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Abstract The paper first builds the dynamic models of option implied volatility surface by using the

“two-step” method, and then exploits the predictability of TXO implied volatility surface. The results

show that the predictability of TXO implied volatility is both statistically and economically significant.

Incorporating of net buying pressure index into forecasting process leads to enhancement of out-of-sample

predictability of the models. Moreover, trading strategies based on the predicted results of implied volatility

surface could generate positive abnormal profits even when moderate transaction costs are considered.
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����(��$�MF.  !#, L7Æ.B. [25] �(�54"���

�
VRJQK�*)��,

&1�+����545���	, *),!#�M8 (MS) ���VRJQK$M8���	����
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OIJ:��16Æ��.-�166I/
, ��16+V!��. 9� Goncalves Æ Guidolin[3] �>,

“;$0”��W���>�W)A(�3;�MF-P�����S	����2.	��SA��	�,

Æ�� /�����
WX��>#��2.	�. ��JB�;$(Q\S.	$C.
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2.1.1 D*E: +,FG-./H01/()
�
 “;$0” �$C, @B$7�� �(�N,8Y��'	������. (Q$], $(�N�

	�����
JBÆ���0� Æ	����S'I�8Y��'��. �
RT�I, S
,:	�

�������0� Æ	����)K��
, G,:�����	�:

ln σi(Mi, τi) = β1 + β2Mi + β3M
2
i + β4τi + β5(Mi × τi) + εi (1)

Æ�, Mi = ln(Ki/Srτi)/
√

τi ��1��N1���0� ; σi(Mi, τi) �E$�
���� Ki Æ	���

� τi ���YX� BSM 	����, i = 1, 2, · · · , N, N �(�N���YX7�'�2 .

'�
%6<, 	� (1) �"#��: β1 �5���	������, �6
$�	�����T50;

β2 �6	�������0� M �L�; β3 �6	������ M �� ; β4 �6	�������

� τ �L�; β5 �6
 M Æ�� τ $	�������,^MF. X��� τ , ��M�	������

M �)K(@
�
, ��
�, !)K(@
�� M �L��
�. X� M �0, 	��������

� τ ��KI�.

"#, $�5#�:���	�	����UVS���8Y, &��/0�5)(=0��, �7/
�,-L
=0���,!%+UN
#, ����/9	�, �:���	�	=�+B�Æ,�!, �

5� PCP (put-call-parity) 5����!, -�M8ÆMS���	������. �18���	���

	�
W1�, M8ÆMS���	�����M+( (�_�
6>N6). -��F��)(=0M8Æ
=0MS��, <@O�5��PX&
5`�!". "#,:��	$M8��ÆMS���,!OaM
', ��,:
�M8ÆMS��	������65.	Æ� �Y�.

2.1.2 DIE: +,FG-./HG2()
�[��.. β �����.-	��)A	����������, ��,:Z���.-	�, 6

5� VAR	�,Q���(� VAR	� (RVAR	�), Straw Man	�.Æ� RVAR	��"�"& VAR

	��,R@����� 0, �b9S1�����, '�b9����16U��� YM. �A���

� VAR 	�� AR 	��
%(��3
P, 
�
P���A<�TU
Y' β ��
��,R��
�. Straw Man 	�<Y� Dumas[1] ($
��������, !	�R
)(;$0.	, !�< β ��

Z'�&��'ZJ, �
 Straw Man 	����<��Z'	��<9.

�#, ��,:VRJQK$����S	�������MF, RLVRJQK"��"$	���
����� (����%(? �/�>, �	JH,!
��[��������-P
�, �����
	���	,!��H��*). �
 Bollen Æ Whaley[24] ���, ��VRJQK&1��=�Æ*)

�:;A'($	�����*MF. -�S
�� 1��Z��6�	,!*)�VRJQK"�, �

��9+	������� �. (Q�, S
�.. β ��� VAR Æ RVAR 	��, �VRJQK"�
���.�@�� VAR Æ RVAR 	��#*��, ��2� VAR+NBP 	��4 RVAR+NBP 	�. $

�VRJQK"��.?, Bollen Æ Whaley[24] <B%$15���	..
VRJQK"�, ?
�#�

VRJQK"�����/�\2	#�S�',! $S������J�bH��H�,
��5��

�,!�GÆ)( Delta /
Z�.  !#, L7Æ.B. [25] $ Bollen Æ Whaley[24] �"�../0/

[/, ,:�5U,!#Q(Æ?-P�MF�8*
�5�%��6*), ?
�..VRJQK"�
�ZL
���5U,!��
��9;IU,!��
��"�..-#. �VS
)( !#, L7Æ
.B. [25] �../0, '4"��+]�,V�
�9;
( ���IU/(�Æ��IU/Æ�, Æ

�
���YX�,!�GÆR
)( delta /
Z�, 
�(��IU/(�bH��IU/Æ�2�(
 �VRJQK"� (NBP) .-. �(�S
�( �VRJQK"�L�( �,!�����	��
�W6%VRJQK"� (R
c� NBP).

