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SR E R @ (r o) HARE R i RS IE
SoHmE AN AR (HE R, B HEE R, B

£(16)X ~(18) XMWHBELERAA(9)K ~(13)
X, B AT 3B HMS-MND BE U ) — R Z2 ] FE #i, E-M
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AT, | ay |y 3B FE AT S B BOIM x (M -1),
{ar b iw X BEFEAE THEI S BB (M=-1), {eat yux X
REFEAl T B BB BOAM x (K= 1), ety X 0EFF
THEBABH (K-1) A m =M + 3MK- M-3K,
MR R 7 o3 A I 50 R T LK B AL 2 e R R
& TN 7 A R A O Bl 25 R g A iR R
I A B REF SRR SR 45 1 1 B SCHCH TR .

5 DRASKESRRIW
51 HEGHSR

AWt 5% il 3 MATLAB 5 B HMS-MND £ 8 2 4 £
HHWE-MER. BhEdBEGHE, BIERKEER
B 9o A B 2 50 8 ) RS B0 R i S R
% 5 Z 4 A F R AE f¥) HMS-MND BUR 2 808 5 , 75
HBBE THHET20 WHRENE, SR E kil
W EPLECR A AR AT B S R E Ky HMS-MND Jf
51 FFIRKBEAN=1500; )5, A E-M B3 X ¥ 51
B HMS-MND BB S Hk 7k, R 1 HHHAP—
ASPRET20 RYEEHENRE TSR, HREH
BHENSHMEITEESZ XM, TR, EHH E-M
B35 AR A Ol R A R 5 o A b BRI S R B ROR
ABFEB L, X HMS-MND BRI (1) 2 Bk 17 Ml 3t

®’1 HMS-MND SENSHGIHEESELIASR
Table 1 Simulation Results of Parameter Estimation Performance for HMS-MND Model

2H| % HEZHIE fliHE fhithriEz AR iRz
[y, ] [1,0] [1,0] [0,0] [0,0]
a, 0. 950 0. 949 0.010 0. 148%
igzgig ay, 0. 050 0.051 0.010 2.810%
ay 0. 050 0. 050 0. 009 0. 630%
ay 0. 950 0. 950 0. 009 0.033%
e 0. 200 0.199 0.018 0.475%
B EANM o 0. 800 0. 801 0.018 0.119%
WNESH ex 0. 340 0. 309 0. 090 9. 054%
n 0. 660 0. 691 0.090 4. 664%
B 0. 009 0. 009 0. 002 0. 444%
BAESAM s 0. 004 0. 004 0. 000 0. 429%
WEBH . 0. 039 0. 038 0. 004 2. 833%
o 0.014 0.015 0. 004 7.857%
o 0. 020 0.021 0. 001 2.300%
BATEAS o 0. 002 0. 002 0. 000 0. 667%
FriEESH o 0. 030 0. 028 0. 004 8. 133%
o 0.050 0.051 0.002 1.530%
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5.2 SLEBEREI

AW TR 1E P A SR A RO ROl AR R A B
MARBHFESRBRREEBE N, HKEF
PFRBTAREBRFHERANTRTR, K2 HiHiE
FER L1 o iR S A R HL A B 0 2 R R B ) B A
BodlE s . _EESO 95 ¥, W E100 $5 ¥, I BR300 Fi
BOM b ZT R 48 B0 8O T 4R B I e Oy HIE X

SR 2 P11 R e HOR0 X 50 W35 &R AT HMS-
MND BB SHMEHTMYUALLREMNER, KPR

—fTHILR By LR LS A ST &

R2 RERBESNR
Table 2 Research Data List

HHEHME - REXHAME — HR T PR # BRI AR BRIk H fﬁ
P R A SRR R BEE R, IR A

W2 H R E ST A T 199 4F12 16 H kg Uohedi 2002-07-01 2010-10-29 H.J4
5 A i BE RO HE HH 2001 4E 352002 4E 6 24 HEA B A AR 2002-07-01 2010-10-29 H.J
P 0% 5 B U5 30 B 45 1k 45 T wa A A A 25 SR 89 ORI HIE B BEfEH 2002 -07-01 2010-10-29 H .J
ST A, NI BRI I BB ER | s b004 01205 2010-10-29 F A
BT HRAMA—, 200247 1 H.

