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 /R! [XCU ,Z: /R! �, [+' H$C$=; 6"-N"0FIGARCH'*: <6R. 5*C_-!R#` mI
1JK; D+'*0 I' (*-iC: D., �H! 1�'*& '6 5,I": ("�(6Zd; ": �S ,I"0 �+"� ("�

.D4', (*-iC: DQ:"o! (,"%-.'

p'�5("�(RC$S :HI!�J 3=KL� 3."M�N 3O787,>N FIGARCH.$;P*87,Q.
�QAJ (R#:JEL:C30 3C32 3G10.

1.�!RQ!
�A2 )RS$;T U;8�,�" M2 )-�S V9( O787,>N HI!�JHDW78#6� M2 ."�X*A2 �N <Y CM�A C�Z

<�982 )RSW78 M2 ."�X*A2 6 H+AE� HN 2� �8 6 �[;1 $�%&)8 \;T$� )RS$;T C�Z .7,D];,^_Z�`N
�_;5 3O787,>N HI!�J "Ea6#6� M2 ."�X*A2 �N Hb*08 c2�62 C�2%:7`,Z2Ed1 \`A�,8 )*,`A C�`Z

"EN 6e�*,*A2W78 M2 HD C��8Y C�Z�_;5 C�Z%:C�2<E8MY $N ),*f8 �271�*`A2 C�Z"C��`8Y$`;I1
 W78�_;5)�2�2" C�2%:H��8$A C�ZC21 3)8 g�f,*A2O7`87,>N H`I!�J "E`a6 O�E`- �" 371E`(

�9�2 VN�5)8 �A" M2 2� "ES h.7,Z"2

<Y M2."M�`N �`N )�2�2" ."M�N )/*[N26 \aE8 O787,>N HI!�J HD �a)`>f5 C�`Z .�6")t 6t-k(
)83"E(<�01 j;`& VN�5 C$*82��& "Ea6 .7,Z"]`�2 "E`a6 .�`A2 )1�`8M C$`A U`;8�,�" �" )`,;N

�`_;5 2��`D �2M� Ǹ H;`k$! lN�`R8 .�`A2 �2M�`N )m2��`D H;`k$! ';+`k V9`( "� $N )>;n" ):o�6
)�2�2"."2" M2 ."�X*A2 �N 7��f1 �Z C�Z.�6" �_;5 C�Zj;& VN�5 H*(%:7(�N ),;N=B8 M2 )9� .]�$`�

W78C�Z=KL� ��*!� ];;f� C2$N HD )RS$;T)`8 �2$`5 ."�X*`A2 "�E`8 )n�`8 C�`Z�2M�N �" �Z3"$`;:
W78 C�ZGARCHW78 M2 HD ]�2 HN H*[N .�A2"$`X,8 O�E`- HN p�BA )Z"M�N )1�8M C$A C�Z

."�X*`A2 "�E`8 )`>;>q� #6� 3"E`( H`*!$: $`I1 �" p�BA rS�( ]�7,Q O�?LK2 �� "E( ."�X*A2
)8E1�S 712E� ."2ARIMA O�E- HN �� ."ENGARCH7N�� $;;P� 3.$;P*87,Q3 .

1. Capital Asset Pricing Model (CAPM)
2. 3�_;a��)1985(
3 . .s26 M2 Hn�b8 ]�2 �"GARCH];�t W"�+8 C�a HN .$;P*87,Q"Multivariate GARCH"   .�`A2 .7`( ."�X*A2 W7`8C�`Z

H+AE� .$;P*87,Q u��:W78 H*!��)8 u��: ."�A C�Z HZ" $S262�" 6 7,(�N1980H`Z" V�262 61990N��`D 6 7`,*!�� H+`AE�=`B8 "$
W78�Z u��: C $;vw� H+n�R8 3.$;P*87,Q=KL�C�Z)�2�2")8 $/�79� $N �Z7(�N.
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W78 $N <Y )>-2 xD$_� HD Hn�b8 ]�2 �" �N yf�$8 @��,- 6 <�_;A �+,- p�BA �" =KL� CM�A
)8 <Y W78 U� 37(�NFIGARCH)`A�$N H`N <Y M2 ."�X*`A2 �`N H`D .7( ."2" H+AE� .$;P*87,Q

rS�( ];N =KL� ��2$A�_;A �+,- C�ZH��8$A 6 U;82$A 6 )(�D 3<C�2%:.7`( H`*S2"$& �Z
)`8 2� �`A2 <Y H`N )�E/dA�& W�f1" HN jZ6o& ]�2 HD )�t2EA .�A2j`A$& 6" \`n�5 �" <2E`�

=KL� 6 ."M�N ��Y HD <Y W62 ."E_1 H-LS )A�A2 HI!�J C2�2" <�_;A �+,- p�BA rS�( ."M�N
"�ES$N zE1 jA$& ]�2 HN �A�& {7,*[Z O787,>NW78 �" 2� �8=KL� CM�A��2$`A 6 ."M�`N C�`Z

)8 rd08 <Y)8 �2$5 6� j;& 2� W2EA ]�2 6 "M�Ap�B`A �`_;5 )Z"M�`N �" =`KL� �`�Y H`D 7Z"
=KL� �N <�_;A),+8 g�f��2 $/�" p�BA �_;5 )Z"M�N �" =KL� 6 "ES )>f5 C�Z{"�2" C��`8Y �2"

jA$& VN�b8 �"|$R8 C�ZH;k$! 3.7( $�M C�ZjA$& ]�2 C2$N �5E8 �A�& <2E,? HN 2�j;`& �`Z
)8}=;0D

=KL� 6 ."M�N :'n2.�A2 O787,>N HI!�J C2�2" <�_;A �+,- p�BA rS�( C�Z
=KL� �N <�_;A p�BA rS�( =KL� :~rS�`( =`KL� 6 "ES )>f5 C�Z$`/�" @��,`- C�`Z C�`Z

),+8 g�f��2."�271 C��8Y �2"
W78 6 )A�$N HD �F1Y M2CM�A=KL� .o`�6 �;_Z2 M2 p�BA C�ZV`;n" 6" 3�`A2 �2"�E`S$N C2

)8 2� $�M .7_?."E_1 |$R8 <LD 7�" M2 jZ6o& ]�2 C�Z"$f0;& M2 <2E�
W62 : O�b;bq�.��N�" H*!$: O�E-�2M�N p�BA.o`�6 H`N <2$�2�" =`KL� )`A�$N��;`[N 3."M�`N

 �2M�N )�2��D )A�$N ���Eq8 �N ��7_? 6 ."EN "67q82$N=BA CU`� O�E`- H`N 6 ��`S C�`Z-
Hn"�+8.�A2 ."EN C2H��8$`A ��27`Z 6 ~%`a �" �B1Y jb1 6 )n�8 C�Z�2M�N �;_Z2 HN HaE� �N 2%n

l;5" 6 $*0;N O�+n�R8 O�6$k)8 G�[J2 .MEJ ]�2 �" $�."E(
"p6 :):o�6HN 2� <Y .�2E_Z <�_;A �+,- �;_Z2 6 �Z6 $`;;P� W�`J �" @��,`- M2 )`9� <2E,?

E�H+A�E0D|L- 6 �ZM�;1 HN HaE� �N |L4�� @a2$8 .�A2 ."E_1 |$R8�A�;A 3H+8�a 7�"6 �`Z
$��`A �2M�`N �" �E`�J 3)`>S2" �$`48 �2M�`N ��$�7`8 37;nE� �;!$� j�2x!2 C2$N 2� )��_;_4�

)8 ��d�2 <�_;A \A�,8 @�ME� 6 �Z�E0D�A�;A ]�2 .7,,D)�2x`[N $;v�`� O�_;_`4� 6 �Zp�B`A �"
(�D$"�2" <Y H*[N26 @��,- 6 <�_;A H?E_F8 C�Z . "EaE8 7Z2E( �" .o�EN 6 <2$�2 p�BA �2M�N �"

rS�(M2 <�`01 x;1 �E0D <�_;A �+,- C�Z];`N =`KL� 6 ."M�`N ��2$`A rS�`(�" p�B`A C�`Z
)n�8 C�Z�2M�N."�2")8 $I1 HN �;q- V;>q� C�*A2� �"37A�W7`8 M2 ."�X*`A2H`N .$;P*87`,Q C�`Z
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*1\A�,8 )N$F� ���W7`8 H`N �f[1 C$�U`� C�`Z"E`( $`F,8 .$`;P*86�E`I,8 H`N 2� C$`*BN �2x`N2
=;_4� C$;:.MEJ $��AH*[N26 C�Z$;I1=Z2$`! )`�2�2" 7f`A ~�d*12 7`��_1<E,D�`� .�" )`0Z6o&

HD <2$�2 �NHI!�J ]*!$:$I1 �"O787,>N HNW78.$;P*87,Q CM�A=KL� 3�2M�NC2$N rS�`(C�`Z
$8"M2"$�N U;82$A 6 )(�D H>_a M2 <�_;A �+,- �N yf��E- 3O�`A2 H`*!$/1.M2 jZ6o`& ]`�2

��qn ]�27�7a )?EkE8.�A2
H��& 27*N2 x;1 Hn�b8 ]�2 �"H,;`0;& $`N @8�`a C�6$8 6 )!$+8 =KL� 6 ."M�N ��2$A C"�4*52 C�Z
)8 O�E- jZ6o& )N$F�H��& ��A ."$;: W7`8 U��E�� C�ZC�`ZARFIMA6FIGARCH

p�: 6 H*0: )!$+8 W78 HN <7;A� C�ZFIGARCH .�A2 .7( ."�6Y jZ6o& ]�2 �" .$;P*87,Q
 ."�6Y H82"2 �" x;1 V-�J ���*1 )A�$N 6 p�BA M2 )>-2 rS�( HA C6� $N )N$F� V;>q� 6 H�xF�

.�A2 .7(

2.gZqZ! <"C:,' H06*:
 O�b;bq� �" O787,>N HI!�J "Ea6 )A�$N HN C��;[N)m2�2" ."M�NH*S2"$& )n�8 C�Z O6$fn7,8 .712

