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Abstract

This paper adopts the Diebold-Yilmaz spillover index model to construct a spillover effect model
between China’s regional carbon markets and energy-related futures, as well as financial futures,
aiming to explore their cross-market linkage mechanisms and the risk transmission pathways. The
results indicate that the spillover effects between carbon markets and energy markets are time-
sensitive and influenced by factors such as environmental policies, economic conditions, and tech-
nological advancements. The spillover effect systems in different regions exhibit heterogeneity,
presenting possibilities for cross-regional carbon price risk hedging or arbitrage. Managers and
policymakers should flexibly adjust management policies based on regional characteristics, pre-
serve local markets, and enhance inter-regional cooperation and coordination to achieve global car-
bon reduction goals and promote the healthy development of carbon markets.
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1. 5]

NSRRI A B bR, HEBDZ VR RRARER . St WIHFEER I A, FRIE T 2011 4E4E B
RS TR AERtS RE WAEARINE B 1T BB 5 RS AR, BB EAL S . 2016 4F
12 7, fE8 WINABRAE 5 14T 5. 2021 457 A 16 H, 4 EBATSAEE 5 1% IF i .

W T i 5 e RER T 7 LA BEVRIYI B 11737 2 18] (0 SR IR A AR JRURSE i HH 2880 M2 1) 5 4 B
R SR AR A AN IR 1) ) H 28 597, DA% R U ANV IR B« HESD AR B R s . Bl
BT AW AHE, AR SRRIEHE AR EEE H s B R8T, BRI 55
R AREIR T A Z MR R B 2R 2R, IR AW U LETT 37 2[RI SRR A A EL s, 00 3 RE 41 2
FUIRERSHE TR SE 5y 13 30 DR RPN AR 3l 7 A A XS s A BRI bl A s ] fiolb A 7 pleAs - DL Ak BRI 9%
g5k, Rk e R AN, ATFURRTTIAFIREIR . BRI 2 8] (K50 R AT B e s 32 i & A
BB i 3, Se s bk & .

2. SCER[EImR

AR AR T RRHARBA I 0 5 B & L T B R &R, LA R HE R 117 3% 22 18] ) SRR [ 1]-[4] o
QK W B B BB B AR R I D RE 5], 1l B R SR Bl HE ik B 40 HH 62 7 i (European Union Allowance,
fEF% BUA)-S H [E BcHE L 41 (China Emission Allowance, faifK CER)HHATE = & 580 18 T i3m0 A% 2 [ % 5
MR R, EUA BT LM R BLThfE, H EUA i 51 'S CER & 28tk, —H KRG EF#A
[6]. BUA il it iipih Tan(E Ety, 1 CER Mgl i Tk 2h(s Bty EUA TR
145 CER B 7 37 2 (A AAAEAH B A ks ik HH 2808 5 3l H RS2, {H EUA T3 I B A% % CER
T HAT SR e sl t RR8E[ 7] HeA I 7tk 5 [ bRl il 02 117 3 5 [ N e 1l 3 2 TR A AE I AR A E Ok
R, 1 AR T 7 R I B 0 20 B 11T 7 O AN AR AR AL 8]

il
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b, FEMGTF R LLREIR T8 E B HAR AT 0 SR HEBU A B B A . 2 LA Tk EER
R, Tl A PR g ERAR TRk T ks . BRIEIATR 3. ARl SR ANER T 3% Z (R AFAE 45 A AR A AT 3E
LRVERRE, RTINS B (b o B2 s T HAt T A vk e [0] [10], REVRIITR. AE R 2Z 5
TSR R AR[11] [12],

