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���� " �0���
 yA� # $	"� � F ��<0"	� >	 � �
 1�# �(-�� �D� # ;� 
 +�   ��0���
 +%�
.%/� 	�)%
 $��� G�HI� �	 .	 � "3 ��A� ; #)B ;%C#� "   ������ ���     J����� �	 ����� +%��

�# ) ��N%C# " ;%j) � 
 ��� F ��) EC� �
 ���� ���� 1�# f%�� ��� �
 .�'?2003:((  
, 1 1 , 2 2 ,( ) ( , , ) ,G t M t M t t tr r r G zξ ψ ξ ψ γ κ ε= + + + +                              (1 

2

1 1t t th hπ αε β− −= + +                                                                       (2 

 �;B 	� �?
,G tr  " �� 	�)%
 $�)%


,M tr ;%I0     	� ��? -��� ��*0 �	 # 	�)%
 $�)%
 $�'��

M# .-��8 ��� F 	��A ��	�
 �	 # .	 � " .%/� 	�)%
 �MN%O# ���  ��N�%1     ��� 1 �=M# .���

 �N�%M# " -�� J��# 1%70� �0 ���8	 1�#2 ;%I0 <�0  1�# �� $�'��GARCH(1,1)   .-��  

    L���	 ��w��# ��� ���� q0%�	�" �0%�=�%0 ��w�# �N%# +%�	�)%
 �o?� 	� �? ��%S0B )�

�# ;B �7��&0 �*0 	� " -��   N%O# ���� 	� "	 ���� )� �� � -�	�%0 L�%70 �
 �S'# �0� �  ���M

 �N�%M# f%�� �
 ��&0%�# �N�%M#1  �N�%M# f%�� �
 q0%�	�" �N�%M# "2     .��� ���� F �	"B��


 �N�%M# 	�1 >	%:Q �( , , )tG z γ κ ;%I0       ����%K ��MN%O# +���
 ��? -��� 1%70� y
%� $�'��

$��� ��C9� ;%C#�  J�}	 "� �
 %�»+�%Q -�M�" « "» ��0���
 -�M�" «  ��# J����� �	 "B .�	

      + �A ����	 ��� ! ���&�� ����	�� +��
 ���	�� �� �0%#) ��� ;� 'Q �7I�! �? 	 O0%=�

�# p ��# (b�M�) �'M# �9'# �O
�	 �� �? � � �
) 	��      	� ����	�� "� ���� ���
 (��'M#

         >	%�:Q .	 �� +���
 ��? -��� ��?~ ��
 .)T ��7:N� .��%
 �7��� � D" 	�)%
 +�%Q -�M�"

r � � 
 ��� F qCQ�
 �?[N�      (b�M��) + �A ����	 ��� ! ��� �8� ��&�� >	%:Q �
 .

�'M# -:o# �O
�	 �� �? -�� ��� �
 	%*70� ���%
 .	 � +��
 �
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 .��%
 �7��� � D" 	�)%
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�# �-��  ��'M# ��	�
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 ;� �   i���� +	��1ψ       ��� ! ������ �i���� ���� -�#�Q "

   ��# <��0 ��#� $%&�%'! ����� ��	�
 +��
 .��� 	��A ��	�
 �	 # �	 ���	    i���� )� ;� ��

 ��]7# $�� �	"B�

,M tr       �"� J��}	 	� .���? $�%97��� (	�)%�
 ��0���
 -�M�") "� J�}	 	�

 �
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 ��]7# ��� i���1 2ψ ψ+   +���
 	 ?[# i��� �"� J�}	 	� �8� ����
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  �	�)%�
 �0���
 J�}	 	� �8� <�0 .	 � +��
 .-�� (b�M�) + A1 2ψ ψ+   ��'M# " -�:o#  	��

�
) �# ���%
 (�'M#      .	 �� +���
 (b�M��) + �A �#� $%&�%'! �� �� �? ��? 1T�7�� ;� �

  .-��  

) 1�# 1%70� y
%� +��
( , , )tG z γ κ ��# �(    ) ��7���DT {���R� "� )� ;� ��LSTR " (

) ��%=0ESTR# ��%�� RF �7��� E�N� �
 ��MN%O# ��� 	� .��? $�%97�� (    ;� �
 ;	%�7# ��'0%

$	"� ��C9� ;%C#� �?)       ��# J����� +��7/
 EC�� ��
 �	 	�)%�
 J��7# " +�%Q +%�   )� (��'?