)1971HI!�J "Ea6 .7�2 HD "EN )[D ];n62 ()m2�2" ."M�N �" O787,>N6 ]�$`: ."$`D |$`R8 2� �Z
) x*;>;!1977 .��8Y M2 ."�X*A2 �N (R/S"�E`8 2� ��E`�E;1 G�E`N rS�`( H12M6� ."M�N 3U;ALD

`a6 $`N ),f8 CE5 7Z2E( 6 71"2" �2$5 H+n�R8<Y �" O7`87,>N H`I!�J "E�  ) E`n .7`,*!�1991���`*1 (
 .��8Y M2 ."�X*A2 �N 2� 6" <Y O�b;bq�R/SV�7+�.7(1 ) E`n ."$D "� 6 "2" �2$5 7�"$� "�E81991 (

 .��8YR/S.��ED HI!�J U;8�,�" .��8Y ]�2 HD "2" $;;P� C�EK 2�)`8 $`I1 �" x;1 2� O78  .�`!$:
 ),(6� 7Z2E( HD �!$: HF;*1 62��E`�E;1 G�E`N rS�`( �" O7`87,>N H`I!�J "E`a6 $N ),f8

)_1 "EaE8 .7(�N
) p6�N 6 GtED��N1996 .��8Y M2 ."�X*A2 C�a HN (R/S #6� M2 3GPH6 U`�Ea yAE� HD

$��E&-ZE) �2"1983."M�`N 3rS�`( ."M�`N �" O7`87,>N H`I!�J <E`8MY C2$`N 3"E`N .7`( Hm2�2 (
 $`( p�BA ."M�N ];,^_Z 6 �+,- rS�(�D       .7`1"$D ."�X*`A2 x1E`a62" rS�`( �" $`k�J C�`Z

<Y HQ$:2rS�`( �" O7`87,>N H`I!�J "E`a6 $`N ),f8 C7Z2E( �ZM2 )`S$N )`n6 37`,*!�;1 p�B`A
 ."M�N �" 2� O787,>N HI!�J "Ea6 7Z2E( p�BA�E`4S �" 6 7`1"E_1 .7Z�`08 �D$( �,&p�B`A

1. Modified R/S statistics
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<�;8 HI!�J "Ea6 $N ),f8 C7Z2E( )A�$N "�E8 �D$( HA78O1<Y p�BA ."M�N �"]`�2 .7,*!�� �Z
�Z�f( ���*1O6�X� 6 �ZC$`A <�`;8 �" O7`87,>N H`I!�J <�`;8 2� )��`Z�D$`( )1�`8M C�`ZC�`Z

 HD "2" <�01 '>*d8 HD"EN <Y $/1�;N];`N M2 #$`v2 3l`;X>� V`;n" H`N rS�`( �" O7`87,>N HI!�J
)8<Y O�b;bq� ���*1 W�J ]�2 �N ."6�."2" C6� $N �Z C�Z=Z<6x! 6 U`;9X� CM�`A 3.7`(7Z2E`(
@1�5.7,,D C2�5�1 HDV`/,;���8 ."�`A W78 U�37`(�N  ) <t62 .7`1"271 H`m2�22002M2 ."�X*`A2 �`N (

#6�H_;1 6 U�$*82��& C�Z ."M�N �" O787,>N HI!�J "Ea6 )A�$N HN U�$*82��&]�7,QrS�`(
];N p�BA���`*1 .�`S2"$& )>>_n2<�`01 <Y M2 V`-�J .7`,Z"6C�`Z�2M�N �" O7`87,>N H`I!�J "E`a

�`,Z 3<�*`[>/12 3�`9�$8Y C�`Z�2M�N HD )n�J �" 3"EN <2E��� 6 )NE,a .$D 3]&2s 3<�_nY3U`1ED
 H1�`01 �;n2$*A2 6 �E&�/,AO7`87,>N H`I!�J M2 )��`Z."2" �"     .7`1"271 <�`01 H`12M6� C�`ZE`AEAL�6

)2002(j;& �;>N�5 H[��b8 HNW78 ),;N C�ZFIGARCH 3IGARCH 6GARCHj;& �" ),;N
=KL�C�Z M�2 �$1 j( '>*d8�S2"$&H`D 7;`A� HF;*1 ]�2 HN 6.M�`N )8�`_� C2$`N)1�`8M C�`Z
j;& C�Z��;+8 ),;NMSE 6MAE W78 C$�$N $/1�;NFIGARCH"E`N $`/�" W78 6" HN �f[1.

 W78 6FIGARCHj;& ���*1HIJL8 VN�5 �EK HN 2� ),;N)`8 "E`fBN C2 7`0dN . ̀B8)n7`f? 6 2�Y$
)1385 p�BA )Z"M�N O�1�AE1 �" 2� 7N 6 ~ES ��fS2 jb1 (<2$B�."2" �2$5 V;>q� 6 H�xF� "�E8 6

H`D 717;A� HF;*1 ]�2 HN �;`Z)`,+8 6 CE`5 <��`b*8�1 O2$`v2 "E`a6 $`N )`,f8 C7Z2E`( H`1E:�2" C
 .71"$91 .7Z�088 $;vw� 3<�[9� .M2712 �N 7N 6 ~ES ��fS2 HD pEBX8 ]�2 HN $N )BN�0 =`KL�)K$`(

."�2" ."M�NV;+_A2 6 "27JM�6�0D) ."2M1388 HN (W78)1�8M C$A CM�Aj;& C2$N �" =KL� ),;N
)Z"M�N�D$( p�BA <2$B� <�_;A )RS$;T W78 M2 ."�X*A2 �NARMA 3)8 HF;*1 6 H*S2"$& 71$;:

 CE/n2 HDARMA];,^_Z 6 ."EN �2"ES$N C$*0;N �5" M2 36 ~ES ��fS2$`N )1��`b*8 O2$v2 7N
   ."�2" <2$`B� <�_;`A p�B`A �_;5 ) �`,�62002M2 ."�X*`A2 �`N 3(C�`RS �1�`��26 H`�xF� U`;,9�

j;&=;_+� ),;NH*!��2 ~EQ��Q U� �NC�2"$`N <E;`A$:�"ES)VAR$`D ."�X*`A2 (6 ")/*`[N26
2 ."�X*`A2 �`N 2� "E`A 6 V`b1 6 V_J 3)*+,- 3)n�8 3)>-2 G�,a2 3)>-2 jdN �,& ];NO�`?LK2 M

rS�( )/*XZ p�BA C�ZS&P H�E12s M21988 CtEa ��1997D x;n�1Y 3 6 ."$��`fS2 HD �!���"
j;& VN�5$;T �� ),;N�E(�Z)`,+8 $;v�`� j`dN U� �"j`dN ."M�`N C6� C�2"  ."�2" $`/�" C�`Z

1 HI!�J .<�;8O78HI!�J).��ED HI!�J M2 )?E1 (O78)8 cLK2 )R�2$( HN 6 �A2 O787,>N HD ""$:021 !!" d/)87`(�N
 3<2��9_Z 6 O6$fn7,8)1968.(

2. generalized forecast error variance decomposition technique
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) <2��9_Z 6 �,�62003 ];,^_Z 3(O2$;v���E()>`-2 j`dN �,`& C6� C"�`4*52 ��xN C�Z
S�(rp�B`A �2M�`N C�ZS&PM2 �`& "�E`D� .�6" C2$`N 2�1987."2" �2$`5 H`+n�R8 "�E`8 6�`N

=;_+� )1Y �$q8 j,D26 V;>q� M2 ."�X*A2H*!��1H`D 7`1"2" <�01 3C"2$`X12 p�B`A �`_;5$*`0;N M2
�E(C�Zj;&),;N C"�4*52 ��xN .701�E( M2 $*0;Nj;`& V`N�5 O"2E`J 6 �Z)`,;N)`8 $;v�`�-
"$�%&)n .) )1 62002 3(�" H`k$? 6 �`k�b� C6� �`X1 p�BA �_;5 O2$;v�� ,`-�`N 2� '`>*d8 @��

W78 M2 ."�X*A2 C�ZVAR<Y ���*1 .71"$D V;>q�)`8 <�`01 �Z)+��,`- C2$`N H`D 7`Z"=B`A H`D
 7`1�2" "ES )�2�2" 7fA �" 2� �X1 p�BA M2 )�t�N3)��;_;`( @��,`- 6 p�`S �`X1 .�/`0�t�& 7`,1�8 3

�E( C�Z"�26 HN . )`8 jZ�D 2� Hk$? �A�A2 �X1 �_;5 7`Z"63$`/�" @��,`- M2 C��;`[N C2$`N
V;f8E�2 �+,- 7,1�8 3CM�A�E(�X1 �_;5 C�Z3)`8 jZ�`D 2� �`k�b� �A�A2�`B1Y l`;bq� .7`Z"

)8 ��B�2D "�2"�E( HC�Z�;n�+! C6� �X1 �_;5H>;`A6 H`N HD "�2" $;v�� �6" M2 C"�4*52 C�Z
"6�6 H,�xZ O2$;v���A2 .7( ."2" |$( =;b*[8 C)��9[�$& 6 G�"ED .2002 3( 8 W7`8 U�)`,*f

 $N��I*12)�2�2" $N ),*f8 )�Lb? O2 C�Z2� H1�:7,Q];;f� C2$N ��2$A �" )n�8 �2M�N   .�`!$: ��`9N
<�01 ���*1HD "EN <Y .7,Z"�;A�[J HN )n�8 ��2$A H+AE�`N �2M�`NH��x`N U`[�� C�`Z�E*D�!

