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Spatial correlation effect and influencing factors of provincial carbon emission

performance in China
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Abstract: At the completion of the “1+N” policy system for the “dual-carbon” target, improving carbon performance is a
key to promoting balance between the environment and the economy and facilitating synergistic regional sustainability.
However, the existing studies mainly focus on the measurement of carbon emission performance, influencing factors and
traditional spatial scales, lacking exploration of the spatial correlation strength, network characteristics, and network
conditions of various provinces and regions of carbon emission performance, and rarely examining the influencing factors of
spatial network relationships from the perspective of spatial networks. Therefore, this article used the super-efficient SBM
model to calculate the carbon emission performance of 30 provinces in China from 2005 to 2022. The structural
characteristics of the network, transmission paths of interrelationships, network effects, and influencing factors were
analyzed using the modified gravity model and social network analysis. The results are as follows: (1 China’s carbon
emission performance increased significantly, the spatial correlation network characteristics were obvious, manifested as a
dense in the east and sparse in the west pattern with the “Beijing—Shanghai” double core actors as the center, and
gradually formed a complex and compact network distribution form. (2 The number of relationships within each sector of the

network is significantly lower than between sectors, and the direct connection and correlation between the “net spillover”

EEWA. B E SR 45 B (23BTJ029) ; BE T8 4 157 68 71 3 # 3F R1 W RE 2 1 B (2023-CX-RKX- 106 ) 5 v e 25 A% 3 A BB 51 B
(300102233604 )

Y75 B #B:2024-01-02; ) £& Hi AR B A : 2024- 06- 18

# W IHA/EH Corresponding author. E-mail ; zwq00462@ 163.com

#PR T A 0 T BRI | ASBIF S i A £ vl [ s 28R £ AR Rk DX R SR 3 |

http ://www.ecologica.cn



16 4] FZEE A b E A BRRRHER ST S (8] IR AL K A 2R 7037

and “net beneficial” sectors were strengthened. The influence of the “bidirectional spillover” and “broker” sectors has
been gradually weakening. 3 The overall and individual structural characteristics of the correlation network significantly
affect carbon emission performance. Increasing network density, number of relationships, degree centrality, closeness
centrality, and intermediate centrality, decreasing network efficiency and network hierarchy are effective in improving
carbon emission performance. @) Reduced spatial distance and widening differences in levels of economic development,
technological innovation, openness to the outside world, and urbanization among different provinces could significantly
enhance the strength of network connections. The impact of differences in industrial structure, population density,
environmental regulations, and energy consumption on network connection strength showed phasic characteristics. The study
puts forward countermeasures and suggestions in terms of enhancing the strength of the carbon emission performance linkage
network , giving full play to the network effect, and strengthening the transmission of influencing factors in the network,
which have certain reference values for the country and region to improve the overall carbon emission performance and

accelerate the synergistic green development in the region.

Key Words: carbon emission performance; spatial association network ; social network analysis; network effect; influencing

factor
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Table 1 Indicator system of carbon emission performance in China
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Fig.1 China’s carbon emission performance
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Fig.4 Out-degree and in-degree
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Fig.5 Degree centrality
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Hu X RRHE R Sk D ) % K-

H1 &l 7 i, 2005 45 HA Hon BE R B4 (E R 2,488, R FHIME A 3 A Jbat | Bife R V1950 i 4%,

http ; //www.ecologica.cn



7044 o SO

&t
H

i 4 15

A
87.879
74.359
= 2
2 -2
63.043 £ +
53.704 % -

48333 [ Jo¥UR

0 500 km
[

Ble mEPLE

Fig.6 Closeness centrality
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Fig.7 Intermediate centrality
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Table 2 Spillover effects of spatially related sectors of China’s carbon emission performance
N NV R SR
WO R R A i G R A e rfjulgo \ *rs/fpwso
B Received connection Issued connection KA % KA B/ % N
e A e Expected Actual AL FY
Number of . .
Year Sector S - - - ~ internal internal Sector type
provinees LESY LRl LZEN) st relationship  relationship
Inside Outside Inside Outside ratio ratio
2005 S 15 6 12 6 88 48.28 6.38 i
St 8 2 9 2 33 24.14 5.71 XLJw) i 1
SII 3 6 48 6 9 6.90 40.00 ZaN
SV 4 5 74 5 13 10.34 27.78 2 4
2022 S1 16 2 29 2 113 51.72 1.74 i
st 6 8 13 8 24 17.24 25.00 XL Ie] ¥t
SII 3 0 33 0 25 6.90 0.00 ZaN
SV 5 6 103 6 16 13.79 27.27 57 4