) ;�	%C=� " �C
) -�� $�� $�%97�� ��%=0 {��R�2015  .((  
2( , , ) 1 exp( ( ) ), 0

tt t zG z zγ κ γ κ σ γ= − − − >                              (3 

 �N�%M# 	�3 �tz �1%70� ��]7# �κ �# �?) -�MA # �7#�	%!  �0%7��B 	��# ;� 'Q �
 �0� �  +�

 �(� � ���9�γ " +)%�	� =� i��� �
tzσ      	� .-��� 1%�70� ���]7# 	%��M# ����0� 	��#

    �7#�	%�! ���C'�� +���
 �r ��� ��O
�	γ   %��� ������ �%/'��I�! �
%�O# �����%
 f%��# )� +	%��Q 

Terasvirta
 )1998 1%70� ��]7# 	%�M# ����0� �
 �7#�	%! ��� (

tzσ .-�� $�� J���  

����� ��� %� �� h
�"	 )� $�%97�� %
 J�0� 7
 �C'�� +��
    .)T J��'? ; �#)B �	 ���� +%�
%� -��     ���	�
 ���MN%O# ���� �? ��%S0B )� .J�'? p%H70� 1�# +��
 �	 i�%'# 1%70� ��]7#

      	�)%�
 ���)%�
 ��'M� ��&�� ���]7# "� +��
 �� 	�)%
 ���)%
 ;� 
 $%&�%'! " ���	 �� !
�9A" ���%# �-�� .	 � " .%/�      	� 1%�70� ���]7# +���
 i��%'# �'�<8 %�	�)%
 ��� ���)%
 	��

%�	�)%
 )� �� �� �9A" ���%# )� �8� �yA�" 	� .� 
 ��� F     1%�70� ���]7# ;� �'Q �
 ���)%
 	��
�# �J�'? $�%97��  �N�%M# J�0� �1  "2     ��0���
 -�M��" " +�%�Q -�M�" "� 	� �7K�	 �
 �	

����� J�0� 7
 ;B f%�� �
 " J�'? �	"B�
 	�)%
 .J��� 	��A ��	�
 �	 # �	 ���� +%�  
%97�� ("	 �? ��%S0B )�    -��� .)T �-��� ��OF��� ("	 �� ����� ��� 	� $�� $�

    + �&N� � �D" ���&�� >	%:Q �
 %� �OF��� ("	 )� $�%97�� >	"�� �1�# �	"B�
 )� ��!

$��� 	� �OF��� $�/
 %
 �	 %� ; #)B )� +��8      .J���� 	���A ���	�
 �	 �# �i�%'# +	%#B +%�

 ��N�%M# 	� %���]7# ��
 �O
�	 ;� 
 �OF ; #)B +��
1�# �   %��B �? ��? ; #)B �7K�	 �
 ;� �

2 20, 0ξ ψ= =   ��'��%
 �9� �
��
 i��� "� ��� �? �0%#) yA�" 	� ���F %� -�� 	��A�


 �N�%M#1��w�# %#� .�� ��� F �OF �N�%M# �� �
 E��:� �      ��? -��� ���� �	�� � �D" �? +�
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 +%��7#�	%!κ  "γ   $��� ;� �
 ��OF �
 -NT� �? ; #)B �9� ����� 	�    b���M� �	�� %��

�=0 ����
%'
 .�'7��0 $��   $	%�#B " �N�" �N =M# ; #)B )� ;� �F      ;� �
 ��OF ���	�
 +���


$��� + &N�       %��� ����� " �0 C��� �; �'C? N .���? $�%97��� %��Luukkonen, Saikkonen and 

Terasvirta )1988   ��N�%M# �	 ���� . � �:��# h�
 )� $�%97�� %
 (1      ���) ��OF ��N�%M# ��
 �	

�# J���� �	 ;� 
 �OF��� ; #)B ;%C#� " $��? E��:�   .�''?  
2 3

, 0 1 , 2 , 3 , 4 ,G t M t M t t M t t M t t tr r r z r z r zϕ ϕ ϕ ϕ ϕ ε= + + + + +                      (4 

 �N�%M# f%�� �
4�# �   ;� �
 �OF��� ����� E
%# 	� �	 ;� 
 �OF �9� ����� J�0� �
B$��� + &N� �? ��	 � 	� .J�'? ; #)     �r �� >	%�:Q 	� ���%
 ��%
 �OF %�2ϕ �3ϕ  "4ϕ 