O�?LK2 6 C"�4*52    ."�2" )/*`[N �`Z�2M�N <�`;8 <��`b*8�1 W7`8C�`ZGARCH H+`AE� 6<Y C�`Z
W7`8 C2$`N ."�X*A2 "�E8 #6� ]�$��EB08C$`A =`KL� CM�`At�`N )`1262$! � Ǹ )n�`8 )1�`8M C�`Z

)8W78 .7(�N C�ZGARCHH`N '`>*d8 C�`Z�2M�N <�`;8 =`KL� ��2$`A )`A�$N C2$N .$;P*87,Q
( H*!$: �2$5 ."�X*A2 "�E8 O�+!".�A2 .7

D;=26M$a2�3)1995 (�N ."�X*`A2M2 W7`8GARCH H`N ̀A�$N ) �`D$J �`Z C <�`8x_Z8 ̀;<�
�Z�2M�N Cp�BA3.$D]&2s6$8Y��97,*S2"$& .�*1����D<Y�Z<�018)7Z"M21�8M )HD�2M�N .$`D

2$N C�D$(a��S;<��"�2M�Np�BA2�]�E0DM�N.7(3�A2 O2$;v��A ��2$M2]&2s68Y$��9HN
.$D2x!2�j�H*!��A2.

nE1�D)4�12665)1997 (HNA�$N )jb1 ��`fS27a ̀�7 "�`4*52 <L`D�" ̀kE�;� ̀Z" ) O2$`v2
�$A�xZ"M�N )6=KL�8;<��Z�2M�N Cp�BA$8Y�3�9>/12;�6 ]`&2s 7`,*S2"$& .<Y �`ZM2."2" �`Z C

Z"M�N )�Z�2M�N Cp�BA6."2"�Z C "�`4*52 <L`D V8�`( H`k$? C E`&3WnE�; *+,`-7)3 3p�E`� �$`1
1. generalized impulse response analysis
2. Kim
3. Ragers
4. Connolly
5. Wang
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N;��9 C6$[D C���F C.M�N�" C1�8M )1985 �`�1996 ."�X*`A2 7`1"$D .<Y �`Z ̀,^_Z;]M2 W7`8
GARCH2$N C��;�7"Ea6O2$v2<��b*8�1=KL�(�1 )M2��fS2~ES67N$N�Z�2M�N C ̀>S2" )6

a��S )."�X*A271"$DHN62�]*1;HFA�;717HD��fS2>S2" )=BAN;$*0 C�"kE�;�Z" )Z"M�N )
>S2" )"�2"�82�""�E8=KL�HN*1; H`F C ̀AE9+8 ) ̀A�;717. ) )9`A�6"�A1999M2 ."�X*`A2 �`N 3(

 C�2"$`N <E;A$:�"ES ~EQ��BQ U�)VARW7`8 U`� 6 (GARCHC�`Z�2M�N .$`;P*8 U`�
�� �" 2� )`_B8 j`b1 �`X1 �`_;5 =KL� HD "2" <�01 6 ."2" �2$5 j��8MY "�E8 2� �X1C�2%`:$;v

."M�N C6� )`8 �X�2 p�BA C�Z .7`,D  ) U`;n�8 6 ]`[J2007 3(W7`8 U`� M2GARCH.$;P*87`,Q
"$D ."�X*A26 . 8 <�`8x_Z �EK HN ];/1�`;j`dN rS�`( ];`N 2� )K$`( �1�`��26 6'`>*d8 C�`Z

 �9�$8YM ];_d�1"7HD "EN O�E- ]�2 HN V-�J ���*1 . ��2$A =KL�),+8j`dN ];`N C�2"C�`Z
 '>*d808.7( .7Z�

) ."E8�Z 6 U;n�82007 3( <�;8 =KL� ��2$A px;1�98 G��`! �;>S p�BA 6 .7q*8 Ot��2 p�BA
 p�S �X1 )1�Ba C�Z�2M�N 6 2�NU_D H ~EQ��Q U�GARCH �2$5 j��8MY "�E8 .$;P*87,Q

"2"<Y .),+8 ��2$A HD 7,*!���" �Z <�;8 C�2" �;_Z2�N C�Z�2M�N"�2" "Ea6 p6" 1 ];`,^_Z 6<�`0
 71"2"�2M�N HDp�BA�;>S3 �2M�N M2 =KL� <�:71$;: )1�Ba.7,*[Z �X1

) =>?2 )��,v 6 C�EA 3)1�8M1387j;& )A�$N HN (),;NrS�( ��2$A )A�$N 6 C$�%&�" �`Z
 W78 U� M2 ."�X*A2 �N <2$B� �2"�BN c2�62 G�ENGARCH)`8 <�`01 6 H`*S2"$& .$;P*87,Q7`,Z"

."M�N �" HD2M6� C�Z �D$`( rS�( H1H`n�f1" $;S�`� �`N $*9QE`D C�`Z�D$`( rS�`( 6�C�`Z
)8 $*:�xN."M�N �" ��2$A "Ea6 )n6 7(�NrS�`( =`KL� x`;1 6 )>`4! 6 H1�Z�8 C�Z.7Z�`08 �`Z

)_1 ."E(<E816�E2)2009(HNA�$N )O2$v2�$A�x.��EDO78Z"M�N )6 =`KL� H`12M6� C p�B`A
8;<��Z�2M�N Cp�BA$8Y��96Q;]7,*S2"$&.<Y�Z�N."�X*A2M2W78�Z CGARCH-M$v2�$A�x

O�?LK22�2$N CZ"M�N )6=KL�rS�(S&P 500�"$8Y��96rS�( �2M�`N p�B`A /1�`(B� C
�"Q;].M�N�" C1�8M )1999��2007"�E8A�$N )�2$571"2" .<Y �`Z 7Z2E`( CM2 O2$`v2 �$`A�x

=KL�M2�2M�Np�BA$8Y��9HN�N�2Mp�BAQ;]�7,*!�.H`*!$: O�E- )N$F� O�+n�R8 l;5" )A�$N
)8 <�01=KL� ��2$A )A�$N HN HI!�J $v2 ]*!$: $I1 �" �N 712E*N HD )n78 <E,D �� HD 7Z"];`N �Z

1. Moon
2. Yu
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rS�(V`;>q� <Y W�`f1" H`N 6 C$`I1 H+`AE� 6 �`A2 H`*!$/1 O�E`- W�J HN �� "M2"$�N p�BA C�Z
b8 ]�2 �" H*!$: O�E- )N$F�)8 �*A2� ]�2 �" p�: ];n62 Hn�.7(�N

3.�+"� 1JK; � 5,I": D+'*0 (,"%-.' ("�
<Y M2 )D�J H*!$: O�E- O�+n�R83<�`8M WE`K �" 3)n�`8 C�Z$;P*8 HN gEN$8 O�?LK2 HD �A2

)�2�2" �2M�N �"��2$A $/�79� HN �Z1)8=*`[;A #$*`[: �`N zE`kE8 ]`�2 .7`,,D6 )K�`f��2 C�`Z
 j;N )/*[N26px;1�`98 .�`A2 H*!�� C$*0;N �;_Z2 $/�79� HN )n�8 C�Z�2M�N j;& M2��2$`A C�`Z

."M�N ];N)�2�2" =KL� 6 �Z)`8 =`B8 "7`+*8 V`�t" H`N 3'`>*d8 C�Zpx;1�`98 3�`[d1 .7`(�NC�`Z
)8 �8 HN �2M�N )�2��D �E4S �" )��?LK2 3��2$A)�2�2" ."M�N ];N ��2$A .7Z"<�`01 �`Z.7`,Z"

A2 U� "Ea6H`,�xZ M2 )�L8�`+8 Co�2$*A2 ]�2 "EA H^1�,Q 6 �A2 �6Y"EA )�L8�+8 Co�2$*C�`Z
)`8 H`m2�2 �2M� Ǹ )�2��`D p7`? M2 C7Z2E`( 3.Ebn�`N O�E`- H`N 37(�N $�t�N <Y )��;>_?3p6" .7`Z"

px;1�98��2$`A $;v�`� M2 O�`?LK2 ]*`(2" 2$`�M 3�`A2 =`B8 )`�2�2" 7fA ��$�78 �" ��2$A C�Z
."M�N2 �" �Z�E`4S �" O�`?LK2 3pE`A .�A2 7;X8 ��;[N <Y U[�� jZ�D 6 p�BA 7fA ~�d*1

)�2�2" =KL� ��2$Aj;& �" 3�Z)`�2�2" =`KL� ��2$`A 32%n }�A2 ."�X*A2 VN�5 =KL� ),;N�" 3�`Z
�_;5 V;f5 M2 )��?EkE8H,;BN 3OL8�+8 ��;*S2 C�2%:U`[�� �$+8 �" #M�2 3p�BA 7fA CM�A

�D U[�� ��$�78 6C�E�� H82"2 �" ."�2" "$N�=`KL� ��2$A C"�4*52 H;aE� HN HD C"�4*52 C�Z
)8.�A2 .7( <�;N 371M2"$&
##FRQ; *\'-*N";2

=BA ."M�NG�EN �" UQED 6 ��xN C�ZO�`+n�R8 3.6L`+N .7`1�2" )/*[f_Z '>*d8 p�BA C�Z
)8 <�;N H82"2 �" �B1Y M2 C"27+� HD "7+*8."2" <�01 3"E( H`D 712<��`b*8�1 )+K�`b� )/*`[f_Z ]`�2

."M�N ),+� 3�A2�D$( p�BA C�Z7fA C�Z."M�`N �`N U`QED C�`Zp�B`A C�Z7f`A C$;S�`� C�`Z
�D$(."M�N HD )n�J �" 371�2" )/*[f_Z ��xN C�Z�D$`( p�B`A C�Z7f`A C�`Z��x`N C�`Z

."M�N �N C�2"�,+8 )/*[f_Z�D$( p�BA C�Z7fA C$;S�� C�Z�2 .71�271 UQED C�Z )/*[f_Z ]
=BA ];N <��b*8�1 C$;S��)�2�2" ��2$A M2 )-�S �n�J HD UQED 6 ��xN C�Z$`v2 3�`A2 �`Z

p7b�-)`8 <�`;N H;`k$! ]�2 3$/�" O��f? HN ."�2" p�1 $S��."M�`N H`D 7`,D�D$`( 7f`A C�`ZC�`Z

1. Spillover, contagion, or transmition
2. Lead-lag effect
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Hn�f1" 3$;S�� �N 3UQED."M�N 6��D$( 7fA C�Zc"�- \>R8 ]�2 �9? )n6 37,*[Z ��xN C�Z
.�[;1

