 of output, Y (t), is invested. Furthermore, all the initial
conditions, B(0), A(0), L(0) and K(0) are given.
(a) Show that a balanced growth path (BGP) exists for this economy. Does
the economy converge to the BGP?
(b) Find the steady state value of capital and output per e¢ ciency unit of
Y
K
, ye = AL
: Explain your results.
labour e
k = AL

(c) What is the e¤ect of an increase in on steady state output per e¢ ciency
unit of labour? Explain your …ndings.

(d) Suppose an earthquake destroys half the capital stock of the economy,
but leaves the stock of housing intact. What are the short-term and
long-term e¤ects on capital and output per capita? Show the evolution
of the logarithm of capital and output per capita over time (assume that
before the earthquake the economy is on the BGP).
(e) Suppose that the earthquake instead destroys half the stock of housing of
the economy, but leaves the stock of capital intact. Repeat the analysis
as in (d) above. Highlight and discuss the di¤erences in your …ndings
under (d) and (e).
2 of 8

3. Consider the following two-period economy. Households value consumption
in periods 1 and 2, C1 and C2 respectively, according to their lifetime utility
function:
1 1
1 1
1
C2
1
C1
+
;
U (C1 ; C2 ) =
1
1
1
1
where
> 0 is the elasticity of intertemporal substitution and
2 (0; 1)
is a time discount factor. Furthermore, households face a lifetime budget
constraint:
( 2 C2 )
P1 ( 1 C 1 ) + P2
=0
1 + i1
where P1 and P2 are the nominal price levels in period 1 and 2, respectively;
i1 is the nominal one-period interest rate; and 1 and 2 are the (real) pro…ts
accruing to households from their ownership of …rms in each period.

(a) Derive the …rst-order conditions for households and brie‡y interpret the
resulting Euler equation for consumption.
Firms are perfectly competitive and choose investment to maximise the present
value of nominal pro…ts, given by:
P1

1

+

P2 2
;
1 + i1

where per-period pro…ts are given by output, Yt ; net of investment expenditures, It ; such that:
It ;
t = 1; 2;
t = Yt
and output is produced with the following technology
Yt = At Kt ;

t = 1; 2:

The stock of capital in period 1 is …xed and given by K1 : Furthermore, there
is full depreciation of capital in this economy, so that K2 = I1 (note that,
since this is a two-period economy, …rms do not invest in period 2).
(b) Derive and brie‡y interpret the …rst-order condition resulting from the
optimal choice of investment in period 1.
With competitive markets, prices adjust ‡exibly every period such that the
goods market clears
At Kt = Yt = Ct + It , t = 1; 2
3 of 8
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(c) Show that, in equilibrium,
A 1 K1
;
A12 + 1

K2 =

and then derive the equilibrium values of Y1 ; Y2 , C1 and C2 : Suppose the
central bank changes the interest rate in period 1: what e¤ect would this
have on the equilibrium in this economy?
(d) Initially, in this economy, A1 = A2 = 1 and > 1. Now suppose that
the productivity of …rms in the …rst period, A1 , increases. Discuss the
impact of this on consumption, investment and output in both periods
making sure to address why this depends on the parameter .

4. Consider the following model of price setting under imperfect competition.
There is a continuum of monopolistically competitive …rms indexed by i: Each
…rm produces Qi units of goods using Li units of labour only. Each unit of
labour is paid a wage W . By virtue of market power, each …rm i sets the
price of their di¤erentiated good in order to maximise pro…ts.
max Qi
Pi
P

Pi
P

W
P

;

where PPi is the price of …rm i’s good relative to the aggregate price index P;
is the marginal cost of each unit produced, given by the real wage paid
and W
P
out to workers. The demand for the good produced by …rm i is given by
Pi
P

Qi = Y

,

> 1:

Aggregate demand, Y; is given by
Y =

M
;
P

where M is the money supply.
Labour supply is given by the following function
L=

W
P

1
1

;

where 1 1 is the elasticity of labor supply.
Focus on a symmetric equilibrium, in which all …rms behave identically, such
that
Qi = Li = L;
Pi = P;
4 of 8

and, therefore, equilibrium in the market for goods implies
Y = Qi = L =

M
;
P

such that aggregate supply equals aggregate demand.
(a) Show that in this symmetric equilibrium, for a given level of money
supply, M , …rms’pro…ts can be expressed as
M
P

M
P

=

:

(b) Suppose that …rm i considers deviating from this symmetric equilibrium
unilaterally, by setting a di¤erent price Pi ; while assuming that all other
…rms keep their prices …xed at P . Show that …rm i’s pro…ts would then
be given by
+
M
e= 1
:
1
1
P
(c) Suppose the economy is, initially, in a symmetric equilibrium and that
= 2 and = 2. Unexpectedly, the Central Bank decides to increase
money supply by 10%. Each …rm has to choose between leaving its price
unchanged or setting a new pro…t-maximising price, under the assumption that other …rms keep their own price …xed. If they do decide to
change prices following the monetary expansion, they will need to pay a
…xed menu cost, Z = 0:001; in units of real output. Given this setting,
will this monetary expansion have real e¤ects on aggregate output?

5. The economy evolves according to:
yt =

yt
t

=

1

rrt +

t;

e
t

+ y t + "t ;

where yt is the output gap in time period t, yt 1 is the output gap in time
period t 1, rrt is de…ned as rt rt
t . rt is the nominal interest rate and rt
is the natural real interest rate; t is the in‡ation rate and et is the expected
in‡ation rate in time period t.
t and "t are random shocks to aggregate demand and aggregate supply, respectively. The shocks are zero mean (E( t ) = E("t ) = 0), with variances 2
and 2" . The shocks are not observed in period t. Assume that expected in‡ation, et , is equal to realised in‡ation in the previous time period, so et = t 1 .
The Central Bank minimises the quadratic loss function:
Lt = (yt )2 + (
where

t

t

2
t) ;

is a target in‡ation rate.
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(a) Derive the optimal feedback rule for the nominal interest rate and the
evolution of output and in‡ation when
i. the central bank only cares about the volatility of output ( = 0 and
= 1)
ii. the central bank only cares about the volatility of in‡ation ( = 0; = 1)
iii. the central bank follows a dual mandate ( = 1 and > 0)
Comment on your answers.
(b) Suppose now the central bank introduces an in‡ation targeting regime
for t . Derive the optimal feedback rule for the nominal interest rate
and the evolution of output and in‡ation if:
i. the target is regarded as completely credible;
ii. the announcement of the in‡ation target is not completely credible,
so that agents believe that the central bank will implement it with
probability .
6. A country X in year t has a real output of 10,000 pesos, a price level of 1
and a nominal national debt of 6,000 pesos. It faces a real interest rate of 3%
and a real growth rate of 2.5%. The government spends 2000 pesos and raises
2000 pesos through taxation.
(a) Write down the budget equation, and draw a phase diagram to illustrate
how debt evolves over time. Comment upon its features.
(b) The government is under international pressure to stabilise its debtincome ratio. What must it do?
(c) Suppose the real interest rate falls to 2.5% and the real growth rate of
the economy rises to 3%. What e¤ect does this have on your answer to
part (b)?
7. US-dollar denominated short-term assets are widely used as international reserves. Discuss the policy trade-o¤s faced by the dominant supplier of international monetary (safe) assets in the Bretton Woods system and in today’s
world. Speci…cally
(a) explain and assess critically the Tri¢ n Dilemma
(b) reconsider the ‘dilemma’ as analysed in the lectures, referring to the
contribution by Fahri and Maggiori (2016).
8. Consider a stylized two-period model of a small open economy populated by
many individuals i, each with life-time utility and endowments
ln (ci;0 ) + E ln (ci;1 ) ;
yi;0 = 0:5;

and

yi;1 =
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1:80 with probability 1=2;
1:20 with probability 1=2:

Individuals are ex-ante identical, but face individual income risk ex-post. In
period 0, all individuals have the same income yi;0 = 0:5; in period 1, an
individual i can be ‘lucky’and get yi;1 = 1:80, or ‘unlucky’and get yi;1 = 1:20;
each with probability 1/2.
In period 0, individuals are able to issue liabilities ebi;0 promising a cash ‡ow
that is contingent on the realization of their income. Speci…cally, the debt
contract stipulates that an individual i pays back either xH
i if she turns out
to be lucky or xLi if she turns out to be unlucky. International investors are
risk neutral and do not discount the future, so that ebi;0 will be equal to the
expected payo¤:
ebi;0 = E0 (xi ) :
Answer the following:

(a) Write down the budget constraint and the consumption-saving problem
for an individual i.
(b) What is the real rate of interest in …nancial autarky of the country?
Will the country be a net importer or a net exporter of …nancial assets
in period 0? Explain.
(Hint: what is the real rate at which a country’s residents can trade
internationally?).
(c) Suppose international contracts were enforceable by some supranational
authority, and individual incomes were veri…able. What debt contract
would maximize the country’s average expected utility in an equilibrium
with trade in …nancial assets? In what sense is the resulting optimal
consumption allocation e¢ cient?
(d) Now consider a second economy with higher macroeconomic uncertainty:
output has the same expected value, but higher variance:
yi;0 = 0:5;

and

yi;1 =

2 with probability 1=2;
1 with probability 1=2:

Will this country issue more or less liabilities in period 0, relative to the
…rst country? Explain.
(e) How would your answers to (c) and (d) change if international investors
are not willing to lend against contingent payment (say, because income
is not veri…able) and instead require individuals to borrow against a
L
non-contingent cash ‡ow x1 (=xH
1 = x1 )? Carefully explain what drives
the di¤erence (if any) in the results in economies with contingent debt
(part (c) and (d)) and non-contingent debt (part (e)). You may need a
calculator if you want to answer this question numerically.
(f) Explain brie‡y but precisely the Bernanke’s ‘saving-glut’hypothesis. In
light of your answers above, what is the role played by the structure of
…nancial markets and contracts in this hypothesis?
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9. Brunnermeier et al. (2016) state: “The “diabolic loop” or nexus between
sovereign and bank credit risk was the hallmark of the 2009–2012 sovereign
debt crisis in the periphery of the euro area.”
(a) Explain how the diabolic loop works and provide a stylised account of the
mechanisms by which it a¤ects economic activity in a monetary union.
(b) Focus on the European Central Bank response to this loop. Discuss its
main initiatives brie‡y but precisely, highlighting successes and limits.
END OF PAPER
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1.

(a) Politicians derive utility from holding public o¢ ce (“ego-rents”). Explain
carefully whether the presence of such ego-rents bene…ts voters.
(b) Evaluate the case for paying politicians high salaries.

2.

The unanimity rule is the only decision rule that prevents state coercion. Yet,
societies routinely adopt the simple majority rule. Explain why this may be
the case.

3.

The British steel industry faces …erce competition from competitors in the
Far East and fears that any post-Brexit trade deals will make the situation
worse. The UK Steel lobbying group considers whether it should lobby the
UK government for tari¤ protection or for a subsidy for the British steel
production. Which strategy should the lobby group follow and why? Explain
which factors determine how high a tari¤ or production subsidy the lobby
group would be able to secure.

4.

From a social point of view, is rent seeking more or less harmful than bribery?
Explain why.

5.

Empirically the relationship between the probability of income tax adoption
and the fraction of the population with the right to vote is U-shaped. Use the
Besley-Persson model of state capacity building to explain why.

6.

Acemoglu and coauthors claim that the correlation between income per capita
and democracy is not causal.
(a) Provide a theoretical rationale in support of this claim.
(b) Evaluate the empirical evidence for and against this claim.

7.

(a) What makes forecasting con‡ict di¤erent from studying causal mechanisms related to con‡ict?
(b) How does one evaluate whether a prediction method is successful?

8.

(a) De…ne each of the following concepts and explain their use in capturing
economic or social di¤erences.
i
inequality
ii polarisation
iii fractionalisation.
(b) Ethnic diversity is associated with lower economic growth, but most
studies …nd little evidence of a relationship with civil con‡ict. Discuss
possible explanations for these patterns.
END OF PAPER
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1

Three players play the following game. First 1 chooses either A or D. If 1
plays A then 2 observes 1’s choice and plays either a or d. If 2 plays a then
the game ends and each player gets a payo¤ of 1. If 1 plays D, or if 1 plays
A and 2 plays d, player 3 chooses either L or R. Player 3 does not observe
player 1’s move. If 1 plays D then the payo¤s are (0; 0; 0) if 3 plays L and
(5; 5; 4) if 3 plays R, with the payo¤s given in player order 1; 2; 3. If 1 plays A
and 2 plays d, the corresponding payo¤s are (0; 0; 1) for L and (6; 6; 0) for R.
(a) Draw the extensive form of the game.
(b) Describe, in the context of this game, what is meant by Weak Perfect
Bayesian Equilibrium (WPBE).
(c) Find all the Weak Perfect Bayesian Equilibria in pure strategies.
(d) Show that there is no WPBE in which 1 plays a pure strategy and 2
plays a non-degenerate mixed strategy.

2

Consider the connections network formation model. Let N = f1; :::; ng be the
set of players. The utility of each player i from network g is equal to:
X
lij (g) 1
ui (g) =
di (g)c
j6=i

where 0 < < 1, lij is the geodesic distance between i and j, and di (g) is the
degree of i.
(a) Give a formal de…nition of pairwise stability.
(b) Let n = 4. Consider the line network where g12 = g23 = g34 = 1 and
there are no other links in the network. Can this network be pairwise
stable? If so, …nd the range of c for which it is pairwise stable.
(c) Let n = 4. Consider the circle network where g12 = g23 = g34 = g14 = 1
and there are no other links in the network. Can this network be pairwise
stable? If so, …nd the range of c for which it is pairwise stable.
(d) Give an example of a non-empty network that is pairwise stable for c > 1.
Prove that your example network is stable.
(e) Let n = 4 and 1
< c < 1. Denote by g(t) the network at time t
and consider the following dynamic process of network formation (from
Jackson and Watts, 2002) starting with the empty network at t = 0:
(i) Consider the network g(t) at time t. Pick two players i and j at
random, with all pairs being equally likely. If gij 2
= g(t) then move
to (ii), otherwise move to (iii) below.
(ii) If ui (g(t) + gij ) > ui (g(t)) and uj (g(t) + gij ) > uj (g(t)) then g(t +
1) = g(t) + gij , otherwise g(t + 1) = g(t). Go to (iv) below.
(iii) If either ui (g(t) gij ) > ui (g(t)) or uj (g(t) gij ) > uj (g(t)) then
g(t + 1) = g(t) gij , otherwise g(t + 1) = g(t). Go to (iv) below.
(iv) Let t = t + 1 and go back to (i).
Find the probability that an e¢ cient network forms (where the e¢ cient
network is the one that maximizes the sum of the utilities).
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3

(a) Consider a …rst-price sealed bid auction with n bidders and independent
private values. Each bidder’s value is uniformly distributed on the interval [0; 1]. If a bidder with value v wins the object and pays p to the
seller then the bidder’s payo¤ is v p. The seller values the object at
zero. Show that there is a Bayes-Nash equilibrium in which each bidder
bids a fraction (n 1)=n of her value.
(b) State the Revenue Equivalence Theorem.
(c) For buyer i, with value v, let the expected equilibrium payo¤ in an
arbitrary auction be Ui (v) and let qi (v) be the equilibrium probability of
winning the object. Assume that Ui is di¤erentiable and that Ui0 (v) =
qi (v). Prove the Revenue Equivalence Theorem for the case of n bidders
with independent private values uniformly distributed on [0; 1].
(d) Now suppose that the setting is as in (a) except that if a bidder with
value v wins the object and pays p to the seller then the bidder’s payo¤
p
is v p. Assume n = 2. Find a Bayes-Nash equilibrium of the …rstprice auction in which both players use the same linear strategy, i.e.
bi (vi ) = bvi for i = 1; 2. What is the seller’s expected revenue?
(e) In the setting of (d), show that it is a weakly dominant strategy for
a bidder to bid her value in a second-price auction. Is the …rst-price
auction better than the second-price auction for the seller? Give an
intuitive explanation of your answer.