REVR T4 2 5 1) oA 77 3 45 B HE TSR 7T 37 2 10 P it 285082 mT Jee IOk T 3% 5 R T 4 22 ) %) DAL £ e
FRAR[13] [14] F4BRBCAE NHT G R TR, 16 “Bk - BelR - &7 REHmA T BAUFAEE
REJRRE M, S RRIUE BIEE MM S 2 L], 15 Bt B Ao vE R B A AR Ak, A, BT
it 55 0 5 S AR REVR T b T3 B AE, Al XU 78 2 W 48 B IR 3% 4 R 0 el M 1) m koK T 7 o IR 3R
[15]. A2EFFIH 2020 4 4 H WTI SFoEtmdiFiee, BEFCHTE WTL R i 5 1 A0 4% 7= 35 0 B iscie
BRI AN, RIUE WTL AR kA8 5 iT W R i 1 5% 17 3% 5o B TS e 40 3 0% £ 22 17 s S R 386 i
T i, £ WTI kg A i Re € I 39 WTT Syt 30 5% 17 3 06 BRSO A ) 2 [ v HE S80S, U BT 16].
T3 BIAH DG SCHR I R I 7 2RALEE S, RN B T ST BR R T 2 B AN RRCHE R ZE 5 T 47
TEM AR RN 17], “Bik - BRI AR G0 U i K TR Y, s i S raeda s it T
T X2 RS B R T A B 18], BBk 5 R0 T BT MG RT3 = A1 3 R 2830
R B A% LA H R % BN, FF L R 9 I AR M RN . 2 [19]

IRAE T R B T 3 5 RRIR T A AR R RS SR A AR EL s e . Horr,  BARE A SOk Al 1 ikl 3
S ReIR T 2 (vt SORL, SR, 75 S ECA B HE OB 2 i g e N IR E Rk T 3 AR [19], E5°F
SV AR 53 B A AR T S ARG 18], 70 i AN B FE R 117 37 5 e U T 2 2 T ik HE 808 T
LIRS IR E T SRR T A 2 B A SC R . RN A BRI 5 i3 R 55 T B — e s
DL R A, 1) ARS8 e T T AR B BN E ) K EREEATL, X AR R
TEAR % R B HE OB T 37 R A4

KL, A 7 A A 5T 3R e R 7 37 5 e U8 A 15 11 37 S < R T 4 22 TB) B0 R 280N, AR SR di i
K H Diebold-Yilmaz &%l tHALAY, 3474 BB 117 37 LA S %A 10 77 ik 11 3% 2 1] P 28 v HE 2808 DL R B s
T RS A3 d I A A B T 3 DL 2 & ANk 13- 5 Re U 28 B DA R B A TR RO HR RS s FAE LA ARY
GER Eor i A ERRTT Y, DL AN T B T 3 6 5 11T 3% S TBATL i) 40 T B 71 3% R A RE XU £ 3 B A
IRNFZ IR BRI T S A B 117 34 2 TN (R 20 &R, RN S AR A, L HEB) S (0 R SR R AR B SCRFAIIBCR 2.

3. BRESHIRE

Diebold-Yilmaz &% H 4% % (Spillover Index Model)&—Ff F T &AL A1 43 H1 AS [7) T 3 8 A2 22 [A] )X
B3k HH AR I Bt 759201 Diebold-Yilmaz 6% HiAE 7R o2 Co 38 3ot 17 B 1 [ E B R (VAR) RIS 25 4y
fift AN R T BBE 72 (R B RS A o 507 W), BERE RN E B &R, S5 s R AR K41 2 15
A M EA/EM . Diebold-Yilmaz 8% H A AR LE AL GiAk 22 AR RASIE AT Copula #5754 ) — AN 2 2L
FJe XA B A T SR . AT AN AR AN G DR A AT RTREAT 2 AR B AL B DL R 25 R M AR
Mo AN, HRIEVERE S, AMUR T &R, BT R R WA AR LIRS BRHER
RO 5 40Uk R, AR LR PR, A HE AR A 158 R BURRE o X B AR R AR /N [ 2SR
B, LASCTE AT GE R PR AR A I ] B8 7 RS MR 7 VR R B A

ASCERUEHE L 2021 45 1 H 4 HABFFRE S, % 2023 4F 12 A 29 H. HHHFERYI SZEA +
2022 fF 4 F 11 H& I SZEA 2013~2020 BicHE OB BC A ™ ity T AR SCEEL SZEA AT 07Tl HL L 2022
3 H 20 HNWFFEE A, 22023 412 H 29 H. 2021 47 A 16 H, EEBEHBIEE S imiTn. B
RBRHERL . BEVR J2 &Rl i 3728 5 it Ah BB I A 22 1 BT
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BRHETBURLUEE 5 ks Bl 38018 48 A7 BB IORSE 5 rhote o B A Bl oK 1 ) AR MUY B AR e )
H22 o8 Tk BT Q0 A TE, ASCRAS R IES 280k