.M27`12 p�B`A C�Z7f`A M2 ."�X*`A2 �`N )!"�4� p�: H;k$! )A�$N C2$N O�+n�R8 ];n62 M2 )9�-
\�$81U8 6 En H+n�R8 3)>,D2)1998."2" M2 ."�X*A2 �N <�0�2 .�A2 (.M2712 7fA �,& )/*XZ C�Z-

�;1 M2 p�BA \�$83�982 64`>? 7`1"2" <�01 6 71"$D "� ��E5 2� )!"�4� p�: "Ea6 3)]`�2 =`T�
."M�N HD)/*`[f_Z �Z7f`A ]�2 ."M�N ];N 371�2" )X,8 tE_+8 6 ';+k )/*[f_Z"ES C"2$X12 C�Z

U8 6 En ."�2" "Ea6 CE5 �f�8)+K�b� )/*[f_Z "Ea6 HN 2� ���*1 ]�2 )>,D5=BA ."M�N ];NC�`Z
U8 6 En .71"2" �f[1 C"2$X12) )>,D1990O6�X� $/�" l;bq� U� �" ( VN�5 C�ZC$`/�" H`aE�

=BA 7fA ��*!� ];N=BA 7fA 6 UQED C�ZC�Z7f`A ."M�`N H`D 7`1"2" <�`01 6 7`,*!�� ��xN C�Z
j;& �;>N�5 ��xN p�BA C�Z7fA HN �f[1 UQED p�BA<�`01 ];`,^_Z <�`0�2 .71�2" C$*0;N ),;N

."M�N 371"2".�/,N p�BA 7fA C$;S�� C�Z7fA )>+! ."M�N M2 )BaE� VN�5 =BA ��xN C�Z=BA C�Z
)8 2� UQED�" <��`b� p7`? U`� 32%`n .�`[;1 �2$`5$N \>R8 ]�2 �9? �82 }7,Z" �;kE� 7,12E�

j;& �;>N�5.�`/,N p�B`A C�Z7f`A ."M�N ),;N<Y M2 �`& .7`1"$D .7Z�`08 U`QED 6 ��x`N C�`Z
p7`b� $`v2 "E`a6 x`;1 C$`/�" ];bbq8-.�6" C2$`N 6 '`>*d8 C�`Z�2M�N �" 2� $S�`�'`>*d8 C�`Z

.71"E8MY
WED 6 ];9*n�: 3"2$,D6)1991rS�`( =`KL� )/*[f_Z )A�$N �" ("E`a6 M2 C7Z2E`( 3�`Z

H(ES =KL�."M�N �" C2.M2712 C�Z7fA C�Z-��2$`A M2 C7Z2E`( ];`,^_Z <�`0�2 .7`,*!�� \`�$8
."M�`N ��2$`A �" "E`aE8 <��`b� p7? ];_Z HD 71"2" <�01 <�0�2 .71"$D Hm2�2 =KL� <��b*8�1C�`Z

.��ED."M�N ];N O78];`,^_Z 3"�2" "Ea6 x;1 =KL� ��2$A �" 3�9�$8Y �" UQED 6 ��xN C�Z
�E(=BA HN =KL� C�Z=BA .7,�Y =KL� C2$N ��xN C�Z]`�2 )`n6 37,*`[Z =`B8 UQED C�Z
�E(=BA HN =KL� C�Z=B`A .7`,�Y =`KL� �" Cx;Q�`1 �`� =`D $;v�� 3$*9QED C�Z��x`N C�`Z
.71�2"

1. Size-sorted
2. Lo and McKinlay
3. NYSE
4. AMEX
5. Cross serial correlation
6. Conrad, Gultekin, Koal
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2 ."�X*A2 �N."M�N M O7`87,>N C�Z�;`[12$! 6 ]`[J 3$`�1)1998=B`A ]; Ǹ H`D 7`,*!���" (C�`Z
WE`D 6 3];9*nE`: 3"2$,D �LS$N �82 3"�2" "Ea6 =KL� �" ��2$A �9�$8Y �" UQED 6 ��xN

)1991��2$A ]�2 HD 7,*!���" <�0�2 3(=BA M2 =Z =KL� ),+� }�A2 <��b*8 �f�$b� �Z��x`N C�`Z
=BA HN6 UQED C�Z=BA M2 =Z=BA HN UQED C�Z)8 ��2$A ��xN C�Z7,D2.

��$Z3)2005rS�`( <�`;8 �" 2� =KL� 6 ."M�N ��2$A (C�`ZFTSE 100,FTSE 250 6
FTSE Small CaprS�() W78 U� M2 ."�X*A2 �N (<�*[>/12 C�ZGARCH <E8MY .$;P*87,Q

"$D HD �!���" 6px;1�98BA ];N =KL� 6 ."M�N ��2$A C�Z=<�*`[>/12 �" ��xN 6 UQED C�Z
=BA C�Z7fA =KL� 6 ."M�N �" )BaE� VN�5 ��2$A 3$/�" O��f? HN .�A2 <��b*8�1H`N ��xN C�Z

=BA C�Z7fAM2 "67`q8 "�ESM�`N M2 C7Z2E`( ];`,^_Z 3=`KL� C2$N .�(2" "Ea6 UQED C�Z
=BA 7fA=BA 7fA HN UQED C�Z�`N V`;>q� 3H`*fn2 }�(2" "Ea6 ��xN C�Z.�6".�`�ED C�`Z$`�

.�6" �" \`>R8 ]`�2 3"2" <�01)`8 .7`�" )`4d08 C�`ZM2 .7`8Y �`A7N 7Z2E`( 3];`,^_Z ."E`(
H;f(."M�N <�;8 ��2$A M2 )0dN .Ebn�N �ERN <�8x_Z$;T OL8�+8 HD "2" <�01 CM�A)8 2� �Z7`,12E�

 �;kE�)_1 L-2 2� =KL� ��2$A $v2 3HD ]�2 ]_k }7,Z"" �;kE� 7,12E�7Z2E`( �N ���*1 ]�2 .7,Z
)8 <�01 HD )>f5=BA �" 27*N2 O�?LK2 7,Z" =B`A �" ��A 6 ��xN C�Z�9+,`8 U`QED C�`Z

 3��$Z)�A2 ��:M�A 371E(2005��6E1E>;8 .(4)2003 3(.M27`12 )`�2�2" 7f`A H`A ];N g�f��2 =Z-
 ."M�`N 3"2" <�01 C6 ."$D )A�$N 2� �;n2$*A2 p�BA G�EN �" \�$8N 7f`A C�`Z .�`/,6 y`AE*8 C�`Z

."M�fBN �f[1 UQED.�/,N 7fA C�Z �" x;1 <��b*8�1 C$;S�� ��*S�A U� .71�2" $;S�� ��xN C�Z
."M�N =KL� ��*S�Ap7b� $v2 �N O27Z�08 ]�2 .7( .7�" �Z-��:M�`A =`KL� ��2$`A H;`k$! 6 $S��

)8.7(�N
##6'I": 6, <"PKJ' )"+*c

[f_Z"ES C2$N HD )>�t" M2 )9�."M�N )/*)8 Hm2�2 �ZO�`?LK2 H`D )1�`8M H`D �`A2 ]`�2 "E`(
 )`8 �2M�N "�26 C7�7aH��8$`A H`;>D 3"E`(<�`01 j,`D26 �+�$`A 7`�7a ��`fS2 H`N �f`[1 <2�2%`:

)_1�_;5 HN )82�Y HN 7�7a O�?LK2 3]�2$N�,N .7,Z"\`aE8 .7`�7& ]`�2 6 7`( 7`,Z2ES V`b*,8 �Z
."M�N �" �f�8 )/*[f_Z"ES7( 7Z2ES �Z52$`�M 3�`A2 �5�,� �" �2M�N )�2��D .7�2 �N .7�7& ]�2 .

1. Hasan, Francis
2.) 3��$Z2005(

3. Harris
4. Milunovich
5. Boudoukh, Richardson, Whitelaw, (1994)
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�`_;5 �" )`>+! O�`?LK2 H`;>D H`D �`A2��D )��E`- �" )n�`8 �2M�`N U`� 3H`�$I1 ]�2 G�A2 $N
)�2�2""��/�6 6 $5��! .7(�N .7( �9+,8 �Z1)1998p7b� $v2 HD 71"$D .7Z�08 H+n�R8 U� �" (-

W�A �" $S�� .�A2 H*!�� V;>b� $;S2 C�ZH*!�� <�0�2)�2��`D "E`fBN �`qN M2 ."�X*`A2 �N 2� "ES C�Z
WE_+8 3]_k �" .71"2" �;kE� ��fS2 $*BN ��0*12 6 �2M�N)�2�2" =KL� C2$N �;kE� ]�$��$`1 H`N �Z

)`8 e2$d*`A2 2��`D �2M�`N H;k$! M2 HD �A2 yf�$8 O�?LK2 <��$a=`KL� 3<Y G�`A2 $`N 6 "E`(
�_;5$`1 H`N H*`[N26 �_;b*[8 �ZM� .�`A2 �2M�`N �" O�`?LK2 <�`�$a �2)1989U`� �" "2" <�`01 (

 "�4*52 �Ns2$*;N�Y-"2MY3�_;5 =KL� W78 U� �" .�A2 H*[N26 O�?LK2 <��$a �$1 HN �_;b*[8 �Z
]�2 ."�A�_;5 =KL�) 6":),+� .7,*[Z <�[9� (O�?LK2 <��$a �$1 6 �Z

)1(22
sp $$ %

<Y �" HD2
p$�_;5 =KL�6 �Z2

s$)8 O�?LK2 <��$a =KL�<�`01 ."�`A W78 U� �" C6 .7(�N
�_;5 =KL� H^1�,Q 3"2""E`a6 s2$`*;N�Y <�`982 37(�f1 �2M�N HN .7;A� O�?LK2 �$1 =KL� $N2$N �Z