4

(a) Write down Bramoullé and Kranton (2007)’s model of a network game
with strategic substitutes and state its main results on equilibrium predictions. Describe the set-up and results of an experiment to test these
equilibrium predictions.
(b) How do the theoretical results in Bramoullé and Kranton (2007) change
if we introduce incomplete information about the network? Describe the
set-up and results of an experiment to test the equilibrium predictions of
the network game with strategic substitutes and incomplete information.
(c) Is the speci…c form of incomplete information assumed in (b) validated
by the experimental and empirical evidence?

5

Two people (1 and 2) bargain over how to share a surplus of size 1. At times
t = 1; 3; 5; ::: player 1 proposes a split and player 2 accepts or rejects. At times
t = 2; 4; 6; ::: player 2 makes a proposal and player 1 accepts or rejects. The
game ends when a proposal is accepted. If a proposal (x; 1 x) is accepted
at time t 1 then player 1’s payo¤ (in date-1 terms) is t1 1 x and player 2’s
payo¤ is 2t 1 (1 x). If the game never ends, both players get a payo¤ of zero.
(a) Take an arbitrary subgame which starts with i making an o¤er. Let Mi
and mi respectively be the highest and lowest subgame-perfect equilibrium payo¤s for player i in this subgame (in current-value terms, i.e.,
not discounted to time t = 1). By deriving four inequalities, show that
there is a unique pair of subgame-perfect equilibrium payo¤s in the whole
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game. Describe equilibrium strategies which achieve these payo¤s and
show that they form a subgame-perfect equilibrium.
(b) Now suppose that the game is as above except that 1 = 2
and
that whenever 2 rejects a proposal she has the option to leave the game
(without waiting for the next period). If she leaves at date t the game
ends and her payo¤ is t 1 (3=4), i.e. 3=4 in date-t values. Player 1’s
payo¤ if 2 leaves is zero. Player 2 cannot leave immediately after one of
her own proposals is rejected - she has to wait until 1 makes an o¤er.
Find a subgame-perfect equilibrium of this game.
6

Suppose that, in each period, one of three shocks can occur: d, m and u.
Suppose further that there are three assets: the safe asset, risky asset 1 and
risky asset 2. The initial price of all assets is 1. The net return on the safe
asset is 13 for all values of the shock. The net return on risky asset 1 is 14 if
the shock is d, 2 if the shock is m and 3 if the shock is u. The net return on
risky asset 2 is 21 if the shock is d, 3 if the shock is m and 4 if the shock is u.
None of the assets pays a dividend. Suppose …nally that there are T periods.
(a) Explain carefully what is meant by a European call option with strike
price K and maturity T written on risky asset 1.
(b) Find a simple di¤erence equation linking the price of the option in period
t to its price in period t + 1.
(c) What is the price, at date 0, of a European call option with strike price
9 and maturity 2 written on risky asset 1?

7

Suppose that there are two consumers, two dates and two goods. For i 2
f1; 2g, consumer i obtains utility
ui (xi ) = v(xi11 ) + v(xi12 ) +

i

(v(xi21 ) + v(xi22 ))

when she consumes xitl units of good l at date t. Consumer 1 has endowment
e1 = (e111 ; e112 ; e121 ; e122 ) = (2; 1; 0; 0)
and consumer 2 has endowment
e2 = (e211 ; e212 ; e221 ; e222 ) = (0; 0; 1; 2) :
(a)
(b)

Explain carefully what is meant by an Arrow-Debreu equilibrium of this economy.
Assuming that v = log (i.e. the natural logarithm), …nd formulae for all the
elements of such an equilibrium. Be careful to structure your working, and to
highlight any intermediate results.
END OF PAPER
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SECTION A
1

Lincolnshire Industries (LI) is currently an all equity …rm. Its combined assets
will, in a year’s time, generate cash‡ows that depend on the outcome of Brexit.
If there is “hard”Brexit (with probability 0:4), cash‡ows will be $300 million;
if there is “soft”Brexit (with probability 0:2), they will be $400 million; and
if there is no Brexit (with probability 0:4), they will be $600 million. The
current risk-free interest rate is 3%, and investors require a 7% risk premium
over the risk-free interest rate to invest in LI. Assume perfect capital markets
and no taxes.
(a) LI currently has 50 million shares outstanding. What is its share price?
(b) Assume LI raises $100 million in debt that it expects to repay in a year’s
time. It uses this to repurchase shares.
(i) How many shares will LI be able to buy and at what price?
(ii) What will LI’s equity cost of capital be after the debt issue and share
repurchase?
(iii) What are LI’s earnings per share before and after the capital restructuring? Comment.
(c) Consider an investor who bought 3000 of LI’s shares when LI was an
all equity …rm and who is unhappy with the amount of debt acquired
through its recapitalisation. Show how through by buying and/or selling
LI’s shares and/or debt, he can generate the same earnings the 3000
shares of the all equity …rm would have generated. Comment.

2

What impact does a …rm’s capital structure have on …rm value? Discuss in
particular the costs and bene…ts of debt versus equity …nancing.
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SECTION B
3

Why does borrowing short and lending long make banks vulnerable to runs?
In the light of this, how might banks best be regulated? Discuss.

4

Assume a bank has a certain amount of deposit, D, that is 5 times as much as
its own capital. Assume that a third of the bank’s assets are invested in some
risky investment with a random rate of return for every 1 pound invested.
follows a uniform distribution with a support ranging from 0 to 2. The rest
are bank reserves.
(a) Draw the bank’s balance sheets before and after (today and tomorrow)
the realisation of the investment, assuming the bank will be solvent.
Explain.
(b) Determine the critical value of below which the bank is not solvent.
What is the probability that this happens? Explain.
(c) Assume that the bank wants to stay solvent in 90% of cases. What can
it do? Explain.
(d) Suppose that the risky investment carries weight 100%. Does this bank
satisfy the capital adequacy ratio of the Basel I Accord? Explain.
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SECTION C
5

Consider an economy populated by many individuals. Each individual is
characterised by an entrepreneurial ability x
0, and initial wealth a
0,
where x and a are independent of each other. An individual can be a worker
or an entrepreneur and her goal is to maximise income. If she decides to be
a worker, she will receive the exogenously given wage w and can also make
a deposit on …nancial intermediaries. As an entrepreneur she has access to a
technology that produces y = xk, where y is output and k is capital invested.
The gross interest rate is R.
(a) Assume that loan repayment is imperfectly enforceable. By expending
some resources, which we assume to be proportional to capital usage,
k, each entrepreneur can avoid repayment altogether but also lose her
assets. Assume that < R. If lenders provide …nance up to the point
where borrowers have the incentive to repay, show what would be the
limit on borrowing. Comment on your result.
(b) For what values of x will an individual choose to be an entrepreneur?
In (x; a) space draw the threshold value of x (a) such that for any x >
x (a) the individual prefers to be an entrepreneur rather than a worker.
Explain.
(c) How does the enforcement variable a¤ect the borrowing constraint and
the occupational choice? Explain.
(d) Can this model explain misallocation of talent and capital? Explain.

6

Individuals live for two periods. They do not consume in the …rst period of
their life, but they can work and they receive bequests. They save all their
income from their …rst period of life at the net interest rate r. The utility
function of each individual is
(1

) log cj (t) + log bj (t);

where cj (t) denotes consumption by individual j in period t and bj (t) denotes
individual j’s bequest to the next generation. The budget constraint is
cj (t) + bj (t)

yj (t);

where yj (t) is individual’s j income in period t.
(a) For a given level of income yj (t), derive the optimal consumption and
bequest functions.
There are two education levels: skilled and unskilled. Skilled workers earn
wage ws , while unskilled workers receive wu , with ws > wu > 0. The required
education expenditure to become skilled is h > 0, and individuals acquiring
skills do not work during their …rst period of life. Those who do not acquire
skills in the …rst period work as unskilled workers, receiving wage wu . In the
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second period of life, skilled workers receive ws and unskilled workers receive
wu . Individuals cannot borrow to …nance their education. Assume that
ws

(1 + r)h > wu (2 + r):

(b) Derive the indirect utility functions and bequests for unskilled workers
and skilled workers, as functions of their inherited wealth x.
(c) Show the equations that describe the dynamics of wealth and graph them
in (x(t + 1); x(t)) space. Assume that (1 + r) < 1.
(d) Does the initial wealth distribution have an e¤ect on the long-run wealth
distribution and output level? Explain.
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SECTION D
7

Consider a world in which there are only two state contingent assets (Asset
A and Asset B) and two states of nature (State 1 and State 2). The payo¤s
from these assets are given by the following table:
Asset
A B
State 1 4 12
State 2 8 0
Use xA and xB to denote the number of units of assets A and B purchased
by the investor. Use sA and sB to denote the shares of each asset held where
sA + sB = 1:
(a) The investor is assumed to have preferences which depend on the total
amount received in each state, not on whether the return comes from one
asset or the other. Apart from this assumption, the investor’s preference
is unspeci…ed. If the preference is represented by an objective (or utility)
function, what are the arguments of the function?
(b) Suppose that the investor behaves according to the expected utility hypothesis and believes that the probability of State 1 is 41 and the probability of State 2 is 34 . Express the investor’s objective function, given the
information provided.
(c) Now suppose that the investor behaves according to a mean-variance
objective. How would you express the investor’s preferences? Write out
the investor’s objective function in as much detail as you can given the
information provided.
(d) Construct the minimum risk portfolio and explain your answer.

8

Outline the main predictions of the Capital Asset Pricing Model (CAPM) and
comment on the empirical success of the model.
END OF PAPER
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1.

‘An attempt to determine a reasonable social ordering based on too little
information.’ Do you agree with this assessment of Arrow’s impossibility
result?

2.

The government is concerned that the cost of childcare is an excessive deterrent to work. Assess the relative bene…ts of the following policies in addressing
this:
(a) Higher in-work bene…ts paid to parents with young children.
(b) Direct subsidies for childcare.

3.

Explain in detail whether you would expect the responsiveness of pre-tax earnings to a temporary increase in the marginal tax rate to be larger or smaller
than the responsiveness to a permanent increase. Discuss the implications of
your answer for optimal income tax design.

4.

A government is designing tax policy for a large population of self-employed
individuals, each with a utility function given by:
u (c; l) =

c1
1

1

l1+
1+

where c represents consumption, l represents hours worked, and
0 and
0 are parameters. Absent taxes, these individuals face the following
budget constraint:
c (w + ") l
where w is a constant and " is a mean-zero disturbance, iid across individuals,
with w < ". The realisation of " is only observed after labour hours l have
been chosen.
(a) Derive a …rst-order condition that characterises the optimal choice of
hours worked for each individual, in terms of the expected marginal
utility of consumption and returns to work. How does uncertainty, as
modelled, a¤ect the incentives to work?
Now suppose that the government can only tax total income, so that individuals face the budget constraint:
c

(w + ") l

T ((w + ") l)

where T ( ) is a tax schedule chosen by the government, with the property
that E [T ((w + ") l)] = 0 holds at the optimal choice for l.
(b) Show how the optimal hours trade-o¤ for individuals is a¤ected by the
introduction of this tax schedule.
(c) Discuss heuristically what factors will a¤ect the optimal design of the
T ( ) schedule. Which taxpayers would you expect to face the lowest
marginal tax rates?
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5.

Data indicate a weak positive correlation between wage rates and savings
propensities. To what extent does this undermine the optimality of zero capital taxation?

6.

Does the private provision of public goods undermine the case for public
provision, or strengthen it?

7.

(a) Suppose the government aims to limit total emissions to some quantity
E at the lowest possible cost. In the pursuit of this goal, what are the
relevant merits of (i) non-tradable emissions quotas, and (ii) a market
for tradable permits?
(b) In practice, why do governments often prefer to implement their environmental objectives using quotas?

8.

(a) A government is trying to decide whether to regulate emissions by imposing an emission tax or by setting up a market for tradable permits.
Should uncertainty over (i) social damage and (ii) the abatement technology a¤ect the choice of instrument?
(b) Some economists have argued that it would instead be better to use a
mixed system of taxes and tradable permits. Explain why that may be
the case.
END OF PAPER
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1

There are 30 …rms in a market and a single bank. Each …rm will invest in a
single project, which requires a single unit of capital, if it receives a loan of $1
from the bank. Safe …rms earn revenue of $2 on their project with certainty.
Risky …rms earn revenue of $3 on their project with probability 1/3 and zero
revenue with probability 2/3. The bank cannot distinguish between safe and
risky …rms but it knows that 2/3 of the …rms are risky. Assume that the
interest rate that the bank pays to its depositors is zero and that …rms will
repay the bank if they can.
(a) If the bank has funds to cover 20 loans, what interest rate will it charge
and what pro…t will it earn?
(b) What imperfection is present in this market? How could community
ties be used to solve this imperfection? How would this change the
allocation of loans across …rms? Comment.

