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Section A

1. Consider the latent variable y� = �0 + �1 log(x1) + �2 x2 + u where �j with j =
0; 1; 2 are unknown coe¢ cients, xj with j = 1; 2 are explanatory variables and u
is a continuously normally distributed variable, independent of xj; : j = 1; 2 with
E(ujx1; x2) = 0 and V ar(ujx1; x2) = �2. Suppose a binary variable y verifying,
y = 1[y� > 0].

(a) (1 Mark) Deduce P (y = 1jx1; x2).
(b) (1 Mark) Deduce the partial e¤ect of x1 on the P (y = 1jx1; x2).
(c) (1 Mark) Comment on the use of the estimates obtained with the STATA

command "probit y x1 x2" to estimate the partial e¤ect deduced in (b).

2. Consider the variable y which is equal to: 1 if an individual has not subscribed an
internet service at home, 2 if she or he has subscribed the service in �rm A and 3
if she or he has subscribed the service in �rm B.

(a) (1 Mark) Identify and write the model estimated with the command in line
2 in the Annex, characterizing the nature of variable y.

(b) (1 Mark) Knowing that x3 is a dummy variable equal to 1 if the individual is
a female, interpret the results obtained with the command in line 3 and write
the expression used to obtain it.

(c) (1.5 Mark) Deduce P (Y = 2jx1; x2; x3)=P (Y = 1jx1; x2; x3) and interpret.

Section B - Topics in time series

1. Consider the linear process Xt =
P1

i=0  i"t�i; where "t is a white noise process
with mean zero and variance �2" and assume that

P1
j=0

�� j�� <1:

(a) (1 Mark) Show that E[Xt] = 0 and V ar(Xt) = �2"
P1

j=0  
2
j :

(b) (2 Marks) Show that the Autocorrelation function is �j =
P1

i=0  i i+j
�P1

j=0  
2
j ;

j > 0:

(c) (1.5 Mark) Suppose that  0 = 1 and  i = �i�11 (�1+ �1); i � 1. Use the result
obtained in (b) to show that

�j = �j�11 (�1 + �1)
1 + �1�1

1 + �21 + 2�1�1
:

2. Consider the V AR(1) model zt = �1zt�1 + "t where zt = (z1t; z2t)0 and "t is a 2� 1
multivariate white noise process with positive de�nite variance-covariance matrix

var("t) =

�
1 �12
�12 1

�
:
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Let

�1 =

�
0:4 0:2
�0:2 0:8

�
:

Show that z1;t follows a ARMA(2,1) process by proving that:

(a) (2.5 Marks) z1;t = 1:2z1;t�1 � 0:36z1;t�2 + 0:2"2;t�1 + "1t � 0:8"1t�1:
(b) (2 Marks) ut = 0:2"2;t�1 + "1t � 0:8"1t�1 follows a MA(1) process.

3. In this question we investigate whether there is a long run relationship between
stock prices and real economic activity. Let lsp500 be the natural logarithm of
S&P 500 index, lip be the natural logarithm of index of industrial production and
consider the sample from January, 1947 to June, 1993 (558 observations.)

(a) (1.5 Marks) Consider the information provided in the following table on the
ADF and Phillips-Perron tests (intercept, time trend).

ADF Phillips-Perron
test statistic lag-length test statistic

lsp500 �1:974 2 �1:92867
lip �2:27162 2 �2:08367

Are the variables lsp500 and lip stationary?

(b) (1 Marks) The results of the ADF regression of the residuals of the regression
of lsp500 on lip is �1:57262 (lag-length 2 lags, intercept, no time trend). Are
lsp500 and lip cointegrated?

(c) (1 Marks) Consider the results of the Johansen cointegration test with lsp500
and lip (with lag length 3)

Johansen tests of H0 : rank= r vs. H1 : rank> r
(No deterministic trend)

r Trace statistic 5% Critical Value 1% Critical Value
0 24:1486 19:96 24:60
1 3:09108 9:24 12:97

Does it appear that lsp500 and lip have a long-run relationship according to
the Johansen cointegration test at 5% level ? How about at 1% level? Justify
your answer.

(d) (1 Marks) Assume that lsp500 and lip are cointegrated and consider the fol-
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lowing output:

Dependent Variable is lsp500
558 observations used for estimation.
Estimation Method: Saikkonen-Stock-Watson E¢ cient Least Squares

Estimate Std. Err. t Ratio p-Value
Intercept �2:51695 0:09652 �26:077 0

lip 1:71547 0:02334 73:499 0

Lead/lag length of 8 selected by Schwarz criterion.

Is lsp500� 2� lip stationary?

[END OF PAPER]
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ANNEX 

 

1. tab y  

 

          y |      Freq.     Percent        Cum. 

------------+----------------------------------- 

          1 |        826       43.94       43.94 

          2 |        502       26.70       70.64 

          3 |        552       29.36      100.00 

------------+----------------------------------- 

      Total |      1,880      100.00 

 

 

 

2. mlogit y x1 x2 i.x3, baseoutcome(1) 

 

                                                Number of obs     =      1,880 

                                                LR chi2(6)        =     779.14 

                                                Prob > chi2       =     0.0000 

Log likelihood = -1629.0779                     Pseudo R2         =     0.1930 

 

------------------------------------------------------------------------------ 

           y |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

1            |  (base outcome) 

-------------+---------------------------------------------------------------- 

2            | 

          x1 |  -.4700637   .0451184   -10.42   0.000    -.5584942   -.3816332 

          x2 |   2.360152   .2197886    10.74   0.000     1.929375     2.79093 

        1.x3 |   .8990353   .1263129     7.12   0.000     .6514665    1.146604 

       _cons |   4.049434   .5108222     7.93   0.000     3.048241    5.050627 

-------------+---------------------------------------------------------------- 

3            | 

          x1 |  -.0972707   .0475933    -2.04   0.041    -.1905519   -.0039895 

          x2 |   3.185773   .2156872    14.77   0.000     2.763034    3.608512 

        1.x3 |   .0201598   .1383609     0.15   0.884    -.2510225    .2913421 

       _cons |  -.0458046    .558607    -0.08   0.935    -1.140654    1.049045 

------------------------------------------------------------------------------ 

 

 

 

3.  margins, dydx(x3) predict(outcome(2)) 

 

Average marginal effects                        Number of obs     =      1,880 

Model VCE    : OIM 

 

Expression   : Pr(status==2), predict(outcome(2)) 

dy/dx w.r.t. : educ exper 1.black 

 

------------------------------------------------------------------------------ 

             |            Delta-method 

             |      dy/dx   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

        1.x3 |   .1633938    .021143     7.73   0.000     .1219543    .2048332 

------------------------------------------------------------------------------ 
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