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Analyza Casovych radov - Uvod
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Analyzacasovych radov

o Mame mesanée data - poty cestujucich aerolinkami:
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G. E. P. Box, G. M. Jenkindgime Series Analysis. Forecasting and Control.

o Otazka: aky bude d'alsi vyvoj?
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Analyzacasovych radov

o Intuitivne: zachova sa rastuci trend a sezénnost (ak
nenastane nejaky Sok)
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o Ako to vyjadrit kvantitativhe? Ako wit presnost
odhadov, ako zostrojit’ interval spolahlivosti?
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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

Hardcover

Analysis s

"A modernized new edition of one of the most trusted books
on time series analysis. Since publication of the first editi

In 1970, Time Series Analysis has served as one of the mos
Influential and prominent works on the subject."”

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

"The first
as a brea

S

paper you wrote with Jenkins has been considere
Kthrough In statistics. How do you become

Interested

INn time series?"

Rozhovor s G. E. P. Boxom po oslave jeho 80. narodenin

http://halweb.uc3m.es/esp/Personal/personas/dptal@s/boxIJFinter4.PDF
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Historicky vyvo|

o Casove rady v ekonometrii, bez zohladnenia zavislosti
pozorovani

o Cochrane & Orcutt (1949d0sledok korelovanych
rezidui v regresii

o Durbin & Watson (1950-51test na identifikaciu
autokorelacie prveho radu v reziduach

e Box & Jenkins (1970) jednorozmerné modely pre
casove rady OBSAH TOHTO KURZU

o Granger & Newbold (1975}tieto jednorozmerné
modely davaliCasto lepSie predikcie ako velke
ekonometrické modely (niekol'ko stoviek rovnic)
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Ukazka vystupu modelu

» Uvodny priklad o p6te cestujlcich - predikcie,
Intervaly spolahlivosti a porovnanie s realitou:
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Historicky vyvoj

Robert F. Engle Ill Clive W.J. Granger

The Sveriges Riksbank Prize in Economic Sciences in Memaory 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

o« ARCH model a jeho zovSeobecnenia, kointegracia - na
vyberovych predmetoch
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Zaujimavost’

o 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/nobgbrizes/economics/laureates/2003/engle-autobio.html

http://www.presov.sk/portal/?c=12&id=3590
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Casové rady - zakladné pojmy
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Zakladné pojmy - obsah prednasky

» Casovy rad, momenty

o Stacionarita, ergodicita

o Biely Sum

o Woldova reprezentacia

o Autokorelana funkcia, testy o autokoreélaej funkcii
o Operator posunu
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Casovy rad, momenty

o Stochasticky proces., ...,z - Uplne je
charakterizovany'-rozmernou distribénou funkciou
o Obvykle sa zameriavame len na prvé dva momenty:
o strednd hodnot&’[x;]
o varianciaV ar|[x]

o kovariancieCov|zs, 25| , Nazyvaju sa
autdkovariancie
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Stacionarita a ergodicita

o Vacsinou mame len jederasovy rad - jednu realizaciu
nahodného procesuy aby sa dala robit’ Statisticka
iInferencia, potrebujeme doda&tee predpoklady

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

o Ergodicky proces vyberové momenty potane z
casoveho radu’s pozorovaniami konverguju pre
T — oo k zodpovedajucim momentom

o Tento koncept ma zmysel Iba ak predpokladame, ze
Elxy] = pu, Varlz] = o%,... prevt
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Stacionarita a ergodicita

e Silna stacionaritazdruzena distribtna funkcia sa
nemeni pri posune vase

o Obvykle sa pracuje so slabsim predpokladenslaba
stacionarita

(1) Elr = p Vvt
(2) Covlrs,xs) = (|t —s|) Vi, s
z (2) vyplyva:Var[z;| = const. preVvi

 Dalej budeme pod stacionaritou rozumiet slabd
stacionaritu
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Stacionarita - data

o Stacionarnycasovy rad: data su pritahované [Citej
rovnovaznej hodnote, okolo ktorej osciluju

o Nestacionarngasovy rad: napriklad trend
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Stacionarita - data

e PRIKLAD 1

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

Vidime:
rastuci trends- stredna hodnota nie je konStantaa
casovy radie je stacionarny
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Stacionarita - data

e PRIKLAD 2
Relativha cenaak 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

PANEL B

ANAAM M

PANEL A

Relative Price
Relative Price

Time Time

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
lonig-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.
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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 Techniquesin Competition Analysis, Lexecon, 2005

http://www.crai.com/ecp/publications/fullst.htm.
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Biely sum

o Biely Sum{u;} - d0lezity priklad stacionarneho

procesu
E[ut = 0 \va’
Varfu]] = o% Wt
Covlug,us] = 0  Vt+#s
3 : : . 3 . . .
0 20 40 60 80 100 0 20 40 60 80 100

o Zakladny nahodny proces, pomocou ktorého budeme
definovat d'alSie, a) modely pre data
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Stacionatrita - priklad 1

o Nechu; je biely Sum, definujme

Tt = Ut + Ut—1

o VypocCitame:

Elx;] =0, Var[z] = 207
o’  pre|t—s| =1

0 prelt—s|=2,3,...

