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Belgium I
= European country of 30000 km? and 10
millions inhabitants ﬁ@

=>Between France, Germany, “Siles {
Luxembourg and the Netherlands

" . it
= Constitutional Kingdom

= 3 languages : Dutch,
French, German

= 3 regions : Flanders,
Wallonia, Brussels

= |_ocation of several European institutions
Including the Commission and the Parliament




National Bank of Belgium g

Central bank,
but with more and more statistical activities

Financial statistics
General economic statistics
national and regional accounts,

International commerce,

: diffusion of
business cycle surveys

these statistics

Priority towards quality of the statistics
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General Statistical Department @E‘

= Audience with scattered ages (20-60)
= French speaking and Dutch speaking

= From secondary to university education,
mainly with an economic background

= The large majority has not a strong
mathematical orientation

= staff > 250
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Training Needs a3

= Provide a general statistical culture to the staff
of the department
= No development of a statistical tool but
v understand what is used
v take the best solution to the problem on hand

= Two0 courses : basic statistics (60 h) and time
series analysis (30 h)

= Self-training with a tutor provided by the Bank
rather than training cycles

= Practical orientation without too many
computations 8




Wl

Constraints @B

= Languages :
v French and Dutch (possibly English for software)

= Tools :
v office suite + software packages to be delivered

= Recommendations from Eurostat :

v for seasonal adjustment of time series :
X12 (Bureau of the Census) and

TRAMO-SEATS ([1] V. Gémez et A. Maravall, Bank of
Spain)



Basic course In statistics s

= Contents : 13 chapters in 5 parts

Part |

Descriptive Statistics

Part 11

Inductive Statistics

Part |11

Linear Models

Part IV

Non-parametric Statistics

Part V

Index Numbers

10




Time Series Analysis

Contents : 13 chapters

Chapter O

Introduction to

v'using Excel for time series analysis
v'using Time Series Expert and Demetra

Chapters
1to4

Chapter 5

v'using assessment tests

1. Concepts and definitions

2. Simple linear regression

3. Growth curves

4. Smoothing with moving averages

!

5. Methods of seasonal decomposition

v
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Time Series Analysis

continuedl J 1=
Chapter 6 6. Exponential smoothing
Chapter 7 7. Multiple linear regression

'

Time series models

Chapters 8. Autocorrelation and forecast errors
8311 9. ARIMA models

10. Box and Jenkins method

11. Regression with autocorrelated errors

Advanced methods of seasonal decomposition

Chapter 12. X-12-ARIMA method

Chapter 13. TRAMO/SEATS method "

13
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Submission for course 2 [iR:]

= Interactive and multimedia learning system

= Integration of voice, iImage, computational
treatment and video

= Different pedagogical activities going from
learning to self-assessment

= Digital media : intranet and/or CD-ROM

= Course developed starting with [2] (with 2 new
chapters for X-12-ARIMA and TRAMO/SEATYS)

14
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Characteristics of the course (1/2)

= They depend heavily on the audience and the
self-learning situation .

v'simple presentation of the material
v'low use of mathematical formulae

v'organization as an interactive multimedia
slide show (100-250 slides per chapter)

v'large number of questions and exercises

v'detailed solutions
v ..

16



Characteristics of the course (2/2)

v'many simulations

v'’computing is avoided (software packages used :
Microsoft Excel, Time Series Expert & Demetra)

v'frequent recall of the structure
v'frequent reminders of the material
v'navigation by hyperlinks

v'access to instructions and files for the
exercises, as well as to the other chapters of
the course

v’ self-assessment

=\We also discuss the advanced part of chapter 13
on the TRAMO/SEATS method

17
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Navigation within the course

= \We start from the menu
= Adobe Acrobat Reader iIs Iaunched

a4 Adobe Acrobat - [welcome.pdf]
'. F|IH Edit Document Tools Wiew window  Help

NeGBAG|E ) r||4- » D O[5S &6 gEoOk

.f:‘ h Bookmarks ™ *nails ""-.:.,_tu:-n-_-. res
= | ] Main menu Cimennly
H El- D”-JFIIITH‘II-'IIIIJI 15| =
D 1 Concepts and definition:
aimple Linear Regressi
3 - Growth Curves
rrllulthlr||1 vith rrio |r||1

E: - .-"A.utu:u o rrelatin han d F|:| re

-] 9- ARIMA Models
DHI Box and Jenkins Metho
DH FI-'IHH sion with Autoce

-1 2-ARIMA Method
TF MOSSEATS Method




Table of contents of the basic

course
= |_et us look at the map of the course .

