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ANSWER ANY FOUR QUESTIONS

1.

Consider the linear regression model y=X 4, + X, 53, +u (1)
where X| and X; are n, xk and X} is n, xk matrices.

(i) Show that the OLS estimator of 3, from (1) is also the OLS estimator /5, from

regressing X, on Y where

7= [I —x(x'x ) x! ]y and X,= [1 ~x(x) x,}" x! ]X2 @)

This result is knows as the Frisch-Waught-Lovell (FWL) Theorem.

(ii) Using the FWL Theorem, show that if X =/, a vector of ones indicating the
presence of the constant in the regression, and X7 is a set of economic variables,
then (a) ﬁz,or.s can be obtained by running y, —~ 3 on the set of variables in X
expressed as deviations from their respective sample means. (b) The least squares
estimate of the constant f . can be retrieved as y-X, Biows Where

X, =1 X,/ nis the vector of sample means of the independent variables in X.

(iii) Let y = XB+ D,y +uwhere y is nx1, Xis nxk and D; is a dummy variable
that takes the value 1 for the i-th observation and 0 otherwise. Using the FWL
Theorem, prove that the least squares estimates of B and y from this regression

are f,, =(X"X')—IX"y' and 7,5 =y, —x,Bos » Where X* denotes the X
matrix without the i-th observation and y* is the y vector without the i-th
observation and (y[.,x;) denotes the i-th observation on the dependent and

independent variables. This means that y,,, is the forecasted OLS residual from

the regression of y* on X* for the i-th observation which was essentially excluded
from the regression by the inclusion of the dummy variable D;.

Consider the following two sets of regressions:
»n=Xp +u and y, = X, 5, +u, (1)

Xiis n,xk and Xz is n, xk with my, n; > k.



Write the equations in (1) as (ﬁ:ﬁ;‘ ;J{ﬁjir[;‘j ?

and
Yol | X 0 _ U
{yz:l_[ij|ﬂ1+|:X2:|(ﬁz ﬂ1)+l:u2:| (3)

(a) Show that OLS on (2) yields OLS on each equation separately in (1). In other

—1

N \ - ' ~ ' '
words, f, o5 = (Xle) Xy and B, o5 = (XzXz) X2,-

(b) Show that the residual sum of squares for equation (2) is given by RSS; +
RSS,, where RSS; is the residual sum of squares from running y; on X; for i =
1,2.

(¢) Show that the Chow F-statistic can be obtained from (3) by testing for the
joint significance of H,: 8, -, =0.

Consider a simple dynamic panel data model. Discuss the problems associated
with estimating the model using OLS, Within and GLS estimators. Suggest some
methods (discuss at least one in details) for obtaining consistent estimators.

Assume the standard linear model: Y = XP + €, where V(e) = o’L; Y and € are nx1; X is
nxk; B is kx1. Denote the least squares (LS) estimator of B by b. Then, the LS residual
vector, ¢, is defined by Y - Xb. (V stands for covariance matrix.)

1) Show that E(e} = 0, where 0 is an nx1 vector of zeroes.

2) Derive the variance of the LS residual vector e.

3) Consider a special case of k = 1 so that X'X = Z"; x;* which is 1x1. Assume that X is
not an intercept variable and n is larger than 5. Find the covariance between e; and e;.

Assume a heteroscedastic model: Y = XP + €, where V(¢) # o’l. Y and are nx1; X is
nxk; € is kx1.

1) Derive V(b) where b denotes the least squares estimator of p.
2) Write the estimator of V(b) suggested by H. White.

You want to estimate the effect of college education denoted by dummy variable C on
earnings y where y, = 8'x, + 8C, + ¢,. Assuming that C is correlated with ¢, show how
you would perform the estimation. Make assumptions if necessary.





