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Dynamic Linkage and Volatility Spillover Effect of Gold

Spot, ETF and Futures Markets in China

CAO Dong, XU lJingjing, LI Wenwei, ZHAO Jie
(School of Economics and Management, Xidian University, Xi’an 710126, China)

Abstract Gold spot, ETF and futures markets play important roles in maintain-
ing a country’s economic stability, enhancing national credit and hedging financial
market fluctuations. In recent years, the price of gold has fluctuated greatly, and
the phenomenon of unsynchronized and uncoordinated gold spot, ETF and futures
has been observed, which has increased market uncertainty and risks. This paper
selects the daily closing data of gold spot contracts, Huaan gold ETF and gold fu-
tures main contracts from 2015 to 2021 to discuss the dynamic linkage and volatility
spillover effects among gold spot, ETF and futures markets. Firstly, the MS-GARCH
model is built to study the relationship between price fluctuation and regional system
transformation in the three markets. Then through DCC-GARCH model to explore
the dynamic linkage between gold futures, spot and ETF markets. Furthermore, the
spillover index model is used to measure the volatility spillover effect among the three
markets. The results show that: 1) The integration degree of the three markets is
high. DCC-GARCH model shows that the dynamic correlations of the three market
returns are maintained at about 0.9 for most of the time. 2) There are significant
differences in dynamic linkage among different markets. DCC-GARCH model shows
that the correlation coefficient between gold spot and futures market returns fluctu-
ates more violently and frequently. Spillover index model shows that the gold spot
market presents negative net spillover in most periods and is the receiver of spillover
in most periods. While the return rate of gold ETF and futures market is positive
spillover in most periods, that is, it is the disseminator of spillover in most periods.
3) During the sample period, the volatility spillovers of the three markets are dy-
namic. The smoothing probability diagram of MS-GARCH model shows that after
2019, the duration of the three market returns in the high and low volatility states is
relatively short, and the alternation of the two states is more frequent. DCC-GARCH
model shows that the correlation coefficients of the three markets’ returns have de-
creased significantly after 2015 and 2018. Spillover index model shows that: The total
spillover index of the three markets fluctuated greatly in 2019, once dropping to 55%;
In 2019, the external spillover index (TO) and the received spillover (FROM) both
declined significantly, and the gold spot market fell the most, falling to 43% and 50%
respectively; In 2019, the net spillover index of gold spot and ETF market returns
fluctuated greatly, and the net paired spillover index of gold spot to ETF and spot
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to futures fluctuated greatly.

Keywords gold spot market; ETF market; futures market; dynamic linkage; MS-
GARCH model; DCC-GARCH model; spillover index model
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WET ARG BT AEME 2 EEME, SERTT I E AR, & B BRRE
FIRR IR R ™, R BEE B I E M AT R s M EE T A, RER SR, ETF.
TR i R R, 5 a8 £ s, W T REF AT TR, v 7 IREIRE.
BEEZ 2R ZMEEEST MBI, WERRR . EEEARNARE, BE&MTE. ETF LR
HAB T 1) 2 (R BRSO SN, B BN AEAS [R] 35 4 T 7 FOAS [ () 28 43 7 i 2 ) A% 3, SN T 35 0%
BN 2RI Y BB AR T 3, Ak i AP RS 3. B Bk, T8 (S R 1% 2 XU
A S, AR T TR AS G As . A8 5 R mahith. FFRENZR, S8UEBE
T35 2 B A% 3 2 BN o SR B () A5 3 (R RRAE, & ILIE . ETF. WteTlisg e i Lsh & ks LA
R shus B AL R. fESERRIS AT, — S E B IR IS . S IS R A B Bk
A FEEFIA B RIILGR. Ean: 2021 4F, e 5 Pris Rt e (Wik) 8240 0F i
NFET 40.62%, N 3.48 JIN, BRE (W) [FILL R BE 41.99%, N 13.08 Jifeot; EigHATE
5 T A 4 Bt s ' (W) [RIEE R 11.33%, N 9.71 JWl, BASH (X064 AR %
17.54%, N 34.19 Jifeot; FARZE T4 ETF BFGEN 75.3 Wi, €))7 s,

