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Abstract

Previous researchers usually use GARCH models in estimating volatility in evaluating value
at risk (VaR) performance. In this study, Bi-GARCH models were adopted in estimating
volatility. The estimated volatility is then filtered by using both State Space Models (SSM)
and Generic Algorithm-Artificial Neural Network (GANN) models. The VaR performances
of these models are compared using back-testings and Kupiec likelihood tests. A total of 745
daily data of Taiwan stock indexes of spot and futures ranging from Jan. 2, 2002 to Dec. 31,
2004 were collected. The results show that the filtered GANN and SSM models are better
then traditional estimation methods for the evaluation of VaR for both stock spot and futures
indexes.
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=

11 1990 4 » Morgan (1996) $R1TE SefR FHLL T IR A - R —<eAanutk
TR | M R2 BB 2 R RS E R - 1994 £ D78 & (Basle
Accord) 9 A JEBEEE Ry RBSAE PR A BLRE - WfY 1996 FFafE gt - udTERibEas 5
1ThASE R SR AY > 1B R A YRR » (5015 m B (B 2 Wik Fy R\ e A B
Y CE - REEAAREA sE S - B R TIEARBERE L - GARCH ~ RN
BEEE SRR - NIRRT 7L - EHHIRIRIAR R A T oy RSB AH = #E
FHHy7=E (Beder, 1995) - H Mtk G &{A] 18 7 14 & /6 BHE Y HiAth /57% (Hendricks,
1996) - JE\BE{E AT & - L BIE S By R TEE > TR T CE W AR o 2 RN
FEI Sk S—RIEE A A4 MR L ks el (Implied Volatility) #EFTTEM » 748
TERIFERENRZ BN > JRUBG A5 T RS ey S22 (Granger & Poon, 2003) -

T T B S EME =AY EE - 2% GARCH (General Auto Regressive Conditional
Heteroskedastic ; GARCH) sXfiRiAVE T #i5% - FF 2583 GARCH AyRdEsioiHiE:
HAW A - AR B 27k - BER 18P - RELFE Ry 52iR (Alexander & Leigh, 1997,
Brooks & Persand, 2003; Gloria, Lee, & Mishra, 2004) - $IEXNEREIHEN S @ thEEH
GARCH A [Fl ks i HA AR /5 R IF AR ~ fIsgEl ~ FPeUET - 1998; &5
Bt - 1996; BRE L - 2000; £AHE » 2003) - #Eith GARCH L& BzE)AE » N7 L5
RYPOER - oA RREIECHYIREE T - STREJEBEENYEEREHEL - SEARANE A P S
B (HR AR RS E 5 - EEIEKEN B R e SavEmi=Ra A S S
PHREIHC - 1M =R < B RBHRIR A FAS Fodit P - (45 B\BE (B n REMLEEAY - IKILL
HRSEE HE S PR (5o i HER) AT HERBRE » bR T HERRTERR M aYRIEST -
A REHRE S FOR BEs - DRI Sci 3T sy 6 Rk (E Ao TR It s e T (Jackson,
Maude, & Perraudin, 1997; Venkatarman, 1997) -

bl r] 20 S ERATE ] GARCH e 551 HAYiEES - DL GARCH &5 HY
BB R R SR (Y 2 BUE - Bl Ede e IR iR - PR A sE i HEL T T
JEBEE Y AR - FERESTE = AP E RIS R IR (RIGEAE - 2001; #AfRER - 2002) - itd
RHVE R IIARR - FREER Y GARCH SR Eh R a8 2% - tHe Bt B e =/ T
A HARRR /] (Akgiray, 1989) ; w] LIS 2 iy B8 & A i By 14 (Bollerslev, 1986) ; i
BRI ARG N - AR B A HE 1 MR th & B 2 #2 & (Andersen & Bollersley,
1998) ; GARCH W28t HE#AE —E /ALl Lay#E#EEREE (Chu & Freund, 1996) -
M58 R HE AR BR 7RG T 5 p9 @ BhAL - S ai @ LT nlRERY (Bl sl i 5 al
B - Ko lA) R A DA 21 < il A g Bl w5 a8 (PR ER - 2000) -

H s i HE LA 22 80y GARCH A THHIEAUY - GARCH fyRRE[AIER
B SRA R e R HERE D RIS e HERE AN PR GG BRUEAR v AR T AR Rl |
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HYFRE - GARCH BEHEFZA9E B, - (2 t{AEmEEARREE » —RIFERKENE
BIARORIG 2B EH E - — R 8 & TR B R g - 7830 o RE & DSy 1 e
(Figlewski, 1997) - JUHIEZE 8L » B n]GE & s rddl vy BB B ZE A BRI IRaR - i
ve B\ BH SRS O A - ek R\ B R R iU i fr (Figlewski & Green, 1999) - Koutmos
B Tucker (1996) #5H! » fEWbki5T - (AAEEBZENIMESER » &1 fBah A B
Pi#& & > Beidm GARCH BAIAYTEMIGE ST - 2 - ARIHFTEEfN A 270 GARCH f&
= 0 I E IR 5 SRR AL T R - DR Y B sy 2k -

LEEAh - HIAR HET T MR E) FEAL B IRE - A0 FRL iy e B &6 BeEh R oA H SR
151 - #EZRZIC GARCH a] DIdks%—JC GARCH BYTEHIAE ST » 1Bk _Eil
FIRE o RS L) [ SR FE ARG - ARWTFERELL TIRREZZRIRIY | e T A g A5t
A FtENREEIET A1 0 B2t GARCH Ay7EMIpEEMEMET 7388 (Filtering) 7h0
DULEH 855 o £% FE Wt 7 ARy 2 X - 28 Rk BhEdts (Moving Windows)
HIA&E Tl - FUFERZEM )N ~ BURF RIS R HA A A Sk A S Tl -

ARREZZ[RIFEAY (State-space Model ; SSM) J 5 IR 2 Ve B IR RE iR = fdutt s
Byte RAY BN RERL B o KRR 22 PR AR HiAe I B T 5 FRIRY S B 15 2 (Ball &
Torous, 2000) - FHix fA1a & H Fallpafs i) SEig Rl (Vector Auto Regressive Moveing
Average ; VARMA) - o #Ffe /£ A AR 22 g 808 - o R PTIE BE Bk (Kalman,
1960) - REML TEMIFE Fy YENE - LHATRIHE BMIEIE &~ (ks ~ B - 2002) -
G+ IR REZE AT B m R B RIS J e S B8 (Akaike, 1976) o [RIFy IRFEZ=ZFEIA R
BV BAFHIRIA o Kl FEAH T E AR B E Ry e B E @ IERI R Y - FERDIRAE 22 EI R 58
Y5 » #2520 GARCH {EEHAITEIIIGE ST » FE LAY R Bt ey -

FHEAEHGE% (Artificial Neural Network 5 ANN) ELESIZAVIE FIAERA B IS e - /o
REHETEE (Tam & Kiang, 1992) Ed<g:Ff i Ay E& THHI (Chang & Wu, 1998; Lam,
2004) - #REATTEETHAS D AR SICREE A A AR Y o AR Y GARCH ZRf5RHY TEHIGE
77 FEES A R RS D IR PR 0 SE R - PRI A THIIGE T - MEE Bz (Lee,
2006) - Kt ASEHZE A B FERRTEE T BERE T J0Y B B LT T B nIME 1E - HASE
RES A R H2 = TR RS B eI T

AW G SR st AN AR M HAR Y B T B ey 7EM - £E5F GARCH ik
KA BAEAEE - HK - A HEEL T - BedreEmTElge s
Fy B E ORI TTEE - P38 AWISEREGEHE LRI T EAEA RGN Moy - Hifesk
EARE o ASEAYAREL0 PR ¢ SE—ARD fERGIR SRS BB - SRR
HRY 5 25 a3t BA i o e S HEE B AR RE 5 SR =0 H R RGIL &} 5 2RISR 7 R B
53T 5 eI o
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a8 \W\RHE
— ~ WHsEEREE

AGHFE LA GARCH AL FRZENE 1% - FHRHG TR B RERA A SEH R e
R ET RS E A FHI - SR EZAE (2001) & RE T 50 B R R S HEN]
GARCH {&% - 1 B REH A0y £ 7 /d FEA A py7EN Ak 5 HLE Bl mySCRRTSAN
GARCH s ARSI E A oA 71k - IRIERAASE P38 GARCH TSR B AYfE A -
JER R ERATR EAE AR ER AR HMIERAYTE RS IAC o HIAME R R &R
A REMETE A SRHY T » 10 B T 558 A At T At e A B LGF - TR Ay Jl o
HEEARR o 52t RER BRI TFEEREE R S IIRFEIEAS - (BB IR AR
HEFAK R m] DURSERY 7RI B BSE - 1 B EEEERRIIET - n] DIEEBIRERE S NS ERY
S30C - A DURESE 85 AU LIS B TRHIRYSERR < AL - W TE HIRRE RS R AR
AT T SR Y TR -

GARCH 11 & M TRy S BB AC 2 o  B mBSs B o T A AR R B oy - By AR
FTHIEH Y Z — » AWFFEAEHIE I AR E Hi 4 R —5F ~ MR =4 » 43 HIERES
GARCH #s&E gtk e A BillnyilE - HR » EERERR 7L - Bbfs s
AEJ TR B AE A EH A DA Y R\ B P A AR =G FOARITERYER e P - IRMEEFER AT
RS o R T E) Y A T SRR - BIRIEEER SR EE I TEARRY - FELL
SRR EE AR il RERSERE © IR ERIFFE R EL Bi-GARCH fEfy GARCH ryE% »
PET TR A IR 22 52388 | 2 fvRefe mrEllRE Jysidi =% GARCH FEE A AyRd)
HE

