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Hedging of stock index futures based on Markov regime-switching
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Abstract: This paper constructs a GJR-Skew-t model based on Copula functions with Markov regime switch-

ing to estimate the minimum variance hedging ratio between the returns of stock index futures and spots in

four Asian markets. The empirical results show that the riskmitigation degree of the dynamic hedging models

is higher than that of the static models. Based on the analysis of the variance reduction of hedging portfolio,

the dynamic models are more effective than other models. Moreover, the proposed Markov regime-switching

Copula-GJR-Skewed-t model can gain higher revenues than the traditional models except for the Japanese

market, which means that our model contributes to reduce thecost of hedging.
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ª���ü$
�´¤�, D�
Ý]ö�õ�(¹5. 2010c4�16F,q�300��ÏÀ�ªéÄ,I�

X¥I]�½|�uÐÚU�qòÑ
j¢��Ú. �X��ÏÀ�¤õþ½,Ý]öXÛ$^��ÏÀ

5?1@Ï��B¤���äk�ïÄd��¯K.

¤¢@Ï��(hedging),́ �òÏÀ½|��=£d�ºx�|¤,|^ÏÀÜ���ò53yÀ½|

þïñ�¬���O�Ô,éÙy3ï?O�±�ÈÑ��¬½éò5I�ï?�¬�d�?1�x��

´¹Ä.(½�`@Ï��üÑ��´ºx+nïÄ+������K��, @Ï��üÑ��JÌ�

�6u@Ï��'Ç�O�°(§Ý.3@Ï��ïÄ¥A^��2������@Ï��'Ç´dÏÀ

�yÀÂÃÇ�m��'Xê9Ù^�ÅÄÇ¤û½�.

C�Ac5,�þ©zæ^��GARCH�.5�OÄ�@Ï��'Ç, ïÄuyÄ�@Ï���.�

ºx5;�J3�Ü©�¹e�`u·��.. Ä�@Ï���.�`��?3u,§¢�þ�Ä
yÀ

�ÏÀÂÃÇ�méÜ©Ù��CA�. ,,�õê��GARCHÄ�@Ï���.Ñb½ÏÀ�yÀ

ÂÃÇ�éÜ©ÙÑlõ���©Ù, ù�7KÂÃÇêâ¤ÊH�3�k¸þ�9k 5A�¿Ø�

Î. Copula¼ê?\7KïÄ+��BJø
�«)ûT¯Kå», §�°
��5b�, ¿��±ÏLØ

Ó��'5(�òØÓ�>S©Ù(Ü¤õ�éÜ©Ù, Ï�±�Ð/£ã7Kêâ�©ÙA�. Ïd,

|^��Copula¼ê�GARCH�.éÜï�5�O����@Ï��'Ç, 3nØ¿Âþäk'DÚ�

�GARCH�.²w�`³.

@Ï,Æö�Ì�æ^·�Copula¼ê5ïÄ7K]�m��'5(� [1] ,ØLdu·�Copula¼êb

½3��ÏS�'5ëêØC, ù  �y¢ØÎ, Ä�Copula¼êK�±�x7KÂÃS�m�'

(��Ä�5 [2] . Ïd,�
��°(/�O����@Ï��'Ç, Æö��ÄòÄ�Copula¼êA^

u@Ï��ïÄ. Hsu� [3] æ^ÄuÄ�Copula¼ê�GARCH�.5�O�`@Ï��'Ç, ¿'�§�

Ù§@Ï���.��J,(JuyÙ@Ï���J�'DÚ�·��.!~�'Xê(CCC)GARCH±9

Ä�^��'Xê(DCC)GARCHÑÐ. Power� [4]uy§ÄuCopula- GARCH�.�@Ï���J�éu

~�'XêGARCH�.ÚBEKK GARCH�.ÑkwÍ�Jp. Lai� [5]|^5«ØÓ�Ä�Copula¼ê�

ï
Copula-TGARCH�., ¿éT�.3Àæ5��¦ÏÀ½|�@Ï���J?1ïÄ, uyCopula�

.�@Ï���J�'DÚ�·��.±9DCC GARCH��JÑ�Ð. x�&� [6]@�, Ä�Copula-

GARCH�.k|uJ,@Ï���J. �¡Â� [7]KÄu�CCopula¼êJÑ
�«O���e Ý@

Ï��'Ç�#�{,¿uy¦^�CCopula¼êUk�Uõ�k��e Ý@Ï��'Ç��O�J.d

d��,ykïÄy²
Ä��'XêCopula�.A^u@Ï��U���Ð��J.

Rodriguez[8], Jondeau� [9]±9Okimoto[10]@�,7K½|m��'5§Ý¬�½|G��ØÓu)

UC, ¦�}Áæ^Copula¼ê�ê��ÅG�=�(Markov Regime Switching, MRS)L§�(Üé7K

½|m��'5(�?1ïÄ,¿�uyMRS Copula¼ê�.UéÐ/£ã7K½|�'5(���é

¡1A�. Lee[11]�ï
��ê��ÅG�=�Gumbel-Clayton Copula GARCH�.(RSGC)±^uà�û¬

ÏÀ½|@Ï��ïÄ,uyT�.�Ä�Copula�.U
�)�Ð�@Ï���J,`²
ê��ÅG

�=�Copula�.UJ,@Ï����J.�´,Ù�.�½�3Xe"�: 1)T�.¢�þb��7K]

