20 6 Vol.20 No.6
2017 6 JOURNAL OF MANAGEMENT SCIENCES IN CHINA Jun. 2017
@®
1 1 1 1 21
(1. 410082; 2. Business School University of Kent Kent CT2 7PE )
: F830.59 A : 1007 -9807(2017) 06 —0089 — 12
0
Markowitz ' -
( data envelop—
. Treynor ? \Sharpe } Jensen * ment analysis DEA) . Murthi ’
( CAPM) .
( Treynor) N DEA
( Sharpe) ( Jensen) : ® .Basso  Funari ’ . Chen
) Lin " . Ding " Linu "
CAPM P78 Basso  Funari DEA
Fama ( diversification approach) DEA
French ° Carhart °
. Briec 7
. Joro
@® 12017 =02 - 14.

: 2014 - 10 -09;
: (71371067; 71431008) ;
(1977—)

(2017371012) .

. Email: z. b. zhou@ 163. com



— 94 — 2017 6
Na '8 B
- Lin *
Lozano  Gutierrez Markowitz ' -
. Zhao 0
.Lamb  Tee *
Branda * Lamb  Tee ” ( Portfolio efficiency PE) .
. Branda **
. Branda * VaR
'Li  Ng* .
7 Costa  Nabholz *
1
( ) . Morey ~ Morey
. Briec Kerstens *° 0 R,
Morey ~ Morey * n+1
. Bran— r el t L
douy - - e, = (e e
Luenberger e o x, ()«
x') x, t i
Z x=1;R, 1
=0
R,,, = Rxe, = R, Zx;e; 1 =0 -
=0
Morey ~ Morey nt=01 - T-1



m 1)

H J t ’
) . Umax ) p,o,
E(H) Var(H) J g =
i %.t Var(R) <Var(H) t=1-T
jEleemop=dee T O E(R) =@E(H) t=1-T (1)
RO‘ E “ i
O Rt+l = Rt;)xzet’ ( )
PE B .
O Yx=1 1=01-"T-1
i=1
2)
1 AY T
[min Y. p,6,
|:| t=1
B,B, %J;PhdR) <OVar(H) t=1-T
A O ER)=EH) t=1-T
B,.B 0 (2)
192 0 L
O Rl+l = théxlet ( )
0 -
. D n .
PE 0 =1 =0 1--T-1
i=1
E(H . Var(R)
azetum — ( ;) 6;uk — ( ) pt
E(R)) Var( H;) r
2 =1
t=1
Li Ng?
2
1
Fig. 1 Portfolio efficiency at each period
¢ ' " Var(H') = o, E(H) =d, t=0 1
T-1
PE PE )
\ E(e)? E(eP)
: N >0 (3)
Rl+l = Rtxlel = Rl 7lxtet E( e?Pl) E( PlP[)
i=0 - n E(PP) >0 (4)

E(e)’ ~E(e/P)E(PP)E(e/P) >0 (5)

P, = (e —¢) (e =€) - (e -¢)
t=01 - T-1.
(1) E(R) = ¢d,



— 96 — 2017 6

E(R) /d, = ¢ @

E(R) /d, d, Li Ng?®
(2) 0,
Var(R)) /o, (A(A b))
() (2) maxiwl ME(R) - b,E(R)
%‘“X z{ p/d) E s.t. R,,, = R/(Px, +¢) (10)
(PE(U))E]stvar(R)<a',t—1 T t=0 1 T-1
BRHI_R(PJC +e) (A()\ b))
0o 7ot (PMV(a b)) I, (A
- b) Mp(a b)
(6) A= A Ay A
b= b b - b
Suin 3 (p, /) Var( R) @= @ a oa
D =1
(PUA) -t BR) 2d, 0 =1 1 UCE(R) E(R) = E(R,) E(R}))
t+1:R(Ptxt+e) r
%F;ZO 1 o T-1 =; . a,E(R) —b,Var(R)
(7) ! S
= 3 wfaB(R) b, E(E)-E(R) }
0, = {p[/dl w, € (PV(d)) (8) (1)
p/o, w, e (PE(o)) U E(R)) E(R,)
(6) (7) E(R}) - E(R})

: dlma b) = d(m alb) di(7 a )
(PMV(;z b)): (12)
max 2 w, a,E(R) - b,Var(R)