Fy T Bi-GARCH P Bind JEBS (E A [RIAR AU B - iFeH A AUIR BBz [H] 5
HU B AR AT T U8 L - FEERNRFRIEE - SR N M B S T RE ST - 1R
THASHE RS HIEEE - AT ER A B b =Cay B R R A i i B - ER ST E i E
TEvE o I G A A B S BT R A0k o [RLER TR R SR R A R 50E KA e A R B
(Rumelhart, Hinton, & Williams, 1986) - {E & EM#EEEE X - RS 2 Wl 2 ek itk
1t » RIELERAFTRH s T B A T R, DARHME SR A /il (R LA & - HiRsE
BEREHRIFE R 2B B MERIRIR A K AR TR BRI ARy 228 e
f#BE - FE L DARHEE B AT (BB R A -

S RS (BT BEEE > AR SRR A E NG Bl Kupiec B LG iE (Kupiec,
1995) - FE [tk ELis A [FIR CAY A5 - I fER B =X A e« ERR B 58 R 2 DARE Ry 78
HIEES TR T » RIE PR G AURIRS E A S BB « by TEREEAE A [AIRYESR & - A0 E s
TEAME BEIRAE R &2 AT RERL 7 AR MEREL F 4 ny S B R G FHEI T T
Lo - W IR e S e -
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- EHRERRY
(—) GARCH

#fcf5 Bollerslev (1986) Firfi iy GARCH £z, - ASHTEAE hEkHIC 1% - $%
AR (p)-GARCH (1.1) > #RAIESEAN | -

p

Y, :Zath—i t+ &, @)
i=1

£ 1Q,, ~N(@O,h) ()]

hz = :Bo + 181812—1 + 71ht—1 )

SRR (1) R EaBUirE=l > Y B Yy SR IREREE (JHE) IR = HAR R
# o AIEBSEEFEIAY AR (p) o p RefnfEiEZ2HA% - Hige ) AIC skPuE - 2L (2) #
B TSR -1 HHEERER S (Qu) AR T - 522 (&) BRIESEIIEORZE - R4-2
EYCRIIRTRESC - /712 (3) FvlE i e RE S > Bl GARCH (1,1) - #HA (s
Aok L A7 B FiT A 58 22 S 7 B AR (- s R 2 2 > nT R ARE S (3) MET TR LAY
2t o MFRER (3) 19228 » ARFEEMKE Bollersev (1986) 197 » £%F BHHH (Berndt,
Hall, Hall, & Hausman, 1974) &5 E Tf4Et -
(=) Bi-GARCH

FHRA AR S FenvAseny s 3556 —  [KItkER FH Bi-GARCH Ef T B Ay fhET » 4L
ERIEEE - ABFFEERH VAR (p)-GARCH (1,1) (FF1) - HEAUZRELAN R ¢
SO

P p
S, =0, + ZﬂliSt—i + Z ik + £, 4

i=1 i=1

Al VAR (p) @ BiEzEi p ymEE RIERBHIHEE o B EEE (Vaue at Risk) ffgthl VaR - f£4
X EL B E R TR AT VaR - a By Ve - T VAR $RRIE IR B BGEES
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F=a,+ Z: B..S,  + Z Vo, €, (5)
£,,1Q,,~N(0,h) (6)
€182 ~N(OA,) )
Rt s RO TR
h,=0,+¢,xh  _ +A,xe _ +1,Xh,  +@ X, (8)

2 2
hf,t = 920 + ¢y, X hf,t—l + 2’22 XE;, TTpX h T, XE, 9

s,0—1

hs,f,t =0, + ¢, % hs,f,tfl + /112 XE 4 XE;, (10)

JitE (4) () B~ PHaBUhtet] - it AR (p) M WEAEIRBRE - S Bl F
SrIRFERE T B I E TR R - bR 7 ERRIAAFH A e B8 4 - HERnviliE
B GARCH 8y~ A2 2] - G2 (6) (7) FeB=nusricin] - 525K (8) (9) By
ferfa B R 2 > B GRS (3) A [FIRsth TR B3 B ER T A S i Al AR
IR B EERE ig BEL - IRARRSZ B 53— T AR HA R (4 SR B B R -
e (10) Fofbrft Headt BB RS - ORiF A SR B S BRI (- S SR B B T 5 7R
ZER TR - Bi-GARCH BYZ2BUSEHATR A BHHH ERRET 45T -

() K& 2 AR

WFZEH Ay IR BB 22 [ AU IS E FH A 38R Bi-GARCH AR fS B B - Bl 3
anre -
}—lm = FX}—Zt +GXE, (11)
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h =Hxh +w (12)

T2 (11) BiREESTR2C - hy B fbe s SEBIRRET & - i Bi-GARCH Fiflis
HA PSRt B RA A TT K © ARRE T RE U AR e B Ryt - 2N RS HEE g F Bl
ABIHTAERE G BB E ATV S B B 2 A AR e A S (ERIIBREI e %
TR IGEEAGIRAE o JiEEC (12) Rig iRt h Rl s s BT SR IE L s A
B > BIEEEZRIIRRBMMEnT2EE - H R BBl S (REBUERH - RIR el Jifs
FEEURS > SRTATANEER ROV B BRI = > RIS AR EE RN i R
ARREFA EACAIEE SiRE A - BITR]HEf TRt SR B IR AL -

BR REEIIREE AR h 53 0 @SR iR TR A BB R A B R AK Rt
SO 5 > ORI FRAHEH 40T - DIECE RS FHERE S b BRI S TE R R B
= o FHERLI IR AREEE (Approximate Maximum Likelihood) i3+ g aa ke Bl ]
BT AR - FE AR S ARRE AR AR B IR BB B SR AR B R AR o R iR
VERAE L - FEHHER ANV I A TR R A B ST - BE LRSI T RE
AIARBETRE > 2237 e TR DUES T AR e e B s L -

(19) F4L & B fasb @4 5%

ANTIE FEER P PRS0 S M A Ry 208 - DBy BR IR A E T T SR Uy
MEYE o ARMEBRHEHE B I BRAE B e Ry BE BRI - WA Vi ARy HH Bi-GARCH
BT S B S B BRSO Bh I % DISE 7= AN RS I A A MRS S iR i 2l
HEAT B AL - R i R R VA LB BN - BRI rhEE 2~5 EHEIT
(AR SR R SRy SRR ek B 5 WA A 2 R g BRLRE e R g o I E
R DU K SO HBUE R 0~1 2R - i bafE RIER A B
% (Moving Windows) #£17 » F:flHky 30 K » Frll3lifsiHnyiE4 )y 30 & Bi-GARCH Fy
B BRI - BRI ER Ry 5O {EEER -

HA ARBT5E £R S BhES#E a4y AR B AR TR [ - ERIEL 6 L RS IRI S 3R e A
S BE RS R B o BRI sty A5 RIERFH B8R —HEATH - HRArSH BE i g i S
B~ BRI AT 2 (GF2) - WEEE R P ERR = E 4tk (MAPE) > SR
FHEF SR A T ARASEAY - AR EsoR oS > M bR Bk 10 1% > HiH
{LEEEAAERE > BREGERREE -

FHEREIES T i 5utgfatireE 50 MYy tss » ST EIERIEISHEES - LIk
AEFEARE A 1Y 10 FHPE R RHRYLtRE o Yutald iy #a 7 =00eRE BRIV RIAH (E Ry 28 Y

A2 MRS IER 2B RNW A RS 22 bS5 g R o B A e B PR L P 2 W 1L e R o R SR A e

313



JEFRPORE 2 WAL AL R W AAAY 8 A RO AN R R A TAR Z AR A S AR B R ST A

TS o ERERETC i ARVIRAEN B - ¥HERIRAIE T T # T ASRYIRAE RIS L
TR RS - e HGEN A s eI 8 » DA HE - A gk 20 fHZE R+
X o DIeRTRE it 10 #H () - dLUEHAE sy e i 2 T IR K
TS - DGR B E % 10 AR b o et Ry b ik -

RS2 IE R A 0 CE M SR bR - RIEL AT 2 HEBRZe By r] BE
T o M —TSEhERS - B A 30 BN - DUESIRRE B AR S g A SRy 22
B (T BRSO ES HE TI B IR o FE ISR bRy B -
() B3 FHEBRE®

AN IR % 0E & SEt R e B BHE 0 SR AT BHEE) (Geometric Brownian
Motion ; GBM) - {Eky #ull i G B AR RN T RRAVEEIE |7 - (RER (B nofstE) el
REENAHRR - BZsEEh ]l M YIRS SRR RN ¢

dS =, S dt+ ¢S dw (13)

dw ~ N(O,dlt) (14)

S REERE () AYERMIR - dw RUR & A B > u B oy 53 CERAEIRE] t
NEERER R AIERRS I (Drift) BdzEhtt - ¥R (13) M TERE Y SRR - (HECR
t~T > A]CISEIERAYEEE AV |

AS =S, (uAt+ g evAl) (15)

S.=S+AS§ (16)

t R IRAERGEE - T Ry ESRER > At FORHEIRING o & SR 0 0 BHEE T 1
(AT B HEREHE S o FEASTTZErh L AR BT H SR BB (s 0, 1228 -
Rt P LS A S0 £ S B ARSI (CDF) B9S2 R - Ve habesl & -
ST SR R B i 1 S TR, L (OO T I 5 PR o5 H 500 200 S 1T
10000 ZRAGHLEE » 6 MBI R ARIIERT » LB ILHEANT T 1109 RSS2
AR R 0.01 » HIMES: 1Y F U7 SR 4 oy 0.01 HO¥RmASE - B
oy PR AR -
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= ~ BRI BdE
(—) ' ARE

R BRI E RV sE - AR ITER FH [ Ak s i BURYE 25 - [mIilEA Ay H
BRI <B RIS A 2 8 A5y TRl e ALY (Internal VaR Model) BRI e - IR R AL
R EENERRERHL - IRIBEER G EERE - < VaR K2 i R E Y
PR A TERRNE - 35 B R IE R IRIE A BB e S - KFEC—EBEAZ BL (Outlier) - &
Fiv B BIEAL BEARIN B R 2R R B > BRI ST AYRE SR R a2 i EE=R (Loss Ratio) >
] 375308 EL i IEh 2 s e SR AR AR AR - B AR - RoRa B e AR =
HIRE SRS -
(=) Kupiec #tpL bt €

