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Question 1 (25 marks)

Suppose you set out to forecast the unemployment rate in the United States (UrateUS), using quarterly
data from the first quarter of 1960 (1960:Q1) to the fourth quarter of 1999 (1999:Q4).

(a) Table 1 gives changes in the United States aggregate unemployment rate for the period 1999:Q1-
Q4 and levels of the current and lagged unemployment rates for 1999:Q1. Fill in the blanks for the
missing unemployment rate levels. (5 marks)

Table 1: Changes in Unemployment Rates in the United States 1999:Q1 to 1999:Q4
Quarter(t) Unemployment Rate First Lag Change of Unemployment Rate

(t) (UrateUSt, %) (UrateUSt−1, %) (∆UrateUSt, %)
1999:Q1 4.3 4.4 -0.1
1999:Q2 0.0
1999:Q3 -0.1
1999:Q4 -0.1

(b) Table 2 presents the first four autocorrelations for the United States aggregate unemployment rate
and its change for the time period 1960 (first quarter) to 1999 (fourth quarter). Explain briefly what
these two autocorrelations measure. (5 marks)

Table 2: First Four Autocorrelations of the US Unemployment Rate and Its Change,
1960:Q1-1999:Q4

Lag Unemployment Rate (UrateUSt) Change of Unemployment Rate (∆UrateUSt)
1 0.97 0.62
2 0.92 0.32
3 0.83 0.12
4 0.75 -0.07

(c) Suppose you decide to estimate an AR(1) and an AR(4) in the change in the United States unem-
ployment rate to forecast the aggregate unemployment rate. The results are as follows:

̂∆UrateUSt = −0.003
(0.022)

+ 0.621
(0.106)

∆UrateUSt−1, R2 = 0.393, SER = 0.255

̂∆UrateUSt = −0.005
(0.022)

+ 0.663
(0.125)

∆UrateUSt−1 − 0.082
(0.139)

∆UrateUSt−2 + 0.106
(0.117)

∆UrateUSt−3

−0.176
(0.091)

∆UrateUSt−4, R2 = 0.416, SER = 0.253

Considering the actual unemployment rate for 2000:Q1 is 4.0%, what is your forecast for the unem-
ployment rate level in 2000:Q1? Compare the forecast error of the AR(4) model with the forecast
error of the AR(1) model. You may refer to the information provided in Tables 1 and 2 if necessary.

(5 marks)

(d) If much of the forecast error arises as a result of future error terms dominating the error resulting
from estimating the unknown coefficients, then what is your best guess of the RMSFE (Root Mean
Squared Forecast Error) for the both models in part (c)? Justify it. (5 marks)
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(e) Further, suppose you consider more lags for the autoregressive model. Discuss and explain how to
determine the order of an autoregression model. (5 marks)

Question 2 (25 marks)

(a) Consider the stationary AR(1) model Yt = β0 + β1Yt−1 + ut. Show that E(Yt) =
β0

1−β1
. (5 marks)

(b) Show that the random walk with no drift has a unit root. Further, prove that its variance increases
linearly over time. (5 marks)

(c) Let Xt and Yt be time series with a unit root, i.e. series that have a stochastic trend. Is it a good
idea to run the OLS regression of Yt on Xt? Why or why not? (5 marks)

(d) Suppose you have collected quarterly data on UK inflation (Inf) from 1962 to 1999 to forecast UK in-
flation. You run the following regression, where the numbers in parenthesis are homoskedasticity-
only robust standard errors:

∆̂Inft = 0.49
(0.28)

− 0.10
(0.05)

Inft−1 − 0.39
(0.09)

∆Inft−1 − 0.33
(0.09)

∆Inft−2 − 0.21
(0.09)

∆Inft−3 + 0.05
(0.08)

∆Inft−4.

Test for the presence of a stochastic trend in the inflation time series (Inf ). Also, does the fact
that you use quarterly data suggest including four lags in the above regression, or how should you
determine the number of lags? (5 marks)

(e) There is some evidence that the Phillips curve has been unstable during the 1962 to 1999 period for
the United States, and in particular during the 1990s. Suppose you set out to investigate whether
or not this instability also occurred in the United Kingdom. You consider testing for a break in the
stability of the UK unemployment rates (Uratet) based on the ADL(4,4) model for the inflation
changes (∆Inft). The following graph shows the F−statistics testing for a break at different dates
over the period:

Given the QLR statistic with 15% trimming turns to be 3.11, first state the null and alternative hy-
potheses and test for the hypothesis of a break in the ADL(4,4) regression. Also, provide comments
on the figure. (5 marks)

Turn Over
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Question 3 (25 marks)

A researcher investigating the determinants of crime in the United Kingdom has data for 42 police regions
over 22 years. She estimates by OLS the following regression:

ln cmrtit = αi + ϕt + β1unrtmit + β2proythit + β3 ln ppit + uit, i = 1, · · · , 42, t = 1, · · · , 22,

where the variables are as follows:
cmrt the crime rate per head of population,
unrtm is the unemployment rate of males,
proyth is the proportion of youths,
pp is the probability of punishment measured as (number of convictions)/(number of crimes reported).
αi equals one for area i and is zero otherwise for all i
ϕt is one in year t and zero for all other years for t = 2, · · · , 22.

