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=~ ~ GARCH Model
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oM H S TS E 9 B (@) fi ARCH  Test, N[ L Bw il H A A U
2 2 2 A2

;zt =%, +7, ;’z—ﬁ‘ 7, /Aj,_z+ ...... Y, MV, VoL did G, RS R R®
AR B TR R -
a3 f@[%ﬁb

Hy pyy =7, =i =7, =0
V.S

H,: at least one y, # 0
$1 1y, R > H pevalue | RCEEH A4S + (SR TOR S E BB R T -

TR B BTSSRI BT LS e S P

T~ [ BT SN AR Engle and Ng (1993)
o @ = T tT?EH?'JFI J GARCH Model J ﬁfTinfB{ﬂ E}.?Hi—,;\ £ g’?‘}hﬁ%‘g K ?j ]Vlv
Gl .

H 2w E(Sign Bias test, SBT) ~ {1y yd:]r]n—dﬁi([\legatlve Slgn Bias test, NSBT) ~ [~
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Brooks,C.(2002)F=2 » £ ¥ F F"ﬂﬁ[“ JHYED, Engle and Ng [I¥ Joint Test - lﬁlﬁ =g
A2

=G+ PSS +PSu +,
Lif u,, <0
S, _{ if i,y
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vkl iid E 7 HJ f@?%

H,: no asymmetric effects (¢, = ¢, = ¢, =0)
V.S

H,: asymmetric effects(at least one ¢, # O)
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SR -

ﬁj g A E‘%Hﬂ‘l\i'“é Elfyﬁl%g ; ﬁﬁ;lmiﬁﬁiﬁj » 4 Y $R5] Ljung and Box Q i#F|
BUSEFE At EI%— B A PR p-value T 0.05 » L EEEAY > [RAE
NG ,ﬁllwfp]}; M E P T g > fligke- T EIE p-value ﬁrj# 0.05 > ¢
S TR T AL ,igllyﬁlﬁrjﬁj L ST -

HJ% | Beta I;gjt 1> £y Pja“fﬁ =34 jg[,gwim{gbj B o Errﬁﬁ“ﬂ Beta @ﬂ?\[
K1 ’iﬁfﬂlﬁlg' | tARFHEIARE o B tvalue £5 0. 1224’ B AT IEI% Fel' ] £l Beta
AR 1o [y ST 0.8270 > A 1o BVl B bW A ESY SR
P T O 12 H P H*ﬂ%ﬁéﬂ”%fﬁ%ﬁﬁ’b P P
i) -

R TR B DAL 5 E BT - SRR B TR LT -
ARCH effect Test ° fLT iy T} GARCH effect i H “?E;Hiﬁ% ARCH effect ° iﬁlﬁl 5| Engle Hd-
i LM(Lagrange multlpher)ﬁ’ Ljung and Box Q sk & Jefmt: » = £ ARCH effect A5

v (AR F1Z[E Q and LM Tests fiV p-values ’F‘ 4 1i" 0.05 » fYFEH HLE T ARCH
effect il ARCH effect e o B S T GARCH effect » Lf'ﬁ[ GARCH =t

Eﬁ*lim E I, FIS7E F V™| Joint Test s Awt: - JH p-Value £% 0.0553 » hE -
14 o e B 47 SV SR i S

9IZ T HEE

fEd ] Rt iﬂfﬂ’pﬁ N F S P R LA B i BV > T GARCH effect
2R EEY GARCH Model = 1| ™ 55 IS 98~ J B4 P - 5578 GARCH
Model = ] %f#i GARCH Model - 1] [#“:'H', = ﬁ}%’%& ﬁﬁl@lﬂfﬁﬁ USR] o
- ~ CAPM Model

