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 B(�.�." �9:S M�Q�=6Q -. <H �=. �.-�2 ')��a(b�T �.-�(2 �" �(@#-�. �" $(::c� d(\�2 0 AD(V
B�.�." >6J��6& >�@,ZB, B;�, M�)= ."6V

')�� *$+, �" #-�.1)VaReI, -. BY� (A-.DQ. >�@��:+, K�$� .�=. �.-�2 ')�� >$:C
A-.D(Q. >.$(2 .� '(�$3, '()�� XD(, 5�C�6, B&.BW ')�� ��$�D, A0$C <H BQ�,- -.>$(:C

VaR X�= �"1994'�$3, ')�� /"." <+=6� A-.D(Q. >.$2 B]b. 'f, '� �@��$�D(, >$(:C
)��B, O6)f, 'DQ6V2. 5�:2 <2$g�"/ ')�� *$+, �" #-�.K�$3h:2 ��i3Q. <H �=. BQ��-

/$iQ "�6, >6J��6& e��."K::+� BQ�,- j!. '� �"/A-0� '�) ADV<3J@ '��� 0 A�(, '� �" 0 (
/K:(+, 5�(E:9k. lm=  .D(V�2 <3(V."B(, ��(:+, K(�. <`(=�f, >.$(2 #0� -. 5.6(�/'(�$3,.��& >�(@

3,.��&$:n <:`((V �((� '((�$ "$((H A"�J3((=. >-�((= .#0� <((2 '(()�� *$((+, �" #-�. <`((=�f, �"
R:(& op(= 0 (>6(J��6& A"-�(2) B(�.�." A"-�(2 q�-6� q2�� K::+� /'�$3,.��&A"-�(2 M�Q�(=6Q B(E:2

A[�0 �:9@. -. /(>6J��6& A"-�2) B�.�."<`(=�f, �" B(=�=. R;�(s �,. .�=. �."�64$2 >.VaR

2 <H �=. BV0� O�P3Q.j:S" DQ.63 K�$�VaRK(�. �" .D��9Q <`=�f, B�.�." A"-�2 ')�� >.$2 .�
 <m2.�<2en�':EY� DV�R:(& <(E:,- �" B?E="�N3S. >�@5._(:, /B;�(, >�(@�.-�2 �" A"-�(2 B(E:2

R:& M�DSA-.DQ. �" �IQ1 -. '�$@ BE:2 >$:CVaR -. R(=$& >�(@<(m:T �" <(H �(=. B(=�=.
"$3(()C M�((+;�m, B?E((="�N3S.A<((m:T K((�. �" .�((=. A"." t�((N34. "6((4 <((2 .� >./ -. A"�J3((=.

<:`V R:(& �" �@6g;. M�DS R?E= >.$2 >-�=A-.D(Q. 0 A"-�(2 B(E:2>$(:CVaR '(:EY� -.>�(@
<2 BQ.0.$! <2 ��,1 0 B?E="�N3S. A�gh��,-1 �" <H �=. B!��+3,B, <3!$C ��H."6V

X�= �"3, M�+;�m, u��3Q 0 D@.6V $:4. >�@<3V." K�. $2 �;G" "D+A".6Q�(4 >�@6g;. <H �=.
ARCH�"t6N4A-.DQ.q(S.0 #-.$(2 0 A"6(2 �."�6(4$2 8-G >D(E9Q.6� -. �.-�(2 ')�� >$:C

<Q�E:2B, <v.�. B;�, >�@�.-�2 q�-6� -. .� >$�.DE@"
�." B+= �3=.� K�. �"e�<:`(V -. A"�J3(=. �(2 �(�R:(& R?E(= M�D(S '(�$3,.��& >-�(= B(E:2

>�@6g;.TGARCH /EGARCH /GARCH 0ARCH <2 0 X�(`Q"A-.D(Q. M�D(S 51>$(:C
<:`V "�6, 5.$�. "�N3S. w�62 �.-�2 �" ')�� *$+, �" #-�. <`=�f, �" .� �IQ1 -. '�$@ >-�=

R:& M�DS 0A��,1 K�$�D�DW w�=. $2 .� �IQ1 BE:2#-.$(2 M�D(S >�@$(:n Bk$(V A��(,1 B(E+�
) ':&6H /BhV6&1995() K=$!63)�$H /BhV6& Bk$V A��,1 01998, ( (@" �.$S B=�$2 "�6e: .

1. Value-at-Risk
2. K.P.So and L.H.Yu, (2006), p. 181
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BE3JC8�(?Q. B(]`S M�(+;�m, �(=.    ) M0$(, 0 >$:(h, 5.$(�. �" AD(V1385>6(U�$, 0 B��E:(= /(
)1384 /() BQ�!$\1387 (�IE� >�@6g;. -. A"�J3=. �2ARIMA /ARFIMA /GARCH<Y`(V 0

 B`N\)ANN(R:& <2$�. 8�I= �.-�2 BE:2R:& M�DS 0 <34."$& 5.�(2 .� �(IQ1 <(Q69Q -. x��(4 BE:2
A"." �.$S <)��y, "�6, /#-.$2 M�DS z��+3, >�@��:+,<(i!�T "6(W0 X�(93T. B(=�$2 <(2 �� 0 DQ.

