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< A"6. ��. P��[+4�% P>�>" C9"@�. �<'H% #. CV��\/mZ< �� ?* 3>#p>C% CZ�. C4�6_ P�9 .+4�%
o6c #p> C,e�/L. dL��D� +L,J ��8L`. < aL8M6.#k89 3�6LS /. /O-. z�#5 < C��D4 3�6S /. /4 �9

 ."�>" g9�Ji�>#.�,. 2 g8( /46[#9 @>/H8Y4P#8[C% ��0Y4> 2�" 3+L%+,-. /L0!�1 "6V< +9�c "<�
.W8c�. C9"@�. 3�4�564

3F*' D>$eQ 9A�+B .(;% 5&+�> :�%�3A% :=�=��> �?!�@ DE
A��%* �" C��eM�f% E�H4> @> j(  .+Lc @#R% C9"@�. P#5 �" q�* 3>#p> "6V< 2Cm8S6� P�9jL(

P>#.K+%C% 3�4�564 P@�5K+% @> ?>6� ?6[�46[ P�9GARCH@> ."6LD4 A"�mY5> P6L52#LB�"
 z.�� C5�#.ACFC9"@�. �<'H% P#52%�+%+,-. /0!�1 "6V< +�2/L%>"> �" ."6L. 3�4�L564 �" 3

K+% �>64>A��6J P�9+,-. < 3+% 3+%GARCHP>#.nL5�,% K+% ��uY4> < /8w#! ?6%@* P>#L.
K+%+,-. /0!�1 CM�DY1> �6:1 �. 3�4�564 P@�5C% "�<*#. ?* �" 3+%�L. 2"�<*#L. @> +e.  .+46c

�>6c < a8l�J* ��8e% /. /V6��I1C% /J� �>+N% i�#YDJ �`��. ��uY4> n5�,% K+% 2+,,J ��8Y\> >
C,e% /. /V6� �. < A+c#Y%>��( P�>"d�L� "6LV< /L. �UL`4 2C_#Lc 3�4�L564 /LM"�e% �" P"�<*#.

"6V<iYc>+4+,-. /0!�1.+c +9>6\ dS�1 ?�,8D_> 3+%
 �`u4 /-1#%g8(#c i8B4�8% /,8$. /M"�e% i88e� 2q��[ K+% �64 ��uY4> @>i�+L.  .�L5> C_

�,^ x.�f% �60,%2K+%),( nmARMA P>#.2$% nmC% >#V> C9"@�. P#5 P>#.�L. ."6Lc
 z.�� /. /V6�ACFK+L% @�>6Lc < aL8l�J* P�9��8e% I84 < C9"@�. P#5yL-Yu% P�L9ARMA

K+% ���$4 �" 2P"�<*#.),( 11ARMA4>C% ��uY /LmZ< 2+e. /-1#% �" ."6c P�L9p <qP>#L.
 K+%GARCHC% ��uY4> ."6ci�> P>#. K+% I84 �60,%GARCH /LmZ< P>#.P�L92$% qp

/mZ< 2@�>6c < a8l�J* P�9��8e% /. /V6� �. < A+c >#V> P�91!! qp/mZ< ?>6,; /./L,8$. P�L9
C% ��uY4>K+% >+Y.> �" 2��S<> i�> �. ."6cA��6J ?��NY%�4 < ?��NY% P�9?�L`D9�4 j4�L��>< 3+%

2K�L%#4 z�@6� v#! /5 P>#. C4685#[�"6\ C_#ct-P>#L. C%6LD; P�Lf\ zL�@6� < �4"68YL5>
 +% �$4* @�>6c < a8l�J* P�9��8e% < A+c "�<*#. K+% +4�D`( 3hDV CL% �>#Z #04���LY4  ."#L8[

K<+V �" P�94 <5.�5> A+%*

1. Akaik and Schwartz Information Criterion
2. Cheung (1993)
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g8(C% n�>#w #8`m� @>K+L% &@>#L. C�6LO84 /. �U`4 �`��.�" ."6LD4 dLS�1 ?�L,8D_> �L9
A��%* K<+V #9 E65 �D`Z C%�D� �" ">@�% C[+8=J A��%* .�5> A+c +8Z K+% #9 CX8u=� P�9

K+% @> #YDJ �92C% ?�=4 /J �5>+4�D`( +9"K+% P�92    .+L4�>+4 K�L%#4 zL�@6� @> #Y=8. C[+8=J
CBM6^ A��%*?�=4 A+,9"+4�D`( CBM6^ ?>I8%K+L% C%�LD� �" .�L5> K+L% #L9 �L9A��L%* iL�> �L9

?�=4 /J A"#J ��8Y\> Cm,% �8DJ>#L. ���LV A��L%* .�5> K�%#4 z�@6� @> �>#R4> A+,9")J-B (
]��6Z+4�D`( ?"6. K�%#4 #. C,U% #mS /8w#!C% "� >� K+% #9 P�9 .+,J

A��%*)(50Q<)(502Q2+4�D`( P>#. jJ�. �4�� A��%* n8�#� /.+4�DL`( �<'LH% <P�L9
 dZ>+1 �6f5 �" < �5> K+% #910�f\ %2?�=4 A+,9""6U4"6\+4�D`( �" CM��#5 CBY`UD9 < �9

+4�D`( �<'H%�5> K+% #9 P�9?6L%@* 2i8L,{D9  .LM-ARCH?�L=4 IL84CZ�L. A+L,9"?+L4�D4
+4�D`( �" q�* 3>#p>A��%* i�> .�5> K+% #9 P�9K+L% nL5�,% Q�#LX� #B4�8. �9P"�<*#L. P�L9