?;;Hpilﬁ CAPM Model .V iz » PIETEIRIET DA o Al PIH{rE & H [’F‘[;S,’r?“ Eb

R =0.8270R;, +& » H[[1LR W R, {5 390 4 3] AR P o (L

Syl 2R RS - Beta VL[| HAEPUREIES  WRITYA I TIPS IR 5 4 A
A bf&?ﬁgﬁ?@ ’fl’?ﬁfﬁ%ﬁl@ LR fa o 714 E Beta @i‘l‘ ETHI 1 E\ﬂj » El ]"Fh?rﬁ!ﬁ
£% 0.8270 > Beta ['jil THST Fl’?J‘F" RN 2T A ggl iﬁﬁ » Kl j@zgﬂi@"ﬁ" J‘Jﬁﬂ‘ﬂjﬁi s Bl
AN (e %K—JE[ %Eﬁ R fgfglﬂf““ﬁﬂ%’f » ;‘%?HIF?E’J) o %= £% Ljung and Box
AN > T E AR (58 p-values 47005 P E'f“yﬁ[%% » [EIEARE
BET A p- Values E’mﬁ% HHEE S R ﬁﬂf i GARCH Model -
Z ~ GARCH Model with Student-t distribution

E“I 5'"& fg&' Z5r 7 GARCH #i=4 [ﬂt‘?‘tlg}.ﬁ'{f“‘jx@% » Bl é,;eg}ﬁ%?rg@
JJ@*{ﬂﬁlJ[ﬁ,mtﬂ ¢ F<HH £ Model [ Lt () » JRigotst 13
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R, =a,

h *
a, =0, whereg, ~t,

6> =0.0578+0.1604a>, +0.845757,

v =3.8329

B S TR o IR ALY, S AR > < ) B R

v (R ﬁquf =" Ljung and Box At » &= £ Ljung and Box fwitadfifl » 7' I'J % £ H
p-values JF' AHT0.05 0 PEFTF II&WI}J 7 £ ARCH effect Test amﬂ@ﬁ& [ T
[*¥22 1 7 (GARCH Model with Student-t distribution) » &= fi' ') F £ E p-values ’F‘ -~
#°0.05 > =11 ARCH effect » ElAggl go=170 Bl Ev[E r’fplg[nj Eh’?%\‘ F| I*%ﬁ i
Fiel 3t M1 GARCH Model with Student-t distribution © [fie¥R[ 5! £ » ""? | GARCH
Model with Student-t distribution ﬂﬁiﬁﬁﬁ o

q‘%\'[’“f £ GARCH Model Elfii§£§5§‘ﬁiﬁﬂ[ﬁ‘ » E AT A 200 TR AR ﬂﬂﬁﬁ =
LT 2003 K = 2004 F AR R [E A E @%EBEJQ[%]@@E*J ; T,?ﬁﬁ&m?}’ by
P“?H Y o q\%\' ' 1 GARCH Model fiR= [faﬁ'  EE AT AR

=~ ~ GARCH-M Model with Student-t distribution
$&[—3’»flﬁi'“€ I S U GARCH-M ALt » PR H BhSEE B, » Al | 3 éfglﬁﬁ[;%f
JJ@“ET?F”[FLIEWL@ » FHUE £, Model Fm&@mﬁ[;ﬁ;@ ) E’lﬁm RIS,
R, =-0.0188c +a,
a, =c,&,, whereg, ~t,

5> =0.0581+0.1613a>, +0.845807,

v=3.7821

ELpt, ERAEIE [ ¢ 5 il > ERfgr Lt i?lﬁ'g CORPVBLE] AR 1A S Ljung-Box Q-

SRSHEIAY p-values ’F—'ﬁ\ﬁ? 0.05> P& Ii&ﬁl% o % £ ARCH effect Test amﬂ@f*[ S
ZEEE (7R T 1 (GARCH-M Model with Student-t distribution) » f§ fi'l’] IJJH
p-values JF'J\JE" 0.05» =" 7 ARCH effect » Bl gl gy o BT % gﬂpx hi:%,\"k
[J“?wﬁ Y55 ﬁf‘ﬁ'i“ GARCH-M Model with Student-t distribution °

2097 Uﬂ s AR S SGHAGRC 8 it
B 1 S }-{J&?]}JT ] GARCH-M Model with Student-t distribution ij BTN
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JJiﬁTﬂé’”{ﬂF”[ﬁlﬁ@ » YL ES Model F'Lj‘j‘@ﬁﬁ[ﬁ@ ) Fﬁﬁ RIS,

