
Problem set 1

September 23, 2015

1. Rouwenhorst method:

(a) Read section 1,2 from the paper “Finite state Markov-chain approxi-
mations to highly persistent processes by Karen A. Kopecky , Richard
M.H. Suen (Review of Economic Dynamics,2010)

(b) Implement the recursive algorithm described in section 2. The algo-
rithm will take three inputs (p, q, ψ,N) and output (Θ, Y ) where Θ
is the N ×N transition matrix and Y is N dimension vector

(c) For an AR(1) process with two parameters ρ, σ and εt as standard
Gaussian

zt = ρzt−1 + σεt

use the algorithm with p = q = ρ+1
2 and ψ =

(√
N − 1

)
σ√
1−ρ2

for

different values of N = {2, 5, 10} to obtain the finite state approxi-
mations of zt

(d) For each N ,

i. simulate the finite Markov chain and compute the ergodic distri-
bution using the simulated series for yt

ii. compute the ergodic distribution using the eigenvector associated
with the unit eigen value of Θ

iii. plot the ergodic distribution against the “true” ergodic distribu-
tion of zt

(e) How does the approximation compare against the true distribution?
which moments are not captured when N is small

2. Stochastic trend

(a) Download the data for the annual growth rate of US real GDP for the
years 1947-2014 (You can use FRED (https://research.stlouisfed.org/fred2/
or the BEA website). Plot the log output series

(b) Suppose the statistical model for log output is

yt = µt + σεεt
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µt+1 = µt + σννt+1

where εt, νt+1 are i.i.d standard Gaussian. Use a prior that µ0 is
Gaussian with mean and varaince of about 2%.

(c) For a given σε, σν and apply the Kalman recursions to obtain the
best estimate of µt given past data yt−1

(d) Check the if code is correct:

i. Instead of using actual data on output that you downloaded gen-
erate a “test” sample by simulating the system yt, µt using the
state space representation

ii. Using only your simulated yt apply the Kalman filter code to
obtain Eµt+1|yt and σ(µt+1|yt)

iii. Plot the Eµt+1|yt,Eµt+1|yt ± 2σ(µt+1|yt) against the simulated
µt series from step (i)

(e) Now write code that takes as input σε, σv and yields the log likelihood
of the actual data that you downloaded.

(f) Estimate σε, σv by maximizing the likelihood function. (If it helps,
plot the 3D graph with σε, σν on the x, y axis and value of the log
likelihood on the z axis. If the estimates are still not making sense go
back to the “test” data as in step (d) and see if the estimation code
works when you know the true values of σε, σν )

(g) Plot the Eµt+1|yt at the estimated σε, σν
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