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Table 1 Descriptive Statistical Analysis Results of Gold Spot and Futures Logarithm Yield Series
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Table 2 Stationarity Test Results of Gold Spot and
Futures Logarithmic Price and Yield Series

- ADF PP 1% BEWAKE BB
wRE HREE Hy I 516 &R
Inp,, -0.891 -0.849 - 3.436 e
Inp,, -0.832 -0.774 -3.436 £l 2]
r. —34.571 -34.575 -3.436 R
r.. —36.465 -36.599 -3.436 i

AW 5% % A Johansen fp 9 46 56 3k % 3% 4 #L 5 A0
R AME ST hELER SRR ILES.,

R BHENENMEXNHNEED

MEERRER
Table 3 Co-integration Test Results of Gold Spot
and Futures Logarithmic Price Series

hE e 1% BEWAKT
- FRUE(E gl .
0 0.061 68. 356 13.429
lnpm - ].rlp_m
1 0.592 0.592 2.706

MEIRRBRERTHN, E1%2 0 EEHKET,
B4 B o B0 AR e 3 0 B 6 B0 R R B 22 1R A
O Hpa i R A R IES, EOHEE— )
BEBMNREBEABMEES, UEERERHESAR
REFLMRZAFEZENDE LR, BEELHN
wiGSURTsMEERISBT -, X &%
ERBREHGTENRENREM KRG, Fo, X -5
RORHAMRERNERFEHETRPEIARE
BIETRAEWN.
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(1) f% 525 B9 {7 {8 b 28 Ak 1 B AU

2 4 # 1 CCC-GARCH # % f1 DCC-GARCH # %Y
SRR, 7£1% K 2FHKFE T, GARCH I
S5 ARCHMRZAHZMH/NTF 1, HEHEB FRHEMEE
R, AMBERRETHBTRIERRE, RARY
EWS AR . D& FRI, o R AR Y AE
B b B2 oot H5CH0E O B R A

(2)M-Copula-GJR # %

HEEBRERMNIES S .t 7507 F GED 4 i & 4
THRERIY A E R AIC {5 ,SC EFMW K RIRE, Z3
GIR(1, 1)-Normal MBI F & F U A E. £5 4
HH GIR(1, 1)-Normal 1 2k 73 i #8658 {) 2 JAh 1+ 45 5% ,
HEIRH B EWKTF THEAUS KA AR E, i, K
MRENFEFTERBERR T ZHALAHE . W&

SALUERA, BEEARMMWETH S ,a+0.5y +8 1
BETF1,RBMEPM AT EE B fege it
BRSEy AT EB/DTO,HHEMFHEESEN
mERAMSEBRIENFENBH AT HEWMEKX,
Bp o [ & 4 B 5% M 05 T 35 b A AE ob i 0 3R AR
AR TF LE LR BN .

T4 CCC-GARCH &8¢
] DCC-GARCH ¥ {&itER
Table 4 Parameter Estimation Results of
CCC-GARCH Model and DCC-GARCH Model

Y CCC-GARCH DCC-GARCH

2B e csitR fRHE (it
u, 0.060"* 1. 843 0.060"* 1. 845
Ly 0. 034 0.917 0. 035 0. 994
e, 0.016 1. 596 0.016 1.599
a, 0.060*** 3,129 0.060*** 3,139
B. 0.933°** 48. 805 0.933°* 49,096
¢y 0. 099 1. 492 0.118 1. 493
o 0.097 *** 2. 340 0.111°* 2. 286
;6; 0.858"** 13.756 0.837""" 11.423
Py 0.775*** 27.670
a 0.064"""  4.396
b 0.920***  6.436

E AL EERARTTREER,"AAEIRHE
FEATFTERF, TR,

RS GREVNBHUGEHER
Table 5 Parameter Estimation Results of GJR Model

g LU HA W
BB it (St MR St
i -0.068"" 1.999 0.085"" 2. 106
A -0.005 -=0.160 0.325*** 10.440
c 0.012*** 2.579 0.053"** 4,566
a 0.071** 6.531 0.094°* 5,562
v -0.025* -2.058 -0.038" -2.161
B 0.937**"121. 860 0.901**" 65.007

