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2. [ N AR AT SR EE (2002)1, HABEIE BRI T Copula 5 ¥U7E 4l KUK 2T
IR, HHFHB A R E WA T B A F 5 . AR RIBRIEIE (2004)15) ] GARCH-t
BRI b 1 T 445 A AR B O 38 R ST A LB T 2201, FFEIZAT Copula B ¥R SRk
it 5] FE 5 2 [ S MBS e L R, BOT-RIXIMEAE (2010)19, XIsk4E A (2015)7 H T
Copula BREIBFFE T YRR 2 MIRIAR R4S, BRI TRA T HM TR, TEEFT
[ P9 T 40, A 3 T 42 B A e B R A7 A e 1 B A . T B P i 3 45 B B i S A
PERI R SRR AE A D, BB e B R AR T S 4 20 ik, TR U sl BOR SER LUK, A BT
SEFHZNEERH 5%, XEATTERT SRR EE. I, A cmy i mi
T B R SR VTN A TR

FIM Copula ARSI SR T BRI S0, I T B Al 1 S Rl 1] PR3 A RS 2
W s A 240 6. BT A0 4 Bh et () R A B 2 B A2k 28 kst (] 2 4
B B RS T HALEL (ARMA)S 45 IR e sh B0 a0y ) E (A9 4% 5 7 2547
(GARCH) ] FIBEHLIE B (SV) 10 &5 B STEAMT 32 0, 35 3 % v DU B U 2 1 4
BB (] P51 B R R FRIE. W TSR IF A ARG EBRFE, BT KR FE
FERA - ARG EE, E SRR (2016)1 A A LT - MR RARE
JE R PR H o 2 R B It B AR B W g 3 TR R (2019)12) B GARCH-t B
X T B AR AT T RE AR S8 B SR AT 4. S T S M B SRR T B8R, A S
2 A - MR R (GED) BESLIEsh M. W4t AR TR Copula
BRI, SO T Hh T4 B 391 2 0 A MRS (5] B9 4 A 26780, WA T 3 7. B o — e e ey B ZRU A
.

TR I, 7% 0% R fd F Copula-G ARCH BN 46 19 B S22 17 4 M D R HEA T SR 58, (]
i B t- MR GED 43 A S 200 W 26 22 F 5 B3 S0 A, FERHA 45 S L g, B
&I, GARCH(1,1)-t BIEIF GARCH(1,1)-GED AL AT LA 5] i et 18] B Py A i 4t 221 L
IELR A HE BRI E A R34 A W A, R ¢ t-Copula XN G0 A #E1TIE S TE A
T A BRI, AT S 6 5 (] (M St AT AT, 0P 508 1 380 5 79 b T S A A S M
TR A BEAAL, VI s BB B R, 45 L, DL RO S S B R A, B
T HL S U R T T B B R e EOE AT A PR T, R S e B R, A T IE
ST U R EOR B AU

2 REMNE

2.1 Copula g

Sklar 2. 4 H(z,y) AFEHIAER: X MY WBRGAMAT EL F(o) 1 G(y) 2450100 X
MY Wy B, B ABRIFAE— Copula BEL O(u,v), R

H(z,y) = C(F(x),G(y))- (1)

BH, I = F(x),v = Gy), WAH H(z,y) = Clu,v).

Sklar s BEZZH], —SeREHLAR BER -G 200 B B0 FT AR R % B 1A% A R EGE L Cop-
ula FHEAERIEA. [, Copula BRIe R RENLAS B0 1 22 A7 IR A RIS 2L 43
AL, HIMR RS Lot A fl b, REAE 2 E BT I — Mt 1 A D 2544
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2.2 WEDSES
SRt 7 ELA S0 | TR DA B SR B R 454, Bollerslev(1986)1% $21H GARCH
BB T2 2 BRI S R R B . KETIEM TR, GARCH(1,1) BERIREME A 5L
A RS H s 2 751, B
=+ &y,

€t|It71 ~ N<O7O-t2)7 (2)

2
0} *WﬂLagt 1+5Ut 15

Ho, e FRBEEH WG, [ R EABEES, pw o, 8 ARFHSEL AR THIX
TR, FRMTI AR AR ZE AT (GED) SFAEAE ] LA B U4 2] ) 4 Rl B 11 )
FIRIEERIFFE. RICA S R I BA BB ATH GARCH(L,1) BURIXH % H 2t %7
BRI G 5 AT AT IR

