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Abstract

The global climate change issue is becoming increasingly severe. As the world’s largest developing
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country, China actively responds to the call of the international community, puts forward the stra-
tegic goal of “double carbon” and vigorously promotes the development of low-carbon economy. It
is of great significance to study the current situation of China’s low-carbon economic development
under the dual carbon strategy. Using ArcGIS, the carbon emission intensity of 30 provinces in China
from 2004 to 2021 was plotted, and the comprehensive score of low-carbon economic performance
was calculated based on the entropy method. A low-carbon economic development performance
evaluation index system was constructed, and the spatial effects of low-carbon economic develop-
ment in China were measured using the Moran index and Gilley index. Finally, the spatial Durbin
model was selected for statistical analysis of development performance influencing factors. The re-
sults show that: (1) The growth rate of carbon emissions in 30 provinces of China shows a trend of
first increasing, then decreasing, and then slowly increasing. From 2004 to 2021, the carbon emis-
sion intensity in all regions has decreased. Ningxia has the highest carbon emission intensity and
the lowest performance score; Beijing has the lowest carbon emission intensity and the highest per-
formance score. (2) From 2004 to 2021, the development level of low-carbon economy performance
in China was not high, but there were significant inter-provincial differences. The impact of carbon
emissions and industrialization level on the low-carbon economy was inhibitory, while the impact
of urbanization rate on the low-carbon economy was promoting.
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7] 18R AT K BV IR AR BT FE R . e | PR, ARSCAETE. thas. M. HoRIEB A
REVEVHAE T A 1 B A& TF R IR SR G VP febn ik R . IRIBIKIR AT R R SRR R, BEA R
T AR E B BRI A B K K. B gt —2 a4, wTDUR IS X R K e 25 5, 43 BT R i Ik ik
LIRS FERN R, RARFHCRAE T K RSN E 1, ABUF R R .

Table 1. Performance evaluation index system for low-carbon economic development.
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Figure 1. China’s total energy consumption from 2000 to 2021
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Figure 2. Changes in China’s energy consumption structure
from 2004 to 2021
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Figure 3. Per capita carbon emissions in China
from 2004 to 2021
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804, 10, 16+ 21). 2004 7 5 [ F 16 X B HERORE S, 3] 12.24, FmHRRGRE A 1.54. 2010
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Table 2. Carbon emission intensity of various regions from 2004 to 2021

2 2.2004~2021 S ZMERHIGGRE

o 2004 4 2010 £ 2016 £ 2021 4
| rai] 1.4542827 0.7226454 0.3505448 0.1983643
T 2.5161637 1.4823173 0.8327796 0.9910515
|y 4.4140684 3.3430296 2.5180792 2.1923216
ITES) 7.5007534 4.6990203 3.6363889 27167939

MEE AR 6.8180355 4.0680805 3.3434695 4.1112941
LT 3.7506258 2.4855229 2.1597126 1.9782213
R 3.5974783 22347331 1.362907 1.5460329

Ry MK 2.9509699 2.1686523 1.8047518 1.9324722
g 1.8421983 1.1275423 0.6909834 0.4490869
LA 2.0770517 1.4238122 0.9601511 0.7026905
WiLA 1.8714041 1.3026344 0.792722 0.6015077
A 3.2317598 2.0065227 1.5410982 0.8970162
ficye £y 1.7385463 1.3644719 0.7564114 0.6142487
VNS 2.5815355 1.6071167 1.1844022 0.8285534

L ARA 2.6477978 1.9215014 1.2692863 1.1398431
A 3.24478 22241635 1.2884824 0.8214626

ik ) 3.2348716 2.1146469 0.9789019 0.721923
WIFE 2.2215253 1.6345836 0.9764702 0.6748865
) 1.5741048 0.962987 0.6558852 0.506343
IR B R IX 2.521394 1.5962879 1.1835822 1.1641967
bsaEaEe) 2.1472812 1.4011105 0.983287 0.7050395

