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Problem 1. (20 points)  
Suppose that yt is a series that is available semiannually (that is, twice per year), once in 
the winter and once in the summer.  Suppose that the semiannual seasonal process for the 
series is  
 
  yt= 0.9yt–1 + εt 
 
where εt is iid(0, 1). 
 
(a) (10 points) Derive and plot the spectrum of y.  Discuss how the seasonality in the 
process is evident in spectrum. 
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 (b) (10 points) A researcher proposes to use xt = 0.5 (1+L)yt, as a “seasonally adjusted” 
version of y. Compute the gain of the filter 0.5(1+L).  Does this filter eliminate/and or 
attenuate the seasonality in y? Explain. 
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Problem 2.  (15 points)  
Suppose  
 
  yt= ξt + wt 
  ξt= 0.8ξt–1 + vt 

 
where wt is iid N(0,2), vt is iid N(0,3) and {wt} and {vt} are independent.  Suppose that  
ξt–1 = 3.4  and yt = 4.1.  Find E(ξt|yt = 4.1, ξt–1 = 3.4) and var(ξt| yt = 4.1, ξt–1 = 3.4). 
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Problem 3. (15 points)  
Suppose that yt = µ1 + εt, εt  iid(0, 2

1σ ) for t = 1, …, τ, that yt = µ2 + εt, εt  iid(0, 2
2σ ) for t = 

τ + 1, …, T, and E( 4 )tε < ∞  for all t. 
 
 (a) (7 points) Suppose that you knewτ, and that both τ  and Τ–τ  are large. How would 
you test Ho: µ1 = µ2 versus Ha: µ1 ≠ µ2, using a test that allowed 2

1σ ≠ 2
2σ ? 
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 (b) (8 points) Suppose that you knewτ, and that both τ  and Τ–τ  are large. How would 
you test Ho: 2

1σ  = 2
2σ  versus Ha: 2

1σ ≠ 2
2σ  using a test that allowed µ1 ≠ µ2? 

 



 6 
 

Problem 4. (20 points)  
Suppose that y and x follow the process 
 
  yt = αxt–1 + εt 
 
  xt = φxt–1 + vt 
 
 
where vt = εt + et  where εt and et are mutually independent iid(0,1) processes.  Suppose 
that φ < 1.  Let α̂  and φ̂  denote the OLS estimators of α and φ. 
 
 (a)  (12 points) Derive the asymptotic distribution of the 2×1 vector (α̂ ,φ̂ ).   
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 (b) (8 points) In a sample of 100 observations, α̂  = 1.3 and φ̂  = 0.72.  Derive a 95% 
confidence interval for α.  
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 Problem 5. (20 points)  
Consider the same model as in question (2), but now assume that φ = 1.  
 
 (a) (10 points) Show that x and y are cointegrated.  What is the cointegrating vector? 
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 (b) (10 points) Derive the asymptotic distribution of α̂ .  
 



Problem 6. (20 points)
This problem is concerned with bounding treatment e¤ects. Suppose

that D is a random variable that indicates whether an individual has been
�treated�. If D = 1, the individual has received treatment and we observe a
random variable Y1. If D = 0, the individual has not received treatment and
we observe a random variable Y0. We do not observe Y0 if D = 1 and we do
not observe Y1 if D = 0. This is the standard notation in this literature.
The parameter of interest is the average treatment e¤ect on the treated,

E [Y1 � Y0jD = 1].

(a) (10 points) Suppose that it is known that 0 � Y0 � 100 and 0 � Y1 �
100. Use this to construct bounds on E [Y1 � Y0jD = 1].
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(b) (10 points) Suppose that it is known that 0 � Y0 � Y1 � 100. Use this
to construct bounds on E [Y1 � Y0jD = 1].
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Problem 7. (30 points)
Suppose that you have a random sample of (yi; xi) of size n from

yi = log
�
(x0i�)

2
+ 1
�
+ "i

where E ["ijxi] = 0. Assume that all relevant moments exist.

(a) (10 points) Find the asymptotic distribution of the nonlinear least squares
estimator that minimizes

nX
i=1

�
yi � log

�
(x0ib)

2
+ 1
��2
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(b) (10 points) How would you estimate the asymptotic variance of the
nonlinear least squares estimator?
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(c) (10 points) Now assume that you know that V ["ijxi] = exp (x0i�) and
that you estimate � by minimizing

nX
i=1

(ei � exp (x0ia))
2

where ei = yi � log
��
x0i
b�NLS�2 + 1�. Brie�y discuss how you would

�nd the asymptotic distribution of this estimator.
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Problem 8. (20 points)
Consider observations of (yit; xit) from the linear panel data model

yi;t = x
0
it� + 
yi;t�1 + �i + "it; t = 1; :::; T; i = 1; :::; N

where �i is an unobserved individual�speci�c e¤ect. No assumption is made
on the relationship between �i and xit. (Note that you do not observe yi;0).

(a) (10 points) Suppose that the dimensionality of xit is 1 and

E ["isxit] = 0 for all t � s (1)

What is the minimum T such that � are identi�ed? Is the model
over�identi�ed for that T? Explain and explicitly state any additional
�regularity conditions�that you assume.
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(b) (10 points) Suppose that the dimensionality of xit is 2 and

E ["isxit] = 0 for all t � s+ 1 (2)

(loosely speaking, we allow feedback from todays " to future values
of x, but we are willing to assume that it takes two periods for this
to happen). What is the minimum T such that � are identi�ed? Is
the model over�identi�es for that T? Explain and explicitly state any
additional �regularity conditions�that you assume.
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Problem 9. (20 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, and you estimate a logit model in order to characterize the
relationship between y and x (you use using x and a constant as explanatory
variables). Let � be the constant and let � be the coe¢ cient on x.
Suppose you estimate � to be 1 and � to be �1. Suppose further that

you have estimated the covariance matrix of b� and b� to be � 0:04 0:02
0:02 0:04

�
(a) (4 points) What would be your estimate of P (y = 1jx = 1)?

(b) (6 points) Test whether P (y = 1jx = 1) = 0:45 at a 5% level of signi�-
cance.
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(c) (10 points) Explain how you would construct a 95% con�dence interval
for the marginal e¤ect dP (y=1jx=a)

da
. (The con�dence interval will depend

on a. You are not expected to calculate it numerically).
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