VI P A 0T 4 T 3 R AN DA B B v R] R I A AR T AE A A B e T A
HAh &g R CR, WA EXNEETHNTNISRINERITHE. NEE&TY
H&ERT S B EEKE, K 5UEZRTT. SN LK OK S 1 3 (A 55 Bk
R BEMKHIAR S0 & Eaiim e =R (RINEESE (2022), 40T & (2018), YN
g VUi (2012), BEEESE (2022)), FEREM E K 2 MABFBUR (Gao et al. (2020)). #E4i
W IR 2 AR KRG SRR BRSO (M0 53 M1 SR 7204 (2004), #IEEH4% (2021), Pamela
(2022), &RIFAEFE (2014), FEHLZ (2015), Elgammal et al. (2021)), X522 174 f Bk (6
IREAAEE R EMNZESR (Gurgun et al. (2021), F MK (2015), Chen and Wang
(2019), EAEFYUNHEFIRE (2022)). HIR, B35 5M0 T 2 WA W35 13 HOC
Z (Wi A RERRE (2017)), B A ®ERS B 14 (Beckmann (2015), Belasen and Demirer (2019)),
M4 AR Bl 2 IR R b o B s SR IR XU (BI85 (2021)). #RUB%E (2021) W50 KB Lifg
PTG R A 0 P N R T SRR TG 885 DL RGBT RV S XU, A <k Rt IR, &0
WS e s, HIE R B2 HE S KRS A LRSI, RS EE Ty BAAE
HR RIS (FSCRAFTESE (2009), Mo et al. (2018), Reboredo (2013)), 3
TLIRHUE I SN A e R 2 — (EMERITKREIAR (2012)), B8 G030 R G AR
BBt 22 5 (WA 96 (2013)). AFE N — I E B R AR £l 25 55 72 (RE51T4F (2013)), fadh T
WEE ST MK A WS FRE S (RIEFAES (2013), BEES (2022)), FBNE
IR E L VR RIE SR RS (2018), FRFHIESE (2021)), & TIIAM
AMTHERES TREFEENSHIKCR (REES (2019), FEA (2012)), 7£Z 2SMBh
PN T AR S PE IR (B AEREAE 55 (2018), Wei et al. (2022)). H4h, ¥4 5AM. 1%
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Bt <) A1) B AR T B e st O8N DA K 22 A sCEI RSN (Lau et al. (2017), Xl
% (2017), Chen and Xu (2019)).

XT3 < T 4 N S K Bl A i st v R, 4 BRI A T A RIS AL A AR R R A K
PEE T 2 A BE . 3 (Xu and Zhang (2018), Yang et al. (2020)). #EZ:%5 5
H R (FREE (2017)) &R XSG T A R I DI Re BAT I 5em, MBS #0is, b
ST IHEA B SIS KILEE ) ER AR (M EMETE I (2008)), RHMP 70 (2014)
T 50 R IR [ B <6 S R s o) B8 S I SR A A (R S i e 55 HLAS L& ks K BILRE /). Nargunam
and Anuradha (2017) XfEREE S < ETF 006 &tk gt 47 75, KILENEE S ETF il
G EAKTFR IR BN TE R G BN E & ETF MM R BLBCR K. @i xt b
2N E 5K T 1A AR AR AN A% A RE 0, BT 98 R I AL 40 3 < T 3 B S0 T 1
E RT3 bG48 Fsh i, X HAR AT 52K (Jena et al. (2018), Lin (2018), Martin et
al. (2016)). FHEESAEFERE (2019) WFIURM, SMBuh b 2 — M 3 5 40 T X5 17 S (R R B B 0%
AN, R foeEEs. b B, E=EEAEMRTAEE RIS KR,
H W [ 3 & i 7E 2 B /h b i, B B AGFE M. Chang et al. (2013) RIAL T IHTE R
A E F A X 38 A B R T 2 S, R SEIRI S 1B S Nin 2 6
HHEHELZHMKK R (KEEMTEE (2022)). 2545 (2010) A ILERIE 5 &I 02 35 13
B BAEMEIF AR EA B FERAAT RN, Xie and Zhu (2021) BF 5t &P E# 4 5HH
XoF B B AN AR U B0 (R R KR5S

g5 b, BN AMEFREXNE ST 5 H A E SR U E NSNS F B ST 2 W1
TR BN RV RS ER SR TT T BONIR N BT, A SCRR R 2 R R &I IR 5 1k i b, &
X34 ETF gt 544> (Cheng et al. (2018), Rajit et al. (2020), Leung and Ward
(2015)). ACESHEEAREHESIGE. ETF. P H%HK MS-GARCH. DCC-GARCH
DA K it PR BB A5 BR N2 BT =TT 37 N BB IR BhaS B3 90 R DA R sl th, R i 35 i 4
KRBT A A, VR Be E R pp TR AT, X 5 AT 4% 0 20 & A0 XU 3 8 i
WA a7, S REE ST, ETF. MR 2 WA FESAH AR, NiTiinshEs
BN S Bt AKORE, o 977 90 A e o i XS A 4 B 4 I 3 (1 JRE S Ty e LA i ik 7 L o 1L M
B A BRI S L

RICEE I N AR B RN . B A R EAR . R =, EERA
PR 1) MS-GARCH RIS 28 28 (138 3l S BT AL IRZS EAT @A, LU =T A A W i
BANFRERE; SME B DCC-GARCH #EAY I — PR IT = A8 4 T A e 2 [R] K B &S B BT
RFR; BeJa, MG AR B =N 5 2 (8] (R 3l R R ARRAE EAT FE . B DU 40 2
it BRI
2 BUERAA

Ak w4 ETF (FRS: 518880.SH) 1E NE 4 ETF MiigflaR, Ko & E Wi
FRSLH G ETF 2 —, WP IRIESR A 5 I WA i K . BESIRTER B 38 ETF. 343
RS EY (RIS AU9999). 34 TR R 58 5 Fr 28 &) s 4 A Tt
FEHEL (RS AU). EEL 2015 42 2021 &P R, ETF. AA HIREA, K175
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ETF. S. F, £dE¥RiIE WIND £, T34 ETF. BEREATR 1958 5 i BEA B AN [,
TEH =AM A% 7 FILE SR R 22 5 B B 1705 & ARS8, X34 ETF R GEdE3R L 100,
PREF SRR I NG —. T BR IR GG (] P 5 (1 57 5 220, 5 SLont B Ab 2 15 217
5 Ins, Inetf, Inf, Z JGi#AT7—Fr 24, 15300 % /751 RS, RETF, RF.

