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Write your Identification Number in the space provided below. (Do not give us your
name — just your ID Number.)

| dentification Number:

There are 180 points on this 180-minute exam. The number of possible points for each
guestion is shown in parentheses preceding the question. Please answer all questions on
the exam sheet. If you need additional space use the back of the exam sheet. Feel freeto
use your notes and any textbooks that you may find useful.



(20) 1. Suppose that Y; is generated recursively by
Y =0&
where &, ~iidN(0,1) and g? =1+(1/2)Y? . Theinitial value of g7 =2.

Prove that Y; is covariance stationary.



(20) 2. Suppose that X; is generated by the stationary MA (1) model
X, =¢& —-0.8¢,_,
where ¢, ~iid(0,1).

(20) (a) Derive and plot the spectrum of X.



(20) (b) Let Z=(1+L)X; + v; where v, ~iid(0,4) and E(v, X, ) =0 for al t and k.

Derive and plot the spectrum of Z.



(25) 3. Suppose that X; is generated by one of two possible stationary stochastic
processes:

MA(1): X, =¢ +05¢, or AR(1): X, =05X_, +¢

where, in either case ¢, ~iidN(0,0°). Given asampleof size T, aresearcher needsto
decide which of these processes generated the data. To make the decision, he plansto
run the AR(2) regression

X, =@X ., +@X., +§ (2.1)

where g isthe regression error. He proposes to do at-test for the null hypothesis
Ho: @=0. If hefailsto rgect thisnull, then he will decide the processin an AR(1),
otherwise he will decide that the processis an MA(1).

(15) (a) Suppose the data are redlly generated by the MA(1) model. Derive population
values of the |least squares regression coefficients in equation (2.1). (Equivalently, derive
the probability limit of the OLS estimators of @ and @ — if you attack the problem this
way, thereis no need to prove convergence — just state the value of the plim.) Isthe
value of @ non-zero?



(20) (b) Suppose that the data are generated the AR(1) model. Will the researcher’s
procedure correctly choose the AR(1) model if the sample sizeisvery, very large?
Explain?



(25) 4. Suppose that Y; is generated by a stationary AR(1) model Y, = pY,_, +¢,, where
& ~iidN(0,07).

(10) (a) Derive the probability density of the Tx1 vector Y=(Y1,Y>,...,Y7)".



(7) (b) Let Xi=Y1, Xo=Y11,..., X1=Y1, and let the T x1 vector X= (X]_,Xz, .. .,XT)' . Show
that X has the same probability density as'Y.



(4) (c) Suppose that you have dataon (Y1, Yz, ..., Y1.1) and you know that value of pand
o*. How would you forecast the value of Y;? Explain.

(4) (d) Suppose that you have dataon (Y2, Y3, ..., Y1) and you know that value of p and
o*. How would you backcast the value of Y;? Explain.



5. (31 points) You have a sample of n independent observations. For each observation,
you have a discrete variable, y, which takes values 0 and 1. You also have a regressor,
x. Suppose that you estimate a Probit model in order to characterize the relationship
between y and x (you use x and a constant as explanatory variables). Let « be the
constant and let 8 be the coefficient on x. Suppose that you estimate « to be 1 and 8
to be —1. Suppose further that you have estimated the covariance matrix of & and B

0.04 0.01
to be ( 0.01 0.04 )

(a) (4) What would be your estimate of P(y = 1|z = 1)?

(b) (6) Test whether P(y = 1|z = 1) = 0.45 at a 5% level of significance.



. dP(y=1|z)
(c) (7) Construct a 95% confidence interval for @’T o

10



(d) (5) How would you estimate F [W] , where the expectation is over the dis-
tribution of x?

(e) (8) Explain how you would find the asymptotic distribution of the estimator that
you proposed in the previous question.

11



6. (21 points) Suppose that you have n independent and identically distributed observa-
tions of (y,x, z) from the nonlinear regression model

y =z +exp (z8) +¢, Elelz,z] =0 and Ve|z,z] =exp(z+x)

where y, x and z are all one-dimensional and ( is the parameter of interest. Assume
that all relevant moments exits.

(a) (7) Find the asymptotic distribution of the non-linear least squares estimator, 5,

defined by minimizing

3" (yi — zib — exp (2;h))’

i=1

over b.

12



(b) (7) Find the asymptotic distribution of the estimator, BQ, defined by minimizing

. (yz‘ — zib —exp (iﬂz‘b))z

over b.

13



(¢c) (7) Find the asymptotic distribution of the estimator, 5, defined by minimizing

= 2
1—21 oxp (s £ 77) (y; — z;ib — exp (x;b))

over b.

14



7. (10 points) Consider observations (y;, z;) from the linear panel data model
Yir = xitﬁl + xi,tflﬁQ + Yit—17 + oy + €ity t= 2: T: 1= 15 sy N

where «; is an unobserved individual-specific effect.
Consider the two competing models corresponding to the assumptions

E* [ey| i1, oy 0] = 0

and
*
E* [it] Yty oo Yi—1, Tty oo, Tit] = 0.

How would you distinguish between the two models if 7" = 4?7 What if "= 37

15



8. (15 points) Consider the model
wi; = 4P+ e

* !
in - in ,82 + £9;

where i” is normally distributed and independent of (x1;,To;). Let V [e;] = o2,
2%

V [ei2] = 02 and cov (g41,€42) = 012. Suppose that you observe (y;1, Yo, T1i, To;) Where
yin = 1{w}; > wh} and y;» = max {w};, wh}.

(a) (12) Find the likelihood function.

(b) (3) Are all the parameters of the model identified? If not, which ones are not?

16



9. (13 points) Suppose that you have a random sample of n observations from the dis-
tribution of a continuously distributed, non-negative random variable. Suppose you

estimate the density by the usual kernel estimator,

fo) = K (5)

7

Find an approximate expression for [ f (O)] under the usual assumptions that

e K (u) bounded density
o K(u)=K(—u)
e K(u) = 0as |ul = o0
o /u2K u) du =

(Hint: We are looking for an approximations which is good when A is small)

17