E NI 2.5352438 1.8347646 0.8826199 0.5925248
PNES 27438245 1.5454077 0.9688841 0.5847674
T 7.6656354 4.1811464 2.131037 13573842
PR 1.9050962 2.5097898 1.2434365 0.8633371
K 3.3908113 2.2250953 1.4035799 1.1378969
Hilg 4.6113693 3.0962098 2.1378781 1.8495255
HHEH 4.0820141 2.3704504 2.20299 1.6847082
THEEEABX 12.242599 5.5503777 4.4023666 52034936
g E R HiR X 4.0848094 2.9818725 3.8717526 3.2577679
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32.1. FERLTE
T, X RIEEAE AT AL B, TR BN B DL AR bR B IR SO m PR S R R . 4R
P IE U] WARAR A R o HLR, I R E VT SRS FR AR R A DR 1 E AT THEARBR & BEVT 0 AL .
TSR, YL ZIRFRELR & VPN T 22 e RO, X VPO 25 S s i B, R T R IR
2, KRR, SNZIRARIELR & PR TR I 22 e M)y, P VR S R B s i, IR BN
WHE. e, BTSRRI EREEE, BEER DO ISR S i si & 1570 . X4
1357 RS 20 R WL B TEARBR A 5F J7 TR I, ORI Fl R SRS LR 2Kk 3R . SR LRG0 45 R
3. Kl 4 Fs.
Table 3. Performance score of China’s low-carbon economy development from 2004 to 2021
7= 3.2004~2021 FEHERKREFLRENGS
‘B 2004 4 2010 4F 2016 4F 2021 4F ‘i 2004 4 2010 4F 2016 4F 2021 4F
dbnt 0.37945  0.3718 0.3898 0.3682 bib| 0.13767  0.1391 0.1513 0.1628
T 0.19366 02129 02114  0.1757 i 0.16453  0.1614  0.1613 0.1671
ik 0.13621  0.1375 0.1196  0.1167 IS 0.28497  0.2624 02586  0.2633
Ll 75 0.08209  0.0804  0.0813 0.0795 I 0.15367  0.1493 0.1392 0.1339

W 0.12407  0.1555 0.1443 0.1084 biiae] 0.14202 0.1433 0.1447 0.1570
LT 0.14856 0.1736 0.1526 0.1328 VN 0.1232 0.1298 0.1407 0.1551

HAHK 0.1346 0.1353 0.1255 0.1044 yaji 0.14456 0.138 0.142 0.1624
M 0.12179 0.1237 0.1207 0.1098 S 0.08739 0.0858 0.0973 0.1204

iy 0.35559 0.337 0.3562 0.3349 =M 0.14267 0.1167 0.1268 0.1456
L5 0.19712 0.2413 0.2564 0.2512 [iip=1 0.14785 0.1144 0.1021 0.1246
WL 0.28746 0.2796 0.2768 0.2729 53] 0.10195 0.1164 0.1187 0.1245
TR 0.12221 0.1155 0.1188 0.145 HR 0.08826 0.0681 0.0737 0.0842
ficge 0.19993 0.1944 0.198 0.2066 Hi 0.09253 0.0927 0.0824 0.0797
bt} 0.12544 0.1213 0.1219 0.1382 TE 0.06041 0.0777 0.0708 0.0638
7R 0.18308 0.2023 0.2041 0.1857 o 0.09739 0.0826 0.0795 0.0778
R 0.12938 0.1298 0.1233 0.1374
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Figure 4. Comprehensive evaluation scores of each province from 2004 to 2021
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MRAEE 3 B 4 mrn, Jb TSR E 3 RS, S0 HERT A 2. dbats Bifg. Wi,
JURANLTR, ARA T REREHIX . 5 HASSE M TR Bl R, i, v, xJUVNE R
AL T AR PO X, (7R RARAVESIRBINEES A, 2004~2021 4FAL RG0S0 B, M 2004 4155
0.379, 224 2021 4355 0.368, HAHERR AL T S Hi ik . T H S0 7 ik, M 2004 4353 0.088,
A9 2021 EAF53 0.064, FoRHEBER AT i m, BRHFBORE &, SRS AIK, FFE AR .

