
ECON 3150/4150: Seminars spring
semester 2012 (Part I)

23 January, 2012.

The seminars start in week 5. The last seminar is week 18. There are no
seminars in week 8, 14 and 15.

Exercises to seminar 1

The two first exercises are computer exercises where you can use Stata. The third
is an exercise in the use of “OLS algebra”

1. Download ConsInc.dta from the course web page. This file contains annual
observations for the period 1960 to 2006. There are two variables, dubbed I
and C. The data is computer generated (artificial data) and we interpret I as
real disposable income (in million kroner) and C as real private consumption
expenditure (in million kroner).

(a) Estimate two consumption functions with the use of OLS: One for the
sample period 1960-1984 and another for the sample period 1985-2006.
Take care to include an intercept in the regression. Show that the esti-
mated regression coeffi cient (with three decimal points) is 0.897 on the
first sample and 0.893 on the second sample. Does this mean that the
regression lines based on the two samples are identical?

(b) Estimate a third regression for the combined sample 1960-2006 which
gives an estimated regression coeffi cient of 0.805. Can you give an intu-
itive explanation for why both the two sub-sample estimates were higher?

(c) Estimate the regression that has I on the left hand side and C as the
regressor (this is often called the “reverse regression”). Do this for the
full sample 1960-2006. Can you, with reference to OLS algebra explain
why is this estimate becomes different from both 0.805 and 1/0.805?

2. In this question, use ConsInc.dta and the full sample 1960-2006.

(a) Calculate the means C̄ and Ī of private consumption and disposable
income. Re-do the regression in question 1b. Use the estimated equation
and the mean of income (Ī ), to calculate “the fitted mean”of C which

we can denote ̂̄C. Compare ̂̄C to C̄. What do you find? Can you give
an interpretation in terms of a scatter-plot and a regression line?

(b) Calculate the two variables c = C− C̄ and i = I− Ī. Estimate two linear
equations between c and i with the use of OLS: One with , and another
without an intercept. What do you find? Can you explain you findings?
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(c) Divide C and I by 1000 so that the the unit of measurement becomes
billion kroner instead of million kroner. How does this affect the OLS
estimate of the intercept and of the regression coeffi cient?

(d) Calculate the two variables LC = ln(C) and LI = ln(I). Regress LC on
LI. What is the economic interpretation of the regression coeffi cient in
this case?

3. Consider the regression model

(1) yi = β1 + β2xi + ei, i = 1, 2, ...., n

where we assume that the random errors ei (i = 1, 2, ...., n) have properties
that are in accordance with the assumptions on page 47 in HGL (an example
of “classical assumptions”). In particular, we have that V ar(ei) = σ2 for all i.

(a) Show that the OLS estimator of β2, which we denote β̂2, can be obtained
by applying OLS on the re-parameterized model

yi = α + β2(xi − x̄) + ei, i = 1, 2, ...., n

where x̄ = 1
n

∑n

i=1
xi.

(b) Assume that the regressor is a deterministic variable. Find expressions
for var(α̂), var(β̂2), and var(β̂1) with the aid of the notation var(ei) = σ2

and using the assumptions of the model.

(c) With reference to the lectures we have that cov(α̂, β̂2) = 0, but what is
cov(β̂1,β̂2)?

Exercises to seminar 2

1. Download the data set ManualMc_detX_seminar.dta. This data file contains
100 observations from 10Monte Carlo experiments (see section 2 and Appendix
2G in HGL for a brief explanation of Monte Carlo simulation, BN kap 5, side
108-110). Hence we have (Y ji, Xi), where j = 1, 2, ..., 10 and i = 1, 2, ...., 100.

Since the observations for the regressor X are the same in all 10 data sets, we
can interpret this as the case with deterministic regressor.

Estimate the 10 regressions between Y j and X, with X as the regressor and
using the full sample size in each regression. Let aj and bj denote the OLS
estimates from regression number j (j = 1, 2, . . . , 10). Calculate the averages
of the 10 estimates for the constant terms and the regression coeffi cients. These
averages are Monte Carlo estimates of the true mathematical expectations
E(β̂1) and E(β̂2) of the OLS estimators of the parameters β1 and β2 in the
regression model (1) when Xi is interpreted as a deterministic variable. The
true values of the parameters are β1 = 0.1 and β2 = 0.75. What are the
(estimated) biases?

2. 2.4 (d)-(g) in HGL
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3. 4.7 in HGL

4. Consider the linear function

(1) ŷi = β̂1 + β̂2xi, i = 1, 2, ...., n

where β̂1 and β̂2 are OLS estimates. Define the OLS residuals as êi = yi− ŷi.

(a) SSE is the acronym for Sum of Squares due to Errors used by HGL in
Ch 4. Try to show that

SSE =
∑n

i=1
(yi − ȳ)2 − β̂22

∑n

i=1
(xi − x̄)2,

and that the variance that HGL call SSR, Sum of Squares due to the
Regression, can be written as:

SSR =
∑n

i=1
(ŷi − ̂̄y)2 = β̂

2

2

∑n

i=1
(xi − x̄)2

so that we have
TSS = SSR + SSE

where TSS is “total sum of squares”.

(b) Show that
1

n
SSE = σ̂2y(1− r2xy)

where σ̂2y = (1/n)
∑n

i=1
(yi − ȳ)2 and rxy is the empirical correlation

coeffi cient between x and y.