 ."�2"
) WED 6 3];9*n�: 3"2$,D1991 �" ��2$A .7Z�08 M2 �& (."M�N =KL�H;f`( M2 ."�X*`A2 �N 3�Z-

)8 HF;*1 <�;N CM�AOL8�`+8 )1�`8x_Z p7? $K�S HN =KL� �" .7( .7Z�08 ��2$A ]�2 HD 71$;:
�_;5 =KL� HD )1�8M �� 71"$D <�;N x;1 6 �A2 .701 "�F�2<�`�$a �$1 HN H*[N26 �_;b*[8 p�BA C�Z

�2$A �" <��b� p7? ]�2 3�A2 �2M�N �" O�?LK2=BA ];N =KL� � ��:M�A 3UQED 6 ��xN C�Z
�_;5 HD �A2 C�2M�N �N=BA)`8 <�`01 j,D26 7�7a O�?LK2 HN �f[1 �+�$A ��xN C�Z37`,Z"

�_;5 �82=BA)8 <�01 j,D26 ��fS2 HN )1�8M $;S�� �N UQED C�Z  .7,Z"
U8 )n�E`� 6 ��/,;& 3];�ED4)1996��`fS2 H`N p�B`A �`_;5 j,`D26 O6�`X� (2� 7`N 6 ~E`S

�D$( p�BA HD 7,*!���" �B1Y .71"$D )A�$Nj,`D26 ~E`S ��fS2 HN �f[1 $;S�� �N UQED C�Z
)8 <�01�D$( ]�2 p�BA �_;5 �" �+�$A 7N ��fS2 HD )n�J �" 37,Z")`8 �9+,`8 �`Z3H`*fn2 ."E`(

U8 3�1�Q��/,;& 6 ];�ED5)1999p7b� $v2 .7Z�08 M2 �& (- �" $S��6Y )n�`8 �2M�`NV8�`( �;`A

1. Fargher and Weigard
2. Ross
3. Arbitrage free
4. Macqueen, Pinegar, Thorley
5. Chang, Macqueen, Pinegar
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�,Z2� 7`N 6 ~E`S ��fS2 HN <��b*8�1 j,D26 37,>��� 6 <2E��� 3)NE,a .$D 3�E&�/,A 3]&2s 3�,D
71"$D 7;��� <2E��� �" yb!1.

4.<R!R#$: �a&"T
W78 �"C$`A H`D "$`D V`-�J <�`,;_K2 7`��N 27`*N2 3)1�8M C$A U� CM�A)1�`8M�`1�8�" .7`(�N

C$A1�8�1 tE_+8 )n�8 )1�8M C�Z."M�N C2$N )*N�v �RA HD �A2 �;+526 ]�2 M2 )(�1 )��"E`a6 �Z
C$A O�;N"2 �" ."�271H`0�� C2�2" C�`1�8�1 )1�`8M C$`A 3)��`1�8�1 )1�`8M C$A ];,Q 3)1�8M C�Z

7J262)8 .7;8�1"E(3 .."2" HD ]�2 HN HaE� �N 37J26 H0�� <E8MY C2$NH`12M6� ."�X*`A2 "�E`8 C�`Z
)8t ]�2$N�,N 37,(�Np7`? �� 6 "Ea6 7�E8 <E8MY HD ""$: <E8MY O787,>N HI!�J "Ea6 �A2 pM

)8 x;1 7J26 H0�� "Ea6 <E8MY #6� HN O787,>N HI!�J <E8MY .7(�NGPH3�E`: y`AE� H`D
�2"EZ 6 $��E&4)1983.��`8Y 6 �`A2 .7`( Hm2�2 (R/S V�7`+�)`8 O�E`- H`*!��]`�2 �"."$�%`&

<E8MY!�J "Ea6 p7? $X- H;k$! �ZC$`A �" O7`87,>N HI!�J "Ea6 VN�b8 H;k$! 6 O787,>N HI
)8 )1�8M .7(�N <E8MY .��8Y H^1�,Q 32%n�L*S2k$! 37(�N H*(271 $X- M2 C�2"�,+8H;)`,+� $X-

)_1 2� O787,>N HI!�J "Ea6 p7? ."$`D "� <2E�.��`8Y )`!$+8 H`N H`82"2 �"R/S<E`8MY 6GPH

)8 .=�M2"$&

4-1. 56"!LR/S

)9�<E8MY M2G�;b8 H,82" <E8MY 3O787,>N HI!�J r;d0� C�Z .7`( C7,N5."�`A V9`( H`N �`� 3
 .��8YR/S)8    ) �`A��Z y`AE� ��`N ];`n62 C2$N HD 7(�N1951O6$fn7`,8 y`AE� ��`A 6 H`m2�2 (

)1971) En .7( '�$+�M�N (1991 .��8Y HD "2" <�01 (R/S)/*[N26 C2$N .7( '�$+� H,82" �N C�Z
*A2 .��ED�2E6<�01 �EI,8 HN 6 �[;1)/*[N26 <"2".��ED C�Z)1�`8M C$`A �" O7`8ty C2M2 H`N 3

Tt ,...,,21% 3 .��8YR/S) HRN2� O�E- HN 2�2:"$D V�7+� (

1 .U8) 3��/,;& 6 ];�ED1999(
2. Unit-root nonstationary time series

3. 3C�[�)2002(
4. Geweke, Porter, Hudak
5. Rescaled range
6. Robust
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)(min)(max

)(ˆ
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$

C6E`;1 O7`87,>N �1���26 ];_d� p6" <2E� �N H1E_1 ��;+8 �2$q12 HD-6 �`A1)1987C�`,B& �`N (
71�N2q) En .�A2 .7( ]�x/��a1991)��E-�" HD "2" <�01 (HDty.��ED HI!�J 7(�N H*(2" O78

 x;1 �n�J ]�2 �" 37(�N H*(271 O787,>N HI!�J )n6tQ
~ HN)`162$N V`& H,82")37`Z2ES 2$`/_Z (

."EN

4-2.IL )Z!GPH

 �2"E`Z 6 $��E& 3�E:"�B,`0;& O7`87,>N H`I!�J <E`8MY C2$`N 2� U`�$*82��& H`_;1 #6� U`�
<Y .71"$D)mxa H*(�f12 7,�Y$! )X;K )n�/Q �Zty) HRN2� V9( HN 2�3:71"$D Hm2�2 (

)3()()](sin[)( .
.

. u
d ff "% 24 2

 HD6 �A2 H��E! �1�D$!)(.uf �N \A�,*8 )X;K )n�/Q .�A2�2"E`Z 6 $��E`& 3�E:
.�6" ];`̀_d� M2 ."�X*`̀A2 �`̀N��`̀/14)( jf .O�`̀+N$8 V527`̀J ];`̀_d� 37`̀1"2" <�`̀01d̂ M2 ."�X*`̀A2 �`̀N

H1E_1 �71E;A$:�'�$+� .��8Y ."�2" W�8$1 @�ME� ��xN C�Z$N C2$N .7(H`I!�J $`v2 "Ea6 )A�-

H`̀`1E: H`̀`N O7`̀`87,>N<Y �" H`̀`D �`̀`A2 C2)](sinln[ 24 2 j
jU

.
%6UH`̀`1E_1 ];/1�`̀`;8jU 3

fnj ,...,1%) O787,>N HI!�J "Ea6 p7? $X- �$! �q� .�A2.%d .��8Y 3(t�`A2 O��f?
:M2

)4(21

1
2

2

00 6
/)

)(
(ˆ "

%

% , "
%

nf

j j

d
UU

dt
/

 .�A2 "�271�*A2 W�8$1 @�ME� C2�2" HD

1. Newey-West estimate of the long run variance
2. bandwidth
3. Brownian bridge
4. Periodogram
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5./R! ("�GARCH�a&"T [-&*^*a3 6, ": 5*C_-!R#`<R!R#$:
 W78 U� H+AE�FIGARCHU���`qn $`/�" O��f? HN �� .$;P*87,Q ~EQ��Q U� HN .$;P*8-

 W78 �" �Z71�_[& O787,>N HI!�J <"E_1GARCH2 $�M H>J$8 7,Q �" .$;P*87,Q)8 p�F1}"E(
W78 �" �1���26 Hn"�+8),( 11GARCH}

)5(2
1

2
1

2
"" 00% ttt 123$.$

W78 �" �1���26 Hn"�+8),,( 11 dFIGARCH}

)6(22
1

2 111 t
d

tt LLL 2433$.$ )))((( """"00% "

�1���26 ��$��8-W78 �" �1���2ED),( 11GARCHE- HN C$R5 .$;P*87,Q} O�

)7(jtitijijtijijtij ,, 111 """,, 00% 2213.

�;`̀``-�S <"E`̀``_1 ��`̀``qn C2$`̀``NFI) H`̀``n"�+8 �"5) H`̀``n"�+8 H`̀``N <Y V�7`̀``f� 6  (6 )!�`̀ ``D (
�`̀A2dLLL ))(( """" 111 43 2� ]�x/��`̀aL1.=;��`̀_1�_`̀A H`̀ N H+`̀AE� C2$`̀ N ];`̀ ,^_Z

)8 .$;P*87,Q C$R5 ~EQ��Q�1�`��2ED ��$��`8 M2 E`�? $Z C2$N �[��NH`n"�+8 U`� )K$`(
GARCH�1���2ED ��$��8 �A2 $D� VN�5 .=;Z" Hm2�2t, 6tt22 5������ ! "#$% &'�()� *�+
 ,--./)0 '#ij  1ij! !ij"2--� &'�--()� 3--/045--� ,6--7$� *8�--% .59--:�%FIGARCH 45--� ,--%

FIGARCH,-;#�6� 2<�-: �0�-�'8$= �����-� >8 ,?;$� �+ *8�% 5��% "�/@)�59AFIGARCH

BC/D�$9%

)8(jtit
d

ijijijtijijijt
ijLLL ##$"" )))((( %%%%&&' (( % 1111

�/-D/� E-7$� ,-= F-78 "�/@)�5-9A FG7 ,% "�/@)� !# 45� >8 C/()D� ,67$� H� #�I�!' J�8
)1997 (K%�-� ,-= F-78 J-�8 #�-I�!' J-�8 L6-M ,-N(0 .F78 "5: ,O8'8#85-6� ,-% &P 2��G9)-78'