Cov|xy, xg| = {

— Proces je stacionarny
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Stacionatrita - priklad 2

o Nechu; je biely Sum; definujme

yt{ Yi—1+ur pret =2,3,...

U1 pret =1

o 1y, Sa da zapisat akg = Zle U;

o VypocCitame:

k [yt:

Cov

=0, Varly] =to?

2

Yt, Ys) = o min(t, s)

— Proces nie je stacionarny
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Stacionatrita - priklady 1, 2

o Porovnanie trajektorii procesov z predchadzajucich

dvoch prikladov:

o Vvlavo - stacionarny proces (pr. 1)
& Vpravo - nestacionarny proces (pr. 2), vidime

rastucu disperziu
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Stacionatrita - priklad 3

o Nech{u;}?> __ Je biely Sum, definujme
(3) 1=+ Y jugj,
j=0

pricom koeficientyy; spiaja>=>°  v? < oo, = 1
o VypocCitame:

Ela = p, Var|a Zlﬁ

2
Cov|zy, x| =0 E ViVk;
. L, J=0
— proces je stacionarny
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Woldova reprezentacia

o Predchéadzajuci priklad: proces ktory ma tvar (3), je
stacionarny

o Da sa dokazat':
Kazdy stacionarny proces sa da zapisat' v tvare (3),

(i
Te= At > i,
i=0
pricom koeficientyy; sphaji>-> j¢? < oo, =1 a
w; |e biely sum

o Toto vyjadrenie stacionarneho procesu sa hazyva
Woldova reprezentaci@\Vold, 1938)
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Autokorela&na funkcia - motivacia

o VIlavo: procesy; = wy
Vpravo: proces;; = 0.9y; 1 + uy

o Realizacia procesu a ako zavisiod ;1

Y= Up U~ iid, N(0,1) Y, = 0.9 Yig t U U~ iid, N(0,1)
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Autokorela&na funkcia

o Autokorelana funkcia (ACF)stacionarneho procesu:

(1)
t.]. o) = ~7(0)
Cov(xs, Titr)

VVar(zs) Var(zer)

p(7) = Cor(wy, Tpir) =

o Plati:
p(0) =1, p(1)=p(-7)
— staCi nam paitat p(7) prer =1,2, ...
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Autokorela&na funkcia

o Ergodicky proces- stredna hodnota, disperzia a
kovariancie sa daju konzistentne odhadnut z dat

Llyeoey T
1 < | <
=2 w 40)= =) (w0 — )’
t=1 t=1

1T—T

V(7)) = T > (= ) (egr — 1)

t=1
— konzistetny odhad autokorélaej funkcie:
A7)

A= 50)

- |e asymptoticky nevychyleny

A
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Autokorelana funkcia - testy

o Odhad ACFv pripade bieleho Sumu
o asymptoticky nevychyleny
o varianciax 1/T

o = priblizny 95 % interval spolahlivosti+2/v/T,
casto sa zobrazuje spolu s odhadnutymi
autokorelaciami

o V pripade stochastickeho procesu, pre ktary) = 0
prer > k, pre tietor plati

Var|p(r) (1 + 22,0 )
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Autokorelana funkcia - testy

o TestovanieCi danycCasovy rad je biely Sum:
1. interval spolahlivosti+2/+/T pre kazdu
autokorelaciu samostatne

2. testovanie nulovosiji(1), ..., p(m) sicasne:
o Box & Plerce, 1970za platnostiH
asymptoticky plati

Q= TZ,O ~ X

o Ljung & Box, 1978.mod|f|kaC|a S lepsimi
vlastnostami pri mensom p“):dne dat:

Q) = TT—|—2Z'0 ; ~ X

o pocet stumov vol nostl sa zmeni, ak ide o
reZIIdUé_ Z mOdelu Casové rady - tivod — p.30/33



Autokorela&na funkcia - priklad

o S;-cena akcie GOOGyynos; = log(S¢/Si—at)
o Tyzdenné vynosy, 2009 - 2011
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Autokorela&na funkcia - priklad

o ACF vynosov v EViews:

Correlogram of VYNOS

Date: 08721412 Time: 13:11
Sample: /01,2009 1/04/2012
Included observations: 1506
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Operator posunu

o Operator posunu (lag operatdr) uzitocny pri praci s
casovymi radmi

o Vrati hodnotu procesu posunutu o jedno obdobie
dozadu:

Lxy = x4
» Vlastnosti:
o mocniny:L?x; = L(Lx;) = x4 9
o LV =1jeidentita:(1 — L)z = o — 241
© pocitanie s mocninamiL?(L?) = L°
o nasobenief(l —0.5L)(1 —0.3L) =1 —0.8L +0.15L?
&

ak c je konstanta, tak napr.
(1—-0.1L+2L%)c=(1-0.1+2)c=29c
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