Note that α and ϕ are area and year fixed effects and ϕ1 is not included.

(a) What is the purpose of excluding ϕ1? What are the terms α and ϕ likely to pick up? Discuss the
advantages of using panel data for this type of investigation. (5 marks)

(b) In principle, the given model can be estimated by OLS including additional area and year binary
variables instead of the area and year fixed effects. However, this needs to include 41 area binary
indicators and 21 year binary indicators. Discuss and explain how to alternatively estimate the
identical coefficients, β1, β2, and β3, addressing this problem. (5 marks)

(c) Estimation by OLS using heteroskedasticity and autocorrelation-consistent standard errors results
in the following output, where the coefficients of the fixed effects are not reported:

̂ln cmrtit = 0.063
(0.109)

unrtmit + 3.739
(0.179)

proythit − 0.588
(0.024)

ln ppit, R2 = 0.904.

Comment on the results. In particular, what is the effect of a ten percent increase in the probability
of punishment? (5 marks)

(d) To test for the relevance of the area fixed effects, you restrict the regression by dropping all entity
fixed effects and including a single constant. The relevantF -statistic is 135.28. What are the degrees
of freedom? What is the critical value from your F table? (5 marks)

(e) You want to analyze what happens to the coefficients and their standard errors when the equation
is re-estimated without fixed effects. In the resulting regression, β̂2 and β̂3 do not change by much,
although their standard errors are roughly double. However, β̂1 is now 1.340 with a standard error
of 0.234. Why do you think that is?

(5 marks)
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Question 4 (25 marks)

Suppose the probit model of deny against P/I ratio and black, using the 2380 observations in the Boston
HMDA (Home Mortgage Disclosure Act) data set, yields the estimated regression function:

̂Pr(deny = 1|P/Iratio, black) = Φ(−2.26
(0.16)

+ 2.74
(0.44)

P/I ratio+ 0.71
(0.083)

black)

where the variables are as follows:
P/I ratio · · · ratio of the applicant’s anticipated total monthly loan payments to his or her monthly income
Black · · · a binary that equals 1 if an applicant is black and 0 if white
deny · · · 1 a binary that equals 1 if a mortgage application is denied and 0 if accepted.

(a) A black mortgage applicant has a P/I ratio of 0.35. What is the probability that his application will
be denied? (5 marks)

(b) Suppose the applicant reduced this ratio to 0.30. What effect would this have on his probability of
being denied a mortgage? (5 marks)

(c) Does the marginal effect of the P/I ratio on the probability of mortgage denial depend on race?
Explain. (5 marks)

Suppose a random variable Y has the following probability distribution:

Pr(Y = 1) = p,

Pr(Y = 2) = q,

Pr(Y = 3) = 1− p− q.

A random sample of size n is drawn from this distribution, and the randomvariables are denotedY1, Y2, · · · , Yn.

(d) Let n1 and n2 be the number of observations on the random variable Y which equals 1 and 2,
respectively. Derive the likelihood function for the parameters p and q. (5 marks)

(e) Derive the maximum likelihood estimators of p and q. (5 marks)

End of Paper - An Appendix of 4 pages follows

Turn Over
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Large Sample Critical Values for the t-statistic
from the Standard Normal Distribution

Significance level
10% 5% 1%

2-Sided Test ( ̸=)
Reject if |t| is greater than 1.64 1.96 2.58

1-Sided Test (>)
Reject if t is greater than 1.28 1.64 2.33

1-Sided Test (<)
Reject if t is less than −1.28 −1.64 −2.33

Critical Values for the Fm,∞
Distribution

Significance level
Degrees of freedom 10% 5% 1%

1 2.71 3.84 6.63
2 2.30 3.00 4.61
3 2.08 2.60 3.78
4 1.94 2.37 3.32
5 1.85 2.21 3.02
6 1.77 2.10 2.80
7 1.72 2.01 2.64
8 1.67 1.94 2.51
9 1.63 1.88 2.41
10 1.60 1.83 2.32

Large Sample Critical Values of the
Augmented Dickey-Fuller Statistic

Significance level
Deterministic regressors 10% 5% 1%

Intercept only −2.57 −2.86 −3.43

Intercept and time trend −3.12 −3.41 −3.96
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Critical Values for the χ2

Distribution
Significance level

Degrees of freedom 10% 5% 1%
1 2.71 3.84 6.63
2 4.61 5.99 9.21
3 6.25 7.81 11.34
4 7.78 9.49 13.28
5 9.24 11.07 15.09
6 10.64 12.59 16.81
7 12.02 14.07 18.48
8 13.36 15.51 20.09
9 14.68 16.92 21.67
10 15.99 18.31 23.21

Critical Values of the QLR Statistic
with 15% Trimming
Number of Restrictions (q) 10% 5% 1%

1 7.12 8.68 12.16
2 5.00 5.86 7.78
3 4.09 4.71 6.02
4 3.59 4.09 5.12
5 3.02 3.66 4.53
6 2.84 3.37 4.12
7 2.69 3.15 3.82
8 2.58 2.98 3.57
9 2.48 2.84 3.38
10 2.40 2.71 3.23

Turn Over
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End of Appendix


