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Research on dependency of stock index returns based on

time-varying Copula model

HU Yue, WANG Tiantian, XIA Houjun, LEI Liurong, JIANG Yanxia
(School of Sciences, Zhejiang University of Science and Technology, Hangzhou 310023, Zhejiang, China)

Abstract: In order to study the interaction and correlation among the stock markets, the
dependency among Shanghai Composite Index, Shenzhen Component Index, Hong Kong Hang
Seng Index and US Dow Jones Index was explored on the basis of the time-varying Copula
model. First, the autoregressive moving average-generalized autoregressive conditional
heteroskedasticity (ARMA-GARCH) family of models was established for four sample returns
series to determine a single edge distribution; next, the common constant coefficient Copula
function and the time-varying Copula function were used to model the dependency of the stock

index returns series respectively, results of which were then compared; finally, comparative
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analysis of the dependency between every two stock indexes was conducted respectively on the
basis of the normal Copula model. The results show that the fitting effect of the time-varying
Copula model is significantly better than that of the constant coefficient Copula model;
Shanghai stock market has the strongest dependency on Shenzhen counterpart, with the
correlation coefficient up to 0.9, in contrast to the correlation coefficient between A shares and
Hong Kong stocks close to 0.5, and let alone the correlation coefficient between A shares and
US stocks fluctuating around 0. 15, which reveals that the dependency between A shares and
Hong Kong stocks much stronger than that between A shares and US stocks. The correlation
coefficient between Hong Kong stocks and US stocks is 0. 27, which is stronger than that
between A shares and Hong Kong stocks. This research method can be applied to other fields
of the financial industry to understand the flow of funds and market efficiency.

Keywords: time-varying Copula; stock index returns; dependency; GARCH model family
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Table 1 Descriptive statistical results of sample returns series

FEAS FEARK YifE SION fie/ME P i 22 Pt 12 e &7
IRTIE 1357 0.009 40 5.603 61 —8.872 91 1.471 29 —1.113 10 9.994 88
TRAIE LA 1357 0.021 09 6.254 19 —8.824 50 1.762 54 —0.954 36 7.272 04
fH 7 45 5 1357 0.006 80 4.925 00 —6.018 29 1.176 03 —0.375 59 5.587 41
HHEMATIER 1357 0. 040 52 10.764 33 —13.841 81 1.240 43 —1.364 91 28.264 81

3.2 WEEFINEE

X 4 il B R R B A LR AT A RN AT KR B . 1 S 2% B Jarque-Bera £ % . Kolmogorov-
Smirnov 6 4 F1 Lilliefors 45 56 2 %) A A< U 45 28 77 51 JE 47 1E A5 VEAG 56 B AR Wi £ 2 7 81 1E 25 P A 36 4 2R
WA 2. n {50 1, B p EHI/NT 0. 01, R BEANFT G IE 70 A o A5 A AR i 5 5 1 9710 4 A il
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Table 2 Normality test results of sample returns series
N Jarque-Bera ¥ 4 Kolmogorov-Smirnov ¥ 4 Lilliefors £ 4
A \ P P p P P
ST 1 1. 000e-03 1 5.447¢-16 1 1. 000e-03
VAR S 1 1. 000e-03 1 6.310e-12 1 1.000e-03
18 4= 5 41 1 1.000e-03 1 1.553e-04 1 1.000e-03
TE B3 0T 8 5K 1 1. 000e-03 1 1.029e-24 1 1. 000e-03

TE XA Y AT F0L 45 2RI » 20 RS AR 36 32 6 A Wi 36 P 9 BE AT P AR Pk R 8 A A A i R T 51 R
REARAL B 25 5 UL 3, 4 W45 327 91 B AL AR A 38 45 SR AR /N T FUAE 126,500 10 90 35 M K- T 89 1
G PR AT RUAE b 3R AR5 535 O R P 51

R3O OREAAR T 9 AR 0 45 R

Table 3 Unit root test results of sample returns series

A 1% B A5 X i) 504 A X 1) 10 %6 B A5 X ] HEA ¢ gt i p
RN —3.434 962 —2.863 464 —2.567 844 —34.887 26 0.000 0
VAR R A5 —3.434 962 —2.863 464 —2.567 844 —34.987 97 0.000 0
18 A 45 5k —3.434 962 —2.863 464 —2.567 844 —37.602 96 0.000 0
SRS T —3.434 966 —2.863 466 —2.567 844 —24.722 97 0.000 0

