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Table 1 Various Estimation-error Improving Models
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R3 BESHERINICEQ(T1)
Table 3 Out-of-sample CEQ
of Various Portfolios ( I )

CEQ /%
ey

3FF  I5IND 18CMB 37STK
EW 0.480 1.173 1.267 1.158
B - EAE
MV-in sample ~ 0.460  2.448  3.290  1.691
MIN 0.172  0.601  0.193 -1.708
MV 0.260  1.017  1.039 -0.434
YEA A
MIN-c 0.160 1.085 0.253  0.737
MV-c 0.245 1.095 0.647 0.021
MIN-2¢ 0.182 1.036 0.153  0.924
MV-2c 0.246 1.056 0.580 0.170
¥iHsEd s
VAR-MV 0.807 0.703 0.522  0.073
VAR-MV-c 0.792 1.860 1.523  0.635
VAR-MV-2¢ 0.824 1.731 1.275 0.835
ekl LA
CMN 0.646  1.027 1.097 1.093
CMN-c 0.651 1.349 1.601  1.320
CMN-2¢ 0.699 1.317 1.519  1.256

L H AR AH0.050%, LA 2 R A H0.150, F v
H A 60,

HACEQB TMINAAMMVAS, HHAMGITRE™E
EWTHE-FEZERERTEEPHRR. 546
FARAFHEAER, EET2380ME 1 LWL R,
@EE AR B R /DT 46 HEERIGN.
MIN-c 4 & F1MIN-2¢ £ & S8 7 Z B L TS i F
MINH &, XRS5 LR W4t —3,
HY L HMBERYEMLY FE/HEART S
R EEEAER, FHEMNcHES5MV-cHE, BT
37STK % #E 5, MV-c 41 4 CEQ #5 & F MIN-c 4 & .
MIN2c 4l & 5MV2c H AW E I H LU IS, 55
HEUHART EHENABRREA B TR R
WHARGN. MTRMEITREKRTAHAEMHITRE, X
— M REA B T MR 37STK 4K CEQ(E . Xt it
MIN-c i & S MIN2c 4l &, R AR F EH5LW i %

BB, U LW 5 2R 1E AR T A R . X AR
H—LEETEWASGREEAT G - MREFHR
WAA-

U, A X TR A 24 (8, VAR £ B 5 71 30 {8 & B
3 A M (. X MV-c 41 & 5 VAR-MV-c
HE,VARMV-c HEERAREE LBREATH T
MV-c 4] & B CEQ {8 . %F e MV-2c 41 & 55 VAR-MV-2¢ £
4 VAR-MV2c#H & M CEQ ¥ & FMV2c 4. il
B PP 5 M e A B F o S BT A A MR A Ah a
BET2LIMAMB2ETE R,

B WEMTHS R EREHSEMRE,
B A i hn 2 % & CMN 4 4 89 CEQ {8 8 1)K , 5 hn =5
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HEHEWHE ,CMN-c 4 & FICMN-2c 4 5 ¥ MG T
HTFEVHEMHEEIIS R, CMINH S HIRET 5
EWAGHEEMCEQHE. @nilx I EUFLHE
S 4T 4 & , FE3FF FSIND 4% 4E , B CMN £ &
SO FE T HAEMWCEQIR FHERELAS, BE
18CMB #137STK 4 £ b, W48 it & W CEQ & F
HENFHAS. FFAH, CMN-c 4 & #1 CMN-2c 41 &
7£18CMB FI37STK ¥4 4 18 T & TEW 4 & # %t
R EMEA AR CEQ M, X & T W4 il it ik
FERBETHAGMTTANA K. TU et al. ™A
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<4 BHEESHERIHNCEQ(T)
Table 4 Out-of-sample CEQ
of Various Portfolios ( 11 )

CEQ /%
He

3FF ISIND 18CMB  37STK
EW 0.666  1.588  1.792  0.484
P - EAE
MV-in sample 0.718  2.563  3.774 -0.199
MIN 0.255  0.785 0.270 -0.416
MV 0.512 1.408 1.939  -0.855
ARAE
MIN-¢ 0.438 1.514  0.511 0.363
MV-c 0.406 1.431 1.185 -0.561
MIN-2¢ 0.400 1.518  0.310  0.527
MV-2e 0.385 1.498 1.000 -0.526
EYSEAS
VAR-MV 1.479 1.246 1.127  0.346
VAR-MV-c 1.639 2.410 1.998 -0.418
VAR-MV-2c 1.603  2.349 1.649 -0.271
et vHE &
CMN 0.992 1.295 1.522  0.426
CMN-c 1.102  1.996 1.801  0.554
CMN-2¢ 1.016 1.937 1.617 0.709