Kupiec LALLM E RAE 5 0CC & » Bk —{EHR AEL=R#E T & LR - e
B RE ST G BAR e RILER » a2 NEEE R » ol
HYIEREME S - Hfgoe ket 240 b ¢

LR==2In[1-a) " a" ]+2 ln[(l Nt (N/T)NJ ~ 7.0 (17)

e T R ESSIINHEEEAS > N Al (GED) AUKB > o R Jlehsts (BE7k
) » AEREFRISRR L T (Ho: = a0 ) » MOEMAH R EIEHRERy 1 A RAT500 - F5bE
AT LRI © ORI SRR -

2 BN

ANWFEER IR TR IR FEE (BT ) R B SRR A S F e (H
FERUHERT R (HER) SERIER RNy BRI E &R ey T
sl ) PASERHE o IUERFE]R 2002 521 H 1 H 2 2004 5= 12 H 31 H R i S
REYHBER o« HRAHZERY BV AR AIAYEET - I AN AYRSERE - [KIELSE
WV 2% 9 1 85 B 22 8E 7 S50 MR B R AT AR &R - 3 HLE T3 AR TGS, - ABEaE
GARCH FrE A=Ayt Al JR\ B 75 (A AE - HLDUH [RIBIRREL - AN [ELR ST AATRIES T30
Al o D RSB 7 e E - M ERIERURRAEE M S = - ATRE ] DU A8
HPRIS Rk > [KIEL B SE35EHY 2002 25 2004 555 BHAf] »

aniE 1~ &l 2 Aok (S 2oRIE ~ F ZoRIHE) - A5 2002 AR E T8 220

A8 LR TRBR . FERUE B RRERENER AR T R B -
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SHURAE o 177 2003 AR F15 0 B UETRIOTEN - SRCRITSEEEIE 2002 -
2003 62317 BLAR [ A IELAR 05, > DUBBIAR AUAGRS = - A7 2002 - 2003 7
A7 5 HETTRP A SR (TR » 3630 P FRLA B A OS] (=41 TR+ hi A A
BB ET L O -

SEB i S
6500

5500 ¥ "™

4500

3500 \ ‘ s
2002/1/3 2002/4/3 2002/7/3 2002/10/3 HHA

1 2002 FIRE IS EIRERE

5000 f i
4000
2003/1/2 2003/4/2 2003/7/2 2003/10/2 H#
2 2003 FHERAREEEDE
B Bl
— ~ ADF 85

& 1 R EEINE TSR ADF fg5E - & ADF Friusavis 28R 4
JAIRE > SR8 1T RR 2SRRI RTE 1 - RIMESR BRIV 2R > ATSAYHRER
JHRAR{L (Bachman, Choi, Jeon, & Kopecky, 1996) - i LIBET& 1Ry 4 #H - #iEHEA
AEAE 5% SO 1% BUBHE/KUE T - HARSER SRIZRASE ARG BRAR SR A i B -
FTORERERR - HISE DU -
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7= 1 ADF BEiRGFEHFKE—1EH GARCH &#Hl

t St E Pr<t F #iEtE Pr <F
EEN = {1 -14.05 <.0001** 98.78 0.001**
1 B SR AN -14.43 <.0001** 104.19 0.001**

¥ RINE % REEKE [ RINE 1% RAE K

— ~ GARCH sty

AHFZEER E-VIEWS 4.0 #8257 GARCH 1 722853 » GARCH =411
A SE R TG SR AT SR (M —3= 1 Bl —3% 2) » 5% 2 (R i B 20
FEEREEEAARBGE Sy - B IRMIRI LIEE3R GARCH fyRstt: - BRHE M —E ARy
R 2RSS HE R > MAER REEERI G B0 28 HER 2 » B RN
GARCH 53, » FREIA BB SIHET THDE o 25 FoAM a2 M ol P A AU 358 - HIl
FHARC AN RO TR TR B EE Y RE J T EREG HH e - ISR E RHHMEIRY K58 - GARCH AU
AEZIHIE R R BB S - IMEIES AR SR » [RIELERAMT AT DUE i i (e S B 5 A2
A METTIEIEE I TEM o TERANAYRHET o SEe R B ~ MAEEE AR H
B O AN EEMEENE AR - e At R E A AR -

& 2 GARCH (1,1) (#4EE2HSERXIeERE

FE 2002 2003 2002~2003 2002~2004

ek RE™R | ME™SR | BE™S | HEMS | REMS | HEMS | RE™MS | HIEWS

BEET -0.061* | -0.058** | -0.007 -0.002 | -0.003** | -0.006™* | 0.059** 0.075**

R ER | -0.344 -0.901** | 1.006** | 1.003** | 1.005™* 1.005** | 0.929** 0.910**

¥ FRONE 5% BEE KA ;7 FRONE 1% FEEOKE  AREMBIFHEIANREIS -

= ~Bi-GARCH =Vt

ABFFEERH RATS5.0 #E1T Bi-GARCH HYZESZ B2 BUANET - S B ARy 728
BOE ORI 2 - IRHSSR D (M —2% 3~W—2¢ 7) - #ET Bi-GARCH Hij » M4k
SESPBOTRE A RR 22 AR  ARWTSEER AT R E Bl (VAR) RS > DUSR
/N AIC TyPSRFREE - 3% 3 SEROEvE ARG - HHILARITSEIUE Bi-GARCH
AT 2002 FAISETE 72 R =3 » 2003 ££E1 2002~2003 Ay ilvE 22 SR A R VY
S » 1] 2002 ~2004 FEE il v 2= s T ©
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& 3 VAR EEHIE AIC B

AlIC
SEEHAR 1 2 3 4 5
2002 0.131469 0.141613 0.052853 0.058008 0.077903
2003 -1.04258 -1.07247 -1.0568 -1.10003 -1.08196
2002~2003 -0.38684 -0.39685 -0.44868 -0.46797 -0.45845
2002~2004 -0.44482 -0.47735 -0.50071 -0.52314 -0.53131

/R AIC A&/ BIRETEE IS BEHRE 2002 F£5 247 % > 2003 &5 249 £ 52004 £5
249 % > 2002~2003 5 496 % - 2002~2004 F£H 745 &£ -

& 4 TRttt R RBOI R AR SERE R L > w] DUSAIE WTFery 25 AR - /i
SRR 3 At S B B R 1T S IR HRE A A SRR AR AR - SR (ERG IR R IR R B R T 5y
IENFIZ AN AIEH > SFEREN MR - S EISHEH 20 GARCH fRAUHEST
JREE A4 (Brooks & Persand, 2003) 2% 5 Ryfefi-it BT ARE R RAVHEL >
FHRIRERIFE — 2 > AR EIS N R - TURTIARYER 22 7 w2 AN B Y52
B i nusg e - 19 1% AYEEE K HE o (H2¥IR GARCH (1,1) BYkERS R
(3% 2) > MFEIREEATHIA - GARCH ANy ERG IR - At RB0YHREE N
S R 2P TR BRI SN #ees » JRIN ] REAE RN a7 A58 A B R
H 1 GARCH AEARIRF S EEEZIENE - KIHEmRA S 2 T2 780N - 1
L A BB A 2 28 I S SR AE AT IR R 1 2 S Beh - £ R T Bi-GARCH
GARCH [RIfgE R SRAYEZE o FRF R4 BT A NAVRUE R Rl 352 - I fER( i
BT ZEIR - RIEEAWTFORER R SR B R S GE T T BN E RV ST - (B
RI2E > fGRE A - WE SRR B O B A8 0 1 Bl
B - eSSt B B ERAHE -

#F 4 Bi-GARCH (1,1) #4HEBEH A REXIGERE

FE 2002 2003 2002~2003 2002~2004
#iReIE 0.00032832** 0.00018576 0.00026703** 0.00022290**
FIRAE 0.08406735* 0.09196062* 0.06038185* 0.05101970*

RS AT 0.08976691* 0.08900956** 0.08843322* 0.07072579*
TEETEAE ' ' ' '

* FRONE 5% REEKEE; ** ROTE 1% RBEEKE  BAEKHEE 2002 £ 244 =% > 2003 F£H 245 %
2002~2003 F7H 492 ¥ - 2002~2004 FH 740 & -
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& 5 Bi-GARCH RS RHB S ENBERE

FE 2002 ‘ 2003 ‘ 2002~2003 2002~2004
I e HEMSEEFERN

#ip1E 0.00028277** ‘ 0.00016622 ‘ 0.00024136** 0.00017556**
RE™MB

BTHB S (B 28 0.04753859 0.04910352 0.04332990 0.04494046

ATHEA7EE T 77

0.04577711**

0.04516848**

0.04196998**

0.03557076**

HE ™5

BTHAGE B R

0.03700421

0.04417341

0.04487765

0.00979376

RTHRSEZE T3

0.04628178*

0.04351469**

0.04337620**

0.03698875**

I e HEMSRESERN
=R 0.00037877** 0.00020987* 0.00030015** 0.00028056**
REME

BTHAGE B R

0.04453695

0.04767172

0.04139124

0.00045551

RTHRSEZE T3

0.04601669**

0.04547716™*

0.04580817**

0.03791107*

HE ™5

BTHAGE B R

0.03857915

0.04307823

0.00126647

0.04765180*

RTHRSEZE T3

0.04149351**

0.04381295**

0.04570567**

0.03112743**

FFRINVE 5% FEE KAETTRIRE 1% BEEKE  HAEHRE 2002 F£5 244 £ - 2003 FH 245 %>
2002~2003 75 492 % » 2002~2004 £ 740 % -

P9 ~ SIRAEZE RIS (SSM) ity

ABFFEER A SAS 9.0 ETS HEGHHHET HIRREZ2 IR AU Ay BL 2 B it - NI HRF5 1A
IRy SE M T B B AR - AET AN ER T (M —2% 8) © FRIRRRZEH] AR AY g H RF A
FPHIRYHENE - TUA W52 5k Bi-GARCH 555 H ZCAgeEh S 77 A ZE MR BRI A e 1 T
PEWGHEE - KIEL BN HET T ADF #5E > DIEREEDRIAY BURE o i% 6 R ik
BB ERE - ] DU TIRREZE R AIA 54T -