R 7RI TR AR CFAR R Z A L ik BAG IR A AR S B 1 O b AR AR TR R A A A R T B
W s ol R T HI I A A FEATE S B AR SC R BORAE 2 A AR 22 LA B AR 4 S lices R
S EA A A RTE.
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Fig.1 Autocorrelation plot of the collected sample returns series
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3.3 ARMA #EH)EF

W LA B A B UESE BC TRUE AR B AR AR BOR T8 3 4R B W aR BT Sl RS PR
Pk K AE DGPR3 #2 T SR X AT ARMA B8 2 i, I AIC {5 R 2 Wy S RS . REAS IR 45 R 5
5 ARMA BRI AIC A 0L 3% 4, 38 AIC {6 i /D ARMA B, 5 240 8 T L iE4R 80 ARMA(2,2) .
TRE A ARMACO, 1) (1A 5 %0 ARMACO,0) FE B0 18 80 ARMACL, 2) iy £ A I 25 3 5 91 1 94
JFE.

4RI RFH ARMA B AIC {4
Table 4 AIC value of ARMA model of sample returns series

FEA k%K TRAIE B HE DERECE =i T BT 46 K
ARMA(0,0) 3.610 889 3.972 121 3.162 903 3.269 532
ARMA(1,0) 3.610 264 3.971 413 3.164 117 3.235 158
ARMA(,D 3.609 372 3.970 953 3.163 934 3.243 226
ARMA((., D 3.610 265 3.972 487 3.165 445 3.227 249
ARMA(2,0) 3.613 150 3.974 409 3.164 675 3.243 419
ARMA(0,2) 3.611 829 3.973 361 3.164 082 3.239 531
ARMA((1,2) 3.611 016 3.972 562 3. 165 256 3.213 747
ARMA((2,1) 3.611 525 3.973 228 3.165 672 3.216 794
ARMA(2,2) 3.608 434 3.972 195 3.165 637 3.240 454

WHLH B &8 R 7 Z-Fi Mg B H 3 %t Cautoregressive condi- x5 HEARWEZETH ARMA i 2
tional heteroskedasticity-Lagrange multiplier, ARCH-LM) Jy ¥ % 4% 4 ARCH-LM £ 5 £ 5

AP R T 220 A 35 R F 5] ARMA 147 ARCH-LM # Table 5 Test results of ARCH-LM process
WLER L £ 5, ARCH-LM K525 51 p (5190 F 1% 52 Mk of sample returns series ARMA
- BRI i 3 % 25 4898 9 9 LA B 19 ARCHL 508 L 1 b
NRRTIEE 68.942 4  0.000 0
3.4 GARCHiREIHA ¥ TAE R FE 49.183 7  0.000 0
1k GARCH BIRUGR Zim 1 IERS s 275 ARMAC2,2) i 4o %% 58.828 1 0.000 0
R VRIE R3S ARMACO, 1) fE 4= $5 %0 ARMA 0, 0) B F MEUHEE 239.8912  0.000 0
T B TR B0 ARMA (2, 2) B0 RY () 3 Sl A% 00 . 28 )5 8 5 ATC {5 B o ) K 2 B0k 1T 45 32 10 5 38 o ok 1 %
M GARCH #L,
LA EUESE B B 53 04 i AT GARCH M 2 AN A #7 TGARCH Fl EGARCH X IEZS 43 Afi ¢
43 A L GED 4y #ii 3k %) | iF $5 B0k 35 R F 51 ARMA (2, 2) 8RS T B 1k 7= A o 004 B 4, v B
GARCH1, )R X5 0 25 R A I sh M A7 20, GARCH (1, 1) #6555 iy 408 5 A2 F0 5 22 5 AR 4N F
L= a0 +u;
8 =B +puia B
BT IR0 N IEZS 50 A ot 434 A1 GED 4341 i B UE 38 Bl 35 % ARMA(2,2)-GARCH (1, 1) f& 7Y
IS THE R LK 6.
£ 6  LFIFFEHUEE R ARMA(2,2)-GARCH (1, D BRI 1 S KAl 45 5
Table 6 Parameter estimation results of ARMA(2,2)-GARCH(1,1) model of returns on Shanghai Composite Index

