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Supplementary Written Examination in Time Series
Analysis (B3)1
Spring 2017
2017-05-24 14.00-18.00
Venue: Bergsbrunnagatan 15, room 2
Lars Forsberg, Department of Statistics, Uppsala University

Allowed means of assistance:
1. Pen or pencil (recommended) and eraser
2. Calculators,
(a) ’programmable’calculator, e.g. calculator with graphing functions is OK.
(b) Calculators with blue-tooth are not allowed.
(c) Calculators with access to internet are not allowed.
(d) Calcuators with which it is possible to send and recieve messages of any kind are
not allowed.
3. Physical (paper) dictionary (no electronic dictionary allowed).
(a) Dictionary must contain no notes of any kind.
(b) Each student must have his/her own dictionary. It is not allowed for students to
pass a dictionary between them.
4. Ruler.
1

Disclaimer: Any narrative in this exam is designed to make the exam tasks to become a bit more
’interesting’ by vaguely resemble a potential real life situation for a statistician working in the private or
public sector.
Any names, persons, places and events depicted in this exam are purely …ctional. All and any potential
resemblance or similarities with real persons, places, events or situations is completely coincidental.
No implications whatsoever should be made and no conclusions whatsoever should be drawn regarding
any potential political, philosophical or religious views or preferences on the behalf of any person or legal
entity involved in the creation of this document.
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5. Collection of formulae and Statistical Tables named ’Collection of Formulae and Statistical Tables for the B2-Econometrics and B3-Time Series Analysis courses and exams’,
that the student brings to the exam location. The collection must contain no notes
whatsoever. This implies that you cannot make any notes during the exam. If checked,
any notes in the collection will be assumed to have been made beforehand, and thus
subject to investigation concerning deceptive conduct in examination (cheating).
6. Please note that a collection of critical values for the Student´s t, Normal, Chi-square
and F-distributions is given in the Appendix of the ’Collection of Formulae and Statistical Tables for the B2-Econometrics and B3-Time Series Analysis courses and exams’.
7. About degrees of freedom in tests: If, by any chance, the degree of freedom number
that you need for a critical value is not in the table, say that you need 125, but there
is only 120 and 130 in the table, then choose the lower number of degrees of freedom,
that is, in this case 120.
8. Also note that the ’Test template’, that should be used when performing tests, is
given in the ’Collection of Formulae and Statistical Tables for the B2-Econometrics
and B3-Time Series Analysis courses and exams’.
That is:
1. NO BOOK (except paper-dictionary) is allowed.
2. NO (student-written) notes are allowed.
3. NO other document than the one ’Collection of Formulae and Statistical Tables for
Time Series Exam’is allowed.

