
1 28ò1 3Ï
2013c 6�

X Ú ó § Æ �

JOURNAL OF SYSTEMS ENGINEERING
Vol.28 No.3

Jun. 2013

¥I½|^�e�cµnØ]�]�½d�.

qp¸, Ü �, Ü°¸, = =

(U9�Æ+n�²LÆÜ,U9 300072)

Á�:ïÄ¥I½|^�e�]�]�½d¯K.|^�ÅbyÏfnØ,��lcµnØ�d�¼êÑuïá


]�]�½d�.(PTCAPM),�Uý¢/�N¥Iy ½|Ý]ö�ûü ÐÚÝ]1�,Jp
T�.3¥I

½|¥�¢�·^5.¢yu�L²,¤�ï�PTCAPM�.'DÚCAPM�.äk�r�)ºUå.

'�c:cµnØ;]�½d;ûü Ð;�ÅbyÏf

¥ã©aÒ: TP830.9 ©zI£è: A ©Ù?Ò: 1000−5781(2013)03−0355−07

Prospect theory-based capital asset pricing model

based on China security market
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(College of Management and Economics, Tianjin University,Tianjin 300072, China)

Abstract: This paper studies capital asset pricing under the condition of Chinese security market. Using

the theory of stochastic discount factor, a prospect theory-based capital asset pricing model(PTCAPM) was

presented. The PTCAPM was directly constructed from the value functions of prospect theory. The investor’s

real decision preferences and investment behaviors in Chinese security market were considered in modeling the

asset pricing. This raised the performance of the PTCAPM in Chinese security market. Comparative analysis

between the PTCAPM and traditional CAPM were presented. Theempirical results based on Chinese security

data show that the PTCAPM has a better power than traditionalCAPM.
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é]�?1k�½d. Coval�[7]@�z\x�´¤��´ûäk�����1� �¿é]�d�káÏ

K�,²{����´û�N´±�p�d�ï\½±�$�d�ñÑ. Brummermeier�[8]�ïÄL²Ý

]öéØ�3k ÂÃ�]�  ´ºx���, é�3k ÂÃ�]�  ´ºxUÐ�.,,yk

�ÄucµnØ�]�]�½d�.æ^�d�¼êõ±{ü�©ã�5¼êL«, ¿�ý¢�NÝ]ö

3Ø(½^�e�ûü Ð�Ý]1�.

�©$^�ÅbyÏfnØ,�â¥Iy ½|¥Ý]ö�ûü ÐÚÝ]1�A�,��lcµnØ

�d�¼êÑuï�,�ïÑ·^u¥I½|^��cµnØ]�]�½d�., ¿��
¥Iy ½|

ý¢�´êâ�¢yu�|±.

2 ¥¥¥III½½½|||^̂̂���eee���cccµµµnnnØØØ]]]���]]]���½½½ddd���...(PTCAPM)

2.1 ���...bbb���

1)cµnØ�d�¼ê.cµnØ@�7K]��cµÂÃ�ýÏ�^´Ý]ö�d��äIO,ù

�ûüµeO�
IO²L©Û¥�ýÏ�^nØ, ÙØ%g��)ë�:�6!����Ú>S�^4

~�[9, 10].Ü°¸�[11]¦^�ÅÓ`nØé¥Iy ½|?1u�©Û, ïÄ(JL²Ý]ö�NþLy

ÑcµnØ�ûü ÐA�,=¡éJ|�Ly�ºx��,3¡é���Ly�ºxUÐ. Ïd,�©

±du�(J�Ä:�½ÎÜ¥I½|^��d�¼ê

v(x) =







xα , x > 0

−λ|x|β , x < 0,
(1)

Ù¥xL«�éuë�:�ÂÃ½��, v(·)L«d�¼ê, α, β©OL«d�¼ê3J|Ü©�Çëê

Ú3��Ü©�Çëê,�÷v 0 < α < β < 1; λ´����Xê.