 ((2 0 A"$((H �((J3H. 5.$((I� �."�((I2 {.�0. w�6((2 a((H |4�((V MD((,DE]2 < <((2 B@�g((h��,-1 M�6((b
<:`VR:& M�DS >-�= <`=�f, /�@6g;. BE:2VaR 056,-1>�@ B=�$2 B3(=�"<(34."$pQ �(IQ1  .D(Q.

 <E:,- �" <H B��+;�m,VaRM�6b �.-�2 K�. �") B9}�H <2 <3!$C1385 B(,$2 (-. �(IE� <(H ""$(C
R:& XD, '�A"�J3=. Bk$V oQ���.0 BE:2 <()��y, 0 A"$HXD(, 5�(:, >.8�(?Q. A".6Q�(4 K(�. >�(@

.�=. A".DQ) <EgQ- 0 >".$9@�V1387 (J3=. �2XD, ~6Q -. XD, ��Is -. A"�>�@GARCH #-�.
 .� $m4 *$+, �" >.$25 |4�VB]b.$2 5.$I� �."�I2 {.�0. w�621 "�0A"$H0 DQ. B=�$2 <?:3Q

5�hQ �IQ1B, <H D@"|4�V0 �9:S >�@0 �+E(b />D(yQ A"-�(250X�(+! �H$(V (�/$<(2 �`()Q
|4�V$m4 *$+, �" #-�. $g�" >�@DQ�." >$39H .
0" BQ�,- A�R@0[& K�. A�, ��1 X0. -.1377A�(, DEJ(=. e3):2 ��1386>�(@��3!� <(H A"6(2

R:& M�Q�=6Q ADEEH BE:2>�(@6g;.TGARCH /EGARCH /GARCH 0ARCH*$(! �(2
<:`V "�6, /A"-�2 q�-6� >.$2 X�,$Q$:n q�-6� "6W0 5�Y,.�.$(S >-�(=A"." e(�. <:`(V #0� .>-�(=

 M�+;�m, �2 �E@�9@BQ.�0" #0� <2 $:4.18�(?Q. �(2 .� 6(g;. <()��y, 5�(Y,. <(H /A"6(21000��(2
<:`V<Q69Q x��4 >-�=25�Y,.$�%&B, ."-�=/���IQ �"56,-1 -. A"�J3=. �2 <H �=�E, >��,1 >�@

z0$+, "�64-�2 56,-1 <23R:& �fb /�=.BE:2(2 >�(@< �(="<`(=�f, �" AD(,1VaR .�>.$(2
XD, -. '�$@�6, �@ �.$S B2��-�. "B,e:@".

�6iE, K�D2R@0[& <E:h:& /�)PQ RP2 �"8�?Q. >�@<(E:,- K(�. �" ADV0 A"$(H <(v.�. .� �"
 *$+, �" #-�. 86IJ, 80" RP2')��oQ���.0 #0� /-XD, 0 oQ���.6H >�(@TGARCH /

EGARCH /GARCH 0ARCH .� B((!$+,B((,.e:((EH 56((,-1 0" B((!$+, <((2 86((= R((P2 �"
"�64-�2 Bk$(V$:n RV6&4Bk$(V R(V6& 0 ('(:&6H)5B(, (56(=$!63)�$H)  .e�-."$(&R(P2

A"." B!$+, <2 8��IsXD(, <(v.�. <2 e?E& RP2 0 "�." t�N34. <+;�m, "�6, >�@�(2 �(=�E3, >�(@
1. Rolling
2. Out of Sample
3. Back Testing
4. Conditional Coverage
5. Unconditional Coverage
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<:`V /B=�$2 "�6, �.-�2 ��34�=u��(3Q a(:]f� /'�$3,.��& #0� <2 ')�� *$+, �" #-�. >-�=
 -. ab�T"�01$2XD,�@ >VaRXD, >��,1 �fb 56,-1 0(2 u��(3Q w�(=. $(2 �@</AD(,1 �(="

B,-."$&e� RP2 �" .<2 _:Q BQ���&<?:3QB, >$:Ce�-."$& .

2. ����� �#TdT�
 B3E= >�@"$2��H -. >��:)2 �"VaRB, *$! /B�.�." A"-�2 <H DVX�(,$Q q(�-6� >.�." �@ �(=. /

B;�T �"YQ K(�. $(2 �(;G" >"��- D@.6V <HB(�.�." A"-�(2 q(�-6� <(H D(Q�." <(3>.�." B;�(, >�(@
"��- BCD:hH10 A"62 <;6s 0<2 <W6� 8D\B, d\�2 <3YQ K�.6V<(H " >�(@"�01$2VaR�(� $3(h:2

K,$(3YQ0 .DQ6(V "�01$2 B+S.0 �.Dy, -. $39H2)1997 >$(gQ- 0 (3)1996-. B(`:H$� -. A"�J3(=. (
q�-6�X�,$Q >�@4" <H /DQ"$H "�IEh:& .�>D(T q��S0 K3!$C$iQ �" B��Q.6� 0 A"62 <2$! <;�`Q" >.�.