�5>K+% n5�,% Q�#X� @> ?�,8D_> @> j( .CL[G�< ?�L8. /L. K�L1 2�9P"�<*#L. P�L9#Y%>��( < �L9
C% K+% �" .W�@>"#(GARCH$V C!�J �#c6. �U�% �CL% A+9�L=% C_#Lc j4���>< ?"  ."6Lc

 K�%#4 z�@6� P>#. �#c i�>)00580 &/ <09350 &/ �L5>< q�* n�>#Lw �6LDH% 2i8L,{D9 .(
#.>#. q��[1993005809350 '!% ///  .�L5> a� /. a�"I4 ��8`. /J jL(o6Lc #Lp>#L. �L9

3�4�5642 "�>" C���. P��[+4�%C% <�><+L8%> 3�4�L564 �" 3+L%+,-. /L0!�1 "6LV< /. �U`4 ?>6�
 K+% j4���>< ?"6. �U�% P>#. C!�J �#c 2K�%#4 v#! /.�=% ."6.GARCH#! P>#.v P�L9t <

C% A+9�=% I84 C%6D; P�f\ z�@6�P>#L. q��L[ < q�* 3hLDV n�>#w �6DH% 2i8,{D9 ."6c
*#. ?* @> #YO^6J < a� /. a�"I4 2v#! <" #9 z�@6� v#! �. q��[ K+% �" .�5> A+c "�<t 2

 #Y%>��(t2402/6 #Y%>��( 2C%6D; P�f\ z�@6� P>#. <GED2349/1 ��RM @> < �5> A+c "�<*#.
 �. P��%*99C,e% ?�,8D_> %K+L% �" @�>6c < a8l�J* A��%* �>+N% .�5> �>"GARCHv#L! �L.

 z�@6�t #.>#. n8�#� /.3482/4 <36029/4/LJ �5>#L! /L. �UL`4 P#LYDJ �>+LN%v P�L9nL8Z�
C% ��8Y\>A��%* i�> �>+N% 2i8,{D9 .+,JzL�@6� v#L! P>#. �9GEDIL84 K�L%#4 zL�@6� /L. �UL`4

/Y!�� i�> .�5> #YDJ?�=4+4�DL`( P>#L. ?��LNY%�4 v<#L! /J �5> �8eZ>< i�> A+,9"/L. �UL`4 �L9
v#! 2K�%#4 z�@6� v#!P�9n5�,%.�5> P#�
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 2'=X4.%2=� /5'B$> U*�04�QAR "�J :=�GARCH 'EGARCH 45'/ 5/ d�O (;% (6-1
 /5A�D35$>

ARMA-EGARCHARMA-GARCH

GEDt-studentNormalGEDt-StudentNormal

051/0054/0 **037/0054/0 **059/0 ***035/0
( (M)

)473/1()743/1()548/1()048/2()33/2()368/1(

774/0 ***640/0851/0 ***813/0 ***806/0 ***869/0 ***
AR(1)

)806/3()617/1()17/14()358/7()32/10()91/14(

794/0- ***658/0- ***880/0 ***830/0- ***821/0- ***895/0- ***
MA(1)

)998/3-()676/1-()73/15-()733/7-()56/10-()48/16-(

548/1 ***727/6 ***189/2 ***041/0 ***0391/0 ***044/0 ***

( (V)
)230/9()77/46()160/8()964/2()321/3()277/2(

369/0- **560/7- ***409/0- **048/0 ***043/0 ***058/0 ***

ARCH(Phil)
)905/1-()40/19-()901/1-()613/5()4/6()312/4(

992/0 ***997/0 ***990/0 ***944/0 ***949/0 ***935/0 ***

GARCH(Beta1)
)6/353()4457()5/217()29/99()2/127()70/63(

025/0-002/0023/0-
---EGARCH(Theta1) )535/1-()55/5()132/1-(

168/0 ***0004/0 ***209/0 ***

---EGARCH(Theta2)
)035/4()2/141-()456/4(

-120/5 ***

--402/6 ***

-Student(DF)
)63/15()89/10(

349/1 ***
--349/1 ***

--G.E.D.(DF)
)14/28()92/28(

10331-10443-4/10442-3/10334-9/10317-6/10444-Log Likelihood

72/2777/3523/2504/2554/2373/2Excess Kurtosis

295/0-313/0-282/0-267/0-262/0-273/0-Skewness

6/1539 ***6/2901 ***1/1323 ***1/1298 ***8/1345 ***6/1176 ***
J-B

413/4284/27923/316//3527/37431/2ARCH( 10-1 )

720/5466/71253/5556/52905/5268/53Q(50)

09/82203/990268/7746/69696/7303/65Q2 (50)

354691/4402088/440111/43551/43482/44012/4Akaike

3691/4414341/44120/43647/436029/44093/4Schwarz

?�=4 IY4>#( d\>" ">+;> A��%* A+,9"t.�5>    2   < ?�=4 n8�#� /.C,e% A+,9" Qf5 �" P�>"1 2%5 < %10.�5> �f\ %
/Y!�� :'\7%x8NR� P�9
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 2'=X5.� /5'B$> U*�0%2=4�QAR "�J :=�APARCH 'GJRd�O (;% (6-1 /5A� 45'/ 5/
D35$>

ARMA-GJRARMA-APARCH

GEDt-studentNormalGEDt-StudentNormal

052/0 *057/0033/0049/0 **054/0 **030/0
( (M)

)025/2()231/2()394/1()27/2()102/2()279/1(

812/0 ***807/0 ***868/0 ***802/0 ***794/0 ***863/0 ***

AR(1)

