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�estion 1 (25 marks)

Suppose that the time series Xt follows a moving average process given by:

Xt = 2 + 0.5ut−1 + 0.2ut−2 + ut,

where the error terms ut are independent and identically distributed (IID) with E(ut) = 0 and Var(ut) =
3, i.e. ut ⇠ iid(0, 3).

(a) Compute the first three autocovariances ofXt, i.e., γ1, γ2 and γ3. Clearly justify each step of your
derivation using expectations and the key properties of moving average (MA) models. Addition-
ally, interpret your results by discussing what these autocovariances reveal about the dependence
structure of the process.

(5 marks)

To analyse and forecast time series data, a researcher applies a first-order autoregressive model, AR(1),
and estimates it using the Ordinary Least Squares (OLS) method. However, the true underlying process
follows a di�erent specification:

Yt = 1 + Yt−1 + ut, (True Model).

(b) Discuss the potential estimation issues that arise due to this model misspecification, including
implications for bias, consistency, and statistical inference.

(5 marks)

A macroeconomic analyst aims to predict changes in inflation rates by using autoregressive models of
order p, denoted as AR(p). To identify the most suitable model, the analyst estimates several AR models
with lag orders ranging from p = 1 to p = 6.
Using T = 172 months of historical data, the analyst obtains the following results for the logarithm of
the sum of squared residuals (SSR) per observation:

p 0 1 2 3 4 5 6

ln
⇣
SSR(p)

T

⌘
1.065 1.007 0.865 0.838 0.837 0.836 0.836

(c) Using the following model selection criteria:

AIC(p) = ln

✓
SSR(p)

T

◆
+

2(p+ 1)

T
, BIC(p) = ln

✓
SSR(p)

T

◆
+ (p+ 1)

lnT

T
,

determine the optimal lag order ( p ) for forecasting changes in inflation rates. Discuss which
criterion favors amore parsimoniousmodel and explain the reasoning behind it. Justify the findings
by considering the trade-o� between model complexity and goodness of fit.

(5 marks)
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An economic research institute is analysing the relationship between quarterly real GDP growth and
the term spread (the di�erence between long-term and short-term interest rates) over time to enhance
macroeconomic forecasting.

(d) To determine whether the lags of the term spread contain useful predictive information for GDP
growth, outline the procedure for conducting an appropriate statistical test in time series analy-
sis. Explain the steps involved in formulating and implementing the test, including the null and
alternative hypotheses, estimation method, and decision criteria.

(5 marks)

(e) Based on their empirical and statistical analysis of the relationship, the researchers estimated the
following model using quarterly data from 2000:Q1 to 2023:Q4. The estimations pertain to the log
di�erence of real GDP (� lnGDP , billions of currency units):

d� lnGDPt = 0.75− 0.22� lnGDPt−1 − 0.30� lnGDPt−2 + 0.15� lnGDPt−3

−0.12� lnGDPt−4 − 0.18TSt−1.

Using the recent observations on lnGDPt and TSt (term spread) over the last several quarters, as
provided in the table:

2022:Q3 2022:Q4 2023:Q1 2023:Q2 2023:Q3 2023:Q4
lnGDPt 4.942 4.950 4.958 4.966 4.974 4.980
TSt -1.7 -1.5 -1.3 -1.1 -0.9 -0.8

compute the forecasted GDP for the next quarter, 2024:Q1, i.e.,

dGDP 2024:Q1|2023:Q4.

(5 marks)

�estion 2 (25 marks)

Suppose the time series Xt and Yt are defined by the following autoregressive models,

Yt = 0.6Yt−1 + 0.4Yt−2 + ut, Xt = 1.5 + 0.85Xt−1 − 0.25Xt−2 + ut.

where ut is an independent and identically distributed (i.i.d.) error termwithE(ut) = 0 and Var(ut) = σ
2.

(a) Determine whether Xt and Yt are stationary or nonstationary. (5 marks)

(b) A researcher estimates the following Ordinary Least Squares (OLS) regression,

Yt = β0 + β1Xt + ut.

Evaluate the validity of this regression approach. Discuss any potential econometric issues that
may arise due to the properties of Xt and Yt. If any issues exist, suggest appropriate solutions to
address them.

(5 marks)

Turn Over
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A financial analyst investigates whether the log exchange rate (lnERt) follows a random walk by esti-
mating the following Augmented Dickey-Fuller (ADF) regression,

d� lnERt = 0.35
(0.15)

− 0.087
(0.032)

lnERt−1 − 0.21
(0.055)

� lnERt−1 − 0.18
(0.051)

� lnERt−2 + 0.12
(0.048)

� lnERt−3

where the number of lags was selected using the Akaike Information Criterion (AIC).

(c) Assess whether the log exchange rate (lnERt) contains a unit root. Justify your answer based on
the ADF regression results. If further testing is required, explain what additional steps should be
taken to determine stationarity.

(5 marks)

Amacroeconomist is investigatingwhether the predictive relationship between consumer sentiment (CSt)
and household consumption growth (CGRt) has remained stable over time. To analyse this, she estimates
an Autoregressive Distributed Lag (ADL) (2,2) model, which includes two lags of both consumption growth
and consumer sentiment,

CGRt = β0 + β1CGRt−1 + β2CGRt−2 + β3CSt−1 + β4CSt−2 + ut.

To test for a potential structural break in the predictive relationship, she applies a�andt Likelihood Ratio
(QLR) test with a 15% trimming on all coe�icients.