�ÂÃÇg��þ�!ÅÄ=�L§�ÙéÜ©Ù��'5(�=�L§��,ù�U¿ØÎÜ7K½|

�¢SG¹; 2)T�.b½ÂÃÇS�Ñl��©Ù,,²�ïÄL²,7K�mS�ÂÃÇ  ¥y

k¸þ�9k �©ÙA�. Garcia� [12]±9Chollete� [13]K�âBollerslev[14], Engle[15]±9Pelletier[16]�

ï�g�, JÑ
�«3õ��¸¥U�\(¹/£ã�'5�ÄuMRS Copula¼ê�GARCH�.,

uyMRS Copula¼êUéÐ/�x�7K]�ÂÃÇm�'5��é¡A�. �DÚ�MRS Copula-

GARCH�.ØÓ�´,¦�éGARCH�.ÚCopula¼ê�ëê©ü�ã?1�O,ù��{¦�T�.�

A^��(¹!�\y¢. ÏLT�{,�±�â7K½|êâ�A�, Ün/�½>SÅÄ�.9>S©

Ùa.,lk�/;�Lee[11]��.�½"�.

17K]�m�é¡�'5´�3²LPòÏ(½=½Ï)7K]�ÂÃÇm��'5�pu²L�JÏ(½Ú½Ï).
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¦+yk¢yïÄuyCopula-GARCH�.Uk�ü$@Ï��|Ü���, �ù
ïÄ�Ñ
ÏÀ

�yÀÂÃÇ�m�'(���é¡5A�. �Ä�7K½|¥Ø=�3XÅÄ��é¡5�A,�

7K]�ÂÃÇ©Ù  ¥yk 59k¸þ�A�,�©�ï����^�e�ÄuMRS Copula¼ê

�GJR-Skew-t�.,±�O��ÏÀ��êyÀm�����@Ï��'Ç.T�.Ø=U
ü$du��

êâ¥�3�k¸þ�±9�é¡©ÙA�¤���O(J¥�UÑy��.�½Ø�, ���±�x

ÏÀ�yÀÂÃÇ�m�'(���é¡5ÚÄ�5A�,lJp@Ï���J.

2 ÄÄÄuuuMRS Copula¼¼¼êêê���@@@ÏÏÏ���������...���½½½

2.1 >>>SSS���...������½½½

DÚ���GARCH�., XDCC GARCH9CCC GARCH�Ñ´3b½í����©Ù�^�e?1

ëê�O.�â²�, ��©Ù¿ØUk�/£ã7K]�ÂÃÇA�, ù�Ò¬E¤�.��½Ø�,

lK��ª�@Ï���J. ��ØÓ�´,|^Copula¼ê�A5UaÑ��b��µe, (¹/½Â

>S©Ù,l;�dØÜ·>S©Ù¤�5��.�½Ø�.

�Ä�ÏÀ�yÀÂÃÇS�¥¤�3�ÅÄ�é¡�AÚÏÀ�yÀÂÃÇ©Ù¤¥y�k !k

¸þ�A�,�©ÄuHansen[17]�Glosten� [18]�ïÄ,æ^GJR-skew-t�.5�OÏÀ!yÀÂÃÇ^�

��9í�©Ù��Ý¼ê. �.L«Xe

st = ϕs + ϕ1,sst−1 + ϕ2,sft−1 + εs,t, (1)

ft = ϕf + ϕ1,fst−1 + ϕ2,fft−1 + εf,t, (2)

σ2
s,t = cs + as,1ε

2
s,t−1 + bsσ

2
s,t−1 + as,2ks,t−1ε

2
s,t−1, (3)

σ2
f,t = cf + af,1ε

2
s,t−1 + bfσ

2
f,t−1 + af,2kf,t−1ε

2
s,t−1, (4)

εs,t/σs,t = zs,t ∼ skewed-t(zs|ηs, ωs), (5)

εf,t/σf,t = zf,t ∼ skewed-t(zf |ηf , ωf ), (6)

Ù¥stL«�� t�yÀÂÃÇ, ftL«�� t�ÏÀÂÃÇ.�
BuL«, -i = s½f ,©O�LyÀÚ

ÏÀ. ϕi��å�,ëêϕ1,iÚϕ2,i©O�N
c�ÏyÀÚÏÀÂÃÇé�Ï iÂÃÇ�K�. σi,t� t�

� iÂÃÇ�^�ÅÄÇ, ci, ai,1, biÚai,2���ëê. ëêai,1 + bi + 0.5ai,2�����N
ÂÃÇS��

ÅÄ±Y5. ai,2´�Nc�Ï|�Ú|Ð�Eé�Ï i½|��é¡K�ëê,eai,2wÍ�"KL²|

�Ú|Ð�EéÂÃÇÅÄ�K�´�é¡5�. ki,t−1�J[Cþ,�í�εi,t−1�K�, ki,t−1 = 1;ÄK,

ki,t−1 = 0. zi,tL«1 tÏ�IOzí�, �t©Ù��Ý¼êL«�

skewed-t(z|η, ω) =































bc

(

1 +
1

η − 2

(

bz + a

1 − ω

)2
)

−η+1/2

, z < −a
b

bc

(

1 +
1

η − 2

(

bz + a

1 + ω

)2
)

−η+1/2

, z > −a
b
,

(7)

Ù¥a = 4ω
η − 2

η − 1
, b = 1 + 3ω2 − a2, c =

Γ (η + 1/2)
√

π(η − 2)Γ (η/2)
, ηL«gdÝëê,�����(4, 30);ωL«

^uïþ©Ù��é¡§Ý��é¡( Ý)ëê,�����(¨1, 1).