Pa Adobe Acrobat - [welcome.pdf]
'@ File Edit Document Tools  Wiew ‘Window  Help

EEHEESE KM «» DO@ S5 #Af@PEO

f.

Bookmarks ™yails tions Fes
@ (] Main men Map of the course
| B Dl'u'lap of the course Chapeer 1 Chapter & Chapter 3

T-. - Concepts and definition: Concepts and Definitions s::ﬂm:

Chapter 4

- Growth Curves
Smoothing with Moving Averages Seasonal Decomposition Methods

- Smoothing with moving ;

-EI: - Sirnple Linear Regressi " .

Chapter & Chapter 7 Chapter 8
Exponential Smoothing Multiple Linear Autocormrelation and
- Exponential Smoothing | Methods Regression Forecast Errors

- Multiple Linear Regressi

- Seaszonal Decompositio

_ Chapter § Chapter 10
- Autocarrelation and Fore ARIMA Models Baox and Jenkins Method

i?

£

A

% : - ARIMA Models Chapter 11
Ul

=

-] 10- Box and Jenkins Metho Regression with Chapter 12 Chapter 13

autocorrelated errors o TRAMOISEATS Mathod
D 11 - Regression with Autoc XAZ-ARIMA Method :

-] 12 - %1 2-ARIMA Method o
I | 113 - TRAMOISEATS Method A7 |
Ll

2NN BN M|| 997 x 746 in

= \We can also reach the list of exercises




. Fi|F' Eljil' Document T|'||'||' Wiemw 'u'u'ir||jr||-| H,:-||:|

D Question: TupH oft

DT ines oftime series

: 5 | '] Guestion: Walt Disn

EID Different objectives of tr
«| ] The treatments

Il' !

J
L
e,
=

Al

=

=] I 4D 4

-

Development
of a branch

[ 52 d B gk

Concepts .
and Definitions %ﬁ

Cion't forget to add comments to
re youl want to come

Access to a page

ot

Bz
B

]
ud 09 40 O OF 0A W i@ 10 18
Ermr
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Message to

A page of the course the tutor

1 Concepts ;
* and Definitions| %%
i

Annotation il e T

of

the |earn er Dion't forget to add comments to
! pages where you want to come

back easily

Oral explanations Fast move 22



Objectives of a chapter

H‘ESEHE ihe r:i.t ﬁerer‘zi aﬁpecis Gf isme Series analysis
and forecasting

mmmmmmmmmmmmm S

Introdiice a certain number of concepts and definitions
that will be used during the whole course

R

Ehﬂw Singhﬂy r&suﬁs af an ﬂﬂﬂiys.ts ﬂﬂr:i 'H'ze MIainer iﬂ
compare them with the help of criteria

SR T el e T A S

Pm? SOE emphr:xs*.as ol ﬁjremgimg and justify that
decision

- : ) : . Comcepts and .
Chagner ] Thue Sows dubsis G Mrd L dafimtions |




“1-1 Basu: cnncepts
LLLRESS R ;s and tables

o Mo la(SaIM = Types of time series data
IS
progressi-

1.2 Forecasting

vel
devyel oped 1.3 Information set and categories of methods

1.4 Cost functions and criteria

1.3 Forecasting intervals
1.6 Conclusions

Chgter ] Thee Sevies ety 3 Mblord




Synthesis

You have seen in this section that
what 15 a time series, in particular,
thereis v if the spacing between the data is regular or not

asynthesis v how to distinguish between flow and level
variables

what should be done with the time zerieg, 1. e. the
objectives of treatments ; smoothing, decomposition,
model building, analysizs, forecasting, control

In the meanwhile, we have tackled the problem of
uzing tables and graphs

Chapsr ] Time Sevies Anapsis, G. Moiard




A space
for the
answer
can be
found on a
paper
document.

=

,‘
o1

The questions

/a\ Question: Belgian industrial production d

11

(1994-2000)

|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
24

ENIJEC

Write your ansver onpagel ™W/e consder theindex of the Bdgian industria production, for
theWroremelustry-fieeseyear 1995=100). On the basis of aplot and of wise sense, do you
think that the seriesisannud, quarterly, something € s2?"