2

Regression analysis based on …rm-level data from 40 countries indicates that
there is a positive and statistically signi…cant relationship between productivity and managerial quality. Managerial quality is measured by whether
or not the …rm follows a number of expensive management practices and is
found to be relatively low in developing countries. Based on this evidence
would you recommend to policymakers in those countries that they invest
public resources in improving management practices in their …rms? Discuss.

3

Dowry –the payment from the bride’s parent to the groom’s parent at the
time of marriage –is common in India. Let each family consist of a parent
and a child, and denote the wealth of the girl’s parent by y and the wealth of
the boy’s parent by x. Preferences are logarithmic and parents make choices
that maximise the sum of their utility and their child’s utility. Denote the
dowry by d and let the boy’s parent subsequently make a transfer, t, to his
son. Because the girl co-habits with her husband, she cannot be prevented
from consuming a fraction > 0 of the transfer t, while he consumes the
rest. Assume that the boy and the girl do not produce children of their own.
(a) Derive expressions for d and t, and show that girls from wealthier families end up consuming more (conditional on the wealth of their husband’s parent).
(b) There is an equal number of families on the girl’s side and the boy’s
side at each wealth level. For the marriage market to clear, it must
be optimal for each wealth level on the girl’s side to match with the
2 of 4

same wealth level on the boy’s side. Show that if the dowry is chosen to
maximise the utility of the girl’s parent, as above, then all girls’parents
would want them to match with the wealthiest boys and the market
clearing condition will not be satis…ed. Explain how the dowry would
need to adjust for the market to clear.
4

(a) Households in poor countries face extreme income risk and often do not
have access to adequate insurance. Discuss how uninsured risk may lead
to ine¢ ciency and brie‡y review the empirical evidence that supports
this claim.
(b) A researcher collects data from farmers in country A and observes that
neither their agricultural output nor their consumption vary with realized rainfall. The researcher concludes that farmers are well protected
against rainfall risk and that there is no ine¢ ciency. Assess this statement.
(c) Suppose the government of country B o¤ers free insurance to farmers.
What do you expect to happen to the amount of inputs used in agricultural production? Does you answer depend on whether households
face credit constraints? Does your answer depend on whether farmers
expect the government to o¤er insurance in the future?

5

(a) Describe the main assumptions and predictions of the Target Input
Model and explain why it is an appropriate framework to capture farmers’technology adoption decisions.
(b) A new, high-yielding variety of rice is introduced in two regions, Alpha
and Beta. Region Alpha displays greater heterogeneity in growing conditions than region Beta. Should we expect the speed of adoption to
di¤er across the two regions? Discuss through the lens of the Target
Input Model.
(c) Researchers want to investigate the role of social learning in country
Y. They observe that in country Y farmers only talk about agricultural
technologies with their immediate neighbors. Can they apply the empirical strategy used by Conley and Udry in the article “Learning about
a New Technology: Pineapple in Ghana”? Why or why not?
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6

(a) In the article “Selling Labor Low: Wage Responses to Productivity
Shocks in Developing Countries,” Jayachandran examines how particular features of underdevelopment exacerbate productivity risk for the
poor. Describe in detail the mechanism she proposes and brie‡y explain
how she tests for it.
(b) Consider the following statement: “An agricultural worker who cannot
smooth consumption is better o¤ if other workers can.”Discuss through
the lens of Jayachandran’s framework.
(c) In addition to adjusting the supply of labor, households can sell their
assets to cope with income shocks. However, inadequate transportation infrastructure may undermine the e¤ectiveness of asset sales as a
risk-coping strategy. Explain why this is the case through the lens of
Jayachandran’s framework.
END OF PAPER
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SECTION A - Answer ONE question from this Section.
1.

Consider two firms that produce a homogeneous good. The firms compete on quantity
and make their quantity decisions simultaneously. The inverse demand function for
the good is given by P = a q1 q2 where q1 and q2 are the outputs of firms 1 and
2, respectively with a > 0. The cost functions of the two firms are C1 (q1 ) = c1 q1 and
C2 (q2 ) = c2 q2 where c1 < a and c2 < (a + c1 )=2:
(a) Solve for the Nash equilibrium of the game for quantities. Calculate the market
share of each firm in the Nash equilibrium.
(b) Compute the Nash equilibrium profits of each firm, consumers’ surplus in this
market, and social welfare.
(c)

Show that if firm 2’s marginal cost decreases slightly (c2 falls), then social welfare
increases if the market share of firm 2 exceeds 1/6, but decreases if the market
share of firm 2 is less than 1/6. Provide a brief interpretation of this finding.

(d) Based on your answer under (c) comment on the practice of using changes in the
Herfindahl index for assessing the impact on welfare.
2.

Consider a homogeneous-product Cournot oligopoly with 4 firms. Suppose that the
inverse demand function is
P(Q) = 64 Q:
where Q is total output.
(a)

Suppose that firms have a constant marginal cost c = 4. Characterize the Nash
equilibrium of the game in which all firms simultaneously choose their quantity.

(b) Suppose that firms 1 and 2 consider merging and that there are synergies that
result in a marginal cost for the new entity of cm < c. Characterize the Nash
equilibrium of the same game as in (a), but now with both firms merged. At
what value of cm (you may want to give an approximate number) are firm 1 and 2
indifferent between merging and staying independent?
(c)

Suppose cm takes the value that makes firm 1 and 2 indifferent. Does consumerwelfare increase when the merger goes through?

(d) At what value of cm would the merger be consumer-welfare neutral? Give an
interpretation of your answer.
(e)

Suppose that instead firms 1, 2, and 3 consider merging. The new marginal cost
of the merged firms is cn < c. At which level cn are the three firms indifferent
between merging and staying independent?

(f)

Compare your findings in (b) and (e). How do the incentives to merge depend on
the number of firms that merge? Discuss your results.
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SECTION B - Answer TWO questions from this Section.
3.

After Brexit, car exports from Britain to the European Union might be subject to import
tariffs.
(a)

Explain how a tariff increase would impact on the price of automobiles in the UK
and the EU and the profits of British automakers. Clearly state, and justify, any
assumptions you make about market structure, the nature of competition, etc.

(b) In response to concerns that an EU tariff could harm British manufacturers, the
British government could consider different types of subsidies to the auto industry. Discuss what the impact of (a) an export subsidy, (b) a production subsidy
and (c) a subsidy to fixed costs (e.g. R&D or plant construction) would be on
British automobile manufacturers. Clearly state, and justify, any assumptions you
make about market structure, the nature of competition, etc. Which, if any, of
these policies would you recommend? Why? Which, if any, are permitted by the
WTO?
4.

Consider a large country in which L consumers have Dixit-Stiglitz preferences over
a differentiated good. In order to produce a variety of the differentiated good, firms
must pay a fixed cost to enter and then produce according to a constant marginal cost
production technology. Assume the fixed cost of entry and the marginal cost of production are the same for every firm. Discuss what happens to prices, price-cost markups,
quantities produced, quantities consumed, the number of varieties, and social welfare
when a political event causes the country to split into two smaller countries, each with
population L=2, that establish complete autarky. In your answer discuss both the case
in which consumers have constant elasticity of substitution preferences and the case in
which the elasticity of demand is decreasing in the quantity consumed (e.g. a linear
demand curve for each variety). What does your analysis imply for the likely impact
of Brexit?

5.

Last February, Kraft launched a take-over bid against Unilever, supported by Warren
Buffet and 3G. The main objective of the take-over was to cut cost and to split up
the diversified multinational into specialized companies with a clearer focus. After a
couple of days, the bid was cancelled, but Unilever announced a new strategic plan
focussing on shareholder value and cost reduction.
Give a short answer to each question below, five to eight sentences at most.
(a)

One commentator opposed splitting up the company because the combination of
different activities in one company provided a better diversification of risk for the
company’s share holders. What is your view on this issue?

(b) Another commentator observed that Unilever is investing successfully in sustainable production, which is in the long run interest of shareholders. Explain how an
image of sustainability can contribute to both shareholder value and social welfare. What do you have to assume about consumers’ preferences for this strategy
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of Unilever to work? Why is it better in that case to keep the different parts of
Unilever together?
(c)

The stock price of both Unilever and Kraft increased after the announcement of
the take-over bid. Is this a standard outcome after a take-over announcement?
What conclusion do you draw from this?

(d) The plan of Buffet and 3G was to issue debt and to pay the receipts of this debtissuance as dividends to the shareholders. Explain this strategy using a principal
agent model. Who is the agent and who is the principal? How does the idea of
Buffet and 3G change the principal agent relation? When and why might debt be
a more attractive way of funding the firm than equity? You may ignore the role of
differences in the tax treatment of debt.

6.

(e)

Give a welfare evaluation of the take-over bid. Provide one argument in favour
and one argument against the bid and add some evidence in favour of each argument.

(a)

Tacit collusion in a market with n firms can be sustained by implicit contracts
using grim trigger strategies. What assumptions about the timing of information
acquisition and decision making by firms are necessary to support this type of
equilibrium?

(b) Collusion is only sustainable if the discount factor δ exceeds a certain minimum.
Derive and explain the formula for the minimum discount factor in terms of the
firm’s profit in the Nash equilibrium and under collusion and defection.
(c)

What does this formula imply for Bertrand competition in the case in which there
are 4 competitors? Explain your result.

(d) This minimum discount factor as a function of the number of firms is similar
for Cournot and Bertrand competition, although the relative payoffs of cooperation and defection in the Nash equilibrium are different. Explain the difference
between the two forms of competition and explain why the minimum discount
factor is nevertheless similar.
(e)

Describe a strategy that reduces the minimum discount factor needed to sustain
cooperation. Under which form of competition, Cournot of Bertrand, is this
strategy feasible and why? Derive the two critical conditions for that strategy
to sustain cooperation and to sustain optimal punishment, in terms of the firm’s
profit in the Nash equilibrium, under collusion, optimal punishment and defections.

END OF PAPER
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SECTION A
A1

Answer

FOUR

questions from this Section

The graph below shows quarterly data on the (log)
index (

lrhp)

lrhp

real house price

over the period 1980Q1 to 2016Q3.

Figure 1: Log

Note:

uk

uk

real house price index - 1980Q1 to 2016Q3

is dened as the

uk

All Properties Index deated by

To investigate whether there are repeated bubbles in real
the following procedure is suggested.

rpi.

uk house prices,

From the graph two likely bubble

periods are suggested, 1983:1 to 1989:4 and 1995:1 to 2007:4.
It is decided that a bubble exists if the

growth rate of real house prices

in these periods is non-stationary.
The following econometric results are then obtained.
Dependent Variable is

∆2 (LRHP )t = ∆LRHP t − ∆LRHP t−1
Sample Period

1980:1 to 2016:3

1983:1-1989:4

1995:1 to 2007:4

constant

.0012

.0123

.0046

(.002)

(.007)

(.003)

∆2 (LRHP )t−1

.00003

.3120

.0325

(.084)

(.247)

(.136)

∆2 (LRHP )t−2

−.1998

−.1024

−.4412

∆LRHP t−1

−.2672

−.6911

−.2647

Durbin Watson

1.86

1.75

1.93

# obs

147

28

52

(.080)
(.069)

Standard errors in parentheses

(.225)
(.313)

(.128)
(.128)

3

(a)

What would a non-stationary growth rate imply for the growth rate
and level of house prices?

(b)

What would you conclude from the results given about bubbles in
real UK house prices over these two suggested periods?

(c)

Critically evaluate the use of the suggested procedure as a mechanism
to detect bubbles.

(d)

A colleague argues that it would be more appropriate to detrend this
data before applying such a test. Explain briey TWO methods that
could be used to detrend time series data. What impact might the
choice of detrending procedure have on this proposed test?

A2

The rating agency Moody's provides credit ratings on bond issuers and
their bonds to give investors an idea of the investment reliability of the
bonds.

aaa

investors.

is the highest bond rating and indicates the safest bonds for

Bonds rated below

baa

are considered to be non-investment

grade.
An econometrician hopes to develop an investment strategy between
government bonds and

aaa

corporate bonds. He takes monthly

us

us

data

us Treasury 10 year Bond rate (gs10), on Moody's aaa Corporate
Yield (aaa) and on Moody's baa Corporate Bond Yield (baa).

on the
Bond

These three series are graphed below.

The following least squares estimation results are obtained (standard errors
in parentheses).
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constant

(1)

(2)

△GS10t
.0340

△AAAt
.0344

(.026)

(.025)

(3)

(4)

(5)

(6)

Dependent

Variable

GS10t
−1.4636

△ût

△GS10t
−.0019

△AAAt
.0003

(.010)

(.008)

.3050

.4504

.3157

(.037)

(.080)

(.061)

−.2143

−.0372

.0043

.0319

(.019)

(.015)

1.88

1.85

AAAt

(.065)

1.0670
(.008)

△GS10t−1
△AAAt−1

.3318
(.036)

(.100)

(.004)

−.0048

AAAt−1

(.003)

ût−1

−.0332

△ût−1

.1075

(.009)

(.038)

Durbin Watson

1.87

1.84

.06

1.97

Columns (1) (2) (3) estimated from 1960M1-2015M12 (672 observations).
Columns (4) (5) (6) estimated from 1960M3-2015M12 (670 observations).

ût

is the residual from the regression in Column (3)

i.e

ût = GS10t + 1.4636 − 1.0670 ∗ AAAt .

(a)

Explain carefully what hypotheses are being tested in Columns (1)(6). What do the reported estimates tell you about the time series
properties of these variables?

(b)

The econometrician now denes a vector time series




GS10t
zt =  BAAt 
AAAt
Preliminary analysis does not reject the null of a unit root in each
element of

zt .

She species the following model

△zt = γ + Γ △zt−1 + αβ ′ zt−1 + εt ,
3 × 1 vector of coecients, Γ is a 3 × 3 matrix and α and
3 × 2 matrices; εt is a 3 × 1 vector of stationary errors.
The following estimates of α and β are obtained using the sample
period 1960M 3 − 2015M 12.




.0105 .0184
1
0
(.021)
(.031)





−.0384 
0
1

α̂ =  .0181
β̂ = 
,
(.016)


(.020)


−1.0687 −1.0928
.0408 .0253
(.051)
(0.031)
where

β

γ

(.077)

−.0058

GS10t−1

is a

are both

(.016)

(.025)

5

(Estimated standard errors in parentheses, coecients without standard errors are imposed by identication assumptions.)
Explain carefully what relationships are assumed in this model and
what interpretation you can place on the matrices

α

and

β.

What do the reported estimates tell you about the time series properties of these variables?
(c)

What are the advantages and disadvantages of the approaches in (a)
and (b) for the investigation of such relationships?