� 1 =2
��,:���	���������	�:

2. Æ[[W��, AI�\\^�XC�\]�YKde�f]^L R2 g��Xh]Z RMSE g^��M�\_�. <D
^D�����_iDYAI�KK_, _ZNDY\\^XC^`L` 4 �`a, OP\]@ (1) ^�<Ca^, ab`Æ
D_Z[DC[�Q�?gj��Lk.
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Q 1 34RS567S89:;<
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VAR

(I) β̂t = μ +
∑p

j=1 Φjβ̂t−j + ut

(II) β̂c
t = μ +

∑p
j=1 Φc

jβ̂
c
t−j + ut

(III) β̂p
t = μ +

∑p
j=1 Φp

j β̂p
t−j + ut

VAR NBP

(IV) β̂t = μ +
∑p

j=1 Φjβ̂t−j + ΦNBPt−1 + ut

(V) β̂c
t = μ +

∑p
j=1 Φc

jβ̂
c
t−j + ΦNBP c

t−1 + ut

(VI) β̂p
t = μ +

∑p
j=1 Φp

j β̂p
t−j + φNBP p

t−1 + ut

RVAR

(VII) β̂t = μ +
∑p

j=1 Φjβ̂t−j + ut, d� Φj EClmT
(VIII) β̂c

t = μ +
∑p

j=1 Φc
jβ̂

c
t−j + ut, d� Φc

j EClmT
(IX) β̂p

t = μ +
∑p

j=1 Φp
j β̂p

t−j + ut, d� Φp
j EClmT

RVAR NBP

(X) β̂t = μ +
∑p

j=1 Φjβ̂t−j + φNBPt−1 + ut, d� Φj EClmT
(XI) β̂c

t = μ +
∑p

j=1 Φc
jβ̂

c
t−j + φNBP c

t−1 + ut, d� Φc
j EClmT

(XII) β̂p
t = μ +

∑p
j=1 Φp

j β̂p
t−j + φNBP p

t−1 + ut, d� Φp
j EClmT

Straw Man

(XIII) β̂t = β̂t−1 + ut

(XIV) β̂c
t = β̂c

t−1 + ut

(XV) β̂p
t = β̂p

t−1 + ut

� 1 � ut ∼ i.i.d.N(0, Ω), (I), (II), (III) 
65�
,:VRJQKMF�$3Y Call Æ Put, 5$
Call,�45$ PutZ�7�Y��� VAR	�; (IV), (V), (VI)
� NBP t−1(NBP c

t−1, NBP p
t−1)�E.

������W6%VRJQK"� (M8��W6%VRJQK"�, MS��W6%VRJQK"�).

S
�.����W6%VRJQK"���#*��Z� VAR 	��.. VAR NBP 	�, 
�$%Z

�VRJQK"�Æ
ZVRJQK"�$	�������7�#� %F,$RLVRJQK$	��

������ %K. �3�, (VII), (VIII), (IX) 
�
,:VRJQKMF�$3Y Call Æ Put, 5$
Call, �45$ Put ZAY��..�Q���(� VAR 	� (RVAR), (X), (XI), (XII) 
65�,:V

RJQKMF��$3Y Call Æ Put, 5$ Call, �45$ Put ZAY��..�Q���(� VAR 	�

(RVAR NBP); (XIII), (XIV), (XV) 
65�$JN Call Æ Put, 5$ Call, �45$ Put ZAY��..
� “Straw Man” 	�.

�#, U(
�,+��	,!��*)��3a, �*)]\n�,!
�%�Q�, � Le � [23] 	

+�
,!�$�� S&P 500��	����(�be�(.�'�
�!"�, �� 1��,:
,
!�
��"$VRJQK�� %K�MF? -��V/�$�-#	�<��H�,!�� VAR Æ

RVAR 	� (VVAR Æ RVVAR 	�), 
��-#	�
%Z�VRJQK"�, �,:,!��Y��,

RLVRJQK$	����� �%F. � 2 -�
(Q�	��
, Æ� Vt−1(V c
t−1, V

p
t−1) �.���

�=,!� (M8��,!�, MS��,!�), Æ��bo�� 1 ��3.

