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Abstract This article constructs bivariate normal copula model and SJC-Copula model to research

correlations and the change of the tail correlation in different periods between the RMB NDF market

and TWD NDF market, and then the key analysis is risk spillover of TWD NDF market to the RMB

NDF market by the method of CoVaR. The empirical results show that two markets are obviously positive

correlation in the early stage of the financial crisis and during the financial crisis, but the empirical results

also show that along with the expected appreciation of the RMB, there is a negative correlation between the

two markets after financial crisis especially since 2011. The correlation degree of lower tail dependence is

significantly enhanced, and exists obvious spillover effect in the three time periods especially the strongest

spillover effect during the financial crisis.
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�!"�"�����!���$���. �
�"�������%##���, ����&$��Æ�
��',!"�"�����!##���%���������$�� ��
Æ
�&(,!�� NDF
��
�Æ
&$.

%����$%����('����)&������(*�"�#'�$$, �%��%�� �
���&!, �
�"&�"������� 2009 �� 837 '#%, 
(& 2014 �� 1246.9 '#%, $
'�
)
� 9.2%; "��� 2009 �� 256.3 '#%, 
(& 2014 �� 497.3 '#%, $'�
)
�
15.5%. �"��+',�"������ 2009 �� 60.58 '#%, 
(& 2014 �� 98.3 '#%, $'�

)
� 17%1. (��Æ�������������$, ��()-)
����
��*+, (%��

� $.), ���,��)/"*�, *�+&,
�. *�$$#'�-�����-*��"�.
�/+,'���$., �0- NDF ��
�*�+��
+"+0'(..

�
�
 NDF �����
 NDF ��*�+0-	), Æ/*�101 [1] 0-�
�"	���

� NDF ��,
*2$,��, 13/& SPOT'DF'NDF -%��
�� *02). Æ2�4�& [2]

-� GARCH +30-1": (),�(���*0&(-��, (�
�
 NDF ���(-	����
40. 2�#�.*5 [3] .6�/0-+": 
�
 NDF Æ
$$ 
�
	�Æ
, ()*+�
�

NDF ��*&(-
�
	���. 5.�3/& [4] ��/0-13/&: 	���� NDF ��
�*
�+0�, (-�����
�*�+00. 31'6/4�15$ [5] 0-1": 2008 ���7.7, (-

�
��Æ
� NDF Æ
�2�4$+�#03265. Lien � [6] 0-'
�
 NDF �����

NDF ��� $��, 6$8'��,
�$,*����87*���, 0-/&, ��7.���7�
��,
�*�����$$.

��*�+�
�0-	), Patton[7] 95�&� SJC-Copula +3, 0-1%��0728 - #%Æ

##3% - #%Æ
,
�*�+&(. Rodriguez[8] �� Copula +30-����7.'39:�4
7.�����
��
*5, ��7.��8�:
;4��
��'*5, Æ59#�6
;4��

663���
*5. <7�1=4 [9] .6>?����/0-, 8� SJC-Copula$8����
(�:
�87*�+, � CVaR 	@�"��*�+�
���5�320;#;9. 19:�.�= [10] .69

5.�6�:� Copula +3, ;<'>'7;��?'�;�
�87*<�7.

��
+"�0-	), Chrétien � Coggins[11] -�6;<8+A<9 (FHS) '='��
-%;
:8;��<*�
�� (VaR), �/0-13/&: *-%;:8;,
���
+"2). Tang �
Sriboonchitta[12] -�= Coupla +3�1�=>��,
��
+"2)��0-, ��@
�1��>
6%��B3,9�:��
+"2). ;?�� [13] -�C�: CoVaR +3�D=;=E�	@, >'
/Æ'<�'�
�.9��
+"@$, 13/&, �
��.9��
+">3C�:��7, F&??
�������
+"	�=�:&??��, <�.9��
G>�'��>.9?, /Æ7?��
G
>���. @@�HAA [14] >@�BB�	@, �A
� 2013 �#��=(@�����+�
��'
�/DB. @�� [15] !0-<�
�
+"C&CD, DB<�
��
*5.�, 8��& Copula ��
$8'A

�<�
�*�+. 0-13/&, 7.7
3<���7D;I�E!<���
+"�'
,9
�, Æ
3<�,
��
+"�'32D6. C?D�ÆE1 [16] @	 MVGARCH +3, 0-'
;4��'@Æ����
��
��
+"2). 13/&, -%����,
���
+"2), ��
,
���
*+.

