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Question 1

A regression equation with three regressors X;,X5 and Xj is obtained be regressing (y; — ) on (¢n — #1),
(242 — %2) and (@i — #3) for i = 1,..., N where §, &1, %, and &3 are the sample averages of the regressand
y and the three regressors. The observed values of X'X, where

[ (en=71) (e12-F2) (213 -73) ]

(221 =71)  (222—F2) (223 —T3)

X = | , ’
[(rn—f‘) (zx2 =) (zxz—fa)J

is the (' x 3) matrix of observed deviations from the average, is

{ 6 0 0 W
X'X=| 0 16 —144
L 0 -144 16 J

Suppose that you estimate the regression model
y=X13;, + X239, + Xs0; + e

where e satisfies the classical assumptions and has sample variance s = 32. Calculate the variance-covariance
matrix of the OLS estimator of J;, 3, and 35 and verify that

1. The variance of by is directly proportional to the reciprocal of the observed variance of X1. (3 marks)

2. The variance of each by and bs is bigger than that of by even though the observed variance of X5 and
X is the same as that of X1. Why is this the case? (3 marks)

3. The covariance between b and bs is positive. Provide a heuristic explanation of this feature. (4 marks)
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Question 2

This is based on instrumental variables. Assume a regression model

y=XB+e,
where y = (y1, ., yy) isa N x 1 vector, X = (x1, ., xy) is a N x K matrix with x; = (z;1, ., z:), and
e=(e1....ex) isa N x 1 vector. Assume that X is random and is correlated with e, i.e

E(X'e) #0x1,
while there exists a N x L matrix of instruments, Z, which is uncorrelated with the error term i.e.
E(Z'e)=0..,
Suppose also that Z'Z is a full rank matrix.

1. Show that the OLS estimator of 3 is biased. (3 marks)

2. State one reason why X may be correlated with e and demonstrate mathematically how correlation
between X and e arises. (1 mark)
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3. Show that the IV estimator .
B = (xx) (x

where X = Z'9, is equivalent to

By = (x'z zz)”" z’x) (x'z (zz)”! z'y)
(3 marks)
4. Show that for L = K, the above IV estimator reduces to
Br=@ZX)"'Zy

(Hint: in matrix algebra, (ABC) ™' = C"'B~A~") (3 marks)
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Question 3

Consider the following example of a small macroeconomic model where c; is the level of consumption, i: is
the level of investment, y: is income, r; is the interest rate, g; is government spending and w, v; and w;
are random errors. The subscript ¢ denotes a time index running from 1 to 7. The model has the following
structural form:

e = Qo+ orys+ug
i = S0+ 08ime + Oaye + T3y + v
Yo = Yot 71l T Y%+ V50 VaYe1 e

1. Write down the model in reduced form. You do NOT need to express the reduced form in terms of the
structural parameters. (4 marks)

2. Is equation (1) overidentified, exactly identified or underidentified. Briefly (i.e. in one sentence) state
why? (2 marks)

3. Is equation (2) overidentified, exactly identified or underidentified. Briefly (i.e. in one sentence) state
why? (2 marks)

4. Is equation (3) overidentified, exactly identified or underidentified. Briefly (i.e. in one sentence) state
why? (2 marks)




