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1. Consider a complete markets economy with a representative agent. There is one good
in the economy, which arrives as an exogenous endowment following the process:

yt+1 = λt+1yt

where yt is the endowment at time-t and {λt+1} follows a two-state Markov chain with
transition matrix

P =

[
p11 1 − p11

1 − p22 p22

]

and initial distribution πλ = [π0 1 − π0]. The value of λt is given by λ̄1 = 0.98
in state 1 (the ‘bad’ state) and λ̄2 = 1.03 in state 2 (the ‘good’ state). Assume
the history of ys, λs up to t is observed at time-t. The consumer ranks consumption
sequences according to the utility function E0

∑∞
t=0 βtu(ct) where β ∈ (0, 1) and u(c) =

c1−γ/(1 − γ), where γ ≥ 1.

(a) Carefully define a competitive equilibrium, and describe how to compute it.

In what follows, assume p11 = .8, p22 = .85, π0 = .5, β = .96, and γ = 2. Suppose
the economy begins with λ0 = .98 and y0 = 1.

(b) Compute the unconditional average growth rate of consumption (i.e., before ob-
serving λ0).

(c) Compute the time-0 prices of three risk-free discount bonds, i.e., those promising
to pay one unit of time-j consumption for j = 0, 1, 2, respectively.

(d) Compute the time-0 prices of three state-contingent bonds, i.e., those promising
to pay one unit of time-j consumption contingent on λj = λ̄1 for j = 0, 1, 2.

(e) Compute the time-0 prices of three state-contingent bonds, only this time assume
they are contingent on state 2, again at dates j = 0, 1, 2.

(f) Compare the results from parts c, d, and e. Interpret the results.

2. This question uses data from the file epdata.m and the program hanjanbnd.m. Both
can be downloaded from the class webpage.

Consider the following annual data for real gross returns on U.S. stocks and Treasury
bills from 1890 to 1979 (these are the data originally used by Mehra and Prescott
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(1985)). The mean returns are µ = [1.07 1.02], respectively, and the covariance
matrix of returns is [

.0274 .00104
.00104 .00308

]

(a) For the data on excess returns of stocks over bonds, compute the Hansen-Jagannathan
bound on the stochastic discount factor. Plot the bound as a function of E(m)
on the interval [.9, 1.02].

(b) Using data on raw returns (i.e, both stocks and bills), compute and plot the
Hansen-Jagannathan bound on the same interval. Plot the bound on the same
figure used in part (a).

(c) Using the data in epdata.m and the program hanjagbnd.m, compute the mean
and standard deviation for mt for three different utility function specifications.
In particular, assume mt+1 = βu′(ct+1)/u

′(ct), where u(c) = c1−γ/(1− γ), and let
β = .99 and γ = 0, 5 and 10. Plot them on the same graph from part (b). Do the
points lie within the Hansen-Jagannathan bounds? What do you conclude?

3. Suppose the only assets in the economy are infinitely lived trees. Output equals the
fruit of the trees, which is exogenous and nonstorable. Thus, Ct = Yt, where Yt is the
exogenously determined per capita output, and Ct is per capita consumption. Assume
that initially each agent owns the same number of trees. Note that since agents are
assumed to be identical, the equilibrium price of a tree must be such that each agent
does not wish to either increase or decease his or her holdings of the tree.

Let Pt denote the price of a tree in period-t. Assume that if a tree is sold, the sale occurs
after the original owner receives that period’s output (ie, prices are ‘ex-dividend’).
Finally, assume that the representative agent maximizes,

Et

∞∑
j=0

βj lnCt+j

(a) Write down the Euler equation for asset prices.

(b) Assume that lims→∞ Et[β
s(Pt+s/Yt+s)] = 0. Given this assumption, iterate your

answer to part (a) forward to solve for Pt. (Hint: Impose the equilibrium condition
Ct+j = Yt+j for all j.)

(c) Explain intuitively why an increase in expected future dividends does not affect
asset prices. (Hint: Think in terms of income and substitution effects.)

(d) Note that in general consumption does not follow a random walk in this model.
Why not? What’s the key difference between this model and Hall’s (JPE, 1978)
model?
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