A3

Consider the following three equation system

y1 =α12 y2 + α13 y3 + β 11 z1 + u1
y2 =α21 y1 + β 22 z2 + β 23 z3 + u2
y3 =α32 y2 + β 31 z1 + β 32 z2 + β 33 z3 + β 34 z4 + u3
where

yi

are endogenous and

zj

are exogenous variables and

terms. Time series observations are available on the
(a)

y 's

uk

and the

are error

z 's.

The order condition for identication requires the number of excluded
exogenous variables in an equation is at least as large as the number of
right-hand side endogenous variables. Which of the above equations
satisfy this condition? Explain the necessity for this condition.

(b)

The system can be written in matrix form as

(
Y = y1 y2
Γ and B are matrices
where

Y Γ + ZB = U
)
(
)
(
)
y3 , Z = z1 z2 z3 z4 and U = u1 u2 u3 ;
of coecients.

Γ

Write out the matrices
(c)

and

B.

The rank condition for identication refers to submatrices of the

(

stacked matrix

Γ
B

)

. The relevant submatrices are


−β 22 −β 32
 −β 23 −β 33 
0
−β 34





and


−α13
1
 −β 11 −β 31  .
0
−β 34

Explain the consequences for estimation of the system of the following restrictions and whether or not they allow identication of any
particular equation.

β 22 = β 23 = 0
(ii) β 32 = β 33 = β 34 = 0
(iii) β 22 or β 23 is non-zero
(iv) β 11 ̸= 0.
(i)

and

β 34 ̸= 0
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(d)

Explain how

2sls

could be used to estimate the coecients of the

(identied) equations.
A4

cp)

A policy maker is interested in the impact of Critical Peak Pricing (
on household consumption of electricity.

cp

rewards customers for ei-

ther voluntarily reducing or shifting electricity usage to o-peak hours.
Participating customers receive notication of an increase in the price of
electricity during a critical peak hour, a day in advance.
Random samples were chosen from two types of customers: (1) regular

r

ae)

( ) household customers; (2) all electric (

households with electric

heating. Customers were then randomly assigned to a

cp

and a control

group. Household consumption for treatment and control participants is
observed for 30 days prior to the trial commencing and for the 365 days
of the trial duration.
An analyst species the following model

yi,h = β cpih + uih

(1)

uih = λh + δ i + εih .
yi,h

denotes the natural logarithm of electricity consumption in kilowatt

hour of customer

Ti

i

during hour

is an indicator for whether

whether hour

h

i

h = 1, ..., 24 × 365. cpih = dh × Ti ,

is a

cp

customer and

dh

where

is a indicator for

is a critical peak event hour.

λh , δ i , and εih denote, respectively, an hour xed eect, a customer-specic
xed eect and an unobserved mean zero stochastic disturbance that is
uncorrelated with the two xed eects.
(a)

What are the identifying assumptions of this model?
interpretation of parameters

(b)

β , λh ,

and

δi.

Interpret the parameter estimates in Tables 1 and 2.
basis for using cluster-robust standard errors?

Table 1: Results for a Sample of R Customers
Parameter

cpr

Estimate

Std. Error

t-stat

-0.1303

0.0093

-13.88

Cluster-robust standard errors

Table 2: Results for a Sample of AE Customers
Parameter

cpae

Estimate

Std. Error

t-stat

-0.2458

0.0184

-13.35

Cluster-robust standard errors

Provide an

What is the

7

(c)

You are now told that customers were not randomly assigned into
the treatment and control samples.
With the trial commencing on day

k,

selection into the treatment

group, was determined, in part, by consumption in the period prior
to the trial commencing, namely

yi,k−l , l = 1, ..., 30.

In the presence of these selection eects, explain why the estimation
equation (1) might lead to biased estimates of the treatment eects.
(d)

Explain the basis for an alternative estimator which uses matching.

Given selection on

yi,k−l ,

explain how you might go about

constructing matched (counterfactual) outcomes for program participants. How might these matched outcomes be used to address the
selection problem?
A5

Consider the following random utility model

Uijt = β ′i vjt + εijt ,

(2)

Uijt is the utility received by individual i in choosing alternative j
t. vjt denotes a L × 1 vector of attributes, including price. β i
denotes a vector of taste parameters. εijt is a stochastic term which is
2 2
distributed iid extreme value, with Var(εijt ) = σ (π /6).

where

at time

(a)

Given (2) show that the probability individual

j

in period

t

i

chooses alternative

may be written as

ˆ

Pijt (η) =

Lijt (β i )g(β|η)dβ.

(3)

Lijt (.) is a conditional probability and g(β|η) is a mixing distribution;
η = (µ, ϑ) are the parameters of the mixing distribution, with µ and
ϑ, respectively, a vector of mean parameters and the lower triangular
of the matrix of covariance parameters.
(b)

If tastes are independent across attributes how many free parameters
are there in (3)? What is the dimension of the integral in (3)? What
restrictions on (3) would deliver the logit specication?

(c)

Demonstrate that in general the logit specication is not consistent
with exible substitution patterns.
Now we consider a variant of (2)

Uijt = (β i /σ i )′ vjt + eijt ,
where

eijt = εijt /σ i

is a stochastic term which is distributed iid ex-

treme value, with constant variance
(d)

(4)

π 2 /6.

In what sense does (4) incorporate preference and scale heterogeneity?
In what sense is scale heterogeneity a concern for choice situations
based upon stated preference data?

(TURN OVER)
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A6

Elaborate upon the following statements.
(a)

Although the assumption of asymptotic normality for the First-Dierence

gmm

estimator for the dynamic panel data model is not aected by

the time series properties of the series, other properties of the estimator do depend on time series properties.
(b)

Relative to the linear probability model, the advantages of the threshold binary response model are less when the matrix of regressors is
sparse, and/or when there are endogenous binary regressors.

(c)

The relative advantages of the random coecient logit model over
logit are potentially compromised when the mixing distribution is
assumed to be multivariate normal.

(d)

The use of

gmm-style

instruments for dynamic panel data models

circumvents the sample size eciency trade-o but may result in a
weak instrument problem.
(e)

If, in a linear xed eects static panel data model, time series variation of regressors

xit is limited, a comparison between the xed eects

and competing estimators using mean square error may be appropriate.

9

SECTION B
B1

Answer

ONE

question from this Section

The problem of identifying a structural model from a collection of economic time series is one that must be solved by anyone who claims the
ability to give quantitative economic advice Lucas and Sargent (1979).
Explain what this statement means in the context of macroeconomic models.
How does the identication problem manifest itself and how have researchers tried to address this issue?

To what extent do you think the

problem has been solved?
B2

For the econometrician the presence of trending behaviour in time series
data oers both pitfalls and opportunities.
Explain carefully what these are with reference to relevant empirical studies.

B3

While a nonlinear model may t the conditional expectation function
for binary response models more closely than a linear model, if you are
solely interested in the average partial eect then using either the linear
probability model or two stage least squares is a reasonable estimation
strategy.
Evaluate this statement, making reference to one or more examples. How
might your evaluation change if the regressor of interest is both binary and
endogenous.

END OF PAPER
(TURN OVER)

ECT3
ECONOMICS TRIPOS PART IIB
Wednesday 31 May 2017

1:30-4:30

Paper 14
WORLD DEPRESSION IN THE INTERWAR YEARS

Answer THREE questions only.
Answer all parts to the question.
Each question carries equal weight.
Write your candidate number (not your name) on the cover of each booklet.
Candidates are asked to note that there may be a reduction in marks for scripts
with illegible handwriting.
If you identify an error in this paper, please alert the Invigilator, who will notify
the Examiner. A general announcement will be made if the error is validated.
Write legibly.
STATIONERY REQUIREMENTS
20 Page booklet x 2
Rough work pads
Tags
SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS
EXAMINATION
You may not start to read the questions printed on the subsequent
pages of this question paper until instructed that you may do so by the
Invigilator.

1 of 2

1.

Evaluate the role of …scal policy in the recovery from the Great Depression in
the USA and Germany.

2.

Would it have been possible to stabilise the German currency in 1920-21?
Discuss in view of the stabilisation in 1923-24.

3.

Is the concept of international contagion useful to explain banking crises in
the early 1930s? Discuss in relation to Germany and one other country.

4.

Explain the rapid total factor productivity growth in the USA during the
period 1919-1942.

5.

Evaluate the e¤ects of trade policy on economic recovery during the 1930s,
comparing two countries.

6.

Why did devaluation fail to deliver economic recovery for some countries during the 1930s?

7.

Why do we observe a synchronised international business cycle during the
interwar period?

8.

Explain the persistence of unemployment during the 1930s.

9.

Was the German “crisis-before-the crisis”of the late 1920s the inevitable result
of the stabilisation of 1923-24?
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1.

(a) Does the Diamond-Mirrlees production e¢ ciency result imply that taxes
on intermediate goods are sub-optimal? Explain.
(b) In the presence of an irremovable tari¤, can it be justi…ed to introduce a
tax on an intermediate good used by producers in the protected sector?
Compare your answer to part (b) to your answer to part (a).

2.

Consider a population composed of two types of individuals: rich individuals
(denoted r) and poor individuals (denoted p). The rich all have an income of
mr and the poor all have an income of mp , and mr > mp . Each individual
consumes two goods with consumer prices q1 and q2 . The indirect utility of
type h 2 fr; pg is
V h (q1 ; q2 ; mh ) = v1 (q1 ) + v2 (q2 ) +

h mh

where p > r . The country is governed either by a right-wing or by a left-wing
government. A left-wing government puts more weight on the poor than on the
rich in its objective function. A right-wing government does the opposite. To
raise the target revenue R, the government in power sets all commodity taxes
optimally according to its objective.
(a) A new left-wing government is elected (after a period with a right-wing
government). How should the new government adjust the commodity tax
structure?
(b) The new left-wing government also wants to spend more than the previous
right-wing government. How should it adjust the commodity tax structure
to fund this?

3.

Explain what the appropriate shadow price is in each of the following cases.
(a) A project produces an output that is exported from a small open economy.
The government subsidises exports.
(b) A large project produces an output that generates pollution. The output
is also produced by private producers and traded in a competitive market.
Private production also generates pollution. The social utility cost of
pollution is proportional to output. Would it make a di¤erence to your
initial answer if the project, unlike private production of the good, does
not generate pollution? Explain.
(c) A project hires workers from a labour market where workers are paid
a minimum wage that is above the market clearing wage. All workers
have the same reservation wage (which is lower than the minimum wage).
Would it make a di¤erence to your initial answer if workers had di¤erent
reservation wages?
2 of 5

4.

A government levies a tax on the return to savings. As a consequence,
the producer real interest rate is 5% and the consumer real interest rate
is 3%. An analyst needs to evaluate a project which requires an up-front
investment and yields higher consumption in the future.
(a) Which of the two interest rates would you recommend that the analyst
use as the social discount rate for the project and why?
(b) The government’s cost-bene…t manual requires that the analyst uses
“the marginal rate of time preference” as the social discount rate.
Critics say that this is inappropriate because the public funds devoted
to a project with a positive net present value at that discount rate
would be better invested in the private sector. Supporters say that it
is appropriate because it is always the consumption consequences of
a project that determine if it adds to social welfare or not. Evaluate
whether the critics or supporters are right.

5.

(a) Can it be in the shareholders’interest that the contract of the Chief
Executive O¢ cer (CEO) guarantees a substantial renumeration even
when the …rm makes a large loss?
(b) Suppose that the CEO’s contract covers two periods and that the
pro…t of the …rm tends to be positively correlated over time. Would
it be optimal for shareholders to increase the performance bonus per
unit of pro…t in the …rst period relative to the second period?

6.

In an economy, health insurance is privately provided through competitive
markets. Individuals are to di¤erent extents at risk of having a nonlethal genetic condition. High-risk individuals have the condition with
probability pH 2 (0; 1) while low-risk individuals have the condition with
probability pL 2 (0; pH ). The proportion of high-risk individuals in the
population is . The condition requires treatment and the medical cost is
C. An individual’s wealth is WR without the cost of treatment and WS =
WR C with the cost. Individuals cannot a¤ect the risk of having the
condition and there are no observable characteristics that are correlated
with the risk.
(a) Using the framework proposed by Rothschild and Stiglitz (1976), explain why there cannot be a competitive market equilibrium in which
all individuals are o¤ered the same health contract. Discuss the condition(s) necessary for the market to o¤er type-speci…c health contracts
(one for each risk type).
(b) Suppose that a separating market equilibrium does not exist. Does
this justify public provision of health insurance and if so, which form
should it take?

3 of 5

(TURN OVER)

7.

Use Spence’s (1973) model of education to answer the following questions.
(a) Explain how the employers’ belief about the students’ ability a¤ect
the nature of the equilibrium.
(b) Evaluate the welfare properties of the separating equilibria of the
model.
(c) Based on your answer to part (b), evaluate if there a social justi…cation
for investment in education.

8.

Disability insurance (DI) is given to people with physical or mental conditions that limit their ability to work. You want to estimate the e¤ect
of having disability insurance on hours of work and you collect the following data for a sample of individuals. Let y1 be the hours of work if
an individual receives disability insurance, and y0 be the hours of work
if an individual does not receive disability insurance. Let DI = 1 if the
individual receives disability insurance.
(a) Explain, in words, the economic meaning of the following conditional
expectations: E(y0 jDI = 1) and E(y0 jDI = 0). Which of these
expectations is not observed in your data? Which of the two would
you expect to be larger?
(b) You want to estimate the average treatment e¤ect on the treated
(ATT)
= E(y1 jDI = 1) E(y0 jDI = 1)

and you regress hours of work (y) on DI. Show that the estimated
coe¢ cient on DI from this regression is a biased estimator of the ATT.
What is the likely direction of the bias?
(c) In many countries, individuals need to apply for disability insurance
and not all applicants are approved. The approval of a disability
insurance application is based on information on health conditions
and other characteristics of the applicant that you are not able to
observe. Suppose that, among people who already have applied for
disability insurance, you know the type of case worker assigned to the
applicant. Case workers are of one of the following two types: some
are lenient and some are strict, and the assignment of case workers
to applicants is random (determined by a lottery). Discuss how the
information on case worker’s type may help you reduce the bias you
showed in part (b). Be speci…c about the assumptions you make
and how you plan to use this additional information in a regression
framework.
(d) Suppose that the estimated e¤ect of disability insurance using your
strategy in part (c) is statistically di¤erent from the estimate in part
(b). Provide at least three explanations that can explain the di¤erence between the two estimates. If the di¤erence between the two
estimates were statistically insigni…cant, can you then conclude that
the estimate from part (b) is unbiased?
4 of 5

9.