PLR MGG #hae B8, iR RO REUR I HE 104N J7 THDG 5524 T B Hl s P 3% 1 e 3 L AR SR 1R
AT

(1) &BJTH: AL TARMIE G, Wb, bnisE, ERmAFEEN PR R . XSEhEDr
Rk, FElgsi Ak, SEEARER S, CHRBRE TR R T RIFIAPF IR FR, X84
TS LS Ry, XA CRBOR A R RO BN USRI R, A R TS EBE R A H AN . AHEL
2R, X R B S B AR . X X B AR S, PSR E, AR R L S L
K, WHEBRE DR SN J1 A PR

() . dbat. RIS HER SR EHE TR B, SREBATE TS T
ERAL NI TR FEE S T BRI IS5 . SR, 7390 BRI A O TEAR R AL 2 dE 1 7 T AT 7 n ik,
AAIRERE R m, ARBAE 7 2 AR BRI,

(3) IBEIJyTH : ARG R R A5 R R 1) EE B A KR 43 o 43408 v A A8 A BURF IO PR B3 AR IR e N2
K, EIRERSIGY KI5 PS5 TS 7R e, AIRIRED R Rt 7 RIS Rt M,
Y BAR M B AR EE AR Y T THIAFAE — 28 ) 8, 0y JeHE st A ™ . REIR A RS, X L)l
SHRBRE T KSR T — € PR -

(4) FEARBEL I T : FARE D RHEINCIRE B RS B8 )& o R AR AR 7 TH, AR
X B RINECAR N, 19708 XL DA B Z B SR AR, SRR AR B at R A R
AR TT . RIS, X L8 G 1) AL AR B AR BE AR R 5 T B B AR R M . i — 2895 405
R P44 AR TEAR R AR &R B 7 T AP AR RN, 75 ZE N R QUHTRE 71, SRR AR W R AR -

(5) REURVHFET I : 15508 m It CERE RV PR 4 M . BRIRR F AR S5 7 T AR IR A, Re s Rz |
WHHERR o X 48 300 Y R RS S AR R, DD A BRI B AR AS,  [RIB NS RE DR ER AT BE TAE . AH
FeZ T, 4550 BRI 0 72 REVRTHFE T T A A BOR st 23 ), JR 2t — B AR e RN e 4 i, i
VR, FRARRCHREHOREE .

4. [RBREFEZREWF A RS
4.1. ZBEEHAXKE

2 TR 2 i, A AR R A S AR . SR S 2 48 5 (Moran’s T) [19], B2
BNHE WP T, Hk AKX

n n

ZZWU(xl.—)?)(xj—f)
(=2 (D
S 22w,
Holt, n RETIIREARIHE B3 n=30: i M j HBIFTRM A B : 87 =1/nY" (xv—F) BREAS
E, wy R BEEREREG )N TeR. TRER AR, Hi1e[-11].
MRS 18] J AR 55— P72 5 /R AR 2L C (Geary’s ©):
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(n—l)ZZwI.j (xj. —xi)z
C s ®)

550 [$60]

i=l j=I1 i=1

Horb, C BBUATEE — B T(0, 2), C> 1 AMAHR, C<1HIEMRK, C=1P K. K7 HRH
Morans’ I $5#0f1 Geary’s C 18EUR IR AL S M S BAHOCHE, IIEZRIE 4. HE 4 7751, B 2015 4
2005~2021 = 2 [ARARZE 5 I PRANFRE 1% 108 B /K R8RS, RS UF e X 2 B R E &
SHR P 2 [ A B 12 o