R, =a,

t

h *
a, =o.,,whereg, ~t,

6> =0.0385+0.90155>, +0.0985a>,

ELp1t, ERAEEE [ ¢ STl > £ E?Efiﬂi?ltg, O AR AR 1 = Ljung-Box Q-

%ﬁ?ﬂ”‘-l f% p-values ’F—'ﬁ‘\ﬁ” 0.05 > Tk F li&ﬁ‘ﬁj% o % £ ARCH effect Test amﬂ@f*[ R
SRV (SR 52 7 4 (IGARCH Model with Student-t distribution) > =l [JJH

p-values JF'J\JE" 0.05» =" 7 ARCH effect » Bl gl go=1 70 o BT % gﬂpx hi:%,\"k
RES ﬁ 1 el P51 =" IGARCH Model with Student-t distribution -

(£l IGARCH Model = foI H'[H% 9 ]Z.gﬂ szfj, » HrI'] IGARCH Model with Student-t
distribution 1. % ¥ f[ 1 7 SR o

[ " % IGARCH Model f Jj@gw%g\guﬁgﬂﬁ FREEHL J&a%l[ PRI IR Y
# © [ -5 IGARCH Model U522 [/ i 7 2] H ifh = 73

=t ~ GJR-GARCH Model
{ﬁ “Jiclf% GIR-GARCH Model » <[4£l £ Model Elfiéfﬁﬁﬁ[%@ » Pl pAs=t
R, =0.0775+a,
a, =0, ,where ¢, ~Z
o’ =0.0573+0.0257a;, + 0911267, +0.07061,_a’
~ {l,ifat_l <0
t—1

- 0,otherwise

FHrZ £ fﬂfﬁ&l“ﬁjﬁ“m [ Pjﬁﬂﬁiﬂim B iﬁﬁfﬂrﬁiﬂ » #[*'] Durbin Watson
Test » JefgrtEl - [ I‘Wfﬁlﬁ Efifi % 1.9494 }%L 2 N BEEI?%FEI%% s
i (T A GIR-GARCH Model -

[ fEAPIS ] » H o fiY p-value £} 0.1033 » & PR - (YA FISRPV L] > 2UERE
IR - [ o pd;ﬁgﬂ:ﬁjt 5 0.0706 » El p-value £ 0.0003 » FRGFF_FEEH o (R
FIFfIRLEFER S » SPEVERLT B0 (OIS » (7 - s
%] Model » F7I'] GIR-GARCH Model ij SPTINA

[ £% GJR-GARCH Model fIU52=2 [l » pJf*uﬂ HhS T A o

“+ ~ EGARCH Model

4677 °TF8 EGARCH Model » [XKT 5 #RSFF1 157 » 70 | 21 S SRS
[P‘Ia*{‘[;i[ » A PUEEL Model FILjéegﬁl‘:f[;f@ ) f[ﬁﬁ RIS,
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a, =o,&,whereg, ~Z

la,_,|+0.4146a

Gt—l

1 Z g ﬁ ST il gL fLTt SRR AN A = Ljung-Box
Q- EI iU p-values JF' AHT0.05 0 PEFTLF li&ﬁ'l?}% o Z I £ ARCH effect Test St [~
TRATERIVE (23R T 1 (EGARCH Model) » ¥ p-values JFT AHE0.05 0 =& ARCH
effect > I Aghfil gp=12 BIRT[E @iﬁmfmﬁ# o R % [l 2= EGARCH Model -

[ FEAPIF H 0 FL Tl » = Leverage effect TF HEl ]T Fl RGP - R
EGARCH Model - T - ﬁ 0

q«g\l—{ — £, EGARCH Model fi JjELE{*J:FI E[jugﬂ > El Fx;ggz;lmpj%l;ﬁgl[ j}”ﬁg\[ P4 e [ﬁq
TR/ o [ = % EGARCH Model U2 il » T 2 5 ighe 78 -

In(c7) =0.0311+0.1524 +0.96901In(c’ )

A R

7[:11“5*’:'1""\ WE[%FII} HERR] T AT ﬁ’ﬁ'jﬂjf[ﬁ AR E %’D)f}ﬁi‘]\f » £
A e )R % ] 50 PEHIFR
ﬁ’J'ﬁf—ARCH effect Test and 5 H”Ejf‘fk'@\ﬂ\ ARy o o s A E'\F o
Bl 'J PR R B I“J’ el B EFE ] Model » BEJRE ¥ W g7 R
VLRI SRR N o {0 PRI R AR o b R st
%] Model _F?F[ PR o