RS, = In(S;) — In (S,_1), (1)
RETF, = In (100ETF,) — In (100ETF,_,) (2)
RF, =In(F,) — In (F,_1). (3)

MEEFIESE (KB 1) mTHL, 2015 46 — 2021 £ EHtt. ETF. Wiiimmis EIF, G
HAZE 2019 R P HIUKIE ik, 2020 FiRET RVE. fidtEgit o (R 1) vTRLE H
ST ETF ARG a6 S350, &0 ETF . BAGT iU s 2 iAs i Z2 AR U o,
uéﬂ)% AN BEETINR; WNEEERE, = NTPHNEEERT 3, R =H W EE T
AT RRIES, JB it E BN HANH R B 0. K 2 ) ARCH-LM f5e 4 R 2R =AMk
FRRZFYAA SR ARCH %8, H ADF #3674 1% B EM/KFE R4 FER %K, &
B = AN P B R 4.
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F 1 WARMGEITER
RS RETF RF
WIE 0.000259 0.000242 0.000256
H1E 0.000163 0.000351 0.000195
e KE 0.050333 0.054241 0.053990
e/ ME —0.061925  —0.064084  —0.048088
P ZE 0.008139 0.008306 0.008477
i 5 —0.047429  —0.129772 0.058998
lE3553 8.652224 9.132714 7.316056
J-B 4iitE 2268.921***  2675.105**  1323.601***
VE: L RN 10% 5% 1 1% R KSR
=2 MR ARCH MNHBIELER
A ADF 4it& P LM4GitE P1E
RS —40.97397***  0.0000 46.23112***  0.0000
RETF —41.07116*** 0.0000 46.87962***  0.0000
RF —41.11575***  0.0000 37.63429***  0.0000
R S RIROR 10%. 5% 1% 1R KSR
3 HAERER ST
AT H e E MS-GARCH A, ¥ iidgikshit 47 Xkl 4, A& iz, ETF &

BT AEANR] X RS T BT 7 B sl s m e XA S0 & i DCC-GARCH #7
Xt =FH MBS R RHATIRABT I, W i Z BB E AR SC R 2R #E— DAl i i 4R
HORBERL R, = AN T 37 2 8 (308 0 28080 B i Y AR AR AT P, IR AR IR S e i I A AR IR 3 2

3.1 &F MS-GARCH & WEE IR

48 GARCH BB 18 T IR AR, IR 25 18 B 18] Fr 371 (10 45 K VA A e IR S 2
A7, Markov ARAHEHAFR (5 EALAEILNN (2013), ML (2017), BREFERE H (2018)),
I ] P FPIRES KA, SRS HG 2 . KPR HHAE Markov IRZS 445
PR ONIRE A &, B — AN D/R AT R EE. MS-GARCH BALKG B s i 5 45 M i s &
W BN 77 REH A S TT R, AR R RPIRAS 4R IR SR AT SR R, AR R UK MS-
GARCH LAY, 5k b 21 ) 3 4 T 5 76 AN R 1) X DR S TR i S 31 T 370 0% Bl 1 DA 2 DX Al
RSy VRS

T = Ut + €, (4)
et = pihy, (5)

p q
h? = Qo,s, + Z ai,Staff’i + Z Bivst h?*i,st’ (6)

i=1 i=1
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b vy WG, b7 NFAMTTE, pe Fon ¢ WZIPTAIRES T RIFSIAME, &0 WIREFFA, 1
HRMIBSLIEZS 0 Al Sy BHUEDA {1,2,--- k). 2RSSR S, BUEDY 1A 2, 7 iR

P:<St=1|5t—1=1 St:1|st—1:2>:<P11 P21>’ (1)
S, =2[8_1=1 8=2[8_,=2 P, P

H, Py = (Py, Py) kA @ B o HAIRS 2%, P, MEBRRIYERRE i R
AR, YT I MOIRS T R BRI RFSEE, BIKACIZ1E; Py EBOKR, iR
BRAFEAR IR, AL,

X =AM aE %74 RSy RETF RFE 43 7l#49 % MS-GARCH #7240t =i EA
DR ISR, SRR T 7 1%, AT 4R W3R 3, BB s &I bt ETF. #i6%
RT3 AR BN R X (s, = 1) PRSI RIX ] (s, = 2) DX, Pra S50 2.