T BEEE7E b [ A4S R B 25 % 4 A K R FiF 180 48%r 2002 -07-01 2010-10-29 H.A
PREFED/RFRREEBEH, X FE2 PR GOERE%C 2002 -07 -01 2010 -10-29 H .4
FEHEBEHE-MBESHUE TR WA HABA, VEIE A BEES%0 2002 -07-01  2010-10-29 H.J&
e, WEB MRS 2002-07-01 200-10-29 i Ji
MND R B A BORE, BRSO AESs  WEI009RE 2003-01-06 2010-10-29 H.H
MR E, BAESHEEO ={la;]0, 70, 14,04, IR 300 5% 2002 -01-07 2010-10-29 H.H
Caloal AR, FRE TS BB 6,1 = FIELT RIS R 2005 -01-10 2010-10-29 H J&
5, S A AN 0,1 =13, A _

3 HMS-MND BE S 85 it LR L R0 %R (8B K %)
Table 3 HMS-MND Model Parameter Estimates and
Likelihood Ratio Test Results for Stock Indexes’ Log Daily Returns

kg EAEA EBUEB HiE HIE O BEER HHEA O HIEB  BiE Ak S w114

g BEEE BEE% SOfE%C 180 #E% ffeEk  BUEEC  MAEHL 100 FBEL 300 BF  FHEEK
@y 0. 994 0. 994 0. 981 0. 997 0. 996 0. 995 0. 993 0.970 0. 994 0. 995 0. 997
Gy, 0. 006 0. 006 0.019 0. 003 0. 004 0. 005 0. 007 0. 030 0. 006 0. 005 0. 004
ay 0.011 0.012 0.042 0.006 0.006 0.009 0.010 0.039 0.009 0.008 0.004
@y 0.980  0.989  0.958 0.994  0.994  0.991 0.990  0.961 0. 991 0.992  0.997
(o 0. 701 0. 741 0.716 0. 683 0.723 0. 591 0. 821 0. 762 0. 956 0.953 0. 894
Cia 0.299 0. 259 0. 284 0. 317 0.277 0. 409 0.179 0. 238 0. 044 0.047 0. 106
Ca 0. 383 0. 384 0.527 0. 399 0.570 0. 554 0. 531 0. 549 0. 531 0. 556 0. 637
Cxn 0.617 0.616 0. 474 0. 601 0. 430 0. 447 0. 469 0. 451 0. 469 0. 444 0. 363
M 0.0003 0.0002 0.001 -0.001 -0.001 0.001 -0.000 0. 002 0.001 - 0.000 0. 001
iz 0.0002 0.0004 0.000 0. 004 0.003 -0.000 0. 002 0. 000 0. 002 0.007 -0.001
Mo 0. 008 0.008 -0.003 0.008 -0.005 -0.004 0. 009 0.002 -0.006 -0.005 -0.005
Mo —0.004 -0.004 0.003 -0.004 0.009 0.007 -0.008 -0.003 0.009 0.008 0.011
oy 0.014 0.014 0.009 0.010 0.009 0.016 0.013 0.009 0.012 0.011 0.011
Ty 0. 005 0.004 0.020 0.019 0.018  0.008 0.004 0.018 0.029 0.029 0.026
oy 0.012 0.012 0.042 0. 015 0.031 0.032 0.015 0.016 0.032 0.031 0.033
T 0. 029 0.029 0.017 0. 031 0.013 0. 016 0. 031 0.033 0.015 0.014 0.012
LR 31.503°"" 137.5147*" -533.977 89.1767"" 94.976°"" -140.568 215.558""" -516.054 703.692°"" 935,181 """ 3530.916 """

B AL RFMEAFO00 HEHEEF,TH,
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MEI MR LG BLR REFR TR, B L
E B A %, GRE A By 46 20 R E B RIS BRSOk, AR
8 oy TR P T BSR4 O X BB AR R o A B A
FIADRBIRREEBEME UGN BRERE
R# . ABRIAA, BIER 18 B B4R g it it
IRNFHE, EFBZRBHTHSD BRMASHZ M. K
B, EIEG SRl TP B Bl m R m, H
PRSI B ZE /DT Bk A B3R B8R LRIt
Ho WH A& 8 s Ml & 59 HMS-MND # %1 3 ¥ Al
LA B, 95 %0 H i 35 R 9 o A 0 T 4 B A L BT A
AR (ayy >0.99,a, >0.98), (B — A FH15
REAFEREERD S HARRENREGESS A
HRBAEBEMTELARRER, BARAM
B A AR IE o LA R ESO 98 % 9], HMS-MND #€ £ 43
AR 1 X N & IE 45 43 A 41 AL 43 2 N( - 0..001,
0.010) #1 N(0.004,0.019), #H L B | 43 7 2~ 0. 683 F1
0.317, i 1% 2 B4 A 100 46 5 BT 53 3048 5 K i b

YL, iC R4 P 50 B I BE g B2 FF T R HF B (E
AL, %R A IE 3 4 A 2 A e B K B 0. 357, i
BE K EH4.512, HMS-MND #2) 43 fi R 25 2 X R iR
£ IE 2500 A 4 A 43 8 N(0. 008,0. 015) F1 N( - 0. 004,
0.031) , i A 2 43 5] 0. 399 F1 0. 601, & Ff] 1% 5 3
A 100 41 5 BF 5T B F K B OLIF 51, i R & T 5
O BE O BE I T P B E W R, IR A IES o
i 20 W ) R BE KB - 0.331, e BE KB H3.819, 5
REVHWRBEES A RAEREMN®E A ZH . K
AT O B0 H Y2 R A A A SR .

