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Abstract Jump clustering and volatility asymmetric feedback are important features in stock markets.

This paper studies the option pricing issues for a dynamics of jump-diffusion process, which considers the

mechanism of time-varying jump arrival rates, diffusion volatility clustering and the asymmetric cross-

feedback effect. First, this paper presents the no-arbitrage conditions of equivalent martingale measures

for the general jump-diffusion process based on local risk neutral valuation relationship; and then estimates

the parameters and jump risk premium of the dynamic jump-diffusion model using the sequential Bayesian

learning approach; Finally is the empirical research on the standardized European options of S&P500

Index and Dow Jones Industrial Average, APPLE, IBM and JP Morgan. Our study shows the significant

evidence of the jump self-exciting, volatility clustering and asymmetric cross-feedback; these jumps also

have a higher persistent influence and show a greater leverage effect to the stock markets; the dynamics

of the cross-feedback jump-diffusion model have better performance in option pricing compared with these

one-way-feedback jump-diffusion models. Jump risk premium is significantly higher than that of diffusion

risk, which plays a dominant role in the process of asset pricing.

Keywords option pricing model; jump self-exciting; asymmetric cross-feedback; sequential Bayesian

learning approach
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1 +,

��������������������. ������, ��������������

������, �������������������������, ��������������

� [1−6]. ����������������������, ������ !����������� -

������"����, ��# �����!"���#�$����, %$��&%� - ���

��& ���� !;  �� SPX�DJX �!, �" APL�IBM � JPM '()�'�#���$�(
"�!)*"#$*, �%� ��!"�����%!. �#��%�&$ %+,�(!+���
�, ��& �"-�',.��/&&(.

2 -./0

20') 60#(!+������00��,'1("*���+$#������#�� [7−8]. 23,

��������$,���(!+�������)(. Eraker, Johannes, Polson[9] -�)*�"

��./$�����-�������0% 500 �"&#1. 100 �!#�%*�-/, %$�

�0������#1. 2�����'���3��'4!. 2����"�&3, 4+$(+��

2��)�55. �2�, ���"���6��6%, ��3��'�-276, �(�����0�
��. Eraker[1] ��#��)(, ���53��0���, 2)�6���3����)*��08-

/�*4$9:�)�. Lee, Mykland[10] �0% 500�!"�#'�;+�,!1#��#7!�/5-,

*,."�����-<�#45=)�, %�6)�)*�6��7Æ�6���3. Christoffersen

' [3] )� GARCH ���>8�68��6��3�9��-��, % ���)*�!1�����
���#1, "�����& /�;%���& /�. Aı̈t-Sahalia, Cacho-Diaz, Laeven[11] *�
+�������01 (?��!" self-exciting) �5+��-��@!"�� (cross-exciting), �

����:%2,����������2-��, %6)&��3+���3;��4�0. *,

"�, 9<.A�/� 5 ��!.����!"�@!"��. Fulop ' [4] )���������
�!"��, ���0���������#�$��01.  ��%B.)(, 2008 #=>����&3
�6��36�5�5+,.

:�, 4?�;-�����@.��������;+�6�. Madan ' [12] -����C�

�� VG �� Levy ��������#���7�, 8'09�-/"��:����. �#��+/,

VG ��)*�18������*4$A:�)�. Lee, Mykland[10] *�;+�,!1�#7!$*
.#�, 5.�'�D��!,  ���.0%��C����. Li, Wells, Yu[13], Fulop, Li, Yu[4] )-
B-�� VG ���������������. 1E.' [6] F6�����C���2C Levy-

GARCH ��#�������#��, ��+/���;<$:�4$9:�)�,  � VG "=�

3���.2# DG�H4��, )(�������������3'��+�.

45, �����������5�>?I8���, �.@#(4$#�$���01. /6
' [5] EF�������J%5G������B, F����>%5G��HA !�7!", % �

!0�1���-#��5�$�. 8��, !+�K����+<������!"�"BI=��
�C, )����6%���#�$��01. DJ6, 9K� [14] F6��� ARVI-GARCH-J �L8

GARCH��,�>L2C�����M2C��3M����"��6�,%1�%�A�?N�:
;�E7#"&#1.�!��#��, #(����2C��&-;@-B��, )2C����

�@�+�+,���01. Fulop ' [4] ���."�, !+)*�OA��N�+��)*���
��3+���+�,�1��01.�#�$�.1E.' [6] #�F)(���G���53���

��, D4$+,�PQ01, %�������)�.