s KPR TS, [B5E REL oo HMEHEREUD, he IR aq + Bi(se = 1,8, = 2) R
E, ar + B WE BT YR 2B AN R, FOIRES T I RFSEME R 5, W& 26 1) e B0
BRI B 2 A LR ). FEARIEBNIRES, &Mt ETF KA TR 7 3 1 X il R S 26 4y
A 99.47%. 99.10% F1 99.49%, FE R BIRE, =ANTTI I X HIRFLEREZ 4 31l 9 81.58%
72.68% M 87.12%. Fi4b, MERFER R Bon: AP, ETF. RN 4E R sk
XAHPREHIHER (Py) 20508 (0.9970, 0.9969) (0.9115, 0.9887) (0.9989, 0.9977); K4
e AN MR B LA AR BB B s B SRS e i IR (Py) BUb, 239308 (0.0030, 0.0031)+
(0.0885,0.0113) (0.0011, 0.0023). XUt BH =i 1L S BURIEBRES T 3 B A R R FrEid,
1NN S TRR VAR N3G UK (A /N 2t TR e

MR (B 2~4) FTRLE H: 2016 4. 2019 4EF] 2020 4 =AM THIHE R ICRE 1

% 3 MS-GARCH(1,1) $#EHER

S RS RETF RF

ap (s¢ =1) 0.0000%** 0.0000%** 0.0000%**
ai(si=1) 0.0064*** 0.0128*** 0.0047***
Bi(se =1) 0.9883*** 0.9782%** 0.9902***
ai + B (s =1) 0.9947 0.9910 0.9949
ap (s¢ = 2) 0.0000%** 0.0001*** 0.0000%**
ai (s; =2) 0.1154%** 0.0006*** 0.0807***
Bi(s: =2) 0.7004*** 0.7262%** 0.7905***
a1+ B (st =2) 0.8158 0.7268 0.8712
P 0.9969 0.9887 0.9977
Py 0.0030 0.0885 0.0011
Py 0.0031 0.0113 0.0023
Ps 0.9970 0.9115 0.9989
LL 6027.1959 5995.3595 5933.3846
AIC —12036.3919 —11972.7189 —11848.7693

e T IERIR 10% 5% M 1% B E K
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FREEI R ALK, AR K228 I, £ R BRSO B3, =il
ANHE TERE N, X AR 2016 EAER T N ILACRAR ), S BURR . 56 ORIk 3 4+ 4%
R HIBE KU, TN ARk 59, 25t MBCRIAR R A AR, B AEIK BT, kT
PR MRS R, SBOTEIE Lk, Taahigin; 2019 HEAE 2020 44, HATEH AR
KBTI, (13 ek Gl IR, 38R hae AWramtt, eir b IR ik, FENH
SRR Y e EAR

1.0

e T TV 7\
0.8 [\\0.8 i \_/
0.6 // 0.6
0.4+ 0.4 - \\
0.2 | // 0.2 \/
0.0 /\’\"'T/ : - ‘\ﬂ\/ : 0.0 /\T\ S— /\l‘,/
2015 2016 2017 2018 2019 2020 2021 2015 2016 2017 2018 2019 2020 2021
E 2 WKW EREs (). &Esh () RSEEHEE
1.0 1.0 [—‘\/ /\/\
e T
0.8 4 [\\ 0.8
0.6 / 0.6
0.4 044 \\
0.2+ /\ /</ 0.2+ \/
\
00 /\’\’T 4 T — \KIJJ T 0.0 /\\\ T A‘L"
2015 2016 2017 2018 2019 2020 2021 2015 2016 2017 2018 2019 2020 2021
3 ETF mAEEED (£). &z (B) REFEHEE
Lo ( T YTy =\
0.8 [\\0'8 7 WJ
0.6 / 0.6 -
0.4 - 044 \\
024 4(/\ / 0.2 \//
\
0.0 N\ 4 : | ‘K : 0.0 L ‘ ’L/L
2015 2016 2017 2018 2019 2020 2021 2015 2016 2017 2018 2019 2020 2021

4 HAEMBHEREKD (£). &Es (A) REREEHEE



1162 THRAT R F35

3.2 #£F DCC-GARCH #REHzhASHE M S

DCC-GARCH #%A! (Engle, Sheppard, 2001) ez 2 MBI IRKR R, it
FRAUBE R AN T T 3% 2 (] A B H RIS, BB B U S 4R 7T 3 (R (R e Bl . AR5 BT 1) 31
(138 B0 AH S SRS 3 R /INAE G, AT DAWRERAN [R] 117 4% 2 (B PRI BN AR DG, J%0f LA OC R 2
BEATAG T (LB B (2017), L SE4E (2021)). A N DCC-GARCH
BRI EE s TR . ETF AR i M Zha&Bah K R, E T N:

RSy = piy + &4,
RETF, = pio; + &, (8)
RF; = pg + &4

Forb) gy = {pae, - o pae ) RBMEE; e, RBENIRZERFS, IRMEE D 0 1A K12 7T
IEA .
ue=FE (Tt | CPt—l) =FE (Tt) . (9)

i FEIREDE; o, A&t WIRT AR R &
H AW ARSAT 7 ZE R0

hu,t h12,t h13,t
Ht: h217t h22,t h23,t :DthDt- (10)

hais hsss hssy

D, = diag (01, ,0n) RAFKIRFUESR TR AR R, = diag Q; Q. diag Q; /% 2

1/\/Q11,t
BRI diagQ,'/? = 1/ /G2t sy = Di ey, g RE
1/\/q33,t
i D, AT RAEC IR ZE.
Qi=qji=1-a+P)Q+a(eae 1)+ Qi1 (11)