2)ë�:.��.±ÃºxÂÃÇ rf�ë�:, r = R − rfL«ºxÂÃÇ�éÃºxÂÃÇ�Cz

þ,=ºx]���ÂÃÇ,Ù¥R =
n
∑

i=1

wiRiL«ºxÝ]|Ü�oÂÃÇ, Ri�1 i�ºx]��ÂÃ

Ç, wi�1 i�ºx]�Ó��Ý]|Ü��,-w = (w1, w2, · · · , wn)T.

3)¤kÝ]ökX�Ó�]�±kÏ,z«]��µ�ÏÚ*	Ï´�Ó�,?uÓ�üÏÝ]Ï.

4)Ý]ö´Ó��,ÑÄucµnØ?1ºxÝ]ûü.

5)y ½|´Ø��½|,�3X]�Ú&E6Ä�æN.Ý]ö�ûü´ïá3k�&Eþ�, ù�

°
DÚ]�]�½d�.�Ä�b�.

6)y ]�´Ã�[©�,Ý]ö�±?¿'~©�Ù]�.

2.2 PTCAPMïïï���

Uìª(1)�d�¼ê/ª9Ùþã�.b�,±ÃºxÂÃÇ rf�ë�:�ºx]���ÂÃÇ r�

d�¼ê�

v(r) =















rα, r =
n
∑

i=1

wiRi − rf > 0

−λ|r|β, r =
n
∑

i=1

wiRi − rf < 0,

(2)

ª(2)��±L«�

v(r) = rαI+ − λ|r|βI
−
, (3)

Ù¥ I+, I
−
�«5¼ê,=� r > 0, I+ = 1,ÄK I+ = 0,d	, I

−
= 1 − I+.
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Ý]ö±¢yýÏd��^��z�8I,=














Max
w

E[v(r)]

s.t.
n
∑

i=1

wi = 1.
(4)

�ï.�KF¼ê

L(w, θ) = E[rαI+ − λ|r|βI
−
] + θ

(

1 −

n
∑

i=1

wi

)

, (5)

éL(w, θ)¦�� �ê,-
∂L(w, θ)

∂wi

= 0, i = 1, 2, . . . , n�

E
[

(α |r|
α−1

I+/θ + λβ |r|
β−1

I
−
/θ)Ri

]

= 1, i = 1, 2, . . . , n. (6)

�â�ÅbyÏf(stochastic discount factor)nØ��,�3

m = α |r|
α−1

I+/θ + λβ |r|
β−1

I
−
/θ, (7)

¦�ª(6)�±L«�

E[mRi] = 1, i = 1, 2, · · · , n. (8)

�â

E[mRi] = E[m]E[Ri] + Cov(m,Ri), (9)

éª(8)C���

E[Ri] = 1/E[m] − βRi,mVar(m)/E[m], (10)

Ù¥βRi,m = Cov(Ri,m)/Var(m), E[m] = 1/rf .

-m+ = |r|
α−1

I+,m
−

= |r|
β−1

I
−

,Km = αm+/θ + λβm
−
/θ,ª(10)�±��

E[Ri] = γ0 − βRi,m+
γ1 − βRi,m−

γ2, (11)

Ù¥ γ0 =
1

E[m]
, γ1 =

Var(m+)

E [m]
, γ2 =

Var(m
−
)

E [m]
,βRi,m+

=
Cov(Ri,m+)

Var(m+)
,βRi,m−

=
Cov(Ri,m−

)

Var(m
−
)

.

