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3;�8? 
������� ��� �����  ! "��#���$ �%�&'(� )�#*	 ��+ ��     �,� -.��,/� 0,12 ! �+3�,� 4�3�� 5

 ��6�!�DCC-GARCH 78� 53�9  !:;	�� <=> ��5 �/	 ?@�A9 �+3�� �� ��+!�-. B�C� ��D?  !
D:�� =#	�(�  ���9+ 48> �9��� -.��/� 012 ! @�A9 4�3�� . B� 78� 5�����+��� ��(F	 G���$

 �HI+82 �!��9�� ���($ �� "�J$ BI 8��   �+3�,� K'L 3!� 4�3�� ,	��:;      0,12 8,>� �,� �,'H�
��+� -.��/�?  �M!��:;	   �!� -.��,/� 0,12 8>�N        �,9+ �,CO� �+3�,� 4�3�,� �,���	 �,� K,'L .

<=>   5��B�C� ��D -.��/	 ?@�A9 �+3�� �� ��+!? D:��(�=#	 �?     4�3�,� 0,P.	 8,� ��'�+ QF� !
 �*	 +� -.��/� 012 8>� ! @�A9��:;	 �� �+�L 8�� .��OR(�? B����    5�,�   "D �%$�,�� ),�#*	

 BI �9+��:;	 <=>   5��  ! -.��,/� 012 8>� S�$ 0P.	 �� 8� ! T=� ��'�+ ! �CO� ! �'H�
 ��� �%�&'(� ! �+3�� 4�3�� -+����	"D ��  "��#���$�9+ U�%�&'(� !  ��� ! �+3�� 4�3�� -+����	

 "��3 3+ �/��	 ! �����  -.��/� 012 8>��9+.  
D�'5 ;E�� JEL: G12, C58  

��BG
� AC�;�:    N�,����!� 78,� ?-.��/� 012 ?�+3�� 0P.	 ?@�A9 4�3�� ?�(�=#	 ��:DDCC-

GARCH"��#���$ �%�&'(� ?.  
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D);�)  

B����9 �� @+8L+ @�A9 �!�� ! 8��� B� ZW�F� K�[� B� @�A9 �+3�� "+�+�\ 8OOI .   8,O$�� �W�+=,]
  B,O�^� ! -�,�M�� ?�\8$3 _��` -�a2.� ?@�A9 5=C	�=� K�8/	      ?�+3�,� �� @�A,9 _,M��'� 5�,�

   0�(,b	 �,� 4�,�  ! @�A9 �+3�� 5��a�$+ ���3�� 3+ 8�8c -�].P+ ������   @�A,9 5�,�\  �� "+�+�
�9+ �:d� @�A9 �!�� ! 8��� .BM��'� @�A9 KI �+8/	  �+3�,� �� 48>1 )   -.��,/� 0,12 �,� (  B,�

0�(b	  @�A9 _(� ��+� �%�&� �+3�� N=#M�� ! K/CM�� "+�+� . 	 -!�,C	  @�A,9 -�,*�c�   @8,] ! "+�+�
"D ��� -�].P+ "��#	 K6> g]�� ��         �+3�,� �� -.��,/� 5+�,c+ ! @�A,9 _,M��'� 8,O�+�� 5�,�\

�� �=> .�� h��� Q9�� ��+ 7�2 �=> :   i�,&�` 3+ �,>�$ @�A9 �+3�� -.��/� 012 -+����	
B��a$ ! 4���&\ ���&� -����+ Q9�� ��+ B� �9�� ��  ��+� �=,c! �$=\�$=\ 5��.    ! @�A,9 4�3�,�

0A� 3+ @�A9 4�3�� 0P.	 ���/	 K�+=] ���	 �9+ -.��/� 012 -+����	 N8OOI.  
B��a$ "=OI �	 B�>�\ _�� !� 3+      0,12 ! ?�+3�,� 0,P.	 ?@�A,9 4�3�� N����� 5�8/�� 5��
�9+ 48> h��� @�A9 �+3�� j-.��/� . 7!8c1 B��a$ ��+ _k.�    _,��+� l=,$ �� 8�I;	 �� +� ��

\ ��W]"D ��� 5�1$�   �,� "�,J$ @�A9 �+3�� �� -�].P+ Q#$ ! ��  8,�� .  B,��a$ �,HI+ ��   �,�
        �� �,9�9+ Q,#$ -�,].P+ +�,�3 ?�,9+ @�A,9 �+3�,� -.��/� 012 -+����	 ;JO� -�].P+

0�(b	 B����9 U5��\     B,� B�,&� -.��,/� 012 ! �+3�� 4�3�� -+����	 ! ��+� @�A9 �+3�� "+�+�\
+3�� "[�/� _(� 0�(b	�9+ �.  

m$=�2 )1966 (��a$_ "��#���$ ��+� "�=�_       �,(�L -+�,���	 �,� -.��,/� 0,12 ���
��I h��� +� @�A9. 9op? q=���I3 )1987 (�+� "�J$?   ,��+� �,W] B�_    ��,� �,���� 

-.��/� 012 ! �+3�� 4�3��? ��%O�U�%�&'(� �9[�� B� !� �+3�� 8$!� BI � "D  �,�   �,'H�
 �9+ !��%O�+3�� 8$!� BI �U�%�&'(� �9+ ����� B� !� � "D  �,�   �,9+ �,CO� . ��+���,O�? 

 �� q=���I78� 53�9     -.��,/� 0,12 ! �+3�,� 4�3�� ��� �%�&'(� j�����,I  78,�  5�,� 
78� �� �����  5��  $��,9D_4   �+� ��AO,J�� +� �,���	5 .  "�	�O��+=,9 ! �,���=`6 )2000 (

                                                           

1. trading volume 
2. Ying 
3. Karpoff 
4. threshold models 

5 .78� ��J�� _/M��� 5+��  ����	 _$��9D 5��←  Gerlach et al., 2006. 
6. Chordia & Swaminathan 
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�s��_ 0� "��3 	 ! @8#	 �� "�=�; ����:;	   ! @�A,9 4�3��     �%�8,6� �,� -.��,/� 0,12 +�
 h���8$��I.  

 I�;<1. J,KL D7$M* E�)4 �	 �(L N�
�L �
4�� .5,� �1�2# 3	4�� +��� �,)�-) ./0 �  

V
≠>V

ar 

V
=>V

ar 

V
ar
≠>V

 

V
ar=>V

 

R
≠>V

 

R
=>V

 

V
≠>R

 

V
=>R

 

 O�P %�$/� ;(
@� %E��  D7$M* �(  

 +  +  +  + 1 �� ! BWk�� �� �+3�� �� -�].P+ "8�9� ����  Sequential 
Information 

Arrival (SIA):     +  +  2 �� t� ! BWk�� �+3�� B� -�].P+ "8�9� B/��  

 +  +  +  + 3 �� �a$ q.��+N��� �'�  Mixture of 
distributions 

(MD): +  +  +    4 �� )�+=	N��� �'�  

     +  + 5 
�� -!�C	  B� Bc=	 �� ����� ��+�� �� "�=�

T=`��`  ��ZW�F� 5  
Harris &  Raviv 

(1993): 

      +  6 
T=`��` B� Bc=	 �� ��� 3+ T�O�c+  ! ��

 -�].P+ZW�F� ��J��  
Kandel & Pearson 

(1995): 

       + 7 
u� -�].P+ �� �	.��/� K(�*��

l.P+ �$�9� 48>  
Kyle (1985): 

      +  8 
 ! ��=(] ��/s! 3+ l.P+ �� �	.��/�

@�A9 �%O�8#$ 

 +  +  +  + 9 8�8c -�].P+ v�9+ �� @�A9 _W��/� He &  Wang 
(1995):   +    +  10 �=c=� -�].P+ v�9+ �� @�A9 _W��/� 

 +  +    + 11 
�O%�9 �O%(��$ �� �a$ q.��+7   5��

�k=b� 
Schneider (2009): 

     +   12 
l.P+ B����9 "�&6� �$�9�  ! �W�+� "+�+�\

�c���  ��/s! 3+�+3��  Brennan &  Cao 
(1997): 

    +    13 
l.P+  �$�9�"��#���$ B����9  ! �W�+� "+�+�\

�c��� �+3�� ��/s! 3+  

     +   14 �+3�� �� @�A9 _M��'� 3+ ��=�3�� ����\ De Long et al. 
(1990):     +    15 �+3�� �� @�A9 _M��'� 3+ ��=�3�� ����%$ 

 +       16 �$ -�].P+B�M!+ "��#�� ��J�� !  
Suominen (2001): 

+        17 B�M!+ "��#�� -�].P+ ��J�� !  

w'O� :Gebka, 2013: 71 .x�s=	 :B�s�� 5��  4�3�� ��� _��+� �� y'	��R)( 4�3�� 0P.	 ?)Var( -.��/� 012 ! ?(V)  ��
4�+^\  �#�O� 5��X→Y  !X ≠>Y �9+ 48> "��� . ��.] +"=�9 �� �J$ ���9+ BP=��� _��a$ _�s�� 8��;	 _$.  
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8OW��I1 )1976(? {+�+ ��_ ��a$_ M�'$�_ 48�9� -�].P+?  8�8c -�].P+ �!�! B,�   �+3�,�
 Q�+^�+ �� +�0� "��3      -.��,/� 0,12 ! @�A,9 4�3�,� �:d,�  ,��  8,$+� .  <�.,I �,a$ 3+2 

)1973 (op�+ !3 )1976(? j|�'	�+ 0� U"��3 �8L ! -.��/� 012 ��� �'H� �  4�3�,� )W�
          ),�+=	 @8,] 3+ �,>�$ -.��,/� 0,12 ! @�A,9 4�3�,� <��,J� w,�3=	 �9��� �� @�A9

@�A9 �+��� "+N���  ! �+3�� B� 48�9� -�].P+ �:+��:;	     �,9+ @�A,9 �,(�L �,� "D . K,�I4 

)1985 (� 7[8�9+�  �� BI 8OIl.P+ �$�9�    @+8,L+ ! �+3�,� ��/s! 3+ -�].P+ Q�+^�+ !
 �� B$���\D _M��'�?@�A9 ��+�_     8,�+=� @�A,9 4�3�,� B� -.��/� 012 3+ 5�1$�\ ��W]

�=� . Bc=	 �� B�q.��+ U�a$ B����9 �� �HO� t&�� "+�+�\N��� 8�8c 5���'�?   ! o��,�
=�+�5 )1993 (��+�_ �� �'H� ! K��#�� +� @�A9 4�3�� ! -.��/� 012 ��� +�$8O.  