BAEGIR(1, 1)-Normal BB EM H S AT
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bl BN OB U S T B 0 TR T R 3
ZF5 . BREAREFIIRAESSHTHER S
R P AT BE R B B 8, BB M (0,1) 54
RT3 . bk, AT R B 3 3 A B 5 6 s
M-Copula TS HINEG , BEWEK 6 Fraly M-
Copula ¥ B ¥ fhiH 858 . A T #3538 M-Copula 56 ¥
7 20 A 3 5 T R, A B 5 BT 8 4 B
%t B — Clayton Copula p§ #{ 1 Gumbel Copula g % #F F7
SHAU A, M b 45 B X T B — Copula iR $ ) &
BE 451 k2,239 12,688,

]|6 M-Copula BHSHGEIHER
Table 6 Parameter Estimation Results
of M-Copula Function

28 L W, 0, 0,
fhiHE

0.257 0.743 3.736 3.319

44 FTAREENMRELERGHSRIER

FE X BB A 5K 2 B AT A5 B R S, i W LR
B 87 & BLGT A TSR 1 b5 o 22 7 9L AR (R S R B
UREEARSPEOMEXREFI B HEEB) K

HITAE BABEMES AR, SRMET T
R o

R H A REARRA(T) X, B AT SR8 A R B B
MUK VaRIEERTHHESRREHRELE, E8
SHAFEE AREEKETELFMELROH
RHEGIH R

KIBEER NEMREKEHES, ££90%
F199% i) B 15 7K F T , M-Copula-GJR # & i i f) f5
v, BRJE M IR 2 Gumbel Copula-GJR #£ %I | CCC-
GARCH % | Clayton Copula-GJR # %! f1 DCC-GARCH
BERY, E95% M) B {5 7K F F , CCC-GARCH #% &Y f% 1f
& 3 R A L % ¥ E & /)N, {H M-Copula-GJR # £l
5 CCC-GARCH HERIAHZ R K, H¥/hT HAh 3 FpEE
R EMESRELRSE. NEBHREREY
PfEZER,1E 3 P EEKF T, M-Copula-GJR # A 4
T B 2 4 % {8t 3 ¥ 8 3 K /v, Gumbel Copula-GJR
BRIz, B % 72 Clayton Copula-GJR 8 & 1 DCC-
GARCH % ,CCC-GARCH # R fhit i k., &%
B R (H HE 3 6 3% (A i 3 3 W] %1, M-Copula-
GIR BRI E R 3 5/ H B iR E, Bk
ETVHEMBEMEMA S, Gumbel Copula-GJR # &
MEHRELERLEEAYELRERESE HEE

R7 FABEKFTESS MBS EESD MY
Table 7 Normal Quantile and Corrected Normal Quantile under Different Confidence Levels

00% B fEAY 05% BB fE Y 09% Hy B (5K T
e EAM  PEES  paapw BEES  Looipy BEES
S e s
CCC-GARCH 1.282 0.420 1.645 1.354 2.327 4,891
DCC-GARCH 1.282 1.188 1.645 1.423 2.327 1.784
Clayton Copula-GJR 1.282 0.388 1.645 1.323 2.327 4.903
Gumbel Copula-GJR 1.282 0.384 1.645 1.323 2.327 4,919
M-Copula-GJR 1.282 0.371 1.645 1.327 2.327 4,994

XS FARR FAAESKFETRAEMRELRR
Table 8 Statistics of Optimal Hedging Ratios for Different Models under Different Confidence Levels