[ L ) d b = U 2b,E -
s.t. R, =R(Px,+¢’) t=0 1 T-1 (i ad) OE(R) ~ M T (R) =
1 - T
(9) Li  Ng* 1 2
(9)
Li Ng?® 1 7w e I,(a b T €
I,(d,(m a b) b)
2 m e II,(A b) T e
Li  Ng* I,(a b) A =d(7 ab)
(9) 1 (PMV(a b))
1 (9) (A(A D))
2 (A(A b))
2
3 (A(A D))



(10) Os7<T T

(ACx b 7 x)): Jr x))

T
= max ZWt ME(R,) - bE( th) | F_

(13)
(=01
T-1)
B, = E(P)E"(PP)E(P)
A, = E(e)) —E(P)E"(PP)E(eP)
Al = E(¢))"=E(e/P)ET(PP)E(eP)
(s 1) :1_‘[[4; (s 1) =l_t[Ai.
3 J(1 %)
J(r R) =-aR +B.R. +vy, (14)

C= b, b B -
@ B(AP ) B (PP ) B(AP)
B = (wA, + BB -
B.nE(P,)E™(P.P)E(eP,))
v, =y + A B(P) B (PP ) ECP))

T+1

[0

(16)
=T
JT R,) =-wb, Ry +wA,R, +0
== O‘TRZT + B Ry + vy
T =T

(14) T+1 (14)
J(r R) = —wbR +w\R, +
max{ E(J(7 +1 R_,) | F)}
RT+1 =

R.(P.x, +e))
J(r R) = - o,
B..E(€)) +w A, R+

You T maxflx)
T

E(e))? +wb, R +

t

Ax,)

Ax) = -2a,,E(elP ) Rix, -
o, Rx E(P.P)x, +
BTHE( PT) Rrxr ( 17)

(17)
X, = E*l(PTP‘T) 'BfiﬂE( PT) - E( eSPT)
2a7+1R7
']( T RT) = - wrbr + a7+1E( 6?) ? -

aT+IE( e?'P/T) E_l ( PTP/T) E( e?'PT) Ri +
wr)\f +BT+1E( e(l)) -
B.E(P)E'(P.P)E(P) R +

v + BB B (PP ) E(P)
4a7’+1
=-a,R +B.R, +v, (18)
a. B. V.
3
3 (15)



2017 6
20 20 -
( ) ( ) %T*’l = AidT BT+1 BT = 0 1 T - 1
B t =0 1 T-1 A 0 2a,.,
1~ 2 0 d !
Ch, = (& 2) =0 1 T
(20) 0 ; O'iHAS ’
. O
B 1=01 T-1. 1~ . r i1
B = 3 (2 (a +24) []4)
D L=T i s=7
=017
1 (24)
1) 1~ 3
Hretum _ dl 1
C (0 -1 R, + 0
O, 0
PE( o)
O r(k+1 -1 Biip
Z " ) 24, B0 (PMV(a b))  a 1
(21) Costa  Nabholz ® 6.1
t =1 T 7 e II,(a b)
Var(R)) = o, 7 e II( PE( o))
l:l _ 1 BT+1 !
Eﬁ( Rr+l) ATE( RT) 2a 1BT 2
O 0 .8
gr=0 b Tl F(Ra) = AE(R) +) "B,

o (R.) +o. = A(E(R) +0,) + 0 .
£ |:| BL+
By o e o 7 (Ru) +0 =A(E(R) +0)) + 218,

e, 7 0O Th(25)
0 T, = é wb, ]'[A
Pi 2 =1 T t
B = 2 (GoI10) - S ]
i . —
0. < B = 3 (w(1+25,5(R)) [TA)
B, = Z( 1 +2b.E(R HAI) 2 H
§ore 7 | (25)
E(R) b, o B
(22)

) (25)
) (25)

Drz(o t_l)R O

Dt—l B D

D _ k1 E
) D};F(k+1 t-1) (2%1) B.H
0”5' - —
13 O_t

D[‘l(o t_ ])R + lj erelum — E( H(I)) — dt

ey B E ' TER) TE(R)