B����9 ������� -�].P+ w��O� B$=\ !� "+�+�\ �9+ :1 . ��=(] w��O�)   �,(�L }��,>
��+� �+�L �$�%(� �aO� �� BI �+3�� -[��'� 012 !( ~2 .�k=b� w��O� .78OI  "=,9�� !6 

"=9��6 )1995 (  3+ �$=\�,$=\ ��9�C	 "�&6� -�].P+ ��>+� �� ��2 �+��+ BI 8$�+� "�J$
B� �+3�� �� �9� 8O�� .m$! ! ��7 )1995 (w��O� 3+ ������� -�].P+ �O%(��$   �,k=b�

  �,� �+3�,� 4�3�� 0P.	 B� @�A9 -.��/� 012 �%�&�+! K�M� +� �k=b�  8,O$+� . �8��O,>+8 

)2009 ("D ��&C	 N=*$ ! �k=b� -�].P+ BI �+� "�J$ 0�(b	 �� ��   @�A,9 5�,�\  "+�+�
      �+�,�+ �,	 ��,I 8,�+=� t,(I �+3�� �� -.��/� 012 ! �9+ �:d� @�A9 �!�� ! 8��� ��

�].P+ ! ��'�+ 0#9 ! �*k      �� ! 8,O$^� t,*� �+3�,� N��,��� +� �=,� �k=b� ������� -
"3! �=� 0�(b	      ��=,(] ! �,k=b� w��,O� 3+ ����,��� -�].P+ B� �	!�C�� 5��) �+3�,� (

8O�8� . ={�,I ! "�O���9 )1997 (       -�,].P+ �+3�,� ! ���,� 3+ �,W�+� 5�,��+3�� 5���,���:;	
B����9 W] _��+� K�M� +� K�+� �+3�� 3+ �W�+� "+�+�\ -.��/� 012 B� 4�3�� 3+ 5�1$�\ ��

�� 8O$+�.  
                                                           

1. Copeland 
2. Clark 
3. Epps & Epps 
4. Kyle 
5.  Harris & Raviv 
6. Kandel & Pearson 
7. He & Wang 
8. Schneider 
9. Brennan & Cao 
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         �,� "+�,A	 @�A,9 �+3�,� 0,P.	 ! ?-.��,/� 0,12 ?@�A,9 4�3�� ��� _��+� )�#*	 ��+ ��
 5����6�!�DCC-GARCH1  !CCC-GARCH �� �9��� �=> .    ��,� �%�,&'(� _,/M���

 �,9+ 0A� �aO� ��8O` 3+ �+3�� 0P.	 ! ?-.��/� 012 ?@�A9 4�3�� :  ,6$D �,&F$  ��,&$+� B
     S�,$ 3+ ���,\D �,O/� ?�M�,� �+3�� �����9 ���O> �� -.��/� 012 ! �+3�� 0P.	 ��� _��+�

�+3�� �� -�].P+ _]�>+ ! "���c2    �,��L� B,I �1$D 3+ ?@!� ~�=� 8�+=� 8�C� ���&� �+3�� N3+8$+ !
4���&\ B��a$ ��� 5+ 78� 5��   ��,�/	 K,�+=] ! @�A9 �(�L 4�3�� 53�9  �� "D N8,OOI   �+3�,�

      "�,6�+ ?-.��,/� 0,12 �,� @�A,9 4�3�� |�'	�+ <��J� w�3=	 3+ 4��C�9+ �� ?��+� �=c! @�A9
78� �� �	�� _��a$ }�FJ	 Q�� ! @�A9 4�3�� 53�9 B��a$ 3+ @�A9 �(�L �O��    �,�L� 5�,�

�� 0�+�� �=>.3  
+ @�A9 �+3�� 0P.	 ! -.��/� 012 ?@�A9 4�3�� _��+� K�W*	 )�#*	 ��+ 3+ q8� �,9 .

     B,� 4�!� t,� �+3�,� �,(�L }��> �'&$ 0����%M -�=k B� @�A9 �+3�� 4�3�� ?�=aO� ��8�
B'9�*� K'L N�!�  ��    78,� 3+ 4��C�,9+ �,� ! �=>   5�,�DCC-GARH  !CCC-GARCH 

78� @�A9 -.��/� 012 ! �+3�� 4�3�� 5������� �%�&'(� �� 53�9 �=>.4  
@�A9 �9��9 ?"+�+�  �M�� "+��8� ! ?"+�+�\�I�>      �+3�,� �� �,s�2 ),�#*	 G��,�$ 3+ ��

��I 8O�+=� 4��C�9+ @�A9 .   �� -.��,/� 0,12 ! @�A9 �(�L }��> ��� B��+� K�W*	 ��
   Q�,� x�*,k K6,> B� �+3�� �%O�8#$ ! ?t&�� _c�� ?�+3�� �I�2 �Ac @�A9 �+3��   �,O��

8> 8�+=� .@�A9 ?��+���O�     J� 0,12 �!�,� ! 8,��� �� �=,� 8O�+=� ���L "+�+�  3+ �,bF
B� �*�*k 5�	+��9+ ��/� "��3 �� @�A9 8$�'� ��I .�9��9 ?��OR(�   �I�,> "+�+�,\   �,�

8OOI ��F	+ �'9�O� 5�	+��9+ @�A9 �=9 0�&#	 ! B����9 Q�+^�+ �� �=� 8O�+=� ���L.  

                                                           

1. Dynamic Conditional Correlation GARCH 
2. information dissemination 

.3 M��� 5+��/ ��+ �� ��J�� _�3�BO ← Campbell, Grossman & Wang, 1992.  
4 .'9�*�_ /� q+�*$+��� L }��>��( *k -�].P+ B�>�\ -+8��J� v�9+ �� �+3���x  W��,I !�    4�3�,� 0,P.	 3+

� @�A9 �+3��B ($ �9�� 8�� .+���O���?  3+ 4��C�9+78� 5�� o$���+! 5�� P�>� )GARCH ( ,� B �,c5   q+�,*$+
/���� 78� �� 3�95 +�+� 4�3�� -�$�9=$�� �� &����  8O��=9�=� 8�+=�. 
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�+�+_ �9+ -�=k ��8� )�#*	 :O�J��_ Q�!��~  _{+�+)�#*	 �W�W*	 5=%M+~  ���/�
4�+� ��C�9+ ��=� 5��N    5��,�D Z�,k=	 ! )�#*	"D    "�,�� ~�,�    3+ K,k�2 �,��1	 G��,�$

��&C	 �� =%M+ ��(F	~ w(c  58O���$��!8*� ! G�� ��5 #*	�).  

E�>�PL O(�QP  

  78,� l+=,$+ 3+ 4��C�9+ ?43!��+   o$�,��+! 5�,�       �� 5��,b�L+ K{�,&� K,�W*	 �� �P�,> 5�,�
43=2   Q�!�,� "+�,�+ �� ~�9+ ���&\ B� !� "=\�$=\ 5��   @�,1$+ 5�,�    78,� �,� B,����   5�,�

GARCH        8,O$�� �	�,/M��� ?�,9+ �8,/�� ���,&� @�A,9 �+3�� ! �M�� N3=2 ��» Q�,�   �,O��
   78,� 3+ 4��C�,9+ �,� "+�A	 @�A9 ���3�� KI }��>    �,����  ! �,�� 5�,�« ) ,J���5  !

-!��? 1385(? »78� ! ���9�O>  53�9D:�    3+ 4��C�,9+ �,� "+�,A	 �+��A� �+�!+ v�=� �(�=#	 �
78� 5�� ARCH  !GARCH «) ?".c�� ! �]+�1387( ?»78� 53�9     ! t,&�� ��,� _,��+�

"+�A	 v�=� 4�3�� «) ?"+��6(� ! 58(*�1388( ?» _&��#��!� �L�    �3�+ ��,(F	 �� �,�
��� ��/� ��~  Q�,� ! ��!D��       "+�,A	 @�A,9 �+3�,� �� ���3�,� 0,P.	 �,O��   4��C�,9+ �,�  3+

78�  5�� N�+=$��FIGARCH «)  ! �+8,2 3�!�JI 8(,k?5 1388( ?» 78,�  3�,9  -�$�,9=$ 5
$+3!� ���3��_ "+�A	 v�=� �� @�A9 «)t	  ?"+��6(� ! ��9!�1390(? »  0,P.	 ��+�9 �9���

      "D �,� y'	�,� w��O,k ! "�(�,9 �/O,k @�A,9 ���3�� "��� «)    ?"+��,6(� ! �+8,2 3�!�,JI
1390( ?» 3+ 4��C�9+ G���$ _&��#�78�  ��=,(] 5�� FAGARCH  !MSM  78,� ��  53�,9 

@�A9 �+3�� 0P.	 �� �9��9 ��'�+ ��:;	« )  ?5�8,�2 ! �+82 3�!�JI1390( ?» 78,�   ! 53�,9
Q��  3+ 4��C�,9+ �� @�A9 �+3�� -�$�9=$ �O��    �M�,#�$+ 78,� ,L ZI��,� ��� «)   ! �O���,$ �,C�a$

 ?"+��6(�1391( ?» }��,> ��� 0P.	 ��+�9 �9���       ! ?�,�� v�=,� ?"+�,A	 v�=,� 5�,�
� �C$ �$�Ac �(�L }��>78� 3+ 4��C�9+ �   5�,�GARCH  4�����8,O` «)  ! �O�,&28�9

 ?�(��+��+1392 .(      ! �M�,� 5�,��+3�� �,� 5��,b�L+ ".,I 5������� �:+ -�/M��� 3+ ���� ��
78� �� 5��b�L+ ".I 5������� �� �M�� 5���+3�� �:+ �O/� ?o6]��  5��GARCH  �,9��� ?

