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),% /012345.&&% /16758.&9% 20:9% 85632&752&;% '1857&01<,.&5% &% /0586=,>,.&5%

<17,2&7?.162&% @A71% <% B1=-65% <.&',.&3% &667581<,2575;(% $671<.,3% <17,2&7?.162?%

B&.,.61<A9%<05'5..A9%0381<%3<735263%<,4.A'%/1.32&5'%873%2,=&9%1@7,625;%=,=%1C5.=,%

621&'162&% 850&<,2&<1<D% 0&6=% '5.584'5.2% &% 1/2&'&>,C&3% /102B573% C5..A9% @-',E(%

),&@1755% 0,6/01620,.5..A5% &% /0&>.,..A5%ARCH &%GARCH '1857&% @A7&% 0,>0,@12,.A%

F.E71'%GEngleD%HIJKL%&%+17750675<1'%GBollerslevD%HIJML%&%3<73N263%&%/1%65;%85.?%.,&@1755%

O,621%&6/17?>-5'A'&%.,%/0,=2&=5%'18573'&%-671<.1;%<17,2&7?.162&(%P@AO.1%<05'5..A5%

B&.,.61<A5% 038A% 85'1.620&0-N2% =7,6250&>,C&ND% O21% 1>.,O,52D% O21% /50&18A% <A61=1;% &%

.&>=1;% <17,2&7?.162&% 1@7,8,N2% &.502.162?N% <1% <05'5.&(% Q5'5;62<1%GARCH '18575;%

/1><17352%-7,<7&<,2?%8,..-N%161@5..162?(%R1'&'1%S21E1%038%'18575;%8,..1E1 65'5;62<1%

120,4,52% &% 80-E&5% 8162,21O.1% 9,0,=250.A5% 873% B&.,.61<A9% 8,..A9% SBB5=2A% -

,6&''520&ND%“23457A5%9<162A” &%/0(
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V%6<15;%62,2?5%W,.65.%&%X-.85%GHansen and LundeD%KYYZL%/01<1832%60,<.&257?.A;%

,.,7&>% [[Y% '18575;% GARCH-65'5;62<,% <% 250'&.,9% &9% /0586=,>,257?.1;% 6&7A% <%

12.1\5.&&% 18.18.5<.A9% /01E.1>1<% -671<.1;% <17,2&7?.162&(% ]<210A%

/0185'1.620&01<,7&D% O21% /0&% 0,66'1205.&&% 1@'5..A9% =-061<% .&% 18.,% '1857?% .5%

/05<>1\7,% <% 250'&.,9% 62,2&62&O56=1;% >.,O&'162&% /0586=,>,257?.1;% 6&7A% @,>1<-N%

GARCHGHDHL% '1857?(% )1% /0&% 0,66'1205.&&% <05'5..1E1% 038,D% 120,4,N^5E1% C5.1<A5%

&>'5.5.&3%,=C&&%IBMD%6&2-,C&3%&.,3%- GARCHGHDHL%18.1>.,O.1%9-45%038,%0,66'1205..A9%

'18575;(% ),&@1755% /506/5=2&<.1;% ,<210A% 6O&2,N2% A-GARCH '1857?D% /0587145..-N%

_&.E1'% &% 80(% GDing et al(D% HII[LD% &% =1210,3% 3<735263% 1@1@^5.&5'% 80-E1;% /1/-730.1;%

'1857&%GJR-GARCH (Glosten, Jagannathan &%RunkleD% HII[L(% P@5% S2&% '1857&% -O&2A<,N2%

,6&''520&N% <% 05,=C&&% <17,2&7?.162&% .,% /1714&257?.A5% &% 120&C,257?.A5% \1=&%

81918.162&(

F6/17?>1<,.&5%.5;01..A9%6525;%<%/0&7145.&&%=%&667581<,.&N <05'5..A9%0381<%

@A71% &% 162,5263% 8162,21O.1% /1/-730.1;% 25'1;% 6058&% &667581<,2575;(% "7,<.A'%

/05&'-^562<1'% .5;01..A9% 6525;% 3<735263% &9% 6/161@.162?% ,//01=6&'&01<,2?%

/0,=2&O56=&% 7N@A5% .57&.5;.A5% >,<&6&'162&D% /0&'5.33% 18.-% &% 2-% 45% '5218171E&N(%

_1.,7?861.% &% `,'620,% GDonaldson and KamstraD% HIIUL% 0,66'12057&% <% =,O562<5% 1@a5=2,