)702/7()30/10()79/14()30/50()94/8()40/14(

830/0- ***822/0- ***895/0- ***821/0- ***81/0- ***891/0- ***

MA(1)
)099/8-()57/10-()35/16-()99/41-()241/9-()84/15-(

041/0 ***039/0 ***044/0 **024/0 ***019/0 ***031/0 **

( (V)
)931/2()286/3()259/2()478/2()648/6()095/2(

044/0 ***0377/0 ***056/0 ***057/0 ***051/0 ***068/0 ***

ARCH(Phil)
)305/4()626/4()543/3()748/5()689/6()217/4(

945/0 ***950/0 ***935/0 ***946/0 ***953/0 ***935/0 ***

GARCH(Beta1)
)31/99()5/128()77/62()25/97()2/133()16/60(

006/0009/0003/0
---GJR (Gamma1)

)594/0()987/0()241/0(

---
096/0152/0 **05/0

APARCH(Gamma1)
)22/1()807/1()687/0(

---354/1 ***242/1 ***489/1 ***

APARCH(Delta)
)312/7()963/6()205/7(

-413/6 ***

--438/6 ***

-Student(DF)
)83/10()80/10(

349/1 ***

--349/1 ***

--G.E.D.(DF)
)83/28()46/28(

10334-10317-10444-10329-10310-10440-Log Likelihood

53/2607/2387/2688/2819/2469/2Excess Kurtosis

278/0-282/0-277/0-296/0-306/0-287/0-Skewness

1336 ***8/1408 ***1188 ***5/1499 ***7/1647 ***9/1271 ***J-B
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 ��&/& 2'=X5.2=� /5'B$> U*�0%4�QAR "�J :=�APARCH 'GJRd�O (;% (6-1 45'/ 5/
D35$> /5A�

ARMA-GJRARMA-APARCH

GEDt-studentNormalGEDt-StudentNormal

116/3415/373/2982/3698/433/54ARCH( 10-1 )

628/52036/5367/53099/5365/5342/70Q(50)

406/6863/7169/64439/7827/86195/3Q2 (50)

35551/443845/44016/435388/434896/440020/4Akaike

36641/435934/441113/436614/435822/441109/4Schwarz

?�=4 IY4>#( d\>" ">+;> A��%* A+,9"t.�5>
    2   < ?�=4 n8�#� /.C,e% A+,9" Qf5 �" P�>"1 2%5 < %10 �f\ %�5>.

'\7%/Y!�� :x8NR� P�9

 K+% �"EGARCH+4�D`( P>#. v#! /5 #9 P>#. n�#w 2�9Theta2A+Lc "�<*#. �>"�,e%
 .�5>j(o6c 2n�#Lw �L%> +L4�>" 3�4�L564 #L. C�<�LmY% #p> Cm,% < �U�% P�9Theta1�" /LJ

?�=4 ?"6. Cm,% 3�6SC,e% 2�5> C%#9> #p> "6V< A+,9"L% ?6L^ .�`84 �>" K+EGARCH @>
C% A"�mY5> C_#c j4���>< WY���BM C%@� �#c 2+,JP>#. ."�>+4 j4���>< ?"6. �U�%j(CLm,% 2

 n�#w ?"6.ARCH(Phil)A��%* ."#J +9>6u4 "�>< K+% #. C--\CL-8M" I84 &@>#. C�6O84 P�9
 K+% n5�,% Q�#X� #.EGARCH�5>V6� �. ���$4 �" ./zL�@6� 2a8l�J* P�9��8e% /.P�Lf\
z�@6� /. �U`4 C%6D;n5�,% v#! n8Z� P�9C% #04 /. P#�.+5�

K+LLL% "�<*#LLL. ���LLLY4 P�LLL9APARCH <JGR K<+LLLV �"5 K+LLL% �" .�LLL5> A+LLLc }�"
APARCH3�+LZ �IV 2(Delta) CL,e%�" /LJ "�>" ?* #L. �LM�" /LJ �L5> A+Lc "�<*#L. �>"

K+%�>#R4> 2C_#c j4���>< P�V /. �5> #Y$. 23�4�564 P@�5K+L% C_#Lc ��8e%   .""#L[ P@�L5
 C%#9> #p> n�#w(Gamma1)C% /J I84 i8. �`��.1 <1-C% ��8Y\>C,e% 3�6S /. 2"#J P�>"

 #.>#.05/0 2152/0 <096/0z�@6� P>#. n8�#� /. 2K�%#4 P�9t �5> A+c "�<*#. C%6D; P�f\ <
?�=4 /Jo6c 3<�mY% #p> A+,9"L`O� A@>+L4> �L. CLm,% < �U�% P�9     .�L5> C_#Lc 3�4�L564 #L. ?�

?�=4 I84 ?* ?"6. Cm,%�4 A+,9""6V<iYc>+4 .�5> C%#9> #p>j(?��LNY%�4 #Lp> "6LV< /L. /V6� �. 2
o6c K+% 2�9APARCHK+% �"?��LNY% K+L% /L. �UL`4 3�4�L564 P@�L5GARCH"#LO-D;
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 ~56� #%> i�> ."�>" P#Y$.7� "�6% I84 @�>6c < a8l�J* ��8e%> ?6^ .�5> +8�/L`��N% �" ��L8e% i�
+4�D`( P>#. C.�uY4> v#! /. /V6� �. < K+% <" K+% �" 2�9APARCH/L. �UL`4 P#LYDJ #�"�N%

 K+%GARCHC% ��8Y\> /.�=% v#! �.A��%* .+,J?�=4 I84 CX8u=� P�9C[+8L=J "6V< A+,9"
+4�D`("6L. K�L%#4 v#L! "� 2CLm,% CLlIV CBM6L^ 2K�L%#4 zL�@6� C[+8L=J ?>I8% /. �9zL�@6� ?
+4�D`( CZ�. 2�94+4�DL`( �" q�* 3>#Lp> ?+L4�D< �L9 "6LU4+4�DL`( �" CM��#L5 CBYL`UD9"6\< �L9