 .DQ�." .�M6:C5�Q�6; 06)2003(q(�-6� *$(! �2 .� <Q.-0� ')�� *$+, �" #-�.skewed

Student|4�V >.$2 8�I= >�@"�01$2$H ��.$V K�. �" <H DQ"$H 5�hQ $k�4 �IQ1 /DQ""�01$2
J3=. 5��y3, q�-6� -. <H BQ�,- <2 �`)QB, A"�q(�-6� <(H .$(�- L�(=. $3I2 /"6V<(2 5��(y3,�Q >�(@

'�"_Q B;�, >�@�.-�2 B+S.0 q�-6� .�=. $�
o�D:]?Q. ,) BH�E:W" 0 w6E22004 �.Dy, (VaR q(�-6� *$! �2 .�uE(& >.$(2 M0�(J3, >�(@

  ) 8�I(= |4�(VS&P500, DAX30, CAC40, NIKKEI225 & FTSE100<`(=�f, (
:=� <?:3Q K�. <2 0 DQ"$HXD(, <(H DQDEGARCHq(�-6� 0 Bk$(V oQ�(��.0 >.$(2t-student

2 /<Q.-0� A"-�2 >.$2<�=�E, �6k �.Dy, >$�VaR .�B, "�01$2DEH.7

 >6(:; 0 �Q6@ /B:;)2007�.D(y, (VaR�(9:S >.$(2 .�>�$(Q. >G�(H D(Es <(Q.-0� >�(@8 /
/X�(,$Q q(�-6� <(= -. A"�J3=. �2 �IQ1 .DQ"$H <`=�f,t-student0HTXD(, O�(P3Q. 0GARCH

R:& >.$2 �.Dy, /Bk$V oQ���.0 BE:2VaRR:& ADE�1 -0� >.$2 .� B�.��H 0 �fb 0 A"$H BE:2
XD(, <(H DQD:(=� <(?:3Q K(�. <(2 0 A"." �.$(S 56(,-1 "�6(, .� XD, <=GARCH-HTlm(= �"

1. Excess Kurtosis
2. Venkatarman
3. Zangari
4. Mixture of Normal Distributions
5. Giot
6. Laurent
7.Angelidis; Benos and  Degiannakis, (2004), p. 106
8. Energy Commodities
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�=. $g�" XD, 0" -. $�.��H ��:)2 /G�2 5�E:9k..1 �""�01$2  ) �(9:S M�Q�(=6Q0 (>6(J��6& A"-�(2
R:&B(, $(::c� 5�(,- �(V%C �(2 0 A"6(`Q �2�� 5�,- X6k �" M�Q�=6Q <YE�. a:;" <2 �IQ1 BE:2 D(EH/
XD,� >�@ARCH     .DE3()@ �(:9@. �(2 ��:()28�(?Q. M�(+;�m,>.$(:gH. :D(EQ�, <(E:,- K(�. �" AD(V2

)19895�C�& 0 M�06�=.(3)19906](=$;62 6E(=�DQ. (4)1997<(2 .� M�Q�(=6Q (XD(, <]:(=0>�(@
>$= M0�J3,R:& BQ�,- >�@A"$H BE:2R:& �fb 0>�(m4 q(2$, K:gQ�(:, -. A"�J3(=. �(2 .� BE:2

R:&A-.DQ. BE:22 u��3Q .DQ"$H >$:C<K(�. -. AD(,1 �(=" R@0[(& �(@B(, 5�(hQXD(, <(H ".">�(@
 A".6Q�4ARCHXD, <2 �`)QBQ�,- >$= >�@$g�"R:& /. M�Q�=6Q -. >$3I2 BE:2B, <v.�.DE@"

) M0$, 0 >$:h, /_:Q 5.$�. �"1385�" 5.$(I� 8�I(= B(g3J@ 0 <(Q.-0� |4�(V -. A"�J3=. �2 (
 A�0"1377-1382XD((,B((E:2 R:((& >�((@ARIMA /ARFIMA /GARCH<Y`((V 0 B`((N\

)ANN( "�01$2 .�A"$HR:(& >�(@��:+, -. A"�J3=. �2 0D(EQ�, B(E:2RMSE / U-Thiel 0MAE

 DE3!$C <?:3Q XD, <HANNR:& �"$��(= <(2 �`)Q >$3I2 "$Y]9\ Bg3J@ 0 <Q.-0� |4�V BE:2
XD,R:& �S" >��,1 <)��y, �,. L"�." �@XD, BE:2-. A"�J3=. �2 �]3P, >�@D(]`�" A��(,1-/6Q�(���,

�E+, M0�J�R:& �S" K:2 >�." BE:2 K�. XD(,B(9Q 5�(hQ .� �(@  ) BQ�(!$\ .D(@"1387-. A"�J3(=. �(2 (
A"."�@ A�0" <Q.-0� >1382-13865"6(2 DE]2 <i!�T B=�$2 <2w�6(2 8�I(= �(9:S a(H |4�(V

) ADV"�.DQ�3=. <E,." #0� <= -. A"�J3=. �2 .� MD,DE]2 <i!�T 0 <34."$& 5.$I� �."�I2 {.�0.R/S( /
 <3!��$::c� ADV"�.DQ�3=. <E,.")MRS( ADV B�."-DQ0� M�Q�=6Q #0� 0)DFA(B=�$2<(H A"$H

