
Homework #9
Economics 4-11
Christiano
Due Friday, December 5, 2003.

1. Consider the taxation example discussed in class. Consider, as a bench-
mark, the Ramsey equilibrium. Suppose a policymaker has an oppor-
tunity to reoptimize the labor and capital tax rate at the beginning
of the second subperiod, when the first period saving decision is de-
termined but second period labor has not yet been determined. Com-
pute the utility of the Ramsey equilibrium. Compute the utility to
the reoptimizing planner. These calculations should show why a plan-
ner who reoptimizes at the beginning of the second subperiod would
always choose to deviate from the Ramsey policies. They show why
the Ramsey equilibrium is in general not attainable in the absence of
commitment.

2. (Fall Prelim Question, see Cole and Kocherlakota Paper on Class Web-
site) Consider an economy in which a continuum of infinitely-lived iden-
tical households with the following preferences over consumption, ct,
and labor, lt :

max
∞X
t=0

βtu(ct, lt).

Time starts at t = 0, when the representative household is in possession
of m0 units of cash, k0 units of physical capital and b0 units of bonds.
Each period is divided into two subperiods. In the first subperiod
goods and factor markets are open, and in the second subperiod asset
markets are open. In the first subperiod, the household supplies labor
and capital for wage rate, wt, and capital rental rate, rt, respectively.
In addition, it purchases consumption goods and investment goods,
xt. Investment goods augment the stock of capital according to the
following technology:

kt+1 = (1− δ)kt + xt, δ ∈ (0, 1).

To purchase ct units of consumption goods, the household is required to
have sufficient cash on hand. Since monetary payments from wages and
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other sources are not received until the asset markets open, the only
cash the household has available to satisfy this constraint is whatever
it has at the beginning of the period. The restriction on consumption
is summarized by the following cash in advance constraint:

Ptct ≤ mt,

where mt is the representative household’s beginning of period t stock
of money.

Asset markets open next. This is when financial claims arising from
previous goods and asset markets are settled, and the household makes
a portfolio decision. Sources of cash include wage earnings, wtlt, capital
rental, rtkt, profits, πt, a money transfer from the government, Xt, and
interest earned on bonds, (1 + Rt)bt, where Rt is the nominal rate of
interest. Uses of cash are payments for consumption and investment
goods purchased in the previous goods market, Pt(ct+ xt). The house-
hold allocates its net financial assets at the end of the goods market
between money, mt+1, and bonds, bt+1. This gives rise to the following
budget constraint:

mt+1 + bt+1 ≤ (1 +Rt)bt +mt +Xt + wtlt + rtkt + πt − Pt(ct + xt)

To ensure that the household’s intertemporal consumption opportuni-
ties are bounded, we suppose that bt+1 ≥ −b, for some finite positive b
which is sufficiently large that it is not binding. The household takes b0,
k0 and m0, as well as prices and rates of return, as given and chooses ct,
kt+1, lt, t = 0, 1, 2, ... to maximize utility subject to its two constraints.

Firms operate the following constant returns to scale production tech-
nology, to produce output, yt :

yt = f(kt, lt).

They are competitive in goods and factor markets and choose yt, kt, lt
to maximize profits.

The economy-wide average stock of money at the beginning of period
t is Mt. Its law of motion is

Mt+1 =Mt +Xt.

In answering this question, you can ignore transversality conditions.
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(a) Define an equilibrium for this economy. What is the value of bt in
equilibrium? Explain.

(b) Set up the Lagrangian representation of the household’s optimiza-
tion problem and display the first order conditions. Substitute out
the multipliers and reduce the household’s first order conditions
to three expressions: two corresponding to the intertemporal de-
cisions and one corresponding to the labor decision. Discuss the
intuition behind each equation, by working out the implication
that feasible deviations from an optimum cannot produce an in-
crease in utility.

(c) Derive the first order conditions for optimization by firms, and
use these to substitute out for factor prices in the household’s
first order conditions.

(d) Display the first order conditions associated with the efficient al-
locations in the version of the above economy in which there is
no money or cash in advance constraint (this is just a standard
neoclassical growth model with utility function, u, and production
function, f.)

(e) Suppose policy manages to set Rt = 0, for t = 0, 1, 2, ... . Show
that the intertemporal Euler equation associated with capital and
the intratemporal first order condition associated with labor co-
incide with those in (d) for t = 1, 2, 3, ... .

(f) Is there an equilibrium for the Rt = 0, t = 0, 1, 2, ... economy
in which the allocations are identical to the efficient allocations
alluded to in (d)? Explain carefully. Are there other equilibria?
Explain.

(g) Consider the steady state equilibrium for the monetary economy
(hint: a steady state equilibrium is one in which ct, kt+1, lt, Rt,
Pt/Pt−1, wt/Pt, r

k
t /Pt are constant). Is the steady state capital-

labor ratio distorted when Rt is large? What about the steady
state capital shock (here, it may be useful to assume something
about the utility function. You may assume there is no income
effect on leisure, so that −ul/uc is not a function of c. You may
also assume that −ul/uc is increasing in l. If you use assumptions
about the utility function, make clear how and why.)
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