SINHMBER v 1 - M40, M GARCH(L,1)-t BIRL M, B 2|1y ~ ¢,(0, 0F), HEE LR

BT . N )
\</<;F+(V/)é) : (v = 2)o] 20+ (v —&2)03 P, ®)

FIANBARSECH v iy GED 504, ¥ GARCH(1,1)-GED 8, Bl £¢|I; ~ GED(0, 0, v),
HEEREIT

f(gtlltfl) =

vI(3/v)1/? T(3/v)ef |,

20_2& (1/1/)3/2 eXp — { (1/1/) } /2 (4)
TESL R B, # A58 5d Kolmogorov-Smirnov(K-S) kg HI 7% 22 002 & AR 5 &

W94, TR 2 8 FI Ao ffr GARCH(1,1) BEBUXS B REA T30 &

2.3 #%#F Copula F#

fElim1) =

WA Copula BEELEE:
1) ZJCIERS Copula: HAMG @%{E’J:‘z%iib@
) 2N (w) 2 _ 94 2
vi#) / / 21 i— bl 2<12_p :)t Idsdt, ©)

o, @71() RHRHEIES MR R ©() MR R, p TR ITIE MG REL
2) ZJC t-Copula: FAM J&%&E’J%iiﬁ)ﬁi

T ) 2 et i g2
C’t(u, v, p) = [W / o i = p2 [1 -+ 2<12p_ 1;;; t ](V+2)/2d8dt, (6)
Ho, TN HEBER v IRHE - 2 TERE T, () WL, p 3R 0T t- AR R

P B Copula BEUE: &35 Gumbel Copula 3%Z, Clayton Copula %A Frank
Copula K.
3) Gumbel Copula By T #2047 _L AR, TR T RBAEAEUR a5Ua%
SRET BAS RlTHT 37 9 7 (B B AR A, A R B RIA A
Caumpel (1, v;0) = exp{—[(—Inu)? + (=)' 01, 00| (7)
4) Clayton Copula By T2 20 T AR ZAL, X LEBMCEABUR, E5HE
TR BT HA G Rl T3 B 7 [ R AR AR A, A R Fs AR
Cllayton (u,0;0) = (u™ % + v —1)"V9 0 €[0,00]. (8)
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5) Gumbel Copula EELfI Clayton Copula p& % H BB A B dE AL &, T Frank
Copula BT DI IR B HE AR R, FIH Frank Copula lE(EA LB T REIXTFRLG

1 —Ou __ 1 —0v __ 1
Crrane(u, v50) = == In(1 + (e ) )

— ), 0 € (—00,0)U(0,00). 9)
AFH L E 5 Mg A Copula EL, Flad BT 7 BE B XT & Fh Copula B EHEATIFAN,
PRGN Copula BREHU GG 7M.

P IIEEA (24,9:), 0 =1, ,n, & XZH Copula KECH

) 1
Cnlu,v) = —~ > Im@o<ulicnwo<v, (10)
i=1

Hrp, u,o € [0,1], Fo() M Ga(r) AEREMMEREL ) Rt mmE W HEA Copula B%L
C(u,v) 528 Copula B C(us, v:) B FI7RKAIEES K

n

& = " [Co(us,v5) — Clug, 00)]7, (11)

i=1

H w = F(a), v = Fy). & 8, B E R Copula & HO FIG SR MG SR BT
2.4 FTF Copula F i) REBIEMER E

TEE BT FESCHEAT, XTSI (BikEaRER) T 57 UL 25 0 A G 2
MrAEAE BB 2, [ I/ 0 ] B A G R EOR AT AR REA g B ARAR G, B R EA
15 LRACR BN TR R

WAL R X MY, Hahh G i 3R F(x) fl G(y), SRR Copula %L C(u, v),
HAru=F(x),v=G(y),u,ve[01]

ERMERE A & H:

2= Jim PY > G 1(8)|X > F1(6)). (12)
ERMHXERE N XA

A= Jim, PY <G 1(8)|X < F1(6)). (13)