�9+ 48> : 5!8A� ! �+82 3�!�JI)1384 (4��C�9+ ��  78,� 3+   5�,�GARCH    8,$�+� "�,J$
�9��9 ��+�9 ��I!3�9 5+�� �M�$�I "+��+ @�A9 �+3�� BI �&�$ �M=� 5�� .   5��,J� ! 5�8,�2

)1391( 78� _��� �� ?VAR-GARCH    S�,$ ! @�A,9 �,(�L �$�O�(P+�$ ��� BI 8$�+� "�J$ ?
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_��+� 3�+  �O/�         �=,� }��,> ! 3�+ S�,$ �$�,O�(P+�$ ��,� �,M! ?��+8,$ �=,c! 5�+�  _,��+� v
��+� �=c! v=6/�.  

O��3 �� 5�8/�� -�/M��� �=JI 3+ ���� �� B6O�+ ��_ ��+�_   0,12 ! @�A9 4�3�� ���
 �,9+ B���\ -�=k -.��/�?      ,/M��� 3+ �,�  B,� ?�=,JI K,�+� ��_    �+�=,�3 ! 4�+3��,1$

)1385 ( ��9���� ��+�_ �	 ?@�A9 4�3�� ! -.��/� 012 ��� /M��� "=OIB  5+ l=s=� ��
�+��_ @�A9 4�3�� -.��,/� 012 ??    @�A,9 �+3�,� 0,P.	 !    ��,6�!� �,� 78,�  5�,� DCC-

GARCH �9+ 48J$ @�1$+ .?��+���O� ������ )�#*	 ��+�   ,��+� K,�W*	 �� 8�8c_   ��,�
BM��'� @�A9 �+8/	 ?@�A9 4�3�� 48>?  @�A9 �+3�� 4�3�� 0P.	 !B� ��(> �� ��! .  ! 4�+3��,1$

4�+� �� �+�=�3  5��14 �I�>  3+ �F�O� ����	 3+ v�=�8/1/1383   �,	11/3/1384   �,� !
 78� 3+ 4��C�9+VAR ��+� t� BI 8$�+� "�J$_    4�3�,� ! -.��,/� 012 ��� 5��=�3��

��+� �=c! "+�A	 �+��A� �+�!+ v�=� �� @�A9 ."D �� ��:;	      ! @�A,9 4�3�,� �,� �+3�,� 0P.	
8O���\ 48���$ �=� �9��� �� +� -.��/� 012 . !.,] �,� 4  �,�+?  �,	    -�,/M��� �� "=,OI

 ��6�!� 3+ �c���78� 5�� DCC-GARCH ��+� K�W*	 ��_      0,12 ?@�A,9 4�3�,� ��,�
-.��/�? �9+ 48J$ 4��C�9+ �+3�� 0P.	 !.  ?��+���O�   �c��,� -�,/M��� �,� Q�!�� ��+? 

 �� BI_�+�+  BM�#� 3+ ���� B�"D �� �� 4��>+ �=>? �9+ -!�C��.  
"+��6(� ! QM�\1 )2006 (�s��_  ,��+� �=c!_      ! 0,P.	 ! ���3�,� ��,� "��,#���$

��+�_  @�A9 4�3�� �� @�A9 -[��'� 012 �����  +���� v�=� ��A` ��  �WW(M++  �,� �6���
78� 5�� GARCH  �!� B�MCMC2 

2
28$��I "=�3D. "D ��     Q�+^,�+ �,� B,I 8$�+� "�J$

! Q�+^�+ @�A9 -.��/� �+8/	 �+3�� �� @�A9 �(�L }��>      �,(�L }��,> Q��,I �,�
�� Q��I @�A9 -[��'� �+8/	 8��� .��OR(�?   v�=,� 5���+3�� -.��/� 012 Q�+^�+ ��
�� "�J$ �=� 3+ 5��J�� 0P.	 8O��.  

t��&� ! "�(���3 )2012 ( �I�20� "��3     �,� �$!=W,9+ @�A,9 �+3�� 0P.	 ! 4�3��
   3+ 4��C�,9+ �,� +� ����!�+ 5���=JI @�A9 �+3�� 78,�  5�,� DCC-GARCH  78,�  53�,9 

��+� �=c! ���+3�� ��� �� 4�3�� ��+�9 BI 8$�+� "�J$ ! 8$��I.  

                                                           

1. Gerlach, Chen, Lin & Huang 
2. Markov Chain Monte Carlo (MCMC) methods 
3. Dajcman &  Festic 
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"+��6(� ! m$+=`1 )2012 ( 3+ 4��C�9+ ��78� 5�� GJR-GARCH �����!�N   �,�W]
�� -[��'� 012 ! @�A9 4�3�� ��� 5�1$�\   3+ �,F�O� �=JI 4� v�=� 5���+3�� 3+ t�

��LN ��9D , mO� @�A9 �+3�� K��> I      ?5^$!8,$+ ?��,` ?"+=��,	 ?�=��%O,9 ?4�,I ?��+� ?mO
8OW��	 ! ��p�W�� ?5^M�� , 8$��I �9��� +� . -�/M��� G���$"D ��  "�J$ �+�  �+3�,� 4�3�� ���

�� �� @�A9 -.��/� 012 ! ��+� �=I�� 5���+3�� 3+ t�_   �,�W] ��+� �=,c! . ��,OR(�? 
��+�_  @�A9 -.��/� 012 ! �+3�� 4�3�� 0P.	 ���mO� 5���+3�� �� @�A9 �+3�� ��  ?mOI

5^$!8$+ ?��` ?�=��%O9 ?4�I?  �'H� 8OW��	 ! ?�,9+  �M�,2 ��     ! �,�+� 5�,��+3�� �� B,I
 "+=��	 ��+�9+ v=6/� ! �CO� B��+�.  
�`2 )2012 ( 3+ 4��C�9+ ��78� 5�� q=I���-   ,��+� B,I �+� "�J$ mO�R�=9_   ��,�

�� ���+3�� �� -.��/� 012 ! @�A9 4�3��   �,(�L 8,$!�  ̂ � 5�,�+  48,O�) 5!�,\ (  48,O��I !
)�9��(3 $ "��#���&� Q�� ��W��L �+3�� l=$ !� �� �� !    4�3�,� �,� -.��/� 012 �O��

��+� �=c! @�A9? Q�� ��W��L �M!   ,$+3!� 4�3�,� �O��_       ���,&� -.��,/� 0,12 �,� @�A,9
�9+ Z�/s.  

3=%���!� ! ^��+=M+4 )2012 (�!� �� "�9=$ 5�� � 3+ ��+�35�9 8$!   �+8,/	 �$��3 5��
BM��'� @�A9 8*�� �M��+ @�A9 �+3�� �� 48>N +�!� �P �6���N 1929   ,2011   �,9��� B�

$+3!� -.��/� 012 ����� �%�&'(� -+����	_ ��+��� @�A9 �+3��8O   BI 8O���\ B1��$ !
B��` �9+ �6(� U�%�&'(� ����	 B� 5��1	 5��      �,P @�A,9 4�3�,� ! -.��,/� 012

"��3 �=> �1O�.  
�6p\5 )2011 (��+�_    �+3�,� �� -.��,/� 012 ! �+3�� 0P.	 ?�+3�� 4�3�� ��� t���O��

 @�A9++� ��9D 3+ �F�O� �=JI �J� ! �6���  �!� ��GMM  ��,I �9��� . �,6p\   "�,J$
��P!� ��+�9 BI �+�_ �8L 0P.	  ��� 4�3�� )W��+     �=,c! ����,9D 5���=,JI ! �,6���

��+� .-.��/� 012? �B ��9D �� 4��!? <=> B� ��5     5�,��+3�� 0,P.	 ! �c��,� ! �W�+�
��+� �%�&� �c��� ! �W�+� . �+3�� 0P.	 ! 4�3�� �� -.��/� 012 ��9D ���:d�  ?�,9+ 

                                                           

1. Chuang, Liu & Susmel 
1. Chen 
3. Bull Market and Bear Marke  
4. Alvarez-Ramírez & Rodríguez 
5. Gebka 
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 �� �M!+�6���?   5=,L oC$ B� ��(�]+ �W] B� @�A,9 �+� 7�,'$� ! "+   5�	+��,9+ "��,I   5�,�
�+3�� 3+ 5��=�3��? ��:;	 �� �� -.��/� 012�9+ Z�/s �+3�� 0P.	 ! 4�3.  

�+=� ! �6p\1 )2013 (K��$+=I "=�9�\� �!� ��  }��> 4�3�� ��� BI 8$�+� "�J$ ��
 3=,2 5���=JI v�=� 5���+3�� �� -.��/� 012 ! @�A9N   ,��+� @+�D v=$�,�L+_   �,�W]

4�3�� x�9 5+�� �O/� ~��+� �=c! �����  5�1$�\    ,��+� [�,� 5�,�_    5�,1$�\ �,�W]
� ! �'H�4�3�� x�9 5+�    ,��+� 0,I 5�,�_     �,CO� 5�,1$�\ �,�W]  �,9+ 4�=,�   5+�,� !

4�!� �����+� 4�=� 8�8> 4�3�� 0P.	 BI �_ �O/� 5�1$�\ ��W] �9+ 4�='$ �+�.  

R���� %A�A�� �@&S
  

"�(�  QF� �� BI �=P��J��    ,J#$ -�,].P+ ?8,> 4��>+�   0�(,b	 �� �,9�9+  5�,�\ 
B����9 + T�F�$+ �� @�A9 �+3�� "+�+�\   �,9+ �,6(� ! ��+� @�A9 �!�� ! 8��� 5�	+��9

B����9 5�	+��9+      8,��� �,���	 -�,].P+ �,���	 ! "�,�3 ��\ �� "+�+�\.  ,1��$ ��_   �,���	
 5�	+��9+@�A9 �+���I 8�+=� ����	 �+3�� 4�3�� ! -.��/� 012 x�9 "+ . ��+���,O�?   �,�+

 +3�,� 4�3�� ! -.��/� 012 ��� �%�&'(� BI ��+� �=c! 7�(�2+  �,\ �,� ��    �,��: "�,�3
8OI ����	 -�].P+ ����	 �� ! 8>�'$ .�%�� q�P 3+?     0,12 ��,� �%�,&'(� �9+ �6(�

 ! -.��/�8>�� "��3 B� B�&�+! ! �����  �+3�� 4�3�� .78� �����I ?��+���O�   5�,�DCC-

GARCH ��+� K�W*	 ��B  _�,s�� "=�3D ! �+3�� 4�3�� ! -.��/� 012 ���    �%�,&'(�
"��#���$ "D ��� �� B��+��� "D B� BM�#� _�+�+ �� ~�=� 8�+=� 8�C� ���&� �� �=>.  