2.2 Copula¼¼¼êêê���ÀÀÀJJJ

ý�Copula¼ê�)��Copula¼êÚ t Copula¼ê,§�þ�¹
�5�'Xê ρ,�5�'Xê

3y�7Kºx+n¥�A^��2�,ÏdÙ´A^ªÇ�p�Copula¼ê/ª. �âHsu� [3]�ïÄ(
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J,3��ÏÀ��@Ï��ïÄ¥,Äu����Copula¼ê�.�@Ï���JA��`u¤kÙ§@

Ï���.,Lai� [5]�¢y�|±
ù�(Ø.dd��,��ÏÀ½|¥¿Ø�3wÍ���5�'5

(�,ù�U���ÏÀ��¦yÀd��ê�éX�~;�k'. �©æ^�;x�ª���@Ï��,

ÏdÀ���ý�Copula¼ê5?1ïÄ.

1)����Copulá 8cA^��2��Copula¼ê��,ÙVÇ�Ý¼ê�L«/ª�

cNormal(ut, vt; ρ) =
1√

1 − ρ2
exp







−
ρ2
(

ψ−1(ut)
2
+ ψ−1(νt)

2
)

− 2ρψ−1 (ut)ψ
−1(νt)

2 (1 − ρ2)







, (8)

Ù¥ψ�IO��©Ù��Ý¼ê,�'Xêρ ∈ (−1, 1).

2)�� t-Copula¼ê�ÚOA�Ì�d�'Xê ρÚgdÝn¤(½,ÙVÇ�Ý¼ê�

cstudent′t(ut, vt; ρ, n) = (1 − ρ2)−
1
2

Γ (n+2
2

)

Γ (n
2
)

[

Γ (n
2
)

Γ (n+1
2

)

] [

(1 +
a2

t

n
)(1 +

b2t
n

)

]
n+1

2
[

1 +
a2

t + b2t − 2ρatbt

n(1 − ρ2)

]
n+2

2

,

(9)

Ù¥at = t−1
n (ut), bt = t−1

n (vt), t−1
n (·)L«gdÝ� n� t-©Ù¼ê,�'Xê ρ ∈ (−1, 1).

2.3 ëëëêêê���OOO���{{{

�©�âPatton[19]¤æ^�ü�ã��q,{5�OCopula¼ê9>S©Ù�ëê. 31��ã,éy

ÀÚÏÀ�ÂÃÇS��>S©Ùëêξ̂sÚξ̂f?1�O

ξ̂s ≡ arg max
T
∑

t=1

lnf1(zs,t|Ωt−1; ξs) ,

ξ̂f ≡ arg max
T
∑

t=1

lnf2(zf,t|Ωt−1; ξf ) .

31��ã, ò®�OÑ5�>S©Ùëêξ̂sÚξ̂f�\Copula¼ê¥, |^ª(10)�±�OÑCopula¼

ê¥�ëê

ξ̂c ≡ argmax
T
∑

t=1

ln ct

(

F1

(

zs,t|Ωt−1; ξ̂s

)

, F2

(

zf,t|Ωt−1; ξ̂f

)

|Ωt−1, ξc

)

. (10)

2.4 MRS Copula¼¼¼êêê

�
�Ð/£ã7K]�m�'5(���é¡A�, �©�Äæ^MRS Copula¼ê. MRS Copula¼

ê�{Ø=�±�Ñdu7Kêâ©Ù����5¤���O(J� �, ���±éÐ/�x7K]

�m��é¡A�,lJp�O(J�O(5. ¤¢MRS Copula¼ê,´3Copula¼ê�Ä:þÚ\��

G�Cþ θt¿b� θtÑlê��ÅG�=�L§, ¦�Copula¼ê�ëê�XG�Cþ θt�CzCz.

3z«G�¥yÀ�ÏÀÂÃÇ�m��'5§Ý¿Ø��,Ïd¢�þMRS Copula¼ê�´�«Ä

�Copula¼ê. �â²�,�¹2�G��ê��Å=��.Ò�±�Ð/[Ü¢S¥�7Kêâ. Ø��

�5,�©b�G�Cþθt = {1, 2}Ñl����2G�ê��ÅL§,@oÙG�=£VÇ�

pij = Pr(θt = j|θt−1 = i), i, j = 1, 2.

-p11 = p, p22 = q,KüG��ê��Å=�VÇÝ
�

P =

(

p 1 − p

1 − q q

)

.

�
BuL«,b½Copula¼ê3ØÓ�G�^�e�¼êa.��,@oê��ÅG�=�Normal

Copula¼ê�^�VÇ�Ý¼êcMRS
t �±L«�

cMRS
t (ut, vt|Ωt−1; ξ

m
c,t) = π1tc

(1)
t (ut, vt |Ωt−1, ρ1 ) + (1 − π1t)c

(2)
t (ut, vt |Ωt−1, ρ2 ), (11)
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Ù¥ut = F1(zs,t |Ωt−1 ; ξs),vt = F2(zf,t |Ωt−1 ; ξf )©O�'uzs,tÚzf,t�©Ù¼ê. π1tL«3�� t?u

G�1�VÇ.�âGray[20]�±òÙ½Â�

π1t = Pr(θt = 1|Ωt−1) = p

[

c
(1)
t−1π1t−1

c
(1)
t−1π1t−1 + c

(2)
t−1(1 − π1t−1)

]

+ (1 − q)

[

c
(2)
t−1(1 − π1t−1)

c
(1)
t−1π1t−1 + c

(2)
t−1(1 − π1t−1)

]

,

(12)

Ù¥c
(1)
t−1(·)Úc(2)t−1(·)©OL«Copula¼ê3t − 1��?uG�1ÚG�2�^�VÇ�Ý¼ê. ρ1Úρ2©O

L«�G�1Ú2^�e��5�'Xê.