&667581<,.&3%B1.81<A5% &.85=6A% 16.1<.A9%'&01<A9%@&04%&%/058714&7&%.1<-N%'1857?%

873% 1/&6,.&3% -671<.1;% <17,2&7?.162&D% =1210,3% 3<735263% 1@1@^5.&5'% 8162,21O.1%

/1/-730.1;%GJR GARCH '1857&(%]<210A%81@,<&7&%.5;016525<A5%O75.A%<%-0,<.5.&5%873%

-671<.1;%<17,2&7?.162&D%=1210A5%8174.A%120,>&2?%.57&.5;.15%/1<585.&5%<17,2&7?.162&(%

Q1E7,6.1% /17-O5..A' &'& 05>-7?2,2,'% 8,..A;% /18918% /1><17352% @1755% ,85=<,2.1%

/01E.1>&01<,2? -671<.-N%<17,2&7?.162?%<.5%1@-O,N^5;%<A@10=&(

V%.,6213^5;%0,@125%'A%<%C571'%6758-5'%/18918-D%/0587145..1'-%_1.,7?86,.1'%&%

`,'6201;D% &6/17?>-N% 8<-9671;.-N% .5;01652?% <% =,O562<5% 81/17.&257?.A9% .57&.5;.A9%

O75.1<%<%-0,<.5.&&%873%-671<.1;%<17,2&7?.162&%6%C57?N%/01E.1>&01<,.&3%<17,2&7?.162&%

.,% 18&.% 85.?% </5058(% P6.1<.A'% &667581<,257?6=&'&% C573'&% 3<735263% 60,<.5.&5%

/0586=,>,257?.1;% 6&7A% .5;016525<1;% GARCH '1857&% GANN GARCHL% 6% 80-E&'&%

/1/-730.A'&% GARCH '18573'&% - GARCH(p,q), EGARCH(p,qL% &% GJR GARCH(p,qLD% ,%

2,=45%61>8,.&5%&%2562&01<,.&5%.5;016525<1;%'1857&D%.5%/0&<3>,..1;%.&%=%=,=1;%@,>1<1;%

S=1.1'520&O56=1;%'1857&(%V65%0,66'1205..A5 '1857&D%,%&'5..1%O52A05%GARCH '1857&D%

6058&% =1210A9% 18.,% .5;016525<,3D% ,% 2,=45% 18.,% “O&62,3” .5;016525<,3% '1857?D%

60,<.&<,N263% <% 250'&.,9% /0586=,>,257?.1;% 6&7A% .,% 8,..A9D% 1/&6A<,N^&9% /1<585.&5%

B1.81<A9%&.85=61<%6%O52A059%=0-/.5;\&9%@&04(
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C0:'14*',-))7.$6-))7.

Q058&% <659% =7,661<% ,=2&<1<% .,&@1755% 6714.15% &% <17,2&7?.15% /1<585.&5%

85'1.620&0-N2% 1@'5..A5% =-06AD% C5.A% ,=C&;% & B1.81<A9% &.85=61<(% V% 81/17.5.&5 =%

=7,6250&>,C&&%<1%<05'5.&%&%,6&''520&&%.,@7N8,5263%038%.57&.5;.A9%SBB5=21<D%=1210A5%

.5%'1E-2%@A2?%1/&6,.A%62,.8,02.A'&%GARCH '18573'&(%V%6<15;%62,2?5%W,.65.%&%X-.85%

(Hansen and LungeD% KYYZL% 12'5O,N2D% O21% <% 67-O,5% 1@'5..A9% =-061<% 81@,<75.&5%

81/17.&257?.A9% O75.1<% <% -0,<.5.&5% 873% -671<.1;% /712.162&% .5% '1452% 6=17?=1-.&@-8?

6-^562<5..1% -7-O\&2?% /0586=,>,257?.-N% 6&7-% GARCHGHDHL% '18575;(% )1% /0&%

0,66'1205.&&%B1.81<A9%&.85=61<%6&2-,C&3%61<50\5..1%&.,3%- GARCHGHDHL%1=,>A<,5263%

9-45%@17?\&.62<,%0,66'1205..A9%,<210,'&%'18575;(

V% .,6213^5;% 0,@125 0,66'1205.A O52A05% B1.81<A9% &.85=6,% 6% =0-/.5;\&9%

'&01<A9% @&04, <A@0,..A9% .,% 16.1<,.&&% 1@^5;% =,/&2,7&>,C&&% 0,>'5^5..A9% .,% .&9%

=1'/,.&;
1
(% R1% 616213.&N .,% 3.<,0?% KYH[% E(% =0-/.5;\&'&% <% '&05% 3<73N263b% NYSE

Euronext, NASDAQ OMX Group, London Stock Exchange, Tokyo Stock Exchange, Hong

Kong Stock Exchange(% P.&% /05862,<73N2% B1.81<A5% 0A.=&% Qc]D% =1.2&.5.2,7?.1;%

d<01/AD% V57&=1@0&2,.&ND% e/1.&N% &% `&2,;% G"1.=1.EL(% ),\5% &667581<,.&5% <=7NO,52%

8.5<.A5%8,..A5%/1%6758-N^&'%&.85=6,'&%SP 500, FTSE 100, NIKKEI 225, Hang Seng &%

19<,2A<,N2%<05'5..1;%&.250<,7%6%3.<,03%KYYK%E18,%/1%3.<,0?%KYH[%E18,
2

V%2,@7&C5%1 /0&<585.A%16.1<.A5%62,2&62&=&D%1/&6A<,N^&5%&66758-5'A5%8,..A5%

G8.5<.A5% 81918.162&% B1.81<A9% &.85=61<L(% ),&@1755% /0&'5O,257?.A'% B,=21' 3<735263%

21D%O21%<A@101O.A5%'58&,.,%&%',25',2&O56=15%14&8,.&5%<659%&.85=61<%/0&'50.1%0,<.A%

.-7ND% <A@101O.A5% =1SBB&C&5.2A% ,6&''520&& 120&C&,257?.A5D% ,% <A@101O..A5%

=1SBB&C&5.2A% S=6C566,% <A\5% I% 873% <659% &.85=61<D% O21% 61E7,6-5263% 6% \&01=1%

0,6/01620,.5..A'&% /058/17145.&3'&% 1% 6=1\5..162&% 0,6/058575.&3% 81918.1625;% &%

“23457A9%9<162,9”.

.