1 .%T$-) I;) ��( DCC-GARCH  

 ��� ���&F$�=W9�M=2 )1992 (���: ���    5+�,� +� �,������ ��� �P�> �%�&'(� "�=�
78�  5��GARCH ��I h��� 4�����!�~ 78� o$���+! 53�9   �,� 4�����8O` �P�> 5��

   8,� B,� ��,� ��+7   5�,�CCC-GARCH   �,9+ q!�,/� .  �,��1	 5�,���I ��?   ��,�
���:  �P�,> �%�&'(� "�=�   48,OOI�!8*� ��,�   ?�,9+ 5+ ?��+���,O�   ���p,> ! K,%$+3 

)2001 (78� 5��     ! 8,$�+� ���,&\ +� =W,9�M=� 78,�  5�,� DCC-GARCH   h�,�� +�
                                                           

1. Gebka & Wohar 
2. Bollerslev 
3. Engle & Sheppard 
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8$��I .78� ��  ��DCC-GARCH �%�&'(� 5�9 ��� �P�> 5��     �,���� �$�,�3 5�,�
&�+!� ��� "��3 B� B�� �=>.  

   o$�,��+! ! �P�,> ��%$�,�� -[��/�    4�+=$�,� �P�,> 5�,� �� 3+ 5++  5��8,O�CC-

GARCH  78�n    -[��,/� -�=,k B� 4�����1  !2   �,9+ �!�,C� .   5�,������ �+��,�

 ����b	( ), , ,= …1 2
'

ε   t t t ntε ε ε   o$�,��+! o��	�,� BI 8�OI ��� ! 8���%� �a$ �� +�-
���+=I �P�> o$"D ��      v��,9� K,��L ! �=,c=� -�,].P+ B]=(1� o��	�� B�ξ −1t  ��
 "��31t-  �s��� 8��+ ! ��+� �%�&�"D ��  -�].P+ B]=(1� B� |!�J�ξ −1t?   4�=,� �Ck

~8O>�� 4�����8O` 7���$ <��J� w�3=	 5+�+� ! �O/�:  
 ( )~ , , ,ξ ξ ξ− − −   = = =   1 1 10t t t t t t t t t t t tε N O H ε ε ε D P D H'E E  

)1(  
t t ty µ ε= +  

)2(  t t tD zε = 

 �+��� "D �� BIty  ��/�+ ��n ×1 48��J� ����#� 8>N  �������)�.H�     8,>� ! �+3�,� 4�3�,�
-.��/� 012 @�1$+ B���� ( "��3 ��t �9+ . �+���tµ    ��,/�+ �,�n ×1    5��,a�$+ ��%$�,��
 �+��� �P�>ty    -�,].P+ B,]=(1� B� |!�J�ξ −1t +   �,O/� ~�,9t t tE yµ − =  1 .

 �+���tε  ��/�+ ��n ×1 Q�� 5���  -�].P+ �� ������� �O��ξ −1t  �/L+! ����#� 3+"D  �,� 
 "��3 ��t �9+.  

 5��L o��	��, ,...,t t t ntD diag h h h =  1 2 ?   �P�,> ��+8$��,9+ q+�*$+ ?tε 

�9+ .�P�> o$���+! hit  8O�+�� t� 3+GARCH t	  4�����) _M��/�3 (�� ��/'	 8OI1:  

)3(  , ,− −
= =

= + +∑ ∑2
0

1 1

q p

it i ij i t j ij i t j
j j

h α α ε β h  

<=>  "�,�3 �� 0�&�9 �� 4��+! 5�� t   �+��,�zt    ��,/�+ �,�n ×1  �,9+ .   �,s��� 8,��+
 �+��� �P�>zt  -�].P+ B]=(1� B� |!�J�ξ −1t  �Ck ��+���9+   o$�,��+! o��	�,� !-
 "D o$���+=ItP � ~�9+ �O/ t tE z ξ −  = 1 0  ! ,t t t t ij tE z z Pξ ρ−′    = =   1  

                                                           

1 .�CO���  �=�L 7�(]+ ��  8O�+�� ���$�� ! "�=�GARCH  BM��/� �� �M=(/�hit  0��+� : q p
ij ijj j

α β
= =

+ <∑ ∑1 1
1 
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o$���+! o��	��-  "��3 B� B�&�+! o$���+=I8O�+�� tε  o��	��tH   B,�+�� BI �9+
ij 3+ �9+ -��'] "D @+ : [ ] , ,it jt ij tt ij

H h h i jρ= ≠  "D �� BI,i j n≤ ≤1 

 8O�+�� "��3 B� B�&�+! �P�> �%�&'(� o��	��tε?  o��	��tP    B,�+�� B,I �9+ij  @+
3+ �9+ -��'] "D:  

,
it jt t it jt t

ij t t t t

it t jt t it t jt t

it jt t

E z z E s s
E z z

E z E z E s E s

C orr

ξ ξ
ρ ξ

ξ ξ ξ ξ

ε ε ξ

− −
−

− − − −

−

      ′ = = = 
       
       

 =  

1 1
1

2 2 2 2
1 1 1 1

1

  

 -[��/� 0�&�9 3+1  !2 ? o��	�� �k�O] B� B�&�P?     -!�,C�� 78,� l=,$ !�CCC-

GARCH  !DCC-GARCH �9+ ^��(	 K��L :     o��	�,� �,k�O] B,I ��M�,2 ��P   �,P
8$��\ �=� B� ����: ����#� "��3~  �O/�Pt=P   78,� ?8>��CCC-GARCH  0,��+�  �� !

��+ ��   78� -�=kDCC-GARCH  �=,� 8�+=� . 3+ 78,�  5�,� DCC-GARCH   l+=,$+
��+� �=c! �CW�F�? "D ��=(] K6> �� �M!?  ���p> ! K%$+ BI)2001 ( h����I4� 8$+ ?

 o��	��P  -�=k B� -[��/�4  !5 �9+ 48> "���: 

)4(  [ ] [ ]t t N t t NP Q I Q Q I
− −= ⊗ ⊗1 2 1 2  

)5(  ( )t t t tQ Q az z Qα β β− − −′= − − + +1 1 11 

 "D �� B,,,Iα β+ <1  !α >0  !β >0  ! ~�,,,9+[ ]N t tI E z z′=  ! ~Q  o��	�,,,�
 B$=($ o$���+=I zt  ! �9+ ⊗�9+ o��	�� !� ������� T�s.1   �%�,&'(� 8O�+�� ��+ ��

 ���+��� !� �� ������� ���α  !β �� ���/	 ���!8*� ! �=>  7�,(]+ 5��    �,�+ 5!� 48,>
 �����+��� o��	�� ��+�%(� �� ��+^&� Q#$ tQ  o��	�� K6> !P ��+�.  

2 .+��U� ��($�)
��P I;) DCC-GARCH  

  �P�,> 7.,�+ �^c -.(c <��J� w�3=	 48> ��� B6O�+ B� Bc=	 ��tε   -[��,/� ��
   8,O` 7�,��$ �P�,> ��%$��� �,9+ 4�����?    w��,	 0����,%M �,9��  ���,($   78,�DCC-

GARCH B{+�+ BM��/� �� 48>  5��1  �	5 �B  -�=k _M��/�6 �9+:  

                                                           

1. Hadmard  B�#$ T�s B� 8O�=\ �%�� o��	�� _�+�� "�(� �� o��	�� t� _�+�� 5+. 
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)6(  
( ) ( ) ( ) ( )

( ) ( )

−

− − −

= = − − −  

= − − −

1

1 1 1

1 1
2

2 2 2
1 1

2
2 2 2

t t t t

t t t t t t t t

N
θ ln L θ ln π ln H ε H ε

N
ln π ln D P D ε D P D ε

'

'

̻

  

 w��	 0����%M�9�� ���($  �� 78�_M��/� 6 � !� B�dCM_ 7  !8 �9+ B�^1	 K��L:  

)7(  ( ) ( ) ( ),
−= − − − 11 1

2
2 2 2V t t t t t

N
ω ln π ln V εV ε

'
 ̻  

)8(  ( ) ( ), ,c t P z P z z zω ϕ −= − − +11 1
2 2 2t t t t t t
N

ln ' '
 ̻ 

M��/� ��_ 7 ?t tV D= 2 �9+ .BM��/�  5��7  !8 B�  � B,� ��	�	d ,CM_  � ! 0,P.	d ,CM_  
q!�/� ������� �%�&'(� 8$+ .�^1	_  w��	 0����%M�9�� ���($   �� 78,� _,M��/� 6   �,�+

�� +� "�6�+ � -[��/� 0�&�9 5�����+��� "+=�� �	 8�� o$�,��+! ! ��%$��    �P�,> 5�,�
 78�DCC-GARCH �3 ��(F	 BW2�� !� �� +�: W2�� ��_  53�9�HI+82 �� ?7!+_M��/� 

7  5�����+��� �+��� B� �'&$ω ?���+���� 5��dCM_  -[��/� 5�����+��� K��> BI ?0P.	
 �P�> o$���+! ! ��%$����9+� ?B �� �9�  8,�D.1  ,W2�� ��_   ��,(F	 @!����+  5�,����

_CMd�  53�9�HI+82 �� �%�&'(�_M��/� 8   5�,����+��� �+��� B� �'&$ϕ     B,� B,c=	 �,� !
��� ��(F	+ 5�����_CMd� W2�� �� 0P.	_ �� @�1$+ 7!+ �=>.  

3 .VK�# @&S
� A���A% ����R  

��+� K�W*	 �=aO� B�_   ��,�/	 ^�$ ! -.��/� 012 ! �+3�� 4�3�� ��� ��Wj] �:;,	�   K,��#��
   o$�,��+! ! ��%$�,�� -[��/� ?v�=� �� @�A9 -.��/� 012 0P.	 �� �+3�� 4�3�� 0P.	

