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Table 1 Descriptive statistical results of crude oil volatilities

Jsith ¥iE LIRS b2 R £ W i ADF-t
WTI 28.01 13.56 44.99 4.10 24.45 -3.67"""
Brent 23.07 12.34 33.50 3.53 18.10 —4.49%"*
Oman 23.39 11.00 39.13 4.81 35.84 -5.36"""
Daging 24.59 11.49 38.50 4.09 25.92 -5.08*"*
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Table 2 Correlation coefficients between crude oil volatilities

SR WTI Brent Oman Daqing
WTI 1.00
0.84 """
Brent 1.00
(37.09)
0.76 *** 0.88 """
Oman 1.00
(28.37) (44.63)
0.64 """ 0.76 """ 0.75**"
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(20.03) (27.98) (27.37)
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Table 3 Pairwise spillover and spill into index between crude oil volatilities

JEH WTI Brent Oman Dagqing WA
WTI 45.61 26.94 18.34 9.10 54.39
Brent 29.65 35.62 22.58 12.14 64.38
Oman 24.34 27.87 33.34 14.45 66. 66
Daqing 21.16 24.36 21.33 33.15 66.85
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Table 4 Net pairwise spillover index between crude oil volatilities
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FE F BB S Sh AR L DA 2 AT 5B 2 B84 2. 71 S, B R WTT ESHIN TN Brent SV 6% 149k 3h

R 2. 71,

HE—2 | ARWFGEE S0 BT Daqing JE i BLET 19
T R E i AR D E. R 3 AR, &
P Daqing JEIHELGLXF Oman JEIH A 62 9% K 35 H
ﬁzﬁﬁﬂiﬁ,/ﬁ\:(}\jﬂ Brent JEIMIYI 6T, X5 WTI J5ii 45
E’JE; Wi £ /) 5 1717 Brent J5yH H 55 X Daqing J5iH
BE B s HhE RO, WTTEH I 52 F Oman
E{Hﬂﬁﬁ‘fﬁ Daqing JFHBLGT 36 AR AR 22388708,
PSR 4 B945 R & B Daqing Jiyl B 08 %) WTI
JEH I 5% | Brent JRH I 62 F Oman [y 3 6% 1 9%
Bl A A, RIERZR I i AL R4 R
22 HH Daqing J i B8 52 22 B0 A J 3 U % A2 1k 1) 1%
BT, TR B 0 B 40 4 0 52 e T3 38/

AR R R 2O A (R T 9 5 SR A 2. S R i
e v A B St b, W PR s s 40
U A 5 R S B R B BT T v I e

kb T . 554k, e H g tHE K/ INAT DA
KB, Daqing Ji il BE 62 I 3l % 32 Brent Ji il 1] 6%
Wesh A MR fe R, OO WL JEHHI 5T, 32 0

man JE I B2 9% 21K 59 52 i AH XN, X R T
AR AE 5 BT (NYMEX) f WTI JE I 52T 4
FME 2 B A i 28 52 Ir (IPE ) Y Brent J i B 6%
37 Fl R R i 32 25 Fr ( DME) T B9 Oman J5H
BRI I s, e AT [ B Db A A 1 5 e
FIEE R A BRI 50 % ) I 5 S % Brent



11 3% JBAE: PR E T 7 0] R B SR A o

— 133 —

i 3 5% 3 4T 2 M, BT L Brent JR T 3] 5% X
Daqing JELIHT B 5T 8 sl R s HAE FH B K.
3.3 EREHRERSHERERHRENIHTREY
gGR

