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Section A- Topics in Microeconometrics

1. Consider the random variable Y , de�ned as the number of occurrences of a
particular phenomenon in a given period of time, and the vector of exogenous
regressors X. Let D be an unobservable binary random variable. It is further
known that:

P (Y = jjX;D = 0) = g(j;X; �); j = 0; 1; 2; : : :

P (Y = 0jX;D = 1) = 1;
E(Y jX;D) = (1�D)�(X; �);
P (D = 1jX) = f(X; );

where g(j;X; �), �(X; �) and f(X; ) are known functions. Assume that a random
sample

�
(Yi; X

0
i)
0	n
i=1

is available.

(a) (2 Marks) Write down the log-likelihood function for this problem.

(b) (2 Marks) Assume that g(j, X, �) is unknown and that �(X; �) and f(X; )
are known and correctly speci�ed. Explain how  and � can be estimated.

(c) (3 Marks) Assume that the function f(X; ) is unknown. Explain how � can
be estimated.

(d) (2 Marks) Assume again that the function f(X,) is known and that that D
is observable and that a random sample

�
(Di; X

0
i)
0	n
i=1

is available. Explain
how  can be estimated.

(e) (1 Marks) Assume that f(X; ) =  where  2 [0; 1] and that D is
unobservable again. Explain brie�y the di¢ culty that arises when the standard
Wald and likelihood ratio statistics are used to test the hypothesis H0 :  = 0.

Section B - Topics in Time Series

2. Consider the GARCH(1,2) model,

xtjFt�1 � N(0; �2t );

�2t = �0 + �1x
2
t�1 + �1�

2
t�1 + �2�

2
t�2;

where Ft�1 is the the information set of all information until time t� 1.

(a) (2 marks) State the conditions for stationarity of xt and derive the marginal
mean and variance of xt.

(b) (2 marks) Show that the GARCH(1,2) process implies the following ARMA(2,2)
representation for x2t under the conditions stated in (a):

x2t = �0 + (�1 + �1)x
2
t�1 + �2x

2
t�2 + !t

��1!t�1 � �2!t�2
where E [!t] = 0 and cov (!t; !t�j) = 0 for j = 1; 2; :::
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(c) (2 marks) Consider the multi-step forecast for the volatility of xt: De�ne
�2h(`) = var(xh+`jFh); ` > 2. Show that for ` > 2 we have

�2h(`) = �0 + (�1 + �1)�
2
h(`� 1) + �2�2h(`� 2)

3. In a number of di¤erent papers, Campbell and Shiller investigated the time-series
relationship between stock prices and dividends. In this question we address this
issue based on monthly data, 1927�1990, on log-dividends dt and log-prices st of
the S&P500 index. According to the theory dt and st are cointegrated.

(a) (1 Marks) We �rst investigate whether dt is an I(1) process, by carrying out
an augmented Dickey-Fuller test (the variable is called LOGREALDIV in
the table below). The results of the ADF regression are the following

where the dependent variable is D(LOGREALDIV ) = LOGREALDIVt �
LOGREALDIVt�1; C denotes an intercept and @TREND(1927M01) denotes
a time trend. What do you conclude about the presence of a unit root ?

(b) (2 Marks) Assume that both st and dt are I(1). We test for cointegration
between st (called LOGREALPRICE in the table below) and dt using Jo-
hansen�s procedure. This leads to the following output:

What do you conclude about the number of cointegrating relations?
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(c) (1 Marks) Do you �nd evidence for stationarity of (dt � st)?

[END OF PAPER]
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