�"= $@ >$= 5"62DE]2 <i!�T #0� <"�6,.�=. ADV D:��� /B=�$2  ) <(EgQ- 0 >".$9@�(V1387 (
 XD(, ~6Q -. XD, ��Is -. A"�J3=. �2 >�(@GARCH.� $(m4 *$(+, �" #-�.>.$(25|4�(V

Bk$V BQ�)9@�Q oQ���.0 <H 5.$I� �."�I2 {.�0. w�62 �D9\�"B(, AD@�(h, �(IQ1$(2 /"6(V1 "�0
A"$HDQ.2 <W6� �2 .KI& <H K�. <"625A"." X�93T. q�-6� �;�`Q"�@|4�V "�6, �" B=�$2 "�6, >�@

B, D:�^�"6V q�-6� *$! /t$2 _:Q1B, "�0 ."6V<3!��B, 5�hQ �IQ1 >�@D@"XD(, A0$(C K�. <H�(@
A"." oQ���.0 0 K:gQ�:, ��3!�B, l:�6� B26]m, A6fQ <2 .� �@q(�-6� *$(! 0 D(E@"t�" >"6(`I2

3Q$2 u��1B9Q "�?�. �@"�0 $(2 �" .DEH1AD(,1 �(=" <(2 u��(3Q /$(m4 *$(+, �" #-�. "�0$gQ�(:2
KI& <2 <W6� �:9@.A"." q�-6� <;�`Q" 5"62'()�� XD(, <(H K(�. K9(� L�=�@ B?E(=�:(=�)T

1. Hung,Lee and Liu, (2007)
2. Akgiray
3. Pagan, and Schwert
4. Andersen and Bollerslev
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~69?, �" ."�." X�93T. q�-6� q2�� ~6Q <2 �`)Q >$39H/ DQ"." 5�hQ |4�(V0 �(9:S >�(@A"-�(2
 �+Eb />DyQ 050X�+! �H$V�/$|4�V <2 �`)Q$(m4 *$(+, �" #-�. $g�" >�@ e(H>$(�

DQ�.".
) B9}�((H1385<((;�y, �" (�" 51 "$2��((H '(()�� *$((+, �" #-�. 86((IJ, B((!$+, �((2 >.

A-.DQ.2 B2$?� u��3Q /'Q�2 ')�� >$:C< XD, >$:C��HVaRR:& >.$2 .�|4�(V ')�� BE:2
B=�$2 w�62 �.-�2 aH �9:S>0 L"$HA"." -. A"�J3=. �2 A�0" �" 5.$I� w�62 <Q.-0� |4�V >�@

1380-1384XD, 0),( 11GARCH-),( 33ARMA 0" w�=. $2 $m4 *$+, �" #-�. <`=�f, 0
,.��& "$Y�0�<?:3Q K:Es /'�$3,.��&$:n 0 '�$3R:& M�DS '�$3,.��& #0� <H "$H >$:C BE:2

�m+Q. 0zR:& �" >$3h:2 >$�%& BE:25�=6Q."�." �.-�2

3.V9.6 W-L! 6' @A6*
;�(93T. 5�(�- >.$2 <b�4 0 A"�= >��,1 R?E= ��:+, '� ')�� *$+, �" #-�.B&6>6(J��

.�=. �.-�2 ')�� -. BV�QB�.�." #-�. R@�H X�93T. �.-�2 ')�� -. �6iE,<2 �� �@B(]H �6(k/
 #-�.>6J��6& B�.�."�]\ <2�9:S O6]m,�Q M.$::c��$(Q �(� �@ (@  .�(=. �.-�(2 >�|4�(V K(�.

B, R:(& -. B+2�� 5.6E\ <2 DQ.6�$(2 ."6(V $:()J� M�Q�(=6Q B(E:2 w�(=. /�(�$+�#-�.*$(+, �"
')��"�01$2R:& ��)�.Dy, K�$3h:2 (BE:2B(�.�." >6(J��6& B;�93T. 5��- /�(@X�(,$Q ��.$(V �"

 �.-�2A�0" �"=�" 0 |Ph, BQ�,-86]+, 5�E:9k. lm .�=.
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36� 0 '��, ./)2006 ( Exponentially Weighted Moving Average (EWMA)

4. Engle
5. White noise
6. Covariance-Stationary
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2. Generalized Autoregresive Conditional Heteroskedasticity(GARCH)
3. Bollerslev
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2. Exponential GARCH
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1. Threshold GARCH
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3. Rolling
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1. The Unconditional Coverage Test (UCCT)
2. Failure
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1.nKX1$1KW, 5 u#3K% Bu*>K"#9$*B)2004(
2. The Conditional Coverage Test (CCT)

3.#m#4"1� 5 !'1)B)2002(
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A1.F +v0 G5* !$1.F( A(1.% +, /*�q) +*,1q% w*+5* u+#% -$*(5+ xb1J !$1F( ���1377k4.OK% 1.)
 A1F >3=�*1386 A,(1% -@�1aF �*�% .6�*tr-.% !24'+1._" A,(1% (*A,1=4.�* �>.8+, A,(1.% �1.W

