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Abstract

Achieving carbon neutrality is a common challenge for developing countries in addressing global
warming and maintaining sustainable economic development. Based on panel data of 30 provincial-
level administrative regions in China from 2007 to 2022, this paper measures the carbon neutrality
index of each province by the difference between carbon sources and carbon sinks. By comprehen-
sively applying various econometric models and methods, this paper systematically examines the re-
gional differences, spatiotemporal evolution characteristics, and driving factors of China’s carbon
neutrality index. The study found that: (1) China’s carbon neutrality index exhibits a spatiotemporal
distribution pattern of “overall continuous rise, high in the east and low in the west, and increasing
spatial agglomeration”, with high-value areas gradually concentrating in the eastern coastal areas and
the North China Plain; (2) Regional differences generally show an evolutionary trend of “rapid con-
vergence followed by stabilization”, with the overall Gini coefficient decreasing from 0.046 to 0.038,
among which inter-group differences are the main source of regional differences; (3) The probability
of each province maintaining its original carbon neutrality index exceeds 82%, and when low- to me-
dium-level provinces border high- to medium-level provinces, the probability of them jumping to
a higher level increases significantly; (4) Economic development level, energy efficiency, and fiscal ex-
penditure scale have a significant positive impact on the carbon neutrality index, while urbanization
level generates a significant positive indirect effect through structural transformation and technology
diffusion. These findings not only provide solid empirical support for a deeper understanding of the
inherent mechanisms and multi-dimensional collaborative mechanisms of regional development im-
balances in the carbon neutrality process, but also provide policy insights for formulating differen-
tiated and precise regional carbon emission reduction policies and strengthening cross-regional col-
laborative governance capabilities.
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Figure 1. Trend chart of carbon neutrality index for each region from 2007 to 2022
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Table 1. Gini coefficient of China’s carbon neutrality index and its decomposition results

= 1. PERFESNERARLESRER

>

4

\J
3 &
v v

A
N
®

2
o

HIX A Hiu[X [
Gl JSEEN N N N
R s P AR HR-d K- KR-FRIE b -dE - FRIb - R
2007  0.046  0.048 0.028 0.04 0.025  0.041 0.06 0.041  0.047 0.03 0.043
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Figure 2. Decomposition of the Gini coefficient and contribution rate trend of China’s carbon neutrality index
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Figure 3. Regional differences and evolution trends of China’s carbon neutrality index
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Table 2. Global Moran’s test results of the carbon neutrality index

2. BRPRERNE /R ZRNER

G Moran’ I R Moran’ I
2007 0.247*** (0.110) 2015 0.207*** (0.106)
2008 0.258"** (0.109) 2016 0.198™** (0.106)
2009 0.2517** (0.110) 2017 0.182"** (0.106)
2010 0.238"** (0.109) 2018 0.174™* (0.107)
2011 0.234*** (0.110) 2019 0.148"** (0.107)
2012 0.221*** (0.109) 2020 0.133**(0.108)
2013 0.228"** (0.110) 2021 0.099 (0.108)
2014 0.200"** (0.109) 2022 0.112*(0.109)

VE: LT RN 1% 5% 10% B E KT, 5 S N BUE A PRUE R .

3.2.3. REEPIBHRH S RAIKRES T

ASCR By IR A KRB 3 Mm% 48 Bk tP AR 00 R Sh A8, 3 XK 2 DU RIRAS ARk
(D~ FRACEAD F @ ACFAD R KAV B4 Rande 3 frox. nTLLE W, EAFEE 2R R
BUF, BrRAPAIFREE A B BT T, SRR AR FOIRES MR E 82% A b, PSR
MR . Hoh sk P AR E M =N 97.2% . WL T ARG, IR F B AR SE R 6], ¥
GRS, R B AR R A B Wit RRAE, A DUSE IS R ER AT .
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Table 3. Results of spatial Markov chain analysis
3. TESRAKEDER