Table 1. Description of carbon emission permits and instruments traded in energy and financial markets

1. BRHEEAN. BERR &R 5 Mt AR

s fif B Kl KR iE7

CEA 4 [ BHHETSURL HgEREIRAE 5 BT 3R]
BEA FE T BRSO Jemtgk g 5 fin 737 1iR7]
TIEA KA BHAHETAL REBRHTBAE 55 Bt V3R]
SHEA BRSO FHFREIRIREE AL 5 B 3N iR
CQEA H BRBIHETSURL RIS AE 55 ot IR
GDEA T~ ARBRHETBRL I~ MBRHEB AL 5 Fie LR i
HBEA WALBIRHEUR TIALBRHE TSR AE 5 0 WL
SZEA RGO RGBTSR AE 55 3 )
COAL R PN B kS B2 58 5 e REVE T T
CSI300 YR 300 FeH [FITENRAE 55 R A SRR
OIL AR T % MR SRR S P GV i B
LPG AT _EHFREIRAE 5 P AL gtk
FU PR T T R IR S GIAVE gt
LU (iR h i b SRR A S P REVE I TE T 7

4. SEUESTHR
4.1. HEEE

AR Diebold-Yilmaz $5 %t Hi AR 73 A 4 [k 7 32 LA #8375 B 737 2 0 P e 28 4 2808 DA
Lol un N . e p R, ZREHUY N I VAR B

x =" Ox_ +e (1)

Hrr, YR x WK EA . SRETUE 60 REGEFER ©. FEREFFRL, W VAR(p)RT LAY :
% = 2 At @

badsEr, BATERE R REUERE 4, Mi<ORf, 4=0, i>0R, 4 =04 ++D 4 . %

“%ﬁ%ﬁﬁ,hEEMmﬁﬁﬁﬁﬁ%%,ﬁﬁﬁ%&ﬁ@Ea%@%ﬂ%o%X@ﬁmmH%Mﬁ
MR ZEHTT 2251 ﬁﬁigjﬁzm%ﬁmﬁﬁﬁ RIRN:

0 (H)=0 T (a4 Xe)) X1 (e, Xe,) 3)

Horf, o, RFEH ) ANERFNREIRRES, o IR, T RIRLERIRE - W7 250, T
A5 HL P T RO SR AR 0, (H) FATTTHE, TR AT LS ] 0 (H ) -

0 (H) =05 ()37 65 ( )
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o, XY 05 (H)=1, X85 (H)=N o HILE =R R T R
U)Eﬁﬁ%ﬁ:%ENAﬁﬁﬁmﬁfﬁﬁﬁ%%ﬁﬁﬁE-

Sg (H)ZZIJ =li#j l/ /z i,j=l1 XIOOZZi]jzl,;¢/ 7 /NXIOO (5)

(2 F7 T A 0 AT T3 A 17 0 A 3 0 A AT 17 it 530
e Si, (H) S, (H)

Slil (H)ZZJ Li#j 1] /z XIOO (6)
SE,(H)=X1, .08 (H)[ )65 (H)x100 @

() i RS RO FEA T I HAth BT A T 3% 10 v
¢ (H) =%, (H)=SE, () ®

4.2. T REIHXBHM 7 RERAS KB R a8 54

E5E, ASCOHTANR] I DX RRHE T 70 A5 2 RS AR o B TN A IO 10 %, RN 1R,
P 4 [ LR R T 58 5 T 7 (A 2 ULt R PR BB R, e 2 o BB il @ Fow, &
A BT H] j RoR. “To Others” AT 8UHRANER i Tidzpxd Hofth iy b i RUSHE H 2482, “From Others” %71
B AR ILAB T IA T j 137 0 KU 208 . NET 9 “To” A1 “From” HIZE{H.

