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INSTRUCTIONS: This paper consists of FIVE questions. You are required to answer
any FOUR questions.

Question 1
(a)  Find the mean, variance and autocovariances for each of the following stochastic
processes: (5 marks
MA(1): Y, =p+e,+0s,
AR{1): Y, =p+ol, +¢,
Where &, 15 a white noise process with mean zero and constant variance, .

(b) Explain the main steps in Box-Jenkins modelling. (3 marks)
(c) Explain how you would carry out cointegration test using the Engle-Granger

procedure. What are the main defects of the procedure? (7 marks)
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Question 2

Distihgﬁiéh between a pure random walk process and a random walk with drift

(2)
process. (2 marks)
(by  Using your own notation, find the mean, variance, and first and second
7 autocovariances of a pure random walk, and comument on stationarity. (4 points)
(¢) Using your own notation, show that thé first difference of a process characterized by
a random walk with drift 1s stationary. (4 points)
(d)  Discuss the contention that cointegration test can be perceived as a unit root test
within the multivariate time series frarnework. (5 marks) C
Question 3
(a) You are given two I(1) series, x, and y,, which can be decomposed into stochastic
trend and irregular components as follows
X = My T Ey
Y =H, tE,
where &, (i=x,y) is a stationary random variable, and stochastic trends (random
walks) are specified as follows: |
Hy = Hpy F
ety | K
Show that x, and y, must have the same stochastic trend up to the scalar— Byl By, if
there exist non-zero values f, and £, for which the linear combination fx, + 5,y,
fsstationary (fe:xand -y are cointegrated) (S points)
(b)  Which of the following stochastic vector processes (VAR fnbdéls) éfe covariance

stationary? (6 points)
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Model 1

Yy, =v+ @y, +eg

0.108 0.461

where ¥, =(3,,0h,) , ¥v=(,v,) is a vector of intercept terms, © = 043 0.207

is a (2x2) matrix of fixed coefficients, and &, =(5,.&,,) 15 a 2-dimensional white
noise or innovation process, that is E(g,)=0, E(g,,&))=21,, and E(g,,¢&,) =0 for

s#t. 2, isthe covariance matrix.
Model 2
y, =v+ Ay, +u,

0.78 0.20
0.001 0.67

where ¥, = (¥, ¥,) s V=(»,V,) is a vector of intercept terms, A = is

a (2x2) matrix of fixed coefficients, and u, = (u,,u,,) is a 2-dimensional whife noise
or innovation process, that is E(u,)=0, E(u,,u;)=2,, and E(u,,u,)=0 for s=1.

7., s the covariance matrix.

Model 3

Yy = 0.5y, + 0.8y, + &,
Yy = 0.9y, , +0.02y,., + &y,

where E(g,,6,,) = 1 for r=7and 0 otherwise, E( ,,8,, ) = 2 for =7 and 0 otherwise,

and E(¢g,,&,,)=0forall fand 7.
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Question4 | EURRTERR .
(2) Suppose you have a two-period panel data, and you have the following

unobserved effects model:

Ya = ﬂU + /?‘Od'zt + /81‘2:71 +o+ e, t=12 -~ _”(1)
ai - N(O?O—ag)
g*ri - N(G) O—?)

Blae,)=0 Elao,)=0 (i= 7))
Ee,6,) = Ble,6,) = Bleye,) =0 (i # it # 5)

where 1 denoteslé éfbss section ‘unit (1t cah be fnm (ljrwa hoﬁs'eholdj
t denotes tlme period. d2, is a dummy variable. It is equal to zero whent =1, and
equals to one when ¢ = 2. The dummy does not change across 4. captu,res all
unobserved, time invariant factors that influence y,. &, is the idiosyncratic error,
representing factors that change over time, and affect y, .
(i) Show that even when the unobserved, time invariant factors represented by a,

 are not correlated with the ‘éxglaianafory vériablc, T, ‘,'the“pooled OLS estimator

1s not appropriate for the estimation of equation (1). Which method would you
use to estimate the equation? (6 points)
(i)  Derive the fixed effects estimator. (State the major assumption(s) that would

justify the use of the fixed effects estimator). (6 points )

(b)  Given the following panel data model

= By + By A + Bty + o ey (1)
t= Lo Ny t=1 A
o, ~ N(0,0,%)
£, ~ N(0,0%)

E(oe,) =0 E(Q{iaj) =0 (1= 3) _
Blee,) = E(Eitsjt) == E(Eitejs) =0 (i= jit = 5)
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where ¢ denotes a cross section unit (it can be a firm, or a household),

¢t denotes time period. @, captures all unobserved, time invariant factors that
influence y,. &, is the idiosyncratic error, representing factors that change over
time, and affect v, .

Suppose you decide to estimate the model using the random effects method using the
following GLS estimator:
y, — AY, = Byl =)+ B, —AT,) + ...
t Bl @ — ATy ) + (v, — A7) (2)
where v, = o; + ¢, and A =1—[o} /(o + To} )
Under which coﬁdiiion(s) are the random effects (RE) estimates close to pooled OLS

estimates?; and when are the RE estimates close to fixed effects (FE) estimates? (3

points)

Question 5
{(a) When one or more explanatory variables in a regression model are binary, we can
represent them as dummy variables, and estimate a linear regression model.
However, the application of the linear regression model when the dependent variable

is binary is more complex. Discuss. (6 points)

(b)  Suppose you want to estimate a mode} in which a binary variable, a decision to
participate in the labor force (Y), is determined by a continuous variable, the wage
rate (X); and you decide to adopt the following representation:

1

~{a+4X;)

F=EY=1{X,)=
1+e

where X is wage rate, Y=1 means individual i partipates in the labor force, Y=0

means an individual does not participate in the labor market.