!FyOF C'* TK", .kK3Xc'�?) -X 6�* /0 -"(* B62Km 7*�KKz) >8+, 7+#8 -% A,(1% p'*+;.'
�._', /1.K% -.% .6.OK$ /+1.H4F A,(1.% (* c'�?) C'* -X !3?F C'* -% B6�* +*,+#b�% �>W c?{B

&'(#) (* A,1=4�* 5 6�* -"#| B�>8+, A,(1% &'(#)>.<*#s$ t�13F /0 cK8#) �*�% /+1H4F �1<
_" 5 �>8+, A,(1% 6�* �Xv -% Q(} -4@"* .,#%;.',h$ +1K.O% >.J1% ~>$* +*>HF -X !$1F( !24'+1

 �_'>P' -% .>34O<A,(1% !$1F( ���7+#8 -% !24'+1_"!F c'�?) T%1HF:,#J

)ln( 1# ttt ppr

/0 +, -XBtr 5 A,(1% ��$tP (5+ +, Q1q� +*(1% TX xb1Jt6�*.
 +,+*,#2$1B$!.�+�% ,+#.F !$1F( A+5, +, /*�q) +*,1q% w*+5* u+#% -$*(5+ A,(1% �� -.�*+*A>.J

6�*.

 ���2?B14�"CD ���+C# E���� *�2# 6B���� FG+0 5��+# H"B .

6.6IJ0 K$�+,���!"#'() LMN 42)�! �+-
% -+#V3FA,(1.% �*�.% t.�13F �#_"* *>4%* !4O'1% A,(1% !I�J n$1'+*5 �(1�#_"*!'1.�13J Q1q.�

 .,#JC'>%�#._"* ;.' (* *>.4%* B+#V3FARMA�#._"* 5 A,�.X A,1=4.�*),( 08ARMA-.X
!.F M'1.2$ -.% /*�'* Q1q� -$*(5+ A,(1% ��$ !$1F( ��� �*�% *+ e(*�% C'�4q% B,+*�.i1/*#.3^ -.%

1.0( o\� +, /0 !'1$1F �% 6"}, Q1q� A,(1% �*�% >E*5 -f'+ /#F5.,+*, >8+,
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 MK.N G>Fr1.s4$* B-.?"1\F ,+#.F !$1.F( ��.� !.3K% k',�.X1 .+*,#.2$2B >.m�#._"* e(*�.% 7+
),( 08ARMA &%1) B#_"* �1<>$12ON BACF/#F(0 5 1<>$12ON &'(#) e(*�% �*�% t�13F �1<

!F M'12$ -% *+ >$12ON/#.F(0 u1.�* �.% -.�$13| .,+*�iQ-Q Plot!.F B6.�* xs.fF/*#.)
 A><1fF G1F�$ &'(#) -% 6@O$ *+ >$12ON &'(#) -"1@$, �*�a$*,�X .�_', �#� (*B #X+1.W /#F(0-

*�%2G1F�$ �=8 R�S !.F ,+ !"124E* o\� �< +, *+ G>F �1<>$12ON !$1F( ��� &'(#) /,#%>.3X
)0.0= P-value 545745=J-B.( -9K4$ C'*!F /1f$><, &'(#) -% �4fK% G>F �1<>$12ON &'(#) -X

 �+1F0t-student .G1F�$ &'(#) 1) 6�* ;',h$!34=i C'* -X 6�*1.% #.O2< -9K4$ M<5j.N �1.<
 �Kb*) CF�4P$51997() ��_$( 51996(B) 6$+#" 5 7#Ki2003(B!X1.3KW, 5 u#3% Bn'>KD9$*

)2004(B�#K" 5 �$#< B!K")2007 (6�* 5+ C'* (* .�%1\F 71?"1\F 1%A>J,1' C'* +, 1FM<5jN
&'(#) �1<}1% *+t-student!F �V$ +,.k'�Ki
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 ���2?B22)�! . ���"# .<2OIB 4 $2PQ�),( 08ARMA

CK3�2<B /#F(0 p'14$ u1�*�%ARCH-LM-test�=.8 R�.S ,#.@$+, n$1.'+*5 !$1.O2<1$
% �1\b -"1@$,-G>F (* A>F0 6�, /13K2I* o\� +, B#K��i+#)*5>8+,!F ,+ ,#.J3-.9K4$ C.'* .

1�, +, ,+50�% p'14$ B6�*#b+, 7+#8 +, ..6�* u�4
2. Jarque-Bera

3.6�* ,#W#F Q5h" 7+#8 +, /#F(0 p'14$ .
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 A,*#$1b �1<#_"* (* A,1=4�* /1PF*GARCH*�% *+ MK.N �1.\b 7].2W !I�.J n$1.'+*5 !.3K%
/1PF*�'�N!FG>F .,(1�r1s4$* #K��i+#)* �1< A,(1.% ��$ !I�J n$1'+*5 �*�% A>JB G>.F�1.<

TGARCH(p,q) 5GARCH(p,q) ,EGARCH(p,q);321 ,,,  qpB&.'(#) 1.%)(3t
% A>J -4S�i �V$ +, �,*(0 -W+, 5 A,#%&.'(#) e(*�% !'1$*#) u1�* �tB#._"* �1<>$12.ON �*�.%