ERHAAKAH0.050%, FEHH R HMAH0.150, F v
4120,

— A FTEITSTKEIE & F MR FRE L HMBIESE b
WER. UEWH G R 6, 3FF i F i FRA
4.324% , Ti37STK $u 4% 4 I #: F 32 4 8. 194% , i B 4
PR AN EHENEE L, MMVEEH
PIEMEA S EISTKEIESE F S AHE, |
i R BEACH {8, & 2 VAR B 20 Tl {4 , 24 35 3 ¢ 1R
Fout, ok BB i 35 AR TR 2 H R K. X TF VAR
KRN 5 , 7T AE A I B R U B0 B AR T R A
T B A R B

QAFTA AW F RN, X EMING &
MMVEASSARAS, RAMMLEF, |EH S
Y $5 F S0 1) F BEAR

@ EREAS B REMGITIREN S EW
RTHFRMWKERS. SHARHAEG SHEUE
HE HEREHSNHEFERE DR T15.805% .

RS BESHRFE

Table 5 Turnover for Various Portfolios

TR /%
HE

3FF  15IND 18CMB 37STK
EW 4.324  3.706 4.129  8.194
Wl -HEAE
MV-in sample  3.740 64.114 45.926 193.945
MIN 3.884 121.020 43.403 178.679
MV 7.219  27.003 19.213  26.774
ZRA S
MIN-c 4.506 21.953 6.323  20.399
MV-c 6.371 24.550 13.147  26.351
MIN-2¢ 4.878 21.044 6.053 17.858
MV-2c 6.694 24,178 12.776  25.731
HlEMEAE
VAR-MV 28.472 77.631 35.018 117.840
VAR-MV-c 28.322 87.295 57.023 128.170
VAR-MV-2¢ 29.318 84.135 50.510 125.243
(e drap Ry
CMN 24,315 147.789 24.195 62.826
CMN-c 23.820 54.287 50.668 54.246
CMN-2¢ 23.634 55.296 51.112 54.194

W e A0,

@i g H A BB RERYENEAANET
B, SHENFASMEL, WA A LT EE
FYEMEFEAES. MEIMEFIEXZA, HX FEWH
. ZARNFEMS AR RESIRGESMNCEQHE.,

WA AR EHTTREERE. O XK
REZFSy AN 3485, Wl LERI2KLM
0. @ B H Y B (e B 3 N 10% , X T 25 R
BERFAKR. OELRAZGRAT, 0 EUT
32 5 B A %l 48 1 4 & CEQ {8 i & il 3F A
Ko XREANAMEHFHEAM A1 A, T DEM-
IGUEL et al. ' BF X P B L @RI KL H B, Wil
ARZEDEAEWE D, RTEIE, AHMRE
B H DGR e E AT LA AE R

4 H—LDW
41 VAR BBEOPESR
AT it — 2 i Bl VAR B X 7 5 AR 56 4 i 2
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), LASFFECHE 5 0 ], A VAR BU i fif I 65 R &
H B E M, 3FFEE L &% MKT H ¥ SMB 7
HML P 7. B 1A1E 245 1 VAR R (1)) 53 &R
o 20 B A 0K 5K A BT AR GOk R A H &
2,80 K120,

— fn

— A

—_ fn
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B [

Bl VAR GRPEHEXODERY
Figure 1 Regression Auto-correlation Coefficients

of VAR Model
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Figure 2 Regression Cross-sectional Correlation

Coefficients of VAR Model
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MKTH T MSMBEHE FHEHM K EMN BHKKER, M
HML A F £ B A BHEERLR . REB,/DTB
By , UL HML B+ 8 H # R K ZR 5 FMKT H F
SMB [HF, M B8 A 5K 3K R B, & 1E 6% A A o6
KEMBBERPE I RTEAERXLRZNEBER
B sh o K. R, MB, 2 A K i {H, % ¥ SMB
P 7 AT HML (& 7 3 56 5% 1 8 MKT F# 7 B A& [ # AH
KER; REB, TR, K IEAH , 158 MKT H - F1 HML
HTFxRRIBESMBAFABEIEMMMHERXELRE; RH
B F1 By, 45 3 {H 52 /N, 7 O {H A &, Ui B MKT A F fl

SMB [H F % ok | #1 HML B 7§ Wil e ) A3, B
I, 7 B35 B AH 5% 5% FR F R AR AH 5 3 R B9 VAR
TR A 5 2 WA R R P AR R .