Table 2. Static spillover index of carbon emission markets of different regions

% 2. NEIMXIHS AR ARSI IR AT

BEA CQEA GDEA HBEA SHEA TIEA SZEA From others
BEA 95.4 0.2 3.1 0.8 0 0.4 0.2 4.6
CQEA 1.1 98.7 0 0 0 0 0.1 1.3
GDEA 0.7 0.3 97.6 0.2 0.2 0 1.1 2.4
HBEA 0.1 1.2 0.3 98.1 0.1 0.3 0 1.9
SHEA 1 1.1 0.3 0.1 96.3 0.3 0.9 3.7
TIEA 0.6 43 0.3 0.2 2.3 922 0.1 7.8
SZEA 0.1 0.1 11.2 0.1 0.6 1.2 86.6 134
To others 3.6 7.2 15 1.5 3.2 22 2.3
NET -1 5.9 12.6 -0.4 -0.5 —5.6 —-11.1 5%

4.3. T REIXBHR 7 R h7S KB a5 4

WIE 200 N2 5 BB AN E H, BRI IX ZhAS s 260 AR S . ikl 1 Bios. BEALARIR R
2022 4 10 HE 2023 45 5 H, AR RBMITE o AR X BrAEERT 3 s 2 a i tHie 2,
SRR SRR TR 6%~23%W B, BHEONEIZ . AL X T35 2 R
FH B KA R HE S, 2023 4 3 H, T PmaE A RK—Rescasd 76 FBUR TR
MU P B I T BUR I AR S A5, ksl AR EUR A T IORIN R Y kT AR e Bk TiT 3 T
REAFERSHLIX AL 5, @ AN [ T T 3 BB N A& A — AT ES TS &, BRI AS & BRPIR UL, XM T
ST RRHERN A S 3, I EL 25t b7 (Bl O 3 R OB, TR T T Fofo 7 40 7 224 1) 2 ) B8 5 R 1
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Spillover (Connectedness) Index: 200 day windows, 10 step horizons
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Figure 1. Dynamic total yield spillover index of different regions

1. AEN XS T A E R i e

44. =ERMGERTT. R AETEESRE 24

2 [ DL & T B 58 2 T 3 (s RS st P B B a6 3~9 B, BRI ARAR U B U1 4.2 /NS
7, “Contribution to others” 7 HUHE Fe 7 25 AN B8 70 T~ HAR 55 77 F 4 4 i HH 8O (1) DT8R, “ From others”
AT HGHE s AR BT 2 R0 3 577 IR A i S B DTk . AR, A B T B U A R B T VAL
AR AN T I R Z B FR BOR T2, R T S v 0 A T S0 4 ik T WA e 2 AR L
%, UL ER TR 300 S5 RRRHUA T Hidg . AIRBRAA . WRAEA Tl SISO 28 2R Ve HH O LR
O TR ot B R/ TR 77 A S W W F 770/ B s T = M P 1 D 0 R o B R/ FR 7L b e AR
B R, Ui AR E A FAT M B HE OS2 T AN A% B RE AR K

e BRI B T3 . AR AR TR B T3 (U A R O B S TG R T
AR TR 300 FEECN Al o e, R ISR o Ak SR T U A R vt RR RO, Ui
Fb 3 X B BRHRIECZ SR ks B SRR o R b b DX 2 156 AR v e U B AR, (HR SR 1D SR E
AIXAEH, AR A RIRBRARBURE T A E iR, T AD s DR s AN A% 5o FLRRHE TR s A A SR %
N

Table 3. Static risk spillover index of national carbon market, energy and financial futures market

3. 2EEKmS. R ERMEASEHRESKKE SRR

CEA COAL CSI300 FU LPG LU OIL From others
CEA 99.858 0.011 0.016 0.017 0.025 0.001 0.072 0.142
COAL 0.206 99.543 0.049 0.031 0.132 0.039 0.001 0.457
CSI1300 0.137 1.599 94.973 2.176 1.025 0.031 0.059 5.027
FU 0.250 5.743 1.101 92.358 0.337 0.112 0.099 7.642
LPG 0.050 4.461 0.173 21.915 73.280 0.109 0.011 26.720
LU 0.243 3.834 1.711 55.942 0.669 37.600 0.001 62.400
OIL 0.109 3.973 0.767 62.085 1.696 9.313 22.057 77.943
To others 0.994 19.622 3.817 142.167 3.882 9.605 0.243 180.330

Contribution

. . 100.852 119.164 98.790 234.525 77.163 47.206 22.300 25.800
including own
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Table 4. Static risk spillover index of Beijing carbon market, energy and financial futures market