28 E&s ¢4y A GED 41

P 0.023 080(0. 287 5) 0.054 716(0. 006 5 0.059 196(0. 004 1"
B 0.008 525(0.002 4™) 0.012 200€0. 018 4™) 0.010 519¢0. 032 8)
B 0.092 382(0.000 0™) 0.077 783(0.000 0) 0.075 354(0. 000 0™)
B 0.912 008(0. 000 0°") 0.921 472(0. 000 0" 0. 921 206(0. 000 0"*)

o2 TR p<<0.05, £ pexFoR p<0. 01, Z 78 F o F/R p<0. 001, RN EFH. TH.
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TGARCH1, D BRI £ 5 22 e W F -
8 =B+ puiy +Buiad B
BT R 257 A IEZS 50 A ot 434 I GED 43 A 19 UE 8 B0 #5282 ARMA(2,2)-TGARCH (1, 1)
R S Hh 25 3% 7,
T LI HOIE H ARMA2,2)-TGARCH (1, 18 ) 2 504 1145 4
Table 7 Parameter estimation results of ARMA(2,2)-TGARCH(1,1) model of

returns on Shanghai Composite Index

X IES A il GED 43 fii
o 0.008 156(0.003 4™") 0.012 377€0.015 97) 0.010 536(0.032 6")
B 0.097 221¢0.000 0°") 0.067 431(0.001 6") 0.073 964(0.000 3")
fe —0.010 079(0. 316 6) 0.016 160(0. 520 5) 0.004 798(0. 830 &)
Bs 0.912 798(0. 000 07*) 0.922 708(0. 000 07) 0.920 222(0.000 077)

EGARCH, DMIRI & 4F 22 E W -

U U

01 01
BT R 2257 00 IEZS 50 A o 434 A GED 43 A 1 1 E 48 300k 5 % ARMA(2,2)-EGARCH (1, 1)
RIS AL 1145 R L3R 8,
*£8 LFiFfEBlt % ARMA(2,2)-EGARCH (1, 1) BT iy 5 % £l 145
Table 8 Parameter estimation results of ARMA(2,2)-EGARCH(1,1) model of

lna;z = ﬁo + Bl + Bz + ,93 11'16;2—1 °

returns on Shanghai Composite Index

SR EA ST ¢ 4y A GED 4 #i

B —0.138 169(0. 000 0™) —0.120 807(0. 000 0™) —0.126 771(0. 000 0°)
e 0.197 394(0.000 0°) 0.174 889(0.000 0°) 0.177 918€0. 000 0™)
3 —0.007 228(0. 342 6) —0.024 846(0. 211 5) —0.018 080(0. 321 4)
Bs 0.990 384(0.000 0°) 0. 989 487(0. 000 0) 0. 989 505(0. 000 0*)

ATC {H $5 /)N i A0 R A A0 516 18 AT DA 30 e Hh B3 BE B I 00 - 38 9 43 T HIIEHE 0 ARMA (2,
2)-GARCH (1, DB 9 AIC et 4, Ho AIC (/M8 ARMA(2,2)-EGARCH (1, D BIBI [ ¢ 4y
A AR X BRI T S HG T AE 3 Bl B R I KO NN B3 L £ ATC fH ol 3. 034 231
1) ARMA(2,2)-GARCH (1,1)-¢ }i %1,

FLTF L AFFE 80 GARCH Y 15 (1 356 U 15 o f5 245 B0 URAIE B8 1 24 5 BI0ORT 38 B¢ 07 48 25000 i 25 %
F 9 B A3 2 oy A AL, DLER 10,

%£9 FiFE%E ARMA(2,2)-GARCH(1,1) R 10 Wi 3R F 8 I LA G G A 5 R
R A AIC G834 Table 10 Optimal edge distribution model for
Table 9 AIC statistics of Shanghai Composite Index returns series