(a) De…ne Di = 1 if an individual i attends college and Di = 0 if an individual i does not attend college. Assume that the e¤ect of college attendance on earnings is homogeneous across the population. Describe
the econometric problem of “ability bias" in the estimation of the
impact of college attendance on earnings with a simple econometric
model. Show and illustrate with a concrete example how instrumental
variables (IV) can be used to address the problem.
(b) You consider using the presence of a college in the local area in which
an individual resides as an instrumental variable for college attendance. Formally, let Zi = 0 if there is no college in the area of residence, and Zi = 1 if there is. Specify the condition(s) under which
the instrument is valid.
(c) Suppose that the condition(s) you speci…ed in part (b) is (are) satis…ed
in your data. Furthermore, assume that the e¤ect of college attendance on earnings is heterogeneous across the population and that
there are no “de…ers”. In the potential outcome framework, show
that the IV estimate is equivalent to the Local Average Treatment
E¤ect.
(d) Suppose that you want to estimate the return from attending a local
college separately from the return from attending a college outside
an individual’s area of residence. De…ne the treatment variable Ti in
the following way: Ti = 0 if individual i does not attend any college,
Ti = 1 if the individual goes to college outside his/her area of residence
and Ti = 2 if the person goes to the local college. With the instrument
from part (b) can you identify the causal e¤ect of attending a local
college relative to not attending a college? Explain.

10. Research shows that the average productivity of a dollar of educational
resources is almost constant (rising just slightly) across a fairly wide range
of US colleges that vary in terms of admission selectivity.
(a) Is the decentralized market model consistent with the evidence? Explain carefully.
(b) Evaluate the equity consequences of the research result.

END OF PAPER
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SECTION A
A1

 Answer

FOUR

questions from this Section.

An econometrician wants to investigate predictability of stock market returns
and obtains daily data on (the level of the) FT All Share index from 26th
August 2015 to 31st August 2017. (Excluding weekends and bank holidays
this gives 510 trading days).

ASXt as the log of the level of the index on day t and RETt =
ASXt −ASXt−1 as the daily return. He models returns as a stationary process
He denes

for the 507 trading days from 01.09.2015 to 31.08.2017.
First he calculates the following autocorrelations over this sample.

Corr (RETt , RETt−1 ) = ρ̂1 = 0.043771
Corr (RETt , RETt−2 ) = ρ̂2 = −0.126325
He then species an ARMA(1,1) model

RETt = α + λRETt−1 + εt + θεt−1
and obtains the following estimates by maximum likelihood:



coecient

estimate

standard error

α
λ
θ

0.000509

0.000236

0.908783

0.046456

-0.956347

0.032477



Cov λ̂, θ̂ = −0.0014.

with

Since

ml estimates are asymptotically normally distributed, he concludes that
arma(1,1) coe-

there is some univariate predictability since the estimated
cients are individually highly signicant.
(a)

Test the following hypotheses:
i.
ii.
iii.
iv.

H : λ = 0 against H : λ 6= 0
a
of H : θ = 0 against H : θ 6= 0
a
of H : λ + θ = 0 against H : λ + θ 6= 0
Separate and joint tests of ρ1 = 0 and ρ2 = 0
a

t−test
t−test
t−test

of

Note: Due to the large sample size you should work with 1% signicance
levels where possible
use without proof the fact that under ρ1 = ρ2 = 0
√ and
0
√
the vector ρ̂ =
T ρ̂1 , T ρ̂2 is asymptotically distributed N (0, I2 ) where
T is the sample size, 0 is the 2 × 1 zero vector and I2 is the identity matrix of
order 2.
In the light of your answers to (a)i-iv, to what extent do you agree with
the econometrician's conclusion on predictability?
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(b)

Suppose that stationary time series

yt

and

xt

obey the following system

yt = βxt−1 + ut
xt = λxt−1 + vt
β 6= 0, |λ| < 1

where

ut

and

and

vt

are temporally independent and

satisfy


E
for all
i.

ut
vt




=

0
0




and

E

ut
vt


ut vt






=

σu2 σuv
σuv σv2



t.

Show that the reduced form for
sive parameter

λ

yt

is an

arma(1,1) with autoregres-

and moving average coecient

θ

that satises

θ
βσuv − λσu2
=
1 + θ2
β 2 σv2 + σu2 (1 + λ2 ) − 2λβσuv
ii.

Explain why, if the solution for

yt

from
(c)

θ

in (b)i. is such that

θ = −λ,

that

will be unpredictable from its own history but can be predictable

xt−1 .

(Note you are not expected to calculate this solution.)

What do your answers to (a) and (b) tell you about the problem of
nding predictability in this market (or asset markets more generally)?

A2

An econometrician wishes to estimate the demand elasticity for widgets and
collects data over time on quantity traded and price level.

He writes the

following simple model

QD
t = α0 + α1 Pt + Ut
QSt = β0 + β1 Pt + Vt
S
QD
t = Qt = Qt

QSt , QD
t and Pt are the quantity supplied, quantity demanded and the
price level at t and Qt the market clearing quantity. He assumes E (Ut ) =
E (Vt ) = Cov (Ut , Vt ) = 0.
where

(a)

Derive the equilibrium price at

V ar (Pt ) =
(b)

t

and show that

V ar (Ut ) + V ar (Vt )
(β1 − α1 )2

Show that from the demand curve

Cov (Pt , Qt )
Cov (Pt , Ut )
= α1 +
V ar (Pt )
V ar (Pt )
and hence that

ols estimation of the demand curve will in general pro-

duce biased estimates of

α1 .
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(c)

Show that in an

ols regression of Qt = δ + τ Pt + εt
plim

(d)

α1 V ar (Vt ) + β1 V ar (Ut )
V ar (Ut ) + V ar (Vt )

τb =

Explain under what circumstances the plim of the

ols

estimate might

be close to the demand curve slope or the supply curve slope.

Relate

your answer to a simple supply/demand diagram for this market.
(e)

The econometrician believes he has found an observable variable
aects supply at

t

but not demand.

that

Explain how this can be used to

obtain a two stage least squares estimator of
A3

Xt

α1 .

An econometrician is interested in the relationship between prices of white
and black pepper and obtains a time series of average European spot prices
for black and white pepper (fair average quality) in

us dollars per ton.

Dene

lb = ln (spot

price for black pepper)

lw = ln (spot

price for white pepper)

and

The data are monthly 1973:10 to 1996:4 (271 observations). Standard errors
are given in parentheses throughout.

(a)

The following equations are obtained by least squares estimation

d t = 0.147 − 0.019 lbt−1 + 0.347 ∆lbt−1
∆lb
(0.067)

(0.008)

(0.057)

(1)

T = 269 R̄2 = 0.124 F (2, 266) = 20.046 σ̂ = 0.064

d t = 0.123 − 0.015 lwt−1 + 0.309 ∆lwt−1
∆lw
(0.068)

(0.009)

(0.058)

(2)

T = 269 R̄2 = 0.095 F (2, 266) = 15.128 σ̂ = 0.064
lbt = 0.411 + 0.907 lwt + u
bt
(0.155)

(0.019)

(3)

T = 271 R̄2 = 0.887 F (1, 269) = 213.6 σ̂ = 0.147

∆b
ut = −0.088 u
bt−1
(0.025)

(4)

T = 270 R̄2 = 0.044 F (1, 269) = 12.451 σ̂ = 0.060
Explain carefully what conclusions you can draw about the time series
behaviour of

lb

and

lw

from these results.
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(b)

The following results are also obtained

d t = 0.002 − 0.073 u
∆lb
bt−1 + 0.327 ∆lbt−1 + 0.052 ∆lwt−1
(0.004)

(0.027)

(0.069)

(0.069)

2

T = 269 R̄ = 0.134 F (3, 265) = 14.860 σ̂ = 0.063
d t = 0.002 + 0.023 u
∆lw
bt−1 + 0.324 ∆lbt−1 + 0.128 ∆lwt−1
(0.004)

(0.026)

(0.068)

(0.068)

2

T = 269 R̄ = 0.163 F (3, 265) = 18.442 σ̂ = 0.062
where

u
bt

is as obtained in equation (3) in part (a).

Explain carefully what conclusions you would draw from these results.
(c)

Another econometrician decides to estimate a

var(2)

in levels on this

data



lbt
lwt




=

c0
c1

 

 

 

a11 a12
lbt−1
b11 b12
lbt−2
ε1t
+
+
+
a21 a22
lwt−1
b21 b22
lwt−2
ε2t

Explain carefully the relation you would expect between the

var

coef-

cients and those obtained in part (b) and hence give the values you
would expect him to obtain for

a11 , a12 , a21 , a22 , b11 , b12 , b21 , b22

(you need

only give your answers to 3 decimal places).
A4

The one-way error components model may be written as

yit = λ + x0it β + wit ,
for

i = 1, ..., N

and

is an error term.
(a)

t = 1, ..., T . xit is a vector of covariates, and wit = αi + εit
and λ denote unknown parameters.

For the pooled
for

(b)

β

β,

(5)

ols, xed eects (fe) and random eects (re) estimators

write down the conditional mean assumptions for

In what sense are the

ols

and

fe

αi

and

εit .

estimators limiting cases of the

re

estimator?
(c)

Carefully evaluate the following statements:
-

independent of whether

αi

is treated as xed or random,

βbfe

is un-

biased and consistent;

(d)

αi 's are xed βbfe is a Best Linear Unbiased Estimator (blue);
bfe is not blue, but the re estimator is.
the αi 's are random β

-

if the

-

if

For

wit = αi + εit

ith

individual, and

estimator.

In what sense

nd the covariance matrix for the

use this to explain how the

re estimator may be considered a Generalised

gls) estimator.

Least Squares (
(e)

List the maintained assumptions of the

gls

might these bias any test of xed versus random eects?
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Figure 1: A Regression Tree

A5

A policy maker is interested in predicting house prices.

The available data

consists of 10,000 randomly selected owner-occupied units from the 2011
metropolitan sample of the American Housing Survey. The analyst observes
the price of each unit along with a large number of variables that contain information about the unit and its location, including the number of rooms, the
square feet (
type

unitsf), the census region within the United States, and house

= {1, 2, 3},

denoting respectively a house or apartment, a mobile home,

a boat.
(a)

In Figure 1 we present a regression tree for predicting house prices.
i

Stating any assumptions you make, write down the implied regression model.

ii

In what sense is a regression tree a nonparametric estimator?

ii

In what sense might this estimator be preferable to ordinary least
squares?

(b)

{yi , xi } and wishes
N × K , with K > N .

An analyst has data in the form of
of sample.

yi

is

N ×1

and

xi

is

to predict

y

out

She utilises a supervised machine learning algorithm with loss function

L(b
y , y),

and seeks to locate a prediction function

fb(x)

that has low ex-

pected loss Ey,x [L(fb(x), y)] on a new data point from the same distribution.
With reference to this generic setup, explain how the use of cross-validation
for regression trees delivers a prediction function with minimum expected
mean squared error.
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(c)

In the context of regression trees and random forests explain how an
analyst might seek to address the bias-variance trade-o.

(d)

Relative to regression trees, outline the additional modelling challenges
of causal trees.

(e)

Certain variable transformations that would be redundant for a standard
linear model and create collinearities, such as including

us census regions

in addition to states (which fall into exactly one of the four regions),
can be valuable in penalized linear models or other machine-learning
predictors.
Evaluate this statement in the context of regression trees.
A6

Elaborate upon 5 of the following statements
(a)

Although the assumption of asymptotic normality for the First-Dierence

gmm estimator for the dynamic panel data model is not aected by the
time series properties of the series, other properties of the estimator do
depend on time series properties.

(b)

Relative to the linear probability model, the advantages of the threshold
binary response model are less when the matrix of regressors is sparse,
and/or when there are endogenous binary regressors.

(c)

The relative advantages of the random coecient (mixed) logit model
over logit are potentially compromised when the mixing distribution is
assumed to be multivariate normal.

(d)

The use of

gmm-style

instruments for dynamic panel data models cir-

cumvents the sample size eciency trade-o but may result in a weak
instrument problem.
(e)

The exploration of heterogenous treatment eects is a prediction problem
and better addressed using machine learning methods.

(f )

If, in a linear xed eects static panel data model, time series variation of regressors is limited, a comparison between the xed eects and
competing estimators using mean square error may be appropriate.
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SECTION B
B1

 Answer

ONE

question from this Section.

Macro models now use incredible identifying assumptions to reach bewildering conclusions (Romer 2016).
Explain what you understand by

incredible identifying assumptions

context of macroeconometric models. Does the introduction of

in the

vars solve or

exacerbate this problem?
B2

Univariate forecasting models have limitations but to move to multivariate
systems we have to establish long run relationships between possibly trending
variables.
Explain how econometrics has addressed this issue and what it implies for
attempts to exploit relationships between variables to improve forecasting.

B3

While a nonlinear model may t the conditional expectation function for
binary response models more closely than a linear model, if you are solely
interested in average partial eects then using either the linear probability
model or two stage least squares is a reasonable estimation strategy.
Evaluate this statement, making reference to one or more examples.

How

might your evaluation change if the regressor of interest is both binary and
endogenous.

END OF PAPER
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1. Suppose the central bank minimises the expected value of the loss function
Lt =

1
(
2

t

)2 ;

where t is in‡ation,
the in‡ation target and the subscript t indicates the
time period. The economy is described by the Phillips curve
t

=

e
t

+ y t + "t ;

where et denotes private sector in‡ation expectations, yt the output gap, a
positive parameter, and "t an i.i.d. cost-push shock satisfying E ["t ] = 0 and
Var ["t ] = 2" . The IS equation is given by
yt =

(rt

r) +

t;

where rt is the real interest rate, r the natural real interest rate, a positive parameter, and t an i.i.d. real demand shock with E [ t ] = 0 and
Var [ t ] = 2 . The timing in each period t is as follows. First, the private
sector rationally forms its in‡ation expectations et . Subsequently, the central
bank observes the shocks "t and t , and sets its monetary policy instrument
rt .
(a) Derive the policy rate rt set by the central bank for a given level of
Give an intuitive explanation of the result.

e
t.