A2=0 1( + - )Za“l k|:|

a, E(R) =T,(0 t-1)R, +
t-1 *
(23) ZFl(k+1 t—1) B"”Bk

t =1 T k=0 zalﬁl



07‘(”11”1 —_ d[ (26)
! - o (0 t —1)R, + 0
o, ,3 O
D _ k+1 D
Zr (k+1 ¢t-1) 2a,r+1BkD
E(R) o, B b, (25).
PV( d)
(PMV(a b)) b, 1.
Costa Nabholz * 5.1
7 e Il,(a b)
E(R) =d, m e Il PV(d))
a, . (20)
_ 1 ﬁ;l
dl+1 A/ dl 2al+lB[
T i1
a, = > (w, 4D (27)
T i-1
B =Y wla +2d)[]A
af
arisk Var( Rt) Var( R )
t Var( H) o,
00 ¢~ 1) RS 0
Dr—l ﬁ D
D k+1 D
» 02 I(k+1 t-1) (201k+1) Bkl:l
| 7 (28)
o (0 ¢ -1)R, + 0
O g O
D _ k+1 D
Oz orl (E+1 t-1) 2OLMBAD
O-t
at B[ at (27) 1
1
d o t=1 T
d, o, (21) (23)

leetum
d, t
E(Rl) =I(0 t=-1)R, +
t-1
Zr (k+1 t-1) 'G“'Bk
2al’m—l
0-[
E(R')=d. E(R) =d,
1
. E(R)) >d,
x[
E(R,)
0rixk
Var(R,) rz( t-1)R) +
Zf(k+1 t 1) ('8“1) B, -
20,4,
t-1
N Iri(k+1 t-1) B B, -
=0 2a,,
r(o :t-1)R,
d,
Var(R)) <o,
Var(R)) = o,
1
. Var(R') < o,
xt
Var( R, ) 1
Li Ng 2



— 100 — 2017
T=3
. 1 100
E(e) = 1.162 1.246 1.228
0.0146 0.0187 0.014 5[ 100 100
Cov(e,) = %) 0187 0.0854 0.010 4% N
Lb.0145 0.0104 0.028 9U
t=01 - T-=1. 1. 2.
1
Table 1 The variances and expectations of portfolio wealth at each period with wealth link conditions
Al 1.496 3 0.814 7 1.5553 1.721 1 1.958 8 3.028 4
A2 0.864 3 1.005 5 1.190 3 2.5517 1.423 3 3.8754
A3 1.416 2 0.596 7 1.814 2 1.153 5 1.923 5 2.266 8
A4 1.265 1 0.0559 1.446 3 0.120 5 2.1843 0.817 1
A5 1.551 6 0.3527 1.822 1 0.628 2 2.304 5 1.156 5
A99 1.301 7 0.214 3 1.544 2 2.6343 2.0329 7.5570
A100 1.527 9 0.278 4 1.823 5 1.567 2 2.2302 2.530 4
2
Table 2 The variances and expectations of portfolio interest at each period without wealth link conditions
Al 1.496 3 0.814 7 1.039 5 0.2753 1.259 4 0.072 1
A2 0.864 3 1.005 5 1.377 1 0.368 0 1.1958 0.057 2
A3 1.416 2 0.596 7 1.2811 0.066 9 1.060 3 0.218 3
A4 1.265 1 0.0559 1.143 2 0.028 6 1.510 3 0.2452
A5 1.551 6 0.3527 1.174 3 0.051 4 1.264 8 0.038 4
A99 1.301 7 0.214 3 1.186 3 1.222 1 1.316 5 0.596 0
A100 1.527 9 0.278 4 1.193 4 0.448 0 1.223 1 0.038 0
(1-2) d, 100 .
(TI Al
t =1 2 3. 1
3 N (p=1/6 1/3 1/2)
Table 3 The portfolio efficiencies under different orientations and models (p= 1/6 1/3 1/2 )
Al 0.556 0 0.8338 0.1549 0.301 6
A2 0.359 5 0.8111 0.084 6 0.249 5
A3 0.629 2 0.809 8 0.160 4 0.287 8
A4 0.880 9 0.966 2 0.602 5 0.772 1
AS 0.804 9 0.962 4 0.463 4 0.714 0
A99 0.528 2 0.815 1 0.065 2 0.098 1
A100 0.691 9 0.890 9 0.279 4 0.473 6
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Table 4 The correlation coefficients of portfolio efficiencies under different models and orientations