�����7Æ�����1����,�$���7!-/�����/�����O8. Eraker

' [1], Li, Wells, Yu[13], Fulop, Li, Yu[4], 12B' [15] ����-��*"#��#����-/, %7
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Æ�3��59��?7!�59��, 7#�& /��-/P3, )(59���!+��$����.

Christoffersen' [3]�1E.' [6],  �QI& ��J�$J�:4�<R2C�������, $��#

;#;2C��� !; 1E.' [6], Fulop ' [4] (K*� Levy-GARCH � Levy-SV ��D<�!)*

"#7!(E��, %���4���& .����@L"������)�. 7!(E���& /

��& L3�����='M*�.$93S�)�. �1!)*"#(E��7Æ�7!59��, �

�*N���)*�(N�4I��, 4��*, ����7!".2RS15&2=!)O9&�T�F
>, %$F7#�T�'6,  2��9UNV�-/.

����GÆGC, ������6��1������ - ������"����, �����

�!"���������C�����>(. +�, �!3�("�>8�, �%������?

��3�PQ01"#�$�, %���L3'��J��("�& �/���; #�F*���
��'16@�6�, -�!)*"#7!(E��, 7Æ3��7!���59��, �?>8�#�

������#��, %�!���� - �����>7, �#����"���������H5�.

���8�/APBCC: Q=I(�!�C68��� - ����"����, �!3�("�>8

�, $���!"I=$�������$�; Q?I(, WDQI& ��-0�>@E�1�1
����, $J��&%���� - ������������& ��2C; QAI(�����#��,

WD�!)*"#-/��, %1�%07%T 500 �!�E7#�I!X�!�FB�IBM � JPM �G,

#������#��; QHI(����%�.

3 1923

3.1 456:789;<
��-���K��� Eraker[1], Lee, Mykland[10], Aı̈t-sahalia ' [11], � Fulop, Li, Yu[4] �+$�B,

Y�G�K�!)*����C(��NJ�CC��� - ���!�2,
dLt = μtdt + σtdWt + xtdJt (1)

�Z, Lt )/�K��!, μt )/IK�. σtdWt �����4, xtdJt ��4, Wt )/ Winner ��, σt

���D���; xt )/Y��U3, ��-����� VG ���J��2�, Jt ��1��

�/!K, EL�6���3��C��M�. +$��3"��1���-26%, �? dJt N

�+�!+�C��"�& �L3. +�/!K, dJt )/D����1�, �RF�-/���

M="���!, �$:��� 4G����35+. L%��+$������C���,  �

�3����, �?52-B-���3�)/�& . ��S[��3��@�6�, ���

�1�+��& �0, ��*H�%G$��C������, 4��*\L�N6�, ]T���

VO�, ����1���6 Levy ���.�4?�=�, 7? Fulop ' [4], Li ' [13], 1E.' [6]. (1)

,.��6 Levy��, 4��+$)*����15+�����: �1� Æ�(N,  ������

�� σt, 4�1�������#�����, dJt ������1�. Variance Gamma (VG) ���

�:� Levy ����1�,, N�)/��' Gamma ���U:

xt = Γ̇t(C, M) − Γ̇t(C, G) (2)

?�, VG �X0��U(K� ⎧⎨
⎩

μJ =
C

M
− C

G
,

σJ =
C

M2
+

C

G2
.

 �, VG ����L3�$M�!(K)/�⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

v(dx) =

⎧⎪⎨
⎪⎩

C
exp(Gx)

|x| 1(x<0)dx,

C
exp(−Mx)

x
1(x>0)dx,

ϕx(u) = C log
GM

GM + (M − G)u − u2
.
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I,-�!�� - ������, %+$���� VG ����C����, ����^2R# 

�B;-�<���, .2# <��D6���6�. #�FN���2�1���-;J, )V
%("����01��!"��, 2�����J3PÆI(, )���!����9��IK4�.

3.2 4:>;<=
S19�WL6����, ?_#�F�!���#�9�%, %��;1�& /�. � zt )/��

�� dWt, ht ()QIM����1� dJt, OP�!)*�N�)/�

yt = ln St − ln St−1 = μt − ϕx (ht) − σ2
t

2
+ htxt + σtzt (3)

�Z, zt � 07Æ�(N, ������$M�!� ϕx (u) = log E[eux], ����4#�J3PÆ,

�4�������'�!�. !+�!)*����IK�NW@�
μt+1 = rt+1 + λJht+1 + λDσt+1 (4)

�,&)*�(@�=I(: 1)�Q%!+�& )*��-�0; 2)�Q%X�����& /�

�YZ; 3) �Q%�����& /�. �Z, λJ )/RF�& ����K, λD )/RF��& 

����K.