.6�* A>J r1s4$*
–6IJ0 LMN 42)�! � $�+,���!"#'()+-

-K@J �*�% -X tK)�) C'* -% BA,#% !$*+5, e5+ -% �(1�1000MKN +*>HFB-.$#2$ �+1.b A>.J !3K%
 �',1HF -9K4$ +, 5 !I�J n$1'+*5 �',1HF VaR/1.3K2I* o\.� 5, �*�.%99 595 >.8+, ,+50�.%

!F,#J1/1KF (* .G>F �1<�1<,+#F +, !�+�%,+50�%�#.29F +, !I�.J n$1.'+*53!m1.% G>.F
!F>$1F2 /*hKF -XVaR /13K2I* [#\� +,99 595>8+,!F -@�1aF 1q$0 �*�% �*�% n�� :,#J

(* ;'�<6 ���VaR%-A>F0 6�,B!F Q19$* ,+#b(1% /#F(0 BG5* /#F(0 .,�KiM.J#N /#F(0
,+*, Q1$ (;KN#X /#F(0) !I�J�KL.��� *>4%* /#F(0 C'* +,% �1<- (* A>F0 6�,,+50�%VaR B

-O'1HF -?"1\F ,+#F !$1F( A(1% +, !?m*5 A,(1% 1%MKN �1<1\b ,*>?) 5 A>J-.X !)1.?S, ,*>?)) !3K%
MKN +*>HF (* �42X !'*+*, -$*(5+ A,(1%Z.�#) A>.J !3K%VaR(") F B(6.�*!.F -@.�1a+, .,#.J

!F Q19$* -O'1HF +*h< B-$#2$ �+1b A,*, ,*>?) -% -W#) 1% 193'*�*�.% /#.F(0 p'1.4$ .,#J3+, G>.F
 G5>W1 /13K2I* o\� 5, �*�%99 595>8+,VaR.6�* A><1fF T%1m

/12<!F A><1fF -X +#I -@�1aF B/#F(0 C'* +, ,#JVaR+, k.< /0 5 G>.F ;.' �*�% 1q3)
2I* o\� /13K99.6�* G#@m ,+#F >8+,

+*�m A,1=4�* ,+#F 193'* +, -X Q5, ,+#b(1% /#F(0 B}1% /#F(0 �% A5]^!F7+>.m (* 5 ,�.Ki
/#.F(0) !I�.J M.J#N /#.F(0 B6.�* +*,+#.b�% !I�.J �.KL M.J#N /#.F(0 -.% 6@O$ ��4fK%

5 ,#.@$ R�.S B!I�.J�KL M.J#N R�.S �% A5]^ /#F(0 C'* +, -X 6�* (C��S#4O'�X!_4.O%*
6OPJA>J `1a" hK$ 1< �*�% !I�J MJ#N /#F(0 p'14$ .6�*3 G5>W +, *+ G>F2A,+50.k'*

1 -^#29F +#V3F C'* �*�% .1226 (5+ 1) (5+ CK"5* (* 5 -4S�i �V$+, *+ !'1)1226!.F ,+50�.% *+ G>.F Q*+*>.HF BC'*�%1.3% :kK.3X
 (5+ �*�% !I�J n$1'+*51227-% Q*!F 6�, -$#2$ (* *+ G5* (5+ A,(1% n�� .>'0�+1b1.) Q5, (5+ �*�.% 71@.�1aF C.'* 5 A,�X

 (5+1227Q19$* Q* (5+ 1) tK)�) CK2< -% 5 A>J2225) B1000!F -@�1aF �',1HF C'* (-$#2$ �+1b A,*, CKF*-.X 6.�* !34=i .,#J
G>F (* �,*>?) -DE�F C'* +,!F ��E TKDa) (* B!'1234�*+ �YX*>E ,+50�% +, !'*�_2< ,#@$ TK", -% B1<>$#J .

2G>F (* �,*>?) -DE�F C'* +, . ��E TKDa) (* BC'*�%13% 5 A,#@$ *�_2< !'1234�*+ �YX*>E ,+50�% +, B1<A>J.>$*
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'�(R1.���� !"# %"&'()*+,VaR -*./0 1234567 8297 (#ARCH:4; <(= 2#> ?t
 :����� ��!"# $%&'!)(~ 12 UCCTLR

(�� )*�+VaR ,-%".$
95&/$0

(�� )*�+VaR".$ ,-%
99&/$01&!

597/140.0*),( 11GARCH),( 08ARMA

04/1694/17),( 22EGARCH

81/994/17),( 12EGARCH

--TGARCH

2$3!# 4%5+ )-%56+ 7"$%UCCTLR 89: $05&/$0*;!3$%0 5+%5+ 484/3 89: $0 .1 &/$0 5+%5+
63/6<:%.
**;! 89: $0 1&! 0$ =&> 5+ <?@03 5A- 0$�! 4$%00$%0.

@ABC2.����'()*+,%"& !"#VaR -*./0 1234567 8297 (#ARCH:4; <(= 2#> ?t
 :B:5C�DEF5� ��!"# $%&'!)(~ 12 CCTLR

(�� )*�+VaR ,-%".$
95&/$0

(�� )*�+VaR ,-%".$
99&/$01&!