Q = E (e118)_y), Hel: Q RArMEMIRZE R T I7 Z R0, B

qi1,t qi2;¢ 13t

Q= q21,t Q22,t G23 . (12)

g31,t 432 433t

MR 4 MATFERTUER, £280F 1% HEZFEEKFTEEAN 0. 1) a TR
T 37 (WL 2 28 B B A AH OC RECZ BIAT AR ¢ REUM 2. WL ZE BORE, = iimias )
X RBCZ WA RN, H40RE ETF. Wk 58k, M5 ETF WmmshaSH
KABZATIATI 350N 7.3044% . 6.1622%.  12.8784%. 2) B KTz A &t R AH & 1
L. eI, ETF. Wi et A OIR ST A LR, 737108 91.1803%
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% 4 DCC-GARCH #&8Hits

24 RS-RETF RS-RF RF-RETF
0.073044*** 0.061622*** 0.128784***
¢ (0.0000) (0.0000) (0.0000)
0.911803*** 0.909464** 0.866043***
p (0.0000) (0.0000) (0.0000)
a+pj 0.984847 0.971086 0.994827
T S RIEOR 10%- 5% A1 1% SRR
90.9464%- 86.6043%. 3) F4k, BEARUGTHEE R o<, BV SIABNAS 5% 57 05 22 32 1 Wibs it
HHRZE W RE AN, 2 BT BN AS S5 A 7 7 ZZ RS EOKR, Ui B AH AR B A R RF PR

fE. 4) a+ B < 1, BEHBALRFRE R, AN o+ 8 WHMERER 1, R =TI 258 32 11
ISR, RS K HAFAE A MBI AR R R,

DCC-GARCH M s SM KRB (WE 5), "TLAEH: 1) EFEARX A, $E4EI 1T,
ETF 5 #0737 Wi a6 26 3l 25 A8 S M4 R 20 B R ER4ERFTE 0.9 2 A mi iz, B i3 (e —
TR . 2) 5 AT (R AH O¢ R B AE L, 3 S BT 5 1 1% 1T I I A e 1)k Bl 0%
RRDUH TR ZI S AE, S 5 Z MIAAE S AR . 3) MAHR REUIE A & 50T DL
RIV=ANTI 2 B A5 R BUE 2015 4E. 2018 4F 5 R AHA 53 N %, UiZIN )35 40
e ETF. AT Hidg 2 (M AR OCRR BE N %, TfI4E 2016 4. 2019 4F 5 BB B3, wiid
TEFEAIAR Y, 3G ILET . EFT. B0 T3 2 (B AAH SRR A W . X v] G5 24 i 2 48 35
T MG EA FAE DL ROE R S A o8, — ORI, ETF MBLIGESA & 5 M2
SRR AR, FrbAWiEERE E£R7. HHBRTEENRYE ETF. #&iks ETF W
ARG R4, I 5 B Hi A AR O R BT RAE 2015 S HIL R TR XAl T
2015 FERBAEFFEME . SE B, A IS a5 — RHERFA R, ok T BUE K,
IR MR, SFECES TIPS, KT B A EA RS, Bk, o7 6E
BT HNHEL YL ERARKES, B, RT5 5 A8 KA, i ETF /)
25 WIEARIE 4 NTITTHEAS [, AT AT T IR &% = ETF v DK HAFEA BA 21 H , i
WA RN .

1% SETFT 3% AR EHEHH W% SETFHig

10 1.0 1.0

eI L ¥ A o

0.6 -

0.6 0.7
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T T T T T T g T T T T T T -
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3.3 E T BER AR L SN 5

i B4 2B (Diebold and Yilmaz (2012)) ffH Cholesky =X fif 75 15 T R AGAAL
XA iR 72 R 5 ZEAE S TN AR 72 7 72 v 0 Lo A R A vk HE AR B0 KD, Bk T R AR
JS7, AT AR SR B B 4 b T 3 v N AR BRI AT S Bk T T B A T R (B
(2020)). ASCERX GG ETF M0l f il i fa 8088y, 52k, @57 P i) N 4E
VAR HHY:

p
Ry=> ¢:Ryy+e, (13)
=1

Hh R, = (RSy,,RETF,,, RFs,) R =ANWAEBENIE. ¢ & N 4300 E, Bk
LI, B R TTZHRE, Bl g, ~ (0,3).
% VAR &G iJ7 2 Frans, (13) s F 1 R0n:

Rt = Z Aigt—i‘ (14)

REIERE A, N Nx N 4ERIRAIFE, 2 0 < 0 BF, A;=0; 24 ¢ > 0 i, BA W MRS
A =1 A+ 02Ai o+ -+ PpA_,. (15)