P B E] Model » = 5% GARCH Model ~ GARCH-M Model A1 IGARCH Model -
i 521 GARCH Model » [4£5 GARCH-M Model Sl I it il » (P17,
¢ iU p-value ™ TEEE > 1) 5 ¢ B g7 il T RLETRp I;EJ’EHL*’JE FH NS Leverage effect
T TENfTRPVEREE PP RV R S PR R e il g
Model ({1 i F1[ iRl g 2 [N - FLplg i i - 2 I?iﬁ@?:?'éﬂkﬁdj » fi* GARCH-M
Model F’ﬁﬁ » ['] IGARCH Model iﬁ]ﬁfJ’E'JJﬁ?Eﬁﬁxmf‘% s KA Ilj T%F' » FrI'] GARCH
Model Fifs (F 51 -

it GARCH Model |1 i Ljung and Box fg#{I ARCH effect Test 3545 R 2 208

¥ (*5825 7 1 (GARCH Model with Student-t distribution)f[1 > i'I'} €1 %[ £l p-values JFT T

Fo (ORI RLHY g7 90 8 VR RSP O 1S P - Y

[115% GARCH Model o Eﬂﬁ%ﬁ‘ TG E 59 200 2R *@Jf ﬂﬁgﬁ{ﬁi.i

2003 & = 2004 F EAEAR) 0 {1 EE @@ﬁ&[?ﬁ&b?ﬁ ’ 7 p{ﬁﬁ&j FL bh QF??F[
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Fo L R SR P LA A R AT

2833 ’F[;‘% ﬁp@ﬁ’lgf
Mean 0.1009 0.0547
Std Deviation 1.6548 1.1792
Maximum 6.7414 5.4189
Minimum -6.6831 -6.9124
Skewness 0.6829 -0.4107
Excess kurtosis 0.1107 0.5349

Jarque-Bera Normality test ~ 515.4722 (<.0001) 587.8308(<.0001)

Student’s t 2.0078 (0.0449) 1.5278 (0.1268)
Q(6) 9.54 (0.1454)
Q(12) 17.36 (0.1367)
Q(18) 21.28 (0.2654)
Q(24) 28.35 (0.2455)
Q(6) 325.89 (<.0001)
Q’(12) 397.96 (<.0001)
Q*(18) 467.87 (<.0001)
Q’(24) 562.46 (<.0001)

ﬁ;;t. Q( + ERF V Q-G £ Q*( - YRRV ST T I Q- FEEE 0 o PR IR ?ﬁ%ﬁ@?ﬂ“ RES
p-value °

%<~ ARCH effect -

Q and LM Tests for ARCH Disturbances

Order Q Pr>Q LM Pr>LM
1 80.4243 <.0001 79.7352 <.0001
2 169.3704 <.0001 131.8924 <.0001
3 217.6657 <.0001 141.4041 <.0001
4 256.1332 <.0001 146.1220 <.0001
5 300.1292 <.0001 154.5518 <.0001
6 325.4266 <.0001 155.4734 <.0001
7 338.7491 <.0001 155.5908 <.0001
8 348.9300 <.0001 155.5965 <.0001
9 354.4808 <.0001 155.7631 <.0001
10 360.7028 <.0001 155.8150 <.0001
11 386.0847 <.0001 166.8145 <.0001
12 398.7317 <.0001 167.6367 <.0001
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= Ljung and Box g B ARYE [ T e (e 1
Q- E! CAPM GARCH GARCH-M IGARCH EGARCH
Q(6) 10.28 (0.1133)  3.65(0.7242)  3.62 (0.7277) 3.74 (0.7114) 3.04 (0.8043)
Q(12) 15.25 (0.2281) 10.26 (0.5931)  10.27 (0.5923)  9.37 (0.6713) 9.16 (0.6888)
Q(18) 18.95 (0.3951) 11.13(0.8889)  11.14 (0.8883)  10.06 (0.9300) 10.06 (0.9300)
Q(24) 35.90 (0.0561) 16.65 (0.8631)  16.70 (0.8612)  15.49 (0.9057) 16.08 (0.8852)
QX6)  444.63 (<.0001) 1.69 (0.9462)  1.70(0.9453)  2.22(0.8979) 5.58 (0.4716)
QX12)  498.41(<.0001) 4.22(0.9792)  4.23(0.9789)  4.23(0.9788) 8.26 (0.7647)
QX18)  544.21 (<.0001) 7.77(0.9819)  7.85 (0.9803) 7.80 (0.9815) 12.54 (0.8181)
QX24)  630.95(<.0001) 10.31(0.9931) 10.51(0.9921)  9.12(0.9973) 15.48 (0.9061)