Remark. Likeadl the questions, the answer will be given in the main document which
corresponds to the present chepter. . Concentsand |

Chapter 1 Time SeriesAnalysis, G. Mdard : oefinitions J
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Conclusion: concepts and definitions

= Information set versus metho

= Cost funct on

= Expost and ex ante forecasts

= Crtenia (MSE, MAE, MAFE, )
= Methodology of selection

= [Jsze of of the distnbution Dfﬁ
forecast errors

= whiat methods

- Bow o detect difficndiies?

. Bow o select methodds?

_ what to do ifthe foracast is not
g P

— s FE VerTS

. mudtiplicative model?
= Forecast intervals
_——
==
ki Comeepts aud
Chopter ] Thwe Sevies dnalyss, G Molpd defirmtions



he main part : the exercises
Annotation put here by the learner

Adobe Acrobat - [Microsoft PowerPoint - chapi1.pdf]
'E File Edit Document Tools  Wew Window Help

NeEBS E N> «» OO0 %S| 6808

4
- ]1.1 Basic concepts =
+| #-[ ] 1.2 Forecasting |
- ]1.3 Information set and cate
= ] 1.4 Cost functions and crit

| ] Costfunction

[ ] Criteria in general

- | Differant criteria .
[ Exercise on the criteriz Purpose of the exercise : introduce the criteria (hence

[ Conclusion of the exerc the cost functions) on a simple example where the
| | Remarks computations are easy

Data: fictious (4 observations)

| ] Measure of performanc
[ Criteria applied to ex po
- | Complements : other ct
| ] Exercise on the criteria

[ ] Methodology of selectio
| ] Exercise : summary _ Comcepts and [
o| B[ 1.5 Farecasting intervalg/ = ——— L

K v B | ®mVa ] L] s [=]lu
Access to the
Instructions, also
delivered on paper

w
A
e
El
i
£,
H
%
i
£
o,

A 1220t17s [ 1169ezein |E ] 1]

The exercise Is directly run,
here in Excel




Lﬂ nstructions for the exercises

B |Adobe Acrobat - [CHO1EX01.PDF] BiEE Ml N IEN] -3 [ES IR
'@ File Edit Document Tools Wiew Window Help
NMEeEBE E K e» D G B EOE
|Bnnkmark5\1qnails \tgtinnﬁ \\(ures k

D Chapter 1, exercise 1 Instructions = Analyse de séries temporelles Guy Mélard
E|D Basic exercise (For all the users

A3

Part2 |The purpose here is to study thoroughly the meaning of the MAPE
criterion for each of the two methods, To do that, we will ask you several
times o change the forecasts obtained by one or the other of the methods,

mrcise (Forthe users 2.1 EXAMINATION OF NEW DATA AND FORECASTS FOR METHOD |

B Come back to the initial data and forecasts. In order to do that,
activate the macro CHOTEXO 1 Initial {if there is no other apen
workbook, the combination of keys CTRL SHIFT [ will activate
the macre).

R = Gl | B A

(=2 Click on tab Second to see the new data,

=
%

For method [, they are identical to the previous ones excepl on the first
row (ling 117 : instead of 10, there is 100. Inste fthe forecast 7, there is
97, The forecast error is thus equal to =3 like before,

= Click on tab Main (o see the previous resulis and come back
quicly to worksheet Second.

= i il

[5 it s0 sumprising that the criteria be the same except MAPE ?

7

s[5 the laner better oF worse than before? Why?

211 Yener awsweers

Navigation
Within the v B & 'tiLlj [ 2zs |w|[M] 4] 110518 [ p|m|[ 526 11890n
INnstructions




Adobe Acrobat - [CHO1EX01.PDF] = T O | 38 | (=] &5 | ) | €| =2 | (=] | B |4
'E Eile Edit Document Tools YWew ‘Window  Help
EERE E N e« DOM S5 #HREOE
|Bnukmark5\bnail5 \*.gtil:unE \LIFES 4

D Chapter 1, exercise 1 Instructighss Analyse 1[: senias temporelles Gy Mélard !
EID Basic exercise (For all th€ users

=18l x|

hurpose here is to study thoroughly the meaning of the MAPE
Triterion for each of the two methods, To do that, we will ask vou several
times 1o chanee e forecgate abtaipad b spee o the giher of the methods,

(2. 1 ExAMINATION OF NEW DATA AND FORECASTS FOR METHOD |

'==" Come back to the imitial data and forecasis, In order to do that,
activate the macro CHOTEXD 1 Initial (if there is no other open

wirkbook, the combination of keys CTRL SHIFT I will activate
the macra).

