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Analyzacasovych radov

o Mame mesané 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 Vidimerastuci trencasezonnostimesiace).
e Rozklad v R-kupl ot (deconmpose( |l og( AP)))
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Analyzacasovych radov

o Intuitivne: ak nenastane nejaky sakchova sa rastuci
trend a sezonnosteda nejako takto:
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o Otazky:Ako to vyjadrit kvantitativhe? Ako wit
presnost’ odhadov, ako zostrojit interval
spolahlivosti?
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Box a Jenkins

Budeme sa zaobert najma pristupomiaka a Jenkinsa

Rozhovor s G. E. P. Boxom
po oslave jeho 80. narodenin
(1999):

"The first paper you wrote
with Jenkins has been
considered as a
breakthrough in statistics.
How do you become
Interested In time series?"
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Modelovanie volatility

3

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 methods of analyzing economic
time series with common trends (cointegration}".

http://www.nobelprize.org

o ARCH model a jeho zovSeobecnenitez sicastou
tohto kurzu
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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
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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 autokorélaej 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 kovariancieCouv|xy, 4], tzv. autdkovariancie
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Stacionarita a ergodicita

Vacsinou mame len jedetasovy rad - jednu realizaciu
nahodného procesy aby sa dala robit’ Statisticka
iInferencia, potrebujeme doda&té predpoklady

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

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

Tento koncept ma zmysel Iba ak predpokladame, ze
Bz = p, Var|ry] = 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 predpokladensiaba
stacionarita:

(1) Elr) = p Vi
(2) Covlxg, xs) = (|t —s|) Vi, s

z (2) vyplyva: Var[z;| = const. previ

 Dalej budeme pod stacionaritou rozumiet slabd
stacionaritu
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Stacionarita - data

o Stacionarnycasovy rad: data su pritahované [Cite]
rovnhovaznej 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 konsStantea
casovy radie je stacionarny
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Stacionarita - data

e PRIKLAD 2
Relativha cenaak sa dva tovary predavaju na tom

Istom trhu, ich relativna cena by sa mala pohybovat’
okolo urCitej rovnovaznej hodnoty

Chart 3.1 lllustrating stationary and non-stationary data series

PANEL A PANEL B
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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 reveris 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.
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Stacionarita - data

Chart 3.2: Price of Scottish Salmon relative to the price of Norwegian salmon in the UK

1.2

Relative price
=

0.9

o8 4

Jul MNov Mar Jul Maow Mar Jul Maov Mar Jul
‘a7 a7 ‘98 'a8 "08 199 99 '99 i) 00

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.

Casové rady - ivod — p.15/32



Biely sum

e Biely Sum{w;} - do0lezity priklad stacionarneho

procesu
E[ut = 0 vVt
Varfu]] = o* Wt
Covlug,us)] = 0 Vt#s
. HW\/\ Il

o Zakladny nadhodny proces, pomocou ktorého budeme
definovat d'alSie, aj modely pre data  casove raay - avoa - p.16/32



Stacionatrita - priklad 1

o Nech u; Je biely sSum, definuyme

Tt = Ut + Ut—1

o VypocCitame:

E[th] — O, V&T[th] = 20’2
o pre|t—s| =1

C L] =
ovlzt, ) {O pre [t —s| =2,3,...

— Proces je stacionarny
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Stacionatrita - priklad 2

o Nechu; e biely Sum; definujme

U1l pret =1

yt_{ Yi—1 +ur pret =2,3,...

e 1y, Sadazapisat akg = Zﬁzl U;

o VypocCitame:

) [Z/t:

Cov

—0, Varly] =to?

2

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

— Proces nie je stacionarny
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Stacionatrita - priklady 1, 2

o Porovnanie trajektorii procesov z predchadzajucich
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Stacionarita - priklad 3

o Nech{u;}:° _ Je biely Sum, definujme

©.@)
(3) Tt =+ Z Vjut—j,
=0

pricom koeficienty); spiajay" > 42 < oo, = 1

o VypocCitame:

Elx = pu, Var[z] = Z¢?