Instructions: Please note the following:
1. Start with reading through the instructions!
2. Make sure you follow the instructions!
3. Start with reading through the exam.
4. You may write your solutions in Swedish or English.
5. If you …nd something unclear or if you suspect a typo/mistake in any of the tasks
- please do not hesitate to contact the sta¤ at the exam-location for them to get in
touch with the responsible teacher.
6. Total score is 100 points
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(a) If you want the ECTS grades, please indicate that on the cover page!
(b) For each task the maximum number of points is given within parenthesis, e.g.
(16p in total).
(c) For each subtask the number of points is given within parenthesis, e.g. (2p)
7. All solutions must be on separate sheets. No solutions on the questionnaire! (If so,
they will be disregarded.)
8. Make sure your solutions are: easy to read and easy to understand, that is:
(a) For each task that you solve, please start with a new sheet: after Task 1, start
with a blank sheet for Task 2, etc.
(b) Write the task number at the top of each page, in the
..................................MIDDLE OF THE PAGE!!!............................................
Like:
..........................................TASK 1................................................
- if you write it in the upper left corner, the staple will cover it, and there is
no for way for the examinator to know if the text of that sheet belongs to the
previous sub-task or what it is. The Examinators will not make any ’quali…ed
guesses’of what is being displayed on any given page. It is the responsibility of
the student to make sure that every task and sub-task is easily identi…able.
(c) If you continue a sub-task on the next sheet of paper - indicate that at the top
of the page - IN THE MIDDLE OF THE PAGE, like, for example:
..........................................’Task 1B (cont.)’...........................................
(d) Please separate each subtask A, B etc with a horizontal line across the sheet
_____________________________________________
if they are on the same sheet of paper - that way it will be easy for the examinator
to actually see where one subtask ends and next begins.
(e) For examinator readability, it is highly recommended that you use a pencil, (and
not a pen), which will allow you to erase and rewrite if you make a mistake.
Crossed-over text and corrections using ’tipp-ex’ will just cause blurriness and
confusion to the examinator.
(f) For examinator readability: Write clearly, that is, letters, mathematical/statistical
symbols and numbers should be easy recognizable!! Do not underestimate the
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correlation between readability and points scored, that is, when readability goes
to zero, points scored also goes to zero, no matter your intentions or wheather
you can read it or not.
(g) Also note that everything that you write will be taken at ’face value’. That is,
for example, if you write 1 the examinator will take that as a 1 even though
you may claim that it is given from the context it should be clear that you
meant something else, like 3 . Thus, given this example, writing 1 , and that is
not correct in that speci…c formula or statement, this will lead to subtraction of
points, even if you will claim that it is just a typo, and that in another task or
subtask, it is clear that you understand the issue.
(h) Please put the sheets in order, that is …rst Task 1, and then Task 2 etc...
9. Please keep the questionaire.
10. Do well!
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Task 1
(31 points in total)
A) (4p) This question is in two parts:
1. What is a stochastic process from a theoretical point of view? Explain using
words, no formulae needed.
2. What is the conceptual di¤erence between a stochastic process and a realization?
B) (6p) State the conditions for a stochastic process to be covariance stationary. For each
condition, state that condition using formulae and also explain in words what it means.
To ’apply’the Box-Jenkins methodology, a nessecary condition is that the series in question is (at least) covariance stationary. If a process is not stationary, we need to transform
it somehow to make it stationary before we can apply the Box-Jenkins methodology.
C) (4p) Write down a model that is di¤erence stationary. Suggest a tranformation that
makes it stationary.
D) (4p) Write down a model that is trend stationary. Suggest a tranformation that makes
it stationary.
E) (8p) State the four stages of the Box-Jenkins methodology. For each stage, elaborate
on the purpose of that speci…c stage, also give at least one example of a tool/method/statistical
test that can be used in that speci…c stage.
F) (3p) Explain what it means that two variables are cointegrated. State the nessecary
conditions for two variables in terms of order of integration.
G) (2p) Explain the conceptual di¤erence between the ARMA class of models and the
GARCH class of models. What is being modelled by what class of models?
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Task 2
(17 points in total)
Consider the following process
(B) Yt = (B) et
where et

N ID (0;

2

):

Let

where

6= 0 and

(B) = (1

B )

(B) = (1

B );

6= 0:

A) (2p) For the general format ARIMA(p; d; q) replace p; d; q with the integers such that
the abbrevation corresponds to the process above.
B) (2p) For what values of

and

is the process stationary?

C) (2p) For what values of

and

is the process invertible?

D) (3p) For = 0:9 and = 0:9; sketch the correlogram of the process, that is, the
autocorrelation function and the partial autocorrelation function. No need to derive the
ACF or the PACF, just sketch the correlogram. Use as many lags as you …nd appropriate
for the ’pattern’to be obvious.
E) (4p) Write down and solve the characteristic equation for the MA part of the model.
For what values of the root is the process invertible?
F) (4p) Now, assume that
= 0 and
6= 0 and derive the in…nite autoregressive
representation. State any assumption(s) when you need them and also state exactly why
you need them. The end result, that is, the in…nite autoregressive repressentation, must be
a stationary (causal) representation.
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Task 3
(27 points in total)
Consider
(B)
where et

N ID (0;

2

(B) Yt = (B)

(B) et

);
(B) = 1

B1 ;

(B) = 1

B4 ;

(B) = 1

B1

(B) = 1

B4

IMPORTANT: for subtasks A through F (that is A,B,C,D,E,F), assume that
= 0; but being non-zero.

