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Analyza ¢asovych radov

* Mame mesacné data - pocty cestujucich aerolinkami:
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G. E. P. Box, G. M. Jenkins: Time Series Analysis: Forecasting and Control.

* Otazka: aky bude dalsi vyvoj?
|
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Analyza ¢asovych radov

* Vidime rastuci trend a sezéonnost (mesiace).
* Rozklad v R-ku: pl ot (deconpose(| og( AP)))
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Analyza ¢asovych radov

* |ntuitivhe: ak nenastane nejaky Sok, zachova sa rastuci
trend a sezonnost, teda nejako takto:
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* Otazky: Ako to vyjadrit kvantitativne? Ako urcit' presnost’
odhadov, ako zostrojit interval spoflahlivosti?

* Alebo tiez: Ako boli vypocitané hodnoty, znazornené na

predchadzajucom obrazku?
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Box a Jenkins

Time Series Analysis:
Forecasting and Control, 4th
Edition

George E. P. Box, Gwilym M. Jenkins,
Gregory C. Reinsel

ISBN: 978-0-470-27284-8

Time Series [
Analysis [

FOURTH ELNTION

"A modernized new edition of one of the most trusted books on
time series analysis. Since publication of the first edition in 1970,
Time Series Analysis has served as one of the most influential
and prominent works on the subject."

http://eu.wiley.com |
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Box a Jenkins

&N

"The first paper you wrote with Jenkins has been considered as
a breakthrough in statistics. How do you become interested Iin
time series?"

Rozhovor s G. E. P. Boxom po oslave jeho 80. narodenin
http://halweb.uc3m.es/esp/Personal/personas/dpena/articles/boxlJFinter4.PDF
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Historické poznamky

* Zo zaCiatku: casove rady v ekonometrii, bez zohfadnenia
zavislosti pozorovani

®* Cochrane & Orcutt (1949). dosledok korelovanych rezidui v
regresii

* Durbin & Watson (1950-51): test na identifikaciu
autokorelacie prveho radu v reziduach

* Box & Jenkins (1970) : jednorozmerné modely pre Casove
rady - OBSAH TOHTO KURZU

* Granger & Newbold (1975): tieto jednorozmernée modely
davali Casto lepSie predikcie ako velké ekonometricke
modely (niekolko stoviek rovnic)
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Historické poznamky

Robert F. Engle Il Clive W.J. Granger

The Sveriges Riksbank Prize in Economic Sciences in Memory of Alfred
Nobel 2003 was divided equally between Robert F. Engle Il "for
methods of analyzing economic time series with time-varying volatility
(ARCH)" and Clive W.], Granger “for methads of analyzing economic
time series with common trends (cointegration)".

http://www.nobelprize.org

* ARCH model a jeho zovSeobecnenia - TIEZ SUCASTOU

TOHTO KURZU |
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Zaujimavost

* Manzelka R. Engla sa narodila v Presove, v r. 2005 spolu
navstivili PreSov

Rob, Marianne, Jordan and Lindsey in
Williamstown 2002,

http://www.nobelprize.org/nobel_prizes/economics/laureates/2003/engle-autobio.html
http://www.presov.sk/portal/?c=12&id=3590
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Zakladné pojmy - obsah prednasky

 Casovy rad, momenty

* Stacionarita, ergodicita

* Biely Sum

* Woldova reprezentacia

* Autokorelacna funkcia, testy o autokorelacnej funkcii
* Operator posunu
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Casovy rad, momenty

* Stochasticky proces z1,...,z7 - Uplne je charakterizovany
T-rozmernou distribucnou funkciou

* Obvykle sa zameriavame len na prvé dva momenty:
° stredna hodnota F|x]
° variancia Var|z|
° kovariancie Cov|zy, x|, Nazyvaju sa autokovariancie
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Stacionarita a ergodicita

* Vacsinou mame len jeden Casovy rad - jednu realizaciu
nahodneho procesu — aby sa dala robit’ Statisticka
Inferencia, potrebujeme dodatocné predpoklady

* Napriklad: na to, aby sme odhadli strednt hodnotu, ...
potrebujeme viac ako jednu realizaciu tejto nahodnej
premennej

* Ergodicky proces - vyberové momenty pocitané z
casového radu s T pozorovaniami konverguju pre T' — oo k
zodpovedajucim momentom

* Tento koncept ma zmysel iba ak predpokladame, ze
Elx;) = p, Var[z] = o%,... preVt
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Stacionarita a ergodicita

* Sjlna stacionarita; zdruzena distribucna funkcia sa nemeni
pri posune v case

* Obvykle sa pracuje so slabsim predpokladom — slaba
stacionarita:

(1) Bz = p Vi
(2) Cov|xy, xs] = ~(|t —s|) Vi, s

z (2) vyplyva: Var|z:| = const. pre Vt

* Dalej budeme pod stacionaritou rozumiet slabu
stacionaritu

|
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Stacionarita - data

* Stacionarny casovy rad: data su pritahované k urcitej
rovnovaznej hodnote, okolo ktorej osciluju