Q 2 V4=>?W34RS567S89:;<
AI J� AI\c

VVAR

(I) β̂t = μ +
∑p

j=1 Φj β̂t−j + ϕVt−1 + ut

(II) β̂c
t = μ +

∑p
j=1 Φc

jβ̂
c
t−j + ϕV c

t−1 + ut

(III) β̂p
t = μ +

∑p
j=1 Φp

j β̂p
t−j + ϕV p

t−1 + ut

VVAR NBP

(IV) β̂t = μ +
∑p

j=1 Φj β̂t−j + ϕVt−1 + φNBPt−1 + ut

(V) β̂c
t = μ +

∑p
j=1 Φc

jβ̂
c
t−j + ϕV c

t−1 + φNBP c
t−1 + ut

(VI) β̂p
t = μ +

∑p
j=1 Φp

j β̂p
t−j + ϕV p

t−1 + φNBP p
t−1 + ut

RVVAR

(VII) β̂t = μ +
∑p

j=1 Φj β̂t−j + ϕVt−1 + ut, d� Φj EClmT
(VIII) β̂c

t = μ +
∑p

j=1 Φc
jβ̂

c
t−j + ϕV c

t−1 + ut, d� Φc
j EClmT

(IX) β̂p
t = μ +

∑p
j=1 Φp

j β̂p
t−j + ϕV p

t−1 + ut, d� Φp
j EClmT

RVVAR NBP

(X) β̂t = μ +
∑p

j=1 Φj β̂t−j + ϕVt−1 + φNBPt−1 + ut, d� Φj EClmT
(XI) β̂c

t = μ +
∑p

j=1 Φc
jβ̂

c
t−j + ϕV c

t−1 + φNBP c
t−1 + ut, d� Φc

j EClmT
(XII) β̂p

t = μ +
∑p

j=1 Φp
j β̂p

t−j + ϕV p
t−1 + φNBP p

t−1 + ut, d� Φp
j EClmT

3. _ZCfcX�YCde`[�]fcp^gga!
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2.2 @ZA'@BCD[\]
�
%+
�	��� %F, S
6b7�# R2 �6�:

R2
OS = 1 −

∑T−h
j=1

∑
m

∑
τ (σj+h(m, τ) − σ̂1

j+h(m, τ))2∑T−h
j=1

∑
m

∑
τ (σj+h(m, τ) − σ̂2

j+h(m, τ))2
(2)

%� (2) 
� σj+h(m, τ) �^��	����, σ̂1
j+h(m, τ) ��	� 1 � �	����, σ̂2

j+h(m, τ)

��	� 2 � �	����, h �� $7. ( R2
OS > 0, <;�	� 1 �� %F �	� 2 �� %

F, �
<;�	� 2 �� %F �	� 1 �� %F. �����&�
�	�RL�(
 NBP *)

�
�( NBP *)�	�
��� M'�, ��;�	�
�O�h=��, -��
RL R2
OS ��$

�, �#�1 MSPE (mean squared prediction error) N1��6� ft:
ft+h =

∑
m

∑
τ

(σj+h(m, τ) − σ̂1
j+h(m, τ))

2−
[∑

m

∑
τ

(σj+h(m, τ) − σ̂2
j+h(m, τ))

2 −
∑
m

∑
τ

(σ̂1
j+h(m, τ) − σ̂2

j+h(m, τ))
2

] (3)

%
��<	� 1 h=�	� 2
�, � ft+h $��/E;, (���$$ R2
OS > 0, <;�	� 1�

� %F�$ �	� 2; �
, (���$$ R2
OS < 0, <;�	� 2 �� %F�$ �	� 1.

2.3 EFGHI'@BCD[\]
�[S
>
	�� 2F..,!89,�RL!,!89�"�2	#Q$��
N1��9=?

:. (Q�, (�</�) (* t N) � * t + h N�M8 (MS) 	����%<N�	�����, <J

�!	����$��M8 (MS) ��YX, ��H� (J�) delta (^$0) h��8"�/
 delta $\

�T+2	_Y5#����MF4 . ��, (� * t + h N�M8 (MS) 	����%<N�	���

�c, <H�!	����$��M8 (MS) ��YX, ��J� (H�) delta(^$0) h��8"�/

delta $\. �V$\%� delta �
 BSM ����

6b, 

�����)(	�� �	����.

$�,!�YX��, ,:;A,!i<: *�A,!i< (trading rule 1)�(N5,!�
� 2F
��*<���?:�YX$.. delta��_Y,�$3��� $7�����;*)A,!i< (trad-

ing rule 2) �9P���
� 2F��*?:��_-��YX, .. delta ��_Y, 	�_Y�3�
���� $7��.

�
%>�,!89Æi<, S
	8(NX�2	 10000014_. ` Pt �* t N 1 &d2	_Y�
�0, G:

Pt =
∑

i∈ΠCall
+

(Calli,t−StΔC
i,t)+

∑
i∈ΠP ut

+

(Puti,t +StΔP
i,t)−

∑
i∈ΠCall

−

(Calli,t−StΔC
i,t)−

∑
i∈ΠP ut

−

(Puti,t+StΔP
i,t) (4)

Æ� ΠCall
+ (ΠCall− ) "�*J� (H�) *o�M8��YX, ΠPut

+ (ΠPut− ) �"#��; Calli,t(Puti,t) �M8
(MS) ����; St ���"���; ΔC

i,t(Δ
P
i,t) �M8 (MS) ��� delta �^$0. JB(N 1000001

4_�2	==, ( �2	_Y�=e`�: Qt = 100000/|Pt|. �3��a, 6 Pt > 0 Æ Pt < 0 ;AY
b, =2	?:�:

< Pt > 0 �:

Vt+h =Qt

⎡
⎣ ∑

i∈ΠCall
+

(Calli,t+h − Calli,t) +
∑

i∈ΠP ut
+

(Puti,t+h − Puti,t)

⎤
⎦+

Qt

⎡
⎣ ∑

i∈ΠCall
−

(Calli,t − Calli,t+h) +
∑

i∈ΠP ut
−

(Puti,t − Puti,t+h)

⎤
⎦−

Qt(St+h − St)

⎡
⎣ ∑

i∈ΠCall
+

ΔC
i,t +

∑
i∈ΠP ut

−

ΔP
i,t −

∑
i∈ΠCall

−

ΔC
i,t −

∑
i∈ΠP ut

+

ΔP
i,t

⎤
⎦

(5)

4. Æc_ZAX�qdad;Ffr`C, f��gb#;F�rhe�Cc delta ��, f`�rqdEeij��d��
qd, Æ#jGh�ah�AADÆei, iDF�rheCc#�f�Z��, kC�Z����Af[@g����lj.
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< Pt < 0 �:

Vt+h =Qt

⎡
⎣ ∑

i∈ΠCall
+

(Calli,t+h − Calli,t) +
∑

i∈ΠP ut
+

(Puti,t+h − Puti,t)

⎤
⎦ +

Qt

⎡
⎣ ∑

i∈ΠCall
−

(Calli,t − Calli,t+h) +
∑

i∈ΠP ut
−

(Puti,t − Puti,t+h)

⎤
⎦−

Qt(St+h − St)

⎡
⎣ ∑

i∈ΠCall
+

ΔC
i,t +

∑
i∈ΠPut

−

ΔP
i,t −

∑
i∈ΠCall

−

ΔC
i,t −

∑
i∈ΠPut

+

ΔP
i,t

⎤
⎦ + 200000 ∗ exp(rf/365)

(6)

-�=2	?:�� Vt+h/100000, <�656b
�2	_Y89� Sharpe ratio Æ Leland’s alpha

$=���
N1�2	?:. Leland’s alpha ,:
2	_Y?:���9��, �O , m �+st�

MF�,:� . 9� Leland’s alpha ��(�9�9=?:�. Æ6b

65�:

sharpe ratio =
E(rP − rf )√
var(rP − rf )

(7)

Lelands alpha = E(rP ) − βP [E(rm − rf )] − rf (8)

Æ� rP �2	_Y�?:�; rm��	?:�,�V("�?:�$H3�	?:�; βP = cov(rP ,−(1+rm)−γ)

cov(rm,−(1+rm)−γ)

�6����
, γ = ln(E(1+rm))−ln(1+rf )
var(ln(1+rm)) ��$�
gn��.

3 JKLM

��9(�545�8,!�%�,!��545Z�-�"�9P� (����4"��) ���+

��$
. 4"����545)'�	%,!<�UN���, ��'�,UN, �: ++����

A. 4"����
��, YX��hh�<h2�g; 3 'hhZ% 3 h, 6 h, 9 h, 12 h�� 2 '&;

�uh, o6 5 '�����YX��	,!. YX�� �Æ���h�* 3 'i�Z.

����+6<�(��
HR�545Z�-�"�Æ4"��� ?h���
,4"��bF�
,�
�4�545I�
��O��, 7��� 2007 F 1 h 2  � 2012 F 11 h 30  , o 1474 ',!

 . �545Z�-�"��
$��545+k,!�kc, 4"�� ?h��
$���545�8
,!�kc, I�
�O��$��545�D1h�
i (TEJ).

�
QL�
�v��jk�6Æ
Y�N6, �,(N, L7 [26], Goncalves Æ Guidolin[3] ��/
0, $4"��,L�
/
��l9P�: iZLp��	���c��� 7 ' * ������
,

-���1>S17���,O�+��]��!",�$��5>���H�����0S��*)4�
59; jZL ,!�c� 10 �YX, -�19�,!����6^����; kZL��
Y�����


, �l�������%��Xm��
. JB�%�i<�1l9
�, S
2���
=�� 131697,

Æ�M8����� 64222, MS��7���� 67475, (',! J:��
�<�� 126, <c� 12,

54� 83.

JB�0� Æ	���$7��
/
6_�6, �6�2F�� 3 �E. �V)( Goncalves Æ

Guidolin[3] ��M�"�)(�6��<, G: ;�0� � m = K
Ser(T−t) − 1, $�MS���$, < m >

0.06 ��n �0; < 0.06 ≥ m > 0.01 ���0; < 0.01 ≥ m > −0.01 �50; < −0.01 ≥ m > −0.06 �

=0; < −0.06 ≥ m �n =0. $�M8���$5l�� m $?� −m G�. $�	���, �#>�

��YX�wj�� c� 60 N�YX, ��YX����� 60 N�c��� 180N�YX, 7�YX�

�� 180 N�YX.