A R 2B VAR L Diebold il
Yilmaz' " =" F4 I 3 53 18 B0 vk A B AR
AR 1) P D3l T %) A e ) %3 A 0. SR T
FEARG BIREA I Y, 2207 T Bk k4 bl R’k
ftfa Il 3 BT S5 i R B 7 A1 22 7 S5 5 1) Ji
T R AMELZS Y 51 R0 ok S S 1 [R) B 235 1)
ST S B A 8 sh R TR T 3 22 (8] 3 s % )
AHEICZR. R, AR T i ] 1) A4 I8 21 %3
T, FURB R AT 2 18] B s I 8l ks ok
R ANBET R PSR, S50 I PR i
IR B AR 7 R0 R PR AR AR R R A8, 25 i
] ST 40 6% 5 e R0 Dol B A 00 0 2 34 1 R
KA BN R0 2 sl A . JEF iz o
P TVP-VAR-SV BERUCE 5 R4 VAR BEAY
[ElkE4E 4 Diebold F Yilmaz ™~ F4 gt ik s %5
TR I 5, 15 ) WTT JE I 31 52 | Brent J5 i 3
5% .Oman JE 5% 1 Daqing J& 31 B 0% 2 8] (4 5
SRS Lk 3 F 3 A R AT BRI Bl
REN A B 5B, TVP-VAR-SV #R vh (1 5
B8 p L) U5 2250 ff v B o e B H AR 5
SRR BIERE p =2 R H =16, BLAN, IS
SE IR SRS T B rh 2 4 8 007 22 1 S 56 4
A ¥ 2 M8 Nakajima ™ AT RIS RE I ARARAS 15
TEN: By ~ Ny, . 25) @ ~ N, ,%,) b, ~
N(my, ’Zha) ,ﬁqjupo Sl T Uy, = 0’2,30 = Zao =
3, =10 xI ;BRI Ir 22 BGEN : (3)), ~
16(40,0.02) ,(3,).~IG(4,0.02),(3,).~IG(4,
0.02) , Hrh(3,),.(2,), FI(Z,), KRR
i MXHAITR, 16 FR Y Gamma S0 A, HRIE
J& B850 A (WSO | 7R 24T TVP-VAR-SV B AL (1)
MCMC 5332 i, S ARl 7 11 000 IR, & 53 Hi M

1000 VXY T (burn-in ) " A FHI S 10 0009
ARIEEEA T T

K125 T WL M 67 Brent JEm i 67 |
Oman JFIM I G2 A1 Daqing JF I B 0% 3 802045 v 3h
AV AR BB A A ) 3 A AR B B R
A 1) Zh A i AR R B TSP_ R I 8 # [n]
B R AL FSP_R R I 3 A 1] 3 A R R i
AFEHC NSP_3K 7R I 3 A 1) 3l 25 it 95 4K
Pl v S s A 8 BT AR A I = A A2 iy ED
I B A FRAE. AEREA I N, WTT J5tah 9 5%
Brent JEIHIY] 6% Fl1 Oman 5 3] 67 I% 8l 2 (149 15 ik
HAE A R ZH AR B R 1E | T Daqing J5 3 8
LB 1 4 K R A R R B
X5 4.2 T3 SRS RAHXS

AHWFSE T 5 50T Daqing J I BLET I 5 2 (1)
A 1) Sl A AR B AT ) 3h 2 AR O 1) 3
AV AR B AT 1) Bl 2 Ui R AR ORI 1)
S AT S, K I Daqging JEIH IR 62 I SR A
I} ) 25 Vi L1 S0 A2 B RE K T A ) 3 25
Uis AFREUB AN, HAE 2013 4ELLS — H b T
Az HA 17 38 R B 2 b ok BILF-
A (AR A TUE, YL Daqing J5 i ER 08 7E 4 K £
HOIE 00T #0480 Bk B 2 A AR R
M 5.

HE—20  ABIF G ENT — A fA] L — TU PR
L Daqing ST I B R A ) S A R
B e AFEEORN R PR ECS HANAE  Was 2R
EIESIOL PN

Y, = ¢ +BX, +¢, (12)
Hdr Y, IR Daqing JE i BLGL I SR 1A 7 9 45
it 3550 (TSP_Daqing) A7 [ 3 &5k A48 2 (FSP
_Daging ) . 30 # ] 3 & & Ui 8 B0 (NSP _
Daqing) , X, &7~ Daqing Ji JiH BL 6% B9 0 4% (P _
Daqing) , Y % % (R _Dagqing) . 2k # 3 % (V _
Daqing) .