R05485% O5'% 0,66',20&<,2?% '1857&% -671<.1;% <17,2&7?.162&D% <,4.1% <A@0,2?%

.,&@1755%/189183^-N%'1857?%-671<.1E1%6058.5E1(%),'&%@A71%/012562&01<,.1%'.14562<1%

ARMA(n,mL%'18575;%6%/,0,'520,'&%! &%", !, " # 1, … 4.

8*LD4K* 1

P6.1<.A5%<A@101O.A5%62,2&62&=&%81918.1625;%B1.81<A9%&.85=61<

R,0,'520A SP500 FTSE100 NIKKEI 225 Hang Seng

`17-<1% 3064 2721 2820 2706

                                                           
1
 http://www.world-exchanges.org/statistics/monthly-reports

2
_,..A5%/1%FTSEHYY%/0&<585.A%6%&N73%KYYK%E(%/1%3.<,0?%KYH[%E( 
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.,@7N85.&;

!,=6&'-' 0.11 0.094 0.13 0.12

!&.&'-' -0.095 -0.091 -0.17 -0.091

Q058.55 7.89e-05 1.72e-04 6.44e-06 2.85e-04

!58&,., 0.00e-15 0.00e-15 0.00e-15 4.10e-04

Q2,.8,02.15%

12=71.5.&5
0.013 0.012 0.015 0.016

`1SBB&C&5.2%

,6&''520&&
-0.19 -0.13 -0.833 -0.054

`1SBB&C&5.2%

S=6C566,
12.9 9.69 16.31 9.27

_73%=,481;%/,0A%/,0,'5201<%! &%" @A7,%/01&><585.,%1C5.=,%/,0,'5201<%'1857&%&%
/17-O5.1% >.,O5.&5% B-.=C&&% ',=6&',7?.1E1% /0,<81/181@&3(% _,755% 1/2&',7?.,3 '1857?%

<A@&0,7,6?%.,%16.1<5%&.B10',C&1..1E1%=0&250&3%]=,;=5%GAICL(%_73%<659%0,66'1205..A9%

.,@101<% 8,..A9% 6758-N^,3% 05E0566&1..,3% '1857?% @A7,% <A@0,.,D% =,=% 1@7,8,N^,3%

.,&'5.?\&'%>.,O5.&5'%=0&250&3 $% = &'+&($%)( + *%.
R1'&'1% 8.5<.A9% 8,..A9% 'A% 2,=45% 0,66'12057&% /32&'&.-2.A5% <.-20&8.5<.A5%

>.,O5.&3% 873% 81918.1625;% &.85=61<%$%,+ = log ,%)(+)()/-  . log, %)+/- , E85%! - =17&O562<1%

<.-20&8.5<.A9% .,@7N85.&;(% f5,7&>1<,<\,363 <17,2&7?.162?% Grealized volatilityL% @-852%

.56'5^:..1; 1C5.=1;% 05,7?.1;% -671<.1;% <17,2&7?.162&% /0&% <A/17.5.&&% 6758-N^&9%

-671<&;%/0$%,+1 2%)(] 3 0 &%4567$+,%, $8,% 1 2%)() = 0 &%9 : ;. #1E8, 6/0,<587&<1 6758-N^55
<% = 6=$[$%| 2%)(] = 6=$ >?$+,% |@

+A(  2%)(B = ?6=$[$+,% |@
+A(  2%)(] 3

3?/0 $+,%C  1@
+A(  2%)(] = /[DE%- |  2%)(],

E85% DE%- - 05,7&>1<,<\,363% <17,2&7?.162?(% ].85065.% &% +17750675<% GAndersen and

BollerslevD% HIIJL% <% 6<15;% 62,2?5% /1=,>,7&D% O21% 2,=1;% /18918% 8,52% @1755% 21O.A5% 1C5.=&%

-671<.1;% <17,2&7?.162&D% O5'D% =% /0&'50-D% =<,80,2A% 8.5<.1;% 81918.162&(% V% .,6213^5;%

0,@125% 05,7&>1<,<\,363% <17,2&7?.162?% &6/17?>-5263% =,=% ,//01=6&',C&3% -671<.1;%

<17,2&7?.162&%873%1/058575.&3%/0586=,>,257?.1;%6&7A%0,>7&O.A9%'18575;(

>'6.1+ /01',)'2 ,'1-3+14)'03+

f,66'120&'% >.,O5.&5% B1.81<1E1% &.85=6,% ,% , F # [1, … ,G] D% 21E8,% 81918.162?%

1/0585735263% =,=%$% = log,% . log ,%)((% +,>1<-N% 8&.,'&O56=-N% '1857?% 873% 81918.1625;%
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'14.1% 6B10'-7&01<,2?% =,=%$% = /[$% | 2%)(] +  *%D% E85%2%)( - S21%< - ,7E5@0,D% /101485..,3%

8162-/.1;%.,%'1'5.2%F . 1 &.B10',C&5;(

$671<.,3% /712.162?%H($% | 2%)() = H($% | I%,<%, J%) D% E85%I%, = /[$% | 2%)(] - -671<.15%

6058.55D% <%C = 6=$[$% | 2%)(] - -671<.,3% 8&6/506&3D% J% - <5=210% /,0,'5201<D% >,8,N^&9%

B10'-% -671<.1;% /712.162&% 0,6/058575.&3(% +17?\&.62<1% '18575;% GARCH-65'5;62<,%

/180,>-'5<,N2D%O21%J% .5%>,<&6&2%12%<05'5.&%F &%<63%-671<.,3%/712.162?%H(K) 61</,8,52%6%
/712.162?N%0,6/058575.&;%",-66,%&7&%Q2?N85.2,.