K+L% nL5�,% Q�#X� i8U% CBD9 /J �5> ?* �<'H%APARCH��L8e% <" #L9 F�L5>#. .�L5>
 K+% 2@�>6c < a8l�J*APARCHz�@6� v#! �. ?��NY%�4 P�9t <GED�UL 4̀ P#Y$. "#O-D;

%#4 v#! /.C% ?�=4 "6\ @> K�.+9"
P6LBM> �"GJR "�>6LL% /.�L=% ILL84 A+LLc /LYm[CL,e% @> q��LL[ < q�* n�>#Lw 2 C���LL. P�>"

 n�#w .+,Y`9 �>"�6\#.Gamam1C. �%> �U�% 6BM> i�> P>#. I84/LV�" .�5> A+c "�<*#. C,e%
 P">@*t <GED #.>#. n8�#� /. I84413/4 <349/1C,e% < P��%* ��RM @> �>"�L5> A+c "�<*#.

 ~56� P"�<*#. P">@* n�>#w /. a�"I4 ��8`. /J#B�" P�96BM>GARCHA��L%* .�L5>P�L9
< aL8l�J* P�L9��8e% /L. /LV6� �. I84 K+% i�> �" .+4�>" 6BM> n5�,% Q�#X� @> ?�=4 I84 CX8u=�

z�@6� v#! @�>6c ?��NY%�4 P�9t <GED6� P>#L. K�L%#4 zL�@6� /L. �UL`4 P#LY$. "#LO-D;zL�@
+4�D`(C% ?�=4 "6\ @> �9.+9"+4�D`( P>#. v#! /5 #9 �. K+% i�>j4�L��>< ?"6. �U�% �#c 2�9

CLLLLL% ��LLLLLRM >� CLLLLL,e� .+LLLLL,,J2/LLLLL46D4 P>#LLLLL.zLLLLL�@6� P>#LLLLL.t200390 &! /)( (V 2
0037770 )!! /Phila �0009003770  !"! //#$!00501  "" /$Beta "#$$$$$% .

& '()*+,)-./0)1/2 (3 )4 567/1 (3 8+-+9:; ! 8+-t); <%= >;=>; ?@1>1 A; �

0422000450037702 /// "!"!
#

%

1992200045095003702 &"!!"!! ////
#

$%

B+- C=/,= D%(>; A; �B)E"@$FG1 D,/@$%>*(3/H DI>$& J)$KF4), L,)6(=! ')4D$GFM A$NO)6
 '>K2'=>;<$F@P D437)$; 8),)$%/, (3 8+-+9:; AQO)E 3/M! D*R6! 3/M! D%(>;S)$H <$T,

D$$- <6+$$->N96= U=V$$W1 <$$%! ."67=3>$$X (/$$Q9- Y$$6= '=>$$;B+$$- � ')$$4FIGARCH-BBM �
FIGARCH-Chung �FIEGARCH �FIAPARCH-BBM !FIAPARCH-Chung
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D9G- A; AM/1 ); ! 0+& 3(!Z>;?6>$[ '(=3dA$\@N, A$; '3(!Z>$; (3 '>$@* 0()$;A$QO)E 3/$M!
.<H=3>X "@4=/H 8+-+9:;

 B!+M6B+$- ')$43(!Z>;FIGARCH-BBM !FIGARCH-Chung0()$-Z V$@, !')$4
D- J)^, =( )#,Z D_@`^1+,)F$KX 5$67/1 '=>; a>O A% >4 A; ! '3(!Z>; B+- !3 >4 (3 .+43�)$4

D9G- 7= b()* ! b(Z ?6=>[ ! b(Z ?6=>[ C/F\- B+- !3 >4 (3 .+9NK4 (=3(/H>; D6c); '(=3
2 �a>O A% >4 ); b()*A$QO)E >N-=()$X ?6>[ .3(=3 B+- >4 D6)6)X 7= J)^, ! 03/; d6 7= >Nef/

�'3(!Z>; 8),)%/, 8+-+9:;dD9G- 8(/g A; �(3 A$2 <$%= 0+$& 3(!Z>$; >T$g hi)$`- '(=3
  .3(=3 (=>P d6 ! >Tg 03!+j-LX 8+-+9:; AQO)E '=(=3 <T, (=7); (3 D437); 8),)%/, � <$%= .

A\@N, (3klj1 J=V@- A; (=7); Y6= D1Z 8),)%/, �0(!3 (3 8),)%/, ANO)6! AN$&=3 DWN$K; Y@$^@X ')4
m@X n;)P D1Z 8),)%/, A\@N, (3B+- 8(!>[ >; <ic3 ANO)6 Y6= .<%= D9@;(=7)$; 8),)$%/, '7)%

 JZ (3 8+-+9:; AQO)E (/oE A; AM/1 ); <T,3(=30()-Z A; AM/1 ); .+,)F$KX �D$_@`^1 ')$4 )$4 '
B)$$->, 5$$67/1 +$P)O ! 03/$$; D$$T9- D$$pVM DWi/$f �3=7)$$- D*+@$$^2 '=(=3 0+$$& 3(=+,)N$%=<$$%= .