F 4. TS, BER. ERMEIETIARSKG LY

BEA OIL CSI300 COAL LPG LU9999 FU9999  From others
BEA 99.261 0.069 0.126 0.417 0.008 0.079 0.039 0.739
OIL 0.293 99.508 0.104 0.004 0.063 0.020 0.008 0.492
CSI300 0.113 2.294 96.681 0.066 0.258 0.062 0.525 3.319
COAL 0.237 3.722 1.009 94.906 0.086 0.002 0.038 5.094
LPG 0.597 21.946 0.118 1.166 76.136 0.000 0.037 23.864
LU 0.037 70.974 0.263 0.023 0.057 28.533 0.113 71.467
FU 0.428 66.861 0.193 0.417 0.791 2.540 28.769 71.231
To others 1.706 165.867 1.812 2.094 1.263 2.702 0.760 176.205

Contribution in-

. 100.967 265.376 98.493 97.000 77.399 31.236 29.529 25.172
cluding own

Table 5. Static risk spillover index of Tianjin carbon market, energy and financial futures market

5. KiER™E, R, SRMIIETIARSKMK LG LR

TIEA  CSI300  FU9999 LPG OIL LU9999  COAL  From others

TIEA 99.357 0.421 0.062 0.048 0.070 0.025 0.017 0.643
CSI300 0.122 97.875 1.492 0.405 0.038 0.002 0.068 2.125
FU 0.120 1.172 98.321 0.039 0313 0.004 0.031 1.679

LPG 0.060 0.305 21923 77.680 0.001 0.008 0.023 22.320

oIL 0.054 1353 65.607 0.988 31.981 0.017 0.001 68.019

LU 0.074 1.841 58.939 0.254 12444 26447 0.001 73.553
COAL 0.271 1.456 4.529 1.164 0.068 0.001 92.511 7.489

Cont;it'}’l‘éfs‘m 9701 6.548 152552 2.897 12.935 0.056 0.140 175.829
Contribution 55 556 104423 250.873 80.577 44915 26.503 92.651 25.118

including own

Table 6. Static risk spillover index of Shanghai carbon market, energy and financial futures market

6. LiBk™A, sER. ERMEASEHARSKIE LR

SHEA OIL  CSI300  COAL LPG  LU9999  FU9999  From others
SHEA 99357 0.023 0.406 0.004 0.103 0.005 0.102 0.643
OIL 0.054 99723 0.109 0.006 0.063 0.029 0.016 0.277
CSI300 0.122 2258 96.682 0.064 0.259 0.069 0.546 3318
COAL 0.271 3.745 1.005 94.848 0.090 0.002 0.039 5.152
LPG 0.060 22235  0.126 1.251 76.313 0.003 0.012 23.687
LU 0074 70731 0263 0.025 0.051 28.747 0.110 71.253
FU 0120 66799  0.192 0.474 0.775 2.656 28.985 71.015
Cont;it'}’l‘éfs‘m 0701 16579 2.101 1.824 1341 2.763 0.825 175.346
Contribution 155 05 76551 98783 96.672 77.653 31.510 29.810 25.049%

including own
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Table 7. Static risk spillover index of Chongging carbon market, energy and financial futures market

F* 7. BRI, 8ER. €REIETIARSKKG LY

CQEA oIL CSI300 COAL LPG  LU9999  FU9999 From others
CQEA 97.779 0.062 0.177 0.241 1202 0.015 0.524 2.221
oIL 0.039 99.733 0.109 0.004 0.065 0.031 0.018 0.267
CSI300 0.001 2272 96.790 0.065 0.258 0.069 0.545 3.210
COAL 0.008 3.770 0.978 95.134 0.085 0.000 0.026 4.866
LPG 0.002 22227 0.126 1.204 76.423 0.003 0.014 23.577
LU 0.035 70.764 0.264 0.023 0.052 28.747 0.114 71.253
FU 0.015 66.880 0.193 0.444 0.797 2,673 28997  71.003
C"m;itz‘elfson 0,100 165.976 1.846 1.982 2.459 2.792 1.242 176.397
Contribution o7 000 265700 98636 97115  78.882 31539 30239  25.200%

including own

Table 8. Static risk spillover index of Guangdong carbon market, energy and financial futures market