'::* Click on tab Second to see the new data.

For method [, they are identical to the previous ones except on the first
row {line 11} instead of 10, there 15 100, Instead of the forecast 7, there is
97, The forecast errof is thus equal 1o =3 like before.

= Click on tab Main o see the previous resulis and come back
guicly to worksheet Second.

F.l
&
“
L
El
¢,
&
H
%
Ul
£
gl

-

[5 it 50 surprising that the criteria be the same except MAPE ?

7

s[5 the latter better or worse than before” Why?

211 Yemer gnswers

.
4
v B | & & | | 4] riorie e [m|[zzexrieain | EL] 4] h

part section )
Instructions, questions, space for the answaY




Click on tab Main to see the previous results and come back | nstructi ons

guicly to worksheet Second.

Questions

Space for
the answer

EXCERPTS FROM THE MAIN DOCUMENT OF THE CHAPTER
Part 2

2.1.1 The criteria have not changed because the errors have nof
changed. The exception is MAPE which is smaller because one of
the data has been increased, hence the corresponding ratioin =~ 3;
MAPE issmaller.




The main
results of the
last

I hope thiz exercise az allowed

= to introduce more concretely the various criteria
_ defined in the previous pages

EXEICISES = for each one, to perceive its advantages and
are recalled drawbacks concerning the effect of a change of

measurement unit, restrictions to positive values,
sensitivity to atypical data

= to recognize that a method A can be better than a
method B for a given criterion whereas B iz better
than A for another criterion

This allows to a Iearner already at a more advanced level t
have a of the contents of the exercises 39



Reminder of the material

wl

S Reminder h i ICIE_“_ Fanc
These Wl s hrer 2 Jdetermination coefficient R?
= Definition of the correlation coefficient: ratio of
. PN ' the covariance by the product of standard s,
allow to situatie im0 =
] deviations:
the SUbjECt and = Determmnation coefficient = square of the » -
to recall the correlation coefficient: 2 _ e
terminology = 72 s t_he FOPOFEOR O 1‘i"aﬂ.— VI FIARoe ."":_‘}.-‘
explained by the linear regression
and the :

= Link betwe en ¢ and MSE:

notations

Chmmbter 0 Tiwe Series dnalss, & MEEmd

Each page of the course has a
of the chapter and its (abbreviated here) 33



he virtual learner and ¥
the virtual trainer

The class
metaphor Is used
from time to time >
tO I ower th e _;f: Iu}r wiight. It ; ;1ﬂt nec rﬂ r, to t

- _-‘-;;: 1AL, 18w e I::-I'E:'E-E!Il B .1111,%’,'5 .1E1.'-.ﬁ.-'Eij.F or
tenSIOn and fl,- : ’ _____.--"" reason of ease. Many people make just 3
Improve the B> . _use of two o three forecasting methods - §

transitions

N [ O - O LY 304 J
_rr"f i
T "L..".." LY SR QR
S

! e RTEE var T e e T i e T LA A e e i -_
|

Chapieyr & Tiwe Sevies Aol s, & Mdtlod

The course can be followed at two Ievels basic and
advanced. For two chapters (6 and 13), there are
specific presentations for the advanced course



Some parts of
the presentation
(identified by a
yellow background)
are reserved to
those

learners wishing to
achieve a more
advanced

training in the
domain of

time series analysis

Im measuring Im E'-C'l',-_ut. errors

= The assumption of Aomogeneify may be better valid
that way, which means the fact that all the forecast
errors come from the same statistical distribution

=This will be 1llustrated in chapter 5

=The forecast mterval is then based on a
multiplicative model V=y * e

Renurk:

Of course, in that caze, we could alzo consider a model on
the logarithms of the data, see chapter 2

:
Cimespts and

u.t‘h h-r|-1

35



The exercises of the advanced
course

Exercise on forecasts

=

N
— g

The exercises
of the advanced Data : 20 forecast ervors

_Course_a_re Purpose of the exercise : introduce probabilistic
Indentified Jorecasting and the construction of forecast intervals in the

