ECONOMETRIC METHODS II: TIME SERIES
EXERCISE QUESTIONS

These questions are intended to be representative of the type of question that can be asked
in the midterm.

COINTEGRATION

(1) Define stationarity.
(2) Define cointegrated processes.
(3) For the system

Yir = VY2 + Uiz
Yor = Yor—1 1 Ugt

show that the y; and y, are cointegrated.
(a) What is the cointegrating vector?
(b) How many cointegrating vectors are there?
(¢) How many linearly independent cointegrating vectors are there?
(4) The variables in y; are cointegrated and can be represented as VAR(2) in levels

yi=a + @1y, 1 +Poyi ote;

) Find the Vector Error Correction (VECM) representation of y;

) Explain intuitively why we cannot just difference the data.

(c) How can the coefficients in the VECM be estimated?

(d) How should the coefficients in the VECM be estimated if the cointegrating vector

is known? Why?

(5) Show with a simple example why the estimates of the cointegrating relationship are
unbiased, even in the presence of contemporaneous correlation between the shock
and the regressors.

(6) Describe how to test whether a collection of time series are cointegrated.

(a
(b
a

STRUCTURAL VARS
(1) Why can’t we estimate Ay and A; in the structural form
Aoyt = A1y +wy

directly?

(2) Describe how to identify Ay and A; using contemporaneous restrictions.
(a) How many restrictions do you need if y; is n dimensional?

(3) Describe how to identify Ag and A; using long run restrictions.
(a) How many restrictions do you need if y; is n dimensional?
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(4) Derive an operational (i.e. a useful) expression for the variance of y; through the MA
representation

(5) Derive an operational (i.e. a useful) expression for the variance of y; using that u, is
orthogonal to y;_1.

(6) Find the impulse response function for the structural form above.

(7) Describe a procedure to decompose the variance of y; into the fractions caused by
the individual shocks in the vector wu;

(8) Structural VARS: What’s good about them?

(9) Structural VARS: What’s not so good about them?

PRINCIPAL COMPONENTS AND FACTOR MODELS

(1) Describe a scree plot and how they can be used to determine the number of factors.

(2) Let Y; be the N x T" dimensional data set with covariance E (Y;Y/) = WQW’ where
WQW’ is the eigenvector/value decomposition. How can the principal component
factors be extracted from the data?

(3) Let

Xt = AXt_1+Cut
Zt = DXt—f—Vt

describe a state space system where E (Y;Y/) ~ DE (X, X]) D’. Describe how the
state space can be "rotated” into the principal component representation

Ft = @Ft,1 + €t L €~ ]\[(O7 Ze)
Zt - BFt

i.e. find ¢, and B.

STATE SPACE MODELS AND THE KALMAN FILTER

(1) Find the state space form

Xt = AXt_l + Ollt
Zt = DXt —+ V¢

of the VARMA (p,q)

vy = Py + Py
+é&¢ + \Illgt—l + ...+ \Ijq{ft,q

where Z; = y;.
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(2) For the scalar process

Ty = PTy+ Uy
Zt = Tt + (0
2
Ut Ou 0
HIERICKEY)
Tojo = o

E (T — 930)2 = Dojo
find the Kalman gain k; such that x;, given by

Ty = PTi_1j—1 + Ky [Zt - pxtfl\tfl}

is the linear minimum variance estimate of x; conditional on Ty and the history of z;.
(3) What is k; if 0 = 07 Interpret.
(4) What is k; if 0% = co? Interpret.
(5) What is k; if 02 = 07 Interpret.
(6) What is k; if 02 = co? Interpret.
(7) Describe how k; depends on the observations z, 2,1, ...21
(8) What is the log likelihood function of the state space system

Xt = Atthl + Ctllt
Zt = DtXt + V¢
2

(9) For the general state space system above, find the impulse response function of the
elements of Z; to the individual shocks in u,, i.e. find

aZ’m,t-‘,—s‘
6un,t

where

21t

2ot
Zt -

ZMt

and
U1t

Ut
Uy =

Ung

NUMERICAL MAXIMIZATION

(1) Consider the model
Yt = pr1yY-1+ p2yi—2 + U
(a) What is the vector 6 of parameters?
(b) Describe a grid search procedure to find the MLE 0
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¢) What are the advantages and disadvantages of grid search?

(c)
(d) Describe the steepest ascent method to find the MLE 6
(e) What are the advantages and disadvantages of steepest ascent?
(f)
)

f) Describe a simulated annealing algorithm that can be used to find the MLE )
(g) What are the advantages and disadvantages of simulated annealing?

BAYESIAN METHODS

(1) What is the fundamental difference between frequentist and Bayesian methods?
(2) Describe the Random Walk Metropolis Algorithm
(a) What is good choice of initial value 6, for the Markov chain of parameter vectors?
(b) What is a good choice of covariance matrix for generating candidate draws 6*7
(c) Describe convergence of the Markov chain and how to check for it
(3) Taking a simulated posterior distribution as given, explain how to construct proba-
bility intervals of impulse response functions