3.3 4:>?@?�@A>ABBCDEFC9D
�������3���&-�;@���+���, -�C,�Q*# ��!"����

��#�$��"��01. �9� !C, N������1� (9<�K����"��) �R6�

��: (
h2

t+1

σ2
t+1

)
=

(
α10

α20

)
+

[
β11 β12

β21 β22

](
h2

t

σ2
t

)
+

[
α11 α12

α21 α22

](
h2

t (xt − γJ)2

σ2
t (zt − γD)2

)
(5)

R� Vt ())*��G�U, OPEL��JH��U��JH��UI�. �Z, α10, α20 (K�

M����1��2C���`a4, 2 βij , i, j = 1, 2)XS� j �>@3�� i3��J3��. +

�, αij , i, j = 1, 2 XS� j �>@��� i 3����01, : i = j �, )/�K��, i �= j ��"��;

γJ , γD )(KL��������PQ�!, ��# FM������#�$�. ?��2RNKO
J��������!"�#�$��"��01, E^9Y�K��, T9Y�"��, �?I,$&
� “��!"���������� - ���"����” (cross-feedback jump-diffusion model with

self-exciting and clustering, 3�:J� CFJDEC). S1 αij , βij = 0, i �= j �Z�8�$�, CFJDEC ��

�2�/S�11�O���!"��, C�U+VWP(.

Eraker[1], Aı̈t-Sahalia ' [11] � Fulop, Li, Yu[4] '�, ����53�K!"�3�����, D

�JH��"�0�, %D3[��#�$��01, �?�����������45N\&��
���. 2 (5) ,G)/���Y$�������&5, D]57Æ������>?�������

�"�#�$��, 4$9:�bA�. ���%����������%!������3, �Z-
�I=$����$��(@������.

NA� Vt =
(
h2

t , σ
2
t

)′, %� Xt )/� - ���08��, Y Xt = (xt, zt)
′, OP (5) ,N�:J�C

CA�2,:

Vt+1 = C + βV t + αVt(Xt, Υ) (6)

A� C �4!, $� α XS�[4XQ���01. β XS�[4XQ��MJ�, Υ # ���01

�#�$�. �&��$�����$� A, B (K)/�CC2,:

A =

[
A11 A12

A21 A22

]
, B =

[
B11 B12

B21 B22

]
,

�Z B = β + A, �1O, A11, A22 ��K��, A12, A21 �@��. B11, B22 ��I��, B12, B21 ��"

���. S1�U���1��$c�, 1:4CC2C (7?^T A):

0 < 1 − B11 ≤ 1, 1 < 1 − B22 ≤ 1,

0 < (1 − B11) (1 − B22) − B12B21 < 1.
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CB�#%B+/ B11, A11 +,�% B22, A22, OPI,N������4$9��������

01�%�.

4 LEFGM1

�_�bA�5���"���� CFJDEC �d,[� & ����6_J�,  */S��� CFJ

DEC ��O;2, NY(<;1�U��!YN. L%��/��@�3����-26%�, I,E 
Christoffersen ' [3]�1E.' [6] �QI& ��-0J�\RNVR]�$J�<R�� !. RNVR �>

%QI�& ��'��6_, NS12C6�6%26%, �?�����#4H�. �#������

�&5, I,$�& ��L3C��K����, %�����#�QI'��L36_. S1+$, �0

9 0 < t < T �e�G�K������

St = St−1 exp
{

rt + λJht + λDσt − ϕx (ht) − σ2
t

2
+ htxt + σtzt

}
(7)

S1'�L3J�, �Z�'CC� Radon-NikodymJ!, Y Pt L3C���������2C'�
�L3 (EMMs) Qt C1:4 (��`)

ξxt,zt(ϑ1, ϑ2)|Ft−1 =
dQt

dPt
|Ft−1 =

e−ϑ1xt−ϑ2zt

E[e−ϑ1xt−ϑ2zt |Ft−1]
= e−ϑ1xt−ϑ2zt−ϕx(−ϑ1)−ϑ2

2
2 (8)

& �� Qt L3C, ϑ1, ϑ2 1:4
EQt [eyt |Ft−1] = E[eyt · ξxt,zt(ϑ1, ϑ2)|Ft−1] = ert .