Table 4. Moran’s and Geary’s for low carbon economic development

T4 RBEFLAREZIEHMNEREER

i ig P i i@? Pl HA %g P i i@? P f
2005 0.472 0.000 0.472 0.000 2014 0.439 0.000 0.490 0.000
2006 0.474 0.000 0.440 0.000 2015 0.446 0.000 0.482 0.000
2007 0.476 0.000 0.446 0.000 2016 0.461 0.000 0.460 0.000
2008 0.475 0.000 0.448 0.000 2017 0.473 0.000 0.473 0.000
2009 0.456 0.000 0.466 0.000 2018 0.477 0.000 0.440 0.000
2010 0.462 0.000 0.476 0.000 2019 0.461 0.000 0.444 0.000
2011 0.472 0.000 0.463 0.000 2020 0.471 0.000 0.436 0.000
2012 0.459 0.000 0.477 0.000 2021 0.509 0.000 0.404 0.000
2013 0.435 0.000 0.499 0.000
4.2. IRBNE

23 B T B AR AR — ol 23 () 454 5N T AR AL A (R G TR, 32 BEE 9 1 A0 o A R A e 7 2 ) A
TR 2R, AEs oA UER IR R AR R A R AR B 2 TR G R . LIS (Al R R R 3
A =R A A R (SLM) 2% (8] % ZE B8 (SEM) BA K 25 [A) AL S2 A8 (SDM) [20]. o, 22 A0 23 6]
PR P BN 12, BN A B E E BRI AR 2, AR, o] LRI R
WA 1l X AR R A e A AN X R AR . W AR R X AR b X A R R B (s, B Rk 0N T

Y, :pZVszth—"_ﬁXit—"—ZVththnggit (3)
i=1 I

Hrb, v, NIRRT, | RonHX . ¢ REIE], X, RN R S50« BB |
SRR . N UL, TRROREED), W, 2om 2 WAL AERERL B oG, I TEE, p MO RFHEITSE, &,
HBENLRZETT. p BT EFIERE, KGR, % REEE, U & X )72 7R 25
EESE
4.3. TEIEHEF

{RBRE G SRS 0 AW R AR &, AR B A e X 75 5% fB HAh [ R SR AR S SR e . b 5%
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I SCERIR B IR 22 B A LA M P 32, e AR OB HE IR L (C) 3B (urban) . A H (pop) Tk AbRE
JE(indus) XTAPIFIRREEE (open) VU222 B IRAR AL (urban):  REAL 2 HEORA BRI L3530, AT #6
BEUR, HEINBRAHECE . ARIEATSCERIR N, VP2 28 U NI B R R R T I &, IIASC
FEIRAEN 1 N 1 B SR DA T S AR AL (urban) AR #Es N Fl(pop): D 1 54 AR 36 Aot 45 G0 /K 1 XK
BRZTE R A A2, ASCRT AU R 5T TN AL B AT e TR (indus): VF2 TR R, 9
ko AR AR L EORYR,  DIERIRBRZE 5« BRIRHESE AR ST FU A, AR AR AR Dy dastil
AR E[21]0 ASCIEEUR bG5B RAR ™ BB 2 bR AT B TV AL (indus) s X AT RO
(open): K 2 B R B0 AR T TORE FEE A8 HRAM RS ELR BB AR — 485, A SCIE X —fabn Rl &E . Ao
FRM, HIX AP B RGN w] DU Bk 7 b 25 M AT BRI A, 0 T it AR IR B 1K
JEARIMAOIERT: AW TER, X 00 Ah i L3 AU i m] e 2 ] Tl 26 7 BB, ke
ORI . 9 T REWS 787 I B BHCBIHT 5 IRBR ST L MG R &, 3EHL 2005~2021 4.
30 MERIL 510 DMREARITH AR B IEAT SEUE DT AR A THE AR R REA R, KR RIHTR bR i & o
AR B % i A 42 ) A e 20y O J b B

4.4. HERIRIS

AR AT SO 8] ARSI AT, 4 % T AIRBR 22 T 2 0 e A, W] DR 25 [A] o B A kAT 7
Bro #EAT LM k%, LR K% LK Hausman A S, EHmR G BA 2 M HHRER . BBRARIE 5. hiks
AR, LM kg, LR R0 SR 2, 10 W 8012008 45 4% (A AL FE AR Y

e

Table 5. Spatial econometric model validation
5. FEITEHEBRE

R T7E Giit & P {H
LMError 429.768 0.000
LMError (robust) 403.624 0.000
LMlag 45.067 0.000
LMlag (robust) 18.923 0.000
Lr lag test 166.60 0.000
Lr_error test 92.35 0.000