— Proces je stacionarny
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Woldova reprezentacia

o Predchadzajuci priklad: proces, ktory ma tvan(3), je
stacionarny

o Da sa dokazat':
Kazdy stacionarny proces sa da zapisat' v tvang) ,

i
Ly — W -+ Z?pjut—jv
=0
pricom koeficientyy; sphaji >-°° 12 < oo, 4 = 1
a u; |e biely Sum

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

o VIavo: y; = us, Vpravo:y; = 0.9y, 1 + wy
o Realizacia procesu a ako zavisiod vy;_1

Xt = 0.9Xt7] -+ U
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Autokorela&na funkcia

o Autokorelana funkcia (ACFstacionarneho procesu:

_ (1)
t. j. o) = 7(0)
Cov(xy, Tiyr)

\/Var(zt) Var(xeyr)

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

o Plati:
p(0) =1, p(1) = p(—7)
— staCi ndam pa@itat p(r) prer =1,2,...
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Autokorela&na funkcia

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

Llyeooy T

T
t=1 t=1
1 T—1
(1) = 2( — ) (@tr — 1)
— konzistentny odhad autokorelae| funkcie:
A7)
)= 50)

- Je asymptoticky nevychyleny
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Autokorelana funkcia - testy

o Odhad ACFv pripade bieleho Sumu:
o asymptoticky nevychyleny
o variancia 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 + 2 Z p(J )
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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 nulovostip(1), ..., p(m) suUtasne:
o Box & Pierce, 1970ak plati H,, asymptoticky

Q= TZP ~ Xom

o Ljung & Box, 1978. modlflkaC|a S lepsimi
vlastnostami pri mensom [ate dat:

Q—T(T+2)Z;L_)j~x?n
=1

o pocet stupnov volnosti sa zmeni, ak ide o
rezidua z modelu
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Autokorelaciecasového radu - priklad 1

o Vygenerujme 150 nezavislych realizasiio, 1)
rozdeleni (teda biely Sum):

MM

I I I I
0 50 100 150

Time

o Autokorelana funkcia v softvéri R:
o funkcia , hapr.
o autokorelacia pre lag O je vzdy 1, m6zeme ju
vynechat', napriklad takto:
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Autokorelaciecasového radu - priklad 1

e Pouzitie funkcie + hranice intervalov

spolahlivosti :

R R Console

> act (x)

> 2/=3grt (150)
[1] ©0.1832993
> |

R R Graphics: Device 2 (ACTIVE)

Series X
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Autokorelaciecasového radu - priklad 1

o Bez nultej autokorelacie:

Series X

0.15
I

ACF
0.05
I

-0.05
I

-0.15

o Otazky na zopakovanie:

o AKU hypotézu vieme testovat pre kazdu
autokorelaciu?

o Kedy sa tato nulova hypotéza zamieta?
o Co dostdvame v naSom pripade?  cssove rady - ivod - p.20/32



Autokorela&na funkcia - priklad

e Ljung-Boxova Statistika:
o V R-ku funkcia

o testujme napriklad hypotézu, ze prveé tri
autokorelacie su nulove:

o Otazky na zopakovanie:
o Aka sa vypaita testovacia Statistika?

o Aké je pravdepodobnostné rozdelenie Statistiky za
platnosti nulovej hypotéezy?

o Pre aké hodnoty statistiky sa hypotéza zamieta?
o Ako sa vypaita p-hodnota?
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Autokorela&na funkcia - priklad

o DostanemE} Box.tes=st (®x,lag=3, type="Ljung™)

Box-Ljung test

data: x
X—-=zquared = 1.7655, df = 3, p-value = 0.6225

o Pristup k p-hodnotam:

— dame do cyklu a vykreslime p-hodnoty pre
jednotlivé lagy a porovname s 0.05 Co z tohto

vyplyva?

I I
(@)
(e]
(@)
(@)
o
(@)

P values

00 02 04 06 08 1.0

5 10 15 20 25
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Operator posunu

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

e Vrati hodnotu procesu posunutu o jedno obdobie
dozadu:

Lxy = x4

o Vlastnosti:

o mocniny: L2z, = L(Lx;) = xy_9

o LV =1 jeidentita:(1 — L)x; = 2 — 241

o poCitanie s mocninamiZ?(L?) = L°

o nasobeniefl —0.5L)(1 —0.3L) =1 —0.8L +0.15L"
&

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