3 IPEBIEHEISEIES T
3.1 BIRPERLSH

ACEM LIRS 1R (SH) M #EE A% (HS)2010 42 1 A 1 H % 2019 47 12 A 31
H B H YA AR B TS B, B I1ES BE 10 4F, B R UE N AR T7EE Choice & RERLR A . 2
Py FoR e Ron Bl 1, IR R 74 R 38 Ry = 100(In P, —InP,q).
TPHEBOR T 2014 48 11 A 17 HIEATFR AT, BATER 2015 48 1 A 1 HADF R, 7
HUBFFE 2015 48 2 B FAF 2 J5 AP IR T R o T S 0 A DG M i 1 R A (2 284k, AT
RO 7 8 IS S Tt T s 0 T O i 43 A S R e LA B B P e R R A AL 4RI H
BBy AT TP ARG T SRR MRS 1L 20104 1 A 1 HE 2014412 A 31 H
Z 1) LA SORE A 45 Oy e g 2 5110 14 SHI0 1 HS10, Skt 1187 A EHE; 3 2015 4F
LA 1 HZE 2019412 A 31 H 2 8] EIER BORE A58 e st 22 e 410 20 1) 2 SH19 AT HS19,
it 1186 R B 1 /R T & WEE R 7 5 AL g O
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3.2 MK mEIE

M L ATLAE H, 45 P8 77 18 M S 53 AR R AR AU, B S ai R AR AR e A i B,
B BANTH R GARCH BRI X 3R 2 P A1 AT 6, B A 4E 9 GARCH- IEZSHUAYL, DA
R EHERMMIE GARCH-t HiZAf1 GARCH-GED iz,

AR RIEF fGarch WS F A HEF TG, HRERETFHRERT K-S i, A
T SR ZTFFIR AT, WE R AR 1. K-S MR EFRS EREFS e TR,
K-S MERERR, I 20 Bt SE I i 1T & R B

® 1 LI HEEHBSHGETER

FEA A 1% w o 8 v K-SHHRE
GARCH-norm -0.0023  0.0229  0.0354  0.9503 - 0.0024

(0.0334)  (0.0119)  (0.0082)  (0.0128)

SHI0O  GARCH-t 00023  0.0163 002656  0.96439  4.810 0.2758
(0.0304) (1.01032) (0.00819) (0.01103) (0.708)

GARCH-GED  0.0023 0.0163 0.0291 0.9585 1.175 0.9367

(0.0206)  (0.0124)  (0.0090)  (0.0134)  (0.066)

GARCH-norm  0.0274 0.0228 0.0435 0.9381 -- 0.0228

(0.0304)  (0.0089)  (0.0091)  (0.0130)

HS10 GARCH-t 0.0395 0.0192 0.0449 0.9405 8.058 0.3610

(0.0292)  (0.0100)  (0.0112)  (0.0144) (1.977)

GARCH-GED  0.0326 0.0198 0.0450 0.9395 1.388 0.8755

(0.0299)  (0.0101)  (0.0112)  (0.0149)  (0.084)

GARCH-norm  0.0131 0.0063 0.0599 0.9380 -- 0.0004

(0.0268)  (0.0024)  (0.0102)  (0.0089)

SH19 GARCH-t 0.0569 0.00847 0.0710 0.9299 3.993 0.6918

(0.0234)  (0.0042)  (0.0154)  (0.0123)  (0.481)

GARCH-GED  0.0679 0.0074 0.0640 0.9326 1.097 0.3455

(0.0194)  (0.0037)  (0.0135)  (0.0121)  (0.058)

GARCH-norm  0.0442 0.0193 0.0441 0.9416 -- 0.0188

(0.0299)  (0.0102)  (0.0120)  (0.0175)

HS19 GARCH-t 0.0673 0.0120 0.0361 0.9554 5.326 0.6244

(0.0275)  (0.0179)  (0.0133)  (0.0146)  (0.822)

GARCH-GED 00764  0.0135 00375 09520  1.260 0.5307
(0.0265) (0.0091)  (0.0122)  (0.0168)  (0.067)
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MFE 1 FETLUE Y, X SH10 fl HS10, GED A4y K-S #EF{H BT K T IE 2 A Al
t- S0, FIGESE GARCH(1,1)-GED SR 8 —r Bt (2010 4F —2014 4F) M EIEHITIUE.
TXTF SH19 F1 HS19, t- /M40 AT K-S AEZR(E T &, vl T8 BB (2015 4F 2019 4F) 1y
BdE, A GARCH(L,1)-t SIS T INGIE. B 2 /R T 45 55 (F 8 24 p A 1 5 15 5]
WEFH SN B G Q-Q B, Wil BT L& BOR BT

SH10¥C 2k %7 41 HS10 4 )7 41

2010 2011 2013 2014 2015 2010 2011 2012 2013 2014 2015

Date

HS191 25 )7 41

2015 2016 2017 018 2019 2015 018 2019 2020

Date

B 1 & r5a{LaE
3.3 Copula FHEHVER

RIS AR ARG WA G AT, A5 2.3 FHZERIFH H Copula REIHEATIER,
/] RiET copula 705 %F SH10-HS10 fil SH19-HS19 B B BB HEATI G, F8 M -FI7 B
FER PR R (T Fh Copula PR A48, Z5R A% 2.

