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C/pS55 8: COND\TIONAL HETEROSCEDASTIC

MODELS

. IN ™ME CoNTEXT OF FWNANCIAL TIME SERIES
THE VARIANCE OF THE ERROR TERM MIGHT DBE
NON - CONSTANT  oWER TIME ;| 50 1T 1S INTE R ESTING
TO DeScRIBE HOW T EVOLVES OVER TIHE

o ANOTHER IMPORTANT CHARACTERISTIC OF
FINANCIAL RETURNS 1S KNOWN AS
VOLATILITY CcUSTERING

VO(ATILITY CLUSTERING DESCRIBES M€
TENDENCY OF (ARGE CHINGES N ASSET PRICES
TO Fouow (ARGE CHANGES AND SMALL
CHANGES T Towtow SHALe.  CHANGES

'—‘:J ime_

IN GTHER WORDS, THE RCluAL (EVEL OF VORTILITY
TENDS TO BE CORRELATED To \TS LEVEL (N THE
PERIODS, WHICH IMMEDIATELY PROCEED



ONE Wy ToO 570Dy THIS PHENOMENON 1S (z)

o USE  CONDITIONAL HETEROSKEDASTIC. HODELS
ARCH AND  GARCH HODELS

ARCH MHODEL

THE AUTOREGRESSIVE (CONDITIONAL HETEROSCEDASTIC
HODEL 15 SPECIFIED AS :
2

){: = CH d)‘)/t-,*..... t Ce ecfw\((()/ dt)
9 ?- : T
C.—d,o-i'd,l@t’l-r__”-ro{,q et'ﬁ |
THIS MODEL IS REFERRED Ad TO AS ARCH CQ)
W HERE 9 REFEReES To  THE ORDER OF THE

LAGGED SQUARED ERRORS .

A SPecn. cASE OF THIS Mooer 15 ARCH (3)
Glven BY:

yt.-C‘!' cb,yt_,1... tC, et""‘\((o,di)



\Ia.?

TO MAKE SURE THAT THIS C¢ASS OF MoDess
1S APPROPRINTE TFOR THe DA™ , WE NEED

TO TEST WHETHER  PRCH - EFFecTs  ARE

PRESENT IN ™ME RESIDUALS OF  THE

Esnimxtezn MHODers .

ARCH TEST

Ho* NO ARCH EFFECTS
H, + ARCH eFFects

-

B Y -
-
! ¥ [ ]

AUVTOCORREATION OF SQUARED RETURNS REFLECTS
™E VOLATILITY CLUOSTERING  CHRRACTER | STICALLY
OBSERVED IN RETURNS AND S EVIDENCE

OF ARcH .
THIS AN Be TESTED BY COHPONING ROTW

RCF AND THE L3UNG - ROX STANSTIC
USING SQUARED  RETURNS
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CONSIDERING AN ARCH (1) MobeL , A TEST
OF ARCH IS 6IVen By TESTING THAT d =0,
IF THIS HyPomesis 1S NOT RESeceD

™E MODEZ oUNDER W, REDUCES A NORMA,

DSTRIBUNON WINH 26RO MEAN  AND
CONSTANT  VARIANCE

HO" d,|:O
H: d, #0

CONSIDERING AN ARCH ( ?) MOD&/ WE MNIVE:

Yoo c+ 4’7&-.*--- + &, e vN(0, o¢)
O)E Tolptd, B+ . F ol e,
ARCH TEST .
Hot iz, = -'G(/o, -0 (NO ARCH)

H - d,70 oR ... oOR d/9 #0O (HRCH)



GARCH MQODEL

T™Me DRAWBACK OF ARcH MHOPEL 1S THAT OFTEN
IT REQUIRES HANY PARAMETERS

R WY TO socve THiS PROBLEN 1S TO

SPECIFY THE CONDITIONAs VARIANCE  ALS0 RS
A FUNCTION OF TS5 OWN /pa6S .

THE GRARCH  (6enerALIseD ARCH) MoDeL 15
DEFINED NS

yt=C+Cb, Yoy b o . F B et"’l\((ozo)é)

T
= . 2
dt d’0+d’[ e‘:"l +-.. +dq et-q +F| dt2.| +.,.. ‘fﬁp o)tz-P

THIS MoDar 18 Rerereer o ps EARH (p,q)
/

A SPeCific CASE Is Gppen (| ) Mopey

Yo  Ctb Yt re, e vN (0, o)

VA
dc ='do +OLI et: 'I-ﬂ‘ dé-'



e THE ADVANTAGE OF USING THE GARCH MODer
CONPARED T ™ME BQCH/ 1< AT 1T 1S MoRe

PARSIMONIOVS 1N THE £STIMRoN OF ME
PARAMETERS .