O 7= >@q D[>O B)Fr= >; V@, 7(=/& ! d@p)2Z ')4()@G-+,)F$KX '=>$; B)$->, 567/1 a> s1 )$4+$@2
.+,(=3

 "#896."8� 15#:(; <,�2)&�=-BBMFIGARCH #FIGARCH-Chung>�? *@) *6/3
ARMA-FIGARCH-ChungARMA-FIGARCH-BBM

GEDt-studentNormalGEDt-StudentNormal

057/0063/0 **043/0058/0 **064/0 ***044/0 *

' (M)
)192/2()4/2()57/1()317/2()496/2()675/1(

798/0 ***789/0851/0 ***800/0 ***793/0 ***853/0 ***
AR(1)

)83/10()715/8()23/13()11/25()589/9()90/13(

814/0- ***804/0- ***874/0- ***816/0- ***807/0- ***876/0- ***

MA(1)
)95/10-()887/8-()08/14-()50/22-()75/9-()78/14-(

584/3 ***382/3 ***885/3 ***258/0 ***249/0 ***251/0 ***

' (V)
)493/5()796/5()771/4()620/2()254/2()709/2(

303/0 ***298/0 ***321/0 ***344/0 ***342/0 ***371/0 ***

d-Figarch
)475/9()981/8()924/8()77/7()197/7()31/7(

257/0 **284/0 ***251/0 **248/0 ***270/0 ***244/0 ***

ARCH(Phil)
)483/2()376/2()496/2()514/2()382/2()541/2(
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 ��$1$ "#896."8� 15#:(; <,�2)&�=-BBMFIGARCH #FIGARCH-Chung *@) *6/3
>�?

ARMA-FIGARCH-ChungARMA-FIGARCH-BBM
GEDt-studentNormalGEDt-StudentNormal

485/0 ***516/0 ***479/0 ***511/0 ***540/0 ***512/0 ***

GARCH(Beta1)
)502/4()138/4()601/4()762/4()267/4()023/5(

-046/7 ***
--59/6 ***

-Student(DF)
)37/11()84/10(

371/1 ***
--358/1 ***

--G.E.D.(DF)
)12/30()26/29(
7/10333-6/10319-9/10439-7/10336-5/10323-1/10442-Log Likelihood

315/2374/2223/2319/2379/2225/2Excess Kurtosis

261/0-260/0-261/0-264/0-263/0-264/0Skewness

8/1114 ***6/2901 ***1/1032 ***1/1120 ***8/1175 ***9/1034 ***J-B

074/2046/2933/116/3340/2934/1ARCH( 10-1 )

191/5529/55293/5514/55181/55392/55Q(50)

650/6704/7381/6346/69602/70318/62Q2 (50)

35534/434940/43996/43675/43510/44005/4Akaike

36623/43577/44091/43647/43619/44101/4Schwarz

J)^, VN,=>X nH=3 3=+r= 0()-Z 0+943t.<%=
((( �(( !(J)^, ?@1>1 A;D9G- 0+943 tu% (3 '(=31 �%5 ! %10 )uH %<%=.

vHs-ANO)6 :k@lj1 ')4

 DO)$$2 w>$$&'=>$$; B+$$- (3 L,)$$6(=! J3/$$; <$$xy-FIGARCH-BBM(zD$$- <$$6  .3/$$&
 DO)2 w>& 8)x%)j-0+& ANT* B!+M (37 (3 Y6= .<%= 0+-Z'=>$; DO)$2 w>& A2 <%= Di)E

 B+- (3 L,)6(=! J3/; <xy-FIGARCH-Chung$1 '3(!Z>$;sD$%(>; {6)$N, .<$%= 0+$ ,̂ Y@-
 B+- (3 L,)6(=! J3/; <xy- '=>; DO)2 w>&FIGARCH-Chung B!+M (38   .<%= 0+-Z

 B+- '3(!Z>; DI>& L,)6(=! '>% '(=3/F, D%(>; ); )-=0+& ANT*7>$j- JZ J3/$; <$xy- �
-D ! 3/&Y6=>;)9; � 3/M! );L,)$6(=! D$i! 0+$^, Y@-)1 L,)6(=! J3/; <xy- '=>; DO)2 w>& Ae96=

  .<$%= 0+& 3(!Z>; <xy- DI>& L$X D$-B+$- >@$KT1 A$; J=/$1FIGARCH-Chung  .<$H=3>X
|!( A$; '3(!Z>$; DI>& L,)6(=! (=3/F,FIGARCH-Chung')$4(=3/F, (330+$& "@$%>1

.<%=
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 "#897.F(7 G%5(; "8� 51 H)�,5$# I1D; *JK� G!�LFIGARCH-BBM&15#:(;

0)'* +1111 2
1

,$$, !-./
0
1

2
3
4 -

- d
d

d3
2

11
d

d
-

..- ,$

B)->,251/0<00532/0<0258/0-543/0<245/0<141/0
t-<,3/@N%=249/0<00387/0<02/0-552/0<271/0<198/0

GED258/0<0042/0<027/0-551/0<249/0<166/0
vHs- B+- U)%=>; :FIGARCH-BBM'3(!Z>;

 "#898. "8� H)�,5$# I1D; *JK� G!�L F(7FIGARCH-Chung&15#:(;
1.... d11 $,0

B)->,1.321/0.5479/0.0
t-<,3/@N%=1.342/0.5540/0.0

GED1.303/0.5485/0.0
vHs- B+- DM!>H U)%=>; :FIGARCH-Chung

5$1D6)3.%(M51D? GN(7 I�+6=�) H)�,5$# &�=5$1D6) O#5 �; &15#:(; G)D/FIGARCH-

Chung
vHs- B+- U)%=>; :FIGARCH-Chung'3(!Z>;

 B!+M9 B+- 3(!Z>; {6)N, V@,FIEGARCH0()-Z ! D$- J)^, =( JZ D_@`^1 ')4 .+$43)$;
3/M!b(Z DT9- ?6>[ 3(!Z>;�D; +9f >4'3(!Z>$; DI>$& L,)$6(=! �'()$-Z })$ji 7= D$9G-

