
1 ECONOMETRICS FOR BUSINESS INFORMATICS 3

1.2 Exercises 2: Date 19.4.2013

1. Suppose the random variables Yi are independently and identically distributed
N(0,σ2) for i = 1, 2, ..., n.

(a) Show that E(Y 2i /σ
2) = 1

(b) Show that W = (1/σ2)
nP
i=1
Y 2i is distributed χ2n.

(c) Show that E(W ) = n.

(d) Show that V = Y1/

vuut nP
i=2

Y 2
i

n−1 is distributed tn−1.

2. Show that the least squares residuals sum to zero:
P
et = 0 with et =

yt − β̂xt = −(β̂ − β)xt + (ut − ū) where yt = Yt − Ȳ , xt = Xt − X̄.
Show

P
e2t = (β̂ − β)2

P
x2t +

P
(ut − ū)2 − 2(β̂ − β)

P
xt(ut − ū) and

E(
X

e2t ) = σ2u(T − 2) (4)

where σ2u = E(u2t ). Derive the unbiased estimator of σ
2
u.

3. Use the file coffee.xls, which contains average annual coffee sales (y) and
prices (x) for 11 years. Produce a cross plot and form an opinion about the
relation of the coffee price and the sold quantity.
Consider the following linear model:

yi = α+ βxi + ui (5)

for the years i = 1970, ...1980. How do you interpret the parameters α and
β? Estimate the parameters α and β by the method of least squares using a
program of your choice and compute the estimated errors (residuals) ûi (or
ei). Draw the estimated regression line into the cross plot. Do the errors look
systematic or not?

4. Compute the estimated variance of the residuals s2u and those of α̂ and β̂ as
well as their covariance. How much of the variance of y is explained by the
model?

5. Estimate the model (5) without constant term, i.e. yi = βxi + ui and α = 0.
Draw the estimated regression line into the cross plot. What do you find?

6. Estimate the model (5) with transformed data. Deduct the mean of each vari-
able from the data and use these deviations from the mean as new variables.
What do you find?

7. Reformulate the model (5) in matrix notation. Define matrix X and derive
matrix X 0X and its inverse (X 0X)−1. Compute the vector of least squares
parameters θ = (α,β)0, θ̂ = (X 0X)−1X 0y.

8. Compute σ2u(X
0X)−1. How do you interpret the elements of this matrix?

Compare with your results for question 4.

9. Read the attached article on the ”beta” of a stock und use the data in the file
capm_usa.xls to estimate the beta for one firm of your choice. Estimate
the parameters of the following equation:

R−Rf = α+ β(Rm −Rf ) + u
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Figure 1: from: Stock and Watson (2012) p.160

with R the return of the stock (MOBIL, TEXACO, DEC, PANAM, DELTA,)
Rf the risk-free return (RKFREE), and Rm the return of the market portfolio
(MARKET). The data are monthly averaged time series from January 1978
until December 1987, 120 observations. First, calculate the risk premia for
the firm and the market and then estimate the parameters α and β with a
regression program of your choice. Interpret the meaning of your estimates.

10. Test the estimated parameters of exercise 9: Test α against the value of zero
and β against the value of one using an error probability of 0.05%. Formulate
the null hypothesis and the alternative and interpret the test result.