7 A e 2 Hit+1) I il I v
I 0.871 0.129 0.000 0.000

1 0.044 0.823 0.133 0.000

&4t Toi Je

| 0.000 0.036 0.866 0.098

v 0.000 0.000 0.028 0.972

I 0.846 0.154 0.000 0.000

il 0.143 0.571 0.286 0.000

: I 0.000 0.000 0.875 0.125

v 0.000 0.000 0.000 1.000

I 0.810 0.190 0.000 0.000

1 0.045 0.773 0.182 0.000

! | 0.000 0.000 1.000 0.000

v 0.000 0.000 0.000 1.000

7% (8]

I 0.859 0.141 0.000 0.000

il 0.041 0.877 0.082 0.000

i I 0.000 0.016 0.857 0.127

v 0.000 0.000 0.022 0.978

I 1.000 0.000 0.000 0.000

1 0.000 0.727 0.273 0.000

v il 0.000 0.130 0.783 0.087

v 0.000 0.000 0.043 0.957

e R R, SR MR L A S b, 2R B TR B 3 LA 9 A )
FRAE . TTBLRIL, SRR A SR RS R R P — IO, BRRE (1) K TR
A 0 AT [ SR M B 0.1905 (2) SFIKSEA GFEARIE KT8 G 6] 1R FHEE%
B 0.286: (3) TEIKT A BITEARIEE G M IGACT I )L SR M M 0.125, AL “ R TEARR 7
(@) BT AR TEAIE R B ARk T IR R 0957, RILH (AR A" L. 453 up
07 ] Bl 5 970 S B AT B F RO B 3 ), 7 HE e T e 57 8 0023 [ E
KA.

3.3. BRPFAEHANEME RS
SRHE 5 B A D 4 SR TR MR 1 B, AT A7 TR S AT B [

o1t
Y, =B +pW, Y, +OW, X, + BX,+5 + 4 +¢, ®)

ij it

Horb, Y, FoRh RS, X, RoRRRARE, p NEEEBIHRE, 0 NERRRT L LA,
NEERE, W, NEERCERRE, 0, MR E RN, 4, A E N, &, RIS .
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33.1. BRERGE

SHEDAWIITORR, BATEFE LU T AR AT 2w sk b AR B A2 AL A PR 3K

(1) &R SRAKT-(PGDP). 2235 KK T2 M BRHE IS BRI RE 1 AOIZ LRI ZR[20]0 BRI, A $F
NF) GDP (Jo/ N 5% B 2 5 KA

(2) NHFUEL(POP). N LUHUBGE I P AN SRIE R Wi - AR — 2 2, N g K I RE U 75
Ry WM EBRHER 23] R RN, N SRR LR A5 30, S2maARAR . S i B A7
4. Bk, ASCEEFARENECTN)E RN H R,

(3) REVHIRIE(BC). REVR5E BL2 i & REVRA F AR I ST bR o BEUSBRDBRAR, F0L7 i A REVRH AR
D, BRHFBOK- PG £ “X0R 7 HART SR, FRRREN R SRR A% O ITF 401, BBk, &
SR HAL GDP REAEHT B REVRIRIE

(4) BUNTIIREE(GD. B H A S Mt 5 BURFE A BHA B 5 E S P BNBE T . B
SRR AR R R B Xk — 5T, W R R TR B S TR, TRl HE e ek
410 - J7, MBI EARAESBE . R SOEORIT RS, S=IHILRE . NIk,
AR e s FEPEL S 530 XA 7 B ME 1 P R T UM T PR L

(5) WAL (UR). SlEAL BERE S = A RIE R AR P AN SR 4 — R REVR 2R, i R REIR
TSR AR, SRERAHE s R HE I [42]; R ML ARTRIRIE, T ML AR R SRR RN, T RESR
REVEAI IR =R RHAI RIS, ST d skt b ARk R IS RRIC A5 8], MISS BRI RE S . BRIk, AC
TP AT BB KT