JB%>�6��<, ��M�: i>�YXdYX����(�, ÆK���, <��7�YX, Æd
%65� 62.97%, 29.07%, 7.96%,;��545���	QoH�,!>�YX;j'�0� �� $M,

YX�&<(��=0��Æn =0��, ÆK��0��Æ50��, <��n �0��; k',!
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�$M, ,!<UN��=0��, n =0��450��, d%65� 51.05%, 24.68% Æ 17.95%, ��
Æ�(����	�Yb��3.

Q 3 Nz�O34RS567PQ;<
q� �� l� eP mgk qdk

lf lr lf lr lf lr m�? m�?

p_ng
mgCk 16024 17985 10560 14623 3776 4394 67362 51.15% 24.68%

qm IV 0.2262 0.3020 0.1916 0.2744 0.1652 0.2708 0.2510

�MZ 0.0805 0.1077 0.0644 0.0834 0.0456 0.0608 0.0955

ng
mgCk 10131 10126 4604 3515 804 465 29645 22.51% 51.05%

qm IV 0.1981 0.2563 0.1652 0.2406 0.1496 0.2720 0.2177

�MZ 0.0818 0.1084 0.0573 0.0850 0.0466 0.0790 0.0955

qg
mgCk 4136 4022 1446 815 273 104 10796 8.2% 17.95%

qm IV 0.1971 0.2444 0.1673 0.2434 0.1581 0.2789 0.2140

�MZ 0.0818 0.1084 0.0573 0.0850 0.0466 0.0790 0.0955

�g
mgCk 7622 7261 1512 647 396 100 17538 13.32% 6.02%

qm IV 0.2183 0.2596 0.1694 0.2561 0.1550 0.3032 0.2316

�MZ 0.0933 0.1209 0.0725 0.0980 0.0679 0.0738 0.1081

p_�g
mgCk 2545 3082 286 275 107 61 6356 4.83% 0.3%

qm IV 0.3414 0.4031 0.2257 0.3496 0.1844 0.3152 0.3636

�MZ 0.1699 0.2379 0.0907 0.1232 0.0764 0.0638 0.2062

hP
mgCk

82934 38283 10480 131697
100% 100%

(62.97%) (29.07%) (7.96%) (100%)

qm IV 0.2546 0.2263 0.2159 0.2433

�MZ 0.1202 0.0884 0.0792 0.1100

moneyness
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.0.8

iv

put

call

moneyness
0.1

0.2

0.3

0.4

iv

put
call

moneyness
0.1

0.2

0.3

0.4

iv

put
call

moneyness
0.1

0.2

0.3

0.4

iv

put
call

moneyness
0.1

0.2

0.3

0.4

iv

put

call

moneyness
0.1

0.2

0.3

0.4

iv

put

call

30天 90天60天

270天180天120天

R 1 Nz�O34RS5ST

m 1 &1�08Y
�

�	����4"��54	����UV��,��, 2Y� 3 ��6

�����2�4"��	��������>����: i	��M8��MS, 	����,(�;s

+��M��$� “UV” ���; j��M8���	����,�����bZ�bc, �MS���
5�n =0Æn �0(��7���, �=0, �0Æ50��,(�B9U�x��%r���2.
��. 	�o7, �>��,;�
4"��	����)����0� Æ	����
�, �����

�in�, ������$�����UVÆtb���2.; k"#���M�, MS���	����

=�%M8���	����+, �;�MS���	��O+, -�(�++�	����.
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4 %&UV

4.1 +,FG-./H01/WX
$�7�'� �(�NS
,�
 (1) 
8Y	������, 2��� β = (β1, β2, β3, β4, β5) �

160, )(�8Y/0�<c)n8Y. sL-�
*9�8*	0E;�,! , <h7��oi+B
�N�� 1470 N, (�,:M8��YX, 7��oi+B�N�� 1459 N, ��,:MS��YX�7

��oi+B�N�� 1460 N. � 4 
�
J7�J:�E;16��66>2F. '���_, J:�

E;�N1 R2 54� 79.15%, <��N1 R2 � 98.10%, <c�� 26.30%. Ljung-Box (LB) �6��6


(' β ��,(��$�����.

Q 4 ÆY7Z[\Q]^
�C mg �MZ O^g O�g t_ u_ LB(1) LB(10)

β1 −1.4910 0.3688 −2.1020 −0.3384 0.4775 2.3405 1421.9*** 12889***

β2 −0.4188 0.3044 −2.4740 1.1563 −1.1916 8.2280 927.61*** 5035.1***

β3 0.5339 0.5870 −3.0596 4.3503 0.5770 7.6485 992.24*** 6683.9***

β4 0.0496 0.2697 −1.2192 1.0223 −0.4780 4.1925 948.04*** 6293.9***

β5 −1.0768 0.9338 −5.9415 2.5837 −0.1848 3.8558 1041.6*** 8182.4***

R̄2 79.15% 12.35% 26.30% 98.10% −82.66% 312.90%

RMSE 0.0935 0.0535 0.0187 0.3465 1.3819 5.0167

m 2 
�
 β1, β2, β3, β4, β5 ���.-m, 'm���M��� β ������ %��+�, (�

������, ��;�
4"��	����������. ��S
��&1.? β �����.-	

�$)A	�����������97
>
. m 3 
�
 β ������Æ,R��m. ��M�,

L
�����#, ��
�	������.�, %B,(����,R����. ��;�
S
)(
VAR 	�$ β ��/
��.-.	�,�	���������
��Y��.