Show that unlike the linear probability model, this representation will not produce

“nonsensical” predictions, i.e. predictions outside the (0 < P, < 1) range. (4 points)
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Given the simplest versién_ of the tobit model
o= X,0+v, u, ~NIDOc")
y, =y if yf > 0; y, = 0 otherwise

where y; is a latent variable that is observed whenever it is positive. When the latent

variable 1s negative, the observation is censored.

Derive the loglikelihood function for the (tobit) model, énd comment on the

appearance (form) of the loglikelikhod function. (5 points)
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(b)

where ¢ denotes a cross section unit (it can be a firm, or a household),
¢t denotes time period. o, captures all unobserved, time invariani factors that
influence y,. &, is the idiosyncratic error, representing factors that change over
time, and affect y,,.
Suppose you decide to estimate the model using the random effects method using the
following GLS estimator:

Vo = AT = Byl = A) + By (@ — ATy) + oo

+ By — ATy ) + (v, — AT).....(2)

where v, = o, + ¢, and A=1~—[o? /(o + Tol)]*
Under which condition(s) are the random effects (RE) estimates close to pooled OLS
estimates?; and when are the RE estimates close to fixed effects (FE) estimates? (3

points)

Question 5

When one or more explanatory variables in a regression model are binary, we can
represent them as dummy variables, and estimate a linear regression model.
However, the application of the linear regression model when the dependent variable

1s binary is more complex. Discuss. (6 points)

Suppose you want fo estimate a model in which a binary variable, a decision to
participate in the labor force (Y), is determined by a continuous variable, the wage
rate (X); and you decide to adopt the following representation:

1

3=E(Y=11XJ=W

where X is wage rate, Y=1 means individual i partipates in the labor force, Y=0

means an individual does not participate in the labor market.

Show that unlike the linear probability model, this representation will not produce

“nonsensical” predictions, i.e. predictions outside the (0 £ P, £ 1) range. (4 points)
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{¢) . Given the simplest version of the tobit model -
v = X,f +u;, u, ~ NID(O,o*)
v, =y if yi > 0; y, =0 otherwise

where y; is a latent variable that is observed whenever it is positive. When the latent

variable is negative, the observation is censored.

Derive the loglkelihood function for the (tobit) model, and comment on the

appearance (form) of the loglikelihhed function. (5 points)
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Model 1

Yy, =v+0y,  +g

0.108 0.461

where ¥, = (¥, ¥,,) ., v=(v,v,) 1s a vector of intercept terms, © ==
y.’ (y]f y?.l) ( H 2} p 0.4-8 0‘207

is a (2x2) matrix of fixed coefficients, and ¢, =(g,,,4,,) is a 2-dimensional white
noise or innovation process, that is E(e,) =0, E(g,,&)=7Y,, and E(e,,&!)=0 for

s#t. X, 1s the covariance matrix.
Model 2
Y, =v+dy

0.78 0.26
0.001 0.67

where ¥, = {3, ¥,) » v=0,v,) isa vector of intercept terms, A = is

a (2»2) matrix of fixed coefficients, and u, = (u,,,u,,) is a 2-dimensional white noise
or innovation process, that is E(u,}=0, E(u,u)=2,, and E(u,,u,)=0 for s=t.

7., is the covariance matrix.

Model 3

Y = 0.5, + O'Syzt—l + &y
Yoo = 0.9y, + G’Ozyzz—l + &y

where E(&,,¢,,) = 1 for ¢ =7 and 0 otherwise, E( &,,&,, ) =2 for =7 and 0 otherwise,

and E(¢,5,.)=0forall fand 7.
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Question 4 o
()  Suppose you have a two-period panel data, and you have the followi’ng-

unobserved effects model:

Ve = ﬁﬂ +j‘0d21 +51$:'z Tt ey, b= L2, “(1)
ai - N(()}O'a:z)
&, ~ N(0,07)

Elag,) =0 Eley,)=0 (&% j)
E(s,e,) = B(s,8,) = E(g,e,) = 0 (i # j;t # 5)

where 1 denotés a cross section unit (it can be a .ﬁrm, or a household),

¢t denotes time period. d2, is a dummy variable. It is equal to zero whent = 1, and

equals to one when t = 2. The dummy does not change across i. ¢, captures all

unobserved, time invariant factors that influence y,. ¢, is the idiosyncratic error,

representing factors that change over time, and affect y,, .

Q) Show that even when the unobserved, time invariant factors represented by «,
are not correlated with the explanatory variable, z, , the pooled OLS estimator
is not appropriate for the estimation of equation (1). Which method would you
use to estimate the equation? (6 points)

(i)  Derive the fixed effects estimator. (State the major assumption(s) that would

justify the use of the fixed effects estimator). (6 points )

(b)  Given the following panel data model |

«, ~ N(0,0,%)
Ey N(O,o’i)

E{oe,) =0 E(O‘i%) =0 (i=Jj) _
Eleue,) = E(EizEJ‘z) = E(Eitejs) = 0 (152 §it = 3)
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