(c) Let R2 denote the coeffi cient of determination of (1). Show that

R2 = r2xy

when a linear function between y and x is estimated by OLS, and the
fitted line includes an intercept.

(d) Does the coeffi cient of determination depend on the direction of the re-
gression, i.e. does R2 depend on whether it is y or x that is used as the
dependent variable?

(e) Show how the OLS estimate for the slope coeffi cient depends on the
direction of the regression, i.e. whether we regress y on x, or x on y.

Exercises to seminar 3

1. Exercise 2.10 in HGL

2. Consider the two models

(1) yi = β1 + ei, i = 1, 2, ...., n

and

(2) yi = β1 + β2xi + ei, i = 1, 2, ...., n

where we for both models assume that the disturbances ei have classical prop-
erties and that they are normally distributed with E(ei) = 0 and V ar(ei) = σ2.
In (2), xi is interpreted as deterministic.
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(a) With (1), we have ∑n
i=1 ê

2
i

σ2
∼ χ2(n− 1)

for the OLS residuals êi. IN the case of (2) we have∑n
i=1 ê

2
i

σ2
∼ χ2(n− 2)

for the OLS residuals of that model. Try to give an intuitive explanation
for the difference in the degrees of freedom.

(b) Explain briefly why the test statistic that we use when do inference about
β2 has a t-distribution.

3. 3.7 in HGL

4. 3.8 in HGL

Exercises to seminar 4

1. Consider the three stochastic variables X, Y and Z. The three variables are
connected by the linear function

Y = a+ bX + Z

where a and b are parameters. Assume that E(Z) = 0 and cov(X,Z) = 0 and
show that the parameter b can be written as

b =
cov(X, Y )

var(X)

Note: This is an example of a population regression. An interpretation of the
regression model with stochastic regressor in econometrics is that is a method
that by conditioning allows us to obtain probabilistic knowledge about the
population parameter, b, without having prior knowledge about cov(X, Y ) and
var(X)

2. Assume that X and Y are two stochastic variables. The law of iterated ex-
pectations (also called law of double expectation) states that

(1) E [E(Y | X)] = E(Y )

(a) Interpret the two expectations operators on the left hand side of equality
sign.

(b) Try to prove (1) for the case where X and Y are discrete stochastic
variables.
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Table 1: A discrete probability distribution for X and Y
X

-8 0 8 fY (yi)
-2 0,1 0,5 0,1 0,7

Y 6 0 0,2 0,1 0,3
fx(xi) 0,1 0,7 0,2

Table 2: Conditional distribution for Y given X, based on table 1.
X

-8 0 8

-2 0,1
0,1

0,5
0.7

0,1
0.2

Y
6 0

0,1
0,2
0,7

0,1
0,2

3. Consider the two stochastic variables X and Y . The conditional expectation
E (Y | x) is deterministic for any given value of X = x. But we can also
regard the expectation of Y for all possible values of X. In this interpretation
E (Y | X) is a stochastic variable with realization E (Y | x) when X = x.
Hence, the conditional expectation function E (Y | X) is a function of the
stochastic variable X so that we can write E (Y | X) = gX (x) where gX(x) is
a function.

Consider the discrete distribution function in table, respectively. 1. Note that
the marginal probabilities are in the last row (X) and in the column on the
right right (Y ) of the table.

(a) Obtain the conditional distribution for Y shown in table 2.

(b) Show that the conditional expectation function E(Y | X) becomes:

E(Y | X = −8) = −2

E(Y | X = 0) =
2

7
E(Y | X = 8) = 2

(c) Calculate E [E(Y | X)] by using the law of iterated expectation, i.e., by
summing the three conditional expectations multiplied by the marginal
probabilities fx(xi).

(d) Use the marginal distribution for Y to show that E(Y ) = E [E(Y | X)],
as a check of the law of iterated expectations.

4. Consider the stochastic variables X and Y and the conditional expectations
function E(Y | X). Let the stochastic variable ε be implicitly defined by the
equation

Y = E(Y | X) + ε
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(a) Show that E(ε | X) = 0.
In the lectures, we show that cov(X, ε) = E(Xε) = 0 is a consequence of
E(ε | X) = 0.

(b) Assume that E(Y | X) is linear: E(Y | X) = β1 + β2X. What are
E(ε | X) and cov(X, ε) for the stochastic variable ε which is defined by

Y = β1 + β2X + e?

5. Assume that yi and xi are stochastic variables, i = 1, 2, . . . , n. Assume that the
conditional expectations function E(yi | xi) is linear: E(yi | xi) = β1 + β2xi.
Show that

E(β̂2 − β2) = 0

for the OLS estimator β̂2.

6. Download the data set ManualMc_stochX_seminar.dta. The only difference
from the data in ManualMc_detX_seminar.dta that we analyzed in Exercise
2, is that we now have random variation in the regressor, so the 10 data sets
are (Y ji, Xji), where j = 1, 2, ..., 10 and i = 1, 2, ...., 100. Use the data set
to obtain a Monte Carlo estimate of the biases E(β̂1) − β1 and E(β̂2) − β2
in the case where Xi is a stochastic regressor and β2 = 0.75. Compare the
differences/similarities of results from exercise 2 to seminar 2. (Remember
that the data generating process has disturbances with classical properties in
both data sets).

Exercises to seminar 5

1. HGL 4.8

2. HGL 4.9

3. HGL 4.13

6