ARRE IR PREE - £R I SUAHR S0 E T T Y« AW 5275 B8 AAIeE - Et
FENTIENERY VAR B £RAT AIC i/ IMERFUSE ie RV 228 IR - Ao TIE
HIAHRH ST IRREIA) 2 AGENGRE RN 7 PR -
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JEFRPRE 72 WAL AL o R R A A 48 M A R DR Al AN R A TR Z AT R

R 6 ADF BRIZEHR—ER SSM &EH

e REHRRSIFRE &7

FE EEE t #ET= Pr<t F #Et= Pr<F
& -10.06 <.0001** 50.64 0.001**
2002
R -10.03 <.0001** 50.30 0.001**
& -10.43 <.0001** 54.40 0.001**
2003
= -10.44 <.0001** 54.54 0.001**
& -15.12 <.0001** 114.63 0.001**
2002~2003
RIS -15.72 <.0001** 123.93 0.001**
& -17.01 <.0001** 144.70 0.001**
2002~2004
R -16.91 <.0001** 143.03 0.001**

*FRINE 5% REEIKIE; YRIUNE 1% RBEEKE  BABHREE 2002 F£H 244 =% 2003 F£5 245 %
2002~2003 %7 492 ¥ - 2002~2004 FH 740 & -

R 7 IREEEIEAGEREIR

FE HRREMm &2
2002 S (T:T) F(TT) S(T+1;T) | F(T+1;T)
2003 S (T:T) F(TT) S(T+1;T) | F(T+1;T)
2002~2003 S (T:T) F(TT) S(T+1T) | F(T+1T) | S(T+2T)
2002~2004 S (T:T) F(TT) S(T+1T) | F(T+1;T) | S(T+2T) | F(T+2;T)
S RAHEMS F RTHETS 0 T FoReEH -
* 8 RETRIEEUGTIRHE
FrE 2002 2003 2002~2003 2002~2004
T2 e9%E0E (F %E68)
F (3,1) 0.585641** 5.443685* 0 0
F (3,2) -0.91769** -5.18493** 0 0
F (3,3) -68.1457** -26.7318** 0 0
F (3,4) 70.58205** 27.67884* 0 0
F (4,1) 0.581118** 5.362438** 0.008507 0
F (4,2) -0.90482** -5.10518** 0.015915 0
F (4,3) -66.6984 ** -26.3446** -0.20291** 0
F (4,4) 69.08685** 27.28160** 0.095367* 0
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R/ 8 RETERMREGERE (F)

FE 2002 2003 2002~2003 2002~2004
F (4,5) 1.024797** 0
F (5,1) 0.337380 -0.87172**
F (5.2) 0.297459 1.632415**
F (5,3) -5.22559** 56.82358
F (5,4) 5.226639** -59.1414*
F (5,5) 0.524292** 28.36280**
F (5,6) -29.8813**
F (6,1) -0.89761**
F(6.2) 1.628477**
F (6,3) 54.42672**
F©4) -56.6514*"
F (6.5) 26.84876**
F (6,6) -28.2865**

% ABIFFFEEE (G %EF#)

G (3,1) -0.50402** -2.09967** 11.97036** -5.74828**
G (3,2) 0.498125** 2.022176** -11.6818** 5.837681*
G (4,1) -0.48704** -2.22717* 12.14035** -5.56656**
G (4,2) 0.484337** 2.141209** -11.9564** 5.667245*
G (5,1) -9.91462** -0.71960**
G (5,2) 9.593547** 0.698678*
G (6,1) -0.73207**
G (6,2) 0.711068**

Y ERIUNEE 5% BEEOKIE T RORE 1% BEEKE o

% 8 Ryl KRBz AR E R E - BB TR E - F R
- G Ryt ABIPETHE I o Lhs S EAYEAY > ] DI 2002 ~2003 a4 AU AHeRS H:
AR AR AR - BERRED - 5N AT RIRG R E 1% - S AU A2
& o Ktk > iz B R A P R AR AY o R ECRTE57 » IKIERANHH ST DAL P9I
PG T B R IEAL -

T~ fEEASERIEARIEEHERS (GANN) (47
AWFEsRH SAS 9.0 IML ffiges - H1THIR LU IRPEmMASHERS - 0 I RPE
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JEFRPORE 2 WAL AL R W AAAY 8 A RO AN R R A TAR Z AR A S AR B R ST A

TSRS Y TR SRS B A 2R O vf - FIR IS E R g Y LE RUEE > IRIER AT S i
SPICHE SRS 1 50 PR SR A IR e A i 1y 22 B DLURe PRI AR Sy B2 4B AR -

R 9 WIEREIRTERIEY

= | 2002 |

2003 ‘ 2002~2003 ‘ 2002~2004
RE™MB
MAPE ‘ 0.2729% ‘ 0.2639% ‘ 0.2685% ‘ 0.3704%
HAE ™5
MAPE ‘ 0.1689% ‘ 0.3629% ‘ 0.1767% ‘ 0.2666%

7N~ TR fiE e b Bl B

AWTFE R FHSE R AR ARERE 1A TR MR 5 fc ke 10000 K - 5% 8 r A E YRR
K5 0.01 > 53 FUTHH F3L Py $H 78 02 JRE (B - F iR 25 L2 25 I IRy fi Seivs 22 B —
B KA FEAE 5 RS E R 5 —EEVHART T DUNER - a2 R RS ey
ATEERE M -

& 10 TRRIEBERLKETR

HARS FEEY SFHR == &/IVE &X{E
RE™MB
GARCH -0.0351127 0.0050976 -0.0462269 -0.0135496
Bi-GARCH -0.0682990 0.0575651 -0.3993718 -0.0151136
2002 HARE ZE 1R R -0.0508201 0.0051331 -0.0596834 -0.0287427
FRTHAT HERE -0.0464595 0.0048090 -0.0630361 -0.0254746
GARCH -0.0216837 0.0050444 -0.0360823 -0.0131957
2003 Bi-GARCH -0.0518743 0.0421618 -0.3570768 -0.0128458
HARE ZE 1R R -0.0325858 0.0028562 -0.0411724 -0.0237776
FATPFE A ER -0.0353400 0.0040861 -0.0475528 -0.0206063
GARCH -0.0216837 0.0050444 -0.0360823 -0.0131957
Bi-GARCH -0.0518743 0.0421618 -0.3570768 -0.0128458
2002~2003
HARE ZE 1R R -0.0325858 0.0028562 -0.0411724 -0.0237776
FE RIS RS -0.0353400 0.0040861 -0.0475528 -0.0206063
GARCH -0.0290006 0.0087922 -0.0536585 -0.0143492
Bi-GARCH -0.0603572 0.0516734 -0.3635251 -0.0108849
2002~2004

HARE ZE 1R R -0.0434658 0.0093235 -0.0775644 -0.0077760
FE RIS A RS -0.0393289 0.0056039 -0.0666352 -0.0196929
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BAEHES

& 10 TEARZEMLFEETR (&)

A
]

® 5205 24

HARS FC%itl F® A m=/ME mAE
HETS
GARCH -0.0405622 0.0087541 -0.0629511 -0.0024132
Bi-GARCH -0.0673702 0.0556599 -0.3967366 -0.0162788
2002 HK REZ2 AR AU -0.0500228 0.0049094 -0.0590981 -0.0290997
KO A A B -0.0456000 0.0045127 -0.0587395 -0.0284425
GARCH -0.0241383 0.0053358 -0.0392194 -0.0156790
2003 Bi-GARCH -0.0521249 0.0423765 -0.3605663 -0.0131431
YKEEZERSAERY | -0.0329678 0.0030263 -0.0411233 -0.0242958
KETH A B -0.0356062 0.0041452 -0.0476447 -0.0226598
GARCH -0.0241383 0.0053358 -0.0392194 -0.0156790
Bi-GARCH -0.0521249 0.0423765 -0.3605663 -0.0131431
2002~2003
YKEEZERSAERY | -0.0329678 0.0030263 -0.0411233 -0.0242958
KO A A B -0.0356062 0.0041452 -0.0476447 -0.0226598
GARCH -0.0325941 0.0111293 -0.0691403 -0.0151471
Bi-GARCH -0.0609194 0.0507411 -0.3521268 -0.0122420
2002~2004
YRREZSRGMEHRY | -0.0638317 0.0130150 -0.1125137 -0.0159861
KO A A B -0.0579276 0.0078516 -0.0968317 -0.0264210
“WHHEE 2002 ~ 2003 FE7 202 2 » 2002~2003 E7 443 % » 2002~2004 F4 693 % -
= 11 [EHRIE B Kupiec #E{LIEbie 45 R EEER
FE g Ei={: ] GARCH Bi-GARCH | AKREZMMRE! FATHATHERS
: RIhE= 98.5% 97.0% 99.5% 99.0%
f By 1.5% 3.0% 0.5% 0.1%
2002 Kupiec LR 0.418* 5.184* 0.639* 0
AT 96.0% 97.0% 98.0% 97.5%
;H'H SR 4.0% 3.0% 2.0% 2.5%
= Kupiec LR 10.242 5.184* 1.525* 3.148*
. RIhE= 96.0% 98.0% 99.0% 99.5%
2003 = S Ey R 4.0% 2.0% 1.0% 0.5%
Kupiec LR 10.242 1.525* 0* 0.639*
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= 11 [EFRIELEE Kupiec B EE4EE #5 RELER (18)