ϑ1, ϑ2 �L3O_��, .$ Esscher �!, )/�'L3�Ua. 08���,, $

λJht + λDσt = ϕx(ht) + ϕx(−ϑ1) − ϕxt(ht − ϑ1) + ϑ2σt (9)

+�, ����������� x, z � Qt L3C�$M�!)1�
ϕQt

x (u) = log EQt [eux] = log E[eux · ξx,z(ϑ1, ϑ2)] = ϕx(u − ϑ1) − ϕx(−ϑ1),

ϕQt
z (u) = log EQt [euz ] = log E[euz · ξx,z(ϑ1, ϑ2)] = −ϑ2u +

u2

2

(10)

N?, �����& ��'��33"��FK2576 �U, 2#�����26)f�VO,

53(N"��FK, 2)23.?&$G76.  �RgP[,, I,N�@.�SP����NY�

���;%>@��. #�F, S1 (9)�(10) ,, ����& /�1:4

λD = ϑ2, λJ =
ϕx(ht) − ϕQt

x (ht)
ht

=
∞∑

n=1

(−ϑ1)n ϕ
(n)
x (0) − ϕ

(n)
x (ht)

ht · n!
(11)

�Z
ϕ(n)

x (u) =
d(n)ϕx(u)

du(n)
.

a+�, �����;2C, ϑ1 ��& �������T���L3,  2$��#T��'��
6_. %�, :4& ���L3��G�K� 

S∗
t = S∗

t−1 exp
{

rt − ϕx∗ (ht) − σ2
t

2
+ htx

∗
t + σtz

∗
t

}
(12)

+�'���SVJ�. &��%B(< (5) ,, $(
h2

t+1

σ2
t+1

)
=

(
α10

α20

)
+

[
β11 β12

β21 β22

](
h2

t

σ2
t

)
+

[
α11ϕ

′′
x(−ϑ1) α12

α21ϕ
′′
x(−ϑ1) α22

]⎛⎜⎝ h2
t

(
x∗

t − γJ−ϕ′
x(−ϑ1)√

ϕ′′
x (−ϑ1)

)2

σ2
t (z∗t − (γD + ϑ2 ))2

⎞
⎟⎠ .

��(")(, ������, N�[7�� ϑ1 �0, YN���1O9�& ��2CC��6��
(N,%#���, 2������<R����,�#NQ���,�<R�� ��'&��L3,��
/�����<R�����/���>8.  �, VG ������'���h"bhJ� ϕ′

x(−ϑ1),

ϕ′′
x(−ϑ1) � (7?^T B):

ϕ′
x(−ϑ1) =

C

M + ϑ1
− C

G − ϑ1
, ϕ′′

x(−ϑ1) =
C

(M + ϑ1)2
+

C

(G − ϑ1)2
.
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�#;#��������, D$45�1f��V�& ����6_��, $� “>@E�1�

�”, 7?1E.' [16]�Barone ' [17]. �1���`\U]Y: �>@L3C>%#7!����>@E

, +$ �V�������^�56, %� #�& PÆ,  2�1& ��2CC�&M��. & 

��2CC�&M�� !0W:'%>@L3C�&M\X;1�& /�. �?,  �W_>@E�

& /��(, ^L3C�����@PÆ�& ��&M. �1��9UA,�@�1�, 8��, L%#

;#��4$#T��'��L3,I,N�&>@E�1��&���G$J�& ��������
d, Y

√
ϕ′′

x(−ϑ1) = 1, ?���^�56, $(
h2

t+1

σ2
t+1

)
=

(
α10

α20

)
+

[
β11 β12

β21 β22

](
h2

t

σ2
t

)
+

[
α11 α12

α21 α22

](
h2

t (x∗
t − (γJ − ϕ′

x(−ϑ1)))
2

σ2
t (z∗t − (γD + ϑ2 ))2

)
.

I,"�, ����7!�6�%F>�^��H. �1>@E�1��5-B�=i+$*� “>

@��R”. C�_I,& ��#���<f�15+& ������� CFJDEC ����0B�3

S�.