THEREFORE, \T IS LESS (iKELy AT We BRERK
THE NON - NEGATIVITY CONSTRAINTS

o MORE SPECIFIPLLY , THE GARCH (1,1) Hope,
CAN  BE RE-WRITTEN  AS AN INFINITL
ORDER  ARCH MODEZ.



Exercise 8.4

BULD THe MHODEL TFoR 3MH STOcK RETURNS

Ol/) PLOT RETURNS  5cpi£s

b) SELECT  T™Me  APPROPRIARE HoDec FoR
GUR  DATH

¥

WE VUSE CORRELOGRAM :

PACF — 1T 15 coMpuTeD TO  IDENTIFY
THE BEST ORD&R OF AR Mob&L

RACF —b 1T 1S (OMPuTeD T IDENTIFY
THe BesT ORDeR OF M Mobér

WE NEED TO TEST THE SIGNIF(OQNCG OF
CORRELATNON P«

° CORRELANION AT (A6 K 15 SIGN(FICANT
F P> &= h .
| K =  Where N= ne obs

o |F H’ f_é = THEN  coRREWITION AT ¢ié Kk
g N

IS NoT SIGNIFICNTLY DIFFERENT TFROM  2eR0
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WE ¢ esTmaTE AN AR(3) MHodec



C) CHECK TFor ARCH EFFECTS
TWO WAYS onN  HOW TU TEST ARCH EFFECTS.

e duTocorrelation of Squared retorms

- WE GENERTE A NEW S5eR(eS 3,
- CORRELOGRAM

“ PCF : CORRELAN O COEFFICIENTS  [rRe

SVANISTIcazcy  St6NTICANT
TLSUNG -Box sTAmsTIc (g STAT)

Ho - NO CORR.,

THIS 1S A JOINT
H ' CORR. .} '

MUTiPee HYPOTHES S

P_NALUVE ¢ . — coRrRRELATON

v

WE  OBSERVE  AUTOCORR EANoOv 1IN SQUARKD
RETURNS . THis Rerecrs VOATILY
CLUSTERING AND

ARCH EFFecT<

\T 1S EviDeENceE OF



o ARCH tesT

WE  CONSIDER AN ARCH (1) HoDEL

rt T .+ ¢| rt_l ¥ ¢2. rt_z‘l' ¢3 rﬁ"j + ee

dg: } d;o +d’l et%,
OR

O}E'_ = oo+ d, e'l:-zl

—D ARCH TEST
THIS 'S & TE8T FopR HEF??RO-‘S@DSSTIC:T/

HO: dz, =0 (NO ARCH EFF&_CT‘.SJ
H,: o, ¥o (ArcH EFFECTS)

N OUR CASE
[°_ VALVE ¢ oL

WE RESecT Ho, 50 Mere 1S B PREsence
OF  AR(H EFFECTS



d) GARCH MODEL

We TEST A GRARCH (1,1) MoDes

(o= C+ &, Y. + ¢, (e ¥ s ey s e, €.: €, J,

& 1
Ie = o+, €2 "Bl

THE  EsTiMATon OVUT PUT  SHowsS THAT

PARAMETRS @,  Anp g, RARE NOT SIGN(F(QnT

WE DROP T™HEM AND  We ESNHATE THe NMODEgs -

2
J: = odo +ol, €2 +R, L
WE ORTRAIN :
ﬂ:= 0.0) = O.08 rt-3+ e’b

dt = 0.000562 + ©0.03S €. +0.385 ot

Sy,

., THIS sud (ot,r/s,) & 4
0 S0 THE SHockS TU ™E
CONDITIONAZ - VARIANCE — ARE
a4 HIGHz.y PERSISTENT
1ndicator of
persistence




e) RESIDUAL  CHECK

RRE T™E RESIDLOAC. L. 1 o7

WE TEST IT BY USING THE CORRELO6RAM (AcF)
OF M™e RESIDUALS

b

THERE IS NO  CORRE/ATON

v

RESIDVALS  RARE A WHITE NoiSe PRocessS

d) FORECAST
We TFORECAST Me (AST YERR (200%) WiITH
A ONE - sTEP AHAHEND TFORECAST
IN  EVIEXWS we HIWVE Two OPTIoNS
— DYNAMIC  TFORECAST

— STANMc TORECAST



o DYNAMIC  CALCUATES  DYNAMIC,

HULT( -STEP FORECASTS STARTING TFROM

THE FIRST PeRiad N e FORECAST SANPLE
IN' DYNAMIC FORECRASTING, PREVIOUS Ly

FORECASTED VALUES TFOR THE (PGCGED
DEPENDENT  VARIARLES ARE USED W FORMING
TORECASTS OF M™MEe  CURRENT  VAryus

* STATIC  CALCULATES A SEQUENCE  OF
NE - ST Atlenp FORECASTs | YSING THE

ACTUAL, RATHER HAN TFORECASTMO  VALUES

FOR CAGGED DepenpenT \/ﬁﬁlﬁsté—‘ﬁ, |F
PVAILARLE