FE s EiE GARCH Bi-GARCH |AXREZEEMERY | FAMASHEIS
. R INER 96.5% 98.0% 98.0% 99.0%
2003 f SR 3.5% 2.0% 2.0% 1.0%
Kupiec LR 7.564 1.525* 1.525* 0*
= R Th =R 97.3% 97.1% 98.4% 99.1%
. e e 2.7% 2.9% 1.6% 0.9%
20022003 Kupiec LR 8.908 11.019 1.280* 0.044*
“ R Th =R 96.8% 96.2% 97.5% 98.0%
N SR 3.2% 3.8% 2.5% 2.0%
Kupiec LR 13.289 20.947 6.968 3.667*
= R Th =R 97.1% 97.7% 99.6% 98.8%
= e e 2.9% 2.3% 0.4% 1.2%
Kupiec LR 16.505 8.756 2.859* 0.159*
2002~2004
" R Th =R 96.1% 97.5% 99.6% 99.4%
" SR 3.9% 2.5% 0.4% 0.6%
Kupiec LR 33.892 10.519 2.859* 1.476*

*#&* LR Kk#EiBEFT 0.01 BRFE 5 T AR RFp9E X ; E8 KE 2002 ~ 2003 5 202 # -
2002~2003 5 443 & » 2002~2004 FH 693 £ -

& 10 T 7HE R\ e (B SHET TRIGHLRRS G TR B BT B > AT ATG) B mid 55 R THI 2%
o 3% 11 S RARESUs EAVRE IR - A RlEE Kupiec EBILEARE - HIRYRBETE
Ty K ATREIRZL » T DA AT URER | ARITER A IR A RORARE T 2R R AiTE 22 Bl
RSO ERURG IR - FELLA IS BORTE - B STk B —SERE ATty - 2002 F i

22U - AR BN TS AR AR FSRAALL - £REELEAE 0.05 7245 » {#1 Bi-
GARCH i =i A > By 0.3 /245 » 1 2003 SR 2 UAMTES » fEH BRI

REARUAY R IRFEDL - FEHEs= AR hAE 0.02~0.05 /545 @ {#5 Bi-GARCH AyEE#ESEwEA - F
0.4 /45 - 5k GARCH Ei Bi-GARCH 19725 F3KE - Bi-GARCH 5 &/ i 1uzEh s
3R o IRl mT IS A [R] TES 0B RS B AR TI B ry TR > [RIEE ] DU 2
2 i 1 RPN R 22 (ol EC TR B E AR HE FE BRI 2% - (EAR S th T REFE A il
JEBE B e RS -

T AR B2 [ 51 28 Endjieh 68 A0 B 1y 2R B b A ME S AH TS /)N - JRIRIAE A 3 U8 Bi-
GARCH Fiif&i EHI SRS 20 S > (15 B E A A S PSSR - HERRSR Ry 55 TR ARG 52
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2 - G AR SR IN LIS & > 1 HARYE R )N [HH S RAIIA GARCH
R o AELR #5E L > B 1 2002 IR E M R PUER = nl #2324 » GARCH #&:(
(e H AR AR BN E A - HIEKIE GARCH FREEAR AT DUHE B BN #E ACER - (5
E MR IR SR A A KR - (E1S TR RS EAYERE () REA - RIS AY
BN o Sl HIRRAYT - BefT Rl LIS SR BN RRZZ M5 2R Bl e S A e s
#REE Bi-GARCH BRI AAYAT - I IRIFEFIRTRE 22 AR AU B e A i 5 2 (95 B
TEAEZ 28 » 5 {0y Ak (R Bi-GARCH FEMINY JEBSE AR S © 1 His Mifsi
HIPH BRAZRIRERY E R S HAR T AL MRaEE: Bi-GARCH IR T Ty FLAF -
Kt AR —F R B > AWFSe R IR RE 22 A B B i ST T Bl B (H i 3 - —
SR TERIEY R BCREAR > — TR EAYE Ry s gathn] DIk - S 26y a]
SEHES -

EFRESERERER Gy - ARTEAAY M LB B — AR R TSRl - {B4E LR B9kE E -
GARCH #i Bi-GARCH #lE N FIRE o AL CAAIRY I > SRARRRZ2 A i AU
FENTRF AT EE AR RIRR - AR AR RS - SIS B (E Y TR SR #GE - KL -
I I P By R\ (i BRiesee > AR IR E SR Y 2Bl i e s iR » 1TE — B RERYHK
7 » GARCH £ Bi-GARCH JRFs AN E A - MIRREZR RN A R idray - i
ME > HELLL LR AT B EIRRAYRT R - AWTFERE Ryl RER 22 IR B i FH LA
THH RS EAVEES S i A -

& 12 BLRATEAEIERIER

FE min | EiR | AEERMRE ISR | =R (%) =EEREHER(E)
HE 99.5% 99.0% 0.5 1.01
2002
HE 98.0% 97.5% 1.5 3.03
BHE | 99.0% 99.5% 0.5 1.01
2003
WE | g 98.0% 99.0% 1.0 2.02
BE | x 98.4% 99.1% 0.7 3.10
2002~2003
HE 97.5% 98.0% 0.5 2.22
HE 99.6% 98.8% 0.8 5.54
2002~2004
HE 99.6% 99.4% 0.2 1.39

TRAEXUAMIIR  ZERENFYASHRIEHNRERUERG S ; 8 & E 2002 ~ 2003 F£5 202
% -~ 2002~2003 75 443 % ~2002~2004 F75H5 693 ¥ -

2 12 Ryl RREZE Al AU B i S s PRI R S0 2 S e - H = BUGHE
%

‘£ 2 EETET
FEH PR IUARERIGE BRI » R 2 S B I R UH g 2=

HHIRE > PRy
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TEHIRSOAE S, - AETHHE AR R o BB —aR ~ WS BLLER 2 = AL -
TE R TRBIAESCE ARV - FoRER RN ~ PSSR - iR TEIIRERK
FRE © IRIEEANTFERE Ry RG22 [ 152 AU Bl S i I BB (R RE JTERIEHE RLAF

% 13 Bl 14 T KRR Fa] e AU Bl i i 25 SRR PH RSS2 52 - RSB
A PR S B AT SR SRe P - AR REZE R AR = AR AE 2 BT 5B
& TSR A A AR AR 1 (BT BT - 22 RERRG ] > O S Es AE %
SAMIFYZZ ST HA - AETRH RS (E EAYZRIAIFRASE © IRRR 22 IR B i % A
TEHRBEE - SRR - EEEARE T © 8 R EREERIRIE R - AERE KRR ZE
IR B e > AR T i RS TR B - Sl AT T RS (B A 7H -

R 13 AREEEIR TSNS E L ER

2002 2003 2002~2003 2002~2004
FE
98.75% 98.50% 97.95% 99.60%
2002 98.75% 0 0.25% 0.80% 0.85%
2003 98.50% 0.25% 0 0.55% 1.10%
2002~2003 97.95% 0.80% 0.55% 0 1.65%
2002~2004 99.60% 0.85% 1.10% 1.65% 0

TRAEN ARINE  BFEERNEREEXNNREREM -

& 14 FWHEHEESIAENFHEREAIES

2002 2003 2002~2003 2002~2004
FE
98.25% 99.25% 98.55% 99.10%
2002 98.25% 0 1.00% 0.30% 0.85%
2003 99.25% 1.00% 0 0.70% 0.15%
2002~2003 98.55% 0.30% 0.70% 0 0.55%
2002~2004 99.10% 0.85% 0.15% 0.55% 0

TRAEN ARINE  BFEERNEREEXNNREREM -

AWTFE R 52 b TRRHARA S = PRI B R DRy ek > L3S 2002~2003 46l
2002~2004 FERYAH IR HIETTERGY » S /R W R rh S e BB LU 1% - 3 RS
JEFTRTRHIEE R > Al sl e M A FE Ry mm A MHravsRs - WALl E
ML E R RIS 15 v > GARCH #fAUER Bi-GARCH 581 AU -
{EF P& TR B BUARss Lhd - GARCH 5 By TH Ik <R A B T 10y
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25 > {B4E 2002~2004 fERYIAE i b o WERER A S5 R AIRIAOR - IR R R
GARCH ERURyER & - A & JRIAAE AR {E Ay TR L - A st ARiseed 0203 fHE
0204 ryIRE R AVE FEAGR - PL AR B i B B ER E Eayith 7 - i 4E Bi-
GARCH Ry kth=R Mg g GARCH RAVAEIRE - FonE A R IAHR

MGRIRRZ NS - 125 I GARCH MTHIIIRE IR M B AR RSy rTRE - A8+
ZNHIFRARRRZ2 IR BY B i s AR s e - A rhilliie | B TR Sk

T S EgRE T IR U FRRATRE J T BLAS E T

7 15 VaR {858 AE—GARCH &£zl Bi-GARCH &zt

FE 2002~2003 2002~2004
B RE™MB HAE ™5 NE™MH HAE ™5
GARCH
2002 98.45% 97.94% 97.44% 96.92%
2003 96.39% 95.98% 97.19% 97.19%
2004 96.79% 98.80%
Bi-GARCH

2002 96.91% 95.36% 96.41% 96.41%
2003 97.19% 96.79% 95.98% 97.59%
2004 95.98% 98.39%