08/3199/2*),( 11GARCH),( 08ARMA

67/3394/30),( 12EGARCH

93/3349/26),( 22EGARCH

--TGARCH

2$3!# 4%5+ )-%56+ 7"$%CCTLR 89: $05&/$0*;!3 5+%5+ 4$%099/5 89: $0 .1 &/$0 5+%5+
21/9<:%.
!*;! 89: $0 1&! 0$ =&> 5+ <?@03 5A- 0$�! 4$%0.0$%0

�3HI)! 2&I3J! ,� $�K.0 3L+ $�ML:% 43L� NLF"�O 4%$%0 ,L� ��L!"# BLF% 2$3!# $%&'! P0�Q
 1&! 4%5+ P<:% 40%"# ,R$0),( 11ARMA ),( 08 -GARCH3L+ 5+%5+ P99/2BLF% 3LS*O . P20�L+

 �3*�HK% 89: $0 TI �# . )K5Q (Q�� ��!"# $0 1&!99 &L/$0VaR1&L! BLF% �3L�! $0 P3LI
 .<:% 2&Q NU%. 1�VU 0$�!
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1&! "% �F5I ,W-3*X0�LQ NLU%. 1�LVU 0$�L! ��L!"# .0 5I $0 3IP(�L� 4%5L+ 1&L! �#)L*�+
-3!" 2"3+ ,+ ,R�O 3+ �EF$ 2&Q Y3ZD-% �3*�HK% 89: . )VaR )?&! P)?3! 4�[O$�� 20"3+ 4%5+ P

)! Y�E6! \:3*! .0�Q
BF%5+3*+P�3L�! "% P�%5LSO $%03LS+ ]%$.% ^$�L+ ,L-%".$ 20"3L+ _5L- 4%5L+ P&LQ �3L�+ ,LW-# `LVK

1&! $0 ,� )F3I5a�%&b 0$.#5+89L: 4%5L+ TLI �# P1&L! �LF 3LS*O P&L-0�+ %5LcHI )F3H*DL:%$
 �3*�HK%99&/$0Q�� . )K5Q5�d (Q�� ��!"# .0 5I $0 P(,LDC5e $%5LU 75Ff� 0$�! )K5Q

$0 .<:%,g�D-P)! ,� )MEF$ h5;! $0 7"$% $%&'! ,� 05� 3>0% �%�O0$.#5+)K5LQ i-3F$%.
 1&! "% �#ARMA ),( 08 -GARCH ),( 11 NF"�O h5C 3+)(3t+ P,)! <:0 $0 &F#99&/$0

$%&L'! 3L+ 4.3LE! 3F 5De$j+ %$ �%5SO $%03S+ ]%$.% ^$�+ 20"3+ 2&*F# ".$ �F �EF$ $%&'! 0$%�!
(�� �EF$ );U%.)! )*�+.&*�)! �3J- ,g�D- BF%^$�L+ 20"3L+ �LEF$ 4"3L:�c?% $0 ,L� &LI0

 ,R�O &F3+ ):3:% ,DM- .0 ,+ $%03S+ ]%$.%05�L:�c?% ,LM*F% 1.% . (�L� 4"3)K5LQ i-3LF$%. )L*�+
)! 13!5- NF"�O ^3:%5+2%5He &-%�O05+$3L� ,L� 0�LQ k>3+ . 20�+ 2&**�VaR4%5L+ �# 4.$ 5L+

,LR%�! &F&LQ 43L9l . m%56-% 3+ 2&*F# ".$ �F �EF$ ,V:36!,�VLQ ,LM*F% =.0 .0�LQ. 4"3L:
��!"#,+ \:3*! 43I)! �3J- 2&Q ,DC5e $3�c?% `�U03- Y3ZD-% ,� &I0)LDb )K5Q i-3F$%. 4�

NF"�O 4.$5+ 5e%t-student)! &Q3+ $%�D:%,VL:36! $0 %$ 3L9l . m%5L6-% &-%�OVaR(F%jLC%
.&I0

7 .�N".M1("O
 BF% "% m&IP(I.n� 20%�-3l 43I�c?% "% 203[D:%ARCH $0 0$.#5L+�LEF$ h5L;! $0 7"$%

)VaR��!"# "% 203[D:% . ( ,EF3'! 4%5+ \:3*! 43I)D:$0(��3LI�c?% BLF% �3L�! )F%$3L� . )*�+
(�� . o�p6O $0)-3!" 2"3+ $0 �%5SO $%03S+ ]%$.% ^$�+ ,-%".$ 20"3+ _5- )*�+23L! $q# 1.%1377

 23! &*[:% TDE�+ 3O1386.<:%
3LL+ $�LLA*! BLLF% 4%5LL+1&LL! "% 203[DLL:%(�LL� 43LLIP)-3LL!" 45LL: r3-3LL:�- )LL*�+GARCHP

EGARCH.TGARCH 7"$% $%&'! �3*�HK% s�9: 4%5+ 2".$ �F �EF$ h5;! $099 .
95&/$00$.#5+.&Q $00$.#5+P�EF$ h5;!$0 7"$%20%0 "%7.$ 3L+ ,L� ,L-�H- t$3l 43I

,�VQ2&Q &�?�O �?$3� <-�! 4"3: 203[DL:% P&-%$%&L'! )L-%$.0 7.$ ^3L:% 5L+ . 2&LQVaR4%5L+
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1&! BF% "% �F5I 0%&;O ,+ 3I1000,�VQ ".$ 4"3:Q.& $0P�3F3�,LEF3'! . <6L/ )L:$5+ 4%5+
1&! 203[D:% )K5Q5�d (Q�� . )K5Q (Q�� ��!"# .0 "% 3ITF05� .

