
ECO 341, The Midterm Key

1. Some General Questions

a. No. It has a deterministic trend, 0.8t2, but not a unit root.

b. Subtracting ht−1 from both sides:

∆ht = .8t2 − .8(t− 1)2 + et − et−1 = 1.6t− .8 + et − et−1 (1)

Because the first difference still depends on t, it is not stationary. We have also added autocorre-

lation into the system by differencing.

c. Yes, the AR(1) coefficient being 1 is a unit root.

d.

Et[ht+1] = 1.2 + ht + Et[et+1] = 1.2 + ht (2)

Et[ht+2] = 1.2 + Et[ht+1] + Et[et+2] = 2.4 + ht (3)

Bonus. For t+ 1:

ht+1 = 1.2 + ht + et+1 (4)

V ar(ht+1) = σ2
e (5)

where σ2
e is the variance of the error term. Thus Et[ht+1]± 1.96σe is the 95% confidence interval.

For t+ 2

ht+2 = 2.4 + ht + et+2 + et+1 (6)

V ar(ht+2) = 2σ2
e (7)

Thus Et[ht+2]± 2 ∗ 1.96σe is the 95% confidence interval.

2. VARs
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Consider the following data generating process

yt = α + βyt−1 + e1t (8)

yt − zt = 0.95(yt−1 − zt−1) + e2t (9)

where e1t and e2t are mean-zero, white noise error terms.

a. [
1 0

1 −1

] [
yt

zt

]
=

[
α

0

]
+

[
β 0

0.95 −0.95

] [
yt−1

zt−1

]
+

[
e1t

e2t

]
(10)

b. The value of the constant is irrelevant. The system is stationary if and only if |β| < 1.

c. The value of the constant is irrelevant. The system is oscillatory if and only of β < 0.

d. If we have enough observations, we would conduct a unit root test. For each variable, we would

choose lag length by running the sepcification for several lag lengths and selecting the appropriate

number lags of using some information criteria. We would then conduct a unit root test, likely some

type of Dickey-Fuller test, and see if we can reject the null hypothesis of there being no unit root. If

we fail to reject, then we we would likely difference and then repeat unit root tests until we find that

the transformed variable is stationary.

If T is low, however, then formal unit roots tests may not be feasible. We may thus need to rely

either on economic intuition or the related literature to determine if our variables are stationary.

e. We would run the specification for different lag lengths and choose the correct leg length based on

an information criteria.

f. Assuming that both equations have the same set of regressors, we could estimate each by OLS (or

SUR if they do not). To compute IRFs, we need to order the variables from the most exogenous to the

least exogenous (the mathematical details are covered in the notes so I omit them in this key). Here,

because (8) makes it clear that shocks to zt do not affect yt contemporaneously (or ever), we would

want yt to come first. In fact, it would be sensible to include yt as an exogenous variable.

g. Yes. (9) shows that y − z is a stationary, AR(1) process even if both y and z are non-stationary.

This is cointegration. A VAR in differences omits this information and is biased.
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h. We would run a error correction model in levels. This includes the cointegtaing vector [1,−1] as

an added regressor.

3. Panel Data

You have a panel consisting of data for 100 police precincts in U.S. cities for all months between 2000

and 2014. Your variables consist of:

i. Forceit, indicates the frequency of police encounters where some level of police force is used in

that precinct.

ii. Raceit, the percentage of the population in that precinct that is in some racial group.

iii. CrimeRateit, a measure of the crime rate in that precinct

Your dependent variable is Forceit:

a. Random effects is best if: 1) there is unobserved heterogeneity, and 2) this unobserved heterogene-

ity is uncorrelated with the independent variables. Suppose, for example, that the use of force varies

systematically by precinct but that this is entirely due to the random personality of the precinct leader.

Random effects would thus be appropriate. If, however, precincts that use more force are typically

found in high crime areas, then fixed effects will be better.

It is also possible that there is no unobserved heterogeneity in that differences over time and across

precincts are entirely explained by race and crime rates. If so, then pooled OLS may be best.

b. Hausman test.

c. If the there is unobserved heterogeneity by precinct, then we will want cross sectional fixed effects.

If, however, NT is not much larger than N , then including a dummy for each precinct may cost us

too many degrees of freedom. Group fixed effects (e.g. by area) might be an alternative.

If there is unobserved heterogeneity by time, then we will want time fixed effects. As before, if

dummies for each period cost us too many degrees of freedom then we may, for example, want annual

instead of monthly dummies.

d. We could run an f-test to jointly test if the time dummies are significantly different than zero. We

could do the same for the cross sectional dummies.

Bonus: The motivation for a panel VAR is the same as for an ordinary VAR, it is a good method

for estimating systems where effects may occur with a lag and to deal with endogeneity. Consider
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endogeneity. Is it plausible that the use of police force may affect the racial composition of an area?

If so, then we may have endogeneity and a panel VAR could be one way to deal with it.

Likewise, could the effects of race only affect the use of force with a long delay. If so, then a VAR

type approach may be better than panel data estimators, even if the former include lags. In this case,

I personally do not see a compelling case for a PVAR.
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