FEFRRIHARI AYIG N » BAMFRAIRITI R ESBERRR -

& 16 VaR 1238 bz — AR AR 22 fE B AR S s

FE 2002~2003 2002~2004

B RE™MB HAE ™5 NE™MH HAE ™5
HAREZE AR B

2002 98.45% 96.91% 99.49% 99.51%

2003 98.39% 97.99% 100% 100%

2004 99.20% 99.18%

FRTHAT HERE

2002 98.45% 97.42% 98.97% 99.48%

2003 99.59% 98.39% 99.59% 100%

2004 97.99% 98.79%

FEFRRIHARI AYIG N » BAMFRAIRITI R ESBERRR -
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FEDE BTSSR - FRMMHS%1 GARCH Ry A RIERE - A A & 4Eff = i
S TR AR 2 - (E2 AR A TR U 07 B R B8 A Bk Y 22 28 < 1 Bi-
GARCH f&3, - B aEFyfE = GARCH MUY BB EAVTHIIAEDT - (BRI
KBRS > #Eme GARCH 2 Bi-GARCH - &Rk A~ oy Al g B FEiR =, o S
ARREZE[AI R AY B ARG - B0 7H S B\ (B AAess B Ao BT - #RE Y GARCH
Bd Bi-GARCH #8241 - ¥ A1 HAR] A AT BIRE S T 8E A [RITE S A9 T S 7E IR0
SEFS ARV ESR LA R - TR B A THIIRESSUR 4 © S Eh ST TR DY
R % > Bi-GARCH fRAAYRESKAESI G TS - BR 7R 7 HBIEERAYE RS - thAE
FAREHERIE A AR LER - FEH R EIE - B E AR - A RESm E EAE 2 T
HYELR o RIS, - T DAL s iy g T e i BRSO TR - [RIEEAE R m
DI R E < - 2= Tee S E i 2 onlt: -

{h - FEomERERH
AWFFEEIE 2002 £ 1 H 1 0% 2004 4 12 H 31 H GBS EERE -
HET 745 =& > /] GARCH -~ Bi-GARCH R  LLUR 2 IR RE 22 [R] AR AU B AR
FEHETT Bi-GARCH BN BIE[L - £ F S SRR AR MG IR BEE - 36
FEETPHEN AL B Kupiec BUBRELLLAE - BEaete =il & (4 - filam(E3R Eriil
SeHAE TG EREERD » SEFTIRERZZ R AY DL S e s et A GARCH S fiRis Ay
BRSBTS - 0 BTSSR H sk ey B\ (B SO GARCH RAYME SRS (H > FoR
W ADEACBHAIRE AT DR EEASE S MERYTEIL T - BERTBG SRn RIERAVREE - BR
Lbzgh - R RIAR] GARCH SRR A AR e Ry e AN s AR, - ARREZ2fAIRAY
EUEESHYERAE TR AOREETE 2R BT - 2O S IR RR 2 [l AR Y B L [RURE S Y
% o RS PR F A H DR AR AR T TR (B TR AR SR 3R TR R 1 52 © 1T A 2R R
SRR > ARWTSEEEEE GARCH fRUrh - RIRETFAEE TR E MREAviEss - (H24E
2002 %] 2004 FEayHE ST > THAIRERIRAN 23R LT a2 - I ATITA T2
FEPER MR RS 1T AE - (H220 2002~2003 4RI TE IS FigEge - A
Feaels Ll GARCH Z7 B\ AT - JERL B A B e g A - HA =
RS T B ESRYTAAE - RUR B SERr e Ay =R K57k - ER AR A
JE\BgEE A= TRE
Wil 22 < R BRI Y I A B R ST < R ol FEEBSR LSBT > DRTIEL R o B A sl B
2 o BAEEREIEE BEREIT T - SSRISIE SO EIR - 2R EH S0 RbEHE
Y - SRRy 3 &) | - REBE LA IR » AWTFEATEE SZAYR L - — 5 Al 2L
ARG RAIR AR ATRENE > 53— i O] DGR AGHE 2 - ] (ARt
TERHEYERE S N E T AR AR EE - ] DUCRy R R R e B A e (A5 - 42

328



BEXEHME 205 520

V7 HSERER AV RS SRR o FHRYARITZEAO AL n] D[RR B B AN Rl T s Z T B TR A
FHE S22 > ] LLEE e tt SR B I O R0 SRR AR BRI B REAHRH AREL -
AR LURBE B R IR AR AL & BOE R R BReE L & A9 JRUSa s BRAR S -

FRAS AWTFEER 5 #8581 T S0 Je (B 5 Bl = 5025 s S0P IR(Ef e B E 1 Ry
Mo s » AL 2] GEA S B R TTATR R kLR IR - n] REerE s iRk Te s
Y ST B AR T S RAE P FE AR TR SEETTSE AR IT SEAURE R IS HGZ 2 - AWTFEER A
ARREZZ IR E R P (LA > [ R M AU A R ] REE: p IR M R 22 A A A 22 B
AR - Rl AR fE TR SUTEB B\ AR BeR « AFSEHSH T = R ERHET T4
M T ERME R a0kt > NS SR THIIEE Dt n] RESZ 2R A0BRA - fR<T
IS EREA VI = A RO L S 2 HIERERYTEI HE AR B I -

329



JEFRPORE 2 WAL AL R W AAAY 8 A RO AN R R A TAR Z AR A S AR B R ST A

BER

EAER > 2003 » HFEFI G E L 5T - BN R R B S E A R R < iH
L o (Wang, Chien-Yin. 2003. Market risk VaR models for financial holding
company. Unpublished master's thesis, Graduate Institute of Business
Administration, NTU.)

TokEE ~ B > 2002 0 TR = HGEBL AT Y - AREEZE MRAL 2 EH > FEZR S
HYI 70 #H : H 48-65 - (Goo, Yeong-Jia, & Wan, Wen-Lung. 2002. Study of
major events on the interrelationships about stock price index in the straits and

Hong Kong: The application of state space model and intervention model.
Monthly Journal of GreTai Securities Market, 48-65.)

YRR ~ ATEg el ~ PeCET - 1998 - T RS E M S B85 DLaE i 28 RIAET 3
ZFRBl > RSP SR - 22 J © H 57-76 - (Shen, Da-Bai, Ko, Chiung-Feng,
& Tsou, Wu-Jer. 1998. Measurement of Value at Risk: A case study of Taiwan
listing company. Soochow Journal of Economics and Business, 22: 57-76.)

MRORER - 2002 » WGHESE I RREABEL SN RS B RS 92 » BN AR SRR S B
B R R e+ 32 - (Lin, Pao-Lin. 2002. A study on increasing Monte
Carlo Simulation Method's ability for assessing Value-at-Risk (VAR).
Unpublished master's thesis, Department of Business Administration, NTPU.)

M > 1996 » FEIAMERE R T AT Ut B EETAY - SREARERISI R AR R i
sz - (Wung, Shin-Bin. 1996. The market risk measurement of the warrants of

the issuer. Unpublished master's thesis, Department of Economics, SCU.)
IRFEEAE - 2001 » HEERIRRALE TR (H SIS © DIE RIS MY - Fer K%

I R JE AT A HIBRZ i3/ 52 - (Chang Cheng, Chang-Chien. 2001. A

study on improving the simulation methods' effects for value-at-risk: An

empirical study on Taiwan Stock Market. Unpublished master's thesis,
Department of Industrial Engineering and Management, 1SU.)

BREEL - 2000 - BB EAS IR AL BT 52 © DIG st i hl - #7 REVE BRI
SERT AR R B #m 2 - (Chen, Yimel. 2000. The study on the Value at Risk
model: An empirical study on Taiwan Stock Market. Unpublished master's

thesis, Department of Industrial Engineering and Management, SU.)

Akaike, H. 1976. Canonical correlations analysis of time series and the use of an
information criterion. New York, NY: Academic Press.

Akgiray, V. 1989. Conditional heteroskedasticity in time series of stock returns: Evidence
and forecasts. Journal of Business, 62 (1): 55-80.

330



BABHERSE H204 524

Alexander, C. O., & Leigh, C. T. 1997. On the covariance matrices used in value at risk
models. Journal of Derivatives, 4 (3): 50-62.

Andersen, T. G., & Bollerslev, T. 1998. Answering the skeptics: Yes, standard volatility
models do provide accurate forecasts. I nternational Economic Review, 39 (4):
885-905.

Bachman, D., Choi, J. J., Jeon, B. N., & Kopecky, K. J. 1996. Common factor in
international stock prices: Evidence from a cointegration study. | nternational
Review of Financial Analysis, 5 (1): 39-53.

Ball, C. A., & Torous, W. N. 2000. Stochastic correlation across international stock markets.
Journal of Empirical Finance, 7 (3/4): 373-388.

Beder, T. S. 1995. VaR: Seductive but dangerous. Financial Analysts Journal, 51 (5): 12-
24,

Berndt, E. K., Hall, B. H., Hall, R. E., & Hausman, J. A. 1974. Estimation and inference in
nonlinear structural model. Annals of Economic and Social Measurement, 3 (4):
653-665.

Bollerdlev, T. 1986. Generalized autoregressive conditional hetreoscedasticity. Journal of
Econometrics, 31 (2): 307-327.

Brooks, C., & Persand, G. 2003. Volatility forecasting for risk management. Journal of
Forecasting, 22 (1): 1-22.

Chang, K. H., & Wu, C. S. 1998. A gray time series model on forecasting the Chinese New
Year effect in the Taiwan stock market. Journal of Gray System, 1 (1): 55-63.

Chu, S. H., & Freund, S. 1996. Volatility estimation for stock index options: A GARCH
approach. Quarterly Review of Economics and Finance, 36 (4): 431-450.

Figlewski, S. 1997. Forecasting volatility. Financial Markets, Institutions and
Instruments, 6 (1): 1-88.

Figlewski, S., & Green, T. C. 1999. Market risk and model risk for a financial institution
writing options. Journal of Finance, 54 (4): 1465-1499.

Gloria, G. R, Lee, T. H., & Mishra, S. 2004. Forecasting volatility: A reality check based on
option pricing, utility function, value-at-risk, and predictive likelihood.
International Journal of Forecasting, 20 (4): 629-645.

Granger, C., & Poon, S. 2003. Forecasting volatility: A survey. Journal of Economic
Literature, 41 (2): 478-539.