 .F78 Q�DR '�/D% S5�59T% ,UV�R *�+�)�8'�W21 /)( &NN2��G9)-78' K%�-� ,-= C�'8# �)�8'�W
2� �% XIY� ,% 45� J/GZ� *8�%,V�-[�% ! ���-\)Z� ]��-\� H-� XI-Y� J-�8 KV' *8�% .#'$^

_ZY� *8�% �)Y/%2� '�= ,% S5�59T% ,UV�R *83`8 2��G0 .C��%>8 ,6-7$� *8�-% #�-I�!' J-�8 '#
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H� 45� "�/@)�FIGARCH,�!' >8 "�/@)�59A a$A'�A H� ,% 45� ,67$� ,/b: *8GARCH

H�2� "#�?)78 "�/@)�59A ,% "�/@��cTGd ,= ,= S!�?� J�8 �% C/9=dL)( %1�;�I-78 S'$[ ,% 8'
) ,;#�6� *83`8 ���7 ! ,):8# "�c0 2e�%6'$[ ,% 8' (2� &�/% 2D����� S,-;#�6� 2��-G0>�% ,= .C�'8#

) ,N%8' XI: ,% �0��'8!9B5: 5+8$^ (

)9(jtit
d

ijijijtijijijt
LLL ##$"" )))((( %%%%&&' (( % 1111

_ZY�L��6� 2��G0_ZY� >8 2f#�7 ,% "5:) 2��G08 &#8# '8�e �% (ddij '2� F7# ,%  .5-�P
5�59T% ,UV�R *83`8 '# g�)Y� '�)^�7 H� �c�# S'�bd ,%2-� ,-)V�f �U0 '# SX-�h '# .#$-:

2� '�I:P 8' "5: ,)V�f '�= ,% H/9I� i>'8 ,= X/;# 59A.F78 "5: "#'!P 1#>�7
1.*�7 *8�%,-= #$: k�V F78 2(N9� H�'$l� m�n; >8 B,%�Y� 2;�� 2%�.� 20��> *�+

 '�)^�7 H�.#'8# #$`! g�)Y� S5�59T% ,UV�R1

2.S'$[ S�6;�N�# "'�-:8 ,-)I0 J-�8 ,% ,)V�fC-<o� '# S5-�59T% ,-UV�R ,-`'# ,-= #'8
*�7.59)D+ �c�5I� ,% H�#30 1,%�Y� 2;�� 2%�.� 20��> *�+2

3.&'$; H� ED%dL)( %1 >8 2N^ �/p q�V H�d2�.5:�%

)10(...
!

))((

!

)(
)( &

%%
%

%
&%'% 32

3
21

2
111 L

ddd
L

dd
dLL d

 r3` 4�Gd8 ,% 2�!3; J�8�%�9%ijdL)( %12G0���-7 #'$-� '# s$-M$� J�8 F78 �=h ,% q>t .5:�%
 �/U0 �+�)�8'�W 1" !$ 2-G0 m�n;,-;#�6� '# 2-N^ q�-V *8'8# �-+�)�8'�W ���-7 ,-=8�A ##�-f

) �0��'8!92� (.59:�%
_ZY� *8�% "5: ,O8'8 X�t# ,% ,`$� �% 2��G0) ,;#�6� >8 �0��'8! ,;#�6�92-� "#�?)-78 (C/-9=

������ &P '# ,= *�+ij  1ij" !ij$2-� &'�-()�S5-�59T% ,-UV�R �)�8'�-W ! 59-:�%10 )) d

59�P�V &#$% J/6� Fbu� E�8�: J)V�� 12T/Tn� m�n; >8 .F78t(v�-: J-�8 J�8�%�9% .F78 '8$:# 1

1.%w�0 4�u� &8$9d ,�I���P 't# X%�(� '# 2`'�^ >'8 *�+
2.%,) �/D/� 4�u� &8$9d1997H/9I� >8 "#�?)78 �% ('# g�)-Y� S5-�59T% ,-UV�R ,-`'# H-� ,-% H-��)�8'�W ,-G/0 J/-GZ� *�-+

C<o�.FV�� F7# �I���P 't# X%�(� '# �/Tc08 ! &�G;P J/% >'8 w�0 ,08>!' *�+
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,-0$G0 X-^8# ��#�(� *8�% *#5d S'$\% &#$% J/6� Fbu�*814�-Gd8 12<�-: �0�-�'8! �����-�
2�.##�f

5-1.D��E/&0��">�13 2FG1HI 5J@ �)
45� J/GZ� '# x�8' #�I�!' *�+ARCH  .F-78 2��G9)-78' �u=85R i!' >8 "#�?)782F-;�R '#

H�2� k�V "�/@)� 4�-��0 Sto)^8 ,= ##�fXI-: ,-% "5-:ttt *+# '! "#$-%t+S'$-[ ,-%
dii .. 2;�cA K%�� *8'8# !)(+f2�J/GZ� .5:�% �)�8'�W J/GZ� *8�% 2��G9)78' �u=85R &>,

��< >8 _ZY� ,0$G0 *8�% 2��G9)78' K%�� *>�7�u=85R y- .t#2� F7# ,%B5�P

)11())(lnln.()(ln
t

t
t

T

t

fL *
#*, &%'(

'

2

1
50

2
t*2� F7# ,% �0��'8! ,;#�6� '8�I� �% 1 ! 5�P2

t* ,% 8'2
jt%# �� !2

jt%*�: �%) v1/j Eb��� (
2�2� #�.�8 2I/9I� s$M$� 59A 1J/GZ� 59�P�V J�8 *�/f'�I% '# .#>�7B#$:

 :<412� 85)%82;�cA K%�� *8�% 2b7�9� a�Z)08 FD��%fk�-V F-n� J/GZ� .#��zW S'$[
2-� S'$-[ �+50�GDW &#$% #'850�)78 4���0{-Tp8 JI/-; .#�-/f *�-7�-% 2-)R "#>�-% 20�-�> *�-+

{�# *8'8# 2<�: 20�DG+�0 �0��'8! a�D)R8|�A3}+!~-W >8 2-^�% .59)D+1">$-R J-�8 &8�-f
K�>$�27$f�/p *�+4 K�>$� 4�u� *8�%.50#�= #��9Y/W 8't 4�7 '# $T7�T% E7$� F0#$)781987 !

,)V�� ,67$� 2��G0 K�>$� H�5 4�7 '# &$DT0 E7$�19915: #��9Y/W 4�7 '# x�'5;!! ! $T7�T% .
1992"5d�e E�8�: Fn� ,= 50#8# &�Y059�6 15:�% "5: k�V 27$f "�b):8 ,% �� ]��\� �f8 2)R

,-% 8' �-� C-+ >�-% 2��G9)-78' �u=85-R 15:�% "5: ]��\� 2)7'# ,% �0��'8! ,;#�6� ,= 2�'$[ '#
 *�+�)�8'�W >8 '�f>�7 J/GZ�ARCH2� &$G9+'X-/;# J/-G+ ,-% .#>�-7 x-�8''# #�-I�!' J��-�

 45� J/GZ�ARCH-78 2-7$f 2��G9)-78' K%�� *>�7�u=85R �% 29)b��u=85-R ,b-: J/-GZ�) F
.(2��G9)78'7

1. In-the-sample values
2.) 1&$DT0 ! Xc08 1$T7�T%1994) 1&$)T/G+ ! (1994(

3. Fat Tails
4. Non-Gaussian
5. Generalized Exponential Distribution (GED)
6. Certain Regularity Condition

7 .) 1x�'5;!! ! $T7�T%1992(
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:$4(2-� 2<�-: �0�-�'8! ,-;#�6� '# 2)-Yf>�% 59�P�V {7�9� s!�: '$U9� ,%2-^�% F-D��%
/D(� FGDe !# ,% 5��% ,0$G0 Q�78 J/G+ �% .#$: ,)V�f�U0 '# ,/;!8 E�8�:.#$: Cp,-/;!8 "5+�Y�

}/W ��#�(� &8$9d ,%,0$G0*812� "#�?)78 2)Yf>�% 59�8�V s!�: *8�%S85+�-Y� ,-= 2;�R '# #$:
*56%),...,,( Tppt 21 &&',0$G0* 8' 2��G9)78' �u=85R K%�� ,b7�n� '# "#�?)78 #'$� 26e8!

2� X/IY�78' K%�� #�I�!' J�8 '# .59+#2� *>�7�u=85R ,/;!8 ��#�(� ,% v!�Y� 2��G9).#$:
:$L�45� 2��G9)78' K%�� ,= 2��.0P >8 *�+ARCH*�+�)�8'�W '#�-�9� 59)D+ 2N^�/p &�:

&P CG�3=�� &#�=85/W "8'i!' >8 "#�?)78 �+,9/�% *�+.F78 *#5d *>�7
:$3�%MJ/-GZ� ,-A�f8 5:�% "5: ]��\� "�b):8 2;�cA K%�� ,= 2)e!2��G9)-78' �u=85-R &>

,-% 2)-D��% �-+�)�8'�W #'850�)-78 *�-+�N^ &P 4�b0# ,% ! �0��'8$= ������ ��8 1F78 '�f>�7  (,b:)
 4�7 '# F�8! .50$: X�56� 2)7'#1982J/GZ�,-O8'8 |$V �0��'8$= ������ *8�% *'�f>�7 &>

FZ7 '�/D% E�8�: J�8 JI/; #8#45-� ,)-7# *8�-% ,-= F-78 &P >8 ��*�-+ARCH,-)V�f '�-I%
#$:2 4�7 '# x�'5;!! ! $T7�T% .1992i!' J�8 '�b)d8 ,= 50#8# &�Y0F-;�R >8 *#85-6� *8�% �+-

.#'8# |85\� "#�7 *�+
:,N";45-� '#FIGARCH,-;#�6� .#�-/f '8�-e ,-`$� #'$-� 5-��% 3-/0 �-c�# s$-M$� H-�

H� 45� �0��'8!) ,N%8' XI: ,% "�/@)�12B(
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'
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*�+�)�8'�W >8" 1$!d2� 2-G0 *#5d #�I�!' *�/f'�I% '# .5:�%*#!5-n��0 #85-6� >8 C/08$-�
,?e!,?e! 2T/^ 5��b0 2V�< >8 ! C/9= "#�?)782c)-D%8! F-/G+8 &$A C��/c% �U0 '# C= 8' �+*�-+