07,(H) NIEHT H B RINR 2Ty 200, HFRoRE o X o, AT 5 D I0RZE K7 22 10 51
iR LG £51):

— H-1 5
07.(H) = Ujjl heo (€irAnD_€j)
? Zh}I:_O1 (e’i’Ah Z Ahlei)2

Kb e B4 Nx1 HFIE, Hp i MTEN |, RRTENE. o) 5 7 MERKN
TR ZE IR ZE . BTV IEACAR AL B, T SCTRINAR 25 77 25 40 i 77 v rh TR 58 2 7 22 1 5
BRELG 2 AR — 2 T 1, B SO 09 (H) # 1. 34T hRAEAL AL 2

j=1Y;

(16)

07;(H)
>, 05 (H)
i (17) Arsn, SN 69 (H) =1 f1 SN 69 (H) = N.

j=1"13 i,j=1"1]

o P it R A D T s AR i AR O AR ORI EE T 37 (1 HH AL
J82. Herh e

0%.(H) = . (17)

N Y N Y
S 09(H o 09(H

SQ(H) _ szgl)#ig U( ) 100 = Zly]—l,lj?\éfj %J( ) 100 (18)
Zi,j:l eij(H)
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FEZRGE A AR TR AR ELRS R B & (R SRR R DL, 7 TR PR S E (To A From):

N e N Y
Vo 9 (H Vo 99l
Sgl(H) _ ZJYVLZ#JA}]N( ) 100 = ZJ—l,Z;Jé\jf ]z( ) ) 100’ (19)
Zi,j:l eji(H>
N Y N Y
N 6% (H ¥ 6% (H
SZH(H) _ Z];\},Z#{Vgl]( ) 100 = ijl,lf‘] j( ) ) 1007 (20)
Zi,j:l 0ij<H) N

Hrp S9(H) 2T o M ARGA A EAL T A& (To), SY(H) 2% i Wi
b TN T [ Y (From). i HI4R %

S (H) = S5(H) — S7.(H). (21)

SMTREANT @ TR IALETE T35 B b B siE L i, JEnhid i kAT
DO RI IR A E
P 07:(H) 07;(H)
g (Efk_ﬁfam ijk_ﬁfm))

ST P AT 37 22 1) R8BI 450 HH R
3.3.1 BN ST

I AIC SFHENE AT 2 B, MRTHINE K 10 1) VAR AL THE AR W3R
5 Al LAEH: 1) SiEHIEBEHAE N RS 65.01% KIAS IS, ETF. ik
AW R 2 2 1] I AH ELAVE AR RE, I R B KAt . 2) & ILTR. ETF. HitRiiimik
R T PR R AR R AT, A Oy A S FE L (To) 4070 0.6424. 0.6529+ 0.6549,
5 S FR % (From) 43514 0.6479+ 0.6508. 0.6514. 3) # 4L 1%. ETF. ¥Rzl
R R B 0N —0.564 0.21. 0.35. IXUEHH: EE& WIS ETF Wig hiEmER L, 2
RIS T A 326 5 TR B T i R AR HOR f, R R IR Hh U s B 4 A R T b )4
R R, Ho ETF 173, B0 e BOm ik, 25800 00 HoA S i i R IRAE
H, HAN AR S iE AT XL A ETF Wi A BB SR, 4) = AN Tiiglkas i
RO AR I, #AE 32%~33% Z[A], 2 BH VR H A XU 1Y), T 3R A 2 1 Bl va H AT
TE X R IEREAE .

3.3.2 FIHE M 7

N A TR T 3 o] Be A AE I B e B, W BER AN G 1R M i 4 s B R e, A&
%% Diebold and Yilmaz (2012), /M55 (2018), KRFLLAE (2023), EFEE TE = 200 1
ARSI 55, AT &P, ETF. ISR i 0as 2 Ml a0 AR, K I SN2
RSN R B A R 8 RS AC R — B0 B 6 AT BEAHIPY, Td% e ki P 4
AYUERFE 65% Fota, 2019 2] 2020 FHIVBCREESN, —FE NRE] 55% i, U =gk
FRALAEE B E BN RS, X TR T, 2018 4ELUK, 7fERuTHE. 2 IR
G RN LA R N TGS 5 T, EEMEIRE, BN ST SN sE. 2019

6.(H) — 67, (H)
= ( N ) -100.  (22)
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* 5 miigHEk

i S ETF F FROM others
S 35.21 32.32 32.48 64.79
ETF 32.06 34.92 33.02 65.08
F 32.18 32.97 34.86 65.14
TO others 64.24 65.29 65.49 195.02
NET —0.56 0.21 0.35 65.01

TE: R By 3 < 3 FEFER, Ak b HeE AR BT 7 i T 5 2=
K E B S B bl 0 T AR A& R R BE R, AT B R 2
FoAty 7 3 B H O8N, BRSO ARR Z T I 0 oA T B VE A REEE. From
Others 977 [Pkt 4550 S7 (H), FomHA Tzl s HAb iin 115 2
. To Others 4777 Ak R S (H), Fondeiispns Htb A
(G B . Net 17 0@ i R SY(H), Fon & mimifE B, &
T R IT R A R G SR R SO (H).