* Nestacionarny casovy rad: napriklad trend

|
Casové rady - tivod — p.14/34



Stacionarita - data

°* PRIKLAD 1

Japanese annual motor vehicle production for 1947-1989
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http://data.is/RVcjbL

Vidime:
rastuci trend = stredna hodnota nie je konStantna =
casovy rad nie je stacionarny
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Stacionarita - data
* PRIKLAD 2
Relativha cena: ak sa dva tovary predavaju na tom istom
. - ; ~ .
trhu, ich relativha cena by sa mala pohybovat okolo urcitej
rovnovaznej hodnoty
Chart 3.1 lllustrating stationary and non-stationary data series
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In Chart 3.1 above, Panel A shows a data series that is non-stationary — it shows no tendency to return to a stable value
over the period. Panel B, on the other hand, shows a stationary data series — the series rapidly reverts to a constant
long-run value over the period. If two products are in the same market then we would expect the relative price of these
two products to behave in a similar fashion to the data series in Panel B.
|
I
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Stacionarita - data

Chart 3.2: Price of Scottish Salmon relative to the price of Norwegian salmon in the UK
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The above chart shows that the price of Scottish salmon relative to the price of Norwegian salman in the UK appears
to vary randomly around a constant long-run value, which suggests that the relative price is stationary. The econometric
test for stationarity confirms that the relative price of Scottish salmon is stationary, which is what we would expect to
observe if Scottish and Nerwegian gutted salmon compete in the same product market in the UK.

An Introduction to Quantitative Techniques in Competition Analysis, Lexecon, 2005
http://www.crai.com/ecp/publications/full_list.htm.
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Biely sum

* Biely Sum {u;} - dllezity priklad stacionarneho procesu

E[ut = 0 vVt
Varlu] = o° Wt
Covlug,us)] = 0 Vt#s
M\ Rl

e Zakladny nahodny proces, pomocou ktorého budeme
definovat d'alSie, aj modely pre data
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Stacionarita - priklad 1

* Nech wu; je biely Sum, definujme

Lt — Ut —+ Ut—1

* VypocCitame:

E[z)] =0, Varx] = 20°
o2 pre [t —s| =1

0 prelt—s|=2,3,...

Cov|zy, xs| = {

— proces je stacionarny
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Stacionarita - priklad 2

* Nech u; je biely Sum; definujme

B U1 pret =1
vt Y1 +ur pret =2,3,...

° y; sada zapisat ako y; = > _; u;

* Vypocitame:
Ely:] =0, Var[y] =to?

2

Covlys, ys| = 0 min(t, s)

— proces nie je stacionarny
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Stacionarita - priklady 1, 2

* Porovnanie trajektorii procesov z predchadzajucich dvoch
prikladov:

o vlavo - stacionarny proces (pr. 1)

© vpravo - nestacionarny proces (pr. 2), vidime rastucu
disperziu
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Stacionarita - priklad 3

* Nech {u:}2__ je biely Sum, definujme
(3) Ty =+ Y P,
7=0

pricom koeficienty ; spliaji Y22 ¢? < 00,4 = 1
* Vypocitame:

E[ ] s VCL’I“ZEt ZZID
7=0

o
2
Covzt, Topk] = 02 > Ytk
. o, 7=0
s proces je stacionarny
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Woldova reprezentacia

* Predchadzajuci priklad: proces x;, ktory ma tvar (3), je
stacionarny

* Da sa dokazat':
Kazdy stacionarny proces x; sa da zapisat' v tvare (3) , t. j.

@)
Ty =g+ > Piury,
=0
pricom koeficienty ; spliaji > 1?2 < co,40 =1 a wu
je biely Sum

* Toto vyjadrenie stacionarneho procesu sa nazyva Woldova
reprezentacia (Wold, 1938)

|
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Autokorelacna funkcia - motivacia

* Vlavo: y; = uyg, vpravo: y; = 0.9y;_1 + uy

* Realizacia procesu a ako zavisi y; od y;_1
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Autokorelac¢na funkcia

* Autokorelacna funkcia (ACF) stacionarneho procesu:

)
i 50

Cov(xy, Tiyr)
\/Var(:ct) Var(zi,)

p(1) = Cor(x¢, x4yr) =

* Plati:
p(0) =1, p(r) = p(-7)
— staCi nam pocitat' p(7) prer=1,2,...
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Autokorelac¢na funkcia

* Ergodicky proces — stredna hodnota, disperzia a
kovariancie sa daju konzistentne odhadnut z dat

L1y...,TT.
T

T
1 X 1 N2
= tE—l x, §(0) = T E (2 — f1)

t=1

T—T1

7)== > (@ — ) (wegr — 1)

t=1

— konzistetny odhad autokorelacnej funkcie:

- je asymptoticky nevychyleny
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Autokorela¢na funkcia - testy

* Odhad ACF v pripade bieleho Sumu:
© asymptoticky nevychyleny
° variancia ~ 1/T

° = priblizny 95 % interval spolahlivosti: +2/+/T, Casto
sa zobrazuje spolu s odhadnutymi autokorelaciami

* V pripade stochastickeho procesu, pre ktory p(7) =0 pre
T > k, pre tieto = plati