(with a yellow case of a multiplicative model
background

again ; parts =Instructions (part A)

CICRTOCUIUIVCLCION = Fvercise (file CHOTEX03.XLS)
using letters

i nStead Of LS R R T e
numbe rS) oy | Time Sevies dnadysis, G, Mdlrd )




Global test of randnmness (2/4)
When several SRELS B

pages are devoted = The test H‘tﬂtl*-tlt heah the name DI Box ann:lPleme

T e alz letter chi

to the advanced

course, where to 9[0) = If the process is white noise and if Tis large enough, the
back to the basic distribution of  approximately followsa ¥~ law (chi-square)
course is indicated. with X degrees of freedom @
= We should therefore rej ect the hypothesis that the first £
autocorrel ations of the process are equal to 0 if the O statistic
iz greater than the quantile of order 0.95 of thefx  law o

'i':h .- ,"-
= Instead of Box-Pierce, we can use the Ljung-B ox test 7 hg:'-.i.-:

For the bfm-:’ OUFSe -m

"|.4. LAl |.
1 |I"|.|.+|.""‘t I.|.|.

Chapter § T Sevies Anolysis

For the basic course -
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Exercises

= Nearly all of them make use of a software
package:
v Excel for many exercises in chapters 1 to 8, plus 13,
Including:
 linear and nonlinear regression, exponential
smoothing
e seasonal decomposition on artificial series
 details on the first steps of the Census X-11 method
e spectral analysis and optimal filtering

v Time Series Expert for some exercises of
chapters
2-11, mainly on real time series

v'Demetra for chapters 12 (X-12 ARIMA) and 13
(TRAMO/SEATS)




Excel workbooks

P

To access aworksheet, click on the requested tab

Middle 'ralb. Future i

Make use of the video buttons to access L anguage
tabs. worksheet
(see below)

40



Ad bl =IMDEXtrans 4 lan - JOU - J
A E C D - D [E alre
s |Chapitre 5. tableaux 5.29, §5.31. 5.3
3 0 aC Cl C O~
4 |Four a#:éder au tableau dé=zire. pres
g _I.EE_':Q]]].ILDE_&IILEE C al lJUayCs UIKS
: o . . o~ _
2 .
a .
g .
10
4|4 » [M]\Main { STAT £ 515 { RATIO / languages 7/
A B i::f gf D
1 | Language 1
2 1 2 3
3 Francais Hedepl and= Engli=h
4 1 HETHODES DE FREEVISION (EKOWIE TERMIJN SHORT-TERM
5 d Chapitre 5, tablesux ofdstuk 5, Chapter 5, takbles
= 3 a 5.35 et §.37 AV tot §5.35 en §.37 to 5.35 and §.37
Four acceder au Om toegang te hebhen To ancess the
tablean desire, ot de gewenste desired table,
7 g PTESSED ;a tDthE F& tabel, druk op F5 en press F5 and select
a 5 Le=s compo=antes De componenten The component=s

M4 » (M Main 7 STAT 7 5aI5 £ RATIO Qlanguag |41




Language

T Workbooks are multilingual.
| R
SHC%RT—TERH FEIDEECA|5TIHG METHODS, ]:w_:,rE AI I the teXtS are
Zhapter &5, table= §5.29., §5.31, §5.32. formulaewhlch refer to ace”

To at:t:%s tE.' deair ta]:ule., 1:'55 "= In the ||Iangumesll Worksheet

meegrgmpeweraess  herein English

=
o [0 [ e o

—, [
mmih = - il =E

¥ [ #i[%Main ¢ STAT £ 5aIS fRATIO £ languages /

larg

A
Language

2 Chapitre &5, tableaux 5.29, Hoofdstuk 5, tabhellen Chaptey 5, tables 5.29,
3 a 5.35 et 5.37 AVEC tot 5.35 en 5.37 to %.35 and 5.37 WITI

Pour acceder au tableau déesiré, Om toegang te hebhen To  access the desircer

1

2

3 Frangais Neder lands English
4 1 METHODES DE PREVISICN A COURT TE EORTE TEEMIJN SHORT-TERN FORECASTING
5 %

b

presser la touche F& et tot de gewenste table, press F& =hall
gelectionner le nom tabel, druk op FS en select the name