P6.1<.15% /058/17145.&5 GARCH '18575;% 61621&2% <% 21'D% O21% -671<.A5% 162,2=&%%*% = $% . /%)([$%] '1E-2% @A2?% /05862,<75.A% <% <&85% L<% D% E85% L &'552% &><562.15%

0,6/058575.&5% G1@AO.1% 62,.8,02.15% .10',7?.15LD% .5% >,<&63^55% 12% <05'5.&(% _,..A5%

67-O,;.A5% <57&O&.A% .5>,<&6&'A5% &% 67-O,;.1% 0,6/058575..A5(% d67&% /058/17145.&5%

6/0,<587&<1D% 21% 873% 21E1D% O21@A% 120,>&2?% >,<&63^&5% 12% <05'5.&% E525016=58,62&O56=&5%

SBB5=2AD%.51@918&'1%>,8,2? 8&.,'&=- <17,2&7?.162&.

),&@1755% O,621% &6/17?>-5'A'&% .,% /0,=2&=5 '18573'&% 3<735263% GARCHGHDHLD% ,%

2,=45%55%1@1@^5.&5%GARCH(p,q).

<%C = M + ?N+<%)+CO
+A( + ?&8*%)8CP

8A( .

_,..,3% '1857?% /1><17352% 120,>&2?% =7,6250&>,C&N% <17,2&7?.162&% <1% <05'5.&% &%

O,62&O.1% 1@a36.&2?% SBB5=2% “23457A9% 9<1621<”(% g21% '1857?% .5% '1452% 1@a36.&2?% - S21%

.56&''520&O.162?%12=7&=,%.,%\1=&%0,>.A9%>.,=1<(%R1S21'-%0381'%&667581<,2575;%@A7&%

/0587145.A% ,7?250.,2&<.A5% '1857&D% /1><173N^&5 -O&2A<,2?% &% S2&% SBB5=2A(% Q058&%

.,&@1755% -6/5\.A9% hijklm% GnopqrsD% HIIHL% &% itj% ikjlm% GiprquosD% tvwvssvuxvs% vsd

Runkle, 1993)

log (<%C) = M + ?&+ Q| *%)+|<%)+ .R2S TP
+A( + ?U+P

+A( V*%)+<%)+W+ ?N8<%)8CO
8A( ,

<%C = M + ?N+<%)+CO
+A( + ?&8*%)8CP

8A( + ?U82[*%)8 < 0]*%)8CP
8A( .

W,.65.% &% X-.85% GHansen and LundeD% KYYZL% 60,<.&7&% .56=17?=1% 85632=1<%GARCH

'18575;%&%/0&\7&%=%<A<18-D%O21%.,&@1755%-6/5\.A'&%3<73N263%25D%=1210A5%-O&2A<,N2%

,6&''520&N%12=7&=, <17,2&7?.162&%.,%\1=&%0,>.A9%>.,=1<(%!A%&6/17?>-5'%8,..A; B,=2,

=,=% 12/0,<.-N% 21O=-D% &% /16201&'% '1857?D% =1210,3% /1'&'1% -=,>,..A9% 62&7&>1<,..A9%

B,=21<%-O&2A<,52%2,=45%&%80-E&5%.5-O25..A5%SBB5=2A%/0&%/1'1^&%.5;01..A;%6525;(
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F6=-662<5..A5% .5;01..A5% 652&% <1>.&=7&% =,=% 6,'16213257?.,3% 8&6C&/7&.,%

.56=17?=1% 85632&752&;% .,>,8% &% 8162,21O.1% @A6201% >,<15<,7&% /1/-730.162?% =,=% 6058&%

&667581<,2575;D%2,=%&%6058&%/0,=2&=1<(%F>%'.14562<,%<1>'14.A9%/0&7145.&;%.5;016525;%

<% /16758.&5% E18A% .,&@1755% &.25.6&<.1% 0,><&<,N263% .,/0,<75.&3D% 6<3>,..A5% 6%

B&.,.61<A'&% /0&7145.&3'&(% R01625;\5;% &% @,>1<1;% '1857?N% 3<735263% /5065/201.D%

=1210A;%'1452%0,66',20&<,2?63%=,=%@&.,0.A;%=7,66&B&=,210(%P@AO.1%5E1%/05862,<73N2%

<% <&85% 62-/5.O,21;% &7&% 6&E'1&8,7?.1;% B-.=C&&(% Q058&% .,&@1755% 0,6/01620,.5..A9%

'18575;

H(XY) =  
1

1 + exp(&' + &YXY )      Z     H(XY) = tanh(&' + &YXY).