4.5. SEESR O

REAEIN BE S50 38 B 30 A M IRBRZ UF 1R (12 [A) 1 AHORRHIE AR o 3, AR 2L, B 23 [ AH DG PR 5
N AR R s (R TR R . 5, X 2005~2021 SR Mt HE s B AR sh i) [N R BE T S 511, 45
W% 6. SDM LG AR FEIIH 5 RECH 0.9576, B @B A A T 3E— B 0g . XU AR ek 2 log-
L A KIE M. 7€ 1%EEKTF T, Wald £56(Wald-lag 71 Wald_error 4iit )M LR F%: (LR lag 1
LR error i it &8) UG EXE3E, SDM BRURALIELL )y SEM BY SLM 7,

H_ERAA, BB MR AR BRI R B ON-0.196 HLEEH 02 —HAKCF F R, Ui A X B
He A EAR Z 5 2w i) RO . R RTE T i HE S S S e ke B A O, 1o FE AR A% 4t ik
REVR, MR, ML, S SEBEIRALN 24 W A, (RIS A IR AR T AE BE A B HE O R BOR B S T
Hahn, A E MR R R T Bl BRI AT PRI RECN 0.547, fEH S Z— K FE TR
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o TAVALRE BRI L2 5 B REN R EON-0.265, 1t B AR 3 X 18 Tk ARRR BE AR 2 5 ) 2 i a4l 4 FH
FLF RAE T Tl AR FE v Pt DX 388 3 4 D O 1 2 D RISl 1), e 1 DA A 6 K == (1 e U
PR R NIBRHREG  MRBRZ ST SN B R TR T REVR, iR ML AT AR 55 b S5 olk, - DLRRAR X 34
B .

Table 6. Results of spatial Durbin model
6. TEMERRLER

VARIABLES (1) Main (2) Wx (3) Spatial (4) Variance
InC —0.196%** 0.0387
(0.0138) (0.0284)
Inopen 0.00513 —0.0228
(0.00590) (0.0170)
Inurban 0.547%%* —0.0404
(0.0469) (0.0850)
Inpop —0.00699 —0.111
(0.0539) (0.115)
Indus —0.265%** —0.0154
(0.0212) (0.0448)
rho 0.288***
(0.0510)
sigma2 e 0.00165%**
(0.000104)
Observations 510 510 510 510
R-squared 0.231 0.231 0.231 0.231
Number of id 30 30 30 30

e *, oxx xR RIEEORTE 10%. 5% 1% KRR

FLERRON AN RN AR I 70 G5 R, BREFBORIEL . LR T AR B IR ZE5F (1
FLAERON 73 3 8-0.197 0.561 —0.271 . He B F0] 1™ A2 A IR [ 2L, T b iz . Tl Aefe
FEXS I AL e, HAAE 1% 0K N8, W IBRFFBGRZ . B . TAV R R m R4
TR e BN R B RS — AN 1 7 mOR SR AL X AIRBRZE 5 LT 0.56 1173 i, AR HE 55
JERARRN 7 i B SEAXARBRZ T N FF 0.197 ME 2, TR — N E 70 A K5l
EAR X EARBREZ G T 027 —MNE R Seoh, TR W aEE e R ECH-0.114, HAH T2 —H)
IR 3 X R A 10 Tl AR 6T A 40 DX SRR 5% A Fo BAT A7 70 f) 2 TRk tH ROz, AR Tl
WA AR — AN E 0w B SRR R DRBR 5 A FRAEE T B 0.114 D 7
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Table 7. Effect decomposition of spatial econometric models

F 7. TETEERENN 2R

VARIABLES (1) LR_Direct (2) LR _Indirect (3) LR _Total
InC —0.197%** —0.0212 —0.218%**
(0.0141) (0.0339) (0.0368)
Inopen 0.00339 —0.0273 —0.0239
(0.00619) (0.0231) (0.0266)
Inurban 0.561%** 0.148 0.709%**
(0.0441) (0.106) (0.113)
Inpopu —0.0126 —0.132 —0.145
(0.0517) (0.137) (0.136)
Indus —0.271%** —0.114** —0.385%**
(0.0214) (0.0545) (0.0667)
Observations 510 510 510
R-squared 0.231 0.231 0.231
Number of id 30 30 30

e *, oxx xR RIEEORIE 10%. 5% 1% MK .