=t

Qe ) ERARYE R

;-[/Q_;HEFI &l ’Q( )E’*"*ﬁﬂ:[ e AT

7[/Q"I}a“[‘££—{ , o, ”t,, §4|QEF%V’ ¥l II[[

a=a,ld,, HBET Wt P Fep-value «

A4 Model o 7t

By GARCH GARCH-M IGARCH  GIJR-GARCH  EGARCH
@, 0.0578 (0.0154) 0.0581 (0.0156) 0.0385 (<.0001) 0.0573 (0.0017) 0.0311 (0.0023)
@, 0.1604 (<.0001) 0.1613 (<.0001) 0.0985 (<.0001) 0.0257 (0.1033) 0.1524 (<.0001)
Bi  0.8457(<.0001) 0.8458 (<.0001) 0.9015 (<.0001) 0.9112 (<.0001) 0.9690 (<.0001)
v 3.8329(<.0001) 3.7821(<.0001) - - -
c - -0.0188 (0.4492) - - -
0 - - - 0.0706 (0.0003) -
M - - - 0.0775 (0.0578) -
0 - - - - 0.4146 (0.0022)

f‘# ? R BT S p-value.
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7t ARCH effect Test SPEIVE ("R A THEIVE (2R 2 T
(GARCH Model with Student-t distribution)

a , Q and LM Tests for ARCH Disturbances a t2 Q and LM Tests for ARCH Disturbances

Order Q Pr>Q LM Pr>LM Q Pr>Q LM Pr>LM
1 0.0223 0.8813 0.0265 0.8707 0.0127 0.9103 0.0127 0.9104
2 0.0485 0.9760 0.0474 0.9766 0.0177 0.9912 0.0177 0.9912
3 0.8083 0.8475 0.8288 0.8426 0.0309 0.9986 0.0309 0.9986
4 1.1514 0.8860 1.1955 0.8788 0.0420 0.9998 0.0421 0.9998
5 1.6382 0.8966 1.6897 0.8902 0.0524 1.0000 0.0526 1.0000
6 1.8139 0.9360 1.8915 0.9294 0.0652 1.0000 0.0656 1.0000
7 2.2891 0.9421 2.4249 0.9326 0.0793 1.0000 0.0799 1.0000
8 2.8443 0.9437 3.1246 0.9263 0.0928 1.0000 0.0939 1.0000
9 3.9243 0.9163 4.4200 0.8817 0.1054 1.0000 0.1071 1.0000
10 4.4190 0.9265 5.1031 0.8842 0.1159 1.0000 0.1181 1.0000
11 4.4797 0.9537 5.2524 0.9183 0.1242 1.0000 0.1270 1.0000
12 4.4852 0.9730 5.2629 0.9486 0.1282 1.0000 0.1314 1.0000

#*  ARCH effect Test S5[EIVES [ =R TRAEIVEE [SRex. 1
(GARCH-M Model with Student-t distribution)
a ; Q and LM Tests for ARCH Disturbances a tz Q and LM Tests for ARCH Disturbances