5 HI-.

5.1 JKLM
�__`.A����4()��E7#�I!X�! (DJX)�07%T 500�! (SPX) �����,

9< 1996 # 1 a 1 Y( 2015 # 8 a 31 Yc/ 4949 '�,Y�)*��07%�Z,��. I,53

����!#�*"#(", D�7` CFJDEC �������)�.  �, ��!1��/�Q7?) 1.

GX07%��,��R��KbK'%c��K�!�Z,��. !��������,5�C���,

G9Y�FM5�+,. :�, ����[$C?P9�07%���, �,G���V-/����FM

"NY���!, �!���#��U�,  2F��W: F = K �d107%��. ����� SPX

� DJX �!���.9< 10 '5+����:, I,_\� 30 Y���60 Y���" 91 Y���5C

S 1 SPX N DJX TO�PUQVRSTU
�		 a�Yj

ed�a�be�c ]d�a�b��c ^d�a�bd�c

Price IV Price IV Price IV

SPX kW		 4890 4890 4890 4890 4890 4890

lX 25.8526 0.1890 37.2549 0.1921 46.3953 0.1940

�e 75.4851 0.0058 131.7807 0.0050 187.0278 0.0044

_f 0.7374 1.9533 0.3462 1.7325 0.1201 1.5722

gf 4.4488 9.7270 3.4094 8.2322 2.9584 7.2006

SPX kf		 4890 4890 4890 4890 4890 4890

lX 25.9274 0.1898 37.3752 0.1930 46.5752 0.1950

�e 76.5354 0.0060 135.1403 0.0052 192.7024 0.0047

_f 0.7628 1.9882 0.3987 1.7881 0.1911 1.6530

gf 4.4814 9.9130 3.4806 8.5367 3.0616 7.6539

DJX kW		 4488 4488 4488 4488 4488 4488

lX 2.2843 0.1842 3.3070 0.1883 4.1221 0.1905

�e 0.4859 0.0059 0.7824 0.0050 1.0548 0.0045

_f 1.3142 1.7426 0.9525 1.5387 0.7175 1.3975

gf 7.0676 8.3139 5.6251 7.0883 4.7679 6.2668

DJX kf		 4488 4488 4488 4488 4488 4488

lX 2.3037 0.1860 3.3273 0.1897 4.1504 0.1921

�e 0.4940 0.0061 0.8059 0.0052 1.0932 0.0047

_f 1.2713 1.7204 0.9495 1.5301 0.7538 1.3991

gf 6.7533 8.0932 5.4473 6.9538 4.7120 6.2124

Y: 1996 � 1 � 1 `Z 2015 � 8 � 31 `��[haZ��if��jkglghb�h.
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�=���#�����#��, (K()m���B���. ��8��7`���KL�����
�, �?��!("�8. ?5, I,D]5_`�=15+����G ((K� IBM, FB� JP Morgan)

+�Yi, (K()���IT �"���I'�, ��-#�!("G���%��ZH�%�#�G. �
#'���!�07%Z,����-m3.�� 1996 # 1 a 1 Y3( 2015 # 8 a 31 Y\.

5.2 ]J^V
L%#i���9Y163�6�, �_-�*"#(E�������#�-/.4��%8�MCMC

�n�Eo[,7Æ���7!�3�6��59��,N���7!�6��08-/, 2S1WL6

����!)O9&\p, ���%B9U3S [4,6].

7!(E�>�^�CC: � yt, xt (K)/ t �e�WL6��3�6�, N Θ �3�q-���7
!, U&WL6��!cI� y1:T = {y1, · · · , yT }, 3�6�!c x0:T = {x0, · · · , xT }. S1*"#�), t �

e3��3-d3$CCÆ<dJ�,

p (Θ, x0:t |y1:t ) ∝ pθ (x0:t |y1:t, Θ) p (Θ |y1:t ) (13)

 �, n�E/]3��3-d3 pθ (x0:t |y1:t, Θ). p (Θ |y1:t ) )Æ<%7!�j-d3 p (Θ)�B�n!

p (y1:t |Θ) �jo. CB��n�^_, )D< MCMC ��, N Θ∗ ∼ N(Θ̂, Σ̂),  B���

α (Θ∗) = 1 ∧ p (Θ∗) p (y1:t |Θ∗ )N(Θ; Θ∗, Σ̂)
p (Θ) p (y1:t |Θ) N(Θ∗; Θ, Σ̂)

(14)

7!�X0��U�(K�:

Θ̂ =
M∑

m=1

Θ(m)ω̄(Θ(m)), Σ̂ =
M∑

m=1

(Θ(m) − Θ̂)ω̄(Θ(m))(Θ(m) − Θ̂)′ (15)

;<�$��, ����� CFJDEC  !7Æ�� - �����&-��"��. ���� - ���

��&N������K����,?3("�������. CFJDEC)S<��#�O;2��
�!"��,  �$:

• HFJDEC (half-feedback JDEC): β12, β21, α12 = 0, �� Fulop 'e [4] ��� SE-M �B, 4��9Y

�����������!"�������01, k[$&<���������"�

�, �?:$ “!����”.

