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Instructions

(i) All students should answer Question 1 and choose two questions out of Ques-

tions 2, 3, 4.
(ii) From Question 1, the students are required to answer 4 questions in total.
(iii) Please do not answer to more than necessary.

(iv) Answer the questions as detailed as possible. Use mathematical expressions
when necessary. You can use words when you cannot provide a formal math-

ematical answer to the questions.

(v) If a question is not clear to you (because of a typo etc.), make your own as-
sumptions to clarify the meaning of the question and then answer the question

based on your assumptions.

Some standard results

Suppose that the scalar process {x;} follows the following data generating process:
Ty = Ty_1 + Uy,
where xy = 0 and u; has the following properties:
(a) E(ut) =0 for all ¢;
(b) o? denotes the long run variance and o2 exists and o2 > 0;
(c) o2 denotes the contemporaneous variance and o2 exists and 2 > 0;
(d) sup,E|u|P*" < oo for some 7 > 0 and B > 2;

(e) {u}f is strong mixing with mixing coefficients oy, that satisfy > ;° an P <

00, where the f is the same as in condition (d).

Then the following results hold:

1) T2 73, 5 o? [ W (r)Pdr;

(2) T T, weau S o? (W) - 4],




Question 1: True/False Questions (20 points out of
100 points)

Below you will find a list of 10 statements. All these are related to the con-

cepts/topics/techgniques that have been discussed during the lectures. Some of

these statements are correct, some are wrong, some need further clarification. Select

4 (not more than 4) of these statements and provide a brief, to the point answer. A

formal answer using mathematics is possible, sometimes very useful but not always

necessary.
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(2)

The data generating process for a stochastic process z; is given by the econo-

metric model of this process.

A process that is strictly stationary is automatically weakly (wide-sense) sta-

tionary. The opposite is not true.

The property of martingale difference sequence is weaker than independence

and also weaker than uncorrelatedness.

The process, & = %41 + us, where u; ~ 1.7.d.(0, 0?) is nonstationary because

its mean and variance are tending to infinity as 7' — oo.

The OLS estimator of the AR coefficient of a unit root AR(1) process yields

has a asymptotic distribution that is independent of nuisance parameters.

The identification of a cointegrating vector is only an issue when the cointe-

grating rank (the number of cointegrating vectors) is bigger than one.

Under the assumption of cointegration, the “consistency” of the OLS esti-
mator of a static cointegrating regression [between I(1) variables| of the type
Y+ = Bri+u requires independence between the “regressor” and the regression

error.




(h)

—S

FMLS (Fully modified least squares) estimator is obtained by applying a cor-
rection to the regressor and to the static least squares estimator. This correc-
tions are made to eliminate the second order bias of the static least squares

estimator.

“Trace test” can be used to determine the cointegration rank of a system.

“Fixed effects estimator” is an estimator that is used to estimate panel data
models where there is an unobserved individual specific time-fixed component

in the error term.




Question 2: Modeling, Integration Orders, Exo-
geneity (40 points out of 100 points)

Consider the following bivariate Data Generating Process for w; = (y;, 2;)"

Ay = a1 (Yp—1 — Br2-1) + 111AY—1 + V120821 + €14;
Azy = ag(Yr—1 — P12i-1) + aszi—1 + V21 AYi—1 + Y2221 + €24,

where £ # 0 and

(a0)~m[(e)-(a o)l
Eat 0 O21 022

fort=1,...,T.

(a)

(b)

Discuss the nature of the series in terms of their (non-)stationarity, integration
order and cointegration properties. In particular, establish and discuss the
order of integration d, i.e. I(d), cointegration (as well as the number and the

form of the cointegrating vectors, if any) in the following cases:

(i) a=az=a3=0,727#0, 721 =0, y1 = 0 and v = 1;
(ii) 2<a1 <0, =03 =0, 712 =21 = y11 = 0 and || < 1;

(iii) a1 #0, aa #0, a3 # 0, 711 = Y22 = 112 = 0, Y21 # 0.

Under the restrictions: a; # 0, az # 0, a3 = 0, v11 # 0, 712 # 0, 121 = 0,
|y22] < 1, derive the conditional error correction model (CECM) of y; given
z; and the past. How would you estimate such a model? How would you test
for no-cointegration? Do you need to make any additional assumptions about
the system for more efficient estimation? Under what condition(s) z; is weakly

exogenous for the parameters of interest ¢ = {ay, f1}7

f(c)?Under the restrictions: oy # 0, ag = a3 = 0, |y22| < 1, 711 = Y12 = Y21 = O;

show that 8wy, where 8 = (1,—8;) and w; = (y;, 2;)’, is weakly stationary if

—2 < a; <0.