#%6>0-�	A��
�
 NDF ��B��
 NDF ��A%����>��,
�*2*0�
�, �6>FB0-
�
 NDF �����
 NDF ��,
�*�+�
#�
+". $6�CEGD:
�*�+�
�0-�, 8� Copula-GARCH+3��%��HA
�DBDE��F�, C# 2007��
����7.�D�F, C0-�;�JD�7.0'7.��7.7-%��, D�-��%:, Copula
+3��% SJC-Copula +3��%��HA
�*�+���/0-; ��
+"�0-�, @�D=;
=E�KD�, -� CoVaR 	@, 1�D=;<9�DI	@,  D'=��
 NDF ���
�
 NDF
����
+". �6�0-�	)
�!"�"��
��!���
+0�
�G;, G�	)/E#
��H-*
�
 NDF ���*�0-��, >3�
������EF.

1. JFHG: �!�F “HGK” GI - II�J�GJ.
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2 � !"T#ÆU$%&V'()

�����)�6��, ���
HK��LI'HLM8��+, #KJJ:,DEIL� GARCH
+3�F�HAHK�DBDE, (M4���. 2#, 0-��L@� t DEB� GED DENM:,DE
��DBDE�IL, 1"��K GARCH +3�M"KO, ��)�0NO�� GARCH-t +3 [17].

GARCH-t +3, >�/PGD [18]:⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

Rt = Ct + εt

εt = h
1/2
t ξt

ht = Kt +
q∑

j=1

αjε
2
j,t−j +

p∑
i=1

βihi,t−i

(ξ1t, ξ2t) ∼ C (Tν1(ξ1t), Tν2(ξ2t))

(1)

�� Tν1(·), Tν2(·) D�/P'�� 0, 	�� 1, ��'G;� ν1'ν2 �N'( t DEP;.

� Sklar 
�, Q� N L �DEE#DJ� N %D�DEP;��% Copula P;. ÆRG3Q

D�DE�NM�, > Copula P;�N��. Copula P;�$L �DE��DO�&1R�KL. �6
J��%:, Copula +3��% SJC-Copula +3�
�
 NDF �����
 NDF ��
�$,*�
+��0-.

�%:, Copula +3, STE#-S�F��PUOD����,
�*�+, Q�	�%:, Cop-
ula +3�DE>3�:+6R��87M%T*+��7, #K,&=
�DE"�C�:+##"�)
/UK�, -�K+3N�� -��OO+.

�PUODV�, �(.��
@$D, ����
�*���/732(., *�	5�
@$�W,
U�
@$D����
�*���7&1R�, >�/���
���
*0�MX. �K�PD, �6
.�(C�D8�
YD.V��% SJC-Copula +3, D�.6P,�$,��19�QZ��"�)/
UK�HA
HK
�87*�+�&(.
2.1 *WXY Copula +Z,-.

Copula �@�K��: CQ[.&=��LD�DEP;NQ%�/P$L[.&=� �DEP;.
-� Copula +30-����
�*�+�, �%���
HK�DBDEP;
�QEL
. �%:,
Copula P;
�-S�QZ��&=��PUOD�*�+, �DEP;/P� [18]:

C(μ, ν, ρ) =
∫ Φ−1(μ)

−∞

∫ Φ−1(ν)

−∞

1

2π
√

1 − ρ2
exp

{−(r2 + s2 − 2ρrs)
2(1 − ρ2)

}
drds (2)