�âª(11),�±��zs,tÚzf,t�éÜ^��Ý¼ê�

f(zs,t, zf,t|Ωt−1) = cMRS
t (ut, vt

∣

∣Ωt−1; ξ
m
c,t )f1(zs,t |Ωt−1; ξs )f2(zf,t |Ωt−1; ξf ). (13)

2.5 ���`̀̀@@@ÏÏÏ������'''ÇÇÇ���(((½½½

��ó,�`@Ï��'Ç�(½�3@Ï��|Üºx���^�eÏÀ±kÞ��yÀ±kÞ

��'.XJyÀ�ÏÀÂÃÇ�éÜ©ÙØ��mCz,@oÒ���DÚ�����@Ï��'Ç

h =
cov(s, f)

var(f)
. (14)

ù«·��@Ï��'ÇÏL���¦{(OLS)�{Ò�±?1�O2.�¯¢þ, �X#�&E��

�,]�m�éÜ©Ù�U´�C�,3d�¹e,éuõÏÏÀ@Ï��ó·�@Ï��üÑÒw�Ø

Ü·
. -stÚft��� tÏÀ�yÀd��g�Cz,±�� t�&E8�^�,�`�C@Ï��'Ç�

ÏL��z@Ï��|ÜÂÃ(st − ht−1ft)���5¼�

ĥt =
covt−1(st, ft)

vart−1(ft)
. (15)

�
���`@Ï��'Ç, I��OéÜ�Ý¼ê�ëê. �©æ^ü�ã4�q,�O{

éCopula¼ê9>S©Ù�ëê?1�O, l���C�éÜ�Ý¼ê. ,�|^éÜ�Ý¼ê,�±Ï

Lê��{¦�ÏÀ�yÀÂÃÇ�m����

σsf,t = σs,tσf,t

∫

∞

−∞

∫

∞

−∞

zs,tzf,tf(zs,t, zf,t |Ωt−1 )drdw. (16)

u´, �âª(3)!ª(4)Úª(16),�±���`@Ï��'Ç

ht = σsf,t/σ
2
f,t. (17)

3 ¢¢¢yyy©©©ÛÛÛ

3.1 êêêâââ���555999???nnn

�©±�l!F�!#\·9��4�æ³y ½|���ÏÀ�~©Û��.3�@Ï���J.�l

½|!F�½|Ú#\·½|��æ³�ä�L5���ÏÀ½|,Ù½|$�®�ªu¤Ù½,�yÀ

½|�'X�©;�,·ÜÝ]ö��@Ï���óä. Ó�,�
�	@Ï���.3ØÓ¤Ù§Ý½|

¥�·^5,�©�À���#,��ÏÀ½|—–����ïÄé�.ù
��ÏÀ½|Q�)¤Ù½|,

q�9#,½|,¦�¢y(J�äk`Ñå.

¤k�êâ5u)Ü´ßDATASTREAMêâ¥.y ½|yÀd��ê©O��l�ð)d��

2OLS�{�@dJohnsonA^�ÏÀ@Ï��¥5, Ù�§�±L��st = c + hft + εt.ùp�h=cov(s, f )/var(f ),=Xêh´OLS�{�

O��`@Ï��'Ç.
3�©Ì��	
6«�.�@Ï���J,©O� OLS�.!CCC GARCH�.!DCC GARCH�.!DCC normal Copula-GJR�.!DCC t

Copula-GJR�.±9MRS normal Copula-GJR�..



88 X Ú ó § Æ � 1 28ò

ê(HNGKNGI)!F��F²225�ê(JAPDOWA)!#\·�°b��d��ê(SNGPORI)Ú��y �´

¤\�d��ê(TAIWGHT). �A���ÏÀd��êK©O��lÏÀ�´¤ð)�ê(HSI)!�³y

 �´¤F²225�ê(ONA)!#\·IS7K�´¤°b���ê(SST)Ú��ÏÀ�´¤�ê(TAIFEX).

Ù¥,¤k��ÏÀd��ê�DATASTREAMêâ¥¥�ëYd�S�. yÀÚÏÀ�ÂÃÇS�ÏLé

�A��êd�?1éê�©¿¦±1005¼�,=

rt = 100(ln(Pt) − ln(Pt−1)), (18)

Ù¥rt� t���ÂÃÇ, PtÚPt−1©OL« tÚ t− 1���d�.¤k�ÏÀÚyÀ½|�ÂÃÇêâ�

m«mþ�2002c1�1F�2011c7�18F,z�½|�2 490éFêâ.

