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CviCenie 3: Modelovanie volatility (ARCH, GARCH, ...)

:: ARCH a GARCH modely ::

* ARCH - autoregressive conditional heteroskedasticity - ide teda o modelovanie nekonStantnej disperzie
® GARCH - generalized ARCH
e Referencie na prvé ¢lanky s tymito modelmi:
o ARCH model:
= Robert F. Engle, Autoregressive Conditional Heteroskedasticity With Estimates of the Variance of
U.K. Inflation, Econometrica 50 (1982), pp. 987 - 1008.
o GARCH model:
= Tim Bollerslev, Generalized Autoregressive Conditional Heteroskedasticity, Journal of Econometrics 31
(1986), pp. 307 - 327
= Stephen J. Taylor, Modelling Financial Time Series, John Wiley, Chichester, 1986

¢t The Sveriges Riksbank Prize in Economic
¢ Sciences In Memory of Alfred Nobel 2003

“for methods of "for methods of
analyzing economic analyzing economic
time series with time series with
time-varying common trends

volatility (ARCH)" (cointegration)”

Robert F. Engle I Clive W.]. Granger
D 1/2 of the prizs D 142 of the prize

Usa United Kingdom

Mew York University University of California
Mew York, NY, USA San Diego, TA, USA

b 1942 b. 1934

Titles, data and places given abowe refer to the time of the award.
Photos: Capyright @ The Nobel Foundation

http://nobelprize.org/mobel prizes/economics/laureates/2003/index.html
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e Vytvorime vektor vynosov a zobrazime ich priebeh:

%8 EViews

File Edit ©Object Wew Proc Quick Opfions Window Help
series wynos=dlog{goog)

B Series: VYNOS Workfile: GOOG2::Untitled\ ﬁ
Yiew |Proc | Object |Properties | [Print |Name |[Freeze | |Sample ||Genr |[Sheet GraphE
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* Autokorelacie a parcialne autokorelacie nie su signifikantné, Q Statistika st tieZ v poriadku. Zda sa teda, Ze vynos je konstanta
plus biely Sum.
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Correlogram of VYNOS

Date: 1211011 Time:; 12:14
Sample: 1/03/2007 1241372011
Included observations: 257
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e (dhadneme tento model:

Dependent Yariable: VYNOS

Method: Least Sguares

Date: 1241011 Time: 1218

Sample (adjusted): 102007 12/07/2011
Included observations: 257 after adjustments

Coefficient Std. Error t-Statistic Frob.

C 0.000984 0.002840 0334844 07380
R-snuared 0.000000  Mean dependent war 0.000984
Adjusted R-sguared 0.000000 5.0 dependent var 0.047124
S E. of regression 0.047124  Akaike info criterion -3.268165
Sum squared resid 0.568503 Schwarz criterion -3.264358
Log likelihood 420 9582  Hannan-Cluinn criter. -3 2626172

Durkbin-\Watson stat 2.040712

e ACF a PACF rezidui st rovnaké ako pre pdvodny casovy rad, ked’Zze sme od neho iba odratali konStantu.
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Correlogram of Residuals

Date: 1241011 Time: 12:16
Sample: 1A10/2007 12/07/2011
Included observations: 257

Autocarrelation Fartial Correlation AC PACZ O-Stat Prob

't I 1-0.022 -0.022 0.1204] 0.749
I I 2 0138 0139 £.18583| 0074
i ai 4 -0.064 -0.060 B6.2864| 0.083

l 4 0013 -0.008 B.3337| 0176

I 5 -0.026 -0.009 E.5046] 0.260
| B 0128 0123 10.630] 0.101
7-0.021 -0.014 10.743) 0.150
8 0.083 0.027 11.743] 0.161
4 -0070 -0.053 13.115] 0157
10 0.028 0.015 13.326| 0.20B
11 -0.050 -0.026 13997 0.233
12 0.008 -0.021 14.007| 0.300

[
[
[
[
[
[
! 13 -0.156 -0.147 20857 0.080
[
[
[
[
[
1

[
Ll
[
L
|

14 0.033 0.019 204600 0.103
15 0.020 0078 21071 0135
16 0071 0.048 22470 0.124
17 -0.035 -0.040 22816| 0.155

18 -0.045 -0.0687 233701 0177
10 n4nn nndan e 104l no10e

I

|
|
|
|
|
|
o
11
1]1
|
|
|
1

B Fquation: UNTITLED Workfile: GOOG2::Untitled\

Representations logram of Residuals
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i