��, Φ−1(·) �N'�%:,DE Φ(·) �RP;, ρ ∈ (−1, 1) �*�G;, μ = Tν1(ξ1t), ν = Tν2(ξ2t). ρ 3

��KO, ���L*�G;, ����&G;, �0-HK�P*��+�, 
��%:, Copula P;�
+L, L*�G; ρ ��/P�� Φ−1(μ) � Φ−1(ν) �P+*�+. Q�, [ �7R(�(*&(, [.
&=,
�*��;/���&(, �0-&=,
�*��;�&��+, Patton[7] (C' ARMA(1, 10)
�6�, �&*�G;Q�	�/P�:

ρ = Λ

(
ωρ + βρρt−1 + αρ

1
q

q∑
i=1

Φ−1(μt−i)Φ−1(νt−i)

)
(3)

��,CP; Λ(·)
F�: Λ(x) = (1−e−x)/(1+e−x), (C Λ(x)�S��	�/ ρ�N�WRT� (−1, 1)
,
, {μt}T

t=1 , {νt}T
t=1 ��KHK��X
SD&�71��HK;M7T; q E#<�*�G;�RM+

�FJN, �P q ≤ 10.
2.2 *W SJC-Copula +Z,-.

Joe-Clayton Copula P;�DEP;� [18]:

CJC(μ, ν, κ, γ) = 1 −
({

[1 − (1 − μ)κ]−γ + [1 − (1 − ν)κ]−γ − 1
}−1/γ

)1/κ

(4)

Y Copula P;�SZ�87*��;���), 	:

λL = 2−1/γ , λU = 2 − 2−1/γ (5)

��, μ, ν /P�%������
HK, κ � γ � Joe-Clayton Copula P;�*�G;, D8*�+-$
� γ U
, 
8*�+-$� κ U
. 6R κ ≥ 1, γ > 0.
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,�%�����
HK
�
D8*�+*.�, �&*���% Joe-Clayton Copula +3�L

�1��\T/�"(�:+. #K, ��&*���% Joe-Clayton Copula +3�@T
��S:, 1�
�&*���% SJC-Copula +3, �DEP;/UO� [7]:

CSJC

(
μ, ν; λU

t , λL
t

)
= 0.5

(
CJC

(
μ, ν; λU

t , λL
t

))
+ CSJC

(
1 − μ, 1 − ν; λU

t , λL
t

)
(6)

��, λU � λL D���%�
HK�
8*��;�D8*��;. , λU = λL �, 87��:�. �
	 SJC Copula 
.�QZ
D8*�+, ÆR
O�C�:
D8*�+, #KVNO)�	����

B����
��
*50-.

.T, �61� ARMA(1, 10)[7] 6��$8�& SJC-Copula +3
D8*�+��&�7:

λU
t = Λ

⎡
⎣ωU + βUλU

t−1 + αU · 1
10

10∑
j=1

|μt−j − μν−j |
⎤
⎦ (7)

λL
t = Λ

⎡
⎣ωL + βLλL

t−1 + αL · 1
10

10∑
j=1

|μt−j − μν−j |
⎤
⎦ (8)

��, {μt}T
t=1 , {νt}T

t=1 ��KHK��X
SD&�71��HK, P; Λ(·) � logistic 6�P;, �
F
�: Λ(x) = (1 + e−x)−1, #�/
8�D8*��;�QE�$BT��
 (0, 1) -.

�6@��TZ)�BTKD@�� Copula +3��G;KD: 	F4	�DBDEP;�G;��
KD, T7
�KD"��KD�, W]U��UN;X� Copula P;�, 071� Copula P;��G;
�13. *T��TZ)�BTKD@�DI6���K(' Copula P;�G;KDV^ [7,19].