7 4 kies de naam

[ 4[» pI]' Main [ STAT £ 515 £ RATIO languages ) [4]




E To move In a workbook

. Microsoft Excel - CHO1EXD3.XLS

A Favorites = | Go» | 75 | EX\BANQUE_NATIONALEYERCHAPOLLCHOIEX03, XL

- W v =] =INDEXtrans;Tilang)

N |0 | ¢ [ o | E [ |
TERM FORECASTING METHODS, by GUY MELARD (c) 1991,
| |

tables 1.3 and 1.6, figures 1.4, 1.5, 1.7 and 1.8

“ecast andfur thE middle points with index 0 and

¥You can change \ghe errors but then you need to sort them (mac

The simplest way: using predeitned hypertext links.
* These fields are colored (blue or brown) and underlined
e Simply click on the link to reach the place

e Coming back can be done with the Back arrow on the
Web toolbar 43



ﬁ Data entry

Most data and formulae are already entered.
Therefore the sheets are protected except fields where
parameters can be changed with a message indicating what

s X pe Q- L S

Enker a number
smaller than the
nexk number

There are sometimes constraints on the number being ente-
red. The keyboard is also used to generate random data
for simulation purposes (recalculation key F9) 44
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Macro

Call a macro

Macros are used In order to:
e Name: e restore initial data after a
CHO1E 03 Tnitial modification

it e perform animations

Other capabilities of Excel
are also used:

e SCenarios

e tables of hypotheses

e matrix calculation

e Solver module

Jescripkion Jptiars. .
- e complex numbers

-\
e Check if the name of the workbook appears.
e Sealect the name of the macro and click on Run. 45

Macros in: CHOLEXDE. kL5




ﬂ% Time Series Expert

We use ‘ TSE ‘

an improved
demonstratio S

VerSion Of the License to Soco Informatigue Beésesauw 10 postes. Serial numsber @ 999509

home-made

g
paCkage Philippe BOECKX. Eric BRANCKAERT. Guu HELARD & Jean-Michel PASTEELS
) Decenber ZOOD .~ INFO-30C0 U.L.B.

based on the

one freely
available on |
L e e

the Internet Phone 1 +32-2-gE06000, Fax 1 +32-2-g50600%, E-nail = guelardfulb, ac.be
Collasborators & fAtika Cohen, fnnte Laforet !5: Bertramnd Nareschal.
Supported b

Communsute Er’-ﬂ'h".&i!!‘ Hsllanie=EBrusalles

Himi=ters de 1'Education, FRSFC-IN C19E5-1334), ARCC1S946- ¥



First select the
folder

then load a
prepackaged
problem
entirely
prepared

for the
exercise

= File ® Problem = Load = Holiday

Expertise Methods  Con guration  Options

Ehangin? data directory
Dos shell
Report (View, Print, Save)

Statistic (View, Print, Save)
Export

Import

cHanging data drive

Quit

User directory | E:\BANQUE~1\DATANCHAPDZYCHOZEXDL
Problen PROE
Method @ Mone
Estimation sample 1- 400 [ 1-
Forecasts to 400 [

400
400




Includes the
data series
(CHAMPO),

Its dates, the
method to be
used, here
exponential
smoothing) and
the options, for
example under

Level & Trend

Seasona ity

Intervention

Power transformation (Box=Cox)

Save residuals o

Save forecasts or predictions

Save Fitted values

Leadtime for fit o
orecast interval probability (&)

User directopy
Problem

Dependent variable
Estimation sample
Forecasts to

Ex Qo eRt13
: Level

* None (add Lewvel & Trend)
' Select Intepventions
1.0
Parameter/deterministic seasonality .
ToYes an
i fes

T OYes

.80
1 te save / {ENTER} to wvalidate /

lgjﬂ 09
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DEMETRA

DEMETRA

Copyright © European Communities, 1999-2001

DEMETRA Yersion 2.0 [Service Pack 1] [Oct 7 2001]

developed for Eurostat mainly by:
Jens Dossé and Servaiz Hoffmann

with help from:
Raoul Depoutot, Pierre Kelzen and Christophe Planas

based on:
TRAMO & SEATS by Yictor Gomez, Agustin Maravall
and Gianluca Caporello

X-12-ARIMA by the US Bureau of the Cenzus with
David Findley, Brian Monszell, William
R. Bell, Marc C. Otto, Bor-Chung Chen
and Catherine Hood