! "N6()Wi 7= J/f .<%= <xy-L,)$6(= '=>$; B+$-D$- 03)TN$%= 8),)$%/, '7)$%J3/$; <$xy- �+$92
D- Y@Fo1 DI>& L,)6(=!D9G- S+r A; AM/1 ); .3/&?6=>$[ J)$-VF4 '(=3Theta1 !Theta2 �
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D-~$%/1 8),)%/, A2 <O>* A\@N, J=/1EGARCH'/$Wi= 7= 03)TN$%= 7= >$N#;FIEGARCH

 .<%=

 "#899."8� 15#:(; <,�2) &�=FEIGARCHG%5(; 15D� 45#1 51 >�? *@) *6/3
ARMA-FIEGARCH

GEDt-studentNormal

09/0 ***117/0 ***043/0
' (M)

)706/2()406/3()63/1(
144/0640/0-862/0 ***

AR(1)
)284/0()259/0-()43/12(

167/0-05/0 ***888/0 ***

MA(1)
)321/0-()196/0()32/14-(

327/1 ***776/0 ***306/2 ***

' (V)
)55/4()813/4()506/7(

617/0 ***615/0 ***611/0 ***

d-Figarch )965/8()98/11()568/6(
058/0-465/0-163/0-

ARCH(Phil) )107/0-()98/0-()437/0-(
446/0 ***754/0 ***542/0 ***

GARCH(Beta1) )754/1()345/3()693/4(
026/0-066/0- **022/0-

EGARCH(Theta1) )367/1-()788/1-()154/1-(
188/0 ***001/0-2/0 ***

EGARCH(Theta2) )987/3()528/1-()135/4(

-738/4 ***

-Student(DF) )37/13(
312/1 ***

--G.E.D.(DF) )74/26(
8905-8989-7/10445-Log Likelihood
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 ��$1$ "#899."8� 15#:(; <,�2) &�=FEIGARCH *@) *6/3
G%5(; 15D� 45#1 51 >�?

ARMA-FIEGARCH
GEDt-studentNormal

783/2030/4446/2Excess Kurtosis

317/0-494/0-282/0-Skewness

6/1539 ***6/2844 ***8/1247 ***
J-B

413/4131/19118/2ARCH( 10-1 )

824/5544/69515/56Q(50)

598/6001/616228/69Q2 (50)

49478/453739/440292/4Akaike

51063/455323/441517/4Schwarz

J)^, VN,=>X nH=3 3=+r= 0()-Z 0+943t.<%=
((( �(( !(J)^, ?@1>1 A;D9G- 0+943'(=3 tu% (31 �%5 ! %10 )uH %<%=.

vHs-ANO)6 :k@lj1 ')4

 "#8910."8� <,�2) &�=FIAPARCH-BBM #FIAPARCH-Chung 45#1 51 *@) *6/3
 15D�G%5(;

ARMA-FIAPARCH-ChungARMA-APARCH-BBM

GEDt-studentNormalGEDt-StudentNormal

053/0 ****058/0038/0056/0 **062/0 **040/0' (M)

)165/2()260/2()499/1()206/2()399/2()605/1(

796/0 ***787/0 ***848/0 ***801/0 ***798/0 ***854/0 ***AR(1)

)771/8()217/8()25/13()488/9()403/9()05/14(

812/0- ***802/0- ***871/0- ***818/0- ***812/0- ***878/0- ***
MA(1)

)920/8-()4/8-()13/14-()692/9-()627/9-()07/15-(

743/2 ***65/2 ***780/2 **282/0 ***259/0 **274/0 **

' (V)
)238/4()669/4()326/3()891/2()201/2()771/2(

266/0 ***257/0 ***288/0 ***379/0 ***386/0 ***385/0 ***

d-Figarch
)873/6()592/6()123/6()818/6()235/5()867/6(

248/0 **277/0 ***238/0 ***256/0 ***285/0 ***250/0 ***

ARCH(Phil)
)992/1()850/1()965/1()592/2()412/2()511/2(

438/0 ***468/0 ***429/0 ***548/0 ***592/0 ***529/0 ***

GARCH(Beta1)
)399/3()998/2()476/3()825/4()899/3()083/5(
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 ��$1$ "#8910."8� <,�2) &�=FIAPARCH-BBM #FIAPARCH-Chung 45#1 51 *@) *6/3
 15D�G%5(;

ARMA-FIAPARCH-ChungARMA-APARCH-BBM
GEDt-studentNormalGEDt-StudentNormal

054/0091/0033/0065/0097/0 **044/0
APARCH(Gamma1)

)796/0()218/1()493/0()937/0()253/1()651/0(

149/2 ***131/2 ***184/2 ***796/1 ***743/1 ***893/1 ***

APARCH(Delta)
)87/20()79/19()35/20()906/8()877/7()681/9(

-779/6 ***

--679/6 ***

-Student(DF)
)77/10()83/10(

365/1 ***
--359/1 ***

--G.E.D.(DF)
)25/29()11/29(
1/10331-6/10316-10435-6/10335-6/10321-4/10441-Log Likelihood

330/2427/2212/2367/2819/225/2Excess Kurtosis

272/0-281/0-266/0-277/0-306/0-271/0-Skewness

1133 ***4/1228 ***1024 ***5/1169 ***7/1647 ***9/1271 ***J-B

864/1068/284/1472/2698/496/1ARCH( 10-1 )

59/55904/55381/55565/5565/5372/55Q(50)

856/66331/6655/5944/6827/8627/63Q2 (50)

35510/43457/439847/435697/435109/440110/4Akaike

36872/436257/441072/437058/436470/441336/4Schwarz

J)^, VN,=>X nH=3 3=+r= 0()-Z 0+943t.<%=
((( �(( !(J)^, ?@1>1 A;D9G- 0+943 tu% (3 '(=31 �%5 ! %10 )uH %<%=.