ª(11)���lcµnØÑu¤�ï�¥I½|^�e�cµnØ]�]�½d�.(PTCAPM),�

N
¥Iy Ý]ö�ºxûü ÐA�, �DÚ�CAPM�.ké��É.du 0 < α < β < 1,¿�

3m+Úm
−
ü�Cþ¥Ñ�¹X½|��ÂÃÇýé��Kêg�, ¤±3PTCAPM�.��ÅòyÏ

fm = αm+/θ + λβm
−
/θ¥,��ê��½|��ÂÃ���u��ê��½|��ÂÃ¤Ó�.

lª(7)¥�±wÑ: 1)��½öK�½|��ÂÃªCu"�, �.��ÅòyÏfKª�uÃ¡

�,�ª(1)�d�¼ê v(r)´����.ù´Ï�d�¼ê v(r)����ê3��ÂÃ�u"�¬u)�

�5�=C,=Ý]ö�ºx Ð3ë�:?¬u)=C,d�¼ê v(r)�ù�A5¦���ê��½|

��ÂÃk��§Ý�½|òy. 2)��5`,�ÅòyÏf¬�X½|ÂÃO�4~, PTCAPM�

.��ÅòyÏfmK´k4O�4~.éuK�½|��ÂÃ,�ÅòyÏfm
−
¬�X½|��ÂÃ

O�O�,éu��½|��ÂÃ, �X½|ÂÃê��O�, �ÅòyÏfm+KÅì~�.��,d

ud�¼ê v(r)3��Ü©´à¼ê, PTCAPM�.¿Øäk½|��ÂÃ�üN5. 3)þý(J|)ºx

Ïf βRi,m+
,L«3��½|��ÂÃ�¹e, Ý]öÏ«úºx¤�¦�ºxÖ�; eý(��)ºxÏ

fβRi,m−

,KL«3K�½|��ÂÃ�¹e,Ý]öÏ«úºx¤�¦�ºxÖ�,üö3Ï«úºx�

¦�Ö�§Ýþ�3wÍ�É.
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3 ¢¢¢yyy©©©ÛÛÛ

du¥Iy ½|Ý]ö�ºxûü ÐäkcµnØ�A�[11],�e5u�©Ûù�¥I½|^�

e�cµnØ]�]�½d�.(PTCAPM)�Ly.duü|�¦��XÚ5ºx��,3u�ÂÃÚºx

�'X�éN´�) �,À�¥Iy ½|�ý¢êâ,ÏL�E�¦|Ü±©Ñ�XÚ5ºx,Ó��

DÚ�]�]�½d�.(CAPM)?1é'©Û.

3.1 êêêâââÀÀÀJJJ���êêêâââ???nnn

�©ÀJ2004c3�c3q½þ½�´�A��¦,±2004c3��2009c1�Ïm��ÝÂÃÇ�

O��â, ´duù�Ïm�I���, ¿�½|²{
AgÚ½Ú=½=�, U'�Ð/�xÝ]ö

�ûü ÐA�.�dÓ�,GØKâ¡½�'�K,êâØ�ÚST!SSTa�þ½úi.êâ5uI�

SCSMARêâ¥ÚWind¥I7Kêâ¥,��¼�597|�¦��ïÄ��.,	,À�þynÜ�êO

�y ½|ÂÃÇ;ÃºxÂÃÇdn���±|Ç?1E|ò�[12] .

ëìFama�[13]¢y�{,ÄkòïÄ��Uìúi5�(SIZE)5�©,¿3�A�úi5�SUìâ

¡½�'(BM)5�©,?�EÑ 5 × 5 = 25�Ý]|Ü,±ù
Ý]|Ü�ü O��|ÜÂÃÇ��º

x]�ÂÃÇ.du6Ï�½��'o½��U�N]�|Ü�¢S5�Ø´¶Â5�, ÀJ6Ï�½

�5ïþúi5�. â¡½�'(BM)�IK¦^�À�Ã�6Ï½��'?1Ýþ, ¿3z�GÝ"�â

úi5�Úâ¡½�'Ä��ïÝ]|Ü,±�Ø]�|Ü¥��êþCz!“5��A”Ú“â¡½�'�

A”�K�,?Jp¢yu�êâ���5[14] .Uìþã�{�ï� 25�Ý]|Ü�ÚO(J��L 1.