3.3.2. FENTEERIEE

FRAN 133 3 S A A A o LA P 2 B A Y . Hausman A8 56485 5 87 ) DA FH 8] E RSB R . oAy
EBAAN VTR PRI 250 2 A1 RS, 20 5l SR FH [l s 2 S ABE AR (FE) s % 1B B BT ABE R (SAR) % [ R ZE A5
T (SEM) A2 [a] # FEARE T (SDM)HEAT X EL 0 M. W12 4 FTzn, LM A . LR A6 A Wald K56 #0535, f
%1 SDM FAUAR 2B AL SLM Al SEM #5784 . [RItk, A SCRFH SDM AR 3E 47 25 (] 35S AG 36

Table 4. Model estimation results

4. BRMGITER

SDM
A FE SAR SEM
Main Wx
1.108™" 1.023™*" 1.069™" 1.043™" -0.136
PGDP
(0.00) (0.06) (0.06) (0.06) (0.25)
0.908™" 0.960™" 1.027™" 1.058™" -0.318
POP
(0.00) 0.1) (0.11) (0.12) (0.14)
c 1.082™*" 1.012™" 1.048™" 1.036™" —0.160
E
(0.00) (0.04) (0.04) (0.04) (0.15)
Gl 0.754™" 0.982™" 1.020™" 1.114™" 0.614™
(0.00) (0.16) (0.15) (0.15) (0.02)
0.414 0.437" 0.351 0.102 2.036™"
UR
(0.29) 0.21) 0.22) 0.21) (0.00)
—8.759 ***
Constant
(0.00)
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g
0.181™* 0.106"
p (0.05) (0.10)
0.175"
A
(0.07)
Hausman 61.93""
LR-lag 27.27
LR-error 42,74
Wald-lag 43.96™*
Wald-error 51.79™
N 480 480 480 480
R? 0.888 0.867 0.868 0.797

VE: LT RN 1% 5% 10%H B E KT, 5 S N BUE N PRUE R .

3.3.3. FME R E M EHR 53 1T

P ST SDM A A N RS B . FTLLE B, PGDP 1A sk roRn g S A e gk A
AR X PGDP [ it A< b DX Bk bR B EAT F0 b 1 i BRAR AN 35 . 3X mT R R A 48 57 R i i X A
GHEEAR. TEEAEIEN TR e RS, AR AT N A TSl e SIS U ) AT X
PG (A X B IRHE. POP Xof A<M bt v RIS SIS0 S5 5 (BB M /s, X AT g A RO AR N I3 K
SeI ALY PR, (N SARR HIBO0R FE ) X 35 2 57 DA R AR5 X AR T, B4R T A
TR RIREN o 1 A0 30 4 XN ORI A b [X (S AS S5 3 2 BN T R 2 ) A 5ot sk i R 7T P 8 X
SO IR . EC X AR AN FE S o B2 N IE, AR HLIX EC [FR ot A b X B b R 5 2 B A F
VEF BARAN R 3, X AT 2 R A REFE SIS 3 KNSR 1 RER AR AR R A 43 52 . G X A ek P R S0 ) 52
Wi it 2% O I, T AR H X G B3 ok A Hit op AR E B VR A, 3X AT R DR D 3 7 SRS 1 T 3% 4
RN o FEBUAT B R, 15 EURFET R T8 i K B A Bh R Bl K, i AR Il X (0 W L 5k AT
Ae | KA HIX (I ERBE S 4, FEWRHEBUE /I [E20 LT UR S AR AR 52w A 538, 4R X
UR I3 K0 2 s vh A04E BB A (2 HEE T, 2800 UR AT BE 3 S st AR A1 X 350 14 1 0 8 She B2 mit gk o
o, BT IR RE b I T B — A AR A AR IR T AR ORI . PR SR B R A 5 i 5 T
SRk, ARUTHL DX T oK it N sl eI B A U T A X A

Table 5. Direct, indirect and overall effects of the factors influencing the carbon neutrality index

