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Econometrics II: Midterm 3
Reminder: This is an open book exam. Strive for brevity and precision. Justify all your answer. Show your work. Do not feel you must take all two hours for this exam.
1. Consider the model:
xt = φ xt-4 + εt,


where εt ∼i.i.d. N(0,σ2), and 0 < φ < 1.
a) Compute the autocorrelation function and show what happens to these functions if φ = 1.
b) Use the Yule-Walker equations to estimate the parameters of the model.
c) Write down the exact likelihood function and derive the 1st order conditions for σ2 and φ. How would you treat the initial conditions?

d) Briefly discuss the advantages/disadvantages of the methods in b) and c).
e) Write down the 1-step ahead forecast and its variance.
f) Show that
1 − L4 = (1 − L) (1 +  L) (1 + L2).
What are the roots of 1 − z4  = 0? 

g) Suppose εt follows and MA(1) process, say εt = ηt - ηt-1, with ηt ∼i.i.d. N(0,ση2). Do you have common factors? Write down the new model for xt. 
h) Using your results from (f), write down the 1-step ahead forecast and its variance. Compare your results with your results from e). Do common factors help in forecasting?
2. Consider the model:



yt = β xt + βγ xt-1  + δ yt-2  + εy,t,



xt = γ yt-1   + εx,t,


with εt ~ i.i.d. N(0,Σ).

i) What conditions are needed for the model to be stationary?

ii) Write down the infinite MA representation

iii) Does y Granger cause x?

iv) Does x Granger cause y?

v) How would you estimate the two equations? What are the properties of OLS?
vi) Is σx,y=0? (Hint: use the law of iterated expectations). Is the model identified?

vii) Suppose only yt is observed, what univariate model would it follow?
viii) Let ft,h be the h-step ahead forecast for yt. Generate ft,h for h=1,2, under the following scenarios:
(A) only yt is observed, and (B) both yt and xt are observed. 
What are the variances of the one- and two-step ahead forecast under each scenario (A and B)?

ix) Suppose γ=1/β and δ=-γ. Is yt stationary?
x) Can you describe a scenario under which yt and xt are cointegrated?
3. Suppose you have a model with persistent seasonality –say, even after 20 years it does not die. 
a) Is the model stationary? Is the model ergodic? 

b) What are the implications of this persistence seasonality on OLS estimates and t-statistics, for example, Newey-West based t-stats? 

c) How would you bootstrap in a model with such a persistent seasonality pattern?

4. Let yt = yt-1 + εt,  and xt = xt-1 + τt where εt and τt are uncorrelated  i.i.d. normally mean zero with variances σε2 and στ2.  Let  γ^ denote the slope estimate obtained by regressing y on x. Use the functional CLT and the continuous mapping theorem to prove:
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Explain the implications of regressing one random walk on another independent random walk.