#& 2 Copula BT SFHRAER

Copula pB%L SH10-HS10 SH19-HS19
ZH LOE Vit ZH CEaWiEE
Gussian-Copula p = 0.566 0.0305 p =0.575 0.0442
t-Copula p=0566,r=>57 0.0295 p=0572,vr=10 0.338
Gumbel Copula 6 = 1.533 0.1096 6 = 1.550 0.0803
Clayton Copula # = 0.837 0.2756 # = 0.935 0.2686
Frank Copula 6 = 0.837 2.204 6 = 0.935 1.985

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.ne
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SH10/)¥ 4| GED/) 41 Q-QH (nu=1.175) HS10J7 5 GED /3 /i Q-QF4 (nu=1.388)

SH19J7 #t-%3 4i Q-QI4| (nu=3.993) HS19)7 41lt-%r 4l Q-QI4 (nu=5.326)

Bl 2 #lasFsIle GARCH(L L) SUREMAA% A Q-Q B

MK 2 FETLLE ), PIBEE R t-Copula #EATHEHERT, “FOr WA By A8 &b W
IEEH, —5C t-Copula EREREMS HUF A& LIRSS RORNIME A48 B G R A 1. ARIBLE 15
BRI SR, BATAT A AT 5P BB BB R AR DG R B, 45 R LK 3.

#& 3 t-Copula REBHMEITHERRBEXRA

Bopw P v FEHIAH G R A
SH10-HS10 0.567 57 0.0001
SH19-Hs19 0.572 10 0.1114

# 3 N p BAETHERAE, LIRSS RO E A R B W RE R 7 91 Z T A TR B B A DG,
Hyr s B EOR 0t )5, P BRSSPt [y, d T SH10-HS10 #y H M & v=57, ¥
(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.ne
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% t-Copula R E £ 5IEZ -Copula ¥+ 784, % 2 HPE R BGUE RBRIE T X —
s, FIH B AR BRI T 0. X TR @ BOR )5, SH19-HS19 YR EMHC R %
WG, XS T EIERSRORE R G RE A R TR FE B, B YR — R ROk A gk
BCRBRIT, A — R Rl SR B SRAY S, P T R SCHREE L B I R,

4 4R

AR Copula-GARCH HEAY X 938 BOR St AT Je_EEA6 505 1R AR 46 R A Sttt
Frortr. DL 2015 4R0E 5 BOR LTt 20 5, 45 R R W], 18 2010 4R 2014 4FHF T Br Y, B
RS TE AR R H W s R 75 FT LA GARCH(1,1)-GED SRS AF &, TAE 2015 47
Z 2019 4FEFIE BN, LIERE RS EAE TR R H Wi R P S BOR T GARCH(L,1)-t AZIREA T4
B AE T HFE W Copula %L, KB 5T t-Copula B&¥CTEP M [] BE N H 32 BL i
&, FRAEAS TR SROT T REMSC R R BRI, BB BOR Sit)E, B
TEA SR B IO R R B 5, X R T B 7ER I e TR Rl 3, B 3 —H5%
R R BARBRIT, 7 — 1R S 2 B IR0, P T RO SCHR AR B R, AT IE S T
W U A .
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A Dependence Analysis Between Shanghai and Hong
Kong Stock Markets Based on the GARCH-Copula Model

SHI Zhi-yan, SONG Wei-hang, WANG Chao-jie

(School of Mathematical Science, Jiangsu University, Zhenjiang 212013, China)

Abstract: The Shanghai-Hong Kong Stock Connect is one of the most influential policies
in China’s capital market reform in recent years. Since its implementation in November
2014, the connection between Shanghai and Hong Kong markets have been significantly
strengthened. From the perspective of empirical analysis, this paper establishes the Copula-
GARCH model for binary time series to analyze the dependence between the return sequences
of Shanghai Composite Index and Hong Kong Hang Seng Index. The results show that the
overall correlation of the two markets is enhanced after the implementation of the Shanghai-
Hong Kong Stock Connect. The tail dependence is also significantly strengthened. They
confirm the effectiveness of the Shanghai-Hong Kong Stock Connect policy.

Keywords: copula theory; GARCH model; heavy-tailed distribution; tail dependence;
Shanghai-Hong Kong Stock Connect