B Fquation: UNTITLED Workfile: GOOG2::Untitled\

M[Ohject] [Print][Na me ][Freeze ] [Estimabe ]@Ecasﬂ[@]h—esid

Correlogram of Residuals Squared

Date: 12410411 Time: 12:17 ot

Sample: 102007 12/07/2011

Included observations: 257
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Ak by boli rezidua bielym Sumom, aj ich druhé mocniny by boli nekorelované
o proces s meniacou sa disperziou. Na prednaske sme si ukazali, Ze takyto priebeh sa d4 modelovat” ARCH a ARCH

. Toto nasvedcéuje tomu, Ze nejde o biely Sum, ale

:: Definicia modelov a ich odhadovanie ::

® Opakovanie z prednasky:

ARCH a GARCH modely

u nie je biely Sum, ale

[ o
ug = \/ o} .

kde 1 je biely Sum s jednotkovou disperziou; teda
wy ~ N(0,07)

ARCH model (autoregressive conditional
heteroskedasticity) - rovnica pre disperziu o7:

a 9
— 1 5 et e L1t
T, Wty g "'“n“”f—,'r

Ohranicenia na parametre:
na zabezpecenie kladnosti disperzie:
w>06q,.... Op-12 0,0, >0
kvoli stacionarite:

) i R, o Pl

Modelovanle velatility - ARCH o QARCH m

odely P81
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ARCH a GARCH modely

o GARCH model (generalized autoregressive conditional
heteroskedasticity) rovnica pre disperziu o7:

2 7 2
gy = u.,-’+(1]_Hlf__1—...+t"lpf£||_1”

. o8 2 .2
+I'j‘]-g!l—]. T = + ;i{go—i_q

e Ohranic¢enia na parametre:
na zabezpecenie kladnosti disperzie:

w > 0010000051 2 0,0 > 0
Bigoss ._-"fq_l >0, -'3,]. =10
< kvl stacionarite:
(a1 +...+ap)+ (Bi+...0,)<1

« Casto sa pouziva GARCH(1,1).

Modelovanie volatility - ARCH a CGARCH madely p-11/156

e (Qdhadovanie (G)ARCH modelov v EViews:
o Zacneme rovnako ako doteraz - Quick - Estimate Equation. Tu z moznosti v ¢asti Methods vyberieme ARCH -
Autoregressive Conditional Heteroskedasticity:

Equation Estimation

Specification ‘ Options |

Equation specification

Dependent variable followed by list of regressors including ARMA
and POL terms, OR an explicit equation like Y=c{1)+c (%X,

¥¥Nos C

Estimation settings

Method:{ LS - Least Squares (MNLS and ARMA)

LS - Least Squares (MLS and ARMAY
Sample:|TSLS - Two-Stage Least Squares (TSMHLS and ARMA)Y
Gk - Generalized tMethod of Morments

BIFEET - Binary ChoIce ([LOgI, Fropit, EXxTeme valle)
ORDERED - Ordered Chaice

CEMSORED - Censored or Truncated Data (including Tobit)
COUNT - Integer Count Data

QREG - Quantile Regression (including LADY

STEFPLS - Stepwise Least Squares

o Potom zaddme poc¢et ARCH a GARCH ¢lenov:
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Egquation Estimation

Specification ] Options ]

Mean equation -
Dependent followed by regressors and ARMA terms OR explicit equation:

-

l konstanta, AR a MA cleny

Variance and distribution specification

V=

MﬂdEIZ GARCH/TARCH . ﬂdh-duleme GARCH
model

pocet

ARCH a GARCH clenov

P, LR EalecLEa et

2 2 2 p €Elenov
7y ! -1 ”cl-”."—]. o g “.l-'“.'_j,
h 2 2
i -ilga._[ TR j\r,l"T,u.-,f- q clenov

:: Priklad - pokracovanie ::

e (Odhadneme ARCH(1):
o Ohrani¢enia na parametre s sphené:

B Fquation: UNTITLED Workfile: GOOG2::Untitled\ F'__|ﬁ

[View ][F'ruu: I[Oh ject] [F'rint ][Name ][Freeze ] [Estimate ][Furecast][Stats ][Resids ]

Dependent Wariable: YYNOS

Method: ML - ARCH (Marquardt) - Maormal distribution
Date: 12410/11 Time: 12:20

Sample [adjusted): 171072007 12/07/2011

Included nbservations: 257 after adjustments
Convergence achieved after 7 iterations

Fresample variance: backcast (parameter = 0.7)
GARCH = C(2) + CAFRESID- 112

Coefficient Std. Error z-Statistic Froh.