3.2 êêêâââ©©©ÛÛÛ

L1�¤kÏÀÚyÀ½|FÂÃÇêâ�£ãÚO(J.�±wÑ,ØF�½|	,�l!#\·Ú�

�½|�ÏÀ9yÀÂÃÇþ�Ñ����~�C. Ã^���IO�L²,#\·½|�ÅÄ§Ý�$

�l½|�ÅÄ§Ý�p. JBÚOþw«,¤kÂÃÇS�þ31%�wÍ5Y²ewÍ���, Ó�¤

k½|ÏÀÚyÀÂÃÇêâ�¸Ý�Ñ��u3,`²�ÂÃÇS��²�©ÙªÇ��A���©Ù

�'�3k¸þ��A�. Ïd,I�|^Ù§�©Ù¼ê5£ã�½|ÏÀÚyÀÂÃÇ�©Ù.é�Â

ÃÇg£8í�S�?1LMu�uy, ÏÀÚyÀ¥Ñ�3p�ARCH�A,=GARCH�A.¤±,�±æ

^GARCHa�.é�ÂÃÇ?1�O.

L 1 ÂÃÇ£ã5ÚO

Table 1 Descriptive statistics of returns

�l½| F�½| #\·½| ��½|

ÚO�I
ÏÀ yÀ ÏÀ yÀ ÏÀ yÀ ÏÀ yÀ

þ� 0.026 0.026 ¨0.002 ¨0.002 0.025 0.025 0.016 0.017

��� 11.340 13.407 18.812 13.235 7.565 7.531 6.766 6.525

��� ¨11.631 ¨13.582 ¨14.003 ¨12.111 ¨8.759 ¨8.696 ¨7.256 ¨6.912

IO� 1.623 1.555 1.613 1.554 1.259 1.243 1.610 1.383

 Ý 0.040 0.096 ¨0.324 ¨0.502 ¨0.125 ¨0.116 ¨0.281 ¨0.278

¸Ý 10.129 13.393 18.256 11.480 8.362 8.096 6.817 5.832

J-B 5 273.7 11 210.6 24 827.9 7 564.7 2 989.6 2 700.1 1 544.5 864.0

P� 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0

ARCH(5) 588.48 617.96 1 100.88 783.76 475.73 539.31 209.03 211.48

P� 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0

N 2 490 2 490 2 490 2 490 2 490 2 490 2 490 2 490

�
u�>S�.¥ª(1)!ª(2)�ÏÀ�yÀÂÃÇS��¢��´ÄU�üØ,�©é¢�1Ï��

�—�'Ý
?1©Û,L2w«
¤k½|ÏÀ�yÀ�FÂÃÇS��ò´1Ï���'Ý
. dL2�

±wÑ,3¤k½|¥,yÀ�ÏÀÂÃÇ�¢�1Ïg�'XêÚ��—�'XêÑØwÍ.u´§�©é

ª(1)Úª(2)?1N�µòϕ1,s , ϕ2,s, ϕ1,f , ϕ2,f�½�0.

L 2 ¢��Ï��–�'Ý


Table 2 Cross-correlation matrix of first-order lagging

�l½| F�½| #\·½| ��½|

�êa.
ÏÀ yÀ ÏÀ yÀ ÏÀ yÀ ÏÀ yÀ

ÏÀ ¨0.038 ¨0.037 ¨0.024 ¨0.030 ¨0.008 0.021 ¨0.038 ¨0.015

yÀ ¨0.004 ¨0.033 0.022 ¨0.007 0.013 0.018 0.038 0.036

555: e��–�'Xê�ýé��u2/
√

N ,KL«TXê35%Y²ewÍ. Ù¥N�u2 490,�

êâ��þ. �A/, 2/
√

NK´5%wÍY²e���'Xê��.�, �0.04.

�
��/�£80,�©©Oæ^ADFu�ÚPPu�é��½|�ÏÀÚyÀÂÃÇS�?1ü 

�u�. L3�¤k½|ÂÃÇS��ü �u�(J.lL3�u�(J5w,¤k½|�ÏÀÚyÀÂÃ
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ÇS��ADFu�ÚOþ9PPu�ÚOþ31%�wÍ5Y²e´wÍ�, `²�½|ÏÀ�yÀ�êÂ

ÃÇS�´²�.

L 3 ü �u�

Table 3 Unit root test

�l½| F�½| #\·½| ��½|

u��{
ÏÀ yÀ ÏÀ yÀ ÏÀ yÀ ÏÀ yÀ

ADF
¨51.82 ¨51.54 ¨38.68 ¨50.21 ¨50.26 ¨49.00 ¨51.81 ¨48.10

(0.0001) (0.000 1) (0.000 0) (0.000 1) (0.000 1) (0.000 1) (0.000 1) (0.000 1)

PP
¨51.82 ¨51.55 ¨51.36 ¨50.37 ¨50.26 ¨49.00 ¨51.87 ¨48.11

(0.000 1) (0.000 1) (0.000 1) (0.000 1) (0.000 1) (0.000 1) (0.000 1) (0.000 1)

555:)ÒSêâ�ëêwÍ5,eÓ.

3.3 ëëëêêê���OOO

����@Ï���J�`��ûu�'Xê9^�����O´Ä°(, >S©Ù´ÄÜ·�

�K�Copula¼ê�[Ü�J, =�'Xê��O�J. Ï�ØÜ·�>S©Ù¬���.��½Ø�, l

K�@Ï����J,¤±Ü·�>S©Ù9ÅÄ�.òk|uCopula-GARCH�.@Ï���J�J

,.�©æ^GJR-skew-t�.[Ü�½|ÏÀÚyÀÂÃÇ�>S©Ù¿�O^���,Ùëê�O(JX

L4.