Var|[p(T) ? 1—|—22p

|
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Autokorela¢na funkcia - testy

* Testovanie, Ci dany casovy rad je biely Sum:
1. interval spolahlivosti +2/v/T pre kazdd autokorelaciu

samostatne
2. testovanie nulovosti p(1),...,p(m) sucasne:
°© Box & Pierce, 1970: za platnosti Hy asymptoticky
plati

Q= TZp ~ X

° Ljung & Box, 1978: modlflkaC|a S lepSimi
vlastnostami pri menSom pocte dat:

— P(j)2 2
: —J
g=1
© pocet stupnov volnosti sa zmeni, ak ide o rezidua z

modelu
|

|
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Autokorelacie ¢asového radu - priklad 1

* Vygenerujme 150 nezavislych realizacii N(0,1) rozdeleni a
(teda biely Sum):

]

1 T

I I I I
0 50 100 150

Time

* Autokorelacna funkcia v softvéri R:
° funkcia acf , napr. acf ( x)
o autokorelacia pre lag O je vzdy 1, m6zeme ju
vynechat, napriklad takto: pl ot (acf (x) [ 1: 20])

|
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Autokorelacie ¢asového radu - priklad 1

* Pouzitie funkcie acf + hranice intervalov spolahlivosti

R R Console

> acfix)
> 2/=gre (150)
[1] ©0.1632993

> |
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Autokorelacie ¢asového radu - priklad 1

* Bez nultej autokorelacie:

Series X
t") | | ‘ | ‘ | ‘ I ‘ | ‘ ‘ |
< 5 ‘ ‘
=== —
5 10 15 20
* Otazky na zopakovanie: Lag

° Aku hypotézu vieme testovat pre kazdu autokorelaciu?
o Kedy sa tato nulova hypotéza zamieta?

> Co dostavame v nasom pripade?
|

|
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Autokorela¢na funkcia - priklad

* Ljung-Boxova Statistika:
° v R-ku funkcia Box. t est

° testujme napriklad hypotezu, ze prve tri autokorelacie
su nulové:
Box.test(x, |ag=3, type="Ljung")
* Otazky na zopakovanie:
© Aka sa vypocita testovacia Statistika?

° Aké je pravdepodobnostné rozdelenie Statistiky za
platnosti nulove] hypotézy?

° Pre aké hodnoty Statistiky sa hypoteza zamieta?
© Ako sa vypocita p-hodnota?
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Autokorela¢na funkcia - priklad

e Dostaneme: > sex.test (x, 1ag=3, type="Liung")

Box-Lijung test

data: =
X—=sguared = 1.7655, df = 3, p—value = 0.6225

* Pristup k p-hodnotam:
Box.test(x, |ag=3, type="Ljung") $p.val ue
— dame do cyklu vykreslime p-hodnoty pre jednotlivé lagy
a porovname s 0.05 — co z tohto vyplyva?

l l
(@)
(e]
(@)
@)
o
(@)

P values

00 02 04 06 08 1.0

Index I
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Operator posunu

* Operator posunu (lag operator) L - uzitoCny pri praci s
casovymi radmi

* Vrati hodnotu procesu posunutu o jedno obdobie dozadu:

Lxy =211

* Vlastnosti:

@)

@)

@)

mocniny: L%z, = L(Lx;) = x4

L’ =1 jeidentita: (1 — L)x; = xy — x4_1

pocitanie s mocninami: L?(L3) = L°

nasobenie: (1 —0.5L)(1 —0.3L) =1 — 0.8L + 0.15L"

ak c je konstanta, tak napr.
(1—01L+2L%)c=(1-0.1+2)c=209c

Casové rady - tivod — p.34/34



	Anal'yza v casov'ych radov
	Anal'yza v casov'ych radov
	Anal'yza v casov'ych radov
	Box a Jenkins
	Box a Jenkins
	Historick'e pozn'amky
	Historick'e pozn'amky
	Zauj'imavosv t 
	Z'akladn'e pojmy - obsah predn'av sky
	v Casov'y rad, momenty
	Stacionarita a ergodicita
	Stacionarita a ergodicita
	Stacionarita - d'ata
	Stacionarita - d'ata 
	Stacionarita - d'ata 
	Stacionarita - d'ata 
	Biely v sum
	Stacionarita - pr'iklad 1
	Stacionarita - pr'iklad 2
	Stacionarita - pr'iklady 1, 2
	Stacionarita - pr'iklad 3
	Woldova reprezent'acia
	Autokorelav cn'a funkcia - motiv'acia
	Autokorelav cn'a funkcia
	Autokorelav cn'a funkcia
	Autokorelav cn'a funkcia - testy
	Autokorelav cn'a funkcia - testy
	Autokorel'acie v casov'eho radu - pr'iklad 1
	Autokorel'acie v casov'eho radu - pr'iklad 1
	Autokorel'acie v casov'eho radu - pr'iklad 1
	Autokorelav cn'a funkcia - pr'iklad
	Autokorelav cn'a funkcia - pr'iklad
	Oper'ator posunu

