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ABSTRACT

As global pressure on carbon reduction has increased since the Paris Agreement, China, the world's largest carbon emitter,

is pushing to achieve its carbon net zero target by 2060. The emission trading scheme (ETS), China's key policy tool for

carbon reduction, operates in eight regional markets, and individual markets have their own reduction goals, market rules, and

verification systems. In this study, the long-run equilibrium and causal relationship between regional ETS markets was

analyzed through dynamic analysis of carbon permit prices in the three major markets (Hubei, Guangdong, and Shanghai)

that account for 77% of China's total emission permits. Results show that co-integration exists among the three major markets

and Vector Error Correction Model (VECM) analysis indicates the existence of a partial short-run and long-run causal

relationship between those markets. Since 2021, China has been promoting phased integration of regional ETS markets into

a single national market. This study shows that the efficient market integration is promising.
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Table 2. Unit Root Test Result

HBEA GDEA SHEA

Test
method

level diff level diff level diff

ADF | -1.60 | -17.46™" | -2.836 | -12.427™" | -2.359 |-12.271""

PP |-1.864|-67.438"" |-17.566""|-272.715™"|-6.044""" | -96.665""

Optimal lags are chosen based on AIC, ** and *** are significant
at the 5% and 1% levels.
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o] AL, PPRIRES Hubeith THelo] e o= Ul
o 13} A9 B BE ¥gTE £ B ECA oHY
AL Holerh dutxor WHEER HAEAWT A
A|okA] gFoH Thefo] EAoke WFo® 1. ol
Hlglo g pE ElAVIZ O] SZusl HAAAS JA|H,
PRREHSE A4S 7K (D2 284S 4 itk

42. B8 #H

JohansenQ AAL AF85F] 37 B4 714 7kl A7)
FYBATE SRR BAstolT. AR R4S o
g9 2] 2F42(Lag Order)= Johansen 77 Zof 2%
Sojof 5k YT 2o Aot Aszge] vU

< 25k, YR 2 AdAes Hedt ARE 2
A BP9 AREE FEA "ot wEb Y& 93l
F= vlshEA]l AIC, SC S 7Hto g o] X}

)44

5 At} Table 304 o] Al &4 Al 714 9] 24
23 XA A= 432 YERT Johansen RO A £
g A= SV U:H-'—Oﬂ A= wiAskAH

Table 3. Lag Order Selection Criteria

Lag | LogL LR FPE AlIC SC HQ

1 | 3386.835 NA 1.99¢-06 | -4.614 | -4.582 | -4.602

2 | 3740.286 | 704.0058 | 1.24e-06 | -5.085 | -5.020 | -5.061

3 |3830.105 | 178.534 | 1.11e-06 | -5.195 | -5.098 | -5.159

4 |3870.400 | 88.994" |1.06e-06"|-5.241" | -5.112" | -5.153"

5 | 3878598 | 16.277 | 1.06e-06 | -5.240 | -5.078 | -5.180
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Table 4= Johansen & & A¥E Hoj&Ech AF Ax
AR YEUN $r(rank)7t tH(none)ol2h= A7
71 8] p-valueZ} 0.0002% e mizo] 7|28kl &
A& WE7E Hojke stol 2 EAES & o Ath 34
2 FE f57t sh 2Ikat most 1)°]k= AF7HY]
p-valuer= 0.118% 5% ool 7124 4= Qls A o=
et mEbA 37 S oA 7HE Tl g RS 5 F
= HE7E EAekE & o Stk ol= Al A Y] 7HE &
A7 @718 o 2e o UFe s YEd 5 QIARE A7
Aogs= 42 WP RE I ARt A& Uehdth

T 371 8 ©A 77 xR 27HK] SHOA
ofLAL AY7teRt Aol AA, AEH ©®AVHALS
T 5 BF9 ETS A 23 5o A FF= &
7] ol ol FH ATt FEH R HGEo] 71|
23 25 vk A4, TRt AtollA SR A R 714 0]
&l 29 7H4E 24ck= 58 2908 AdF%th
o] st AR HHERAR ARt HA7tAE S=E HF
£ 9] 9Es] diwoll A3t 7HAARTE A EA
S| gkt wEbA FEAR] AR 7HE o] SR
7 523 R £9] {7 Eobd A Awdd
o] HA7tAY 7S tiAIsH ] el siEd 87t
=T7Ha kA wiEd 7HEo] A 4SSl Hok