ST Mtk I Sector I ;ST :ARB IT Sector Il ;ST : g I Sector 1T ;SIV : ARER IV SectorV

a7 P 45 AR Bl A R A B A B B DU AR 2 TR AR OGO AR, AR 2 S s 2 i DY R
M i LB 5 R I (18] 8) |, IR0 M A RIS R 1] 1% %8 B LR , 0331 5 i SCRI 48 69 2005 4F(0.186) K 2022
AF(0.223 ) HER R 25 55 BE A HARC 4 Al BE R IIRRAE R 1, e 24800 0, 45 B e HE L Sl s T] S p e i 40

Mr(#3),
x3 TEEESBER
Table 3 Density matrix and image matrix

Ay M b % AR FF Density matrix {54 Image matrix

Year Sector s s Sl sV S 1 st sl SV

2005 ST 0.029 0.000 0.689 0.950 0 0 1 1
ST 0.000 0.036 0.708 0.500 0 0 1 1
ST 0.022 0.292 1.000 0.083 0 1 1 0
SIV 0.183 0.063 0.000 0.417 0 0 0 1

2022 ST 0.008 0.063 0.688 0.925 0 0 1 1
ST 0.000 0.267 0.000 0.800 0 1 0 1
ST 0.417 0.000 0.000 0.333 1 0 0 1
SIV 0.112 0.233 0.000 0.300 0 1 0 1

Hi[& 8 I, 2005 AFHRbk | ALEL R TIVE AR A 15 8 0y, 3k 2848 10 7RI IR ) 22 % K JR /K7 AR X i

Nz,

JEARBTIRTE R | I [0 2

BB AR HH OG ZR I F A 1), A2 P 2% v A i R 5 By 5 ke T ey SRR

WS LT 5 8 AN DM, 3k 2645 103 BT 7 (Y P A S AT 22 B IX 5 B e | v D2 5 DX M P B 0, P S K AR
B s A AR AL 50 R AR 3 M, HAT 257 R SRR AT BT S 3, X e e e HE I S A% vy R AR
DXAIZR T g fEL X R A i A 0 B8 SCEEAE T AR IV 8948 DA I 2R WL VLT84 8, X 284 13 0 e JER 4
SeIREN I R 2R 52 45 AR, 2022 4F AR K A A I BRIEA T, BARSREILN  vvign i A e 14
SRR PRI AR Ay 22t N MR B, SRV ThT g BT S DA XSl i ) A B R A R A e Al b AT 2

I3 Bt /D AR R, LR HEA T XLji)

i 7 AR R AE AT RS A g BRI AR T T s
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Fig.8 Correlation between China’s carbon emission performance sectors

LEE R 3 X ERHESTUY EERION AL ML HEA T 204, 2005 AR AR T A0« v 7 Al e 9 46 1
ShAIL, XA RN AR BRIV 5L AT 5008 1) B 1 3t AR, 2022 47X AR IV 110 365 A0 G 285 8 3 T i v ikt —5
Sgh LWL SALEIA R, UL T AR IV A9 2R S5 . 2005 AR AR I 6 A IV AT i 2000, %o
M EA it R AESOSCEE RN, 2022 4F XUEE AL e g T AR IV, Al 1T A9 A B SV IR 5 . 2005 4F- Al bk
Az SR e 10 1Ay 5 28, e Al 11 2% HR 34, A 0O S 3% (E ply T il T A b T 22 ] By 4
R ZR 30,2022 A A 1A AR/ A PO BT - i Hh— R 20 N —¥e2 t " AL AR b o A eSS Bk
VoAl e I A3 R VR IR i, DERAMCR IV A 32 2852 45, 820 45 J2 A Al sl 830 vh A A 1 B2 e BE TR

http ; //www.ecologica.cn



16 4] FZEE A b E A BRRRHER ST S (8] IR AL K A 2R 7047

FIHAA BRI A Ji FAR o
3 RHERR SR = 18] K B ) 4% S B K s i Bl R 3 4

3.1 BRHEIGTRL S 18] I ) 28 2500
311 BRI

R 4 it TP E BRI ST ] SR 0 4 B R R 25 R0 B DA 2528 . ARYE Model1—4 OS5 R AR, M 2%
GAENUEYVESNEE R/ 2P/ SRk UA:Y & ST UKL I PRUSES ¢ PIINEES &Sl
P28 I G0 B T R AR e 1l 4 [ e HE T S8 35 LT, LR ARG 19 45 2003 0 4 [l ) D HE R 28U T B R . Model 5—8
R B SRIR I 245 X0 4 PR HE SR S 2 ), 2 S /D | 0 2% PP 2548 403 O BR HE RS0 o A B A SR
71N I 2845 T N IR O R BT 109 7K B XS4 PR R S8 2 5 BoA W38 9 IE 1) 520 | R0 28 380378 5% 17K
S B ) S D 2 A5 ELAG 67 [ 5] B 4 % R DGR G R BT AR | ) 45 AR R N 24 S5 2
BT REMB /N R R HE T Sk 2 S, ek IX O i R