�/�>, '��%$], M8ÆMS��	�������!�*, !�,:�18�	�
W1�

�4�	$M8��ÆMS��Oa%�M', ;���,!
��
�$	��������
@��
MF. -�, %$4"���	, S
ou$M8ÆMS��	������6I$8Y. � 5
�
65$

M8ÆMS��	�����( (1) 
8Y�2F. ��M�, ��M8ÆMS6I8Y�H����=0
Æ�0��, -�8*8Y�N1 R2 4���x.

2007 2008 2009 2010 2011 2012 2013
-2.5

-2

-1.5

-1

-0.5

0 1

(a) β1 DQJC

2007 2008 2009 2010 2011 2012 2013
-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5 2

(b) β2 DQJC

2007 2008 2009 2010 2011 2012 2013
-4

-3

-2

-1

0

1

2

3

4

5

6 3

(c) β3 DQJC

2007 2008 2009 2010 2011 2012 2013
-1.5

-1

-0.5

0

0.5

1

1.5 4

(d) β4 DQJC

2007 2008 2009 2010 2011 2012 2013
-6

-5

-4

-3

-2

-1

0

1

2

3

4 5

(e) β5 DQJC

R 2 β _`abR
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0 2 4 6 8 10 12 14 16 18 20
0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Beta2

Beta5

Beta1

Beta3

Beta4

滞后阶数

相
关
系
数

(a) β �nv�

-20 -15 -10 -5 10 15 20
-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

b1-b2 b1-b3 b1-b4 b1-b5 b2-b3 b2-b4 b2-b5 b3-b4 b3-b5 b4-b5

0 5

(b) β qpnv�

R 3 β {cde=jcdR
Q 5 fghfkWÆY7Z[]^

�C
Call Put

mg �MZ O�g O^g mg �MZ O�g O^g
β1 −1.6319 0.4312 −3.0181 −0.1924 −1.3865 0.4297 −2.4552 0.2596

β2 0.0761 0.8285 −3.9251 4.6683 −0.1916 0.6461 −7.4680 1.6395

β3 0.1910 1.1749 −7.2956 7.5508 0.3653 0.9318 −12.6804 2.5856

β4 −0.0785 0.4582 −1.5672 2.3322 0.2642 0.5872 −3.5788 2.9700

β5 0.3301 1.9668 −14.2784 17.0525 0.1116 1.6339 −15.9051 12.1026

R̄2 67.91% 22.04% −9.18% 99.54% 77.70% 20.72% −23.84% 99.14%

RMSE 0.0543 0.0243 0.0059 0.2384 0.0615 0.0579 0.0083 0.9093

4.2 +,FG-./G2()i@ZA'@jC
S
16� 1 ��� β �����.-	�, ���-#%/#�� . � 2L����� 2010 F

1 h 4  , 7(:l!N�*1�
16	���, 
�#�� 2� 2010 F 1 h 4 o
� 1 N� 7 N�

	����. JB���$C, )(w�qp16(N�	����/
#�� .

� 6, � 7 65
�
��	�H/ 1 N�7�#� 2F�4� %F$%��6RL2F. �T1

7�#� %F�, S
)( RMSE (root mean square error), MAE (mean absolute error), MCP (mean

correct prediction) Z' �"�, Æ� RMSE �E(�N���YX�� YM5/�405/�, 
�

$1Q� Q�;40; MAE �E(�N���YX�� YM^$0�40, 
�$1Q� Q�;4
0; MCP �E(�N�$	�������/H� 9)�W6%�40. � 7 
�
	�$%�RL�

6� R2
OS �160, ( R2

OS > 0, <;�/��	� ����	�; Ro ��0��
 (3) 

���

6� ft $��E;� p 0, ($R R2
OS ��$�. �/
$%RL�, S
@B%$��7�, Call 7

Q 6 kl 1 m34RS5nmopn]^
RMSE MAE MCP

VAR

AI (I) 0.02497064 0.01957914 0.52120689

AI (II) 0.01586758 0.01186840 0.56711603

AI (III) 0.02364635 0.01705697 0.52553670

VAR NBP

AI (IV) 0.02497314 0.01958238 0.52101034

AI (V) 0.01586513 0.01186661 0.56583652

AI (VI) 0.02364710 0.01705566 0.52642842

RVAR

AI (VII) 0.02493939 0.01955547 0.52389724

AI (VIII) 0.01591453 0.01196169 0.55789702

AI (IX) 0.02386718 0.01751303 0.50408130

RVAR NBP

AI (X) 0.02493279 0.01955318 0.52455390

AI (XI) 0.01590174 0.01195146 0.55723416

AI (XII) 0.02388359 0.01752615 0.50486423

Straw Man

AI (XIII) 0.02516519 0.01958636 0.52045187

AI (XIV) 0.01589443 0.01167660 0.56405172

AI (XV) 0.02377595 0.01705451 0.51678493
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Q 7 34RS59:nmopnopqr R2
OS ]^