• IFJDEC (interact-feedback JDEC): β12, β21 = 0, `�0%� - ��;@����, k[$&<>@�

��>@��&-��"��, �?, :$ � “@����” ��.

• CFJDEC (cross-feedback JDEC): βij , αij �= 0, 4��Q*7Æ�>@���>@��&-��"
���@��01, �?:$� “�"����” ��.

@����"�"�����fK�%, �"�����9Y�����"�M��4, 9a'>@
�����1�.�;@+���, ��;@I=���.

CFJDEC, IFJDEC� HFJDEC ='���DJX � SPX �!�7!-/%B�������01��
%�07?) 2�) 3, 2�!�& ��6_)c�) 3 � (APL, IBM � JPM �G;1*"#("�%

Bc%^T C �. _��U3�bÆO5+,  *%���!("%B>�^��H.).

5.3 WX_Y
�_(K-/� CFJDEC (�"��), HFJDEC (!��), IFJDEC (@��) =���. HFJDEC �

�� Fulop ' [4] �B, 0%!��. ;< HFJDEC, IFJDEC #�F7Æ�����@��, CFJDEC

)�45�'���9�&%. *"#�*, I,cj �n�E�������lÆ2C, %+�j-
FM#�m<.  �, 7!m< 800 I, 3�m< 400 I, �<�� 320000 In�. I,/]�Q i '��

Mi �*"#�� (\�!),

LBFi = log p (y1:T |Mi ) , i = 1, 2, 3.

=����*"#�%�0"7!-/%B7?) 2 �) 3.  �, h, σ �!X��1�"���

�. μJ , σJ �g��U3�X0"07U, B �����0, A ���01�%�0. LBF )/*"#�
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�, VJ , VD, VJ% (K��b�6U���b�6U��6U`<, RJ , RD, RJ% (K��& /���

�& /��"�& /�`<. ��)KhdO+/��'���!.4$��!"������
��#�$��01, )������.�$+,�#�$���. �#��%B)(, OA���

���`18JOF, %&JH9����6%.  ) 2 �r, ����������01�PQ�!

�"& ����K.;%�����1�0 ((K� B11 > B22, A11 > A22, γJ > γD, λJ > λD). )K%

BD+/, ���#�$����������*, )��*�#�$����%���*���

��. +��& ����K, Y����& �YZ.�cc;%��& �. �& /�`G�
/�n(<o��! (RJ%), �P(���������5A\&.

 SPX " DJX �!-/%B�r, ������+,�����#�$��01, )��& 

/�;%���& /�, ��si��-.��(+��UO���, �������B, 4$+

,��!"��, ��&3��p������K+q.  APL, IBM " JPM ='�G�r, ()��

�I'�+<��������O�PQ01�"#�$����, �& /�`<.o���!, �
#��!���%B;e8. ��!)�5+��, I,�-/%B+/, '���U3NÆNO. �K�

FBrf�G�K�U3jC�Æ, ��FBrfIs��;���k$J.

I,U&����1�%0% 500 �!�<�5����. ��%B7?) 4 �) 5. �% RNVR �

�2k, �& /�%B, +� ϑ1, ϑ2 �g(6�#�& ��O_. ?�, VG 7!�PQ�!6_�

⎧⎪⎨
⎪⎩

C∗ = C, M∗ = M + ϑ1, G
∗ = G − ϑ1

γ∗
J =

γJ − ϕ′
x(−ϑ1)√

ϕ′′
x(−ϑ1)

, γ∗
D = γD + ϑ2

(16)