C 0.003426  0.002938 1.166832  0.2433

‘ariance Equation

C 0001737 0000176 8851405 00000
RESID-142 0.2734R4 0080924 2 457688 00140
R-squared -0.0026894  Mean dependent var 0.000984
Adjusted R-squared  -0.010588 5.0 dependent var 0.047124
S E. of regression 0047373  Akaike info criterion -3.290493
Sum sguared resid 0570035  Schwarz criterion -3.2480R4
Log likelihood 4268283  Hannan-Cllinn criter. -3.273832

Durhin-Watson stat 2.035229

o Korelogram druhych mocnin rezidui v§ak nevyhovuje:
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|Corre|ogram of Standardized Residuals Squared |

Oate: 1211011 Time: 12:20
Sample: 102007 12/0772011
Included observations: 257

Autocarrelation Partial Correlation AC FAZ O-Stat Frob
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e Podobne ak odhadneme ARCH(2):
o Ohrani¢enia na parametre s sphené:

B Fquation: UNTITLED Workfile: GOOG2::Untitled\

[View ][Prclc ][Oh ject] [Print][Na me ][Freeze ] [Estimabe ][Furecast][StatS ][Res idls ]

Dependent Variahle: VOS5

Method: ML - ARCH (Marquardt) - Mormal distribution
Date: 12110/11 Time: 12:21

Sample (adjusted): 1102007 12/07/2011

Included observations: 257 after adjustments
Convergence achieved after 8 iterations

Presample variance: backcast (parameter = 0.7)
GARCH = CY) + CEVRESID-1)"2 + CAPFRESID(-2)%

Coefficient Std. Error z-Statistic Froh.

C 0002286 0002346 0803189 04219

Yariance Equation

C 0001434 0.0oo17a 8387210 0.0000
RESIDE-1)2 0130801 0.076867 1.6358430 0.0892
RESID-22 0.202684 0.084328 2403536 0.0162

F-zquared -0.000766  Mean dependent war 0.000984
Adjusted R-squared  -0012632 5D dependent var 0047124
S.E. of regression 0.047421  Akaike info criterion -3.305794
Sum squared resid 0568938  Schwarz criterion -3.250861
Log likelihood 4287952  Hannan-Cuinn criter. -3.283585

Durhin-\Watson stat 2039151

o Na zdklade korelogramu druhych mocnin rezidui v§ak model zamietneme:
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Correlogram of Standardized Residuals Squared

Date: 121011 Time: 12:21
Sample: 1/10/2007 12/07/2011
Included ohservations: 257
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® Priprocesoch vysSieho radu uz vznikaji problémy aj s podmienkami na parametre - vystup pre ARCH(4):

Dependent Yariable: WYNOS

Method: ML - ARCH (Marquardt) - Maormal distribution

Date: 1211011 Time: 12:23

Sample {adjusted): 1/10/2007 12072011

Included observations: 257 after adjustments

iZonvergence achieved after 14 iterations

Fresample variance: backcast (parameter = 0.7)

GARCH = C(2) + CAPRESID-1)*2 + C4TTREESID{-232 + C(5)
"RESID-3)"2 + CERESID{-4)1*2 + C{7"RESID{-5)"2

Coefficient  Std Error - z-Statistic Prob.
C 0.0024971 0.002952 1.006513 0.3142
Yariance Equation

C 0.001391 0.000233 £ 879092 0.0000
REZID-1)"2 0.119433 0.072629 1.644440 01001
RESID- 232 0158631 0.07e72a 2014818 0.04349
RESID(-3)"2 -0.0073846 0082820  -0.125693 08000
RESID(-4)"2 0 03261 0072009 0114717 03087
RESID-5)2 0.088025 0.064445 1.265888 01720
R-squared -0.001785  Mean dependent var 0.000984
Adjusted E-squared  -0.025828 5.0, dependent var 0.047124
S E of regression 0047729  Akaike info criterion -3.294798
Sum squared resid 05869518  Schwarz criterion -3.197631
Laog likelihood 4303174 Hannan-Clinn criter. -3.255424

Durhin-WWatson stat

2037076
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Dependent Variakle:

WNCS

Method: ML - ARCH (Marquardt) - Marmal distribution

Date: 1210711

Time: 12:23

Sample (adjusted): 171072007 12072011

Included nbservations: 257 after adjustments
Convergence achieved after 32 iterations

Presample variance: bhackcast (parameter = 0.7)
GARCH = C(2) + CAFRESID(-1)*2 + C{4"GARCH(-1)

Coefficient

Std. Errar

Z-Statistic

Frab.

