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Try to answer all questions.

1 Arrow-Debreu prices

We shall first be looking at an endowment economy that lasts for two periods.
There is a single consumption good. The endowment in period 0 is ω0. The
endowment in period 1 can take on two different values ω1 with probability π1

and ω2 with probability π2. The economy is inhabited by a large number of
identical individuals with utility function

U = α0 ln(C0) + α1E[ln(C1)] (1)

where C0 and C1 are consumption in periods 0 and 1 respectively.

1. Suppose that all trade takes place at the beginning of period 0 and that
the consumers can buy and sell contingent claims for all states of the
world (Arrow-Debreu markets). Write down the budget constraint of the
consumer. Let p0 be the price of the consumption good in period 0,
and let , p1i (i=1,2) be the price of a contingent claim for one unit of the
consumption good in period 1 and state i. Write down the budget equation
for the representative consumer and derive the first-order condition.

2. Write down the equilibrium conditions for the economy. Choose consump-
tion in period 0 as numeraire. Confirm that the equilibrium prices are

p11 = π1
α1

α0

ω0

ω1
, p12 = π2

α1

α0

ω0

ω2
(2)

Explain the roles played by the α’s and ω’s in the expressions for the
prices.

3. What would be the price of a safe asset that yields one unit of the con-
sumption good in period 1? How does the price differ from what it would
have been in the comparable case without uncertainty?

4. We now move to an economy identical to the one above except that the
horizon is infinite. The utility function of the consumer is

U = E0

∞∑
t=0

αt ln(Ct) (3)

Each period’s endowment is a random variable zt that can take on the two
values ω1 and ω2. Assume that endowments in different time periods are
stochastically independent. The probabilities of the two outcome are, as
before, π1 and π2. Write down the budget constraint for this case. What is
the condition for the consumer’s optimization problem to be meaningful?
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5. It is easy to show (you don’t need to do this) that the price at time zero
for an asset yielding one unit of consumer goods in period t and state i, is

pti = πi
αt

α0

ω0

ωi
(4)

Use this result to find the price of an Arrow security that is bought in
state j and period t and yields one unit of the consumption good in state
i and period t + 1.

6. In macroeconomics we are usually more interested in sequential equilibria
than in period 0 equilibria. Explain how the two kinds of equilibria are
related in the present model. Does the First welfare theorem apply?

2 Stability

Consider the following model of a small open economy:

ct+1 = β(1 + r)ct (5)
at+1 = (1 + r)at + y − ct (6)

where ct is consumption, r is an exogenously given real interest rate, 0 < β < 1
a subjective discount factor, at is net foreign assets and y is output (determined
from the supply side). Equation (1) is a consumption Euler equation (log util-
ity), while equation (2) is a standard accounting relationship. The initial level
of net foreign assets, a0, is given.

1. When does a stationary state exist in the model?

2. Write down the characteristic polynomial for the model. Based on the
characteristic roots, what can you say about stability of an eventual sta-
tionary state?

3. Focus on the case where a stationary state exists. How would you deter-
mine the initial level of c? What is the economic interpretation?

3 Real Business Cycle Model

Consider an artificial economy the equilibrium of which solves the following
social planning problem

max
∞∑

t=0

βt (log Ct + B log(1− ht)) , 0 < β < 1, B > 0

subject to

Ct + It = eztγtKθ
t h1−θ

t , γ ≥ 1, 0 < θ < 1
0 ≤ ht ≤ 1

Kt+1 = (1− δ) Kt + It, 0 < δ < 1
zt = ρzt−1 + εt
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where εt is i.i.d. normally distributed disturbance with mean 0, and K0 is given.
Ct, It, ht, and Kt denote per capita consumption, per capita investment, per
capita hours worked, and per capita capital stock, respectively. (The population
is constant).

1. Show that this economy can be transformed into a stationary sequential
economy by a change of variables.

2. Write the Bellman equation for the social planner’s problem in the above
stationary economy. What are the endogenous and exogenous state vari-
ables and control variables?

3. Derive the Euler equation associated with this optimization problem and
the first order condition for ht.

4. Use the following criteria to assign values to β, δ, B, θ, γ in an annual
version of this economy:

(a) The average annual growth rate of per capita real output is 1.4%.

(b) The average fraction of total income that is paid to owners of capital
is 0.4.

(c) The average investment to output ratio is 0.26.

(d) The average capital to output ratio is 3.2.

(e) Individuals spend 31% of their substitutable time working.

5. Which elements in this model propagate the business cycles, which ele-
ments in this model amplify the business cycles?

4 Search

1. Consider the search model with endogenous job destruction in Pissarides
(2000), chapter 2.1-2.3. What is the effect on unemployment, vacancies
and wages of a reduction in z, the income when unemployed? Explain
your findings.

2. An unemployed worker samples wage offers on the following terms. Each
period, the worker draws one offer w from the same wage distribution
F (W ) = Prob{w ≤ W}, with F (0) = 0 and F (B) = 1. The worker
has the option of rejecting the offer, in which case he or she receives c
in this period and waits until next period to draw another offer from F .
Alternatively, the worker can accept the offer. If the worker accepts, he or
she will receive the wage w−∆ for one period. Then there is an exogenous
probability φ, 1 > φ > 0, that the worker is laid off. With probability
(1 − φ), the worker is not laid off, in which case the worker will receive
the offer to work for w forever.
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The worker chooses a strategy to maximize the expected discounted future
income

E

∞∑
t=0

βtyt

where 0 < β < 1. Let v(w) be the expected discounted future income of
a worker who has an offer w in hand, and behaves optimally. Write the
Bellman’s equation for the worker’s problem.

3. Explain and discuss briefly the differences between the Mortensen-Pissarides
search model (in Pissarides chapter 1) and the search model of McCall.
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