S 2 Z - [\]^Va_TNb`ab
�l 500 c	 pmh�lc	

CFJDEC HFJDEC IFJDEC CFJDEC HFJDEC IFJDEC

h 0.0059 0.0037 0.0047 0.0040 0.0017 0.0038

σ 0.0072 0.0039 0.0051 0.0045 0.0042 0.0055

B11 0.7040 0.9650 0.9376 0.6652 0.9468 0.8406

B12 0.2375 0 0.1748 0.2388 0 0.1275

B21 0.4259 0.0346 0.0689 0.4000 0.3159 0.3182

B22 0.6091 0.7363 0.6542 0.6481 0.6900 0.6625

Ball 0.9855 0.9908 0.9905 0.9777 0.9835 0.9867

A11 0.3289 0.5204 0.5275 0.2945 0.5196 0.4598

A12 0.0567 0 0.1748 0.0713 0 0.1275

A21 0.2514 0.0346 0.0689 0.2316 0.3159 0.3182

A22 0.2444 0.3895 0.3124 0.2780 0.2869 0.2543

μJ −0.0698 −0.1401 −0.1378 −0.0425 −0.1437 −0.1480

σJ 0.7057 0.2161 0.2528 0.8008 1.0157 0.8813

LBF 5.1812E+03 5.1881E+03 5.1932E+03 3.4955E+03 3.4817E+03 3.4914E+03

λJ 0.0548 0.1242 0.1199 0.0555 0.0961 0.1012

λD 0.0456 0.0862 0.0887 0.0339 0.0645 0.0684

VJ 0.0108 0.0199 0.0189 0.0068 0.0072 0.0094

VD 0.0115 0.0075 0.0087 0.0076 0.0076 0.0095

VJ% 0.4845 0.7254 0.6854 0.4742 0.4857 0.4976

RJ 5.9258E−04 0.0025 0.0023 3.7915E−04 6.9125E−04 9.5334E−04

RD 5.2419E−04 6.4870E−04 7.7081E−04 2.5675E−04 4.9109E−04 6.5053E−04

RJ% 0.5306 0.7919 0.7464 0.5962 0.5846 0.5944
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RNVR ��)���>8�, -�s�yt�1��, �& ���K#��1, ��) 4 �����

pU. �%>@E�1 (FHS) ��2k, :4�,r,��1;2, Y

ϑ1 = ϑ2 = 0, ϕ′
x(−ϑ1) = 0, ϕ′′

x(−ϑ1) = 1.

)�c��������K�������K&-���qrn!.  �, AAE�z�!XpU, ARPE
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6 pq
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��� - ������, ������ - ������"����, �����4$�!"�����
��, %>% DJX � SPX �!������1��C�������, %8=15+����G(", 8
�$�C%�:

1) 07%T 500 �!"E7#�I!X�!��1��"����.4$(+����6��.
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2
t + β12σ

2
t + α11h

2
t E[(xt − γJ )2] + α12σ

2
t E[(zt − γD)2]

= α10 + β11h
2
t + β12σ

2
t + α11h

2
t E[x2

t − 2xtγJ + γ2
J ] + α12σ

2
t E[z2

t − 2ztγD + γ2
D]

= α10 +
(
β11 + α11E[x2

t − 2xtγJ + γ2
J ]
)
h2

t +
(
β12 + α12E[z2

t − 2ztγD + γ2
D]
)
σ2

t

= α10 +
(
β11 + α11(E[x2

t ] − 2γJE[xt] + γ2
J)
)
h2

t +
(
β12 + α12(E[z2

t ] − 2γJE[xt] + γ2
D)
)
σ2

t

= α10 + [β11 + α11(E[xt]2 + var[xt] − 2γJE[xt] + γ2
J)]h2

t + [β12 + α12(var[zt] + γ2
D)]σ2

t

= α10 + [β11 + α11(μ2
J − 2γJμJ + γ2

J + σ2
J )]h2

t + [β12 + α12(σ2
D + γ2

D)]σ2
t

= α10 + {β11 + α11[(μJ − γJ)2 + σ2
J ]}h2

t + [β12 + α12(σ2
D + γ2

D)]σ2
t

= α10 + B11h
2
t + B12σ

2
t

(19)

�Z, {
B11 = β11 + A11, A11 = α11[(μJ − γJ)2 + σ2

J ]
B12 = β12 + A12, A12 = α12(σ2

D + γ2
D)

(20)

 �, μJ � σ2
J )/��� xt �X0��U σ2

D )/���� zt ��U. +�, ����� σ2
t+1 �2

C�b&3, $
E[σ2

t+1|σ2
t ] = A20 + B21h

2
t + B22σ

2
t

B21 = β21 + A21, A21 = α21[(μJ − γJ )2 + σ2
J ]