R4 BENEHLEDEAER

Table 4 Overall network effect regression results

A BRI ST bR 22

2 E B STL L o
. Standard deviation of provincial carbon
A National carbon performance L.
emission performance
Variable
e iR 2 iR 3 TR 4 HiRL 5 HiE 6 R 7 TR 8
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
W45 1 4.928** - - 1.301° - - -
Density (0.769) (0.666)
REE &S o -12329° - . -3.456** N
Efficiency (1.462) (1.355)
EEE T o o -2.3407°" - - -0.651 -
Hierarchy (0.727) (0.545)
KRR R _ o - 4.929%" - - 1.300"
Number of relationships (0.768) (0.666)
figiel 6.885 """ -5.176 """ -2.559 """ -26474"""  0.526 -2.7277"" -1.990 """ -8.275""
Constant (1.198) (0.522) (0.539) (4.002) (1.044) (0.480) (0.397) (3.466)
R? 0.813 0.859 0.436 0.813 0.204 0.244 0.122 0.204

R? U4 R Coefficient of determination; * | * # | %  # S0HUCELE 10% 5% 1% MG KF L2 RECR )7 #55 NEUE R Hbr iR

312 MARRILRN

2 5 JRBHE SRR 28 355007 (74 181 U5 2 4575 Hausman R 3845 5 Hirf Model1—3 #4) 32 R e din . 32
5 MoK, BEE UG BRI L BE R Y G BE RS R BT 1,105 4,444 F10.140, B3I7E 1% 1 KF- L %8
1E, VLB 03 P PR A _E TSR TR HE RSB W AR AR e B v B AR Ak e |
U RO BRI R o B SR PR A B i 0 v B2 T LA i w5 b DX 5 R e DX ) R 3
TR ARG RAE X AE P 45 B TS TE AL, TR THRRHE LS4

R5 MEMEZREIRER

Table 5 Individual network effect regression results

A HE Variable R 1 Model 1 AL 2 Model 2 A 3 Model 3
FE R0 Degree centrality 1.105 *** (0.141) _ _

L HLE Closeness centrality — 4.444 "% (0.888) —

H A HL B Betweeness centrality — — 0.140 """ (0.045)
H BT Constant —4.785*** (0.476) -19.296*** (3.644) -0.979 *** (0.033)
R? 0.107 0.047 0.019

[# 5 /BERLRL W Fixed/Random effect [ 2 35 E [ 2 35 [ 2 2

http ; //www.ecologica.cn



7048 H

&t
H

#H 4 15

3.2 fcHERR G A ] I o 2% 5 e R 2%

ERSE W 28 S SCBE L 0 BARIR R I Ucinet W8 QAP J7 8588 10000 YR BEDL & e k47 8109 43
Br, IFEE5 R ANER 6 in . Al 28 [ BE B G R AU R JRKE BARAHK T 6 FM - BOKF- R ALK - 2
SR ENA R D TE 5% K 1 3 R aE . D7 ) FE /0N RE UR A& 5 o s 20, 5 A A T3 7 N 4% 1 5%
WAL S IR B IG B T A, QAT R EAKT 22 R BRI A I B R RE A B IR, A R T2 2F W 4%
W R TR IR R IB A Z B AU 38 5y . QFABHT K- 25 5 W 52w B2 56 TS TR, X% i TREE 4 E 2
B H 8 KRBT 3T BRBEAR 4R /1N, F AR BB K - 22 5 10 52 M ROR BB iR AR . @ X ARk
-2 KB By [ R U], LTI K = Bk =AU XA AR BB A 1 XTI R B ey , B 42 Uk
SPELE , SIREERS XIRA A (5 B MR THIRHE R ST P 584 0 T8 it B Lo, O3 KIBEE AL K - 25 5%
B KRR AR SR | & R ARG J5 948 00 6T rFch 48 00 (R ARSI 3R, T 45 o S 0K 250 R o) 6% S5 0
FEUA & 1T,