�����!� 78� �P�>N    ��,� �%�,&'(� ! -.��/� 012 ! �+3�� 4�3��"D  �,�    -�=,k B,�
 _M��/�9 ?10 ?11 ?12 ?13 ! ?14 78� 53�9 �9+ 48>:  

)9(  ,φ φ φ− −
= =

= + + +∑ ∑0 1 2 1
1 1

m m

t k t k k t k t
k k

RETURN RETURN VOLUME ε  

)10(  ,− −
= =

= + + +∑ ∑0 1 2 2
1 1

m m

t k t k k t k t
k k

VOLUME φ φ RETURN φ VOLUME ε 

                                                           

1. /M��� 5+��_  BO��3 ��+ �� ��J��←  -�*Ck139  !140 M�#�_ ��3:  
A DCC-GARCH model to estimate, Romanian Journal of Economic Forecasting (2013). 
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)11(  , , , , ,
−

− − − −
= =

= + + +∑ ∑2 2
11 10 1 1 1 11 1 1 1 1 1

1 1

q p

t j t j j t j t t
j j

h α α ε β h S ε 

)12(  , , , , ,
−

− − − −
= =

= + + +∑ ∑2 2
22 20 2 2 2 22 2 2 1 2 1

1 1

q p

t j t j j t j t t
j j

h α α ε β h S ε 

)13(  [ ] [ ]/ /
t t N t NP Q I Q Q I

− −= 1 2 1 2
t 

)14(  ( )t t t tQ Q z z Q− − −= − − + +1 1 11 α β a β
' 

 �=� -[��/� ��RETURNt  ? VOLUMEt  ?h11,t  ? ! h22,t B�     ?�+3�,� 4�3�,� �,�	�	
-.��/� 012? �+3�� 4�3�� 0P.	?   "�,�3 �� -.��/� 012 !t  �,9+ .  B,CL! �+8,/	   �� �,�

 -[��/�9  �	10 �� �ID ���/� v�9+{�� B�>=$ t� �=> .M��/� ��_ 11  !12 <=> �:+  ��
 )��P 3+ �CO� ! �'H� 5���'� !���+��� 5��λ1  !λ2   -.��,/� 012 ! 4�3�� 0P.	 ��

�� ��+! @�A9 �+3�� ��  �+8#� �\+ ! �=>"D �� �=> ��!D�� �Ck?   <=,> �,:+     0,P.	 �,� �,�
�=� 8�+=� "��#�� 4�3�� .  53�,1� 5�������,tS −

−1 1  !,tS −
−2 1    B,I �	�=,k ��,tε − <1 1 0  !

,tε − <2 1 0 8>��? �� �=� B� t� �+8#� 8$��\?   -�=,k �,�+ ��  ��?     ��,���+ �C,k �+8,#�
�� 8OOI.   <=,> �:+ "��#	 @8] ���      �,� �,CO� ! �,'H� 5�,� o$�,��+!    +� �P�,> 5�,�

Q$+��6(� ! ��&W\1 )1993 ( ! 8$��I h���78�  5�,� GARCH      B,� �,\��! �,�+ �,�
78� 5�� GJR-GARCH �9+ �=AJ� .   ! T=,� ��,'�+ �/L+! 5��$� �� B6O�+ B� Bc=	 ��

 �=JI @�A9 �+3�� }��> �� 8���:;	 8$�+8$ �$�&6�?  ��78� 53�9     ! @�A,9 �+3�,� 0,P.	
 3+ -.��/� 012�78 5�� GJR-GARCH �� 4��C�9+ �=>.2  

                                                           

1. Glosten, Jagannathan & Runkle 

2 ."�J$ 5+�� 0� �:+ "��#	 @8] "�+�  78,� 3+ =�M=C	�=� 4�3�� 0P.	 �� <=> l=$ ! <=> N3+8$+ "��3   5�,�EGARCH   4��C�,9+
��  �=> .aO�t`=I ! �\� �̂ <=> N3+8$+ 3+ �=     �,9+ �,'� "�=�8,� ! T=,� <=> l=$ 3+ �=aO� ! �9+ "D "�=� .  _,M��/�

 �P�> o$���+!EGARCH(1,1)   �,9+ K,��#� -�=k B�:  ( ) ( )/ /
ln − −

−
− −

= + + +2 21 1
11 2 1 2

1 1

t t
t t

t t

r r
σ ω α γ β σ

h h
ln . 3+

}FJ� BI �1$D ��+ ���($ 78� B$=\ �� ��%M�(��"�=� "D ?�9�� �+!�o$� P�>� �+8#�5  8�+=� �'H� �=,� . +�,�5  ,/M���_ 
����J ← Nelson, 1991.  
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���: ���      �,� -.��,/� 0,12 ! �+3�,� 4�3�� 5������� ��� �%�&'(� "�='$ ! "�=�
 �'&$ "=�3D�9�� ���($ LR   �,�DCC-test   �,� ��,�/	  �=,>1 �� ~ 78,�  5�,� DCC-

GARCH ���+��� 5��β  !α ���8    l=,(1� ! �,'H�"D  �,�   � t,� 3+ �,�(I 8,>� .  �,k�O]
 o��	��tP  M��/�_ 13  ��78� 5�� CCC-GARCH 8O�&� ����: ����#� "��3 �P.  

3	
	 %�$/� W7��* � �(  

1 .%T$-) 3	
	 �(  

4�+�  ��+ �� 4��C�9+ ��=� 5��B/M���  B$+3!� K6> B��9+  �+��A� �+�!+ v�=� ���9 3+ !
3�� 5+�� "+�A	N �3 �$�21/1/1380  �	19/9/1392 �9+ 48> �+�F�9+ . ��=� 5�������

�+3�� 4�3�� )�#*	 ��+ �� 4��C�9+2 $+3!� -.��/� 012 !_    �,9+ @�A,9 �+3�,� .  �+�=,($1 
� "�J$ +� -.��/� 012 0����%M ! �+3�� 4�3�� 8$!�� 8��.  

7!8c 1  �=� 5������� �C�k=	 5�����D +� ,� "�J$ Bk.� -�=k B��  8,�� .  �,�+
      ?�\8�,JI ?�%M=,` ?��,�/� q+�,*$+ ?��%$�,�� ?BO�(I ?BO�J�� ?-+8��J� �+8/	 7!8c

���DN I��c�=- +��7�(�2+ ! ? � "�J$ +� "D B� |=���� 8�� . ,O�+�_     �+3�,� 4�3�,� -+�,���	
110  "D �I8OI+�� !01/0 �9+ .  B,M��'� @�A,9 �+8/	 ����J�� ! ����(I   3�,� �� 48,>N 

B� �9��� ��=� �$��3  ! "=�W�� t� ��	�	23119  �,9+ 0A9 "=�W��.3    �,'H� �%M=,`
� "�J$ -.��/� 012 ! �+3�� 4�3���  ,�3 ��J�� �� BI 8��"�  �,�     0,12 ! �+3�,� }��,>

�9+ B�>+� Q�+^�+ -.��/�.  

                                                           

1. +��5 _/M��� ����J ← Engle &  Sheppard, 2001. 

2. ��%M Ks�C	 -�=k B� �+3�� 4�3���0� �9+ 48> B���\ �a$ �� KI }��>. 

3.      �,9+ 0A,9 "=,�W�� �+8,/	 �,&2 �� -.��/� 012 ��+^\ "+�A	 �+��A� �+�!+ v�=� ���9 �� .   ��=,� N3�,� ��
�� �9���BM��'� @�A9 �+8/	 ����J   3!� B,� |=��� 48>18/8/1388       @�A,9 _,s�] 3+ �,>�$ "D �,W] ! �,9+

�9+ -+���F� �I�> .w'O� :��$�'�_ �+��A� �+�!+ �+3�� ? �81? �C�_ A�O��  B�18/8/1388  
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 �
	@�*1. �,)�-) ./0 .�7��&S � 1�2# �
4�� 3	4�� ;*��  

X'E) :D�T�7 �����) ��(  

�s��_ H0 7���$ �� �O'� �     �,� �+3�,� 4�3�,� ! -.��,/� 012 ����� !� �� w�3=	 "�=
 B� Bc=	 �+8#�p-value ���DN ���c-  �,� �� 5�9 !� �� 5+�� +��  �=,>.1    "=,�3D G��,�$

�6��- ���$�� 3+ "�J$ ����� !� �� 5+�� �M=�"D �� '	�� Ks�C	 ��_  7!+��+� . 4��,�D   5�,�
oI��-5�9 ����� �%�&'(��=� "=�3D �� mO�c 3 5��  �+3�,� 4�3�� �!�1� ! 4�3�� �$��
"�J$ N8O��  �=c!'	�� ����� �%�&'(�_  �� 7!+"D ���9 .  -.��,/� 012 �$��3 5�9

'	�� ����� �%�&'(� 5+�+�_  7!+ ?�,9+       ���,�� �%�,&'(� 5+�+� 5�,9 �!�,1� �,M!
�&�$ . "=�3DARCH-LM  ,'	�� Ks�C	 5+��_    4�3�,� �,���� !� �,� 7!+     0,12 ! �+3�,�

J$ -.��/�"� N8O��  �=c!D:� �ARCH '	�� �	_ 12 +�9.2  

                                                           

1 . )�#*	 ��+ 7!+8c _(� �� 8�OI �L� ^�$+�� K�+� �+8]+p-value ���DN  "=�3D �� � "�J$ +�� 8��.  
2 . _'	�� -.��/� 012 ! �+3�� 4�3�� 5������� 7!+ _'	�� Ks�C	 5+��ARCH @�$ +�  �+^�+12  �,9+ 4��I B'9�*� .