90% Y {5 KF 95% Ky B R KF 99% Ky B fm7KF
e e prifEZE H PR H{H PRifEE
CCC-GARCH 0.699 0.207 0.699 0.187 0.705 0.206
DCC-GARCH 0.709 0.204 0.710 0.171 0.717 0.190
Clayton Copula-GJR 0.699 0.168 0.707 0.171 0.708 0.156
Gumbel Copula-GJR 0.695 0.167 0.706 0.145 0.703 0.150
M-Copula-GJR 0. 694 0.129 0.700 0.137 0.702 0.132
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ff.F Clayton Copula-GJR #& %, CCC-GARCH % %I i
- 4 25 47 {8tk % B 4R b DCC-GARCH B &L /), {H I
HARHARE . B L SR 517 ol 9] 45 o 2 , A< BF
FE ¥ 3 i) M-Copula-GJR # B fE A5 7 B M E R (E HE
BHEANEAF N AR WA EZNSESEY
RELBRMATTEEE S %, WA WL T8 —w
Gumbel Copula-GJR £ % 1 Clayton Copula-GJR £E#l
A, NFES HIERWFEWL, N TR —#E, Fy
B0 1H L B3 B (5 K OF o Y38 KT K, X —
MARIFERILT LAVaR B/ A AL B iR 0 E M R E %
W B 4 A 0B B, Bk el (7) 29 40T BT, VaR & /)
WG T B9 A 7 (B b 3R oy 4 2 30 4R (8 80 0 A0 R L
AL, BAE K o 7 B A B OR (B R DS I G R
BB R XL oA W oo HBR K, 3 & B4R
18 2 % XL o PR AR B v, U A R (AR AU
/U rEREN MEHREFERNERHR
EHHERBE TR, EHRELBLHER,
45 TARBEEHMREARLER
BRHEERRELRGE, A (24)3 3 65 A8
AR R B & B R A BOCR AT X 43 7. 5 5h,
X A< ShBCHE R T 1) AT — 28 B B, BN 9 S B AR
A 5% B W2k AP B R % B AT A A BR X B AR A
MEMREAREHETER, SRINE iR,
HESTH MNEMREASG FHKREER, FA
M, TE90% F195% ) B {75 /K F T , M-Copula-GJR # #l
MWEMHRBEHAS VPSR, 9% M EFKF
T, Mg 5 M 2a 2 {E (U /D T DCC-GARCH R fy 21
AWl AN, £ EE KT T, M-Copula-GJR

BRAMENREAS TFHRSEHEEI BT, NE
HREBUEE, TERERNERBEARN, EAF
B fE/KF T, M-Copula-GIR 15 2 B £ J R (5 H
A5 PR B A, SR J5 /& Gumbel Copula-GJR # &Y, F K
£ DCC-GARCH #i % | 7ij CCC-GARCH 4 % i £ /b,
BHERR AN EPREHLSEHRENE
MR EAREER®E TRHAENNRMAE. U EERE
W, ] M-Copula-GJR # R #HFT W W R EHR{A#R
1 A 5 R BE ot P AR B 8% 7 3 U, [ B AR AR B
MEHGRERZ N2 ERANEHRBERR,
Gumbel Copula-GJR # % | DCC-GARCH #& %! | Clayton
Copula-GJR #5224 59 £ 3 4 (B ORI FEAIK, i CCC-
GARCH BRI B R R B 2 .

FHREEAGEFKFTHERNENRES
ROPE R AR SR R F0.672 ~0.704 2 [, 5 LA 36 B 5 T
0.800 By X B 43 80K ¥ ( BP3E a 25 10 O 0 % 1F A 8
BRI KRNEE)™ v, PEESYEN
BE R EWREDRHREAFRES,

5 #ig

AR B EGEE /DT EEHRBELFEIRE
R.EgHRESARMPETGRE, B —-1ET
M- Copula-GJR-VaR 4 2 25 2 #A {7 {8 Lk S il T B 8,
HHESWMENTEERELE TN AENTZH
B35 E W R (H bk % kT BEE M L Y CCC-GARCH-
VaR # B ] DCC-GARCH-VaR # &I L) & 7 Ff 82 —
Gumbel Copula-GJR-VaR #£ #U F{] Clayton Copula-GJR-
VaR B F7 3 oA, BRI L T &5k,

