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Problem Set 3

Problem 1 Cake Eating with Habit Fromation. Consider the probelm of an agent with xt units
of cake in period t who wants to decide how much to eat in each period. The agent’s preferences
exhibit habit persistence: marginal utility today depends on previous consumption. The per period
utility function is given by

U = log(ct − γct−1)

where 0 < γ < 1. Assume that there is no depreciation and no return to savings.

a. Write the problem recursively. Be explicit about the state and choice variables, any constraints
faced, and relevant laws of motion.

b Now assume that the consumer’s habit operates with an additional lag of one period so that the
per-period utility function is given by

U = log(ct − γct−2)

Revise your answer to part a. Be explicit about what has changed and what hasn’t. Explicitly
state any choice/state variables, constraints, and relevant laws of motion.
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Problem 2. Simple Hugget-Ayaigari Model Consider a model economy with continuum of indi-
viduals where each individual faces idiosyncratic labor productivity shocks. Each individual solves
the following program

max
c,a′

E0

∞∑
t=0

βtu(ct)

subject to
ct + at+1 = r · at + wexp(e)

where c is consumption, a is asset holdings, r is the rate of return on assets, w is the wage rate per
efficiency units, e is labor productivity. Individual labor productivity is governed by an AR(1)

et+1 = ρet + εt+1 εt ∼ N(o, σ2)

The utility function can be parameterized as

u(ct) =
c1−γt − 1

1 − γ

Using the Tauchen-Hussey algorithm we get the following two-stage discrete Markov approximation
of the estimated AR(1) process for individual productivity[

eh
el

]
=

[
0.1

ln(2 − exp(eh))

]
and

Π =

[
0.8 0.2
0.2 0.8

]
Compute the asset distribution for this economy using numerical methods of your choice. You
should use piecewise linear splines for approximation and golden-section search for optimization
when solving the household’s problem. Use Monte Carlo methods to compute the distribution
functions for assets and consumption implied by the individuals’ optimal decision rules. Here, as-
sume that γ = 2, β = 0.98, and (r, w) = (1.0204, 1.9521). Set the asset grid to span from 0 to 90.

(a) Plot the policy functions and value functions for each shock as a function of asset holdings.

(b) Simulate the model economy for a large number of agents for a sufficiently long period of time
to find the stationary distribution of asset holdings. Plot this distribution.

If you have time, look into speeding up the simulation piece using the @jit decorator from numba
once you have it running properly.
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