Question 3: Asymptotic Derivations (40 points out
of 100 points)

Consider the following Data Generating Process for the scalar process {1 }:

yt:yt—1+utu t:177T7 yOZO)

Uy = €+ Oep1,
where we assume that ¢; ~ 7.1.d(0, 0?).

(a) Derive the long-run and contemporaneous variances of .
Hint: Note that the long-run variane of a process, us, is equal to lem BT (XL w)?]
—00

and the contemporaneous variance is le'm E[u?].
—00

(b) Using your findings from (i), as well as standard unit root limiting results, de-
rive the asymptotic distribution of 7'(prs —1) in terms of 6, o and appropriate

functions and functionals of Brownian motions, where

T -1 /7
s <z y> (z ytyt_l) |
t=1 t=1

(c) Now consider the Instrumental Variable (IV) type estimator, where y,_ is

used as an instrument, which can be written as

T -1 /7
5[\/ = <Z yt—lyt—2> (Z ytyt—2) .
t=1 t=1

Using your findings from (i), as well as standard unit root limiting results,
derive the asymptotic distribution of T'(p;y — 1) in terms of 6, 0 and appro-
priate functions and functionals of Brownian motions.

Hint: Note that you can use the fact that Ytoj = Y1~ U1~ Ugg—. .. —Up_j_1.

(d) Comment on the asymptotic properties of prg and py,. Compare their asymp-
totic distributions. Which estimator is more appropriate when we want to test
for Ho : p = 17 Explain how we can test for this hypothesis (i.e. which

critical values we need to use)?




Question 4: Empirical Application (40 points out
of 100 points)

(a) Econometrician A is analyzing a data set that consists of two variables over
the period 1861 — 1988, namely the logarithm of the real money demand (m;)
and the logarithm of the real GDP (y;) of the Neverlands. This data set is
known to be non-stationary. Econometrician A expects m; to be cointegrated
with 1 and also he is interested in whether income elasticity of real money
demand is equal to unity or not. He estimates by OLS a static regression of m;
on a constant and on y; and obtains the following results (asymptotic standard
errors are in parentheses):

M = —223 + 0.88 u,
t (0.56) 003

where R? = 0.90. By computing the ¢—statistic for the null hypothesis of unit
income elasticity of money demand, he concludes that although the income
elasticity is significantly smaller than one, the relation between real money

demand and income is significant.

(i) Explain the situation faced by Econometrician A. What are the possible

situations that might occur?

(ii) Comment on the conclusion of Econometrician A. Is the analysis of Econo-
metrician A complete? If not, discuss in detail what else he needs to do
to complete his analysis.

Hint: For instance, if he needs to conduct a certain test, describe the
testing procedure, the asymptotlic properties of the test statistic, critical

values that should be used etc.

(b) Econometrician B is analyzing a panel data set on quarterly consumption of
211 families over 4 quarters. Previous research shows that household consump-
tion data is dynamic in nature due to the presence of the lagged version of this

variables in its model and it is highly suspected that an individual specific




effect is present in the error term of the model that represents the heterogene-
ity among the households. Econometrician B realizes these and assumes the

following model, where he denotes the variable by c; :
Cit = ACit—1 + Uiz,

s . T s
where u;; = p; + €;¢. Then she regresses G4 = ¢;p — T 1Y, Ciy o0 Ciyq =

Cig—1 — ZZ;I ¢it—1 and obtains the pooled OLS estimator as

5\ Zfil ZZ:1 €€z

= N T
Zi:l i ol Eé?,t—l

AFE =
She finds that /):FE = (0.8. She thinks that she can rely on this result to say

something reliable about the dimension of the dynamic nature of household

consumption.

(i) Describe the situation faced by Econometrician A. Motivate the use of
XFE as an estimator. Show mathematically that the within transforma-

tion (time demeaning) eliminates the individual fixed effects.

(i) We know that there is a problem with this estimator. What is the prob-

lem? When does it occur? Why does it occur? Explain in detail.

(iii) Propose and discuss an alternative estimator that is more proper/optimal

to be used in this setup.