(b) Derive private sector in‡ation expectations et and solve for the policy
rate rt , the output gap yt and in‡ation t . Provide an economic interpretation of their properties.
Low levels of in‡ation following the economic recovery after the …nancial crisis
have cast some doubt on the magnitude of the slope of the Phillips curve.
Suppose that the central bank faces uncertainty about . In particular, it
does not observe this parameter when it sets the policy rate rt , but it has a
sta¤ forecast ~ such that = ~ + , where is a forecast error that is unknown
to the central bank. Assume that is i.i.d. with E [ ] = 0 and Var [ ] = 2 .
(c) Derive the policy rate rt set by the central bank for a given level of et .
Compare the result to part (a) and explain how the response to et , "t
and t is a¤ected by 2 .
(d) Assuming that et = , solve for the policy rate rt , the output gap yt
and in‡ation t . Carefully compare the results to part (b) and explain
how the output gap yt and in‡ation t are a¤ected by 2 .
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2. Consider a continuous time Solow growth model. The production technology
is represented by:
Y (t) = K(t) L(t)1 ; 2 (0; 1);
where Y (t) corresponds to output, K(t) is the capital stock and L(t) is labour.
_
Population grows at constant rate n such that L(t)
= n with n > 0 and houseL(t)
holds save a fraction s 2 (0; 1) of income. The economy is closed which implies
that investment equals savings. Capital evolves according to the following
equation of motion:
_
K(t)
= I(t)
K(t); > 0;
where I(t) denotes investment and
stock.

is the depreciation rate of the capital

(a) Write down the equilibrium equation that describes the evolution of capital per unit of labour. Draw the graph of the growth rate of capital per
unit of labour as a function of the level of the capital stock per unit of
labour. Does this economy converge to an unique steady-state level of
capital per unit of labour? Explain.
Now, assume that there are immigrants coming to this economy such that
the number of immigrants divided by the labour force in each instantaneous
_
L(t)
(t)
= m with m > 0 and L(t)
= n + m. Immigrants
period is constant and M
L(t)
also bring capital with them. Assume that each immigrant brings > 0 units
of capital such that
_
K(t)
= I(t) + M (t)

K(t):

(b) Write down the equilibrium equation that describes the evolution of capital per unit of labour. Draw the graph of the growth rate of capital per
unit of labour as a function of the level of the capital stock per unit of
labour. Does this economy converge to an unique steady-state level of
capital per unit of labour? Explain.
(c) In your graph in (b) show the dynamics of capital per unit of labour
when there is an increase in the ‡ow of immigrants such that m rises.
Explain.
(d) In the same graph show the dynamics of capital per unit of labour when
there is an increase in the capital brought by each immigrant such that
rises. Explain.
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3. Following disappointing UK productivity growth during the post-crisis period,
the O¢ ce for Budget Responsibility decided in November to signi…cantly reduce its medium-term projections for UK real GDP growth. Using the fact
that the UK currently has a primary budget de…cit, analyse how a reduction
in real GDP growth a¤ects the dynamics and sustainability of government
debt. In addition, discuss how the government could adjust …scal policy in
response and explain how the projected reduction in future output a¤ects the
optimal setting of tax rates.
4. Explain why higher saving rates are not associated with higher levels of GDP
per capita in an economy with perfect capital mobility, but they are in a
closed economy. Does this mean that if you as an individual save a lot, you
are better o¤ in a closed economy? Discuss.
5. Consider a (static) economy with a continuum of identical households of measure one. The representative household has the following utility function
U = ln c

l2
2

;

where c is consumption and l corresponds to the labour supply of the representative household. Each household has one unit of productive time such
that 0 l 1 and households own the …rms. The budget constraint of the
household is
c = wl + ;
where w is the wage rate and

is pro…ts.

There is also a continuum of measure one of …rms with the following production technology:
Y = ZH ; 2 (0; 1):
Firms rent labor H to produce the consumption good Y . Variable Z > 0 is a
productivity parameter.
(a) De…ne the optimisation problem of the representative household and …nd
the optimal labour supply. (Hint: the representative household takes w
and as given when solving its optimal problem.) How does labour
supply vary with w and ? Explain.
(b) De…ne the optimisation problem of the representative …rm and …nd the
optimal labour demand and pro…ts as a function of the wage rate and
the productivity shock Z. Explain.
(c) Find the wage rate that clears the labour market. How does the wage
rate vary with the productivity shock Z? Explain.
(d) Explain how output ‡uctuates with the productivity shock Z? What is
the relative volatility of output and productivity shock Z?
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6. Critically assess the e¤ectiveness of the New Keynesian model in explaining
business cycle ‡uctuations and for policy analysis.
7. Consider a small open economy operating for two periods. In period 0, the
country issues debt (discount bonds) B1 at the market-determined price Q to
cover its …nancing need F N = I S.
At the beginning of period 1, there are elections. There is political uncertainty
about which party will be in charge. One party opposes any form of default.
The other party does not exclude complete default if the stock of debt is above
b
a threshold B=2.
Either party is expected to be in charge with probability
= :5.

International investors are risk neutral and do not discount the future. If
they consider the country’s debt default-risk free, they buy B1 at the risk-free
international rate RW orld = 1, that is, at the price Q = RW1orld = 1. Otherwise,
they price the possibility of default.
(a) Write down the equilibrium bond pricing schedule as a function of debt
issuance.

(b) Derive the ranges of F N over which there will be either a unique equilibrium debt price, or two possible equilibria. Explain why the equilibrium
debt price may not be unique.
(c) Explain precisely the mechanism and the conditions under which an international lender of last resort (ILLR) may eliminate equilibrium multiplicity.
(d) Suppose F N is equal to the median value in the range over which the
equilibrium is not unique, derived under (b) above. Assuming that the
ILLR prices debt at its default-free value, calculate the …nancial resources
this institution must have to be able to eliminate multiplicity.
(e) Are ILLR interventions justi…ed if F N = 2:1?
8. At the birth of the euro, many observers raised concerns that member countries would face very high costs from giving up monetary autonomy and their
national currencies— that is, the region did not satisfy the conditions for an
‘optimal currency area’.
(a) Brie‡y discuss the main arguments of optimal currency area (OCA) theory. To what extent does the United States …t the conditions identi…ed
by this theory.
(b) Discuss how, in light of the recent experience of the euro area, one could
re…ne the main elements of OCA theory.
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9. Consider a one-period model of debt relief. Assume that a country has an
initial external debt equal to $100 at face value. The country can be either in
a good or bad state, with probability 1/4 and 3/4, respectively. In the good
state, the country repays its debt $100 in full. In the bad state, the country
repays only $40.
Before the realisation of the state of nature, the government, the creditors and
an international agency are discussing the possibility of reducing the stock of
debt from $100 to $80. The government and the international agency argue
that, by reducing ‘debt overhang,’ such debt reduction can be expected to
raise the probability of the good state from 1/4 to 1/2.
(a) Assume that creditors agrees with this argument (i.e., they expect a debt
reduction to bring about a change in the probability of the state). Under
risk neutrality, calculate the equilibrium debt price, as well as the gains
and/or losses for the creditors and the country, if:
i. the creditors forgive $20 of debt at face value.
ii. the international agency buys back debt for $20 at face value, at the
current market price, and agrees to forgive it in full.
iii. The government of the country pursues a “debt swap”, by which
investors are given the option to exchange the debt they hold with
new “safe” debt at some predetermined swap rate. In answering
this question, …rst indicate the maximum amount of new debt the
government can o¤er in exchange for the old debt, then calculate the
swap rate, and the amount of old debt which will remain outstanding
after the swap.
(b) Based on your answer to (i) through (iii) above, which plan would be
preferred by creditors? Which plan would be preferred by the country?
(c) Which plan would the creditors prefer, if they continue to believe that
the probability of the good state is 1/4 independently of whether the
debt burden is reduced?

END OF PAPER
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1. Consider a model of network formation with undirected networks and heterogeneous costs. The cost of forming a link in this model depends on whether the
two agents forming the link belong to the same group or not. If agents i and j
belong to the same group, then the cost of forming the link is c > 0. If agents
i and j belong to diﬀerent groups, then the cost of forming the link is C > c.
There are K groups, and each group contains exactly J agents. If the network
g forms, then the payoﬀ of agent i is
X
X
δ d(i,j)−1 −
cij ,
ui (g) =
j6=i,d(i,j)≤D

j:gij ∈g

where 0 < δ < 1; d(i, j) is the geodesic distance between i and j; D is the
truncation distance; gij denotes a link between i and j; and cij is the cost to
agent i of forming a link with agent j. We assume that c < 1 − δ, C 6= 1 − δ,
K ≥ 1 and J ≥ 3.
(a) Give a formal definition of the diameter of a network g.
(b) Suppose that g is either pairwise stable or eﬃcient. What is the maximum
diameter of g? Justify your answer carefully.
(c) Write down the formal definitions of
(i) the average clustering coeﬃcient Cl(g) of a network g and
(ii) the overall clustering coeﬃcient Cl(g) of a network g.
(d) Draw a network g such that limn→∞ Cl(g) = 0 and limn→∞ Cl(g) = 1.
(e) Suppose that g is either pairwise stable or eﬃcient, and put
B=

(J − 1)(J − 2)
.
J 2K 2

Prove that
(i) Cl(g) ≥ B and
(ii) Cl(g) ≥ B.
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2. There are two bidders for an indivisible good. They have the same distribution
over values and the values are independent and private. With probability p a
bidder’s value is 2 and with probability 1 − p her value is 5.
(a) Suppose the seller uses the following auction. The only bids allowed are 2
and 5; the higher bidder wins the object (with equal chances of winning
in the event of a tie); if the bids are bi and bj ≤ bi then the winner pays
k bi + (1 − k) bj , where k ∈ (0, 1); the loser pays nothing.

(i) Find the highest value of k such that there is a symmetric Bayes-Nash
equilibrium in which both buyers bid their value.
(ii) Show that there is indeed a Bayes-Nash equilibrium for this value of
k.
(iii) Calculate the seller’s expected revenue in this equilibrium.

(b) Suppose now that the seller uses a first-price sealed-bid auction in which
the bidders may bid any non-negative price.
(i) Find a symmetric Bayes-Nash equilibrium.
(ii) Show that it is indeed a Bayes-Nash equilibrium.
(iii) Calculate the seller’s expected revenue in this equilibrium.
(c) State the Revenue Equivalence Theorem. How do you reconcile your results in parts (a) and (b) with this Theorem?
3. An incumbent firm in a market faced with an entering competitor can choose
either a passive or an aggressive strategy. The entrant observes the incumbent’s
choice and chooses either to fight or concede. The payoﬀs that the two firms
get depend on whether the incumbent is weak or strong, which is known only
to the incumbent. The probability that the incumbent is strong is 0.9. If
the incumbent is strong then the entrant gets 1 from accommodating and 0
from fighting, whereas if the incumbent is weak the entrant’s payoﬀs are 0 if
it accommodates and 1 if it fights. The incumbent’s payoﬀs are given by the
matrices
F ight Concede
P assive
0
2
Aggressive
1
3

and

F ight Concede
P assive
1
3
Aggressive
0
0.5

if it is strong and weak respectively.
(a) Draw the extensive form for this game.
(b) Describe informally, in the context of this game, what is meant by a Weak
Perfect Bayesian Equilibrium (WPBE).
(c) Find all the WPBE in pure strategies.
(d) Discuss the reasonableness of the beliefs of the entrant in the equilibria
you have found.
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4. Suppose that there are two people, indexed by i ∈ {1, 2}. Suppose further that
person i has a utility function of the form
¾
½
η (xi − xj ) if xi ≥ xj
ui (xi , xj ) =
,
η λ (xi − xj ) if xi < xj
where j = 3 − i is the “other” person; xi and xj are the payoﬀs of i and j;
η > 0; and λ > 1.
(a) Explain carefully how you would interpret these preferences.
(b) Are they consistent with the experimental evidence (both from the laboratory and from the field)?
Now suppose that you run a field experiment in which a large firm hires workers
for a one-oﬀ task of stuﬃng envelopes. There are two possible contracts. In the
first, a worker is paid a piece rate w per envelope. In the second, a worker is
paid a fixed fee f independent of the number of envelopes. Workers are put in
pairs, with one worker in the pair being given the piece-rate contract and the
other the fixed-fee contract. Morever both workers in the pair are informed not
only of their own but also of their partner’s contract.
There are two treatments, H and L, which manipulate f such that fH > fL .
The workers are randomly allocated to the treatments, to the pairs within
treatments, and to the compensation plan (w or f ) within each pair.
You are hoping to use this experiment to learn whether utility is better represented by the model
Ui = α xi − c(ei ),
where α > 0 and c(ei ) is cost of eﬀort, or by the model
Ui = ui (xi , xj ) − c(ei ),
where ui is as above. You may assume that the parameters of ui are the same
for everybody; that c(ei ) = 12 ki e2i , where ki may diﬀer across people; and that
eﬀort ei is simply the number of envelopes stuﬀed.
(c) Do the choices of the worker on the piece-rate contract allow you to determine which of the two models is a better representation of utility? If so,
how would the parameters of the experiment (namely w, fL and fH ) have
to be chosen to allow you to discriminate between them?
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5. A seller (S) and a buyer (B) can potentially trade an indivisible good. S’s
production cost c is equally likely to be 0 or 3, and is private information to
S. B’s value v is equally likely to be 2 or 5, and is private information to B.
If trade takes place, B makes a money payment pB and S receives a money
payment pS , then B’s payoﬀ is v − pB , and S’s payoﬀ is pS − c. If trade does
not take place, B makes a money payment pB and S receives a money payment
pS , then their respective payoﬀs are −pB and pS .
(a) Find the ex post eﬃcient trading policy and calculate the maximum ex
ante expected total surplus.
(b) Consider the following mechanism. There is a fixed price p > 0. The two
parties choose simultaneously whether or not to trade at this price. Trade
takes place if and only if both parties choose ‘trade’. If trade does take
place, B pays p to S; if trade does not take place, there are no payments.
Assume that each player chooses ‘trade’ if indiﬀerent. For which values of
p is the ex ante expected total surplus from this mechanism maximized?
Is the mechanism ex post eﬃcient?
(c) What is meant by a Direct Revelation Mechanism (DRM) in this setting?
Show that there exists a DRM which is ex post eﬃcient and in which
truth-telling is a Bayes-Nash equilibrium. Calculate the ex ante expected
required budget of this mechanism.
(d) Find an ex post eﬃcient mechanism for which the ex ante expected required
budget is zero. Under what informational assumptions would you expect
this mechanism to achieve the ex post eﬃcient outcome?
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6. Suppose Sherlock derives utility from consuming shoes and money. Suppose
further that Sherlock’s utility follows the Kőszegi-Rabin (2006) model, and
specifically that
U = c1 + c2 + E[µ(c1 − r1 ) + µ(c2 − r2 )] ,
where the subscript 1 corresponds to shoes, the subscript 2 corresponds to
money,
¾
½
ci − ri if ci > ri ,
µ(ci − ri ) =
λ (ci − ri ) if ci ≤ ri

and λ > 0. Assume that c1 = 1 if Sherlock buys shoes, and c1 = 0 otherwise.
Normalize c2 in such a way that c2 = 0 if Sherlock does not buy shoes.
(a) What is meant by a personal equilibrium (PE) in this model?