L 1 25��¦|Ü�£ã5ÚO

Table 1 Descriptive statistics of 25 investment portfolio

Uâ¡½�'p$©|

U½�5�©| �p 4 3 2 �$

�p 0.001 83 0.001 39 0.001 64 0.002 33 0.000 47

�Â 4 0.000 60 0.000 56 0.000 60 0.000 77 0.000 73

ÃÇ 3 0.000 38 0.000 27 0.000 45 0.000 34 0.000 36

²þ� 2 0.000 27 0.000 29 0.000 21 0.000 25 0.000 18

�$ 0.000 14 0.000 15 0.000 18 0.000 15 0.000 13

�p 0.015 29 0.012 80 0.013 16 0.012 52 0.016 77

�Â 4 0.004 33 0.004 33 0.004 13 0.004 82 0.004 96

ÃÇ 3 0.002 77 0.002 80 0.002 86 0.002 80 0.002 84

IO� 2 0.002 00 0.001 93 0.001 92 0.001 89 0.001 93

�$ 0.001 05 0.001 21 0.001 10 0.001 26 0.001 09

�±wÑ3ØÓúi5�©|¥,â¡½�'�p�Ý]|Ü,²þÂÃÇ�p,ù�Fama�[13]�ï

Ä(Øaq;¿�úi5���,|Ü�²þÂÃÇ�p.Ù�Ï�U´úi5���úi�Ñ´�.Ik

è�!]7¢å<þ,Pk½��1Y²,cÙ´��ÏmS�¦½|²{
õgÚ½Ú=½=�, ù


�¦|Üäk�Ð�½|LyÉ�Ý]ö�à.,	,32004c�2008c]�½|�õg�ÌÞO�OL

§¥ù
úi5����¦  äk“Ú+”�^, ¦�úi5���!â¡½�'���Ý]|Ü²þÅ

Ä§Ý�p.

3.2 ëëëêêê���OOO

éuPTCAPM�., I�éª(7)¥� α, β, λ, θo�ëê?1�O, ¿�âª(11)ÿ�Ñz�Ý]|

Ü i�þý(J|)ºxÏf βRi,m+
Úeý(��)ºxÏfβRi ,m

−

.éuDÚCAPM,KI�O�z�Ý]
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|Ü�oNºxÏf βXê.

e¡¦^ 3.1!�E� 25�Ý]|Ü3 2004c4�� 2008c12�Ïm� 57��ÝÂÃêâ���

��OÏ,¦^Hansen(1982)JÑ�2ÂÝ�O�{(GMM)?1ëê�O. éuPTCAPM�.5`,1 i�

Ý]|Ü�½dØ��

gi(θ) = 1 −
1

T

T
∑

t=1

mt(θ)Rit, (12)

Ù¥T ´�mS��Ý, RitL«1 i�Ý]|Ü3 t����ÝÂÃÇ, mt(θ)L« t����ÅbyÏ

fm = α |r|
α−1

I+/θ + λβ |r|
β−1

I
−
/θ.

ÏLGMM�O,��PTCAPM�.�o�ëê��O�,��L 2.

L 2 PTCAPM�ÅòyÏf�ëê�O�

Table 2 Parameter estimate of stochastic discount factor inPTCAPM

ë ê α β λ θ

�O� 0.499 4 0.500 5 2.999 9 0.999 9

tÚOþ 3.554 3 5.643 4 3.423 2 5.233 2

�âª(11)O�¤�E� 25�Ý]|Ü�þý(J|)ºxÏf βRi,m+
Úeý(��)ºxÏf βRi,m−

.

éuDÚCAPM�.,K=I�O�Ý]|Ü�oNºxÏf βXê.O�(J��L 3¤«.