vHs-ANO)6 :k@lj1 ')4

%/1 ANO)6 Y6=s1 V@, 7(=/& ! d@p)2Z ')4()@G- ~D- +@6.3/&;A'(/I ')4()@G- A20+&3)6 );
+,)FKX '=>; J)Ke6 a>OD- ()@NH= =( '>NF2 >63)l- �)4+9:; AQO)E ?6>[ .+92 �8+-dA$; V@, �

D9G- 8(/g  .3(=3 (=>P De6(/�1 03!+j- (3 ! 03/; >Tg hi)`- '(=3LX AQO)E 3/M! A@[>O �
+9:; '/Wi= ~%/1 8+-FIEGARCHV@,s1 3(/-D- (=>P +@6.3>@*

B+- {6)N,B+- '=>; '3(!Z>; ')4')$4FIAPARCH-BBM !FIAPARCH-Chung !
J/-7ZB!+$M (3 D$_@`^1 ')410?6>$[ �B+$- !3 >$4 '=>$; .<$%= 0+$-ZDeltaJ=/$1 D$9G6

 7= '3(!Z>; ()@G- �=>j,=743/1 )1184/2 ?6>[ .<%= >@�N- (3Gamma18(/$g (3 A$2 V@,
- ! DT9-D9GJ)^, J3/; (=3D9G- �<%= D->4= >�= 0+943   .<$%= 0+$ ,̂ 3(!Z>; (=3 L$XD1(/$g (3
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B+- 7= 03)TN%= �+&); <T, (=7); D->4= >�= D%(>; ��+4 A20)1/2 8+-APARCH'>$N#; {6)N,
 '/Wi= A; <xK, =(FIAPARCH+$9:; A$QO)E ?6>$[ �<6)#, (3 .<&=3 +4=/H�8+$-d �V$@,

D9G- .3(=3 (=>P De6(/�1 03!+j- (3 '(=+l- })ji 7= ! <%= 0+& 3(!Z>; (=3LXA$Gi)u- A@[>O �
 '/$$Wi= ~$$%/1 ')$$4FIAFARCH-BBM !FIAPARCH-Chung 1 3(/$$- V$$@,s(=>$$P +$$@6

D- .3>@*LXm@$X n$;)P JZ AN&v* >63)l- U)%=>; <T, (=7); (3 8),)%/, �  .<$%= D$9@;<$6)#, (3
B!+M')411 )114B+- 3>e:Fr0)1/2 J/*),/* ')4+9:; ! 8+- 8+-GARCHA$; A$M/1 ); =(

D- J)^, 7(=/& ! d@p)2Z ')4()@G-  .+43

 "#8911.�=5�/P�&4�QDL "8� -5$D7 # R/S�L: C8�GARCH #EGARCH

EGARCHGARCH

GEDt-*)1D/2%$"��()GEDt-*)1D/2%$"��()T,-DQ5�/P�
354691/4402088/440111/43551/43482/44012/4d@p)2Z
36914/4414341/4421/43647/436029/44093/47(=/&

vHs-B+- {6)N, : ')4GARCH !EGARCH'3(!Z>;

 "#8912.�=5�/P�&4�QDL "8� -5$D7 # R/S�L: C8�GJR #APARCH

APARCHGJR

GEDt-*)1D/2%$"��()GEDt-*)1D/2%$"��()T,-DQP�5�/
35388/434896/44002/435551/443845/44016/4d@p)2Z
36614/435822/441109/436641/435934/441113/47(=/&

vHs-B+- {6)N, : ')4GJR !APARCH'3(!Z>;

 "#8913.�=5�/P�&"8� -5$D7 # R/S�L: &�=FIGARCH-BBM #FIGARCH-Chung #
FIEGARCH

FIEGARCHFIGARCH-ChungFIGARCH-BBM

GEDt -*)1D/2%$"��()GEDt -*)1D/2%$"��()GEDt -*)1D/2%$"��()5�/P� T,-DQ
49478/453739/440292/435534/43494/43996/43675/4351/44005/4d@p)2Z
51063/455323/441517/436623/43577/44091/43647/43619/44101/47(=/&

vHs-B+- {6)N, : h:N`- ')4FIGARCH !FIEGARCH'3(!Z>;
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B+$- Y@$; 0)$$1/2 ')$47(=/$$& "$4 ! d$@p)2Z ()$@G- U)$$%=>; "$4 �8+$-�B+$- Y6>$N#;'=>$$;
B+- B+- �<T, (=7); 8),)%/, '7)%APARCH 567/1 a>O );tV$@, B+- Y6>N#; �Y@9�F4 .<%=

B+- Y@; (3B+$- d$@p)2Z ()@G- >Q, 7= 8+-+9:; ')4FIAPARCH-Chung5$67/1 a>$O )$;t

 B+- (3 7(=/& ()@G- V@, ! 03/;FIGARCH-Chung5$67/1 a>O );t()$@NH= =( (=+$l- Y6>$NF2
D-D- V@, C/F\- (3 .+92B+$- <$T* J=/$1B+$- �Hc)$; ! 8+$-+9:; ')$4')$4FIGARCH-

Chung !FIAPARCH-ChungB+-=( ?$@P( ')4 '=>$; B+$-�()$H (!3 7= 8),)$%/, '7)$%
D-3 .+,7)% �B)->, a>O A% AK6)l- (3 �<6)#, (t-D$- >$Q, A; D-/Fr ')uH 567/1 ! <,3/@N%=-

a>O +6Z')4 J()lN-),t-B)$->, 5$67/1 )$; A$K6)l- (3 D-/$Fr ')$uH )$6 <,3/@N$%=� a>$O ')$4
?%)9-+9NK4 B�H= 8�FM '=>; '>1�D$*R6! 7= '()@$K; A2 =>fA$:FM 7= Di)$- ')$4(=7); ')$4

