14.452 Macroeconomic Theory 11
Instructor: Olivier Blanchard

Problem Set 2

Due Date: April 20th
We encourage you to work together, as long as you write your own solutions. Please, write
short answers!

Log-Linear RBC
This question is based on the paper "Notes on RBC" by T. Philippon and R.
Segura-Cayuela in the class website (in particular sections 7 and 8). Please read this paper. The
paper has some typos. I’ll mention below one that is important for this question.
Consider the following problem. Consumers maximize

max E{Z bJ'U(EHj, Nej) J
j=0
subject to

Rt+1 = Rth + WtNt - Et

U(C, Ny = log (Et) + ¢log(L — Ny)
while firms solve

{Nt,’l\(/t} = arg quZtF(AtNt,Kt) — (Rt +0— 1)R/t - WtNt

Nt,Kt

Nl—(X
F(AiNt, Kp) = Y = Zi(K;  (ANp?®
and we assume
At = vA¢

This is the standard RBC model. Trending variables are those with a hat.
1. De-trend the model (i.e. express the variables in terms of efficiency units).

2. Solve for the F.O.C. of the consumer problem, either using a Lagrangian or a Bellman
Equation. You should find two equations: the Euler equation and the labor supply.

3. Solve the firm problem to find the labor and capital demands. Give the law of motion for
capital (rewrite Ku1 = RK¢ + WiN; - C; to get the usual equation)

4. We have a total of 5 equations. Discuss how would you proceed to log-linearize our
system (you don’t need to do all the math, just apply the method to one or two equations).

5. Our log-linearized system is the following (small variables denote logs, X denotes the
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steady state value of X).
a. The law of motion and the market clearing conditions:

(Notice that there is a mistake in the log-linearization of the labor supply equation in
the paper. Here, | present the correct equation.)

— e + (1—5+ a —a)%)kt - %ct +adn+ %zt =0

(l—a)(kt—nt)—wt+zt =0
nN

—_—Wt-l-Ct:O
(1-N)
akt+¢rt—ant—zt=0
R+6-1

b. The Euler Equation (or any other asset pricing equation):
Et[rt1 —Cta] +Ct = 0.
We assume:
Zt = pZia + &t

We want to write the system of six equations in order to solve it numerically using the
process in Uhlig (1997). Let s; be the vector of endogenous state variables (capital stock),
Xt = [Ct;rt;ne; wi]' the endogenous control variables, and z; the stochastic processes. To
avoid confusion, matrices are named using two capitalized letters. There are two
conceptually different sets of equations. The first set describes the law of motion of the
economy, together with the market equilibrium conditions: Philippon and Segura-Cayuela
use M_ for these matrices (Motion and Market). In the second set, the equations are
forward looking and they involve the expectations of the agents: Philippon and
Segura-Cayuela use F_ for these equations (Forward). Finally, we have the equation for
the stochastic process z;. Write the system in the following way:

MS1 %Sty +MS xSt + MX x Xt +MZ x2; =0
Et[FSZSt+2 + FSj_St+1 + FSSt + FXj_Xt+1 + FXXt + FZ]_Zt+1 + FZZt] =0
Ity —2Z % 21 — g41 = 0.

In other words, what does each matrix contain?

6. Solving the log-linearized version of the model. We want to find numerically a solution of
the type:
o~ P
Sty1 = S % St + SZ x 74

A N
Xt = X % St + XZ % 7,

You have to solve that using MATLAB. I give you a group of codes in the file RBC.zip.
(Copy all the files in the directory from which you are running the programs.) The
program that you have to modify is rbc.m. It contains the function linear, which obtains
the solution of the system, the matrices derived in system above, and the values of the
parameters of the model. We will assume:
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5 =0.025 y = 1.004, ¢ = % ¢ =1, p =979,

R = 1.0163,K = 10.67, o, =.0072
Before actually solving the system, notice that some important variables are endogenous

to these parameters (so you cannot change them). What are the steady state values for
and N?
Y ! Y !

7. Now we want to do impulse-response functions. For that, the last part of the program calls
two other functions (impulse and impulse-plot). The first finds the reduced form model
and the second hits it with a shock. Finally, the program also computes the correlation of
capital, consumption, the interest rate, and employment with output. That is the end of
your program. Explain the results. How do they depend on the values assumed in part 67
(Run the program for different values of at least two parameters and compare results).
Interpret.

Standard RBC Model: Employment and Output correlation

1. Alternatively, you can use Dynare to solve an RBC problem in its non-log-linearized
version (focusing on the planer’s problem). Let’s work with the example given in class:

maxEt[JZ:(; pinCuj — 7 N%Q"’)J
S.t. Couj + luj = AujKENE

Kt+j+1 =(1- 5)Kt+j + |t+j

Ayj = e
Let’s assume the following processes for the productivity shock € :

€t = pe€r1 +V,0 < pe < 1

Let’s also assume the following parameters:

§=0.025a =%, p. =08 p=0098

¢ =2 v =20,=0.0011

Similarly as it was done in recitation, find the equations that characterize the equilibrium
of this problem, and using DY NARE with our 5 variables, find the steady state and the
corresponding inpulse response functions. Interpret.

2. Do the same for p =.95, p =.5. Interpret.

3. Given this model specification above, is it possible to obtain a decrease in employment in
response to a positive productivity shocks? If not, what is missing from the model above
in order to obtain such effect? Implement it, if this is the case, by showing the equations
used, plotting the impulse-response functions, and displaying the parameters chosen.
Interpret the results. (Hint: think of permanent vs. temporary productivity shocks)
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Practice exercise on the RBC models:

Effects of Government Spending (Final 2003)
Consider the economy described by:

max E[Z B (U(Cwi) + V(Lwi))

3

S.t.
LS : Nuwi+Leyi =1
BC : Cui + Stii + Gtwi = ZtiF(Kgyiy Nsi)
CAP : Kuir = (1 = 6)Kui + S

where G is government spending, and it is assumed not to affect the marginal utility of
consumption or leisure.

1. Write the first order conditions of the consumer as an intertemporal and an intratemporal
condition.

2. Using your intuition, describe the initial effects of an unexpected, transitory, increase in
government spending, on consumption, investment, and employment.

3. How do your answers change as we make the increase in government spending more
persistent?

4. How do these predictions fit what we know empirically about the effects of government
spending?

5. How would your answers to 2. and 3. be modified if the increase in government spending
was financed not by current taxes, but by debt and later increase in taxes.
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