R181@.A5% B-.=C&&% 6/161@.A =7,66&B&C&01<,2?% 1@a5=2A% /1% <918.A'% <5=210,'%

/,0,'5201<% XY (% _73% 05\5.&3% @1755% 6714.A9% >,8,O /5065/201.A% 1@a58&.3N2% <%

'.1E1671;.A;%/5065/201.D%=1210A;%61621&2%&>%.56=17?=&9%6715<%/5065/201.1< &%6<3>5;%

'548-% .&'&(% V% 8,..1;% '1857&% <A918.A5% >.,O5.&3% /5065/201.1<% /50<1E1% -01<.3%

&6/17?>-N263 =,=% <918.A5% 8,..A5% 873% /5065/201.1<% <2101E1% -01<.3% &% 2(8(% _73% 1C5.=&%

<561<A9%>.,O5.&;%6<3>5;%<A@10=-%0,>8573N2%.,%8<5%O,62&%- .,%/50<1;%1C5.&<,N2%>.,O5.&3%

<561<D% ,% .,% <2101;% /01&><1832% <,7&8,C&N% /17-O5..A9% 05>-7?2,21<% &% 1/2&'&>,C&N%

620-=2-0A% 652&(% _,..A;% /18918% /1><17352% ,//01=6&'&01<,2?% /0,=2&O56=&% 7N@A5%

.57&.5;.A5% B-.=C&1.,7?.A5% >,<&6&'162&(% V% .,6213^5;% 0,@125 8,..15% 6<1;62<1%

.5;016525;% &6/17?>1<,.1% 873% 21E1D% O21@A% 120,>&2?% .5-O25..A5% <% 62,.8,02.A9%GARCH

'185739% .57&.5;.A5% SBB5=2A% -671<.1;% <17,2&7?.162&(% _1.,7?861.% &% `,'620,%

/058714&7& 6758-N^-N%'1857?D%=1210,3%3<735263 1@1@^5.5&' GJR GARCH

<%C = M + ?N+<%)+CO
+A( + ?&8*%)8CP

8A( +  ?U82[*%)8 < 0]*%)8CP
8A( +

+ ?[\]\(*%)(, … , *%)^ , _\).

-
\A(

]\(*%)(, … , *%)^ , _\) =  
1

1 + exp7_'\ + ` (` _\+8a%)+8@8A( )+̂A( b ,

E85%a%)+ =
cdef)g[c]hg[ij]

- 62,.8,02&>1<,..A5% 81918.162&D%$ - O&671% 7,E1<D%" - ',=6&',7?.,3%

625/5.?%7,E1<(%
(C _\+8~k[.1; 1] - O,62?%/,0,'5201<%<%'1857&%<A@0,., 67-O,;.A'%1@0,>1'D%

O21% /1><17352% >.,O&257?.1% 6.&>&2?% <AO&67&257?.-N% .,E0->=-(% Q758-3% /18918-%

_1.,7?861.,%&%`,'620AD%'A%E5.50&0-5'%.56=17?=1%<A@101=%/,0,'5201<%_\+8 &%873%=,481;%
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&>% .&9% 05\,5'% 1/2&'&>,C&1..-N% >,8,O-% <% 12857?.162&(% y,25'% <A@&0,5263% 212% .,@10%

/,0,'5201<D%=1210A;%8162,<7352%'&.&'-'%=0&250&N%]=,;=5(%

V% 81/17.5.&5% =% -/1'3.-21;% <A\5% .5;016525<1;%GARCH '1857&% GANN GARCH)

'A% 2,=45% 0,66',20&<,5'% “O&62-N” .5;01652?D% .5% /0&<3>,..-N% .&% =% =,=1;%

S=1.1'520&O56=1;%'1857&(%V%=,O562<5%2,=1;%'1857&%&6/17?>1<,7,6?%05=-005.2.,3%652?D%<%

=12101;% <% =,O562<5% S=>1E5..A9% /,0,'5201<% 0,66',20&<,N263% 7,E&% 81918.1625;D% ,% 6,'&

05=-005.2.A5% 6<3>&% 62013263% 873% <05'5..A9% 0381<% 05,7&>1<,<\5;63 <17,2&7?.162&(% V%

1@^5;%<&85%'1857?%'14.1%>,/&6,2?%=,=%l% = H(l%)(,l%)C, … , l%)-m ,n%)(,n%)C, … ,n%)-o),

E85% >.,O5.&3% >,<&6&'1;% /505'5..1;% l% 1/058573N263% =,=% B-.=C&3% 12% 7,E1<% S21;%
/505'5..1;D%,%2,=45%12%7,E1<%S=>1E5..1E1%<05'5..1E1%038,(%),&@17?\&;%&.25056%873%.,6%

/05862,<7352% /0586=,>,.&5 05,7&>1<,<\5;63% <17,2&7?.162&D% =1210,3% 3<735263%

.56'5^5..1;% 1C5.=1;% 873% -671<.1;% <17,2&7?.162&% /0&% <A/17.5.&&% <A\5-/1'3.-2A9%

-671<&;(%V%=,O562<5%S=>1E5..1E1%<05'5..1E1%038,%'A%0,66',20&<,5'%7,E&%81918.1625;%$%DE% = H(DE%)(,DE%)C, … ,DE%)-m , $%)(, $%)C, … , $%)-o).