L 3 Ý]|Üþý(J|)ºxÏf βRi,m+
,eý(��)ºxÏf βRi,m

−

ÚoNºxÏf β

Table 3 Upside risk factorβRi ,m+
, downside risk factorβRi ,m

−

and total risk factorβ in investment portfolio

Uâ¡½�'p$©|

ºxÏf U½�5�©| �p 4 3 2 �$

�p 0.002 36 0.001 80 0.001 85 0.001 76 0.003 03

þýº 4 0.000 75 0.000 73 0.000 74 0.000 84 0.000 87

xÏf 3 0.000 57 0.000 57 0.000 53 0.000 57 0.000 55

βRi,m+
2 0.000 44 0.000 40 0.000 40 0.000 39 0.000 41

�$ 0.000 26 0.000 27 0.000 27 0.000 31 0.000 26

�p −0.000 60 −0.000 41 −0.000 55 −0.000 60 −0.000 66

eýº 4 −0.000 20 −0.000 19 −0.000 18 −0.000 21 −0.000 24

xÏf 3 −0.000 13 −0.000 12 −0.000 13 −0.000 11 −0.000 12

βRi,m
−

2 −0.000 10 −0.000 09 −0.000 09 −0.000 08 −0.000 09

�$ −0.000 05 −0.000 06 −0.000 05 −0.000 06 −0.000 04

�p 0.138 44 0.107 91 0.111 69 0.112 63 0.151 10

oNº 4 0.037 35 0.037 58 0.036 08 0.041 46 0.041 75

xÏf 3 0.024 83 0.024 56 0.024 54 0.024 43 0.024 28

β 2 0.017 80 0.017 16 0.017 08 0.016 93 0.016 76

�$ 0.010 21 0.011 40 0.011 16 0.011 98 0.011 03

L3¥PTCAPM�.�(JL²,¤kÝ]|ÜÑk��þý(J|)ºxÏf βRi,m+
,]�|Ü�þý

XÚ5ºx�½||Ü�þýºx��', ]�5����Ý]|Ü, þý(J|)ºxÏf βRi,m+
��.�

�½����Ý]|Ü  ¬�Xy ½|�þÅÄ(þÞ1�)ÅÄ, éy ½|äk“k�kú”�Ú

+�^.Ù�Ï�U´3y ½|�Ð�1�¥,½�����¦Ï~Ñ´y ½|���, d�Ý]

ö  �3���¿�©Ü,?¦�½����¦��´þO\!�´d�ÅÄ. ,	,¤kÝ]|Ü�

eý(��)ºxÏf βRi,m−

Ñ�K,]�|Ü�eýXÚ5ºx�½||Ü�eýºxK�',½�5��

��Ý]|Ü,eý(��)ºxÏf βRi,m+
��.��,�y ½|�eÅÄ�(eO1�),½�5����

Ý]|ÜÏ~äk|O��^. ù`²½|1�eO�Ý]ö�\��u“��7Ê�”. oó�,ÃØ½

|?uþ,�³�´eO1�,½�5����Ý]|ÜéÝ]ö5`Ñ�±�����x�Ý]üÑ.
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L3¥CAPM�.�Ý]|ÜÑäk��oNºxÏf β,`²Ý]|ÜÏ«úºx���ºxÖ�

�y ½||Ü«úºx���ºxÖ�¤�', ù
|Üé½||Üºx��zÇ´��. Ý]|Ü�

ÅÄ§Ý�Xy ½|�ÅÄ§ÝC�C�,¿�Ý]|Ü�½�5���,oNºxÏf β���.

3.3 ¢¢¢yyy(((JJJ

/� Levy[15]ïÄg´, �â 3.2!� 25�Ý]|Ü�þý(J|)ºxÏf βRi,m+
Úeý(��)ºx

Ïf βRi,m−

, e¡± 2009c1�°��¡êâ, ¦^OLS�{éPTCAPM�.Uìª(11)?1£8©

Û. Ó��â 3.2!�25�Ý]|Ü�oNºxÏf βXê, éDÚCAPM�.?1£8©Û, e¡'

�PTCAPM�.�DÚCAPM�.é¥I]�½|�)ºUåÚ·^Uå,�A�ÚO(J��L 4.