Developed by the European Communities (EuroStat), as an
Interface to both X-12 ARIMA (Bureau of the Census) and
TRAMO/SEATS (V. Gomez et A. Maravall, Bank of Spairt)



How to use It

Select the
folder |
Then .‘ ") CHAMPTS. DM

JcHaEr1z oMz D

Look jn: | ‘=3 CH11EX02

the
prepack A& Type: Demekra Detailed Analysis Project
; Sizer V.Y KB

proj ect

entirely

prepared @

advance File harne: | ‘ Open I
Files of lwpe: Dernetra Detailed Analysis Projects [¢.dm2] Cancel |

&
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Graphical aspects
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Main paper document
= Only In paper form

= Avallable separately for each chapter

= Contents

v’ space for answering questions raised in the
presentation

v expected answers to these questions
v corrected exercises —-
v instructions for additional exercises

v corrected additional exercises

v references

v in an annex: a paper copy of the presentation and
of the the instructions for the exercises >




Assessment

Select the comect answer,

" a
b
i

(software package
made by UCS,

i im, UCS_Test ¥** student Name : Administrator K U L
Chapter: -|-| Luestion number: I out of -||:| eljver])
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edurend
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Excerpts of the advanced
course

=\We show here some excerpts of the course,
based mainly on the advanced course
= Chapter 13 : TRAMO/SEATS method

= This Is a seasonal adjustment method: how
to obtain the seasonally adjusted series
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General presentation

=trend (T) u
t
= business cycle (C) M
t
V/

=>seasonal component (S) S Here,
3 years
saramvand ¢ are shown

E

= irregular component (E) YN

VAR ]
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Example : Industrial
production of Belqgi

| Trend-cycle :]:

90 91 92 83 84 95 96 87 00
DEWIJXC —— TCEWIJXC
EWIJXC




Advanced methods of
seasonal decomposition

= Census X-11 (1957, 1967, 1988)

= X-11-ARIMA (Statistics Canada) :

replaces artificial extensions of the moving averages
by using forecasts of the data obtained by an
ARIMA model (see chapters 9 and 10)

= Census X-12-ARIMA : (Bureau of the Census)

the same + ARIMA regression for the treatment of
corrections (outliers, trading day, ...)
(see chapter 12)

= TRAMO/SEATS (Bank of Spain) :

based on ARIMA models and signal extraction
(see chapter 13) 63



Flow chart of the 2 programs

X-12-ARIMA
TRAMO/SEATS

Preliminary adjustment

Trading day correction

Easter correction

Detection and correction
of outliers

Treatment of missing data

ARIMA models

Seasonal decomposition




Motivations In favor of

= Advantage of X-12-ARI
continuity w.r.t. X-11

= In X-12-ARIMA: filters
based on moving averag

v spectral analysis
reveals some proble

v Filters depend
on the series

Seasonally adjusted series
Original pretreated series
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Gain for component S

2
Default Seasonal MA

Monthly
series

It can be seen that
the default filter
completely
removes period 12
and the divisors

of 12 (6, 4, ...), which
IS too strong,

and that it does
affect slightly the
other periods in an
annoyingway s



Principles of TRAMO/SEATS (1/3)

= First TRAMO Is used, then SEATS

=TRAMO is aimed for pretreatment (correct the
series

for outliers, trading day effects and other effects) and
build a model for the series

TRAMO = "Time Series Regression with ARIMA
Noise, Missing Observations and Outliers’

= In the sequel, Yy, denotes the corrected data at t

= SEATS Is aimed at decomposing the model
obtained by TRAMO In a sum of components
and extract them
SEATS = 'Signal Extraction in ARIMA Time Serigs'



Principles of TRAMO/SEATS (2/3)

= Here : the case of an additive mode of
composition

= There can be up to 4 components :
v permanent or trend (-cycle) component
v temporary or cycle component
v’ seasonal component
v irregular component or error
= In the most frequent cases of a multiplicative
mode of composition, SEATS works with an

additive decomposition of the data In
logarithms, log(y,)
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Principles of TRAMO/SEATS (3/3)

= In the simplest case : y, = N, + S;, where
v" N, is the non seasonal component
v’ S, is the seasonal component

= From the ARIMA model for y, found by
TRAMO, SEATS derives ARIMA models (with
Independent innovations) for N, and S,