T HI T VAR B R R T BB 05 AR A 2 i 0 2 R Y
HRME, B T % IR EE R R K /AR 1A B LS,
EHEEZREAFENEEN. FREEFEHERY
REWH VARERERZHBEHR THLREREN., &
15IND 18CMB F137STK #8542 |, ff & 19 15 & th VAR
HAEHEETMBRABHELEF IR EEE. &
—RIAMFEZELE—-TRBE. 45 VAREE K[
9 R B0 8 4, A 5T A S VAR B AU BB 0 25 47
2 ] f B e 25 89 R B AR SR k. T 3FF &3 4 | VAR
B RS g B M K T e 2, AT ORE A R R IO R A A
HREKEARF. &%, 48 5 % H Fama-French =
B 24 4 % A ZF 4t , T DEMIGUEL et al."* 3% F Fama-
French 2 x 3 43 21 %% 7= 4l & B 4E . = [ R Z (6] A AH %
HHRSHAFRHEEMR, AT E D Hik, A6
gLk R B W, 3T X a4 B 9120 4~ A |, i DEM-
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B fd 11 X 8] K B AT DLAB 2 R e A T R 5
4.2 BEYNEBEASHAUNREIBRS N

32 LI Rk, S HEA &R
HAEERBERREI AR, o7 6y R H 28
2 WA IR 2 TE A B SR BB Ok, A o T
R 2T Al T KR BE X ) (E T A B R,
200 I 4 2, TR 25 N 5 8] T B 38 Y Al
wE,BHAEEGERET e LM ERE 2R
MR R EE - ERE L DL Bk A Ik
HHHITIREFR. XH B ARFEMITHEBD T VAR
RN ERE, SREH, OEMREEERE L,
EffFEOKREMRE M, VARBER M %2 28
TrEEH HAMATEI M NEE FTREHEY
G RE QM RBEEE LHTNREHKTHE
PAEE L BmRE, X532 N EREREE
TRBARE FRAA TS —B.

RE R IR B A A, O B W 5 M 6
55 , (E VAR B AL/ T 00 3 A 8 @ Bl s iR R
ROEMT BRSO MERE, X2HE N VAR
Y ) A i 2% PR 3 0 AH 96 4 i 3 BB i 2 Y T g
FIRWZEFII M —Fr BHEXER. HLHE®E, 5t
WEMGTTRENACR R, B3 2THRFERS
BTy & SRR B 3TSTR B SR LR F 5 & T HAL %
P R F R, MI7STK ¥ 5% &b s
BN HAT.740% , H AR L FHFEAEHEH
31.741% , X H & TITSTK /B E st ER. H
WO RIEACF R S 45 2, ISCMBEIE £ M3 HE
FHAEMR 15 Tl 25 F 5 ¥ FEFE10%KF E 8
ER—M A XL FR, MITSTKHIEE @4 K37 B4
BAF2LRFEEI0LKFEREN - BHEXER,
THHFEEISY K LREN B BEHEXLR, Bk,
EEEEMBE AR R AT REAR LTS T VAR BRI R T
S SR EN R ESR.
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®6 VAR GRBEHMRESHTEOKE
Table 6 Prediction Error in VAR Model and Length of Estimation Window

TR 22/ %
G S
60 70 30 90 100 110 120
3FF 0.433 0.434 0. 450 0.449 0.458 0.477 0. 468
15IND 1.150 1.180 1.264 1.284 1.333 1.424 1.397
18CMB 2.031 2.039 2.072 2. 080 2.098 2.142 #i145
378TK 5.320 5.254 4.929 4.048 3.534 2.945 2.715

43 BEEIHASHRARERED T

2 O W 4 5 R Y o A O, A B 5T BT IR
A TERMEMA T REPHER, RTHBY
{8 B 3 4 & v S5 O i 6 5 BE ) 0 A R OL L e g
T A 5 L AT 4y H X A R R R R (L BB 2
frogth AU AR BERI IR MER B 3fT R X i 41 &

B8 e (0,1) HySI % . 7 T U000 1 , 199 5 2, B A
AT IR BES e (0,1) , i 45 41 A B 1 4 o B0/ T U 48
RIMAA EREGEHERS, TS h FASMHE T
R 2L £ 0 R o 2 % R, & G VTS < (0,
1) A B SL . B F7E8" e (0,1) A A r i, 2 BF 58 % Al

R RARBEREL2/RI
Table 7 Distribution Statistics

of Optimal Shrinkage Tension

TR RS 58 B/ 9e
s -
3FF  1SIND 18CMB 37STK

TR 1; CMN
#E 52.051 31.505 21.106 9.615
i 25.241 38.018 15.740 22.778
5'e(0,1) 4iiZe  95.048 69.048 99.405 92.361
TR 2: CMN-c
#(H 50.390 29.946 42.640 19.633
bR 24.079 34.965 23.151 30.871
5'e(0,1) fi% 92.262 91.071 99.405 79.861
TR 3 : CMN-2¢
#{E 52.385 29.493 42.212 19.343
PR 24,952 34.834 23.730 30.633
5°c(0,1) HiE 93.452 89.286 99.405 81.250