Rl BG , 3 JP R 9 T 3 AR RO X BRI AR R
WHETHHREERNUE, I ITREMUR LRI &
LR, AZ LR B B 20 69 i £t 3 70 A BB 2
BEEDRBIRREEBEM, £ 4 45 00 8E K
5 FR I SCUE S5 R, AT LUK B BRIRE B RIS B, HAR10
MMM BN SRS AR F R FEREND
IREFRREFKEBEH.

R4 HMS-MND RESHATACALORER(NEARER)
Table 4 HMS-MND Model Parameter Estimates and
Likelihood Ratio Test Results for Stock Indexes’ Log Weekly Returns

Fikg&R  EWEA  EWEB EiE FiE

R BIEE BHEE S048%r 180 fEEL fHEEL  BUEE

ay, 0.965 0.965 0.935 0.994  0.995
ay, 0.035 0.035 0. 065 0. 007 0.005
ay 0.019 0.019 0.133  0.007  0.008
iy 0. 981 0. 981 0.867  0.993 0. 993
€n 0.756 0.759 0.987 0.876  0.819
Ci 0.244  0.241 0.013 0.124  0.181
tn 0.639 0.637 0.957 0.899  0.860
tn 0. 361 0.363 0.043  0.101 0. 140
gy -0.013 -0.013 0.002 -0.003 -0.001
ti  —0.007 -0.007 -0.079 0.023 0. 004
Moy 0.004  0.004 -0.001 0.000 -0.002
Mo 0.020  0.020 0.069  0.047 0. 046
ay 0.020 0.020 0.027 0.024 0.023
T 0.068 0.068 0.006 0.049 0.046
oy 0.042 0.042 0.077 0.056  0.056
oy 0.017 0.017 0.002 0.010 0.017
LR 22.1027"" 18.520""* 309.570 """ 223.872""° 201.713 "

WER WIEA WIEB O WE PR b4
A% 100 45%k 300 8%k FlHR%EL
0.983 0.958 0.549 0.965 0.996  0.982
0.017 0.042  0.451 0.036  0.004  0.019
0.023 0.024 0.363 0.019 0.007  0.005
0.977 0.976  0.637  0.981 0.993  0.995
0. 808 0.597 0.664 0.642 0.776  0.813
0.192 0.403 0.337 0.358 0.224  0.187
0. 763 0.776  0.931 0.774  0.848  0.669
0. 237 0.224 0.069 0.226 0.152  0.331
-0.003 -0.011 -0.013 -0.007 -0.001 -0.010
-0.017 -0.015 -0.055 -0.016 0.004 -0.036
0.017 0.010 0.022 0.010 -0.002 0.010
0.021 0.020 0.102 0.018 0.046  0.005
0. 027 0.018  0.021 0.062 0.023  0.076
0.072 0.066 0.040 0.009 0.047 0.016
0.050 0.044 0.025 0.043 0.057 0.045
0.012 0.008 0.017 0.012 0.019 0.022
T 113.654"7" 104,274 -2.938  125.365°°7 185.934""" 39.818"""
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Table 5 Evaluation of HMS-MND Model Using Skewness and Kurtosis Statistics ( log daily returns)
Fikgie BiEAR  LE FiUE O FEAR WEE tlabvN FiE

i34 R SOHE% 180 fRE R 1004R%  300#EE  FIEE

HARE -0.250 -0.250 -0.192 -0.284¢ -0.531 -0.374 -0.241 -0.503
HMS-MND ## %U {3 BF -0.390 -0.381 -0.217 —0.368 -0.599 -0.438 -0.349 -0.434
F LR 6.214 6.212 5.528 6.029 5.681 5.490 6.089 5.393
HMS-MND 4 5 i fF 5.408 5.336 5.161 5.507 5.594 5.289 5.639 5.433

®6 HMS-MND SENREAEEAEE N NG (YRR E)

Table 6 Evaluation of HMS-MND Model Using Skewness and Kurtosis Statistics ( log weekly returns)
RS EIE EAE Lk LUE R Wk Rk ARV EIE
AIREL A RBIE% B MRS S0 4R%C 18045%L  IndR%C A BIE%L 100 $5%¥L 300 fE% AFEEK
HELiRE -0.018 -0.015 0.284 0. 003 -0.082 -0.246 -0.295 -0.252 -0.097 -0.189
HIMS-MND 0.027 0.027 -0.069 0.140 0.052 0.148 0.214 0.112 0.071 0.088
HeLke 4.519 4,524 5.892 4. 556 4.718 4,829 4. 586 4.553 4,692 4.350
HMS-MND 5.219 5.208 4.633 4,232 4,208 4.972 4,835 4,278 4.264 4,101