:� 
 ��� F ��) EC� �
 ; #)B bN%H# ����� "  �9� ����� ����
%'
 .�'�%
 �9� �
��
  
0

1

: 0, 2,3, 4

: at least one 0

i

i

H i

H

ϕ

ϕ

= =

≠                                                                 (5 

   ��OF��� ; �#)B .� 
 ��� F +��)B �D	� �� %
 "� +%? y�) � �� +�	�� �r � ; #)B

�# �OF��� " �OF 1�# ��
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 $"�Q �;� 
       	� ��'? ��=? %�# ��
 ��0� �

�0%7�B ��]7# ���7/
 p%H70� �# <�0 +�     ���� $	%��� ;B ��
 T%
 	� �? 	 O0%=� .��%
 ��9# �0� �

 ��]7#
,M t jr −

       %�#� .��� ���� F $�%97��� ;B )� ��MN%O# ���� 	� �? � 
 ��� F �N%70� ��]7# �

��w�#     +���
 .J��'? $�%97��� 1%70� ��]7# ;� 'Q �
 �	 ��]7# ��� )� �9A" .��? ��	�� � D" �? +�

0� 7
 �C'��      ��9A" %�� ��� ��9A" )� �J��'? p%H70� 1%70� ��]7# ;� 'Q �
 �	 ��]7# ���7/
 �J�12 

 ��]7#
,M tr   ; �#)B $	%#B 	��# " $��? p%H70� 1%70� ��]7# ;� 'Q �
 �	LM   >T�%�M# 	� �	

4  "5 �# �:�%�# �9A" �� .J�'?  ��]7# )� +�
,M tr   $	%�#B 	��# �� � aQ%
 �?LM   �o?���K

;") �� ��� F p%H70� 1%70� ��]7# ;� 'Q �
 �� � ;�	%C=� " ��� Van Dijk et al �2002  .( 

  

5 .���� (��)� *��  

$��� $��� E#%� ���� ��� 	� $�� $�%97�� +%�     GF%�� " .%/�� 	�)%�
 ��� 	�)%
 �0%�%# +%�
��R# -=�A  $)%
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$��� �;���� �#��� +	 /=D +<?�# �0%
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) ����D z��� +��)B 	%�/
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(�� 	�)%
 $�'�%=0 ;� 'Q4 $��� " ;���� �#��� +	 /=D +<?�# �0%
 )�   -�=�A GF%� +%�
��8 ;��/� 	��%/
 r�	"� f	 
 ;%#)%� )� .%/� 	�)%
  +	"B$��       ��? -��� ��?~ ��
 .)T .��0�

:-�� $�� �:�%�# ��) �O
�	 f%�� �
 (.	 � " .%/� ���) %�	�)%
 �=� $�)%
  

1

ln( )*100t
t

t

p
r

p −

=                                                                         (6 

 �;B 	� �?tr   $	"� 	� (.	 �� " .%/� ���) 	�)%
 $�)%
t  "tp    $	"� 	� -�=�A {O��t 

.-�� 

  

6 .-��5� 6��7,  

1.6 ��0, ��=�C  

("	 �H
 	� �? 	 O0%=�        1��# J�0� �7
 ��C'�� )� ���! ���� $��� {��� � ���� ��%'�
 �N�%M# f%�� �
 �	 ���� ����1    -��� .)T �J��%�=0 �	"B�
     ;� �
 ��OF��� )� ���7
� ��?

$��� + &N� $��� ;� 
 �OF��� ; #)B +��
 .J�'? E�%K ;%'�=�� %�    +�%/'�I�! ���C�"	 )� %�
) %��� ���� " �0 C�� �; 'C? N1988  1"��D 	� ;B L�%70 " $�� $�%97�� (1    $��� (	�<�8

.-��  

 +�<F1 - ���3K�� �3C ?�C�� L��C ��G�3M L��=N O����  

?P��  1 2  *3  4  5  6  7  8  9  10  11  12  

 ����N ��<(�
LM 

7/27 6/46  7/56  4/55  4/53  9/47  3/41  0/37  1/32  6/26  3/18  7/11  

 ?F��
B��=N  

3  3  3  3  3  3  3  3  3  3  3  3  

 S=��
+�&�:�  

00/0 00/0  00/0  00/0  00/0  00/0  00/0  00/0  00/0  00/0  00/0  01/0  

*1%70� ��]7# +��
 �'�/
 �9A" :  
�7�%� :y:'# ���� +%�  

 1"�D 	� �? 	 O0%=�1 �# $��%I# �9A" +��
 �;� 
 �OF��� ; #)B �� �   %�� �� +%�
12 -��
 L�%70 .-�� $�� .%S0� 1%70� ��]7# ;� 'Q �
 .%/� 	�)%
 ���)%
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 $��#B