F 8. IARKRMS. BEIR. EREIETIARSKME R R

GDEA OIL CSI300 COAL LPG LU9999  FU9999  From others
GDEA 99.220 0.032 0.036 0.532 0.060 0.047 0.074 0.780
OIL 0.032 99.744 0.107 0.005 0.065 0.030 0.018 0.256
CSI300 0.124 2.256 96.679 0.066 0.254 0.074 0.546 3.321
COAL 0.187 3.737 0.951 95.010 0.087 0.001 0.027 4.990
LPG 0.002 22229 0.125 1211 76.417 0.003 0.014 23.583
LU 0.104 70.907 0.277 0.029 0.053 28.514 0.116 71.486
FU 0.020 66.883 0.195 0.463 0.792 2.606 29.042 70.958
Contributionto 4o 166.044 1.692 2305 1311 2.760 0.795 175.375
others
(Contribution g (eg 265.788 98.371 97.314 77.728 31.274 29.837 25.054
including own
Table 9. Static risk spillover index of Hubei carbon market, energy and financial futures market
9. MdtirTig. BEIR. SRR THIAEES X R IEE
HBEA OIL CSI300 COAL LPG LU FU From others
HBEA 97.683 0.229 0.877 0.024 0.687 0.186 0314 2317
OIL 0.260 99.500 0.109 0.004 0.069 0.034 0.023 0.500
CSI300 0.189 2.185 96.707 0.064 0.260 0.068 0.527 3.293
COAL 0.001 3.778 0.989 95.121 0.085 0.000 0.027 4.879
LPG 0.025 22.369 0.123 1.191 76.274 0.003 0.016 23.726
LU 0.279 70.506 0.263 0.024 0.057 28.741 0.131 71.259
FU 0.503 66.381 0.195 0.456 0.822 2.654 28.988 71.012
Contributionto  »5, 165.448 2555 1.763 1.980 2.945 1.038 176.986
others
(Contribution g0 ¢ 264.948 99.262 96.884 78.254 31.686 30.026 25.284
including own
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RER T R AR A I T B s e, KRR T M & il i 3 A e o o, 3
TR 300 FEEOH TR A0 B T AW A 26 10w AR 0K, Tk B R X AR BRHE TS SZ B 7T 4 46 P 5 M 6
Ko

EigmR TR « ARERIAT R A B2 T 3 T 3 (R RS R v O B R A T O R
i e T _EERR T  AT YRR 3004 BRBNHI R 17 3 17 I W X e o e, PR 300 FREUH TR
xR T AU A 2 RS AR RO R, I i DX B HE O I T A s i R, XAl RS bk
VI X SR TV R R A K

LPG. FU. #m. JI& 300 X 8 PRk T )i th . o, LPG HABE AN A% f B PR 17 A a4 1) ik
AR R OR, U B BB X R BHE SO A A T S RS B SE IO, 1X AT R 5 17 R X AR R E R AR
MEF=IX, RARAAE N F BRI DX, 1 RS S WA S A B = A O

IR BT SRR 300 ARBRIAM T F s e, ) ARBR T SR T A . e, BRI TR
P AR T 3 B R v P O, U AR M DX (R BRHE SO SR R A R R, X T RE S AR
AEN IRAE BRI I fe 3 BRI A %

WA A AC R T A g e, WHERR T S R TS PR 300 AT IRERAR . BRRRE XL
v o o, PR 300 T8 B B R AL AT T A SR ks RSB T A0S R v R AR RO R, Ul
BRI ALt X R BRHETBOZ 9 R 300 FR B BN s iR, RS2 A il AN A% SR B K

4.5. £EHISR & MEEM TR A R ¥ o

i A W 2 A i A RE A — BRI ] A X A B 3 AR R K, T T2 R s WAL i R i A PR A
ke, DA i B AT AR H R BRI Bl 1R B AR s . ASCBOE IR E H oY 50 MRS H
T 2 4 T 4 5 REVR I B T AN eI B2 3711 Diebold-Yilmaz a8 as i 455, a0l 2
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Figure 2. Dynamic spillover index of national carbon emission mar-
kets and futures market
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Figure 3. Dynamic spillover index of local carbon emission markets and futures markets
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