3 /01 NDF 23[\]1 NDF 23^4_'5`$a

3.1 67b8c9:
� NDF ��
, �
=0���D�� 1 O�'3 O�'6 O�� 1 �� NDF, �6JN
�
�#

% 1 �� NDF 3Æ
���
�#% 1 �� NDF 3Æ
;��M/
�
 NDF �����
 NDF �
�, .6JN� 1 �� NDF ;�, �'=*�)��*���. ;��P	VY (Bloomberg) ;�W, T�
;<�� 2005 � 7 O 21 3& 2013 � 5 O 31 3, Z_C[.�
3#VI3, [ 2003 %�
3;�. �
�7.� 2007 � 8 O 9 3�NU�&�"Q�WW (��, # [&<����C 240 '#%��), ,7
������X`"�Q	)7., ÆY& 2009 �\, Q
@�!��7.�Z\ (��, #
���X=
(Y&Q;],#2). [	K, �6# 2007 � 8 O 9 3� 2009 � 12 O 31 3���O, CT�JD�-
%TZ, 	��7.0��! 2005 � 7 O 21 3� 2007 � 8 O 7 3, [ 508 %�
3;�; ��7.��
�! 2007 � 8 O 9 3� 2009 � 12 O 31 3, [ 605 %�
3;�; ��7.7��! 2010 � 1 O 1 3
� 2013� 5 O 31 3, [ 890 %�
3;�. 
FÆ
Z3H[�� {Pt}, �3HA
 {Rt} >E#/P�:
Rt = log(Pt/Pt−1).
3.2 ;d<=,>?

Q%�
ZHA
HK GARCH +3�G;KD13G/ 1 2P.
@ 1 ABCDE�eFfG GARCH HgIJKLMNO

^J R1 R2 R3 T1 T2 T3

C
−0.00014 0.000242 −0.00016 1.2e−05 −4.6e−05 −7.9e−05

(0.00001) (0.0001) (0.0001) (0.0002) (5.1e−05) (9.9e−05)

K
1.8e−07 1.1e−06 5.8e−07 4.3e−07 2.0e−07 2.8e−07

(1.4e−07) (4.9e−07) (2.4e−07) (2.6e−07) (7.6e−08) (1.4e−07)

α
0.071309 0.24871 0.19887 0.12033 0.15815 0.095383

(0.0413) (0.0790) (0.0539) (0.0354) (0.0433) (0.0238)

β
0.82686 0.68159 0.78721 0.87966 0.82483 0.88925

(0.1081) (0.0764) (0.0423) (0.0296) (0.0376) (0.02616)

ν
6.3595 4.2193 4.2482 3.9963 3.8528 5.8875

(0.0018) (0.9859) (0.7551) (0.6750) (0.6444) (1.2013)

]Ja�R 2663.66 2254.77 2604.89 2384.79 4368.91 3819.96
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/ 1 ���7.0'�'7-%TZ
�
 NDF �����
 NDF ��HA
HKDBDE+3�
G;KD�, KD�D	\^-)�N'X,�� C �_O (1)�'�	��L;Y; K'α� β D��<*

	�	���L;Y'ARCH Y� GARCH Y, �G;KD�B�	 0, 	
<*S	�(
�F��	�.
G; α + β < 1 W&'�7??��%��$$�RM+, �;��Q%	 1, >/&$$�RM+�)\.
�/ 1 ��
�
 NDF �����
 NDF ��HA
HK ARCH � GARCH Y��;,�E#]",
�%���4$RM+���7.0��7���'&(, ÆRRM+��\, 7.��4$RM+&,

�, 7.7�32^0.

.�, 
�KD1��<*DBDE, �KHK��X
SD&�, 6�&�7�Q%HK���*�
+_Z, _Z13�QHKB(>3�*�+, W&�&�7�HK�T*�; C-� Kolmogorov-Smirnov
_Z	@, 13/&, �&�7�HK`! (0, 1) 'TDE. !#
_Z13E#1", 
� GARCH-t +3
F�"��
�
 NDF �����
 NDF ��Q%HA
�
HK�<*DBDE, �KHK��X

SD&�, 1"�HA
HK(���*�+, ÆR`! (0, 1) 'TDE. U
2Z, � GARCH-t +3�F
�
�
 NDF �����
 NDF ��Q%HA
HK�<*DBDE�:	�.
3.3 Copula +ZP6QRc<h

1) �%:, Copula +3KD13#DB
�L*���%:, Copula+3'=
�
 NDF �����
 NDF ��,
�P,*���, ρ�

L*�G;, / 2 K"'G;�KD13#BT�.