L4(JL²,�©�ï�PTCAPM�.'DÚ�CAPM�.äk�Ð�Ly,N�R2l0.644 9J,

�0.955 5, FÚOþlDÚCAPM�.�44.590 1O\� 258.799 3.��lcµnØÑu�ï�·^u·I

½|^��cµnØ]�]�½d�., ÏLéÐ/KÜÝ]ö�ûü ÐÚÝ]1�, Jp
]�]�

½d�.�½d�Ç. ,	,lPTCAPM�.�£8(J�±wÑ: þý(J|)ºxÏf βRi,m+
Úeý(�

�)ºxÏf βRi,m−

é|ÜÂÃÇ3ÚO¿ÂþÑéwÍ, äkér�)ºUå. ½|?uþÞ1��þ

ýXÚ5ºx�|ÜÂÃ��'(Xê�6.954 2),½|?ueO1���eýXÚ5ºx�|ÜÂÃK�

'(Xê�−24.400 6),�?ueO1���XÚ5ºx(=eýXÚ5ºx)�'þÞ1�(=þýXÚ5

ºx)���,=3Ó�^�eÝ]|Ü3½|?uþÞ1���éu½|�ê�þÞÌÝ�3½|?ue

O1���éu½|�ê�eOÌÝ�3é��É[16] .

L 4 ÄuOLS�PTCAPMÚCAPM�.£8©Û

Table 4 Regression results of PTCAPM and CAPM based on OLS

�. Cþ Xê IOØ� tÚOþ P�

~ê� −0.007 3 0.001 1 −6.845 4 0.000 0

CAPM oNºxÏfXê 0.119 1 0.061 1 16.739 6 0.000 0

�. N�R2 0.644 9

F-statistic 44.590 1

~ê� 0.001 9 −0.001 1 1.799 0 0.085 8

þýºxÏfXê 6.954 2 4.736 4 5.741 9 0.000 0

PTCAPM eýºxÏfXê −24.400 6 8.278 2 −15.570 3 0.000 0

�. N�R2 0.955 5

F-statistic 258.799 3

þã¢y(J�IS�
Æö�ïÄ(Øaq,�½|��ÂÃÇ�u"�, βXêÚ½|��ÂÃÇ

��',�½|��ÂÃÇ�u"�, βXê�½|��ÂÃÇK�'[17,18] .�± ïÄ´�â¥I]�½

|�ØÓ½|�³^�e½öØÓ�½|±Ï�¹e�©ãï�, �©K´l¥Iy ½|Ý]öäk

�cµnØûü Ð�%n1��ÝÑu, ?1�]�]�½dï�,lÝ]ö%n1���*�Ýé¥

Iy ½|�þãy����nØ)ºÚ©Û.

4 (((ååå���

�©±·Iy ½|��µ, ��lcµnØÑu�ï
·^u·I½|^��cµnØ]�]�½

d�.,¢y©ÛL²�©¤�ï��.�'�DÚ�]�]�½d�.äk�r�)ºUå. T�.�

8c®k�cµnØ½d�.�'ó,äkXeA:: 1)��lcµnØï�,ý�Ny
1�7KnØ

é�N�*%nÚ1���x; 2)��.æ^�d�¼ê«Ou± ïÄ¥æ^�¯¢Ø�Î�©ã�5

d�¼ê,NyÑ¥Iý¢y ½|¥Ý]ö�ûü ÐA�, Jp
�.�]�½d�ÇÚ¢���d

�.�´,du��.b��Ý]ö´Ó��,�ÄXÛòÝ]ö�É�ûü ÐK\]�]�½d�.ò
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�k¿Â,ù�´?�Ú�ïÄ��.
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