Hendricks, D. 1996. Evaluation of value-at-risk models using historical data. Economic
Policy Review, 2 (1): 39-70.

331



JEFRPORE 2 WAL AL R W AAAY 8 A RO AN R R A TAR Z AR A S AR B R ST A

Jackson, P, Maude, D. J., & Perraudin, W. 1997. Bank capital and value at risk. Journal of
Derivative, 4 (3): 73-90.

Kaman, R. E. 1960. A new approach to linear filtering and prediction problems. ASME
Journal of Basic Engineering, 83 (1): 34-45.

Koutmos, G., & Tucker, M. 1996. Temporal relationship and dynamic interactions between
spot and futures stock markets. Journal of Future Markets, 16 (1): 55-69.

Kupiec, P. H. 1995. Techniques for verifying the accuracy of risk measurement models.
Journal of Derivatives, 3 (2): 73-84.

Lam, M. 2004. Neural network techniques for financial performance prediction: Integrating
fundamental and technical analysis. Decision Support Systems, 37 (4): 567-581.

Lee, W. C. 2006. Forecasting high-frequency financial data volatility via nonparametric
algorithms-evidence from Taiwan financial markets. New Mathematics and
Natural Computation, 2 (3): 345-359.

Morgan Guaranty Trust Company of New York. 1996. Riskmetrics-technical document
(4th ed.). New York, NY: Morgan Guaranty Trust Company of New York.

Rumelhart, D. E., Hinton, G. E., & Williams, R. J. 1986. Learning internal representations
by error propagation. In D. E. Rumelhart, & J. L. McClelland (Eds.), Parallel
distributed processing: Explorations in the microstructures of cognition: 318-
362. Cambridge, MA: MIT Press.

Tam, K. Y., & Kiang, M. Y. 1992. Managerial application of neural networks: The case of
bank failure predictions. Management Science, 38 (7): 926-947.

Venkatarman, S. 1997. Value at risk for mixture of normal distribution: The use of quasi-
bayesian estimation techniques. Economic Perspectives, 23 (1): 2-13.

332



EAEHAE £205 520

B %
ff—z= 1 GARCH (1,1) #&£z{ 2002 ~ 2003 1#&FE#ER
FE 2002 2003
his IBE ™IS ‘ HE™MES HWEMH HE™MES
Figggrse
#hih1g -0.000657 -0.001078 0.000547 0.000588
(0.001141) (0.001215) (0.000737) (0.000735)
[0.5650] [0.3750] [0.4584] [0.4235]
B —HIEREN =R 0.012576 -0.095438 0.045837 -0.050295
(0.067174) (0.064624) (0.067556) (0.057422)
[0.8515] [0.1397] [0.4975] [0.3811]
SE 7S — HASREN R 0.054886
(0.060551)
[0.3647]
THEE T HBERAN =R -0.097235
(0.063522)
[0.1258]
wREHEL
EPp1g 0.000437 0.000837 -7.63e-07 -1.39e-06
(0.000192) (6.60e-05) (1.03e-06) (3.69e-07)
[0.02291* [<0.0001]** [0.4602] [0.0002]**
BTHATRZSE S -0.061814 -0.058468 -0.006597 -0.001651
(0.026340) (0.013156) (0.010844) (0.001797)
[0.0189]* [<0.0001]** [0.5429] [0.3583]
BIUHBIE{HE 28 -0.344002 -0.901001 1.006061 1.003538
(0.597938) (0.043376) (0.017475) (0.000282)
[0.5651] [<0.0001]** [<0.0001]** [<0.0001]**
Q (10) 10.909 7.7974 2.7906 4.5478
[0.364676] [0.648621] [0.985931] [0.919271]
Q (20) 15.530 10.630 4.9245 8.9330
[0.745345)] [0.955260] [0.999754] [0.983670]
Q (30) 20.518 15.220 9.3584 14.438
[0.902342] [0.988436] [0.999888] [0.992549]
Q2 (10) 0.216 15.304 5.7100 2.7136
[0.215918] [0.121370] [0.839009] [0.987384]
Q2 (20) 0.289 21.232 16.932 10.298
[0.288715] [0.383610] [0.657417] [0.962440]
Q2 (30) 0.526 25.569 31.879 31.147
[0.525832] [0.696927] [0.373156] [0.408191]
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ff—3& 2 GARCH (1,1) &30 2002~2003 - 2002~2004 1§ EFE R

ERE 2002~2003 2002~2004
g RS HA T HETHH HE TS
T2
#HeE1E 0.000436 0.000603 0.000825 0.001089
(0.000660) (0.000723) (0.000508) (0.000565)
[0.5087] [0.4044] [0.1041] [0.0539]
& = — HASREN = 0.039371 -0.055286 0.066204 -0.031606
(0.054002) (0.052800) (0.038045) (0.035854)
[0.4660] [0.2951] [0.0818] [0.3780]
T 7= = HRSREN = 0.024014 0.016074
(0.045509) (0.049512)
[0.5977] [0.7454]
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(0.047671)
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BEREHERX
#eE1E -1.16e-06 -7.62e-07 2.88e-06 4.69e-06
(3.26e-07) (2.88e-07) (1.57-06) (2.04e-06)
[0.0004]** [0.0083]** [0.0668] [0.0213]*
ATHRTEE E A -0.003312 -0.006310 0.058876 0.075312
(0.001223) (4.11e-05) (0.011501) (0.012770)
[0.0068]** [<0.0001]** [<0.0001]* [<0.0001]**
AT HAGE 2 18 R 1.005162 1.004900 0.928671 0.910126
(0.002121) (0.000745) (0.014242) (0.015081)
[<0.0001]** [<0.0001]** [<0.0001]** [<0.0001]**
Q (10) 5.1425 4.0091 8.2556 5.9302
[0.881459] [0.946938] [0.603882] [0.821090]
Q (20) 8.0447 6.8366 13.357 13.018
[0.991568] [0.997187] [0.861535] [0.876593]
Q (30) 12.622 11.976 18.089 19.934
[0.997746] [0.998626] [0.957074] [0.918241]
Q2 (10) 8.3081 10.026 12.980 12.551
[0.598772] [0.438223] [0.224817] [0.249850]
Q2 (20) 18.539 17.473 17.298 17.833
[0.551972] [0.622101] [0.633518] [0.598418]
Q2 (30) 28.818 29.052 26.761 27.559
[0.527185] [0.514853] [0.635804] [0.593777]
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ff—3% 3 Bi-GARCH (1,1) 2002 ~ 2003 &S EXIGERER

iy 2003
FiyBAIER
IS FE 2 8 IR TREN =
FRiEE IR SRR HA SRR IR SR = HA S SR =
#1618 -0.000872965 0.000835831

(0.001136471)
[0.4432]

(0.000874011)
[0.33989094]

B —HREN =R

0.048888020
(0.215788357)
[0.8210]

-0.034270538
(0.193076736)
[0.8593]

-0.200351425
(0.226556501)
[0.3774]

0.214826801
(0.205398964)
[0.2967]

&= T HAEREN =R

0.224556605
(0.224750973)
[0.3187]

-0.191068420
(0.206204001)
[0.3551]

-0.442321899
(0.247140212)
[0.0748]

0.489030138
(0.229889647)
[0.0344]*

& 2= = MO EREH ==

0.048493254
(0.205214184)

0.008081820
(0.187546987)

-0.446497348
(0.243643810)

0.393648389
(0.230033458)

[0.8134] [0.9657] [0.0681] [0.0883]
% 7= VU HA SR BN == -0.178832005 0.228215787
(0.217312406) (0.203599177)
[0.4114] [0.2635]
R EEE HREEREN =
#hee1E -0.000885215 0.001025403
(0.001266376) (0.000965672)
[0.4852] [0.2894]

B —HREN =R

0.421905036
(0.240454039)
[0.0808]

-0.468596655
(0.215146367)
[0.0304]*

0.322479427
(0.250316394)
[0.1989]

-0.312895669
(0.226939980)
[0.1693]

&= T HAEREN =R

0.481801786
(0.250441127)
[0.0556]

-0.445233059
(0.229774144)
[0.0538]

-0.204850542
(0.273058802)
[0.4539]

0.230082232
(0.253999100)
[0.3659]

&= = HAEREN =R

0.365124401
(0.228671185)
[0.1117]

-0.305237396
(0.208984540)
[0.1455]

-0.240466888
(0.269195718)
[0.3726]

0.179648537
(0.254157993)
[0.4804]

& = VU HASREN =R

0.096415753
(0.240102833)
[0.6884]

-0.020760079
(0.224951443)
[0.9265]
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ff—3% 4 Bi-GARCH (1,1) 2002~2003 ~ 2002~2004 FEH S EEXIGEER

FE 2002~2003 2002~2004
FEITEx
P B A A=
FRrEE B R HRE R HAE A =< R HRE R HA B A
#EEIE 0.000123528 0.000191234

(0.000710047)
[0.8620]

(0.000568159)
[0.7365]

BE— IR =R

-0.050812459
(0.158326093)
[0.7484]

0.074948710
(0.142702700)
[0.5997]

0.006287335
(0.130475508)
[0.9616]

0.034658070
(0.115927828)
[0.7651]

&= T HAEREN =R

0.015787461
(0.165087487)
[0.9239]

0.033169408
(0.153498343)
[0.8290]

0.179233498
(0.139110776)
[0.1980]

-0.168465371
(0.127319566)
[0.1862]

&= — HAEREN =R

-0.135744870
(0.164704341)
[0.4102]

0.152049842
(0.153137062)
[0.3213]

0.088460450
(0.139753960)
[0.5269]

-0.061792846
(0.128691568)
[0.6313]