Casel Case 2 Casel Case 2
Case 1 1.000 0 0.633 9 Case 1 1.000 0 0.546 3
Case 2 0.633 9 1.000 0 Case 2 0.546 3 1.000 0
4 Casel Case 2
5 . P-

Table 5 P-values of Wilcoxon rank-sum test of portfolio efficiencies under different models and orientations

P-
P- Case 1 Case 2 P- Casel Case 2
Case 1 1.000 0** 0.000 0 Case 1 1.000 0 ** 0.000 0
Case 2 0.000 0 1.000 0** Case 2 0.000 0 1.000 0 **
5 Case 1 Case 2 D 5%
5 (1-2) d, o,
P- 5%
=1 2 3 1 100
P N
6. 7
6 N
Table 6 The portfolio efficiencies under different orientations and weights
Case 3 Cased Case5 Case 3 Cased Case5
Al 0.456 5 0.614 4 0.556 0 0.044 7 0.1830 0.154 9
A2 0.305 1 0.3832 0.359 5 0.013 8 0.102 7 0.084 6
A3 0.492 4 0.680 9 0.629 2 0.054 4 0.178 5 0.160 4
A4 0.750 7 0.898 9 0.880 9 0.287 7 0.598 0 0.602 5
AS 0.721 1 0.844 7 0.804 9 0.262 8 0.550 2 0.463 4
A99 0.3423 0.606 3 0.528 2 0.0217 0.1022 0.065 2
A100 0.5512 0.759 6 0.691 9 0.102 8 0.418 3 0.279 4
8 Case3 p= 001 Case4 p= 1/31/3 1/3 Case5 p= 1/6 1/3 1/2 .
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Table 7 The correlation coefficients of portfolio efficiencies under different weights and orientations

Case 3 Case 4 Case 5 Case 3 Case 4 Case 5
Case 3 1.000 0O 0.986 1 0.881 6 Case 3 1.000 0 0.970 9 0.7252
Case 4 0.8816 1.000 0 0.8139 Case 4 0.970 9 1.000 0 0.629 0
Case 5 0.8816 0.8139 1.000 0 Case 5 0.7252 0.629 0 1.000 0
8 N P-
Table 8 P-values of Wilcoxon rank-sum test of portfolio efficiencies under different weights and orientations
P- Case 3 Case 4 Case 5 P- Case 3 Case 4 Case 5
Case 3 1.000 0** 0.006 4 0.000 0 Case 3 1.000 0** 0.132 6™ 0.000 0
Case 4 0.006 4 1.000 0** 0.000 0 Case 4 0.132 6% 1.000 0 0.000 0
Case 5 0.000 0 0.000 0 1.000 0** Case 5 0.000 0 0.000 0 1.000 0**
. kK 5%
6 8 p
p 3.1 5%
p 6 ; Case 3.
p Case 4 5%
P
» Case 3.Case 4 Case 5
5%
6
7 8.
Tr=3
T
Ding " Liu " Bran—
0.9
6 N
7
p= 00
:Case3 Case S Case 4  Case 5. 1
P
6
6
6 4
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Performance evaluation of multi-period portfolios via the fully linked diversi—
fication model

ZHOU Zhong-bao' XIAO Hedu' REN Tian-ian' MA Chao-qun' LIU Wen-bin®'

1. School of Business Administration Hunan University Changsha 410082 China;
2. Business School University of Kent Kent CT2 7PE  England

Abstract: Existing models to evaluate the performance of multi-period diversification portfolio are mainly
based on the actual returns of portfolios at each period so that the dynamic characteristics of portfolios cannot
be reflected. Since the links of portfolios at different periods are mainly reflected during the dynamic wealth
process thus multi-period evaluation models should be constructed according to the dynamic wealth process to
reflect the actual investment. In this paper the definition of multi-period portfolio efficiency is proposed based
on the distance between the portfolio and its projection on the efficient frontier. Under the mean-variance
framework and considering the dynamic wealth process models are developed to evaluate the performance of
the fully linked multiperiod diversification portfolios with different orientations. Also the analytic expression
of multi-period portfolio efficiency is given by using the dynamic programming approach. The numerical simu—
lations show that the models are better and there exist significant differences between the traditional multi-peri—
od diversification models and the proposed models.

Key words: multi-period portfolios; fully linked diversification; performance evaluation; portfolio efficiency