(b) Suppose that Sherlock expects to buy the shoes at the deterministic price
pa . What is the minimum λ such that buying the shoes at this price is a
PE?
(c) Denote the minimum λ from part (b) by λ∗ . Suppose that pa > 1 and that
λ > λ∗ . What utility does Sherlock get in the PE in which he buys the
shoes? Comment carefully on this utility.
(d) Suppose as before that Sherlock expects to buy the shoes at price pa , and
that λ > λ∗ . However, when he goes to the shoe shop, he encounters an
unexpected price pb > pa . What is the maximum pb at which he will still
buy the shoes?
(e) Denote the maximum from part (d) by p∗b . What is the relationship between pa and p∗b ? Comment carefully on this relationship, and on the
magnitude of p∗b .
(f) Explain the main features of the Kahneman-Tversky (1979) model of reference dependence. Is the Kőszegi-Rabin (2006) model an improvement
on the Kahneman-Tversky model from either a theoretical or an empirical
point of view? Justify your answer carefully.
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7. Let G be a two-player strategic game with von Neumann-Morgenstern preferences and finite strategy sets S1 and S2 . Define a strategy si ∈ Si for player
i to be rationalizable if there exist sets Z1 ⊆ S1 and Z2 ⊆ S2 such that the
conditions
R1 si ∈ Zi , and

R2 for each j ∈ {1, 2}, every sj ∈ Zj is a best response for j to some belief of
j that assigns strictly positive probability only to strategies in Z−j (but
not necessarily all strategies in Z−j )
are both satisfied.
(a) Let S̃1 ⊆ S1 and S̃2 ⊆ S2 be the sets of strategies remaining after a process
of iterated deletion of strictly dominated strategies has terminated. Using
the fact that a strategy is a never-best-response if and only if it is strictly
dominated, show that si ∈ Si is rationalizable if si ∈ S̃i .

(b) Show that any strategy which is assigned strictly positive probability in a
mixed-strategy Nash equilibrium of G is rationalizable.
Now consider the game summarized in the following 3 × 3 matrix:
T
M
B

L
C
R
0,7 2,5 7,0
5,2 3,3 5,2
7,0 2,5 0,7

(In this game: player 1 is the row player, i.e. the player who chooses from the
set of strategies {T, M, B}; and player 2 is the column player, i.e. the player
who chooses from the set of strategies {L, C, R}.)
(c) Show that, in any non-degenerate mixed-strategy Nash equilibrium, player
2 must play both L and R with strictly positive probability. Hence find
all the pure- and mixed-strategy Nash equilibria.
(d) By defining sets Z1 and Z2 and showing that (R2) is satisfied, find the sets
of rationalizable strategies.

END OF PAPER
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1.

A researcher estimates the following regression model
git =

0

+

1 Dit

+

2 GIN Iit

+ Xit +

it ;

where git is real government spending per capita in country i in year t, Dit
is an indicator variable equal to 1 if the country has universal male su¤rage
in year t and 0 otherwise; GIN Iit is the market gini coe¢ cient (before taxes
and subsidies), Xit is a vector of control variables (including GDP per capita),
and it is an error term. The regression model is estimated on a sample of 20
countries with yearly data from 1820 to 1913 with an Ordinary Least Squares
estimator.
(a) With reference to relevant theories, what are the expected signs of 1
and 2 ?
(b) Evaluate critically if the proposed regression model is suitable for testing
these theories and suggest improvements.

2.

A country is divided into three districts, A, B and C, respectively. Each
district has one representative voter with the policy preference function Wj =
y
+ gj where y is income per district, is a uniform lump sum tax (with
y), and gj is the public services delivered to district j 2 fA; B; Cg.
The cost of producing one unit of the public service is one unit of income.
Each district is represented in the country’s legislature by a politician. The
politicians have the same preferences as the voter of their district. The task of
the legislature is to approve a policy plan, ( ; gA ; gB ; gC ), subject to a balanced
budget requirement. Decisions are made by majority rule. If the legislators
fail to approve a plan, no taxation or spending can be authorized.
(a) The politician from district A is appointed agenda setter with the right to
propose a policy plan to the legislature. What will the politician propose
and why?
(b) The country’s constitution has a rule that limits favoritism. The rule
says that if the agenda setter proposes to spend gA on public services
in her own district, then her proposal must guarantee that all other
districts get at least gA units of the service with 0 <
1. What will
the agenda setter from district A now propose? Who bene…ts from the
constitutional rule and why?
(c) Can the constitutional rule against favoritism be viewed as a substitute
for unanimity rule?

3.

Can lobbying ever be socially bene…cial? Illustrate your theoretical arguments
with concrete examples.
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4.

A country holds an election each year, t = 1; 2; 3; :::; 1. In each election, a
challenger runs against the incumbent and the winner is chosen by majority
rule. All voters are identical and want the elected politician to exert e¤ort
solving social problems. They will only reelect the incumbent politician if his
past performance is satisfactory; otherwise they will elect the challenger. The
per-period utility of a representative voter is Uv (et ) = et where et is the e¤ort
exerted by the incumbent politician at time t. The e¤ort cost to the politician
is C(et ) = et . All politicians get an ego-rent m from holding public o¢ ce and
discount the future with the discount factor < 1. The institutions of the
country are weak. In particular, even if voters consider that the performance
of the incumbent politician is satisfactory, he is only reelected with probability
0 < p < 1.
(a) Explain how voters can use elections to hold the politician accountable.
Characterize the best retrospective voting strategy that the voters can
design. Suppose that the quality of the country’s institutions improves,
i.e., p increases. What happens to the utility of the representative voter
and to the expected discounted utility of the incumbent politician?
Suppose that the challenger who runs against the incumbent in a given election
is selected through a rent seeking contest. There are i = 1; 2; 3; ::::; N potential
challengers. Each invests yit to be chosen to run in the election at time t. The
probability that challenger i is selected to run against the incumbent is
yit
qit = P
:
i yit

(b) What is the “prize”of the rent seeking contest at time t? How much will
each potential challenger invest to be chosen and how large is the total
investment?
(c) Given the rent seeking cost derived in (b), would the society ever be
better o¤ not electing a politician (and accepting that et = 0 for all t)?
5.

(a) Explain why revolutions often come as a surprise.
(b) Can your answer to (a) also explain why riots, such as the London riots
in 2011, happen unexpectedly?
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6.

Use the Acemoglu and Robinson model of franchise extension to evaluate the
following statements.
(a) A rise in inequality is both a necessary and a su¢ cient condition for
franchise extension.
(b) The elite has a strong incentive to invest in tax capacity.

7.

(a) What is the rational choice approach to the study of religion?
(b) Can we think about religious groups as clubs? Does free-riding in the
club explain why some religions impose very strict prohibitions on their
members, and others do not?
(c) Explain why Ultra-Orthodox Jews may study in yeshiva (religious schools)
well into their adulthood even though labour market returns outside
school are much higher? Are the club models of religion consistent with
this behaviour?

8.

(a) What is the relationship between religion and human capital?
(b) Did the school voucher scheme in the US that tried to redress educational
inequalities have any e¤ect on the US religious market?
(c) How useful are religious organisations’ provision of education services
in developing countries? Can this provision be related to changes in
religious competition and income inequality as countries grow?

END OF PAPER
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SECTION A
1

Bertie considers investing into a risky project that, if successful, will yield
a cash‡ow of $100; 000 but, if unsuccessful, will yield a cash‡ow of only
$10; 000. The project’s start-up costs are F = $30; 000. Bertie estimates the
probability of success of the project at 16 . In addition to setting up the project,
Bertie can also take out an insurance policy. This policy costs $10; 000 but
pays a compensation of $30; 000 if the project fails. It pays nothing in case of
success. The policy premium is paid after cash‡ows are realised and is senior
to any other …nancial claims, i.e. it must be paid before any other creditors
can be reimbursed.
(a) Suppose Bertie owns enough funds to …nance the project, would he invest? Would he take out the policy?
Suppose now that Bertie has no cash and has to …nance the entire amount F .
Assume further that whether or not he takes out the insurance policy cannot
be part of any borrowing agreement, i.e., if …nanced, Bertie is free to decide
whether to buy the insurance policy or not.
(b) Would he prefer equity or debt …nancing? Would he take out the insurance policy?
Suppose now that Bertie, by putting in some e¤ort, can increase the
probability of success of the project to 31 : Exerting e¤ort has a cost of
c = $4:5, which is born privately by Bertie.
(c) Show that Bertie will not take out the insurance policy but will put in
e¤ort if he uses debt …nancing. Comment.
(d) Show that Bertie will take out the insurance policy but will not put in
e¤ort if he uses equity …nancing. Comment.
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2

Digital Ink is considering an investment project with a set-up cost of $900
million and expected yearly before-tax earnings of $135 million in perpetuity.
The rate of interest on safe debt is 7% and Digital Ink’s cost of capital is 10%
under 100% equity …nancing.
(a) If the corporate tax rate is 34%, what is the Net Present Value (NPV)
of the project when Digital Ink is 100% equity …nanced? Should the
project be adopted?
(b) Suppose instead that Digital Ink raises $400 million of debt at 7% interest. The remaining of the investment cost being possibly …nanced by
the equity-holders. What is the project’s NPV? Should the project be
adopted under this new …nancing scheme?
(c) Calculate the present value of Digital Ink’s equity given that Digital Ink
has raised $400 million worth of debt. What is Digital Ink’s cost of
capital on equity with debt? What is its weighted average cost of capital
with debt? Comment.
(d) What considerations might prevent Digital Ink from …nancing the investment project entirely by debt?
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SECTION B
3.

How can unconventional monetary policy, particularly quantitative easing,
a¤ect bank lending? What can you say about the transmission mechanism(s)?
Discuss.

4.

Consider a penniless entrepreneur with a two-period project. The project’s
payo¤ at date 1 is X1 with probability p and it is 0 with probability 1 p.
The required level of investment is F > 0. The expected payo¤ at date 2 is
X2 . The outcome is private information to the entrepreneur. At date 2, the
bank (or investor) gets nothing, and the entrepreneur keeps X2 . This means
that X2 can be seen as a private bene…t or rent of the entrepreneur. The bank
has the option of liquidating the project at the end of date 1. The payo¤ to
liquidation is L < F . This gives the investor a threat to terminate.
(a) The contract between the bank and the entrepreneur speci…es a repayment, D, at date 1, as well as the probability of continuation, y1 , if D is
paid and the probability of continuation, y0 , if D is not paid. Formulate
the incentive compatibility (IC) constraint of the entrepreneur deciding
whether to repay in date 1 or not.
(b) Assume the entrepreneur is risk-neutral. Formulate her optimisation
problem, specifying her choice variables and making sure that the bank
has incentives to participate.
(c) What happens if y1 < 1? What does this imply about the IC constraint
and the participation constraint?
(d) Solve for the equilibrium probability of termination as well as the …rst
period repayment, D.
(e) How could one interpret the contract when y0 = 0? Provide intuition
and discuss how this framework is linked to the costly state veri…cation
(CSV) model.
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SECTION C
5.

An entrepreneur who has initial wealth a wants to invest an amount k. If
k < a, then the entrepreneur needs to borrow k a. The entrepreneur has
a production function F (z; k) = zk , with z > 0 and 2 (0; 1). There is a
competitive banking sector that can lend to this entrepreneur. The gross cost
of capital for …nancial intermediaries is > 1. The entrepreneur can always
default on the loan by paying a cost which is 2 (0; 1) fraction of its output.
If she defaults, the she retains the remaining 1
fraction of output and pays
no interest. The bank that lends to the entrepreneur therefore has to make
sure that the entrepreneur does not want to default. The gross loan interest
rate is r > 1
(a) Suppose that all credit contracts are enforced in this economy and there
is no default. What would be the optimal size of capital, k (z; r), for
this entrepreneur? What is the marginal productivity of capital for this
entrepreneur?
(b) Now, suppose that credit contracts are not perfectly enforced. What is
the incentive compatible constraint for this entrepreneur, such that it is
her self-interest to honour the credit contract?
(c) Show that in case (b) entrepreneurs face a credit limit k
Show how this credit limit varies with z and a. Explain.

k(z; r; a).

(d) What is the …rst-order condition of the entrepreneurs’s problem when
credit contracts are not perfectly enforced? Would the marginal productivity of capital be higher or lower than in the case when there is perfect
enforcement of credit contracts? Explain.
(e) Suppose an economy with many entrepreneurs who are heterogenous
in the entrepreneurial productivity z and in the initial level of capital
a. Can this model explain the main facts associated with the credit
market? Will capital be misallocated in equilibrium? Can this model
provide insights about stylised facts characterising the credit market?
6.

Does …nancial development cause development? Discuss.
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SECTION D
7.

Consider the following international economy. There are two periods, t = 0; 1,
and two countries in the economy. They have the same risk-free rate of return,
rf , which is exogenously given. Let v~A be the payo¤ of stock market A, which
is normally distributed with a mean of v and a variance of 2 . Let v~B be the
payo¤ of stock market B, which is also normally distributed with a mean of
v and a variance of 2 . Assume that the correlation of these two payo¤s is
zero (corr(~
vA ; v~B ) = 0). There is a total of Q shares of stock market A and Q
shares of B, respectively. Let PA and PB denote the prices of stock markets
A and B. There are two groups of investors, country A and B investors, both
with the same mean-variance preferences over terminal wealth, w, given by:
U (w) = E[w]

1
Var[w]:
2

Suppose that investors from both countries can freely own all three assets.
(a) Calculate their optimal portfolio weights in the two stock markets. Explain the intuition for your answer.
(b) De…ne RA = v~A PA (1+rf ) and RB = v~B PB (1+rf ) to be the excess of
the risk-free returns. Calculate the beta of stock market A with respect
to the global market portfolio.
(c) Calculate the expected return of stock market A net of the risk-free rate
in terms of only.
(d) Consider the same set-up as in the above but assume market segmentation: Investor A can only hold stock market A and the risk-free asset and
investor B can only hold stock market B and the risk-free asset. What
is the expected return of stock market A in terms of only?
8.