L 4 >S�.ëê�O

Table 4 Estimation of marginal model parameters

�l½| F�½| #\·½| ��½|

ëê
i = s i = f i = s i = f i = s i = f i = s i = f

ϕi

0.040 5* 0.038 2 0.016 6 0.018 0 0.037 0** 0.042 2** 0.050 1** 0.044 9*

(0.060 4) (0.128 0) (0.486 6) (0.454 2) (0.044 8) (0.021 1) (0.027 0) (0.098 5)

ci

0.014 0** 0.017 0** 0.035 4** 0.037 2** 0.013 9** 0.010 8** 0.014 0* 0.023 9*

(0.025 4) (0.024 5) (0.000 7) (0.000 4) (0.002 2) (0.002 2) (0.080 2) (0.089 6)

ai,1

0.028 1** 0.021 9** 0.024 3** 0.023 8** 0.037 4** 0.041 6** 0.019 4** 0.019 6

(0.000 3) (0.001 8) (0.018 1) (0.011 4) (0.000 4) (0.010 3) (0.028 4) (0.133 1)

bi

0.936 0** 0.942 4** 0.902 4** 0.900 3** 0.914 7** 0.921 3** 0.948 3** 0.940 3**

(0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0)

ai,2

0.057 2** 0.055 8** 0.108 6** 0.111 7** 0.075 2** 0.061 5** 0.048 0** 0.064 4**

(0.005 3) (0.004 7) (0.000 0) (0.000 0) (0.000 1) (0.000 6) (0.014 6) (0.003 7)

ηi

7.548 7** 6.780 4** 9.859 6** 9.248 1** 8.782 8** 6.256 3** 5.275 7** 4.097 1**

(0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0)

ωi

¨0.023 6** ¨0.034 9* ¨0.084 1** ¨0.098 3** ¨0.059 4** ¨0.062 8** ¨0.056 0** ¨0.048 0*

(0.037 2) (0.074 5) (0.000 1) (0.000 0) (0.022 9) (0.018 7) (0.010 0) (0.082 8)

555: **L«35%Y²ewÍ, *L«310%Y²ewÍ.

dL4��,3¤k�½|¥, bi + ai,1 + 0.5ai,2þ�Cu1,�NÑÏÀ�yÀ½|�ÅÄäk�r�

±È5. as,2Úaf,2Ñ�u0,�l§��tÚOþ5wÑ´wÍ�, ù`²|��E¤E¤�ÀÂé½|K

���,=¤k�½|¥Ñ�3X�é¡�A. Ïd,æ^GJR�.5�O�ÂÃÇS��^���´��

Ün�. ëêas,2Úaf,23F�½|¥��uÙ§½|, `²
ù«ÂÃÇÅÄ��é¡�A3F�½|�

Ly�'Ù§½|��r�.   t©Ù��é¡ëê ωi9gdÝëê ηi3¤k�½|¥þwÍ, L²À�

  t©Ù��>S©Ù´Ü·�.

3¼�>S©Ù�ëê�O��, B�±ò�½|yÀÚÏÀÂÃIOzÇí�S�êâÚ>S©Ù

ëê�\  t©Ù�\È©Ù¼ê¥, lB�±©O����½|\È©Ù¼ê�S�: uÚv. ,�,|

^S�uÚ v��éDCC Copula9MRS Normal Copula¼ê?1[Ü,¤�ëê�O(JXL 5ÚL6.

lL5�ëê�O(J5w,��½|��ÏÀ�yÀ�êÂÃÇ�m�'5(�þäk²w�p±Y

5A�.
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dL6�±wÑ, MRS Normal Copula¼ê�ëê31%�wÍ5Y²e´wÍ�,ùL²��½|¥Ø

ÓG�e��ÏÀ�yÀ�êÂÃÇm��'5�3wÍ�É, Ïd�±@�MRS Normal Copula¼ê�

±éÐ/£ã��ÏÀ�yÀ�êÂÃÇm�'5�G�=�A�. qþ�u0.9,`²�½|ÏÀ�yÀ

ÂÃÇ�m��'53p�'5G�(G�2)̂ �ekX�r�±È5. ��½|Ú�l½|ëê p��©

O�0.363 4Ú0.655 8,L²ùü�½|�ÏÀ�yÀÂÃÇ�m�'53$�'5G�(G�1)̂ �e�±

È5�f.

L 5 DCC Copula¼êëê�O

Table 5 Estimation of DCC Copula function parameters

DCC t Copula¼ê DCC Normal Copula¼ê
ëê

�l½| F�½| #\·½| ��½| �l½| F�½| #\·½| ��½|

α
0.017 6 0.009 3 0.041 9 0.025 2 0.015 3 0.032 9 0.068 1 0.030 2

(0.000 1) (0.000 0) (0.201 4) (0.000 0) (0.002 3) (0.215 9) (0.000 0) (0.000 0)

β
0.966 7 0.990 6 0.958 0 0.955 0 0.961 5 0.951 7 0.925 9 0.938 3

(0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0) (0.000 0)

n
6.239 9 7.077 3 5.279 6 4.191 8

(0.000 0) (0.000 0) (0.000 0) (0.000 0)

L 6 MRS Normal Copula¼êëê�O

Table 6 Estimation of MRS Normal Copula function parameters

ëê �l½| F�½| #\·½| ��½|

p 0.655 8 0.914 3 0.941 4 0.363 4

(0.000 8) (0.000 0) (0.000 0) (0.000 0)

q 0.908 7 0.964 9 0.945 8 0.960 7

(0.000 0) (0.000 0) (0.000 0) (0.000 0)

ρ1 0.905 1 0.936 9 0.877 0 0.602 2

(0.000 0) (0.000 0) (0.000 0) (0.000 0)

ρ2 0.975 4 0.984 6 0.998 1 0.963 5

(0.000 0) (0.000 0) (0.000 0) (0.000 0)

dL4!L5ÚL6�ëê�O(J±9ª(13)Úª(14),�±��ÄuMRS Normal Copula-GJRÚÄ��

'XêCopula-GJR�.e��½|�`@Ï��'Ç.ã1w«
�½|ÄuMRS Normal Copula-GJR�.