AT % %% HMS-MND 45 50 2] 1 i 25 28 77 1) R 0
JB R A Ik B AR % R B BE T , XY Sk 3% B i AR R
SHAEAREDRBRREEBENNE PR
P BEERAE R (F 3 MK 4 PLR G RARET) 5
R 3 fk 4 & E-M B 3% 4f 7+ B 4% ¥ HMS-MND
BRA SR, A4 R400 4 5 AF B 98 Ol i R BIE S K
RHLFS It ESAFII M MEMERE, £S5 M
6 TANERT A3 MR 4B S H 400 K
W AL B B0 Y F 249 08, IF 4t 8 P 6 xR B
Eipg g DR U Y (2P - A e L e

BBk S MR 6 PR ML TR E g SR A
SCPLHO R BE L ¥ BE AT LA, HMS-MND 8 B % T i
MRS FERRE EEMSFIEYBARR
MZERES . Boh, RS 8 M FERN N E A
WaEBRRLEENERAL —EBRENE M, B LIk
LU 48 BOSh BRI H A 7 B 3 BN A 3R 7 R R
A9 20 g sR T R AE. B — T, RN Bk
2 A 35 B ok e | R R 4 IE AY %) | 3R T 358 B, X
Foar 7 P Biide B 16 89 20 i me K T SE B . A BT
FEHEWT , HMS-MND #5259 75 52 3 {f B2 10 J3E I 1T A9 5
PR 22 1 LB 8 B 4E S B B P B R — E ORI
(e 52 200 i A A2 3R 0 BE LR AT LA el A ) i Y
i BEOR IR AN ) AR A e SR BT P4 A K
Pr R JH X M HE— 2B TR . K6 FRMARIFARE

B S Py EAREFE, A BT 5N N, X 5 A BT 5 W X
BOR W 26 B sk R 248 (< 450)  HMS-MND # % 5
B AR B BIRSETHERRE S B T R
SEREWMA -EXR, T - FHBRTKHEEER
T % B 45 LR TH 5 1 48 BOH AT K 4 M 4 3R Y BT
5 o

6 i
ARARBLRBEREEBEBIATERE
BEMBR GRS A2 E, BTRLABRRSE
HH - BAESS M (HMS-MND) 81 3 E-M
% 35 F1 Baum-Welch B 3% &5 HH B AL 1 2 8066 3 05
#2002 457 H 1 H %2010 4210 H29 H{P Ml
11 F B BSR4 00 B H LA A 2 3R B04E A SC R 5
RFW R B B S 48 B o Bl 25 2 4 A o
HEEGHBENS R RREEREN, EBR
EMRAESAHAABRBRSEHNEMTELERK
Z5, BAAF R & B 47 4E, B HMS-MND & & f]
DA 4 b 20 T %ot 00 4 3R 43 A f R 0 | R R R R X
FEMAGREYN, PERFERBNERN 6
10 B 2 3 00 I 5 1, OF HL et 1] 5 R4 AT L
BAFAGRBRRSEBESWBRTFAE, 4L
Xt o BT AR T 4 R N B DL R 0P 300 AR B
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A Study of the Distribution of Chinese Stock Index Returns
Based on Markov Switching Model

Qu Hui, Xiao Binging
School of Management and Engineering, Nanjing University, Nanjing 210093, China

Abstract ; The distribution of financial asset returns is critical for investment and risk management. Since the state changes in the
underlying economic and financial environments could lead to structural changes in financial asset returns’ distribution, we pro-
pose the hidden Markov switching — mixed normal distribution (HMS-MND) model for Chinese stock index log returns’ distribu-
tion, where the underlying Markov switching structure captures the structural changes in distribution, and the returns’ distribution
at each state is modeled as mixed normal. Parameter estimation is realized using the E-M algorithm and the Baum-Welch algo-
rithm. The log daily and weekly returns on 11 major stock indexes of Shanghai and Shenzhen stock exchanges from 2002.7.1 to
2010. 10.29 are used for empirical tests. Parameter estimates as well as likelihood ratio test results show that, most stock indexes
have significant Markov switching structures in their log returns’ distributions, and that HMS-MND model could well describe the
statistics of stock index log returns. Therefore, we argue that introducing Markov switching structure is a promising direction for
stock index return related researches.

Keywords ; return ; Markov switching ; mixed normal distribution; E-M algorithm ; likelihood ratio test
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