Table 4. Johansen Cointegration Test Result (p=4)

Null . Trace 5%
. Eigenvalue o . Prob
Hypothesis statistic | Critical value
None* 0.036 66.611 29.797 0.000
At most 1 0.006 12.912 15.494 0.118
At most 2 0.002 3.922 3.841 0.047

4.3. VECM &4

A8 A7) ool 3714 BastAZ % wrlHa
A G5 AuTA YFYL Rt AU B

7|§181M VECM 242 S35t 424 3= Table 5
o} Zom BXoA HAE 22 44 FH(Error Correction
Term, ECT)2 4] 33} 7t}

EC]T(tfl) = IHHBEA&,D —1.35ln GDEA“,D (3)
+0.186In.SHEA,,_,)+0.135

ECT As+ 1 ¥¥8% wo4d< A dufstor ot

= AGE S 7t SE 24 195

o WA WA BE0IA 72W%e HBEAZH 2715
# ECT 92 57} Hh. ofn) 71 5el 2A1E 4k
2 JPAokRoR ECTE thA] iAok o]
Table 50141 HBEAS] ECT AZ7} ©2(-0.015)Q1 AL
Efgstt. v GDEARA YA GDEA7} 57k8Hd ECT
Fe 847t ALt Aot 2L olRE ECTE Z7HAI Aok
517] wlEol GDEA®] ECTAI47} 4:(0.114)3 A& e
Folet. o8 BHOAE FHU S0% ol4-E Tt
o g4 A%<l Guangdong®t A712 Q1 HA7L &
stk

W1He A A7) AR He B FolsHA
E}t O™, t-17]0] A]&= Hubei?} Guangdong A&, t-2
7104+ Shanghai”} Guangdong AJ&o] 5-2J3F 93
HX&= ACSZ YEHT. o]= Guangdong Al F
A Ba AFOE B A1H0 WEHS A3 o
RITEUA, A7) HE W YR AR WE0l B
S Q% WAL Ao olalssitt 4k Hubeidh
Shanghai A& 217 3171 WETo] §oJ51A) Aag vl
AL Ao ek
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Table 5. VECM Estimation Result

AIHBEA t | AInGDEA_t | AInSHEA t
-0.666™" -0.091™ -0.003
AIHBEA_(t-1)
(0.026) (0.042) (0.040)
-0.016 -0.282"" -0.009
AInGDEA_(t-1)
(0.018) (0.028) (0.027)
-0.014 0.038 -0.620™"
AISHEA_(t-1)
(0.008) (0.025) (0.026)
-0.415™ -0.063 -0.001
AIHBEA_(t-2)
(0.029) (0.047) (0.044)
-0.016 -0.282™" -0.009
AInGDEA_(t-2)
(0.018) (0.028) (0.044)
-0.002 0.056" -0.376™"
AInSHEA_(t-2)
(0.019) (0.030) (0.026)
-0.194™ -0.026 0.001
AIHBEA_(t-3)
(0.025) (0.040) (0.038)
-0.010 -0.207" -0.025
AInGDEA_(t-3)
(0.010) (0.026) (0.024)
0.004 0.038 -0.137™"
AInSHEA_(t-3)
(0.017) (0.027) (0.026)
-0.015 0.114™ -0.01
ECT (t-1)
(0.009) 0.014) (0.014)
0.0001 -1.86E-05 0.0004
Constant
(0.002) (0.004) (0.004)

* (1) is the standard error.
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Table 6. Causality Test Result between the Three Markets in China

Qu Jingyu - H24H

Dependent

variable

Short-run casual relationship

Long-run casual

relationship

Joint casual relationship

AIHBEA(t-1)

AInGDEA(t-1)

AISHEA(t-1)

ECT(t-1)

coefficient | t-value

ECT(t-1)
AIHBEA_(t-1))

ECT(t-1)

AGDEA_(t-1)

ECT(t-1)
AISHEA_(t-1))

AHBEA _t

0.082
[0.969]

0.270
[0.846]

-0.015 -1.629

0.138
[0.968]

0.251
[0.908]

AInGDEA_t

12.951™"
[0.000]

0.202
[0.895]

0.114™ | 7.648

34.900""
[0.000]

38.374™
[0.000]

AInSHEA_t

0.009
[0.998]

3.873™
[0.009]

-0.010 -0.764

0.101
[0.982]

2.935™
[0.019]
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