��`@Ï��'Ç4.

0 . 60 . 81 . 01 . 2 0 . 60 . 81 . 01 . 21 . 4
0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0 2 5 0 0 0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0 2 5 0 0

0 . 50 . 70 . 91 . 11 . 3 0 . 20 . 40 . 60 . 81 . 01 . 2
0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0 2 5 0 0 0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0 2 5 0 0

ã 1 ÄuMRS Normal Copula-GJR�.��`@Ï��'Ç

Fig. 1 Optimal hedging ratio of MRS Normal Copula-GJR model

4du�Ì¤�,ùp=w«
4�½|¥ÄuMRS Normal Copula-GJR�.��`@Ï��'Ç.
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3.4 @@@ÏÏÏ���������JJJ���'''���©©©ÛÛÛ

�
µd�.@Ï����J,�©æ^A^��2�EderingtonÿÝ�{,ÙO�úª�

HE1 = −100(V i
p − V b

p )/V b
p . (19)

�´, EderingtonÿÝ�{�À
@Ï���ÂÃ,�
¦�.�ä¢�d�,3�.÷vºx��8I

�cJe,�Io�@Ï��|ÜÂÃ�Jp. Ïd,�©�æ^@Ï��|Ü�²þÂÃ��5Ö¿µd

@Ï����J,ÙO��{Xe:

HE2 = Ri
p −Rb

p, (20)

Ù¥Ri
pÚV

i
p©OL«@Ï��|Ü²þÂÃÚ��, i�LÄuØÓ�.�@Ï��üÑ, b�LÄOüÑ,

�©�ÄOüÑ�ÄuOLS�.�@Ï��üÑ.L7�Ñ
ØÓ�.üÑe�@Ï���J5.

L 7 @Ï���J'�

Table 7 Comparation of hedging performance

½| �. ÂÃÇþ� ÂÃÇ�� ÂÃÇþ��� ��ü$z©'

�l½|

OLS 0.002 0 0.164 5

MRS Normal Copula 0.002 6 0.158 7 0.000 6 4.05

DCC t Copula 0.003 2 0.162 1 0.001 2 1.46

DCC Normal Copula 0.003 1 0.161 9 0.001 1 1.58

DCC GARCH 0.002 5 0.160 9 0.000 5 2.19

CCC GARCH 0.002 3 0.160 9 0.000 3 2.19

F�½|

OLS ¨0.000 4 0.132 7

MRS Normal Copula ¨0.002 1 0.126 5 ¨0.001 7 4.67

DCC t Copula ¨0.002 2 0.126 5 ¨0.001 8 4.67

DCC Normal Copula ¨0.002 7 0.126 5 ¨0.002 3 4.67

DCC GARCH ¨0.003 8 0.128 3 ¨0.003 4 3.32

CCC GARCH ¨0.003 7 0.129 0 ¨0.003 3 2.79

#\·½|

OLS 0.001 6 0.102 9

MRS Normal Copula 0.004 3 0.102 0 0.002 7 0.87

DCC t Copula 0.002 6 0.101 7 0.001 0 1.17

DCC Normal Copula 0.002 2 0.101 0 0.000 6 1.85

DCC GARCH 0.001 2 0.101 4 ¨0.000 4 1.46

CCC GARCH 0.000 8 0.106 7 ¨0.000 8 ¨3.69

��½|

OLS 0.004 2 0.196 9

MRS Normal Copula 0.004 9 0.172 0 0.000 7 12.65

DCC t Copula 0.004 9 0.195 6 0.000 7 0.66

DCC Normal Copula 0.004 7 0.196 1 0.000 5 0.41

DCC GARCH 0.003 8 0.194 2 ¨0.000 4 1.37

CCC GARCH 0.002 4 0.194 5 ¨0.001 8 1.22

@Ï��]�|ÜÂÃ����,`²@Ï���J�wÍ.lL7�±wÑ,�©¤?1'��@Ï�

�üÑÑUéÐ/ü$ºx. d@Ï��|Ü��ü$z©'5w, 3¤k�½|¥, DCC GARCH9DCC

Copula, MRS Normal Copula�.þ��
'DÚ�OLS�{�Ð�@Ï���J, ùL²
Ä�@Ï��

üÑ��u·�üÑ�`³. éuMRS Normal Copula�.ó,§3�l!F�!#\·Ú��4�½|¥

�@Ï��|Ü��©O�0.158 7!0.126 5!0.102 0Ú0.172 0,�éuOLS�{���ü$z©'�4.05!

4.67!0.87Ú12.65.�â��ü$z©'�±�ä, 3�l!F�Ú��½|¥, MRS Normal Copula�.

��
�`�@Ï���J. 3#\·½|¥, DCC Normal Copula�.�@Ï���J�Ð, MRS

Normal Copula�.�@Ï���J�Ø`u¤kÄ�@Ï���., ��éuOLS�{EkwÍJ,.