@ 2 SiTIUjkl Copula VKIJKLMNO
[_ ��\`b ��\`c ��\`a

ρ 0.3163 0.4992 0.1653

a�R 26.7657 86.7609 12.3242

!/ 2 L*��; ρ �E#]", 
�
 NDF �����
 NDF ��HA
HK>3&,�:*�
��, *��;!7.0� 0.3163 
��7.�� 0.4992. 7.7, *�+�;32=T.

TÆ, �����(*&(�, ��HA
/��(*&(, #K��,
�*�+/O�(*�&(
�. �'RS�W&��
�*�+[�
�&(Æ&(, QD�-��&:, Copula ���
�$,*
�+��DB, G;KD13G/ 3 2P.

@ 3 CWiTIUjkl Copula VKIJKLMNO
[_ ��\`b ��\`c ��\`a

ωρ 0.0883 2.3664 −0.0020

αρ 1.7895 −2.1061 1.9969

βρ 0.0875 −0.3555 0.0433

]Ja�R 29.6082 87.1413 23.5601

/ 3 �_O (6) �& Copula �G;KD13. +3��G; ωρ, αρ, βρ D�/P��
*����0'

*�������&=$$�G;##*�+RM+�0�G;. ] 1∼3 RVb�.Æ'
�
 NDF �
����
 NDF ��
$,*����&(. �'�/]K�#b, WXN
�;�&(��'*)`X.
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!] 1 � 2 E#]": �&*��;�L*��;;R
D4$. �] 1 0�?Z�
-, *��;&

,D6, K#E
� 2005�
�
Æc�d7, ���
�
^�Ye(M	
. Æ�
�"�K�
63
"�M��Q;`X, �����
^�Z�*�_
, #K"�*�+d[D6. ��] 1 � 2, E#&,
]", ��7.��, ���$,*�+�V��U�@$
D4$, R4$e'��, W&�7.�
, �
	^����Ke(M]b, ����(M_
, ����
�
���
^�Ye�Z�/[ ��Ke
�&(Æ&(. b<] 3 E#��, 2011�]#�, $,*��;&,Y0, 6a�"&,�F*���, K
#E
� NDF ���
�
(�Z�����, Æ���
^�Z�>*�_
, #K"�F*�UO.

2) �% SJC-Copula +3KD13#DB

�'R-X�0-
�
 NDF �����
NDF���87*�+,�V8�0)95� SJC-Copula
+3���DB.

@ 4 SiTI SJC-Copula VKIJKLMNO
^J ��\`b ��\`c ��\`a

λU 0.1003 0.3392 0.0133

λL 0.1803 0.2589 0.0656

]Ja�R 26.0486 83.02606 14.2726

/ 4 � λU /P
8*��;, λL /PD8*��;. !/� λL �]": 
�
 NDF �����

NDF ��HA
HKD8*��;*��U. ��7.�
, D8*��;
+� 0.26 \], *W&�7
.��, 
�
 NDF ��bc(%��
 NDF ��bc�X
U� 26% \].

b</ 4 G;KD13, E#�����7.0��7�D8*��;'�	
8*��;, W&K�

�
 NDF��"�bcÆ(���
 NDF��bc�X
,	�	
�
 NDF��"�b^Æ(��
�
 NDF ��b^�X
, /
QW&����	^���Z�R3*�db,'. TÆ, ��7.��,
D8*��;9?	
8*��;, *W&K���U�O	`<_,, ���Z���7R+`<�X

	�?	Z�"�S6�X
.
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QD���& SJC-Copula +3�
�
 NDF �����
 NDF ����$,87DB, 13G/
5 2P.