 P<F3S- $03I0$.#5++ uF3D- .,)! �3J- 2&!# <:0,L-%".$ 20"3L+ _5L- )-3L!" 45L: ,L� &*I0
,+5C ,?3V-0 4%$%0 �%5SO $%03S+ ]%$.% ^$�+B�*WHI .<:% )e&�J� .PvZJ! ,� &Q BF% $3Dl3:

,[U. ,+ ,Mp+ 20�V- ,DE+%. 0�l oVU 2$.0 �F r3>wK% ,+ 3S*O $%"3+xVO5L! 2$.0 �LF "% 5DLJ�+ 43I
 1&L! �3�! $0 .<:%(�L� 43LIr3-3L:�- )L*�+GARCH PEGARCH.TGARCH4%5L+ ,L�

(�LLL�$0 i-3LLLF$%. )LLL*�+0$.#5LLL+&-&LLLQ 203[DLLL:% �LLLEF$ h5LLL;! $0 7"$%P 1&LLL! 3LLLS*O
ARMA ),( 08 -GARCH ),( 11$0 ,Lg�D- $0 . 2&LQ NU%. 1�VU 0$�! 0$�l"3+ ��!"# .0 5I $0

1&! �3�! 43I2&Q03F\:3*! 4&*H-%�O "% 1&! BF% P (�L� 4%5+ 45O2&L*F# ".$ �LF �LEF$ )L*�+
.<:% $%0$�l5+ �%5SO $%03S+ ]%$.% ^$�+ $%"3+

)! �3J- 5K3l �3F3� $0VQ ,� 0"3:,� 4�c?% 4"3:VaR NF"�O "% 203[D:% Y�X$3X $0t 4%5+
20%�-3Ll 43LI�c?% 3L+ . =3S: 20"3+ 4�c?% 43I&-3HE�ARCH)L! �3LJ- &LI0,VL:36! ,L�VaR

4�c?% ^3:%5+GARCH ),( 11 NF"�O .t 20"3+ 2&*F# ".$ �F �EF$ 4%5+ %$ m%56-% BF5DH�
 ,+ �%5SO $%03S+ ]%$.% ^$�+)! (F3H-)L! ,Lg�D- BLF% ,LX5e% .0$%fe\L:3*! 4�Lc?% �LF &L-%�O

&Q3+ ^$�+ $%"3+ $0 �@3;C 4%5+ 403S*J��P5LA- ,L+ 4$.5y ,*�!" BF%$0 5DJ�+ r3;?39! ,+ "3�- 3!%
)!.&:$

?#2!0
-67- 9J2=

)p;*Eb P)F3*�:P P..%&�;: . 4�zO5! P5:3Fo/% 4$�H�O) j�F3�84 P(» (�L�$�L+ vl3LQ )L*�+ ^
,MVLQ "% 203[DL:% 3LL+ �%5LSO $%03LS+ ]%$.%)>�*L{! )VL{> 43LLI«P. 4$%&+3LLEb 43LI )LL:$5+

):5+3Eb 13: P12 2$3HQ P41.
 . 5|/% P40%5HI3Q P&H6! ,L*c-")1387( P»vl3LQ 4%5L+ 5L9l h5L;! $0 7"$% ,VL:36!43LI

�F5D!%$3� 7.$ "% 203[D:% 3+ �%5SO $%03S+ ]%$.% ^$�+ 2&H>«P ,pg!U% r3'�'6O403{D2$.0P
42 2$3HQ P79.

P)-3C5>3y$ )p> $3S+)87P(»$%03LS+ ]%$.% ^$�L+ <LH�U oL� vl3LQ �0�L+ &*p+ ,AC3b ):$5+
�%5SO« P ,pg!)>3HDR% . )-3E-% =�p> ,!3- (I.n�403{DU% =�p> 2$3HQ P28P13:8.
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1�:$ P)H}3�$�F5SQ)1385 P(«2"%&L-% $0 �# 05+$3L� . 5L9l h5L;! $0 7"$% )LC5;!45L�e
�-3+ �EF$« Pw:% 4$%&M-3+ (F3HI B�HI&[I r@3'! ,>�Hg!)!4$%&LM-3+ )?3> ,E:�! P

�%5F%.
 . &�;: P45�J!\�VbP r.5!)1385( P»"% 203[DL:% 3L+ �%5SO =3S: )I0"3+ o� vl3Q )*�+ (��

1&!)9l 5�d . )9l 43I«P)-3e$"3+ ,!3*JI.n� ,!3*p{C 2$3HQ P41.
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