SEEDUHISRENR |  -0.265046234 0.213936541 -0.026280346 -0.025807296
(0.150597905) (0.139504160) (0.138120979) (0.126599892)
[0.0790] [0.1258] [0.8492] [0.8385]
% = A HASREN R 0.186830570 -0.170840969
(0.124678140) (0.113676711)
[0.1344] [0.1333]
R FEEE HEE SREM 2=
i T R i T R i
#eE1E 0.000221577 0.000299919
(0.000789713) (0.000637888)
[0.7792] [0.6384]
SEFE—HREENER | 0.414592728 -0.427202754 0.495950159 -0.473902399
(0.176090002) (0.158713692) (0.146488532) (0.130155441)
[0.0190]* [0.0074]** [0.0007]** [0.0003]**

&= T HAEREH =R

0.286798240
(0.183610012)
[0.1189]

-0.248265044
(0.170720586)
[0.1465]

0.507447967
(0.156183591)
[0.0012]**

-0.508832852
(0.142945267)
[0.0004]**

& = = HIEREN =

0.171931948
(0.183183878)
[0.3484]

-0.153652507
(0.170318771)
[0.3674]

0.372001509
(0.156905712)
[0.0180]*

-0.342313792
(0.144485653)
[0.0181]*

7% 7= DU A SREN R -0.107971968 0.058811549 0.226704071 -0.260367415
(0.167494725) (0.155156281) (0.144485653) (0.142137268)
[0.5195] [0.7048] [0.1442] [0.0674]

% 7= T MR SREN R 0.339189877 -0.316097267

(0.139979664)
[0.0156]*

(0.127628049)
[0.0135]*
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FE 2002 2003 2002~2003 2002~2004
2 e HEMSEEERN
#ip1E 0.000282772 0.000166226 0.000241366 0.000175568
(0.000084583) (0.000099090) (0.000055476) (0.000032243)
[0.0008]** [0.0934] [<0.0001]** [<0.0001]**
RE™MB

BUHA iR B R B

0.047538590
(0.114604625)
[0.6783]

0.049103527
(0.702904525)
[0.9443]

0.043329908
(0.022457977)
[0.0537]

0.044940460
(0.025075657)
[0.0731]

RTHRSEE 77

0.045777113
(0.005264103)
[<0.0001]**

0.045168483
(0.007377075)
[<0.0001]**

0.041969985
(0.005384734)
[<0.0001]**

0.035570766
(0.002562475)
[<0.0001]**

HE ™S

BTHAIE B R

0.037004216
(0.119980046)
[0.7578]

0.044173415
(0.699067186)
[0.9496]

0.044877650
(0.024758025)
[0.0699]

0.009793764
(0.026410759)
[0.7108]

RTHRSEE 77

0.046281786
(0.003446786)

0.043514696
(0.001725536)

0.043376202
(0.001989211)

0.036988751
(0.001365452)

[<0.0001]** [<0.0001]** [<0.0001]** [<0.0001]**
R EEE HIEmMBIEHERY
#HEEIE 0.000378772 0.000209870 0.000300151 0.000280561
(0.000114369) (0.000105336) (0.000059004) (0.000041731)
[0.0009]** [0.0463]* [<0.0001]** [<0.0001]**
W T

BTHAIE B R

0.044536950
(0.117727233)
[0.7052]

0.047671727
(0.714571578)
[0.9468]

0.041391242
(0.022215589)
[0.0624]

0.000455514
(0.020776353)
[0.9825]

RTHRSEE 77

0.046016693
(0.003588661)
[<0.0001]**

0.045477165
(0.001937995)
[<0.0001]**

0.045808176
(0.002328727)
[<0.0001]**

0.037911074
(0.001412793)
[<0.0001]**

HIE ™5

BTHAIE B R

0.038579154
(0.123740341)
[0.7552]

0.043078234
(0.711025704)
[0.9517]

0.001266475
(0.019155624)
[0.9473]

0.047651806
(0.022121813)
[0.0312]*

ATHAZEEF 77

0.041493514
(0.004865741)
[<0.0001]**

0.043812951
(0.008127973)
[<0.0001]**

0.045705673
(0.006162125)
[<0.0001]**

0.031127433
(0.002083542)
[<0.0001]**
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fff—3% 6 Bi-GARCH (1,1) {24 HERBSEIEEER

FE 2002 2003 2002~2003 2002~2004
#IE1E 0.000328327 0.000185760 0.000267033 0.000222905
(0.000090766) (0.000097647) (0.000054279) (0.000035716)
[0.0003]** [0.0571] [<0.0001]** [<0.0001]**
HITHA % 14 0.084067352 0.091960620 0.060381857 0.051019709
HEBERY (0.009956031) (0.006964742) (0.007092305) (0.005134946)
[<0.0001]** [<0.0001]** [<0.0001]** [<0.0001]**
Ry Th 4581 HA 0.089766914 0.089009561 0.088433228 0.070725791
TEEFRIE (0.000293647) (0.001513444) (0.000239106) (0.000874667)

[<0.0001]**

[<0.0001]**

[<0.0001]**

[<0.0001]**

TERINE 5% FEE KA

ff—3% 7 Bi-GARCH (1,1) 33EHBEF SIS ERER

FROoNE 1% FEEKE () RAIZEER ;[ 1RA p-value

FE 2002 2003 2002~2003 2002~2004
WETH
Q (20) 15.2927 13.1881 12.4733 24.0335
[0.7594] [0.8692] [0.8988] [0.2409]
Q (40) 36.2792 38.3138
[0.6385] [0.5463]
Q2(20) 30.1533 10.1654 12.8609 41.3156
[0.1674] [0.9651] [0.8833] [0.1003]
Q2(40) 19.9464 48.3869
[0.9966] [0.5704]
HA T
Q (20) 18.9731 16.2511 6.9589 17.5599
[0.8785] [0.7009] [0.9968] [0.6164]
Q (40) 29.6023 32.1813
[0.8860] [0.8059]
Q2 (20) 22.7787 19.2840 8.8119 22.5425
[0.2998] [0.5034] [0.9850] [0.3118]
Q2 (40) 20.6605 34.4015
[0.9951] [0.7198]

FERINE 5% RAE KA  RINE 1% REEKE () AAIRER ;[ 1A p-value
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BAEHES

Bfi—3% 8 ARAE IR BUIG ERER

Al 5205 520

R 2002 2003 2002~2003 2002~2004
ZeEsRrE (F 266E)
F (3,1) 0.585641 5.443685 0 0
(0.004600) (0.014516)
[127.31]* [375.00] **
F (3,2) -0.91769 -5.18493 0 0
(0.004750) (0.013874)
[-193.18]** [-373.72] **
F (3,3) -68.1457 -26.7318 0 0
(0.029675) (0.117734)
[-999.00] ** [-227.05] **
F (3,4) 70.58205 27.67884 0 0
(0.030491) (0.125919)
[999.00] ** [219.82] **
F (4,1) 0.581118 5.362438 0.008507 0
(0.004440) (0.013278) (0.006801)
[130.88] ** [403.85] ** [1.25]
F (4,2) -0.90482 -5.10518 0.015915 0
(0.004587) (0.014138) (0.008508)
[-197.25] ** [-361.09] ** [1.87]
F (4,3) -66.6984 -26.3446 -0.20291 0
(0.028683) (0.126543) (0.049862)
[-999.00] ** [-208.19] ** [-4.07] **
F (4,4) 69.08685 27.28160 0.095367 0
(0.029349) (0.110870) (0.048165)
[999.00] ** [246.07] ** [1.98]*
F(4,5) 1.024797 0
(0.003444)
[297.54] **
F (5,1) 0.337380 -0.87172
(0.309559) (0.005655)
[1.09] [-154.15] **
F (5,2) 0.297459 1.632415
(0.327128) (0.005765)
[0.91] [283.18] **
F (5,3) -5.22559 56.82358
(0.918291) (0.020800)
[-5.69] ** [999.00]
F (5,4) 5.226639 -59.1414
(0.896181) (0.022114)
[5.83] ** [-999.00] **
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JEFRPRE 72 WAL AL o R R A A 48 M A R DR Al AN R A TR Z AT R

e REHRRSIFRE &7

F (5,5) 0.524292 28.36280
(0.110999) (0.019176)
[4.72] ** [999.00] **

F (5.,6) -29.8813
(0.020231)
[-999.00] **

F (6,1) -0.89761
(0.005302)
[-169.31] **

F (6,2) 1.628477
(0.005651)
[288.15] **

F (6,3) 54.42672
(0.020218)
[999.00] **

F (6.4) -56.6514
(0.021027)
[-999.00] **

F (6,5) 26.84876
(0.018497)
[999.00] **

F (6,6) -28.2865
(0.019390)
[-999.0 o]**

W ABIHTRERE (G %BEE)

G (3,1) -0.50402 -2.09967 11.97036 -5.74828
(0.004426) (0.014079) (0.018623) (0.007459)
[-113.89] ** [-149.14] ** [642.78] ** [-770.67] **

G (3,2) 0.498125 2.022176 -11.6818 5.837681
(0.004580) (0.014377) (0.018084) (0.007803)
[108.75] ** [140.65] ** [-645.99] ** [748.15] **

G (4,1) -0.48704 -2.22717 12.14035 -5.56656
(0.004269) (0.013709) (0.019206) (0.007140)
[-114.08] ** [-162.46] ** [632.11] ** [-779.61] **

G (4,2) 0.484337 2.141209 -11.9564 5.667245
(0.004419) (0.013808) (0.018624) (0.007480)
[109.59] ** [155.07] ** [-642.00] ** [757.65] **

G (5,1) -9.91462 -0.71960
(0.559944) (0.005882)
[-17.71] ** [-122.34] **

G (5,2) 9.593547 0.698678
(0.543301) (0.006156)
[17.66] ** [113.49] **
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BAEHRE £205 %210

G (6,1) -0.73207
(0.005645)
[-129.68] **

G (6,2) 0.711068
(0.005899)
[120.54] **

*FRINIE 5% REEKEE  VRINE 1% BAEKE ; () RARER [ ] WA p-value
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