@ 5 CWiTI SJC-Copula VKIJKLMNO
[_ ��\`b ��\`c ��\`a

ωU −0.7144 1.5867 0.2857

αU 0.7011 −1.6273 2.5609

βU −4.8401 −8.0333 −13.7490

ωL −3.8038 −1.5896 −1.1958

αL −1.4752 1.0779 4.8771

βL 8.8351 1.0555 −8.0503

]Ja�R 28.1983 84.8757 23.2309

/ 5 �_O (7) � (8) ���& Copula �G;KD13. G; ωU'αU'βU D�/P��

8*�

���0'����&=$$�G;##RM+�0�G;; G; ωL'αL'βL D�/P��
D8*��

��0'����&=$$�G;##RM+�0G;. ] 4∼6RVb�.Æ'
�
 NDF �����

NDF ��
�$,87*���&(.

] 4 .Æ��7.0�%��87$,*����&(. 2005 �
�
Æ
�'cf, )^�#%g
h, (CG;�_`

, 
�
&$�
*�M�, ���
/*�
�; Æ�
�"�d-$��&$�
Æ
Q;, K�G3��Z�
�
 NDF ��"�bc, �	����()�*0, �`��
 NDF ��
"�bc�E
+
�. ,7
�
Æ
aM_
, ��Z�aHf	�+, ��$,87*��;LR�
0.18 
D&$.
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] 5 .Æ��7.���%��87$,*����&(. �%���D8L*��;���7.0

� 0.18 &(�7.� 0.25, R�VLR� 0.25 ��U@$
4$. Æ7.�
�%����&
8*��
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;4$g����, *E
��	7.��, Q��BO�5a_,, ���S)ab�
.7, �b��"
�6.; ÆR[ ��()�(*&(, Q�Z>()���
��*2*+, �������^�Z�/
7[ ��Ke�&(Æ&(, #K
8$,*��;e7"�����4$.

] 6 .Æ��7.,7�%��87$,*����&(, ��7.,7
8L*��;�D8L*
��;&,^0. �] 6 � 2010 �], 87*��;&,
�, *�#� 2009 � 12 Obc��:@cV
^3Ad,, 2010 �]�a, aMX`& “1�:
” (dhe'E�8'fi/'bc'9ge) ef, ��
��
�
 NDF �����
 NDF ��^�Ye�@e"32f*, 0c�%��
$,*�+[ �

�&(Æ����4$.
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.L�(.��
@$D, ����
�*���/732(.. *�	5�
@$, U�
@$D�

���
�*���7&1R�. �/13/&, ���7.�

�
 NDF �����
 NDF ��

�*�+"����&$, ��
�*��;,9
�, *�+19��'&(.

4 /01 NDF 23[\]1 NDF 23"'frsgth

0�VDB'��7.0�7�
�
 NDF �����
 NDF ��
�*�+, �V0-���

*�+&(2(%�*)�����
+"�'�&(.
4.1 iÆuj,klmn

D=;=E��jh0?�i=E	@�g", E#+0;�(.jB'(.�
�(), !Æ
Rb
	�>=�����)�O� $2). �''=����B���.9,
��
+"�', 5*GDD
=;=E+3:

Ry
q = μy|x

q + λy|x
q Rx + ε (9)

�� Ry'Rx D�M/����B��.9 y � x �HA
HK, .6� Ry � Rx ��D=;=E1�G

;KD� μ̂
y|x
q � λ̂

y|x
q , #K1� Ry �)� q D=KD�:

R̂y
q = μ̂y|x

q + λ̂y|x
q Rx (10)

�<*�
�� (Value at Risk, VaR) 
F���
d(@$D, g�����B���5��^�
�
��-=��0�E
ij, c� V aRx

q . �� VaR E#'=A%��.9�87�
. �K@T
,
Adria � Brunnermeier[20] +"�<*�
�� (Conditional Value at Risk, CoVaR), >�@	.9,
�
� +, 0-%�.9����D6, 0c7.*kÆX�������87��&(� $2), �>�

F�,����B��.9 x HA
� V aRx

q �, ����B��.9 y ��
��, c� CoV aR
y|x
q .