ù�UduDCC Normal Copula¼êU'MRS Normal Copula¼ê�Ð�£ã#\·½|¥��ÏÀ�y

À�êÂÃÇ�m��'5. oNó, �Ù§Ä�@Ï���.±9DÚOLS�.�', MRS Normal
5�
BuL«,òMRS Normal Copula-GJR�.!DCC Normal Copula-GJR�.ÚDCC t Copula-GJR�.©O{��MRS Normal Copula,

DCC Normal CopulaÚDCC t Copula�..
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Copula�.U�k�/5;ºx. ù
`²
-Normal Copula¼ê��'XêÑlê��ÅG�=�L§

U�k�J,�.@Ï����J.

l@Ï��|Ü�²þÂÃ5w,3F�½|¥, OLS�.º����−0.000 4; MRS Normal Copula�

.K=guOLS�., �−0.002 1. 3Ù§½|¥, ÄuCopula¼ê�@Ï���.¤¼��ÂÃþ�p

uDCC GARCH, CCC GARCH9OLS�.. MRS Normal Copula�.3�l!#\·Ú��3�½|¥�@

Ï��|ÜÂÃ©O�0.002 6!0.004 3Ú0.004 9.T�.3#\·Ú��½|¥¤¼��@Ï��|ÜÂ

Ã��. DCC t CopulaK3�lÚ��½|¥¼�
��ÂÃ,©O�0.003 2Ú0.004 9.��,�éuÙ{Ä

��.±9OLS�.ó, MRS Normal Copula�.U¼����ÂÃ. 3F�½|¥, du��ÏSF

²225�ê9éA��êÏÀÂÃÇþ�±9 Ýþ�Kê, ù`²��ÏSF²225�ê9éA��êÏ

ÀÂÃÇS��3�²w�e��'A�, MRS Copula-GJR-Skewed-t�.�,U�Ð£ãù�A�, ��

U3ü$@Ï��|ÜÂÃ���Ó�,�GÑ
�½�¤�,=ü$
|ÜÂÃÇ,l¦�@Ï��|

ÜÂÃ$uDÚ�..

�âþãü«@Ï���JÿÝ�{�O�(J, duÄuMRS Normal Copula¼ê�@Ï���.

��DÚ�OLS�{äk�p�@Ï��|ÜÂÃÇ(ØF�½|	)Ú�$�@Ï��|Ü��, Ïd�

±@�§�²w`uDÚ�OLS�.. Uì@Ï��|Ü��ü$z©', MRS Normal Copula�.3Ø

#\·½|	�3�½|¥äk�$�@Ï��|Ü��, Ó��Ä�3#\·Ú��½|þMRS Normal

Copula�.¼�
���@Ï��|ÜÂÃ, ¤±�±��(Ø: 3DÚ�Normal Copula¼ê�Ä:þ�

Ä-Ù�'XêÑlê��ÅG�=�L§U�k�J,@Ï����J. oNó, ÄuMRS Normal

Copula�.�@Ï���J�`uÙ§Ä�üÑ.Ïd,éuÝ]öó,ÄuMRS Normal Copula¼ê�Ä

�@Ï��üÑ´;�Ý]ºx��ÐÀJ.

4 (((ååå���

�©�ï
��^�e�ÄuMRS Copula¼ê�GJR-Skew-t�., òÙA^u�O4�æ³½|��

ÏÀ��êyÀÂÃÇm�����@Ï��'Ç, ¿'�©ÛÙ�Ä��'XêCopula�.±9DÚÄ

�@Ï���.(XDCC, CCC GARCH�.)�@Ï���J,ïÄuyµ

1) 3¤k�4�½|¥,ÃØ´��ÏÀ�´yÀ�êÂÃÇÅÄÑ�3X²w��é¡�A,`²3

ù
½|¥]�d��eO¬E¤']�d�þÞ§Ý�r��ÅÄ. Ó�,þã¤k½|��ÏÀ�y

À�êÂÃÇ�m�'5(�äk²w�p±Y59G�=�A�, �âù
A�,Ý]ö�±é¤±k

��¦yÀ]�?1��k��ºx+n.

2)l@Ï��|Ü��5w,Ä�@Ï���.�ÊH`uDÚ·�@Ï���.(OLS). MRS Normal

Copula�.3�l!F�Ú��½|¥�@Ï���J�Ð, ==3#\·½|¥,T�.�@Ï���

J�vk���Z�@Ï���J�´E�`uOLS�.. ùL²,�éuÙ§Ä�@Ï��üÑ, MRS

Normal Copula�.üÑU�k�5;ºx.

3)Ò@Ï��|ÜÂÃó,3�l!F�Ú��½|¥, MRS Normal Copula�.U¼�'OLS, DCC

GARCH±9CCC GARCH�.�p�ÂÃ; 3F�½|¥, MRS Normal Copula�.¤¼��ÂÃ=g

uOLS�.. ù
¿�XMRS Normal Copula�.üÑkÏuü$@Ï��¤�.

oó�, �Ä��ÏÀ�yÀ�êÂÃÇÅÄ��é¡59Ù©Ù�k¸þ�k 5A�, 9

-Copula¼ê��'5ëêÑlê��ÅG�=�L§�.�½�{,U�¡k�J,@Ï����J.�

â± �ïÄuy,7K]�ÂÃÇ��3X(�âC!a�5�A�. 38��ïÄ¥ò���¡��Ä

]�ÂÃÇ�A�,±Ù���ÏÀÝ]ö?1@Ï��Jø��k��üÑ.
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