Compare the arbitrage pricing theory (APT) with the Capital Asset Pricing
Model (CAPM), outlining the main assumptions and major di¤erences. What
are the advantages of one versus the other? How is the APT utilised in
practice?
END OF PAPER
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1.

To what extent are optimal income tax results undermined by their dependence on interpersonal welfare comparisons?

2.

Does the Atkinson-Stiglitz theorem imply that commodity taxes should never
be in‡uenced by redistributive objectives?

3.

Should in-work bene…t payments be a universal feature of the tax and bene…t
system, or reserved only to certain sub-groups of the working population?

4.

“Even if all the wealth in the economy was owned by one agent alone, with
zero weight in the social welfare function, the accumulation of wealth should
not be taxed.”Do you agree?

5.

Is progressivity in the tax system a useful way to provide individuals with
insurance against income shocks?

6.

If the healthcare system must be funded through distortionary taxation, is it
appropriate to reduce total health expenditure relative to a …rst-best allocation?

7.

A monopoly producer of chemicals pollutes a nearby lake. The waste water
from the chemical …rm harms a local …shery.
(a) Suppose that the local …shermen are organized in a union. Can the
chemical …rm and the union of …shermen resolve the pollution problem
on their own and if so, how? Would any such resolution be socially
optimal?
(b) Suppose that the attempt to reach an agreement between the chemical
…rm and the union fails. Instead the local environmental regulator steps
in and taxes the waste water. At what level should the tax be set? From
a social welfare perspective, would this be a better or worse solution
than the voluntary agreement between the union of …shermen and the
chemical …rm from part (a)?

8.

Evaluate the extent to which markets for pollution permits can eliminate the
social cost of pollution.
END OF PAPER
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1.

(a) Individuals born in origin A decide whether to move to destination B or
to stay in A, at the beginning of their lives, on the basis of the payo¤s
at the two locations. Each individual is endowed with ability ! and
ability is distributed uniformly on the unit interval in each birth cohort.
The payo¤ at the origin is v + rA ! and the payo¤ at the destination
for individuals born in period t is pNt 1 + rB !, where p measures social
connectedness in the population, Nt 1 is the stock of migrants from origin
A at destination B up to period t 1, and rB > rA . N0 individuals are
moved exogenously to the destination in period 0. Show that the ‡ow
of migrants in period 1 is increasing in p. Provide a verbal argument for
why the relationship between the ‡ow of migrants and p grows stronger
in subsequent periods.
(b) Now suppose that networks are absent at the destination and payo¤s
are x + rB !. However, conditions at the origin are changing over time;
i.e. v is replaced by vt . Under what conditions on vt will entry patterns
match what is observed when networks are active at the destination?
What additional information could we use to distinguish between these
alternative mechanisms? Discuss.

2.

Heterogeneity in …rm size and marginal productivity within narrow sectors is
often associated with a market imperfection; speci…cally, with the fact that
…rms face di¤erent interest rates. Given this reasoning, greater heterogeneity
can be interpreted as being associated with greater ine¢ ciency. Explain why
this reasoning may be incorrect in an economy where networks are active.

3.

Clientelism is a phenomenon observed in many developing countries whereby
public goods, jobs, or services are targeted by political parties to particular
ethnic groups (castes, clans, or tribes) with the expectation that they will
receive political support from those groups in the future. Discuss the bene…ts
and costs of this clientelism.

4.

(a) Brie‡y review the mechanisms through which the nature of property
rights can a¤ect agricultural productivity.
(b) A researcher collects data from farmers and observes that pro…ts are
higher for farmers with more secure land tenure. The researcher concludes that a tenancy reform that improves property rights would lead
to higher farm productivity. Discuss this statement.
(c) Consider two districts, A and B. Suppose that, at a given point in time,
district A implemented a tenancy reform program, while district B did
not. Can we use this reform to obtain an estimate of the e¤ect of tenure
security on farm productivity? What strategy would you propose and
under which conditions would it be valid?
3 of 3

5.

The governments of two poor countries, Alpha and Beta, want to induce
households to adopt drinking-water disinfectants, which kill pathogens and
hence reduce the incidence of waterborne illnesses. Countries di¤er in how
much information households have about the health bene…ts of disinfectants,
with households in country Alpha more aware of their usefulness.
(a) Should the two governments opt for di¤erent subsidy policies? Why?
(b) What if households in country Alpha are more informed but also poorer?
(c) Do the answers to the questions above depend on the type of health
product? Why?

6.

(a) A recent literature has examined business practices in developing countries and studied the impact of business training and consulting services
on …rm performance. Brie‡y review the main facts and …ndings in this
literature.
(b) The table on the next page (Table 2) reports the results from a randomized experiment that estimates the impact of …nancial literacy training
programs on small enterprises. The authors randomly assign small business owners to one of three groups: (i) a control group; (ii) a standard
accounting training; (iii) a simpli…ed, rule-of-thumb training. They estimate the e¤ect of being o¤ered a training program by using the following
equation:
yi = + 1 Accti + 2 RoTi + Xi + "i ;
where yi is the outcome variable of interest; Accti is an indicator for being assigned to the accounting treatment; RoTi is an indicator for being
assigned to the rule-of-thumb treatment; Xi is a set of controls. This
equation is referred to in the notes to the table on the next page as
equation (1). Using the information in the table, describe the estimated
impact of the two training programs and discuss their relative e¤ectiveness.
(c) Suppose you want to test for heterogeneous treatment e¤ects, i.e., compare the relative e¤ects of the two training programs across business
owners with di¤erent characteristics. Which characteristics would you
focus on and which results would you expect to obtain? Motivate your
answer.
(d) Can the …ndings in this study help reconciling the mixed evidence in the
literature on business training?
THE TABLE FOR THIS QUESTION IS ON THE NEXT PAGE
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SECTION A - Answer ONE question from this Section.
1. Consider a principal-agent model, where the output x of the agent depends on her
e¤ort a and a random variable e:
x = a + e;
where E[e] = 0 and Var[e] = 2 . The principal observes only the output x of the
agent, not her e¤ort a. The utility of the agent is
Ua = E [y]

1 2
a
2

1
Var [y] ;
2

and that of the principal is
Up = E [x

y]

1
Var [x
2

y] ;

where y is the compensation paid by the principal to the agent and where ; ;
and are positive parameters; is the degree of risk aversion of the agent, while
is the degree of risk aversion of the principal. The principal and the agent can
sign a linear piece rate contract:
y = k + mx:
The outside option of the principal is zero; the outside option of the agent is to
produce the output x and to sell it on the market at the price of 1.
(a) Consider the case
= 0. Derive the optimal piece rate m. Provide an
intuition for how the piece rate depends on the parameters of the model.
(b) Explain why the agent’s e¤ort under the piece rate contract is less than …rst
best. What is the externality?
(c) Why can you calculate m without calculating k? Do you have su¢ cient
information to calculate k?
(d) Calculate the value of the outside option for the agent.
(e) Why is the surplus of the relation always positive in the case
(f) Calculate the optimal piece rate when

= 0?

> 0. Explain your result.

(g) Is the surplus always positive when > 0? Provide an intuition. Explain the
role of increasing marginal cost of e¤ort (with respect to e¤ort) and the role
of the increasing marginal cost of risk (with respect to the piece rate) in your
argument.
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2. Consider a simple duopoly model in which the two …rms have constant marginal
costs: c1 and c2 . There is a large number of identical consumers. Suppose the
representative consumer has utility over two goods, 1 and 2, and a commodity
called good 0 with price equal to 1:
1 2
(bq + 2dq1 q2 + bq22 ) + q0
2 1

U (q0 ; q1 ; q2 ) = aq1 + aq2
with a; b > 0 and b

d.

The inverse demand functions for goods 1 and 2 are:
p1 = a

bq1

dq2

p2 = a

bq2

dq1 :

and

From these inverse demand functions, we can derive the demand functions:
q1 = A

Bp1 + Dp2

and
q2 = A
where
A=

Bp2 + Dp1

a
b
d
;B = 2
;D = 2
:
2
b+d
b
d
b
d2

(a) For the functional forms given above for the utility, inverse demand and demand functions:
(i) Identify the parameter combinations for which goods 1 and 2 are respectively: substitutes, perfectly substitutes, complements, and independent.
(ii) What parameter combination represents horizontal product di¤erentiation? How could one measure the product di¤erentiation intensity?
(b) Assume there is horizontal product di¤erentiation:
(i) Write down the pro…t maximisation problem of a duopolist facing quantity competition and derive the …rst order condition.
(ii) Write down the pro…t maximisation problem of a duopolist facing price
competition and derive the …rst order condition.
(iii) Compare the …rst order conditions under both types of competition and
comment.
(This question is continued on the next page).
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(c) Assume c1 = c2 = 0
(i) Find the equilibrium quantities and prices for the case of quantity competition and for the case of price competition.
(ii) Compare the equilibrium prices under both types of competition and
comment.
(iii) For both types of competition, …nd the equilibrium prices when the goods
are homogeneous (that is, perfect substitutes). Compare these equilibrium prices with those that you found when the goods are di¤erentiated
(that is, in c(i)) and comment on the role of product di¤erentiation.
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SECTION B - Answer TWO questions from this Section.
3. There are two countries, A and B, of the same size. In both countries, consumers
have Dixit-Stiglitz preferences and …rms engage in monopolisitic competition. Initially, the two economies are in complete autarky but then they sign a comprehensive free trade agreement.
(a) Explain the changes that take place in country A when the two countries
move from autarky to free trade. A complete answer will discuss the welfare
of the representative consumer and changes in production within the economy. Clearly state and justify any assumptions you make about the …rm-level
production and costs.
(b) Brie‡y discuss the empirical evidence on the participation of manufacturing
…rms in international trade and the impacts of trade liberalizations on aggregate productivity in an economy. Is this empirical evidence consistent with
your answer to part (a)? Discuss why or why not.
4. The UK Competition and Market Authority concluded its investigation in the
UK retail banking sector in February 2017. It estimated the Her…ndahl index
for the retail market of personal current accounts to be: 1623 in Great Britain
and 1539 in Northern Ireland. According to the standards used by US antitrust
agencies a market is considered to be unconcentrated if its Her…ndahl index is
below 1500 and to be highly concentrated if that index is above 2500. However,
the UK Competition and Market Authority concluded that the competition in the
retail banking market for personal current accounts in Great Britain and Northern
Ireland was not e¤ective enough to deliver su¢ cient bene…ts to the consumers in
that market.
Drawing on the various market features discussed in the course and how they apply
to the retail banking market for personal current accounts in Great Britain:
(a) Identify the market features that contribute to a weak measure of concentration in this relevant market and explain how they contribute to competition
in this market.
(b) Identify the market features that led to the …nding of adverse e¤ect on competition in this relevant market and explain how they contribute to this situation.
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5. You are working for Competition and Market Authority. The board has asked you
to write a policy brief on the Authority’s stand regarding collusion and horizontal
mergers in markets that are characterized by Cournot and Bertrand competition.
(a) What criterion would you propose for the welfare evaluation of collusion and
mergers? Provide arguments pro and con for two alternative criteria.
(b) You start your analysis with the case of …rms with the same cost structure.
Would you deem the likelihood of tacit collusion of identical …rms to be higher
under Cournot or Bertrand competition? Explain your answer.
(c) Do you deem the likelihood of a merger being proposed to be higher under
Cournot or Bertrand competition? Explain your answer, and compare it to
the answer under (b). What is the di¤erence between a merger and tacit
collusion?
(d) Using your analysis in part (b) and (c) and focussing on the case of Cournot
competition with three …rms, would you worry about mergers of two of the
…rms? Would you expect two …rms to propose a merger? Under what conditions can merging …rms bene…t from their merger? (Hint: consider the case
of linear demand functions).
(e) You include in your policy brief an analysis of the e¢ ciency gains of mergers
(using Cournot competition with a linear demand function and constant marginal costs). How would the scope for e¢ ciency gains a¤ect the likelihood of a
merger being proposed and the stance of Competition and Market Authority
regarding the proposal?
6. A …rm contemplates how to organize the employment relation with its worker.
Both the worker and the …rm can make non-veri…able investments in their relation
and/or in their outside option. After having made these investments, both parties
have to negotiate on the division of the output of the relation. If they don’t reach
agreement, they break up and they both receive their outside option.
(a) The …rm considers not to sign any explicit contract with the worker prior to
starting the relation, but instead to bargain on the surplus ex post. Relative to
…rst best, how does this a¤ect the investments of both parties in the relation?
Explain your answer.
(b) Suppose that the …rm could arbitrarily assign all the bargaining power to the
worker in exchange for a …xed payment from the worker to the …rm before
the start of the relation. Under what circumstances would that be the best
solution for the …rm? Would it also be the best outcome for the worker?
Explain your answer.
(c) Instead, suppose that the …rm and the worker sign a contract that speci…es
at the start of the relation the distribution of the surplus. What are the
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pros and cons of this solution relative to giving all bargaining power to the
worker. For what type of investment(s) is this a worse solution than giving
all bargaining power to the worker?
(d) Now suppose that all investments are veri…able. What would then be the
best way to organize the relation? How does the outcome compare to …rst
best?
(e) Suppose that there are no investments in the outside option and that the
outside option of the …rm is zero. Furthermore, there are more …rms than
workers and the interaction is repeated in…nitely many times; each period,
the worker has to make a non-veri…able investment in the relation. The …rm
o¤ers the worker an implicit contract. Can you apply the Coase theorem by
…rst deciding on the optimal contract and then deciding on the distribution
of the surplus? Explain your answer.
(f) Is relation-speci…city an enabler or a constraint in the models considered in
this question? Explain your answer. For what type of models, would your
answer be di¤erent?
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1.

Evaluate the role of economic policy in the recovery from the Great Depression
in the USA during the period 1933-1942.

2.

The fall in German unemployment between 1933 and 1936 was the “proudest
boast of the Nazi Propaganda Machine”. To what extent did demand-side
policies contribute to the dramatic reduction in unemployment in this period?

3.

Explain trade collapse during the 1930s.

4.

How e¤ective was currency devaluation at generating policy regime change
during the 1930s?

5.

One of the stylized facts of the historical business cycle literature is that
business cycle volatility increased signi…cantly in the inter-war period. What
factors explain this phenomenon?

6.

Was the German depression during 1928-1932 mainly caused by domestic
forces?

7.

Evaluate the causes of banking crises during the 1920s and the 1930s. Evaluate
the e¤ects of systemic and non-systemic banking crises in the interwar period.

8.

Why was the Great Depression a global depression?

9.

To what extent did the performance of primary-product-producing economies
constrain world economic growth during the 1920s and contribute to causing
the Great Depression?
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