�0)2Z� VaR �
FE1: R̂y
q = V aRy

q |Rx, e Rx = V aRx, C
� CoVaR �
F, ,���
�B���.9 x HA
O	� V aRx

q �, ����B���.9 y �<*�
���:

CoV aRy|x
q = V aRy

q |V aRx
q = μ̂y|x

q + λ̂y|x
q V aRx

q (11)
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�KA%d, VaR�DI	@@�CT�!?��<BEH,JN�*�) q D=;�%B���Mk.
4.2 opq,iÆujklc<h

�
+"E
��&�, TÆ, [ 
�
 NDF ���(*�", �
-	���$$����, Æ�
"�@���
Æ
���
�kZ�h�, #KQD��	!
�
Æ
e'�0-��
 NDF ���

�
 NDF ����
+"�'.

�V�, R, T D�M/
�
 NDF �����
 NDF ��, 6D�JN q = 5% � 10% ����0

-. QD�1�_O (10) �G;��KD, / 6∼8 l"'��7.0'7.��7.7Q%D=;=E�
G;KD13.

@ 6 �YnZ[rvKstJKLMNO
�J mGfn P R �J mGfn P R

(�fh) (�fh)

μ̂
R|T
0.05

−0.002144
0.0000 λ̂

R|T
0.05

0.119416
0.0004

(0.000115) (0.033256)

μ̂
R|T
0.1

−0.002144
0.0000 λ̂

R|T
0.1

0.119416
0.0000

(9.05E−05) (0.026115)

@ 7 �YnZCrvKstJKLMNO
�J mGfn P R �J mGfn P R

(�fh) (�fh)

μ̂
R|T
0.05

−0.005795
0.0000 λ̂

R|T
0.05

0.369333
0.0000

(0.000547) (0.086324)

μ̂
R|T
0.1

−0.003772
0.0000 λ̂

R|T
0.1

0.286239
0.0000

(0.000296) (0.064900)

@ 8 �YnZcrvKstJKLMNO
�J mGfn P R �J mGfn P R

(�fh) (�fh)

μ̂
R|T
0.05

−0.003238
0.0000 λ̂

R|T
0.05

0.191076
0.0000

(0.000242) (0.046653)

μ̂
R|T
0.1

−0.002343
0.0000 λ̂

R|T
0.1

0.138795
0.0005

(0.000148) (0.039553)

!/ 6∼8 E#]", ��7.0'�'7-%TZ�D=;=EG;KD13� 5% � 10% �,9@

$DB.6',9+_Z. QD�
�KD"��G;61�_O (11)'## Adrian � Brunnermeier[20]

��J CoV aR'ΔCoV aR � %CoV aR, DI13G/ 9 �/ 10 2P.

@ 9 5% Iwxuvyob^ NDF _`w\]^ NDF _`xz{yNO
cg V aR0.05

T V aR0.05
R CoV aR0.05

R|T ΔCoV aR0.05
R|T %CoV aR0.05

R|T

��\`b −0.005505 −0.002422 −0.002801 −0.000379 15.65%

��\`c −0.008913 −0.005994 −0.009087 −0.003093 51.60%

��\`a −0.005612 −0.003253 −0.004310 −0.001057 32.49%

@ 10 10% Iwxuvyob^ NDF _`w\]^ NDF _`xz{yNO
cg V aR0.1

T V aR0.1
R CoV aR0.1

R|T ΔCoV aR0.1
R|T %CoV aR0.1

R|T

��\`b −0.003723 −0.001724 −0.002104 −0.000380 22.04%

��\`c −0.006271 −0.004303 −0.005567 −0.001264 29.37%

��\`a −0.004043 −0.002391 −0.002904 −0.000513 21.46%

��, V aRT
q /PD=;� q ���
 NDF����
��, V aRR

q /PD=;� q �
�
 NDF ���
�
��, CoV aR

R|T
q /Pl
��
 NDF�� VaR<*D
�
 NDF����
@$, ΔCoV aRR|T

q =
CoV aR

R|T
q −V aRR

q /P��
 NDF���
�
 NDF����
+"�, %CoV aRR|T
q = ΔCoV aRR|T

q /

V aRR
q /P��
 NDF ���
�
 NDF ����
+"�'.