R 6 BAFMSGRM = EXBEMERMEREITER

Table 6 Regression results of spatial correlation network influences of carbon emission performance

AREL

\’f%bl 2005 4F 2007 4F 2009 4 2011 4E 2013 4F 2015 4F 2017 4F 2019 4F 2022 4E
ariable
1d 0.183 *** 0.194 *** 0.209 *** 0.208 *** 0.217 *** 0.218*** 0.237 *** 0.222 %%~ 0.202 ***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
- 0.361 *** 0.207 *** 0.150 *** 0.128 *** 0.185*** 0.184 %"~ 0.260 *** 0.253*** 0.289 ***
& (0.000) (0.000) (0.002) (0.009) (0.000) (0.000) (0.000) (0.000) (0.000)
Tude 0.114*** 0.101 *** 0.023 0.047 0.041 0.096 ** 0.127 *** 0.114**~ 0.040
i (0.009) (0.008) (0.315) (0.115) (0.188) (0.011) (0.002) (0.002) (0.165)
- 0.140 *** 0.139 *** 0.172 "+ 0.164 "~ 0.143 *** 0.116 *** 0.109 *** 0.094 *** 0.085 ***
(0.000) (0.000) (0.000) (0.000) (0.002) (0.001) (0.003) (0.004) (0.005)
pd -0.038 -0.045 -0.050 -0.027 -0.016 0.045 0.027 0.041 0.052*
(0.174) (0.127) (0.099) (0.252) (0.346) (0.104) (0.228) (0.139) (0.082)
Cov -0.077** -0.067 ** 0.074** 0.067 ** 0.084 *** 0.036 0.023 0.054 ** 0.016
(0.020) (0.048) (0.033) (0.041) (0.008) (0.168) (0.241) (0.044) (0.302)
P 0.065 " 0.060 * 0.015 -0.014 -0.026 0.006 0.013 0.024 0.075**
n
(0.048) (0.065) (0.341) (0.368) (0.231) (0.424) (0.330) (0.241) (0.013)
Oven 0.118** 0.243 *** 0.187 *** 0.201 *** 0.143 *** 0.204 *** 0.102 ** 0.125*** 0.142***
P (0.012) (0.000) (0.000) (0.000) (0.002) (0.000) (0.021) (0.008) (0.001)
Ui 0.077** 0.108 *** 0.205 *** 0.254 %~ 0.258 *** 0.221 *** 0.237 %~ 0.242 %%~ 0.225***
(0.033) (0.004) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
R? 0.371 0.369 0.362 0.375 0.360 0.372 0.367 0.372 0.381
adj-R? 0.365 0.363 0.356 0.369 0.354 0.366 0.361 0.366 0.376

Ad : 75 [BIFHSB I R AL Matrix of space adjacency ; Pgdp : £ 3¢ & JE/KF 22 i/ Matrix of differences in economic development;Inds: /™l 4544 2%
SHRF Matrix of differences in industrial structure ; Tech : £ AR GHT K V-2 54 f4: Matrix of differences in the level of technological innovation; Pd: A I
22 S HEE Matrix of differences in population density ; Gov: FREEHLHI 2% 5 1[4 Matrix of differences in environmental regulation ; En : B85 1 9% 5 Ji
22 59 Matrix of differences in energy consumption intensity ; Open: Xf S JF il 7K - 2% 5 4 FF Matrix of differences in the level of opening up to the
outside world; Urb : 3 i fb 7K - 2% 4 /4% Matrix of differences in the level of urbanization; * . % # | % = = /M BCELE 10% 5% 1% S HKE 1
& R IR B BREA I R R 55 N AR B R

PP 2R N VR RE IS R AR IS 2l i 3 22 53 B T AN 35 ORI A B B I 0, 5 M ) [l R R /N A
P —E A Y, BT S, O/ b 450 25 S A8 2009—2013 451 2022 45 B 3 HAAE( B N IE,
XA 2009—2013 A A 5 IR ST A4 28 000 1) 30 58 oo A A g HE =l B sh 26 5 R e, 2013 4R 2 JE bl A4
AP ORD R A BEER (3 5, SCBCOR B N aE . @ 10 22 S A9 [l A R 8 i Uk I, HACA 2009 AT 2022
R, XET 2013 AT N H 21032 25 8 O 56 4%, Bl N1 b3t /)48 3 il /B2 283 Hh st , AN 1T SR
KA MEST B O O N CUIRURT LR ) B S 0028, N 11 % 18 2 S5 0 G IR I 46 S B D[] 5, DIRBE A1
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