 8O�+�� t� 8�OI �L�GARCH(?,1)       �,� 8,M+! _,�^1	 _�,�L B,� B,c=	 �� +�       8,O�+�� t,� -�=,k B,� "+=,	
ARCH(∞) �>=$ .B��$�� 8I  ��:D �=c! }�FJ	 5��ARCH =k B� �+3�� 4�3���9+ ��3 -�:  

library(FinTs) ArchTest(diff(return),1) 
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 I�;<1. 3��)Y �,)�-) ./0 � �
4�� 3	4�� %Z�J@� ��(  

 �,)�-) ./0).2# �@�A�)(  3	4�� �
4��   

2987 2987 -+8��J� �+8/	 
23119 05/0  �+8#� �HI+82 

1 05/0 -  �+8#� KL+82 
79/188  00/0  B$=($ ��%$��� 
13/619  01/0  +8$��9+ q+�*$+��  
47/21  43/0  �%M=` 
12/679  65/8  �\8�JI 

40/57739413  
)000/0(  

39/9427  
)000/0(  

 N���DI��c�=- +��  

98/10 -  

)010/0( ♦ 
64/9 -  

)010/0(  ♦ 
�6�� "=�3D - �M=�  

35/493  

)000/0(  
23/1049  

)000/0(  
oI�� "=�3D- mO�c : ! w��� 5�I df=10 

62/0  

)999/0(  
99/332  

)000/0(  
data (series ^2): X-squared, df=10 

03/1213  

)000/0(  
50/737  

)000/0(  
ARCH LM-test: 

ARCH(12) Chi-squared ♣ 

-�*�s=	 :♦ �6�� "=�3D G���$ -  _CL! �	 ������� 7!+ _'	�� Ks�C	 5+�� �M=�14 �� "�J$ +� 8�� .♣  "=�3DARCH LM 

 @�1$+ ������� Ks�C	 5+�� _'	�� Ks�C	 �� ������� "=` ?48> 8O�&� �$�� 7!+.  
w'O� :B���� "�##*� 5��  

2 .W7��* %�$/� +��U�  

  -.��,/� 012 ! �+3�� 4�3�� N�����!� 78� �P�> o$���+! ! ��%$��� -[��/� 5�����+���
"D ��� �%�&'(� !  B,M��/� �� ��   5�,�9   �,	14    �,� 4�3 ��,(F	 B,W2�� !� ��  �=,> : ��

 ����� �%�&'(��=� _'	�� �&F$ ?7!+ _W2��    �,���� �,� �$�,�3 5�9 �P�> o$���+! !
�� ��!D�� B$�\+8c �=> .  0�,&�9 5�����+��� ?op9VAR     o$�,��+! ! ��%$�,�� -[��,/�

0� -�=k B� -.��/� 012 ! �+3�� 4�3�� �P�>   �,9�� w��,	 53�9�HI+82 �� "��3   ���,($
   _,M��/� B��,J� 0P.	 _CMd�7   �,� B',9�*�  �=,> .   �,/� 5�,����+��� ?@!� _,W2�� �� -[�

   B,M��/� �� -.��,/� 0,12 ! �+3�� 4�3�� 5������� ��� �%�&'(�   5�,�13  !14   �!� �,�
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�9�� �HI+82 �9�� w��	 53�9�HI+82 �� ! ���($   _,M��/� B��J� �%�&'(� _CMd� ���($8 
�� 4�3 ��(F	 7!+ _W2�� �� 0P.	 _CMd� 5�����+��� ��(F	 B� Bc=	 �� ! �=> .   B,c=	 �,�

 4�3�� B6O�+ B�5�9 -.��/� 012 0����%M ! �+3��      7!+ _,'	�� K,s�C	 ! 8O�,&� �,$���$ 5��
"D  7!8c ?�9�$�� ��2      5�,9 ���,�� �%�,&'(� _,'	�� ��,(F	 G���$     0,12 8,>� 5�,�

"D 0P.	 ! ?�+3�� 4�3�� -+����	 ?-.��/� @�$ �� +� ��  �+^�+R 3.0.2 �� "�J$ 8��.  

 I�;<2. '�$) +��-�L �$# %P��P %&��'�( [� � �,)�-) ./0 ;�� ��(� � �
4�� 3	4�� �
$�

 .5,��Y �(  

MA2 MA1 AR1  intercept ;E7
$T \@* %*�)4 �$# 1�* 

 ----- 
9624/0-  

[ 0091/0 ] 
3252/0  

[ 0209/0 ] 
 ----- ARIMA(1,0,1) � 7!+ _'	�� Ks�C	4�3� �+3��  

4254/0  

[ 0597/0 ] 
4055/1-  

[ 0643/0 ] 
6713/0 

[ 0556/0 ] 
0017/0  

[ 0008/0 ] 
ARIMA(1,0,2) 

 0����%M 7!+ _'	�� Ks�C	
�+3�� -.��/� 012 

6092/0  

( 000/0 ) 
0993/0 

( 026/0 ) 
2548/0  

( 000/0 ) 
0000/0  

( 000/0 ) 
GARCH(1,2)  -+����	 0P.	4�3�� �+3��  

 ----- 
7082/0 

( 000/0 ) 
1260/0  

( 000/0 ) 
0822/0  

( 000/0 ) 
GARCH(1,1) 

 -.��/� 012 8>� 0P.	
�+3�� 

-�*�s=	 :�� ! �I+�� �� 48>��!D�� ��+�s ��+8$��9+ 5�p-value �9+ ^�$+�� K�+�.  

w'O� :B���� "�##*� 5��  

 l=$ ���/	 �� 8,O�+��       �,���� �,� 0,P.	 �$�,�3 5�,9 78,�  5�,� GARCH(p, q) 
'	�� �� �$=\�$=\_ )p, q (5�9 5+�� B� �=I�� 5��  �� ��	�	8O�+�� 5��ARIMA(1,0,1) 

 !ARIMA(1,0,2) 4�3 ��(F	  ��� 3+ ! 48>"D ��  �9�O� 78�GARCH(p*, q*)  �,� 
�ID �+8#� ����(I ���/� v�9+{"=�3D ! t�    �,9+ 48,> T�,F�$+ �b�FJ	 5�� .  ��8,�

��	�	? 8O�+��5�9 �9�O� 5��        0,12 8,>� ! �+3�,� 4�3�,� -+�,���	 0,P.	 �$��3 5��
 -.��/�78� 5�� GARCH(1,2)  !GARCH(1,1) �9+ 48> ���/	.  

��W] "=�3D � "�J$ ������� ��� 5�1$�\�  012 5�1$�\ ��W] �+3�� 4�3�� BI 8��
�9+ @�A9 �+3�� �� -.��/� . ��,OR(�?    B,��P!� �,�W]) �,$D (  ��,����� �,�� 5R  !V 

�=c! ��+8$ . 7!8c3  0�&�9 ��+�s ��(F	VAR    4�3�,� �P�,>��  ��%$��� -[��/�
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 5�1$�\ ��W] "=�3D ! -.��/� 012 ! �+3�� +� ���"D �� �� "�J$ 8��.1   G��,�$ )����
 7!8c3�O/� B� Bc=	 �� ? CL! ���s "�=��+�_    ,M��/� �� �+3�,� 4�3�,� ����� @!�_   0,12

5�1$�\ ��W] "=�3D ! �+3�� -.��/�? ��     �+3�,� }��,> ��/,s! BI ��I 7[8�9+ "+=	
 K'L 3!� !� �� @�A9��:;	 0�(b	 �� ��+^&� 5��\ +� @�A9 �!�� ! 8��� �� �+��+��.  

I�;< 3.  +�&*��) �]	�-) 	��Y$� � �,)�-) ./0 � �
4�� 3	4�� �$/*$B V�A^ �@)4Y

 %5$�$�_�Y �(  

tV −2  tV −1  tR −2  tR −1  ^`;') 4
 a$   1�*�($�[�)  

744/3 e-

07( 033/0 ) 
600/3 e-

07( 040/0 ) 
081/6 e-02( 000/0 ) 727/3 e-01( 000/0 ) 968/4 e-04( 000/0 ) tR  4�3�� �+3��  

800/9 e-

02( 000/0 ) 
586/1 e-

01( 000/0 ) 
523/5 e+03( 021/0 ) 783/1 e+03( 347/0 ) 336/1 e+02( 000/0 ) 

tV   012
�+3�� -.��/� 

F-Test = 226/6 , df1 = 2, df2 = 5960, p-

value = 000/0  
 _�s��H0  : ����� tR   ����� 5�1$�\ ��W] tV  �&�$.  

Chi-squared = 6884/0 , df = 1, p-

value = 4067/0  
 _�s��H0  : 5������� ��� �$D ��W] tR   ! tV  ��+8$ �=c!.2  

w'O� :B���� "�##*� 5��  

 7!8c4   �+3�,� 4�3�� -+����	 �P�> o$���+! ! ��%$��� -[��/� 0�&�9 ��(F	 G���$
��/� 012 8>� !"D ��� �%�&'(� ! @�A9 -. �� "�J$ +� ��  8,��.3      B,6O�+ B,� B,c=	 �,�

4�+�     �� B,�C� "�,��� -.�,�/	 ��:D �9��� 5+�� ?�9+ B$+3!� )�#*	 �� 4��C�9+ ��=� 5��
 53�1� ����� ?)�#*	 5=%M+D1    �� �,�3!� _,�#� 5+�� �Ck ! B'O> 3!� 5+�� t� ����#� ��

                                                           

1. @�$ �+^�+R   0�&�9 _O�A� _CL! _'	��VAR �9+ 4��I ��+^\ !� +� t�{�ID ���/� v�9+ ��.  
2. H0: No instantaneous causality between: R and V 

.3 3=	�w ���D5 �95 $��3�      $ 7�,��$ -.��,/� 0,12 ! �+3�,� 4�3�,�� �,& ���,O� ??��+ 3=	 3+ ,�w t-student  ,(F	 ����  +�,s�� 
�����+���5 +�� ���+��8O 8> 4��C�9+ .�� +��  v�,9+? 3=	 ,�w    -[��,/� <��,J�VAR    7!8,c �� 48,>��!D��4 3=	 ,�w t-

student ���8O`�4� �=� 8�+=� .      N�����8,O` �P�,> <��,J� w,�3=	 ��,J�� _/M��� 5+��t-student ← Bollerslev, 

1987. 
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5�9 0P.	 ! ��%$��� -[��/�  5��    48,> ��+! �+3�,� 4�3�,� -+����	 ! -.��/� 012 8>�
�9+.1  