.6��
�
 NDF �����
 NDF ��� VaR �;�, E#1": ���� 5% h� 10%�d
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(@$D, ��
 NDF ���^��
��-2=���
�� VaR(i��) B	���	
�
 NDF
��, *W&�*.�
@$D, ��
 NDF ��=���
??	�	
�
 NDF ��. "�//&'
�F, �
�"����*��"����##�X), )
���7�
�??l�"�������

�'���, ÆR
�
 NDF ���(-	���>3�����
, 
Q^l'�7�
�??.

.6DB��
 NDF ���
�
 NDF ��� CoVaR �, �����7.0'7.�h�7.7,
VaR �i��B	?	 CoVaR �i��, *W&���
 NDF ��"�7."*�, 7�
�
 NDF �
���,9��
*5.

#KDTZDB/ 9 �/ 10 � ΔCoV aR � %CoV aR, � 5% �@$D, ��7.0, ��
 NDF �
��
�
 NDF ����
+"�'�� 16%. Æ���7.�
, �
+"�'&� 50% \], ,9

+, W&�)/"*�����
 NDF ���
�
 NDF ��������
+", *�0)2Z��
�7.���
*�+
��13*4. ��7.7, �
+"�'Z\� 30%\],mU	7.0�@$,
*E
�7.7, �	��i�Z���>#'�$$, 	Z\�,0�+"@$�	���
; C�, �%
���,�3A&!##�����*2$$, /���
 NDF ���
�
 NDF ����
+"+0
'<*. G�.6DB�(.D=;D�
+"�' %CoV aRq �&(, E#���� 5% @$D-%TZ

�,�+"&� 10% @$D-%TZ�$j+", *W&� 5%'10% �@$D��
 NDF ���
�

NDF ��g#�
+"�E
+-�.

5 z{[|}

�6@	 Copula ��� CoVaR 	@�(.���
�
 NDF �����
 NDF ��*�+�
�
+"2)��'��K0-, @��%:, Copula +3�P,�$,19DB'�PUKD��
�
*�+&(, @��% SJC-Copula +3�P,�$,19DB'��
�87*����&(. 07-�
CoVaR 	@DF0-'��
 NDF ���
�
 NDF ����
+"2), 1"#D1�:

��, .6 Copula+3DB1"
�
 NDF�����
 NDF �����
�*�+.P, Copula
+30-13/&, ���7.0'�'7-%��, ��,
a�&,:�*���, Q�*��'32�
S, ���7.��*��;U�0�. �& Copula+30-13/&��7.��, ��
$,*��;
�V��U@$
4$, R4$e'���. ���7.7�, $,*��;&,Y0, 6a�"&,�F*
���.

��, @� SJC-Copula +3�P,�$,19DB��
�87*����&(, �/131"
�

 NDF �����
 NDF ����87*�+. D8*��;Rn P,D8*��;
D4$, ��
�7.��, D8*��;U�0U, *W&,�%��"�bcUO�, G�%��"�bc�E
+/
7
+.

�-, -� CoVaR 	@DF0-'��
 NDF ���
�
 NDF ����
+"2), 13/&�
��� 5% h� 10% �D=;@$D, ��,
��&,��
+"2). ���7.�
, �
+"2)
U�0�.

,T, �	�
@$3O##;i(;, �0-6��jk����(
, �	��H�0-�c*. 6
h@�:, Copula � SJC-Copula +3, ^�E#;i@�R�0;� Copula +3�'=���*�+.
���
HK��DZ0-�, 2��DZ	@/��mn, ^�E#-�R�kj�	@��
Z��b
	JD, *B�l7��Hl>�	&.
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