=

=

A) (4p) Derive the expected value of the process. State explicitly any assumption(s)
you need, when you need them in order to derive this result. Also, state any assumption(s)
needed, if any, for the expected value to exist.
B) (4p) Derive the variance of the process. State explicitly any assumption(s) you need,
when you need them in order to derive this result. Also, state any assumption(s) needed, if
any, for the variance to exist.
C) (4p) Derive the …rst autocovariance of the process. State explicitly any assumption(s)
you need, if any, when you need them in order to derive this result. Also, state any assumption(s) needed, if any, for the autocovariance to exist.
Let It denote the information set of all available information up to and including time t:
D) (3p) Derive the forecast one step out in time by calculating the conditional expected
value of the process at time t + 1 given all the information up to and including time t:
E) (3p) Derive the expected value of the forecast error, (of course, you …rst need to derive
the forecast error).
F) (3p) Derive the forecast error variance.
———————————————
G) (3p) Now, assume that = = = 0; but = 0:9. Sketch the correlogram, that
is, the autocorrelation function and the partial autocorrelation function for the process. No
need to derive the ACF or the PACF, just sketch the correlogram. Use as many lags as you
…nd appropriate for the ’pattern’to be obvious.
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H) (3p) Now, assume that = = = 0; but = 0:9. Sketch the correlogram, that
is, the autocorrelation function and the partial autocorrelation function for the process. No
need to derive the ACF or the PACF, just sketch the correlogram. Use as many lags as you
…nd appropriate for the ’pattern’to be obvious.
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Task 4
(25 points in total)
Consider the US Real Gross Domestic Product (GDP) (billions of Chained 2009 Dollars),
quarterly data (seasonally adjusted) for the period 1947 Q1 to 2016 Q4. For graphs and other
Eviews ouput, see Figures below.
A) (6p) Test whether the original data contains a unit root or not. Use the signi…cance
level of 5%. Make sure all the steps and calculations you make are easy to follow and
understand. Fully document the test procedure as outlined in the test-template.
A high ranking US o¢ cial, one Mr D. Umb is trying to make sense of this data. He has
no idea how to approach it, and thus asks a new found friend, Mr P. Uttin, for help. Mr
Uttin says that the the numbers are way to large (and thus cannot be true - most likely the
previous secretary of state made them up) and that he should take …rst di¤erence to make
them smaller. See output below for a graph and correlogram of the …rst di¤erence.
However, a data analyst (not related to Mr Umb and not yet …red) gets hold of this data
and runs some analysis of the data and …ts an AR(1) of the …rst di¤erence of GDP.
B) (2p) For the residuals from the AR(1) model: interpret the second (estimated) autocorrelation coe¢ cient.
C) (2p) For the residuals from the AR(1) model: interpret the second (estimated) partial
autocorrelation coe¢ cient.
D) (6p) Perform a test to test whether the second, and only the second autocorrelation
of the residuals from the AR(1) model is zero. Use the signi…cance level of 5%. Make sure
all the steps and calculations you make are easy to follow and understand. Fully document
the test procedure as outlined in the test-template.
The data analysts move on and …ts an AR(2) to the …rst di¤erence of the GDP.
E) (6p) Perform a test whether the …rst three autocorrelations of the residuals from the
AR(2) model of the …rst di¤erence are simultaneously zero. Use the signi…cance level of 5%.
Make sure all the steps and calculations you make are easy to follow and understand. Fully
document the test procedure as outlined in the test-template.
A rumour emerges in the Grey House that there is someone that knows what he is doing,
and our data analysts is being tracked down and …red for being competent. However, before
he got …red, the data analyst succeded to run a few more models. Now, an unnamed source
in the Grey House leaks these results to the Fence Street Journal and the editor calls you
to comment on the results.
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F) (3p) Using all the ouput in this task, argue what model that is the ’best’. Use all
relevant evaluation criteria to do so. Even if more than one model would be ’ok’, pick one
and argue for that model. There is no need to do any formal testing in this subtask, but
refer to the output when arguing your case.
Epilogue:
In a high level summit Mr Umb and Mr Uttin gets together to discuss Twitter accounts
and the state of the world economy. Mr Uttin tells Mr Umb that according his analysis, the
US economy is completely ‡awed and that they would be better o¤ adapting an alternative
economic system, that he claims has worked like a charm whereever it has been implemented.
Mr Uttin uses the metaphor that if you want to make the case to build a new house, the
easiest way to set the stage for that, is to burn the old house to the ground - then you have
no other choice than to build a new one. Mr Umb does not really understand this metaphor,
but after a few glasses of vodka he promises to do his very best to pave the way for such a
transition. How this works out is still to be seen.
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Figure 4.1: Level of US GDP Q1 1947 to Q4 2016.

Figure 4.2: Correlogram of US GDP
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Figure 4.3: First di¤erence of GDP

Figure 4.4: Correlogram of …rst di¤erence
of GDP
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Figure 4.5: Estimation output AR(1) …tted to
…rst di¤erence of GDP
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Figure 4.6: Correlogram for residuals from
AR(1) …tted to …rst di¤erence of GDP.
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Figure 4.7: Estimation output AR(2) …tted
to …rst di¤erence of GDP.

Figure 4.8: Correlogram for residuals
from AR(2) …tted to …rst di¤erence of
GDP.
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Figure 4.9: Estimation output ARMA(1,1)
…tted to …rst di¤erence of GDP.

Figure 4.10: Correlogram for residuals from
ARMA(1,1) …tted to …rst di¤erence of
GDP.
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Figure 4.11: Estimation output MA(4)
…tted to …rst di¤erence of GDP.

Figure 4.12: Correlogram for residuals from
MA(4) …tted to …rst di¤erence of GDP.

17

Lars Forsberg