2� J/% >8 8' S5�59T%) &$DTI/� ! $T7�T%.#�%1996 ,?e! ,= 50#8# &�Y0 1 (1000'j,-?e! #85-6�
 2-� 2b7�9��/@)�5-9A a$A'�-A H-� ,-% C/-G6� X-%�e |$-V x��-)0 F-���0 '# .5-:�%K%�-� .59)-D+ "

4���0 k�V Fn� "�/@)�59A 45� 2��G9)78'2� ��> S'$[ ,% &#$%B5:�%

1. Presample
2. White H. (1982)
3. non-trivial function
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3,'+)H-/�AI'&0.0003030.0042220.273812-14.39602

1�+ N'�;^ !"_^'�"+ '( 3S,'V+ /� /'"�+ q�)E^� /��V+�/8�+ >/@� *8�l /� )�"?.+ !�,� 3�= ��&�
� >�8\^ /��8W)( 1,7'( rl4� 2� 1H/)( .DH 1_B8d -�/�� �,28� !,�4.833-'�#�+ 3�( 3�= D�H�

NO 1I�"�;= !"#$%& YDH� DH�/ 3( 1_B8d90.716�('�� 1I�"�;= 2� ).�;"( 1�G"W 3�= D�H�
1+ �#G( 3GK @ !L0 @ U,/'( 3B'\^� -�/�� NO 1#E#+ �AB .DH� *'+)^ 1B'_d .�6'(

6-3.VR�R��@ �S!�W >(3+@
3�H /� `��+�#G( 3�tQ'< 1H/)( -�)(N8�+2O 2� 3��B'J+ �/8�+ 1^'�+2 -)�HGPH>/'�+O @R/S

 .DH� >�6 >�'T.H�/�N8+2OGPH >/'+O @R/Sj)Q3" P)Q @ `�+�#G( 3tQ'< �8[@ f�F )TR
1+ 1^'+2 -)H /� `�+�#G( 3tQ'< �8[@ 9('V+ N8+2O >/'+O 3$^'#d Y�AB .�6'(q4.W�-/��'�#�+

8�[@ f��F 1#�, )TR P)Q Y�6'( 3.6��^ )TR 2�1�%^ �/ `��+�#G( 3�tQ'< �  .�)�= �/ N�8��|,'�.^
 >�6 )=p N8+2O @� 2� U, )& -)"I/':( *@�[ /�2.DH� >�6 3i�/�

'$RT2. 9XCGPHVR�R��@ �S!�W +/�*3�& Y88:C -*+@
Test for Long Memory: GPH Tes

Test for Long Memory: Modified R/S Test t
uJH-/��'#�+

'()N8+2O �/8+ kW'6(>�2>/'+O /��V+
 N8+2OR/S

>/'+O /��V+
 DS�GPH

d95%99%

N'%"H**2.287**3.3240.3386***

U"+�)H @ 16'=*2.0944**2.92140.4011***

3,'+)H-/�AI'&**2.6661*2.10060.2884***

 *@�[ /� >�6 3i�/� |,'.^ �'H� )(2 DS� >/'+O /��V+ @GPHG( 3�tQ'< �8�[@ Y/� `��+�#
N'�#"%l� uJ�H /� U"+�)�H @ 1�6'= @ N'%"H kW'6 >�2'(991�+ ��",'� %!�,� �'�H� )�( .�8�6
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3,'+)�H kW'�6 /� `�+�#G( 3tQ'< �8[@ YN8+2O -/�A�IN'�#"%l� uJ�H /� '�&99��",'� 9�('K %
 N'#"%l� uJH /� @ DS"^951+ �",'� %2� ).:d8�= @ D\5+ /��V+ 3( 3[8� '( .��)I5/0D�H� 3�(

�+O `�+�#G( 3tQ'< ).+�/'0 -�)( >)d 1�+ '^'+ 3�B'J+ �/8+ 1^'+2 -)H 3H )& 3= DH� kC;+ (-
 .�#6'(N'%& *@�[ /� 3= /8l21+ >�&';+>/'�+O �'H� )( Y�86R/S@ N'%"�H 1^'�+2 -)�H @�
3,'+)H-/�AI N'#"%l� uJH /� '&99�N'�#"%l� uJ�H /� v�"^ U"+�)�H @ 1�6'= kW'�6 @95 %

( 3tQ'< -�/��.�#.S& `�+�#G

6-4.GH�1 2.?�@ 3. 9,*+( .KT$ )K�?P�#
2� '�+� .�8�( /�8.�H� �)�T#+ `/8�R 3�( N'%"H D�#R f'LH v"B'^O *8< �6 3i�/� N8#= '� 3= 15<'\+

 kW'�6 N'"+ 1_.S\%& !.Q)I)t^ /� 9+'6 3= 1,�/�� �\H rl4� !"%C� >8E^Y��6'( f'L�H -'�&
� �aK 3+��� /� .�+'"^ N'"+ 3( 1#CH3�[8� '�( @ f'L�H kW'�6 3�H !.Q)�I )�t^ /� �):,@/ '( r,/�

r�l4� D,�)�H )�n� 1�H/)( 3�( `��+�#G( 3�tQ'< )n� �8[@*��+ U�, o�B'K /� '�&FIGARCH

*��+ -'�&).+�/'0 !"�%C� >8E^ X,'%^ -�)( .r,2��)�( >)"?.+�#dFIGARCHh�H8� >)"?.+��#d
f)^ /�vQ�Eviews *�+ Y),,( 11 dFractional BEKK   ) >�).�SI 3�J(�/ `/8�R 3( >)"?.+ 3H28 (

 �� �� ��!"#$%& �'( )*+,� -. /0 12 34/5#%'!0/6 �'& 7"'&3( 89:%';( *+#/"'<5#%'!0/6"� 6 %'=
>3? �@3� .*+�!",& /0 �#%($ >%=

�(%#3& A63� >/3& �'( B!3;< /0 �#"� :0623& �!%& �� �!%=3C(/0%D �+E� /�C&/ )��!"#F'!/ .*+',�
/0%D�GHI( �+E� -(%� %=3C( 5!3<%'( >%= >%'=*A)*G6*C3C(/0%'D F+',JK= 6d �'(L�'( .�'�%&

M%NH 3& O6PQ O�� O:/: �;?"< �'RS%. 3C(/0%D 1:"K#L�'( �',!23S �'@ 0: /0 12 )8�'(�,E&>$%'?
�( :0623&!/ �� �!%K# )>�;& �E.3( 0: .T?/ O:"U# �V"< :0"( �C�W4 8%;H%X( 0: 1",� %< �!60 F

>3? $/ Y/��3= >/3& L�( Z! )�#%($ >%=),( 11GARCH �'( :0623& O3+[C( Z<F'!/ $/ .*+',�
�'+H6/ 3!:%'\( B'!3;< >/3& O��:0623& L�( �'GH"( >5!3<%'( >3'X] >%'= >%'=*A)*G6*C 6

>3? >%=�#%K�D B!3;<) �#%($ >%=ttt 321    ,,�( O:%GC?/ (.*+,�
 L�( :0623& >/3&FIGARCH�( 0%� �& �!%K,C?/0 3_�/�. `60 )O3+[C(�,a F!/ >/3& .:60

Y3# 0: �!%& 0"R,(/6 �& 7"&3( 89:%;( )0/bS/5#%!05#%'!0/6"� 6 %'=89:%';( 0: /0 �@3'� >%'=
�& 7"&3(Log LikelihoodB'!3;< ):0/: :"'V6 �'E.3( F'!/ 0: �'� �Ec'd( %'e,< .*+',� �S%'f/

80%UQ�'(%#3& 0%Cg%'? 0:O3'e& 12 10"'H Z'( h'�& $/ -c'd( F'!/ i'S0 >/3'& �'� T'?/ �'�!"#
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�(� �E.3( F!3g2 0:.*!3+4 B!3;< �log-likelihood�( ) �'H:%;( 0%Cg%? $/ )��%&27O:%GC'?/ (
�( L�( O:3C�4 0%Cg%? .*+,�Fractional BEKK ),,( 11 d �'?�'X&/0 80"'j �'& )O3'+[C()28 (
�(.��%&
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. 0: :0/: :"V6 5#%!0/6"� 6 5#%!0/6 �H:%;( �? )O3+[C(6: L�( 0:�? L�( 0: �� �H% O3+[C(
�( k!/bS/ k� :�Q �& 89:%;( F!/ :/�;<T�+& 6 �,&%!6�( b+# 3C(/0%D l,D   .:"'� :0623'& )T�!%&

L6�V 0: L�( F+Km< $/ -j%. n!%C#3.T?/ O�� O:062
 L�(FIGARCH�? $/ �;& O3+[C(56i&%'< *C!0%'oH >:�'Q 0/�'\( 6 O�'� /3'oK= 0/3'c< 0%&

 12 �!%K,C?/0 `60 $/ O:%GC?/ %& ��BHHH %& 3&/3& )T?/ O�!:34 *K!b�%(10427.77`0/b'4
�( L�( *C�+? >%=3C(/0%D :/�;< 1:"& 9%& �& �V"< %& .:"�FIGARCH�?:0623'& 1%'c(/ )O3+[C(

>/3& 3<9%& �U<3( h�&) �G] 6 L"@ %& L�( F!/dL)( (1�K# *=/3S �4:%? �& 6 :"�+K= �& -+H: F
Y3# pH%q L�( %e,< %=0/bS/BEKK) 1:"& >3�� �4r!6 1:3� M%NH 16�& *= 12 6 O3+[C( 6:d (
�(%#3& /0O:3� ��!"# �m'�# 0: L%. F!/ %& .�#/�'G]6 �'H%\( F'!/ �'+H6/ >%'=2L�'( 0: *'=BEKK

 �� O�� :0623&BIC $/ 3Cd+& 12BIC`0/b4 L�(1%K= .:"& s+\N< 0: O��'V 0: �'� 0"@ L6�
3�'RS%. 3C(/0%'D 0/�'\( )T'?/ O�=%d( -&%] ) 8�'(�,E&d  ) %'& 3'&/3& )(0.093    .T'?/ O�'� :0623'& (