@  FESGE R A WA R S VAR B LI K Diebold 1 Yilmaz! 2 =" g I 8R4 1 1R 500 J7 i, 528 T M bR JEUH N 52 5 v
Dagqing J5U i B 57 2 6] (496 B 28 s A Uit 0. Forh 7R 3NET VAR SR HI A 52 50 J& 1100 J&] (150 J&I #1200 Jil , ABIF 57 ke B0 2 e 4%
ATV B SEI , FL S AR B B R R AR EOE AR R O, AR W) IR B T8 YT A R S (SRR R A 22 A R
ARAER SO AHZ S R TR IR ) . B, ABF T A 9 5 i LR B B VAR B8 LA Diebold Fil Yilmaz! > ="

feesl Er S HAE R CUPIRr T T



— 134 —

OB ¥

#H

e

2023 £ 11 H

Bl1 RRBENEGEHNEHIER ENEEIEE H R

Fig. 1 Directed dynamic spillover index, spill into index and net spillover index for each crude oil volatility

®5 Daging FMA LRI FFETHEHIER, BENEHSHEHIEHSEME KERFERMERER

Table 5 The regression results of the directed dynamic spillover index, spillover index and net spillover index of

Daging crude oil spot volatility with its price, return and volatility

EiER LAY I P_Daqing R_Daqing V_Daqing
53.71*** 0. 12"
HEHL (a)
(32.77) (-6.23)
A I B A A 44,127 0.25*
) R (b)
(TSP_Dagqing) (75.77) (2.03)
B 44,71 *** -0.02
Bifl(c)
(64.58) (-1.59)
- 64.45*** —0.05***
*%*ﬂ(a)
(59.77) (-3.63)
A ) B A AFEEL 60.77 *** 0.12
) I (b)
(FSP_Daging) (161.82) (1.50)
" 62.02*** -0.05***
Bifl(c)
(142.19) (-5.32)
o -10.74*** —0.08***
*%LHJ.(&)
(-10.67) (-6.26)
1) Sh A s AL -16.66*** 0.13*
i I (b)
(NSP_Daging) (-46.53) (1.72)
" —17.32*** 0.03 ***
Bifl(c)
( -40.93) (2.88)
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Fig. 2 The dynamic spillover effects of Daqing crude oil spot volatility on

international crude oil futures volatilities
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Fig. 3 The dynamic spillover effects of international crude oil

futures volatilities on Daqing crude oil spot volatility
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Fig. 4 The dynamic net pairwise spillover effects of international crude

oil futures volatilities on Daqing crude oil spot volatility
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Table 6 Net pairwise spillover index between crude oil volatilities

2023 £ 11 H

JEtih WTI Brent Oman Shengli
WTI 0.00 -2.61 -6.69 -9.68
Brent 2.61 0.00 -5.98 -10.55
Oman 6.69 5.98 0.00 -6.10
Shengli 9.68 10.55 6.10 0.00

Gt 18.98 13.91 -6.57 -26.33
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BN R i U
Fig. 5 The dynamic net pairwise spillover effects of international crude

oil futures volatilities on Shengli crude oil spot volatility
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Table 7 Net pairwise spillover index between crude oil volatilities
JE WTI Brent Oman Dagqing
WTI 0.00 4.58 -5.52 -3.55
Brent -4.58 0.00 -3.19 -1.71
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Fig. 6 The dynamic net pairwise spillover effects of international crude

oil futures volatilities on Daqing crude oil spot volatility
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na crude oil spot
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Abstract: This paper uses the constant coefficient VAR model and TVP-VAR-SV model combined with
Diebold and Yilmaz method to construct a volatility spillover index, and studies the overall volatility spillover
effect and dynamic spillover effect between WTI crude oil futures, Brent crude oil futures, Oman crude oil fu-
tures and China crude oil spot. The empirical results show that WTI and Brent crude oil futures are net volatil-
ity transmitters, while Oman crude oil futures and China crude oil spot are net volatility receivers. Further,
China crude oil spot receives the largest net spillover from Brent crude oil futures. The volatility spillover in-
dex, spill into index, and net spillover index between international crude oil futures and China’ s crude oil
spot are dynamic and synchronized. When the price and volatility of crude oil futures are low and its price ri-
ses, the spillover and spill into effects between international crude oil futures and China’s crude oil spot are
more obvious. While international crude oil futures volatilities have greater net spillover effects on China’ s
crude oil spot volatility when crude oil prices are high and in a falling stage, and when volatility is low.

Key words: volatility dynamic spillover; international crude oil futures; Chinese crude oil spot; TVP-VAR-

SV model; realized volatility