R FARBE FABEXKETENRERRER
Table 9 Hedging Effect Comparison for Different Models under Different Confidence Levels

90% (¥ 8 {5 /K 95% KB 15K F 99% (19 & {5 K
X LS EWRAAA EPRE EPREAL ERRE  ERRESS BEERE

Vil AR PG AREE THlGs AR

CCC-GARCH 0.030 0.672 0.029 0.675 0.028 0.685
DCC-GARCH 0.030 0.677 0.030 0.683 0.030 0. 688

FEA Clayton Copula-GJR 0.030 0.673 0.030 0.679 0.028 0. 686
Gumbel Copula-GJR 0.031 0.677 0.030 0. 684 0.029 0.690
M-Copula-GJR 0.031 0. 681 0.030 0. 689 0.029 0.692
CCC-GARCH 0.032 0.681 0.030 0.686 0.029 0.691
DCC-GARCH 0.032 0. 687 0.031 0.694 0.031 0.697

#E44h  Clayton Copula-GJR 0.033 0. 681 0.032 0.689 0.031 0. 695
Gumbel Copula-GJR 0.034 0.691 0.033 0.693 0.030 0.701
M-Copula-GJR 0.034 0. 691 0.033 0. 696 0.031 0. 704
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e K AR FE Mo PR AR B 9 & B AR (E LA

Q)EAPEESHRTHEARA, BHEH
M- Copula-GJR - VaR 5 5 8 & A B2 1o A 8 S 02 71 4
JRURS: | BE AE ik 2 B 10 i E AR HROCR , URER RS
B8 9% i

(3) &/ VaR BIFHER T , B R ETHRESX A
B 7 A2 BB 7 R B [ B 8 0 O 08 SR e, U AR 3%
BUBRMBRAEEAREGKFTHENRER
EABRREERMNBRETEAGREFKTETH
EMRELE,

GLER ER/NVeR BIHRERT , AW E
MEEBREARSPRTHOENFE . HEZNH
BB M G R B 4 M AH 36 B M- Copula-GJR-VaR
MEAMRESENRAERR AN ARESHEY
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Research on Optimal Hedging Ratios of Gold Market
Based on M-Copula-GJR-VaR Model

Xie Chi'?,Qu Min' , Wang Gangjin'"
1 Business School, Hunan University, Changsha 410082, China
2 Center of Finance and Investment Management, Hunan University, Changsha 410082, China

Abstract: The VaR risk measure not only focuses on the negative fluctuation risk of yields, but also meets the needs of investors
with different risk preferences by setting appropriate confidence levels. Taking gold, which owns dual properties of financial and
commodity, as the empirical study object, this study takes full account of the asymmetry, the co-integration relationship and the
nonlinear correlation of the spot and futures markets and builds the M-Copula-GJR-VaR dynamic hedging ratios estimation model
with the risk minimization principle. The research adopts data from spot price and futures price in Chinese market and compares
the hedging ratios and hedging effects of M-Copula-GJR-VaR model with those of CCC-GARCH-VaR model, DCC-GARCH-VaR
model , Clayton-Copula-GJR-VaR model and Gumbel-Copula-GJR-VaR model. The results show that, after more than 4 years de-
velopment, the hedging effects of the Chinese gold futures market are between 0. 672 and 0. 704, which indicates that the market
is not yet mature and the hedging function still needs improvement; the hedging ratios and hedging effects of M-Copula-GJR-VaR
model boast best results, =o if the model is applied to the hedging operations in gold market, the goal of circumventing the spot
market price risk to a large extent with relatively few hedging costs can be achieved.

Keywords . gold futures ; hedging ratios ; nonlinear correlation ; M-Copula-GJR-VaR model
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