E W 2 M A0,

TU et al. “ B R g M- AR, B, RAES &K
FEAGTHEB R R, AU R B G ES K
BELFRAMN. OXMLEIERS 1T, RARNK
PR g A MBERNARER K EZR,
£ 3TSTK B 5% b 39 {8 fi /) , 3X 5 37STK B 4% 5 35
(k3% 4 & CEQE B AR — . BR T3FF Ui 4 LASh,

8 #/NF50%, B SEW A A ML, HEREAE
SHZRRAAGHERE K, H 4 44 % W
TFEWA &. LULHI37STKEIE S L EMWE4 &
EEETRRAGEZERA, B REHITHER
TEWH A MIEFE K, @CMN-c 4 4 Fl CMN-2c 41
A 1E R — SR 4R b A B 10 Wi 4 SR RE (B AN B o 22 1
BEE, WHAZAHARMNYEREAGN Fhh £E
P 0 A T 1 S SRR 3 DA TR BT BR T B O 25
MR THREAERENE DR T A X E A, Btk
MERBHMEITREN THRENHE - FEHBRAR
AKMEBRBL, OB ER, FRELHE R
M REHEEABENEEN. B&RNE, BT
CMN £f 4 7€ 15IND 4 4% % | 1 CMN-c 41 & 7£ 37STK %

PB4 b UL Ab, B W 4E R ST < (0,1) BB B 1 7
80% LA b, B, FEMEIH T EERSEIEL TS
B 3 Wi 4 AT 4 B 4R 4R R B, 8 B0 R N R 4 Fn A
BTG X S B AT R — 5.

5 &ig

A B 5T DN BE 7 Ui 25 B B R S R L fF VAR
AR 2139 8 - 77 22 B Y 300 B i 28 Ak i o, R
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The Effect of Serial Dependence on Improving Portfolios’ Performance

LI Bin,ZHANG Di,FENG Jiajie
Economics and Management School, Wuhan University, Wuhan 430072, China

Abstract ; Mean-variance theory is one of the classic theories in the portfolio selection field. Due to parameter uncertainty, mean-
variance optimal portfolio performs not better than expected in out-of-sample evaluation. Therefore, reducing estimation error in
portfolio selection has become a hot topic in the field of portfolio selection. Existing methods mainly reduce the estimation error
via improving the estimation of expected return and covariance matrix and utilizing side information in the process of portfolio se-
lection.

This paper studies the effect of serial dependence of stock returns on improving portfolio’s out-of-sample performance. First,
this study introduces serial dependence into portfolio selection so as to improve the mean estimation in mean-variance portfolio se-
lection model. To exploit the serial dependence, we apply vector auto-regression ( VAR) model and empirical evaluate whether
VAR model could improve portfolio’s out-of-sample performance. Compared with other linear models, VAR could exploit both
auto-correlation and cross-sectional correlation among stocks returns, which contributes to the reduction of estimation error in
stocks’ expected return. Second, to moderate the unstable performance and higher turnover of improved portfolio, this study ap-
plies shrinkage method to combine the mean-improved portfolio and equally weighted portfolio, gives an estimator of the optimal
shrinkage , and theoretically and empirically analyzes the shrinkage portfolios’ improvement on the out-of-sample performance. Fi-
nally, to validate the effectiveness of serial dependence on improving portfolios’ out-of-sample performance, this study compares
the out-of-sample performance of 14 representative portfolios on Chinese A-share stock market from 1997 to 2015.

Empirical results show that serial dependence does improve the out-of-sample performance on A-share stock portfolios.
First, mean-variance portfolio based on VAR’s prediction outperforms sample mean based mean-variance portfolio in an out-of-
sample framework, which suggests that VAR prediction is a better estimator of expected return than sample mean. Second, out-
of-sample results show that portfolio based on shrinkage estimator could achieve more robust performance and yield higher certain
equivalent return. Distributions of optimal shrinkage estimators also suggest that shrinkage method could reduce portfolio’s esti-
mation error. All these findings confirm the value of mean-variance portfolio in portfolio selection,

To exploit serial dependence, VAR model and shrinkage estimation method have been applied to portfolio selection, which
could help market participanis understand the influence of parameter uncertainty. This provides a meaningful model to alleviate
the parameter uncertainty, reduce the estimation error in portfolio selection and enhance investor’s utility in practice. The exploi-
tation of serial dependence with more accurate model and closed form solutions may serve as research directions in future.
Keywords ; serial dependence ;shrinkage estimation ; portfolio selection; vector auto-regression ( VAR) model; out-of-sample per-

formance
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