DE.)9-$9'F55+E+.)3',$;'6.1.2

P6.1<.1;%C57?N%.,6213^5;%0,@12A%3<735263%60,<.5.&5%/0586=,>,257?.1;%6&7A%<.5%

25621<1;% <A@10=&% '18575;% GARCH-65'5;62<,% &% “O&621;” .5;016525<1;% '1857&% .,%

/0&'505% O52A059% B1.81<A9% &.85=61<(% V05'5..A5% 038AD% 6112<5262<-N^&5% 8,..A'%

B1.81<A'% &.85=6,'D% 0,>8575.A% .,% 8<5% O,62&(% R50<,3% 19<,2A<,52% <05'5..1;% &.250<,7%

'548-%3.<,05'%KYYK%E(%&%3.<,05'%KYYI%&%&6/17?>-5263%873%1C5.=&%/,0,'5201<%&%<,7&8,C&&%

'18575;D%,%<210,3% - 6%3.<,03%KYY9 E(%/1%3.<,0?%KYH[%E(% - 873%60,<.5.&3%/0586=,>,257?.1;%

6&7A% '18575;(% V% .,\5;% 0,@125% 0,66',20&<,5263 O52A05% '1857&% GARCH-65'5;62<,b%

GARCH(p,q), EGARCH(p,q), GJR-GARCH(p,qL% &% ANN-GARCH(p,q,n,r,mLD% =,48,3% &>%

=1210A9% 205@-52% .5% 217?=1% 1C5.=&% =1SBB&C&5.21<D% .1 1/058575.&3% 1/2&',7?.1;%

620-=2-0A(% !A% /01&><18&'% 1C5.=-% =1SBB&C&5.21<% '18575;% 873% =,481E1% .,@10,%

/,0,'5201<%,, p,!, $," &>%[1, … ,5] &%>,25'%<A@&0,5'%25%>.,O5.&3%/,0,'5201<D%/0&%=1210A9%

8162&E,5263% .,&'5.?\55% >.,O5.&5% =0&250&3% ]=,;=5(% `% /0&'50-D% 873% @,>1<1;% '1857&%

GARCH(p,qL% /01&><18&263% 1C5.=,% 873% KZ% <1>'14.A9% <,0&,.21<% (, p = 25 L% .,@101<%

/,0,'5201<(%_73%ANN GARCH '1857&D%=,=% -45%-/1'&.,716? 0,.55D%=1SBB&C&5.2A% %_\+8
E5.50&0-N263% 67-O,;.A'% 1@0,>1'% G<A@10=,% &>% HY% .,@101<L% 81% 21E1D% =,=% /01&><18&263%

1C5.=,%162,7?.A9%/,0,'5201<(%_73%=,481E1%2,=1E1%.,@10,%_\+8 1/2&',7?.,3%=1.B&E-0,C&3%
'1857&%873%!, $ Z " 1/0585735263%.,%652=5%&>%/32&%>.,O5.&; 873%=,481E1%/,0,'520,(%R0&%
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S21'%, and p B&=6&0-N263% 25% 45D% O21% &% <% 67-O,5% GJR GARCH '1857&(% V% 2,@7&C5% 2

/0&<585.A%6<18.A5%8,..A5%1%620-=2-05%'18575;%873%0,>7&O.A9%0A.=1<(%R0&'5O,257?.A'%

3<735263% 212% B,=2D% O21% /0,=2&O56=&% <1% <659% 67-O,39% .,&@1755% /0162,3% '1857?% K (1,1)

/1=,>A<,52% 7-O\&5% 05>-7?2,2A(% Q21&2% >,'52&2?D% O21% 873 ANN GARCH 6-^562<5..A'%

3<735263%=1.=052.,3%05,7&>,C&3%<A@10=&%_\+8.
8*LD4K*(2

Q/5C&B&=,C&3%'18575;%873%SP 500, FTSE 100, NIKKEI KKZ%&%Hang Seng <%6112<5262<&&%6%

=0&250&5'%]=,;=5

!1857? SP 500 FTSE 100 NIKKEI 225 Hang Seng

GARCH(p,q) (1,1)  (1,1)  (2,1)  (1,1)  

EGARCH(p,q) (1,1) (1,1)  (1,1)  (1,1)  

GJR-GARCH(p,q) (1,1)  (1,1)  (1,1)  (1,1)  

ANN-GARCH(p,q,n,r,m) (1,1,1,3,1) (1,1,2,3,2) (1,1,1,3,1) (1,1,4,3,1)

_73% 1C5.=&% /,0,'5201<% “O&621;” .5;016525<1;% '1857&% 'A% 0,66',20&<,5'%

8<-9671;.-N%.5;01652?%6%85632?N%.5;01.,'&%.,%/50<1'%-01<.5%&%/32?N%<%6=0A21'%6715(%

_,..A5 >.,O5.&3 @A7& /17-O5.A S'/&0&O56=&%<%9185%1/2&'&>,C&&%620-=2-0A%652&(%#,=45

<,4.A'% S2,/1'% 3<735263% 1/058575.&5% ',=6&',7?.1E1% O&67,% 7,E1<D% &6/17?>-5'A9% <%

=,O562<5% <5=210,% <918.A9% /,0,'5201<(% X-O\&5% 05>-7?2,2A% @A7&% 8162&E.-2A% /0&%

0,66'1205.&&% 18.1E1% 7,E,% 81918.1625;%$% &% 2059% 7,E1<% 05,7&>1<,<\5;63% <17,2&7?.162&%DE% . P8&.% 7,E% 81918.1625;% /1><17352% 652&% 05,E&01<,2?% ,6&''520&O.1% .,% \1=&% 0,>.A9%
>.,=1<(% V% =,O562<5% 1/2&'&>,C&1..1E1% ,7E10&2',% .,'&% @A7% &6/17?>1<,.% ,7E10&2'%

X5<5.@50E,% — !,0=<,082,(% f,>'50% 1@-O,N^5;% <A@10=&% 873% .5;016525<1;% &% GARCH

'18575;%61</,8,52(%

%&'()'*+&',-)+. ,'1-3+14)'03+$,).$3.03','2$,7G'&9+

`,=%12'5O,N2%'.1E&5%,<210AD%&%<%21'%O&675%R5;E,.%&%c<502% GPagan and Schwert, 1990), 