657

60

55 1

50

2018 2017 2018 2019 2020 2021 2022

6 RENE O TR IR

ERERG TG FATE A1, Iz M EvE DLECH w2 15 B R S5 B R HAE 456 5, ARk
Ko 17 28 ik, EBh s &I R ik, [E P93 ST v AN B 0.

7RI 8 R ETF. W1 Nidn il as e sh 2577 [ i sl Fa 40, A48 % ohis
HAREL (TO) MEE H (FROM). MEIHAT LG H: FEA X ] =T 3508 R A8 07 1) PR
i AR ELEREAE 65% o7, 2019 £ =i IRt o HFe 5L (TO) At i (FROM)
HIL T RER TR XATRES 2019 SRR, B T TR, (515 =135 1% 4
HIR BRI R O ML T . AR M RIRATER R ER: HENRTHMEER K, 75
AR RER] 43%. 50%, Tt 5 ETF Wigl&iE KM 5% it et ETF. it
T ot 7 Fa AL (TO) Azl 4840 (FROM) B X Frik.

M= st g s H e Ssh & B (K09) Tkn: 1) BRI, eI RAEL
KON 2 IO GRS Y AT IR TR RS s, 4 BTF. Wt mimis R 28
B AN R 1) RO 23 B ] g it AR 36 3. 2) I & BT ETF 1737 I0as 28 (1014
FEHOE B IR FEARIAN, 3 &0 1 i3I as 6 10 i E F B4R RRAE —1% 31 1% 1], 2019
SER R AR B R —7%, 2020 FEZREIFEIR F] 1% KFHHE; 34 ETF digiiies %
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WK, TR, U0, & REERSI . ETE. 51530 & 8630 K ik 3 AN

i AR ALE R AE 1% T, 2019 FF R HIREORIE -, —REE 3] 6%; 34T
YR 25 S0t L F e BOE A A2 Y I, 2019 4F BRI, (Hid it e 5E —2%
2% AKTBEsh. R HFa 5 (L 10) A SE S PR E] ETE. BLU5 308 0% 1015 o i
HARBUR B ROK, 2019 Rk B —4% 1 —3%. XATRES 2019 SR EMB R, TS %
FIE Kyhils, g alBe Rk, {819 117 3 [0 76 15 i H DA RIS et it g B B B 1 A TR 2
JESsiIN N

s TO all others etf TO all others f TO all others
70 70 70
651 65-uf[””‘”ﬂ‘“‘\pmeﬂU,[”r‘__‘“—_ﬂ—_ 651
60- 60 601
55 55 551
50- 50- 50
45 45+ 451
ob———— —— —
2016 2017 2018 2018 2020 2021 2016 2017 2018 2019 2020 2021 2016 2017 2018 2018 2020 2021
E 7 ®mgILK. ETF. AW RN L ah7SE
s FROM all others etf FROM all others f FROM all others
70 70 70
65 651 651
60 601 60
551 55 551
s0-L 50y 504

T T T T T
2016 2017 2018 2019 2020 2021

T T T T T
2016 2017 2018 2019 2020 2021

T T T T T
2016 2017 2018 2019 2020 2021

8 HJEIME. ETF. HsEmiplm KRB HahiSE

NET s NET etf

NET f

2l

T T T T T T T T T T T T
016 2017 2018 2019 2020 2021 2016 2017 2018 2019 2020 2021

2l

T T T T T T
016 2017 2018 2019 2020 2021

9 =®EEIUL. ETF. HifEmiansmt s eisE
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s-etf s-f etf-f

T T T T T T T T T T T T T T T T T T
2016 2017 2018 2019 2020 2021 2016 2017 2018 2019 2020 2021 2016 2017 2018 2019 2020 2021

10 HEWK. ETF. Hi5EminsmatiahisHehisE

3.4 FRBMRI ST

W TSN 5 I 2 M AETE S B VIR, 2020 558 e 215 G 23RN E T 45
AN E M, T 7B R 1 28 i Tk . A SRR A P A 3030 4 S £ T 3R I 2 1 8 i B Bl 8 34, d6 B
2019 4F 12 H 8 H (M HRX ARZ@ M —HlHd iz mfl) 2 2020 4 5 H 22 H (4
H K PARZmAOH 6020 ) e O R I 8] 7 5800, R s g bl F, et ETF
DA BB 17 3 U 2 e ) B A BR BN G &R

x 6 B RSN ETF LB RS THE5 R, SR 2
o+ B<1 MER, ZHAE 10% MREWKFTREE, WL o+ 8 EHEL 1. B 11 BRIENEA
I B AH I RBTE 2 BUX MR RRTE IR B K, R = AN 2 (AT B35 HFFEish &
FHRMER R, X SHICEE R AR — 8, R K IR A SR i 2 B ) 3h A4

% 6 DCC-GARCH #EEILitER

S RS-RETF RS-RF RF-RETF
0.244504*** 0.220841*** 0.311672*
“ (0.0029) (0.0025) (0.0622)
0.738932*** 0.763033*** 0.622550*
g (0.0000) (0.0000) (0.0575)
a+ B 0.983436 0.983874 0.934222

Tt S ERR 10% 5% A 1% B R K.