 I�;<4. �$# %5$� b*�7�
� � +�&*��) �]	�-) .���# ��($�)
��P +��U�  ;�� ��(

�[� � �,)�-) ./0� +�� %&��'�( � �
4�� 3	4�� �
$�Y �(  

-.��/� 012 8>� �+3�� 4�3�� -+����	 
�����+��� x�s=	 

��+�s ��!D�� ���+��� ���+�s ��!D�  ���+��� 
1 m 1 m BCL! �+8/	 �+3�� 4�3�� -+����	 ����� 5��  

�
P�

> 
��

%$�
��

 -
[�

�/�
 1 m 1 m BCL! �+8/	 -.��/� 012 8>� ����� 5��  

0399/0  ϕ0  0000/0  φ0  ��%$��� _M��/� �8'� 3+ ��] 

3389/2  
m

k
ϕ

=∑ 11

 
3441/0-  

m
kk

φ
=∑ 11

 
BCL! ��:D l=(1� �+3�� 4�3�� -+����	 5��  

4310/0-  
m

k
ϕ

=∑ 21

 
0002/0-  

m
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β21  
6230/0  

)000/0(  
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D1 53�1� ����� - B�C� ��D -.��/	 �:+  
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2822/3  

)000/0(  ♦ 
t-student 5���D w�3=	 K6>- shape 

                                                           

1. 	 ��(� B���	�?  "��I��+! ������� 3�1�5 D2 ��#� ���� �t  +�,�5    +�,� �C,k ! B'O,>��A` 3!�5  �,9��  �,�3!� 
��  "+=	D:� �	 B�C� "���� �W��/)B'OJ1O� B/(c ! �� �� (8�� 78� �� +�.  
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 I�;<4. �$# %5$� b*�7�
� � +�&*��) �]	�-) .���# ��($�)
��P +��U�  ��(

�[� � �,)�-) ./0 ;��� +�� %&��'�( � �
4�� 3	4�� �
$�Y �(  

0371/0  

( 0374/0 ) 
α   7!+ _'	��ARCH 

 

6480/0  

( 0000/0 ) 
β   7!+ _'	��GARCH 

0881/0  

( 1016/0 )  ������� �%�&'(� �� 8� ��'�+ �:+ 

0000/4  

( 0000/0 ) ♦ 
t-studentN�����!� 5���D w�3=	 K6>- shape 

8555/9  

( 5433/0 ) 
LR 

}�FJ	 "=�3D  78� 5���� DCC-GARCH   78� 3+
CCC-GARCH   N���D �� Likelihood Ratio 

-�*�s=	 :�+� �+8]+ ^�$+�� Kp-value �9+ . ���/� v�9+ �� �P�> ��%$��� -[��/� �� ������� _O�A� _CL!�ID�9+ t� t�{ .
♦ B'9�*� 5�����+��� ���s 4��C�9+ 5���D w�3=	 5+�� 48> �9+ �P�> o$���+! -[��/� 5�����+��� ��!D�� �� 48> . ��

�O/� ! �9+ �=� ��� 5���D 5�����+��� 5+�+� 5���D w�3=	  ���s "�=��+�shape �O/� 5�O/� B�  5�����+��� _(� "�=��+�
�9+ w�3=	 "D . BO��3 ��+ �� ��J�� _/M��� 5+��← Stasinopoulos et al., 2009.  

w'O� :B���� "�##*� 5��  

3 . $��Z�W7��* +��U�  

 7!8c �P�> ��%$��� -[��/� 0�&�9 ��(F	 G���$4 � "�J$�   4�3�,� Q�+^�+ BI 8��
� �+3�� K'L 3!� ���:;	   ��+� 5��,c 3!� -.��,/� 012 8>� �� �'H�?     0,12 8,>� �,M!

 K'L 5��3!� -.��/���:;	 ��+� 5��c 3!� -.��/� 012 ! �+3�� 4�3�� -+����	 �� �CO� .

�'H�  ���+��� ���s "�=� 
m

kk
ϕ

=∑ 11
 �CO� !    5�,����+��� ��+�,s "�=� 

m
kk

φ
=∑ 21

 !  
m

kk
ϕ

=∑ 21
 �d�9+ �W�� ��+ 8� .�!� �� �+3�� 4�3�� -+����	N      0,12 8,>� S�,$ ! K,'L

�!� -.��/�N �!� �� "�>�=� �� K'LN  5��c��:;	 8$�+� �CO� .    5�,������ l=,s=� �,�+
B�>�\   �%$1  +� �����B����9 "  �+3�� "+�+�\	 @�A9;�� 8�� 8OI.  

 B�C� ��D 5��3!� -.��/	)B'OJ1O� B/(c ! �� �� (     ^�`�,$ 8,O`�� ! �,'H� ��:;,	
) �!820.0003 (    5�,�3!� �� -.��,/� 0,12 8>� �� �CO� ��:;	 ! �+3�� 4�3�� Q�+^�+ ��

                                                           

1.  backward looking 
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��+� B'O> .�� ?��+���O� @�A9 BI ���\ B1��$ "+=	   @�A,9 q.��,� ?B��1	�� "+�+�  ! "+�+�
���9B� �� "+�+�\  7=I=� -.��/	 3+ o� 5��3!� B� +� �=� @�A9 �!�� ! 8��� ?B��1	
�($ 8OOI .�O/�  53�1� ����� ���s "�=��+�D1   5�,9 0,P.	 -[��/� ��    8,>� 5�,�

�� "�J$ �+3�� 4�3�� -+����	 ! -.��/� 012  ! B�C� ��D -.��/	 ?7�2 �� B� ?BI 8��
0P.	 w��O� 3+ �6� �(�=#	 ��:D �9+ -.��/� 012 8>� ! @�A9 4�3�� ��.  

8'� 3+ ��]�       5�+8,#� -.��,/� 0,12 8,>� S�,$ 5�9 0P.	 ! ��%$��� -[��/�
�O/� ! �'H� �9+ �+� .B����9 3+ ���� 5�	+��9+ 0{+� ����	   8,��� �� @�A9 �+3�� "+�+�\

8> 8�+=� -.��/� 012 8>� S�$ �� 0P.	 ��1�+ g]�� @�A9 �!�� !? �\+ ��2  4�3��
8���$ ����	 KI �� �+3�� .��+ �� 4!.]? �� ��a�$+    B����,9 "!^,�+3!� �!�! �,� �!�   ! "+�+�,\

@�A9 �+��I�> �+8/	 ! B����9 012 Q�+^�+ ! �+3�� B� 8�8c "+    v�=,� �� ���A,9 5��
8'� 3+ ��]� M��/� �� -.��/� 012 8>�_ ��^� ��%$��� 8>�� �Ck 3+ �	 . 8O$�� �W�[�

 �9��9� ����@�A9 �+�   �,k=b� -�,].P+ w��,O� B� "+?     3+ �+�,�+ -!�,C�� 5����,&C	
 �+3�� 3+ 48�9� -�].P+)��=(] -�].P+(B����9 �!�! ?     �+3�,� B,� 8,�8c "+�+�,\?   ^,�$ !

��` -�a2.�_ B����9 5�	+��9+ ����	 B� �+��+ -!�C�� �\8$3   ! 8,��� �� �+3�� "+�+�\
�� �1O� @�A9 �!�� �=>.  

�� 4!.] �=� K�[�? �!� �+3�� 4�3�� -+����	 ! -.��/� 012 8>� S�$ 0P.	 �� BIN 
 5��c�:d� 0P.	 ?8$)-�$�9=$ (�!�N <=> ! K'L  ^�$ �+3�� �� ��+! 5���   0,P.	 "+^,�� �

�!�N  �+3�� 4�3�� -+����	 ! -.��/� 012 8>� S�$ 5��c�:d� �=� 8�+=� .  7�,2 �,�+ ��? 
 -8>��:;	 <=> P.	 �� ��      "�,&6� �+3�,� 4�3�,� -+�,���	 ! -.��,/� 012 8>� S�$ 0
�&�$ .'H��     5�,����+��� ��+�s "�=�α11 ?α21 ?β11?  !β21  !8,c �� 74 �d   �,�+ 8,�

�9+ l=s=� .�O/�  5�����+��� ��+�s "�=��+�shape 5�9 � "�J$ ���    w,�3=	 B,I 8��
 5���Dt-student 4��C�9+  �� 48>78� 53�9 �O/� 5���D ��*M 3+ �9+ �+�.  

�O/�  ���s "�=��+����+��� λ2 �CO� ! � "�J$ "D "�=��   �,'�+ B,I 8��   g,]�� 8,� �
�� -.��/� 012 8>� S�$ 0P.	 Q��I �=> . B,I �9+ �A�8� l=s=� ��+?    Q,F� �,�

�+3�� �� 8� ��'�+?        +� �=,� -.��,/� 0,12 x�,9 �M�,(�2+ "�,�3 3+ ^���� �W] B� �+��+
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� Q��I�  �,� Q��I -.��/� 012 8>� S�$ 0P.	 B1��$ �� ! 8O��  8,��� .   8,� ��,'�+
��:;	 O/�� �+�5 �	 0P.	 ���+8$ �+3�� 4�3�� -+����.  

    "�,�3 �,P �+3�,� 4�3�� -+����	 ! -.��/� 012 8>� S�$ 5������� ��� �%�&'(�
 t� 3+ ! �&�$ ���:8O�+�� DCC(1, 1) �� ��/'	 8OI.    �/��,	 �,������ ��� �%�&'(�

�!� ����#� 3+N �>�\_ <=> ! �=�  �,9+ �+3�� �� ��+! 5�� .    ��^,� B,� B,c=	 �,�   "�=,��	
s ��(F	 ���β  ���s ��(F	 3+α? ��   -8,> �C\ "+=	 ��:;,	  <=,>     �,� �+3�,� 5�,�

    �,9+ ��,J�� �+3�,� 4�3�,� -+����	 ! -.��/� 012 8>� S�$ 5������� ��� �%�&'(� .
 �+�=($2 � "�J$ +� ������� ��� "��3 B� B�&�+! ! �����  �%�&'(�� 8��.  