.,&7-O\&'% 25621'% /0586=,>,257?.1;% 6&7A% '18575;% 3<735263% 60,<.5.&5% &9%

/01&><18&257?.162& <.5% 25621<1;% <A@10=&(% % _73% S21E1% 1@AO.1% >,85;62<-N2% =0&250&&D%

/0&><,..A5% 1C5.&2?% -6058.5..-N% 1\&@=-% /01E.1>&01<,.&3 <17,2&7?.162&(% #,=% =,=%

05>-7?2,2A%2,=1E1%60,<.5.&3%1O5.?%6&7?.1%>,<&632%12%6,'1E1%=0&250&3D%'A%0,66',20&<,5'%

60,>-%O52A05%.,&@1755%/1/-730.A5%6058&%&667581<,2575;%=0&250&3
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qr/( =
1!?(<%C-
+A( . s%C)C,          qt/( =

1!?|<%C . s%C|

-
+A( ,

qr/C =
1!?(<%-
+A( . s%)C,          qt/C =

1!?|<% . s%|-
+A( ,

E85%<% - -671<.,3% <17&2,7?.162?D%s% - /0586=,>,..,3% <17,2&7?.162?(% #,=% =,=% &62&..,3%

<17,2&7?.162?%.5%.,@7N8,5',D%21%'A &6/17?>-5'%.56'5^5..-N%1C5.=-%DE%D%<AO&675..-N%
.,%16.1<5%<.-20&8.5<.A9%/32&'&.-2.A9%8,..A9(%Q0,<.5.&5%16-^562<735263 .,%<A@10=5D%

19<,2A<,N^5;% <05'5..1;% &.250<,7% 6% 3.<,03% KYYI% E(% /1% 3.<,0?% KYH[% E(% )5;016525<,3%

'1857?% <17,2&7?.162&% ANNG[DHDHYDZL% &6/17?>-52% <% =,O562<5% <918.A9% 8,..A9% 20&% 7,E,%

05,7&>1<,<\5;63%<17,2&7?.162&D%18&.%7,E%81918.162&D% ,% 2,=45%85632?%.5;01.1<%/50<1E1%

-01<.3%&%/32?%.5;01.1<%<2101E1(%#,@7&C,%3 618504&2%8,..A5%1%>.,O5.&39%=0&250&5<%873%

<659%/32&%'18575;%&%O52A059%B1.81<A9%&.85=61<(%

_,..A5% /1% SP ZYY% .5% /1><173N2% 18.1>.,O.1% 6-8&2?% 1% 21'D% =,=,3% '1857?%

/058/1O2&257?.55(% _73% O52A059% &>% /32&% '18575;% 05>-7?2,2A% 1O5.?% @7&>=&D% &% 217?=1%

@,>1<,3% GARCHGHDHL% 18.1>.,O.1% 81'&.&0-5',% <65'&% 162,7?.A'&(% V% 12.1\5.&&%

@0&2,.6=1E1%FTSE HYY%<A<18A%,.,71E&O.A5(%V17,2&7?.162?%B1.81<1E1%&.85=6,%NIKKEI

KKZ% 7-O\5% <65E1% /0586=,>A<,5263% /0&% /1'1^&% .5;016525<1;% '1857&(% y.,O5.&3% <659%

=0&250&5<% >.,O&257?.1% .&45D% O5'% -% =1.=-0&0-N^&9% '18575;(%P8.,=1D% <% 67-O,5% c Hang

Seng 6&2-,C&3%1@0,2.,3%- .5;016525<,3%'1857?%/1=,>A<,52%9-8\&5%05>-7?2,2A%6058&%<659%

0,66'1205..A9% '18575;(% V1>'14.1, S21% 1@a36.35263% 161@5..1623'&% 0,6/058575.&3%

"1.=1.E6=1E1% &.85=6,% - 62,.8,02&>1<,..A5 81918.162& 0,6/058575.A% 6% '5.?\&'&%

>.,O5.&3'&%=1SBB&C&5.2,%S=6C566,%.5457&%81918.162& .,%80-E&9%210E1<A9 /71^,8=,9(

d^5% 18.&'% &.25056.A'% B,=21<% 3<735263% 21D% O21% ANN GARCH '1857?D%

/0587145..,3%_1.,7?861.1'%&%`,'6201;D%.5%85'1.620&0-52%.&=,=&9%/05&'-^562<%/5058%

EGARCH &% GJR GARCH '18573'&(% f5>-7?2,2A% @,>1<1;% GJR GARCH /0,=2&O56=&%

61</,8,N2%61%>.,O5.&3'&D%/0586=,>,..A'&%ANN GARCH(%%_1.,7?861.%&%`,'620,%<%6<15;%

62,2?5% .5% /0&<1832% >.,O5.&3% /181@.A9% =0&250&5<D% ,% 7&\?% 60,<.&<,N2% '1857&% /1% 2562-%

g1.E,-W5.80&% GChong-Hendry testL% &% /0&91832% =% <A<18-D% O21% ANN GARCH '1857?%