= SEATS then builds series N, and S, from the
data y, using the models for y,, N, and S,

= A signal extraction technique iIs used to that end
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The components of SEATS (1/2)
Example (quarterly) ARIMA model : I ,y, = 06(B) e,

v'[1=1-— B : the difference is associated to the
nermanent component or trend (B = lag operator)
vi,=1-B*=(1-B)(1+B+B?+B3% =(1-B)
U,(B) , factorization of the seasonal difference

v"We write Permanent c. Seasonal c. lrregular c.
6(B) 6.(8) ,6,(8) |

&= g+

(1-B)@A-BY ' (1-B)* ' U,(B)

v'The variances V*, V°> and V! as well as 6,(B) and
S(B) are determlned by equating the

—~ A=




The components of SEATS (2/2)

= An admissible decomposition, with innovation
variances > 0O, doesn't always exist

= If such decomposition does exist, others exist

= ook then for a unique canonical decomposition

= We have preferred a simple — non seasonal —
example with only 2 components : permanent
and irregular

1- HBQ_ &(B) p

+
ytl—B 1qu

= The consequence of various choices of the
polynomial 8°(B) can then be studied

= Theory Is illustrated on U. S. Iinterest rates on
certificates of deposit (CD)
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- nalysis of the example

my The ARIMA model for the
fll seriesiswritten :
CDIR,=e +0,495e,_,
NN y =178 1748,
'"1-B ' 1-B

||rrr 11|||l||rrr 1"IIIlllrrr 11|||l||rrr 11IIIII|rrr LA S |

75 76 77 78 79 Whel’e
[y= (+ 6B)e

Taibie of variances of the components
—_ P I
=(1-6,B)g +Llk

|IllII

t&

in function of the parameter thetaP

o Vi V'

-1.0 0.1313 0.0153 Canonical decompositio
-0.9 0. 1454 0. 0149

- 0. 8 0.1620 0.0136 Admissible decomposition:
-0.7 0. 1817 0. 0112

- 0.6 0.2051 0. 0070

-0.5 0.2333 0. 0007 7
-0. 4 0.2679 C 0. 0088 Non admissible decompositio




Signal extraction in SEATS

= Start from the canonical decomposition of
the process

= QObtain the coefficients of the optimal filters
(called Wiener-Kolmogorov)

= Apply the filters
= Examine the results

= Restore the effects and remove the
corrections
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—xercise : simulation of SEATS

N e

-

Data: series of U. S. interest rates for
certificates of deposits

Purpose of the exercise: illustrate how to obtain
the filter for extracting the trend of the series and
compare with the main results of TRAMO/SEATS

= Instructions (part E)
= Exercise (file CH13EXO06.XLS

4




= Contents of
CHI13EXO06

\_II_\I'RENER- KG_I\/[IECRO\/ FILTERS (ONE SI DE)
NI SVE

0. 2526 - 0. 1888 O 0934 -0.0462 ...

Conput ation of autocovariances
Trend I rregul ar

AR1 -0.4947 -0.4947

MAL -1 1

Sigma® 055856  0.06382

Weights for the trend

Lag Trend Irregul ar

o

-0-051211109876543

L

0 4 5

The Wiener-Kolmogorov filters are derived from autocovariances
of some ARMA processes based on the model of the series 7
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Results (2/2)

For a given component, apply to the data a moving average
weighted with these coefficients

16

Weights for the trend

—— Data and forecasts
14 -
— Trend

12 4

—m A H H O =]

00542 11109 8 7 6 5 4 3 H 10 1 H 3 4 5 6

The weights of the moving The series (extended with forecasts)
average to extract the trend and the trend component

Everything can be done in the same way for other more com;gl '
examples, just with more complex computation
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Conclusions

= Course on time series analysis built at the
requirements of the National Bank of Belgium

= Difficulty of self-training : keep attention by a
combination of pedagogical methods
= Additional difficulty :
v clever use of sometimes difficult methods
v without requiring mathematical skills

= 2 versions : basic and advanced

= At the advanced level :
v autocorrelations of MA(1) or AR(1) processes
v roots of polynomials
v representation of trading day effects 78



A more detailed presentation can be
organized on request

Avalilability outside of the
framework of the National Bank of
Belgium
IS under study

Translation in English is under way
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