 
 �
	@�*2. $* %5$� %&��'�(�
4�� 3	4�� �
$��[� � �,)�-) ./0 ;�� c  

X'E) :D�T�7 ���) ��(��  

 �+�=($3 ��:;	 <=>   -+�,���	 ! -.��/� 012 8>� S�$ ��� �%�&'(� �� ��+! 5��
 �+3�� 4�3��$ +�J�� "� ��8 .  B,6O�+ �a$ 3+ ?�+3�� B� ��+! <=> l=$  �,�+    �,���� �,� <=,>

 8>�� @�A9 4�3�� �� �� 8>�� -.��/� 012�CO� ! �'H� �a$ 3+ �� "�=�? ��:;	   ! -!�,C��
�>+�\ 8�+=� ������� ��� �P�> �%�&'(� �� �$��#����  .��OR(�?   �,\�^� ! 43+8$+

       ! -.��,/� 0,12 8,>� S�,$ 5�,������ ��,� �%�&'(� �� "��#�� ! "�&6� �:+ <=>
�>+� 8�+=F$ 4�3�� -+����	 .  �+�=,($3   ,� "�,J$�       =,> �+8,#� Q�+^,�+ �,� B,I 8,�� <
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�� ��J�� 4�3�� -+����	 ! -.��/� 012 8>� 5������� ��� �%�&'(�  �=,>?  ?+�,�3   �,�
<=> �!�!  ��^� 5��B� �+3��?   BW,k��.� �+��+ B,� !   �]�,9    w��,O� 3+ ����,��� -�,].P+

 h.k+ +� �k=b��� 8OOI 0�(b	 �� ! 5��\   �+3�,� 3+ ������� -�].P+ B� +� ��J�� "3!
)9 -[��'� 012 �� BI�9+ B�CA$ �+3�� 4�3�� ! @�A (�� 8O��     0�(,b	 v�,9+ "D �,� !

�� 8$��\. ��+���O�? �!8*� ��N �� 0�(b	 �+3�� -�].P+ �� B�6	 �� �+��+ BI �$��3   8,$��\
       ~�,��� 8,�+=� Q�+�,�+ �+3�,� 4�3�,� -+�,���	 ! -.��/� 012 8>� S�$ ��� �%�&'(�

�O/� �'H� ! �+�  ���+��� ���s "�=�β  ��+ ���1	 K�M� ������� �%�&'(� -[��/� ��
�9+ g*� .}�FJ	 "=�3D  78� 5����DCC-GARCH  3+ 78,�  5�,� CCC-GARCH 

���D ��N  "=�3DLR �� ���/	 �=>. �s��_ H0 )�=� (  o��	�,� �k�O] -�': @8] �� �O'�
P  �� "��3 �P_M��/� 13 �9+?  B� Bc=	 �� B�s�� ��+ �1O�+ �� BIp-value   48,>��!D��

 �,� B������  �=,>.  ��+���,O�?     4�+=$�,� ��,� 3+ ���,F�$+ 78,�   5�,�CC-GARCH   78,�
DCC(1,1)-GARCH(1,2) �9+.1  

  
�
	@�* 3. $�de� �($�[�) %5$� %&��'�( $� ��'K
  

X'E) :D�T�7 ���) ��(�� 

                                                           

1.  5�����+��� ��!D�� ! ������� ��� �%�&'(� �+�=($ B� Bc=	 �� ?B�'M+β  !α  "D l=,(1� B,I ?     8,2+! 3+ �,�(I �,�
�� ?�9+  78� }�FJ	 BI ���\ B1��$ "+=	DCC(1,1)-GARCH(1,2) �9+ x�*k.  
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D/��* �$�B  

���&\ ��/�+ ! -�].P+N "D1 0�(b	 ��  5�,�\  B����,9    � @�A,9 �+3�,� "+�+�,\  T�,F�$+ �
J#$ @�A9 �!�� ! 8��� 5�	+��9+� ��+� �9�9+ .�9+ �6(�?      �,���	 ! "�,�3 ��,\ �,�
�!�� ! 8��� 5�	+��9+ -�].P+? B����9 @�A9  ! 8,��� ����	 "+�+�\?  B,1��$ ��?   x�,9

8OI ����	 �+3�� 4�3�� ! -.��/� 012 .?��+���O�     �%�,&'(� B,I ��+� �=,c! 7�(�2+ ��+
 ! -.��/� 012 ���  8,��� �,���	 -�].P+ ����	 �� ! 8>�'$ ���: "��3 �P �+3�� 4�3�� . 3+

�%�� q�P?    B�,&�+! ! �,����  �9+ �6(� �+3�� 4�3�� ! -.��/� 012 ��� �%�&'(�
8>�� "��3 B� .��+���O�?  )�#*	 ��+ ��5+�� 78� 53�9    �,����  ! "��,#���$ �%�&'(�

     3+ -.��,/� 0,12 ! �+3�,,� 4�3�,� 5�,������ ��,�  78,� 5�,,� DCC-GARCH  !GJR-

GARCH    �HI+8,2 �!� �,� "D 5�����+��� ��(F	 �� ! 8> 4��C�9+ �,9��  ���,($   �,� !
@�$  �+^�+R ��+�_ -.��/� 012 ?�+3�� 4�3�� ���?  0P.	 !"D ��  K�W*	  8,>   �,�3 G��,�$ !
B� 8�D �9�:  

 ,������ 5�1$�\ ��W] "=�3D ! �P�>��  ��%$��� -[��/� ��(F	 G���$ 4�3�� 5�
� "�J$ -.��/� 012 ! �+3��� �9+ -.��/� 012 5�1$�\ ��W] �+3�� 4�3�� BI 8��.  

 ,    S�,$ 5�,������ �P�,> 0P.	 ! ��%$��� -[��/� ��(F	 3+ Kk�2 ���1	 G���$
�+3�� 4�3�� -+����	 ! -.��/� 012 8>�2 � "�J$�   ?�+3�,� K'L 3!� 4�3�� Q�+^�+ BI 8��

 B� _M^O�'H� 7�O%�9   3!� �� -.��,/� 0,12 8>� Q�+^�+ g]�� ?�+3�� �I�2 �Ac 3+ �
 5��c�� >=! �?     �!� -.��,/� 0,12 8,>� Q�+^,�+ ?"D o6]��N     Q��,I g,]�� K,'L

�� �+3�� 4�3�� -+����	 �=> .<=>      B,�C� �,�D -.�,�/	 ?@�A,9 �+3�,� �� ��+! 5��? D ,:� �
8� ! T=� ��'�+ QF� ?�(�=#	? �!� �� ������� �=� 0P.	 !N   �!� 0,P.	 w��,O� K'LN 

�9+ -.��/� 012 8>� ! @�A9 4�3�� -+����	 5��c .      5�,%�� K,�+=] ?�,�+ �,� 4!.,]
B����9 3+ ���� 5�	+��9+ 0{+� ����	 8O$��     ?@�A,9 �!�,� ! 8,��� �� @�A9 �+3�� "+�+�\

                                                           

1. =*$N ������  -�].P+)�t B/�� �� Wk�� ��_ $��3�( -�].P+ �&I w��O� ?)$�%(�� �� k=b��(%$=%` ?� 3=	 ,�w 
 -�].P+) "��#���� "��#���$ (� ���� [�/��+3�� "? =*$ !N &C	�� �+��+ y9=	 "D    -�,].P+ N���,&\ -�]=s=�

�9+. 

2. '	�� Ks�C	_ �9 7!+5 ��5 ��%M ! �+3�� 4�3���0�   �,9 -.��,/� 0125  �,�5   8O�,&� �,$��.  +���,O���? W*	 �� ,�K 
%�&'(�� "D 3+  �� 5+�� (F	�� �$3 �9+ 48> 4��C�9+. 
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B����9 �!�! �� "+�+�\ ��1	_  8�8cB� �+3��? �I�> �+8/	 ! B����9 012 Q�+^�+ !   5�,�
�� -.��/� 012 8>� S�$ �� 0P.	 ��1�+ g]�� v�=� �� ���A9 �=>?   4�3�,� �\+ ��2

8���$ ����	 �+3��.  
 ,   ��+�,s ��,(F	 G���$���+���      "=,�3D G��,�$ ! �%�,&'(� -[��,/� 5�,�LR  ��

 78� }�FJ	DCC(1,1)-GARCH(1,2) � "�J$�   5�,������ ��� �%�&'(� BI 8��
>� S�$ ! �+3�� 4�3�� -+����	�9+ �����  -.��/� 012 8?   �,&�$ �,��: "��3 �P?  !

 ��,,� �%�,,&'(�"D �,,�  t,,� 3+8,,O�+�� DCC(1,1) ,,� �,,�/'	� 8,,OI . ��,,� �%�,,&'(�
 �*	 -.��/� 012 8>� S�$ ! �+3�� 4�3�� -+����	 5���������:;	  <=,>   ,� ��+! 5�,�� 

�9+ �+3�� .?��+���O�  82 3+ Q�� Bc=	 @�A,9 �+�  @�A,9 �+3�,� "+ ? ,�B  4�,�!  B����,9   "+�+�,\
43�	 0I ! ��+! �+3�� B� B��1	?      }��,> 8,$!� ! -.��,/� 0,12 B�) 4�3�,� (   ! @�A,9 �+3�,�

U�%�&'(� "D ��� ��   @�A,9 �!�� ! 8��� 5�	+��9+ ���/	 �� �9���$ 0�(b	 ��F	+ B�
8> 8�+=� �1O�.  

��+���O�? >� S�$ ! �+3�� 4�3�� -+����	 ��� �%�&'(� "�=������ B� Bc=	 ��  0,12 8
 ?-.��/�@�A9 �+�B����9 ! "+ ��� @�A9 �+3�� "+�+�\?8  4!.] ��   ��,� �%�,&'(� �� Bc=	

-.��/� 012 ! �+3�� 4�3��?     �,k=b� w��,O� ! �+3�,� 3+ 48�9� 8�8c -�].P+ ��  ���,&�
 Bc=	OIU5�	+��9+ 8O$+=�� �	 8O 8OOI ��F	+ �'9�O�  8��� �� ! !   U0�(,b	 @�A,9 �!�,� 
'9�O�� ��%�$8 .-�=k �9��� �I�> �M�� 5�� K�W*	 3+ 4��C�9+ ?��   B,c=	 ?5���O� 5��

�+3�� 3+ 4�J�O� ��'�+ B�? � �'�/� w��O� 3+ �k=b� -�].P+ ������ ! B  Q�,� Bc=	 5�c
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