0.003345

0.002644

1.262965

0.2068

Yariance Equation

C
RESID(-17*2
GARCH(-1)

H.07E-05
0.109708
0.855144

B.B1E-05
0.048577
0.0833245

1.330921
2.258448
13.50407

0.1832
0.0234
0.0000

R-sguared
Adjusted R-sguared
S.E. of regression
Sum sguared resid
Log likelihood
Durbin-\Watson stat

-0.002520
-0.014408
0.047463
0.564958
4353683
2035583

Mean dependent war
5.0, dependent var
Alaike info criterion
Schwarz criterion
Hannan-Cluinn criter.

0.000434
0.047124
-3.356874
-3.301658
-3.334B660

o Korelogram rezidui je v poriadku:

1 Correlogram of Standardized Residualsl

Date: 12010411

Tirne: 12:24

Sample: 11072007 12/07/2011
Included observations: 257
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o Korelogram druhych mocnin rezidui tiez:

[Correlogram of Standardized Residuals Squared |

Date: 12/10M1 Time: 12:23

Sample: 1A0/2007 120772011

Included observations: 257
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n a7

:: Odhadnuta disperzia ::

¢ Budeme pracovat' s GARCH(1,1) modelom:

® V okne s odhadnutou rovnicou klikneme na Proc, odkial’ vyberieme M ake GARCH variance series
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B Fquation: UNTITLED Workfile: GOOG2::Untitled\ r:

Frocohject| [Print|Mame [Freeze | [Estimate |Forecast | Stats |Resids
Der Specify/Estimate..,
Met  Forecast. | distribution
Datl  Make Pesidual Serigs...
Sar ke Regressor Group
[nch ke GARCH varamce Series ents
ol Make GARCH Variance Series...
Pre| Make Gradient Group br = 0.7)
GAR Make Derivative Group AP GARCH-1)
— Update Coefs from Equation T o
- T el Error  z-Statistic Frob.
C 0.003345 0.002649 1.262965 0.2066
Yariance Equation
C 9 07E-05 B.81E-05 1.330921 01832
RESID-13 0108708 0.048577 2268448 0.02349
GARCH(-1) 0855146 0.063325 13.50401 0.0000
R-snuared -0.002520  Mean dependent var 0.000984
Adiusted R-sguared -0.014408 5.0 dependent var 0047124
S E. of regression 0.047463  Akaike info criterion -3.3568874
Sum sguared resid 0568936  Schwarz criterion -3.301636
Log likelihood 4353583 Hannan-Cluinn criter. -3.334660
Durhin-\Watson stat 2 035583

a zadame nazov premennej, do ktorej sa maju tieto variancie ulozit”:

Make GARCH Variance

Conditional Yariance: ! | I LK l

| ]

Enter nameds) for the series you want created

¢ Dostaneme:
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BN Series: GARCHO1 Workfile: GOOG2::Untitled\ -

Wiew [ﬁ]object Properties | |Print (Name [Freeze | |Sample |Genr ||Shesat E

GARCHO1

nog

008

007 H

06

005

004

003

002+

001

I:II:II:I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

2007 2008 20089 2010 2011

* Mozeme teraz porovnat’ pricbeh tejto disperzie s vyvojom vynosov - vidime, ako sa zhodujua stabilné obdobia s malou
odhadnutou varianciou a nestabilné obdobia s velkou.
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WYTMHOS

-2
T T T | T T T | T T T I T T T I T T T
2007 2008 2009 2010 201

(GARCHOT
010

008

0086

004 +

002 +

DDD T T T | T T T | T T T I T T T I T T T
2007 2008 2009 2010 2011

Cvicenia z ¢asovych radov, FMFI UK Bratislava, 2010.

E-mail: stehlikova@pc2.iam.fmph.uniba.sk
Web: hitp://pc2.iam.fimph.uniba.sk/institute/stehlikova/
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