�9A" �#%=�   " -��� �OF��� �O
�	 �� ����� +%���]7# ��
 �O
�	 �? -�� ;B )� �?%K %�
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�	 ��	�
 +��
 �OF   ;� ��
(	 � L�%70 " {��R� +%OF �
 �S'# �9A" ;%�# 	� .� � 	��     . �� ��9A" �$��� ��	�
 +%�

 $	%#B 	��# ���7I�
 +�	��LM       )� ���� $	%��� ����� ("	 ��H
 	� ��? 	 O0%=� .-��
�9A" ;%�# �9A" �$�� ��	�
 +%� �# p%H70� 1%70� ��]7# ;� 'Q �
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 +�	�� �? � �

 $	%#B 	��#LM  �N�%M# �	"B�
 +��
 f%�� ��� �
 .��%
1   	�)%�
 ���)%�
 ��]7# . � �9A" )� �
�# $�%97�� 1%70� ��]7# ;� 'Q �
 .%/�        ("	 )� $�%97��� %�
 1��# �	"B��
 L�%�70 .� ��-STR

GARCH(1,1)    �1%�70� ���]7# ;� 'Q �
 .%/� 	�)%
 ���)%
 ��]7# . � �9A" �7��8 �*0 	� %
 "
 1"�D 	�2 1�# �	"B�
 +��
 L��	 ("	 .-�� $�� (	�<8    �J���# 1%�70� �0 ���8	 +%�

�OF��� >%M
�# EA��K ("	 )� $�%97�� t SquaresNonlinear Leas   ��? ��%S0B )� %#� .-��
          ��'7��� ����� q0%��	�" �0%��=�%0 + �&N� +�	�� 1��# +%�OF +�<�D� ������ ��� 	�

�=0    1��# i��?�� �8��@�! E�N� �
 .��? $�%97�� ("	 ��� )� ;� �STR    1��# %�
GARCH 
   	"B��
 ��OF��� >%�M
�# EA��K ("	 )� $�%97�� %
 ��&0%�# �H
 ��7
� �1�# �	"B�
 +��
 �

��N"� +%��	"B�
 %� -�� $��     +��M
 ���K�# 	� .���B -��
 ��&0%�# �H
 +%��7#�	%! )� +�
$�� �	"B�
 ��%='7��	 �o?��K ("	 )� $�%97�� %
 ;%#<=� >	 � �
 %��7#�	%! �=�   +���
 .�0�

("	 i�?�� )� <�0 ��%='7��	 �o?��K ("	 p j	%j 	� %��7#�	%! ��=H�   +%��Simplex  "
BFGS �%97�� ("	 )� .-�� $�� $Simplex      ���O# J=�<?%�# ��O0 -=�� �
 -?�K +��


 ("	 )� " ��%='7��	 y
%�BFGS      �	"B��
 ���'@=� " ���O# J=�<?%�# ��A� ;��? ���! +��

     �&7��:=�� F ��0 8 ��� %�
 ��
%# +��
 ��'@=� .-�� $�� $�%97�� i���� 	%�M# ����0�

 �8�	"B�
 )� �1�# 	� �N%=7K�West-Newey 
     $�%97��� i����� 	%��M# �����0� �:�%�# +��
.-�� $��  

 +�<F2 - TA � ��0, ��=�C ?�C�� �,��C B��C U3(V
 ��W� +<� ���N�C O����ŧ  

�3K��  X��Y  ��3�� Z��V��   ����N ��<(�t  +�&�:� S=��  

1ξ  ***90/1 71/0  69/2  01/0  

1ψ  ***37/0 -  14/0  59/2 -  01/0  

2ξ  50/1 -  21/1  24/1 -  22/0  

2ψ  ***79/0  27/0  98/2  00/0  

γ  *04/0  02/0  68/1  09/0  
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κ  ***33/10  85/2  62/3  00/0  

***�'M# :  ��	� �� {O� 	� 	��/  * :�'M# ��	� $� {O� 	� 	��  
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 +��
 ��N%=7K� �&7�:=�� F y�	 +��
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 +�%/'I�!West-Newey .-�� $�� $�%97��  
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