�''(�''� �#%''($ :/: 1%''d# 1/"''<21/*d�''(�''� �#%''($ 6 T''?/ %''#%(%# �#%''($ >3''? )�''�%&
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210 /++ d �'( )K= .T'?/ 8�'(�,E& �'RS%. >/0/: 6 %'#%( �#%'($ >3'? )�'�%&�''� �'C]6 F+',J
021 ++( d/O%<"� �RS%. >/0/: 6 %#%( �#%($ >3? )T?/�( 8�(O0%D 0: 6 ��%& $/ 1"C( $/ >/

0%4�#%(%# 1/",Q %& 121�( O:3& Y%# .:"�

 '$DE3 'D� F84GC ?* H;�I J,�/7 . FIGARCH2+8K/�D�L
Method: Maximum Likelihood-TMVGARCH

Convergence achieved after 55 iterations

p!/3f F+Km< Value Std. Error t value Pr(>|t|)

d 0.093017 0.025724 3.616 0.0003
ARCH )161( 0.199604 0.02926 6.821 0.0000
ARCH )162( 0.364757 0.050943 7.160 0.0000
ARCH )163( 0.166342 0.014203 11.711 0.0000
ARCH )261( 0.074608 0.006117 12.196 0.0000
ARCH )262( 0.105814 0.029973 3.530 0.0004
ARCH )263( 0.030194 0.004573 6.630 0.0000
ARCH )361( 0.020587 0.050212 0.4100 0.6818
ARCH )362( 0.64737- 0.101129 6.401- 0.0000
ARCH )363( 0.186737 0.028576 6534 0.0000

GARCH )161( 0.667125 0.07368 9.054 0.0000
GARCH )162( 1.27357- 0.212727 5.986- 0.0000
GARCH )163( 0257336- 0.049042 5.247 0.0000
GARCH )261( 0.228557 0.037445 6.103 0.0000
GARCH )262( 0.025158 0.114447 0.219 0.8260
GARCH )263( 0.16586- 0.023577 7.034- 0.0000
GARCH )361( 0.500167 0110948 4.508 0.0000
GARCH )362( 2.862233 0.202213 14.154 0.0000
GARCH )363( 0.445454 0.068002 6.550 0.0000

AIC = 21.5399- BIC= 21.41883-

1. Anti-persistent
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�'\U@ 8�'(�,E& �'RS%. O$"'. 0: :"'g 3+U;< F!/ T?/ 3�t �& Y$9�'( >�',& :"'�1F+',JK= .
 86%G<dL�( >/3& O�� O:0623&ECm( >%=L�'( 86%'GC( F++U< $/ ��%. )B�!%'D3!: 1/b'+( $/ %'=

u"� 3+v%<T?/ �#%($ >3? �KC!0%oH F+o#%+( �,!23S 3& BECm( >%=2.
 p!/3f $/ Z! 3=ARCH 6GARCH1%'d# O�'� O:0623&*'@P< T!/3'? O�',=:Z'! $/

�( 3!$ 80"j �& 12 3+�G< 0%cCg%? �� �,C�= 3o!: wg%� �& wg%�:��%&
 80%UQARCH(p,q) 3v/ >%,;( �& ��ARCH wg%�q3&p�( 3+�G<1%d# 6 ::34O�',=:

O06: *@P< $/ ��%# 0%Ug/O$/�#/ %=�#%K�D i&3( y%?/ 3& 6 T?/ -U] >%=�'( >3'+4F'!/ �'� :"'�
L�( $/ �#%K�Dk+D >%=�( -j%. O:$%& �,+&80%'UQ .:"'�GARCH(p,q)k+'D �'�3'+g/ �',+&

1%d# 6 O:"& 5#%!0/6=:O06: *@P< O�,�( -U] >%=O$/�'#/ �C'�W4 5#%!0/6 �E+?6 �& 6 ��%&>3'+4
�(80%'UQ 6: 3'= )�'?03& :0"'( wg%'� �'? 3'= F+'& *'@P< T!/3? 3+�G< 0: .:"�ARCH 6

GARCH�( 6 �CS34 0/3] �?03& :0"(wg%� F+& T!/3? $/ ��%. �,#/"<�,�%& %=3b!03'? 3v/ .
>3X]3+q 3!:%\( zE+?6 �& *@P<5!3<%(p!/3'f >%=ARCH 6GARCH�'( wm'd(  .�#"'�

5!3<%'( >3X]3+q 3!:%\(ARCH*'@P< T!/3'? 1/b'+( 3o#%'+&5!3<%'( >3'X]3+q 3!:%'\( 6 %'=
GARCH1%d# O�',=:*'@P< 0: >0/�'!%D >wg%'�) %'=0/$%& 1%'+( �@3'� >%'=�'( (%'=  .�,'�%&

 >9%& >0/:%,;(),( 11ARCH 6GARCH ),( 11 6ARCH ),( 33 6GARCH ),( 33 $/ ��%.
*@P< T!/3?�!%(3? 6 1%K+? �#%($ >%=3? 0: %=>0/W4�( %=�'�%� �#%($ >3? 0: Fc+H .��%&

 p!/3f Z+(/3? 6GARCH1%K=.�#:"U# 0/:%,;( 12 �& 7"&3(L6�'V 0: �'� 0"'@3O:/: 1%'d#
�p!/3'f )T?/ O�ARCH ),( 21 6ARCH ),( 12p!/3'f F'!/ >0/:%',;( .�,'�%& �'( 0/:%',;(

1%d# �'( 5c;H%& 6 Z+(/3? 6 ��%� wg%� �& 1%K+? T;,j wg%� $/ T!/3? O�,=:�'� �'�%&
& >0/:%,;( 0"@ �& Z+(/3? 6 ��%� wg%� �& 1%K+? wg%� $/ T!/3? F!/ �CUH/F'!/ .T'?/ 3C'd+

1. Zivot and Wang, (2003)
2.) )>�Kj 6 :/�.$06%d�1388(
3 . >%=:3c!60 �� �,a3=GARCHL�'( Fc+'H )�'#0/: T'+NV0/ 5#%!0/"� 6 5#%!0/6 5!3<%( :0623& TeV >3R# M%NH �&

Multivarite FIGARCH $%+# �#/6/3S >%=3C(/0%D �& )T'eV %'( >�,K#/"< O�,,�:6�N( )%=3C(/0%D F!/ :0623& 0: Y/bH/ 6 :0/:
O$/�#/ 0: :3c!60 F!/ O0/:/ L�( F+,JK= .T?/ {0b& >%=Multivarite FIGARCH 0: �!/3oK= �& 7"&3( -|%�( -KNC( )

F+Km< �& �&%+C?: 3(/ F!/ 6 T?/ :0623&V/"( -cd( %& /0 %=3C(/0%D �(%K< $/ %c</ -&%] >%=�( ��E|%'�( F+',a n!%'C# $/ �c! .�,�
*C�+? �� T?/ F!/ >%=Multivarite FIGARCH) O�d# :6�N( )unrestricted%CU'�# :/�';< �'� T?/ �V"( �#%($ %e,< (

>3? $/ �K��'( )%'=3C(/0%D >60 3'& T!:6�'N( >0/3']3& %& �S3@ $/ )*+�%& �C�/: 0%+Cg/ 0: O:$%& �#%($ >%=/0 %'e#2 :/�';< 1/"'<
�T!:6�N( F!/ Fc+H ):/: k=%.:"� >�!�V -|%�( :%}!/ ~Q%& T?/ FcK( :"g %=
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 F!/ 0: /0 )T?/ Y%e? 1:"& p<3( O$/�#/ �4r!6 $/ �CS34 8%d# :"g �� 3g%< 6 Y�\< 3v/ :"V6 3(/
�( �+!%< �#%($ >3? 6:p!/3'f >0/:%,;( F+,JK= .�,�GARCH ),( 21 6GARCH ),( 12b'+#
*@P< 0: >0/�!%D �!"(wg%� 1%+( �@3� >%= �'( Z+(/3? 6 ��%� 6 1%K+? T;,j >%=  .�'�%&

p!3f F+,JK=ARCH ),( 311%d#�!%(3? Y%e? $/ *@P< T!/3? O�,=:T;,'j Y%e'? �'& >0/W4
�( 1%K+?�'& 1%K+'? T;,'j Y%e'? $/ �',;! 12 5'cQ T'eV 0: T!/3'? %'(/ T�+# 0/:%,;( )��%&

�!%(3? .�!:34 O�=%d( >0/W4
/b+( F!3Cd+&�!%(3'? 6 Z+(/3'? 6 �'�%� �& 1%K+? T;,j Y%e? $/ T!/3? 1O�=%'d( >0/W'4

 ��%� Y%e? $/ b+# T!/3? 1/b+( F!3CK� F+,JK= :"& 3CK� T!/3? F!/ 5cQ TeV 0: %(/ �!:34
�!%(3? 6 1%K+? T;,j �& Z+(/3? 6.�� O�=%d( >0/W4

: (3g%'< 6 Y�'\< �'4r!6) 10%\C(%# T!/3? -j%. n!%C# �& �V"< %& O:$%'& 0P(%'� �'#/$60 >%'=
F'!/ $/ �dm& .T?/ O�=%d( -&%] %+#: �H%( >%=0/$%& $/ >0%+�& 0: 3g%< 6 Y�\< �4r!6 .:"& :"ed(

O:$%& 0: O�� O�=%d( 3g%< 6 Y�\< �4r!6�( �#/$60 >%=�',#%()0/$%& :3'g 0%Cg%'? $/ �'�%# �'#/"<
9"'K;( /3'!$ )�'�%& (8%'QP@/ 1%!3V 6 1%(bK=3+q 8P(%;( *e'?*'}. -'+H: �'& )3'C40b& >%'=

�( 1%d# 3<:6$ /0 �!�V 0%Ug/ 3+v%< )3<9%& �<P(%;()>%=�'!�D F+',a :"V6 0: 3o!: �+f"< .�=:
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