A. VAR �� VAR NBP ��C?: B. RVAR �� RVAR NBP ��C?:

All Call Put All Call Put

0.000170 −0.001202** 0.000767 −0.000338 −0.003152** 0.000709

(0.788) (0.048) (0.534) (0.162) (0.027) (0.951)

C. VAR �� RVAR ��C?: D. VAR/RVAR �� Straw Man �C?:

Call Put Call Put

0.008180*** −0.028797*** −0.075663*** −0.109506***

(0.000) (0.000) (0.01) (0.000)

q: q���CgEnE� p g. *, **, *** �rs^ 10%, 5%, 1% �orppq.

�, Put 7�65$%H�
 NBP *)�	��	 NBP *)�	�
�� r (� 7 � AtB N6), 
�

$% VAR �	�Æ RVAR �	�� r (� 7 � C N6), <�� v#V� Straw man 	�/
$%.

'� 6 Æ� 7 �2FS
��2���2�:

*�, VRJQK$	������)����� K, �� Bollen Æ Whaley[24],  !#, L7Æ.
B. [25] �2��b. 	�� VAR 	���Q�(+B� RVAR 	�, Z�
 NBP *)�� 	���

�� %� �
Z� NBP *)�� 	�. (Q$M: i$� Call 7�, Z�
 NBP *)� VAR Æ

RVAR 	��� %F4� �
Z� NBP *)� VAR Æ RVAR 	�, $%2F4� 5% ��$�T5
��$; j$� Put 7�, Z�
 NBP *)� VAR Æ RVAR 	��
Z� NBP *)� VAR Æ RVAR

	��� %F$%4
�$, ��W�;AYb	M'. '� 6 ��M�$� Put 7��� %F1Q
%=���M� Call 7�, 9U �3Y7�, NBP �*)$ Put 7�	� %K; k$� Call Æ Put �

3Y7�, Z�
 NBP *)� VAR Æ RVAR 	��
Z� NBP *)� VAR Æ RVAR 	��$%2F

4
�$, ��W�;AYb	M'. S
� , ����(N
����YXA��VRJQK,��

�, �
���YXA��VRJQK�!$
����YX�A�*
��MF, �
��M8MS��
6b��VRJQK"��
��)�6�>M'�.�'2F.qS
�� 	���������(M
8���VRJQK"�ÆMS���VRJQK"�65$M8ÆMS��	������/
� .

*), � 	��
�r#�ra. VAR, RVAR �4 Straw Man Z�	����� “;$0”, M5�

�*)$$ β ��.-�<�
�. $%
�, S
��A
 VAR ���<�% RVAR #�, !;#�%
%���<, �	�$%��<RL2F��M�, RVAR NBP $� Call 7���� � VAR NBP, �$

� Put 7����sr� VAR NBP. � Straw Man 	����M� RVAR NBP � VAR NBP, �
��
�� Straw Man 	��<�*1��&, �
��6�	�������������.

*Z, $% Call 7�Æ Put 7��� ��, ��	�$ Call 7��� %F=� � Put 7���

 %F. �VK.qS
65$M8ÆMS��	������/
� �+ �9P.

/�$>
� 2, �,:,!��Y��, RLVRJQK$	�������� %F�"�*��?

� 8 
�
�6RL�2F, � A Æ B N6�2F��M�, 2��� 7 -��*, $�H�,!�*)�

-#	�, U�VRJQK"��� %FR
� �
H�VRJQK�� %F, �$� %F���
�$�� Call 7�. &�%, '� 8 � C Æ D N6��M�, $�4"��, U�,!��-#	��	

,!��-#	��6%�	�$�M', ��+�
VRJQK$	�������MF���,!�.

Q 8 V4=>?W34RS59:nmopnopqr R2
OS ]^

A. VVAR �� VVAR NBP ��C?: B. RVVAR �� RVVAR NBP ��C?:

All Call Put All Call Put

−0.0002 −0.0013** −0.0008 0.0003 −0.0032** −0.0008

(0.155) (0.041) (0.235) (0.853) (0.014) (0.276)

C. VVAR �� VAR ��C?: D. RVVAR � RVAR �C?:

All Call Put All Call Put

−0.0002 −0.0009 −0.0006 0.00005 −0.0016 −0.0004

(0.454) (0.282) (0.353) (0.843) (0.111) (0.46)

q: q���CgEnE� p g. *, **, *** �rs^ 10%, 5%, 1% �orppq.
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�#, S
�$H/ 2 � 7 N�	������65/

� , m 4 
�
H/ 1 � 7 N�7�#

� � RMSE 2F, ��M���� Q��bZ, RMSE �
��� YMH<,�bZ.