6/161@.,% /0586=,>A<,2?% SBB5=2AD% .5% 1/&6A<,5'A5% @,>1<1;% GJR GARCH '1857?N(%

V1>'14.A'&% 1@a36.5.&3'& /181@.A9 127&O&; '1E-2% 3<732?63% 0,>7&O.A5% 8,..A5D%

67-O,;.A;% 9,0,=250% .5;016525<A9% =1SBB&C&5.21<% ANN GARCH '1857&D% 0,>7&O.A5%

1/2&'&>,C&1..A5%'5218A%&% /0(%R17-O5..A5% 05>-7?2,2A%/1><173N2% E1<10&2?% 1% 21'D% O21%

GARCHGHDHLD% -62-/,52% @17?\&.62<-% 80-E&9% '18575;D% =1210A5D% < O,62.162&D% 6/161@.A%

-7,<7&<,2?% ,6&''520&N% <% 12=7&=5% .,% \1=&% 0,>.A9% >.,=1<(% )5;016525<,3% '1857?%
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/1=,>A<,52% .5/719&5% 05>-7?2,2A% 873% <659% &.85=61<D% >,% &6=7NO5.&5'% Hang SengD% O21%

6<&85257?62<-52% 1% /125.C&,7?.1;% <1>'14.162&% @1755% ,85=<,2.1% 120,4,2?% “23457A5%

9<162A” 0,6/058575.&;(%V%161@5..162&%S21%>,'52.1%.,%/0&'505%NIKKEI KKZD%E85%>.,O5.&3%

=1SBB&C&5.2,%S=6C566,%.,&@17?\&5(%

8*LD4K*(3

y.,O5.&3%=0&250&5<D%1C5.&<,N^&9%/0586=,>,257?.-N%6&7-D%873%0,>7&O.A9%B1.81<A9%

&.85=61<

!1857? MSE1 MAE1 MSE2 MAE2

SP 500

GARCH(1,1) 2.96e-08 9.63e-05 3.00e-05 0.0039

EGARCH(1,1) 2.61e-08 8.59e-05 2.59e-05 0.0036

GJR GARCH(1,1) 2.64e-08 8.98e-05 2.70e-05 0.0037

ANN GARCH(1,1,1,3,1) 2.59e-08 8.98e-05 2.70e-05 0.0037

ANN(3,1,10,5) 2.68e-08 8.55e-05 2.72e-05 0.0035

FTSE 100

GARCH(1,1) 1.67e-08 7.18e-05 2.13e-05 0.0032

EGARCH(1,1) 1.46e-08 6.66e-05 1.89e-05 0.0030

GJR GARCH(1,1) 1.49e-08 6.81e-05 1.97e-05 0.0031

ANN GARCH(1,1,2,3,2) 1.49e-08 6.80e-05 1.97e-05 0.0031

ANN(3,1,10,5) 1.33e-08 6.56e-05 1.96e-05 0.0031

NIKKEI 225

GARCH(2,1) 1.69e-07 1.44e-04 5.74e-05 0.0055

EGARCH(1,1) 1.55e-07 1.29e-04 5.01e-05 0.0051

GJR GARCH(1,1) 1.88e-07 1.42e-04 5.80e-05 0.0053

ANN GARCH(1,1,1,3,1) 1.95e-07 1.44e-04 5.91e-05 0.0053

ANN(3,1,10,5) 1.17e-07 1.08e-04 4.38e-05 0.0048

Hang Seng

GARCH(1,1) 1.24e-07 1.47e-04 3.99e-05 0.0044

EGARCH(1,1) 1.18e-07 1.46e-04 3.83e-05 0.0044

GJR GARCH 1.17e-07 1.39e-04 3.63e-05 0.0042

ANN GARCH(1,1,4,3,1) 1.17e-07 1.39e-04 3.63e-05 0.0041

ANN(3,1,10,5) 1.55e-07 1.70e-04 4.96e-05 0.0051

H-91IA.)+.

T1.81<A5% &.85=6A% 85'1.620&0-N2% 6714.-N% 8&.,'&=-D% 61/0345..-N% 6%

=7,6250&>,C&5;%<1%<05'5.&D%,6&''520&5;D%<A61=&'&%>.,O5.&3'&%=1SBB&C&5.2,%S=6C566,%&%

/0(% f,6/058575.&5% 62,.8,02&>1<,..A9% 162,2=1<% 8162,21O.1% 6&7?.1% 127&O,5263% 12%

62,.8,02.1E1% .10',7?.1E1D% &% <% /50<-N% 1O5058?% S21% 6<3>,.1% 6% “23457A'&% 9<162,'&”

0,6/058575.&;(% +,>1<,3% GARCHGHDHL% '1857?% .5% 6/161@.,% 1@a36.&2?% @17?\-N% O,62?%

8,..A9% SBB5=21<% &% >.,O&257?.1% -62-/,52% EGARCH, GJR GARCH, ANN GARCH &%

“O&621;” .5;016525<1;%'1857&%<%6'A675%/0586=,>,257?.1;%6&7A(%R17-O5..A5%05>-7?2,2A%

6<&85257?62<-N2% 1% 21'D% O21%'1857?%_1.,7?861.,% &%`,'620A%ANN GARCHD% 3<73N^,363%
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0,><&2&5'% GJR GARCH '1857&D% .5% 85'1.620&0-52% 05>-7?2,21<D% >.,O&257?.1%

127&O,N^&963% 12% 05>-7?2,21<% @,>1<1;% '1857&(% )5;016525<,3% '1857?% -8,O.1% 65@3%

>,05=1'5.81<,7,% .,% 0A.=,9D% E85% 81918.162&% 0,6/058575.A% 6% <A61=&'&% >.,O5.&3'&%
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