5. ZFieHEW
51. XEHR

ARG N FARR AL G EU0AG 7, AL R RBR TR SUL R 13 0 BB, 1570 HEERT 1L
PR E g dERt. B WD, JORANLYE, SR TREAREX . Ao R AL E e T
HOH S B, T Lo, AT IRE UGS, AFERRA ARSI NESS A 2004~2021 L
WERAG i, HBRHEBGRE AR, THESRE T RAK, HBRHBOREH A fm, e AR, &
3L SDM KR, SR EIR, BRHAFBGREL . A A A T A RE R 2 M IR 22 T A SR K R B R 3R

1. M DX HR TSR R IR BR 22 5 AR M A R . FLIE RIAE T B AL 5 s REAE S DA O, 2
WL gk eI, W, . SERHPIE 2 SBOCUGS, SRR SIS SN E, 5
WA RGOV, I A AR KU, 0 NS REAN AL AR I R T R, AT ) L (IR 22 5 K o

2. WAHAL R IRBR T S Ot R o LR DRE T3 T A PR A R R A L, g
SO ) BE YA ot 5 R S v A RS AR, ST A R AR AT AR REIR A NI PR REIRTN AR, it
e REARBRA T IR, T Frsl i R AR S HF

3. Db AR BRI B2 B A2 il 4 A o FL R DRLAE T b A R 58 vy ) e DX 3 A P K (9 J T
ARG ML BT, XS HR AR AR AR R A BRI I A KRR, 2T, (RGeS EmEE R
JEE AR, R ARG AR S5 ML AR AR M, BLBRAR R PR 5

ERERTIE, S ERRRES LR A PP S 0 00 B 2 I B 28 X . O T HES) A VS A
MMRBRETE R R, 5 2 RS B B SEPnfi oL, i€ S v B it s XSk a1 550U, LA HE
b R AR BR L5 O R A -
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5.2. HEXEINL

1. &5 LR A A X BRI T, R RS LRARSEIRAE 5 & . R
4, WAV SRR 2 BRERAT A KR DL X BB AR B M G (e b &, SEDUR R TR H f) 25
OAURR BT RIERER, W 5| 58 2 k22 BE AR RN AR R 13 o

2.t )R BT X AR X AR &, (R E IR B RER 7 A GRIEHEEF, 28t
X 2 T R AR TS FIREIR L 2. R BIFT A BE TEMF &, Wl IS EF B, & A A
2 (O NSIPIBE F

3. BRI RN B BE R R HH 3 A W I AN TR A s R AR Ak, SEIURE HER AR SR B,
RFAESRENERRE. REZEWMTHA, @@, i S, SOk 7R
FH AR A FIRRHE B9

4. ARG KRB EFRFE AR, WREF MM B T2, B Rmi 4
A, SEEURMUAEE R HE. RN TR BEMALREIR RAIS1T, REAEIEFHBCEM KRG ik, HEshs
REREVR A7 . BLI AT 9% o

5. BRI B L AL X BRI AL 5o 6, SEIR AT AT CRRIR A A R O AL B A
Gy AREATEAEREIRIGT I B AN . TR R RE R AR R G, R FH I R S IR 1 4% [
BREIEE], PR ARIRA R, PR ERIRE AL

ZEERTIR, WEARARBA T HELGAFRECE. AR, Ml gt SE2 AN THIRER, EH4a
TR ORIAR T 6, (REEGE LSRR R T RpB R,  DAHESHZ 5% (B A R K 7 ) A S
=

HPR TR R T AE RO I < LR F Tk & ff 7 AE TR AE % T R E AT (yjsexx2024-
284-246).
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