L SETF LG WIS SETR T
10 10 10

08

08 08
07 074 07+
06 06 06
05 05 05

04 04 04

03 03 03

02 02 02
T T T T T T T T T T T T T T T
20191209 20200102 20200208  2020-0302 20200401 20200506 20191209 2020-01-02 2020-02-03 ~ 2020-03-02 20200401 20200506  2019-12:09  2020-01-02  2020-02:03  2020-03-02 20200401 2020-05-0¢

11 I ETF RAAGEHIHERERNZSEXRHE
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GAEASSEHAREERIEN (7. B 12) LUK, FEAI P R KPR A R
1E 65% i, Wi e i KPR S, it EsoniiE S (B 13~16) R X [ H
PR 2y IX AT e RO TR 22 A B 5K 2020 4F 3 HHFGREm, FURK, HNgG
Wik E R, AE 13, B 14 el LG t, =iz iiois t -5 0 s 1 A4 i 22 55 A
K, L1E 5% fhi. aiaR 7 KB 15, B 16 @i B e UK T DURIR, fEFEAR TN, 3400
TR A TG, A N, et ETF Wigi AR N IE M, A
fE1677. 5 AR FL G5 B AR — B, S s JF AR T 4 18] B 3 vat HH 0% R0 RS 3 1R 52
Wi, T 37 18] (RSN S ik sl 0% 2R B Aa E 1.

F 7 HRRE O
DIk S ETF F FROM others
60
S 34.25 32.87 32.88 65.75
ETF 32.67 33.78 33.55 66.22 55
F 32.58 33.49 33.94 66.06 50
TO others 65.25 66.36 66.42 198.03 21 3A 4A 5A
NET —0. .14 . .01 = et "
050 0 036 06-0 12 SEREO TSRS
s TO all others etf TO all others f TO all others
70 70 70
65 MM 65 M\M\/_'_w\/‘ 65 N
60 1 60 1 60 1
551 551 551
50 1 50 1 50 1
454 454 454
40 T T T 40 T T T 40 T T T
3 4H 5f 3A 4H 5H 3 4f 5H

E 13 JE&IK. ETF. SEmaxsMah shSE

4 FR5EW

AT T R EEEIOT. ETF 57 IS DL R e sh s th AN 1) #5 MS-
GARCH #RARE I =7 an 25 7 SUAERFE Ry ARPITRR SRS T B0 R ECAR b A, vy
RRSF AR BN, ARSI MR BRI 2019 F)a =it RS RESPIRER
FPERIN [A)HS LU, PIRRIRZS A2 B s A%, 2) DCC-GARCH BAIRH: =gt 1
R RBCZATII BN (7 10% A7), WEi FAHTRE R ENEALECR (£ 90% /24).
=R R BN A A RN L IR > N HRLEHFAE 1 0.9 A i KCF, Ui BT 37 18] — AR e AR
B, s LB B T A YA RE R 1A (1A % 2R B IA] AR 5% 28 Bl sl S DN Jail 2 BE 9 A
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20 s FROM all others 0 etf FROM all others 20 f FROM all others
65 -r—/fl\N_VJ%U 65 -m 65 -(_’J_'JV_\J\\%\——'
60 1 60 1 60 1
55 1 551 551
50 T T . 50 T T T 50 T T T
3/ 47 5H 3/ 47 5/ 3/ 45 5H
14 HEEIIKR. ETF. HEHHRIGEEEISE
5 NETs NET etf NET f

38 44 5 38 49 5 30 41 sA
15 #HELWIK., ETF., HEhigsaHsiisE

s-etf s-f etf-f

N 31 el s 30 41 sA
16 E&I®K. ETF. HEHiHssxhiHshisE

= AR R AE 2015 4R, 2018 SRR AR w2 R R 3) i tHFa RO AR I FEACIY
W, SR BB I A R A R Y, 2K 0 I R Dy R, e BTF. It
It % 22 B A D T i, RIVEE K 20 I R Dy AR AR . =i I el R A e e A
oo T5 TR AR R AR 1 RO TR SRR 2019 A HIUBORIE L R 2.
ASCHR MU NG 1) B, HeIIR. ETF. W0 BAT BuR A sl Rrgiit, Al
“Raclztt?, RAB R IRe, A0 B NSRS H AT SR I E 2k 2) eIt ETF
PRI B2 117 37 22 6] FR BB Bl 5% A LA K st HE 8B B AT e s R IR AR 1, T H R A 38 B S ol



FAW HWR R, 00N, 5 REREILE. ETF. W5 T23h &880 S i AN 1171

i, BRGSO R IRTE 2019 4 — 2020 4F, BLOe i ah Bk, Him B850 shi ok, Btk
1T LTI BOE B N M BEHLERE. 3) NA BRI XK, RIEREEES TSN RE,
Petl = s gk, BEmid ek 51N EFT HAREE = &, IN5E T35 2 (B ROBCEN, 4h i XU AN 2.
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