5. BRPFEREMERNER. EENSNE

Bl IEE LV & R
PGDP 1.044™* (0.00) ~0.029 (0.77) 1.015"* (0.00)
POP 1.048" (0.00) ~0.223 (0.31) 0.825"" (0.00)
EC 1.039"** (0.00) ~0.059 (0.53) 0.980"** (0.00)
GI 1.131** (0.00) 0.815" (0.00) 1.946™* (0.00)
UR 0.148 (0.47) 2.246"* (0.00) 2.392"** (0.00)

T LT U RIERIR 1% 5% 10%H) B E K, 7S A EUE AR EER
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LR, B REECRA B S R N, TR AR KT REVR R AN EUR T U B A R 3R
HRAE TR RE ) 2 (e s A Th AP AR A

4. G 5EWN
4.1. &ip

BT 2007~2022 FHE 30 ANE HATEUX (AR PN A 6 b D) (1 T AR B , 453032 A Dagum 2
JERE Lo A Ry IR AT SRR A3 (AL =AY, R G0 S AR B X ek 2 e S TR S AR AE B
MmN E. EELERR:

B, PR R CBR B RETUR. ERBERT PR R . 2007~2022 4 E FR HURR AR
Tt RS TR X S e, A X ) AR SRR P R — D, Y B AR R S
TCRE I SR R AT s TG AR AP ARAR (5020 DR 44 0 ik o RN )RR 7o

B, KEZERSE Suthlgih. FEETRE” &% SR8 R2EH 0.046 [F% 0.038. A% R
TUHERZEIN 44.0% % %2 30.0%, PAZERFER. XBANZERITH: KilmKHEbEs); R U 8%k
JETt): RERERLRE, NPUKIX IR EAR: ARACEREE T, EFEARTY R XIBRZER G & - HEE
BRAHFELRGR/N s 7R - h 2 PEPUE N R fate; b - THERERRSROE .

=, Wb A A e B R e Ve S A A . AR ST R R R, KRB I YRR RS
RERIH 82%, mAKPE M RAaE: RSB EEET THMEY, & “@WikX” . 5INTEEERE,
R MR RO B A A R AR KA 0 A0 R KT B ) R R 2 B =1(0.190) s R K44
ARUTARIK P B AT+ MR 2R 552 150(0.286) s HH 1R K44 4 AR I AR AK P B 1) 1 B M6 B 151 (0.125), ARBIL “ORii sl
L7 s K AR I KT I e E ME AR 5R(0.957), BRI “IEIREER” .

S0, B AR AE B R S R N, & AL & . AL AR R B . Al
X B AR TR A AT (LR . BARORE . 2 3F R B T-(PGDP)N A AT i 2 1F A 5, {HARIT
H X PGDP $&F+ S M A e, [ BeR AR Hh -5 7 b e # 1 S A48T s el BE (BTN A A7 42 2% 1F
ISR, T ABIT X BL N BRI ACH, ARI T BeB RS B 5 s TG IR (G X A b f 20k
HO DX S5 2 3 TR RG], o S T ORIV R8s SR (UR) XS AR M TG 2 35 M), (H 43T 1l X 3,
BT A LA B35 I, 2R IR o B I A BB SE .

4.2. B

BT EABT A R, ASCR PN EGRE

i S ZE AL OSBRI, REHERIXT B ZE SR . AR AR X RS A B RV BE,  HES Rk
SRBRA O 1B B SSRANBCR Pr M ;- 7O A XAEHEBE AT A RO TFIIN, B RSRiE N SEh . BRIG S TR 4
PATBUX BB S, ISR 2 5t AP r A LS BIL R IR 53T AR IXR5 1 52 £ 1 vk lk
B BOR, (R, 35 BB AR i v E R R .

s AR FE B, R A A AN o AT R A 2 A O e R ST DX
PRANLE], HESH AR AR LR R P RS, I BORYHG ARSI P, B sRL TR R S e
VRO L Y B )l AN RN, BT AR T R TR AR BT OB AE X E B 2 , WERARTEE C )
7, e A ZE R AR B

= A BCOR S5, IR GBN . 1REIAR. EBBE . SOBRVIR S LLE, RS
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