1
0.015

0.016

0.017

0.018

0.019

0.02

0.021

0.022

0.023

R
M
SE

VAR VAR+NBP RVAR RVAR+NBP Strawman

Call样本

4 76532
预测步长（天）

(a) 1∼7 q��������]Z� (Call)

0.022

0.024

0.026

0.028

0.03

0.032

0.034

0.036

R
M
SE

VAR VAR+NBP RVAR RVAR+NBP Strawman

Put样本

1 2 3 4 5 6 7
预测步长（天）

(b) 1∼7 q���]Z� (Put)

R 4 1∼7 mpnssR
4.3 @ZA'@HEFGHt|u

�
	��� 2F,S
JB* 2.3[�/0.?,!89$RL	�7�#� ��D"#�$�.

�
� 7 Æ 8 �2�, S
5,:U�VRJQK��	���. � 9 Æ� 10 65
�

,:,!��

Q 9 tvw=>umW�x5
qmAA (%) �MZ t �Pk Sharpe ratio (%) Leland’ alpha (%)

Trading rule 1:

VAR NBP 0.145 0.0119 3.28 11.75 0.14

RVAR NBP 0.148 0.0123 3.24 11.62 0.14

Straw man 0.102 0.0122 2.25 7.95 0.096

Trading rule 2:

VAR NBP 0.286 0.0371 2.08 7.57 0.28

RVAR NBP 3.711 0.918 1.09 4.06 3.69

Straw man 0.152 0.0360 1.13 4.07 0.14

Buy and hold:

−0.0043 0.0115 −0.10 −0.79 0

Q 10 vw=>umW�x5
qmAA (%) �MZ t �Pk Sharpe ratio (%) Leland’ alpha (%)

qdug = NT$20

Trading rule 1:

VAR NBP 0.141 0.0119 3.18 11.39 0.13

RVAR NBP 0.143 0.0123 3.14 11.26 0.13

Straw man 0.097 0.0122 2.15 7.57 0.091

Trading rule 2:

VAR NBP 0.221 0.0351 1.7 6.17 0.21

RVAR NBP 3.438 0.8587 1.08 4.00 3.42

Straw man 0.092 0.0376 0.66 2.32 0.085

Buy and hold:

−0.0056 0.0115 −0.13 −0.90 0

qdug = NT$50

Trading rule 1:

VAR NBP 0.134 0.0119 3.03 10.85 0.13

RVAR NBP 0.137 0.0123 2.99 10.71 0.13

Straw man 0.090 0.0122 2.00 7.01 0.08

Trading rule 2:

VAR NBP 0.124 0.0323 1.04 3.70 0.12

RVAR NBP 3.027 0.7762 1.05 3.89 3.01

Straw man 0.0035 0.0406 0.02 −0.03 −0.003

Buy and hold:

−0.0075 0.0115 −0.18 −1.07 0
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Æ,:,!����Y'	��
�,!i<��54?:�, Sharpe ratio �4 Leland’s alpha �. '�

9 ���M�: @B, *)A,!i< (,!��� ?:�� 0 �YX) �*�A,!i< (5,!� 
?:<��YX) �%, *)A,!i<�54?:�����*�A,!i<, !� Sharpe ratio �c�

*�A,!i<, �;��/��40 - /M �5>�, *)A,!i<�+?:v��+�
. !�'

Leland’s alpha$M,*)A,!i<��Q�,��;�
��?:��9��.=�$;,*)A,!i<
����a�*�A,!i<, -�*)A,!i<�(
	������%���� *), -�T2�

?:�Q+. %$*)A,!i<(Q$M, ��� 	��*�?:,����&�3�"�89 (Buy

and hold TWSE)��*�?:, �Z�� 	��, RVAR NBP 	����<a, Sharpe ratio Æ Leland’s

alpha ,�Z#
�<��, ��<M�� Straw Man, Sharpe ratio Æ Leland’s alpha 4�<c.

,:,!���U�$%>2F�MF. 4"��,!��H�,!�w9, 2bw;9, ,xw;9

�4,!r, �545�8,!�i�(h��YX�,!9(HR,!w;9 NT$6, 2bw;9 NT$4,

,xw;9 NT$4 �4,!r� 0.001. S
��&d_Y�,!��<v� NT$20 �4 NT$50 ��2F

�� 10 �E. ��M�, ,:,!��
�, ?:��4 Sharpe ratio Æ Leland’s alpha "�4���x,

!-�2��� 7T3�*, L
,!��� NT$50�� Straw Man	��*)A,!89�9=?:�
�T
#, Æ�	�4�T29=?:�.

5 Uyz{|
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