ARMA(2, 2)-GARCH(1. 1) model family P A {575

o8l EA A t 43 A GED 43 15 FHEFE %k ARMA(2,2)-GARCH(1,1)-¢
GARCH(1,1) 3.175 214 3.034 231 3.039 783 WAE 5 ARMA(0,1)-EGARCH((1,1)-
TGARCH(1,1) 3.176 479 3.037 149  3.043 098 18 4 F5 5% ARMA(0,0)-EGARCH(1,1)-¢
EGARCH(1,1) 3.177 561 3.033 351 3.039 840 EEIIE S ARMA(L,2)-EGARCH(1,1)-¢

i F Copula #8581 B3R AR & 1 11 2% 43 A3 ZEAR M (0, 1) 093551 50 4 . 7E 4T Copula ##EA 2 if 7 56 2R
FHME 3 FH 43 A8 o b PR 25 256 7 0 W b ME AR 5% 22 07 91 . 81 2 S REAS IR 45 2% I 9 A o AL Bk 22 Q 4317 B
(quantile-quantile, Q-Q) & , [ H K# i S E—FHEL L. XAE5 0. D NS 0m . X FEWHD % 04t
A,



%1 W1 H 45T AL Copula FRERE Y 45 W 4 SR ARK 5 R AT 58 101

6 ™ 6 -
4+ 4 F o oo
2F 2F
& #
& Of & Of
e &
£\ <\
-4+ -4
—6F —6F o @ wo
_8 1 1 1 1 1 1 i —8 1 L 1 1 1 1 J
-8 -6 -4 -2 0 2 4 6 -8 -6 -4 -2 0 2 4 6
FEARPREAL 5% 22 53 0 % FEZAR BRI AL 5% 22 53 16 2L
(a) FIEFE%L (b) TRIE i Fi
6 G
4 | 4 L [-1-]
2 -
# 2f i
& fE Ay
= of
& R 2}
ey o
@ -2t 2 1
4+ 6k
-6 °°e |°’ 1 1 1 ) —8 1 1 1 1 1 1 J
-6 =4 ) 0 9 4 6 -8 -6 -4 =2 0 2 4 6
FEASBRIFEA 5% 25 50 1 5L FEAS bR AL 5% 22 5 L &
(o) fEAdE %L (d) BB E %

2 REANCE R SRR ME R 2E Q- Q &

Fig.2 Q-Q of standard residual for sample returns series

3.5 Copula HE IR

A BT 5% 3% 8 1IE & Copula, i€ % Gumbel
Copula 1 SJC-Copula 3 % & %t Copula R
B X 3 Ff Copula 45 [ B9 B A2 pRE053 56 T
UEHE ORI E A= 48 Bl a8 R YA AKOC R T 2
Bflit AR R 11~12, KPR BoR ik
& A Copula PREUE JE I Copula pF%K
¥y3& SJC-Copula eRE R AIC {H 5/ H &

U1 LAEAVHCS SO R Copula 6 M2 BT 45
Table 11 Parameter estimation results of constant Copula function

of Shanghai Composite Index and Hang Seng Index

155 7Y ZH fli v {E AIC
1EA Copula 0 0.573 7 —540. 840 2
JiE % Gumbel Copula a 1.591 6 —545.991 6
SJC-Copula | & 0 0.299 6 —560.563 1
SJC-Copula T & o 0.436 2 —560.563 1

i€ Gumbel Copula pRELFIIEZ Copula pREL. K 3 41 T FIEHE 50518 4= F8 50 R %L Copula bR %S
45 Copula RS BT HE AR 4 ATC (B f5c /N JE U L 75 8 B 48 SJC-Copula p B0 LA 45 R il X
# 11~12 tpg 2% Copula pRELAIESAF Copula LAY ALC {E RI A, B A8 Copula 554 (1% 15 0 B8 7 F1 %1 18

fE ST AT H A AL Copula 7Y,

R 12 BUERBCSE AR BN AE Copula %2 Al 145 1

Table 12 Parameter estimation results of time-varying Copula function of Shanghai Composite Index and Hang Seng Index

HLTRY w B a AIC
I 48 IE 25 Copula —0.254 0 0.041 8 2.689 9 —550. 290 6
I} 75 i€ 7 Gumbel Copula —0.0637 0.547 6 —0.190 7 —559.427 4
B 4% SJC-Copula I+ & 0.254 0 —2.676 9 0.198 8 —572.066 1
i} A% SJC-Copula F & 3.318 9 —1.700 7 —1.500 7 —572.066 1
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