3/M! �3=7)- D*+@^2?-3D437); <T:2 S3 ')4D- t6>^1 DN%(3 A; =(.+992

 "#8914.�=5�/P�&"8� -5$D7 # R/S�L: &�=FIAPARCH-BBM #FIAPARCH-Chung

FIAPARCH-ChungFIAPARCH-BBM

GEDt-*)1D/2%$"��()GEDt-*)1D/2%$"��()5�/P� T,-DQ
3551/43457/439847/435697/435109/44011/42Zd@p)
36872/436257/441072/437058/43647/441336/47(=/&

vHs-B+- {6)N, :')4 h:N`- ')4FIAPARCH'3(!Z>;

4�U/2) .&(/M
+9:; AQO)E D*R6! Ai)l- Y6= (3       .<$O>* (=>$P D$%(>; 3(/$- <$T, (=7)$; D437); 8),)%/, (3 8+-

'=>$$;B+$$- C=/$$,= 7= �(/$$Q9-+$$9:; ')$$4F4), L,)$$6(=! 8+$$- n-)$$& D,/@$$%>*( 3/$$H DI>$$& J)$$K
FIGARCH-BBM �FIGARCH-Chung �FIEGARCH �FIAPARCH-BBM !

FIAPARCH-ChungB+- D-)F1 ')43(!Z>; {6)N, .+& 03)TN%=+9:; ')4 3/M! 7= D2)E �8+-
+9:; AQO)E <T, (=7); (3 D437); 8),)%/, (3 8+-<%= .LXD-./& >�= A2 <O>* A\@N, J=/1 )4

),)%/, >;0(!3 8),)%/, V@, ! 3(=3 '()*+,)- >�= 8),)%/, ~%/1 D1Z ')480(!3n$;)P AN&v* ')4
m@XD- ! 03/; �P)91 (3 =()2 (=7); A@[>O ); D*R6! Y6= .<%= D9@;8),)$%/, A2 <O>* A\@N, J=/1

 J=/1), D437); 8),)%/, >; JZ '(=v*>�= ! 8)r�I= 56>% �vM (3 <T, (=7); <$%=)$; �Y@$9�F4 .
1D- D*R6! Y6= 3/M! A; AM/B+- A2 3>2 >Q, ()#�= Y@9f J=/1<$T, (=7); D437); 8),)%/, '7)%
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B+- 7=B+- 7= 03)TN%= ! 03>2 <@Gx1 DuH>@q ')4?$%)9-), '()$-Z �)N9N$%= (3 DuH ')4 <$%=.
B+- 3>e:Fr D;)67(= <#M �Y@9�F4B+- (3 h:N`- ')4! d$@p)2Z ')4()@G- 7= 8),)%/, '7)%

(=/&D- J)^, {6)N, .+& 03)TN%= 7B+$- 3>$e:Fr Y6>$N#; A$2 +$43+$9:; ')$4B+$- (3 8+$-'7)$%
 B+- A; w/;>- d@p)2Z ()@G- A; AM/1 ); 8),)%/,FIAPARCH-Chung5$67/1 a>$O );t'=>$;

 B+- V@, 7(=/& ()@G- .<%= B�H= 8�FMFIGARCH-Chung 567/1 a>O ); =(tB+$- Y6>N#;
D-.+,=3 Y@9�F4>;'=B+- C=/,= �AK6)l-0)1/2 ')4n-)$& 8+$-GARCH �EGARCH �GJR

 !APARCHB+$- 3>$e:Fr D;)67(= .+9NO>* (=>P AM/1 3(/- V@,0)$1/2 ')$4B+$- )$; 8+$-')$4
D- J)^, 8+-+9:;B+- �C/F\- (3 A2 +43B+$- (3 8+$-+9:; ')4(=7)$; D437)$; 8),)$%/, '7)$%

<T,�B+- A; <xK, =( '>N#; 3>e:Fr)40)1/2 'D- J)^, 3/H 7= 8+- .+943LXD- A@g/1 �33>$*
'=>;B+-B+- 7= <T, (=7); 8),)%/, '7)%+9:; ')4  .33>$* 03)TN$%= 8),)%/, 8+-�Y$6= >$; J!V$O=

B+- D-)F10)1/2 ')4+9:; ! 8+-+,)FKX 567/1 '=>; 8!)TN- a>O A% ); 8+-0+$& 3(=+,)N%= ')4
 �B)->, 567/1 n-)& B+- >4t-= JZ 7= D2)E {6)N, .+,+& 3(!Z>; D-/Fr ')uH 567/1 ! <,3/@N%

a>O A2 <%=')4 567/1 n-)& J()lN-),t !GEDa>O')4?%)9-+,)FKX '=>; '>1A$; <xK, )4
.+9NK4 B)->, 567/1 a>O

T;���
VW$-G%5�!

n@r)F%= �'(/,/;=�D:G,)H (/$X � >$@-= >$TGM ! D$%)xr)1388(�»)$%/, >$; ()$xH= >$�=  :7(= �>$, 8),
 03=/,)H 7= '3>;()2ARCH«�D,)*(7); A-)9^4!RX� 0()F&50�.�g120-101.

D:G,)H >@-= ! +@G% �D`%=() (/X1388(�»S)#$% (=7)$; D1)$r�I= D6=()2 ! 8),)%/, D;>\1 n@:j1
(J=>#1 (=3)#; �=(!= U(/; '3(/- AGi)u-)«�m4!RXJ=>6= '3)_NP= ')4�0()F$&40�  .�$g

57-29.
DF@4=>;= �)[>-�q �3=+E 7(!)^2 �d;);+@%'+xr >TGM >x2= !)1390�(»"$I�1 <6=>% D%(>;
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3. Summation
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1. Bollerslev and Mikkelsen (1996)
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3. Power Term