B22 = β22 + A22, A22 = α22(σ2
D + γ2

D)

(21)

�#�F�@�2C�b, %��7!��c������2C, cj08��1�������

2C�b)1,, $:

E∞[h2
t+1|h2

t ] = α10 + B11h
2
t + B12σ

2
t = h2

t , E∞[σ2
t+1|σ2

t ] = α20 + B21h
2
t + B22σ

2
t = σ2

t (22)
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08� - �������2C�b, $:

h2 =
A10 (1 − B22) + A20B12

(1 − B11) (1 − B22) − B12B21

σ2 =
A20 (1 − B11) + A10B21

(1 − B11) (1 − B22) − B12B21

(23)

A ���$�, B ����$�, A11, A22 (K������ “���”, A12, A21 (K�����

� “@��”. K'3�A�G������� Ball N�)/�:

Ball = 1 − [(1 − B11) (1 − B22) − B12B21] = B11 + B22 − B11B22 + B12B21 (24)

�:4�U���1��5�O"$c�, %8 (22)�(23)�(24) ',, ���014:4CC2C:

0 < 1 − B11 ≤ 1, 1 < 1 − B22 ≤ 1,

0 < (1 − B11) (1 − B22) − B12B21 ≤ 1
(25)

wv B VG 4:x>;|}�~
S1 (11) ,, Lévy ��&M ΔXt � Qt L3C�$M�!)1�

ϕQt

ΔXt
(u) = log EQt [euΔXt ] = log E[euΔXt · ξΔXt(θt)] = ϕΔXt(u − θt) − ϕΔXt(−θt) (26)

ΔXt � Qt L3C�2C�b�2C�U(K�

EQt [ΔXt|Ft−1] =
dϕQt

ΔXt
(u)

du

∣∣∣∣
u=0

= ϕ′
ΔXt

(−θt),

varQt [ΔXt|Ft−1] =
d2ϕQt

ΔXt
(u)

du2

∣∣∣∣
u=0

= ϕ′′
ΔXt

(−θt)

(27)

S1��(", L36_3�2C3�6� x∗
t N�)1�C,, )$

x∗
t =

√
varQt [xtΔXt|Ft−1] = xt

√
ϕ′′

ΔXt
(−θt) (28)

� VG �d, S1 ΔXt �$M�!)1�
ϕx(u) = C[log GM − log(G + u) − log(M − u)],

OP

ϕQt

ΔXt
(u) =EQt [euΔXt |C, G, M ] = ϕΔXt(u − θ) − ϕΔXt(−θ)

=C[log GM − log(G + u − θ) − log(M − u + θ)]

− C[log GM − log(G − θ) − log(M + θ)]

=C[log(G − θ)(M + θ) − log(G − θ + u) − log(M + θ − u)]

=C[log G∗M∗ − log(G∗ + u) − log(M∗ − u)].

 �, M∗ = M + θ, G∗ = G − θ. +� ϕ′
ΔXt

(u) = C
M−u − C

G+u , ϕ′′
ΔXt

(u) = C
(M−u)2 + C

(G+u)2 .

wv C {|x456}__Yy
S 6 ~ST�mo�ml

B11 B12 B21 B22 Ball A11 A12 A21 A22

APL 0.5954 0.2146 0.3622 0.5058 0.8777 0.2293 0.0353 0.1867 0.1481

IBM 0.5909 0.2063 0.3709 0.5107 0.8763 0.2424 0.0265 0.1901 0.1480

JPM 0.6561 0.2142 0.4281 0.5540 0.9383 0.2850 0.0349 0.2491 0.1885

h σ μJ σJ γJ γD λJ λD

APL 0.0071 0.0077 5.2800E−04 0.8518 1.2774 1.0325 0.0512 0.0364

IBM 0.0059 0.0063 −0.1195 0.7678 1.2532 1.1014 0.0423 0.0253

JPM 0.0116 0.0145 −5.2235E−04 0.7922 1.4825 1.1389 0.0442 0.0272

VJ VD VJ% RJ RD RJ% LBF

APL 0.0112 0.0109 0.5048 5.7110E−04 3.9792E−04 0.5894 1.6944E+03

IBM 0.0093 0.0090 0.5069 3.9246E−04 2.2817E−04 0.6324 1.8442E+03

JPM 0.0198 0.0216 0.4772 8.7204E−04 5.8806E−04 0.5972 643.1715
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