Order Q Pr>Q LM Pr>LM Q Pr>Q LM Pr>LM

—_—

0.0253 0.8735 0.0298 0.8628 0.0131 0.9090 0.0130 0.9091

2 0.0484 0.9761 0.0479 0.9764 0.0179 0.9911 0.0179 0.9911
3 0.8390 0.8401 0.8607 0.8349 0.0316 0.9985 0.0317 0.9985
4 1.1816 0.8811 1.2276 0.8735 0.0431 0.9998 0.0433 0.9998
5 1.6806 0.8913 1.7352 0.8844 0.0539 1.0000 0.0542 1.0000
6 1.8578 0.9323 1.9403 0.9251 0.0672 1.0000 0.0676 1.0000
7 2.3404 0.9386 2.4835 0.9283 0.0817 1.0000 0.0823 1.0000
8 2.9130 0.9397 3.2058 0.9208 0.0956 1.0000 0.0968 1.0000
9 4.0166 0.9103 4.5313 0.8731 0.1086 1.0000 0.1104 1.0000

10 4.5096 0.9214 5.2170 0.8762 0.1195 1.0000 0.1219 1.0000
11 4.5661 0.9503 5.3622 0.9124 0.1280 1.0000 0.1309 1.0000
12 4.5708 0.9708 5.3747 0.9443 0.1321 1.0000 0.1355 1.0000
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#.+  ARCH effect Test %481 ¥E [~%
(IGARCH Model with Student-t distribution)

—_\‘L Bt \\;

P et
[ SEe| ﬁtj

a , Q and LM Tests for ARCH Disturbances

a t2 Q and LM Tests for ARCH Disturbances

Order Q Pr>Q LM Pr>LM Q Pr>Q LM Pr>LM
1 0.1367  0.7116 0.1223 0.7266 0.0111 0.9162 0.0111 0.9161
2 1.3843  0.5005 1.3015 0.5216 0.0123 0.9939 0.0122 0.9939
3 1.7604  0.6236 1.7383 0.6284 0.0247 0.9990 0.0246 0.9990
4 1.8411 0.7650 1.8456 0.7641 0.0335 0.9999 0.0334 0.9999
5 2.0368  0.8440 2.0137 0.8473 0.0423 1.0000 0.0423 1.0000
6 2.0507 09150 2.0267 0.9172 0.0543 1.0000 0.0543 1.0000
7 2.3559  0.9376 2.3344 0.9390 0.0678 1.0000 0.0679 1.0000
8 27312 0.9501 2.7875 0.9470 0.0808 1.0000 0.0814 1.0000
9 3.6659  0.9320 3.7930 0.9245 0.0926 1.0000 0.0937 1.0000
10 4.1661 0.9395 4.3465 0.9304 0.1021 1.0000 0.1038 1.0000
11 42395  0.9624 4.4384 0.9553 0.1099 1.0000 0.1122 1.0000
12 42442  0.9786 4.4388 0.9742 0.1137 1.0000 0.1164 1.0000
LA, R (R G MR TR T -
% " ARCH effect Test S5pf&1¥8 [ =822 Tfenyts (= ggor 7
(EGARCH Model)
a , Q and LM Tests for ARCH Disturbances a tz Q and LM Tests for ARCH Disturbances
Order Q Pr>Q LM Pr>LM Q Pr>Q LM Pr>LM
1 0.2771 0.5986 0.2526 0.6153 0.0291 0.8646 0.0292 0.8642
2 4.6858 0.0960 4.4911 0.1059 0.2026 0.9037 0.2010 0.9044
3 5.2043 0.1574 5.1485 0.1612 0.2427 0.9704 0.2393 0.9710
4 5.2268 0.2648 5.1489 0.2724 0.2544 0.9926 0.2526 0.9927
5 5.3387 0.3760 5.2159 0.3901 0.2783 0.9980 0.2750 0.9981
6 5.3633 0.4981 5.2312 0.5145 0.3104 0.9994 0.3067 0.9995
7 5.5730 0.5904 5.4284 0.6078 0.3525 0.9998 0.3481 0.9998
8 6.0897 0.6372 6.0706 0.6393 0.3932 0.9999 0.3892 0.9999
9 7.4302 0.5924 7.3955 0.5960 0.4303 1.0000 0.4270 1.0000
10 8.0386 0.6251 7.9561 0.6331 0.4598 1.0000 0.4575 1.0000
11 8.1461 0.7002 8.1050 0.7039 0.4718 1.0000 0.4704 1.0000
12 8.1730 0.7715 8.1171 0.7759 0.4745 1.0000 0.4737 1.0000
A, (R G, e R, -
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