(d) Explain the principles behind the QLR testing method and how it is used to detect instability in the
relationship between consumer sentiment and consumption growth. (5 marks)

(e) Suppose the resulting QLR test statistic is 4.25. Interpret this result. (5 marks)

�estion 3 (25 marks)

A research institute is studying job mobility and its relationship with wage growth in a competitive labor
market. The hypothesis is that individuals are more likely to switch jobs when their expected wage growth
in a new position exceeds the wage increase they would receive if they stayed in their current job along,
while also considering broader economic conditions. Using 5,162 observations, the institute estimates the
following logit regression, where the dependent variable is 1 if the individual switched jobs within the
past year and 0 otherwise:

Variable constant female minority married job tenure � wage unemployment
Coef. Estimate -0.800 0.050 -0.250 -0.150 -0.080 1.200 -0.400
(Standard Error) (0.250) (0.110) (0.190) (0.150) (0.055) (0.320) (0.450)

where:

• female,minority, andmarried are binary variables indicating whether the individual is female, from
a racial minority group, and married, respectively.

• job tenure measures the number of years an individual has been at their current job.

• � wage represents the expected percentage wage increase if the individual switches jobs.

• unemployment is the state-level unemployment rate at the time of the job switch decision.
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(a) Interpret the estimated logit model. Comment on the significance and economic meaning of the
coe�icients. (5 marks)

(b) Compute the probability of job switching for an individual who is female, belongs to a racial mi-
nority, and is married using the following sample means of the variables:

Variable job tenure � wage unemployment
Mean 4.6 0.08 5.2

(5 marks)

(c) Suppose the unemployment rate increases from 5.2% to 7.0%, making job switching riskier. Recal-
culate the probability of switching jobs as in part (b), and discuss how this change in economic
conditions a�ects job mobility.

(5 marks)

A marketing analyst at an online subscription service is studying customer retention behavior over a one-
year period. Each customer is classified into one of four possible subscription statuses a�er one year:

• Cancelled Subscription (0): Probability p1

• Downgraded to a Lower Plan (1): Probability p2

• Retained on the Same Plan (2): Probability p3

• Upgraded to a Higher Plan (3): Probability 1− p1 − p2 − p3

where 0 < p1, p2, p3 < 1 and p1 + p2 + p3 < 1.
The analyst collects a random sample of n = 1000 customers and records the following observations:

Subscription Status Number of Customers
Cancelled (X = 0) 250
Downgraded (X = 1) 120
Retained (X = 2) 500
Upgraded (X = 3) 130

(d) Derive the log-likelihood function for the given sample and explain its components.

(5 marks)

(e) Find the maximum likelihood estimators (MLEs) for p1, p2, and p3, compute their values using the
sample data, and interpret the results.

(5 marks)

Turn Over
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�estion 4 (25 marks)

A research institute is investigating how remote work adoption influences wages over time. The dataset
consists of a balanced panel of 600 employees observed from 2019 to 2024 across various industries. The
regression model used for analysis is:

ln(Wageit) = β1 + β2Expit + β3Exp
2
it + β4Hoursit + β5Remoteit + β6Indit

+β7Urbanit + β8Edui + β9Genderi + β10Racei + uit

where:

• Exp: Years of work experience

• Hours: Average weekly working hours

• Remote: 1 if the employee works remotely, 0 if fully on-site

• Ind: 1 if working in the tech industry, 0 otherwise

• Urban: 1 if living in a metropolitan area, 0 otherwise

• Edu: Years of education (time-invariant)

• Gender: 1 if female, 0 if male (time-invariant)

• Race: 1 if non-white, 0 if white (time-invariant)

Table 1: Regression Estimates for Log-Salaries

Variable \Regression Model (1) Model (2) Model (3)

Exp 0.0452 (0.0051) 0.110 (0.0048) 0.108 (0.0022)
Exp

2 -0.000580 (0.000090) -0.000350 (0.000065) -0.000330 (0.000061)
Hours 0.0032 (0.0018) 0.0007 (0.0009) 0.0005 (0.0008)
Remote 0.076 (0.028) 0.030 (0.017) 0.032 (0.016)
Ind 0.125 (0.022) 0.047 (0.015) 0.050 (0.014)
Urban 0.095 (0.021) -0.012 (0.016) -0.015 (0.015)
Edu 0.067 (0.0063) - -
Gender -0.200 (0.042) - -
Race -0.105 (0.038) - -
Individual E�ects No Yes Yes
Time E�ects No No Yes
R̄

2 0.431 0.897 0.902

Table 2: Tests for joint significance of e�ects (H0: coe�icients on e�ects are jointly zero).

Model Test F statistic p-value
(2) Individual E�ects 38.2 < 0.0001
(3) Individual E�ects 36.2 < 0.0001
(3) Time E�ects 48.2 < 0.0001
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(a) Interpret the coe�icient on remote work in Model (1) in Table 1. Does this suggest a wage premium
or penalty for remote workers? (5 marks)

(b) In Model (2) in Table 1, the variables Edu, Gender, and Race are omi�ed. Why are these time-
invariant variables excluded when using fixed e�ects? (5 marks)

(c) Compare Model (1) and Model (2) in Table 1. What di�erences emerge in the coe�icient estimates,
particularly for Remote and Experience? What might explain these changes? (5 marks)

(d) Model (3) in Table 1 introduces time fixed e�ects. What is the rationale for including them, and
how do they alter the regression results compared to Model (2) in Table 1? (5 marks)

(e) Which of the three models in Table 1 —(1), (2), or (3)— is the most appropriate for evaluating the
impact of remote work on wages? Justify your answer. (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 ( 6=)
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,1
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 χ
2

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


