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Abstract

Firstly, based on the carbon emission coefficient method, this paper scientifically measures the
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carbon emission level of 30 provinces in China from 2008 to 2022. Secondly, kernel density estimation
was used to analyze the dynamic evolution characteristics of carbon emissions in each region. Fi-
nally, on the basis of the spatial correlation test, the spatial Durbin model of time-fixed effect is con-
structed to analyze the influencing factors of carbon emission. The research shows that: In terms of
spatial distribution, provinces with high carbon emissions are mainly concentrated in the eastern
and eastern coastal areas, with obvious agglomeration characteristics and significant imbalance.
The level of economic development, urbanization rate, scientific and technological development
level, and industrial structure all have an impact on carbon emissions. The level of economic devel-
opment and scientific and technological development can promote carbon emissions, and the ur-
banization rate and industrial structure can inhibit carbon emissions, and the level of scientific and
technological development and industrial structure have spatial spillover effects.

Keywords

Carbon Emissions, Temporal and Spatial Evolution, Kernel Density Estimation, Spatial Durbin
Model

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

2020 4 9 A 22 H, HFEHidfeles Bk — BEaHe LRttt A mAm. i E SRR
J14F 2030 EHTIA PG, 55774+ HX 2060 SERTSCELB AN, AxtiiT e 1 3RE X7 g H AR
TAE.

MR, ERURFFST T, PR TR, A RIS H a3 n, B, X
WiEAT 0 #r, FEXBRHEBCE IR R BEAT AT I, 1 R R L AN 2. P sk, B R
HO B AR IS R AT TR TC SRS AR [ R P M 25 R AL R, RIS AE 5 — AL
WMIELR T, FRRM A IREETT 5, IR T REOCT T R B SRR /1. £/0815%
(2132 R B HECE YD RT Bk A a5 # 70 AR, 250 2R DMAT MR, R s L S R A
o STORAE[BIME S H AL RO ARBREOAR BIHT BRI b, R B2 (A A F ARG I6 B AR BT BRI
¥ ELRERE M 5 2 (A RN o SN [AT BB Rt A, (U Z2 73Rl i 17 BB R i Boxt
BRHPG LN . SR [S] SN NI B SRR HEBC M 28R U UG R . A S5 (61 My it = 1A 5
THIHR Tobit A7, BN 3B AN BEVEE SRR HETSRI AR & R RE 1 B AN 8122 A T AN i fie o

ARSI IR AR B, MUE 2008~2022 H1[E 30 A& 43 FIBRHEBUK T, WF FE i HES I BRI 26
Bas, BHEEPPEEHSCRE R A R, o HrIZ D SRR & (DL SE IR AT A7 AL VAR, B A2V HESD
BRI IRIEE] “XU” HAriett =%

2. RRFESHIE
2.1. ExRHEECHE

H B8 H o812 BB D 75 R HER R BRI BN vk, T RE RN R A
RAGT—IR, ESIE ] R A BEEA TS, FIEASCRA IPCC #)5E K 2006 45 IPCC [ FKiR = S 44R7E H.48
B PIREBREER R EGE, HEEERE 2011 EAMN (B IURESRIE R gmbTER ) (B B REREE
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5), BARBRHAES R B 1. MERE &4 6y 2008~2022 F AR AT 5, BUA A K [7]40 T

C, =D e, xcf, xcef; xcor, xney; A1
Forr, CONEE tAEMIBRHFICE, e, N5 | MREVREE t SERITHAER, of % | MhBEURMIITARAERE REL  cef,
NG T REEIR OB FEIUE 5, cor, N | MPREVE IR SEALE,  nov, AR T A REUR MR AALAE .

Table 1. Carbon emission coefficient of energy consumption

1 REIRIHBRHI AR

cf, (kg Fr#Er/kg) cef, (kg/TJ) cor, (%) nev, (kJ/kg)
T 0.7143 93,133 0.98 20,908
FEIR 0.9714 108,166 0.93 28,435
J it 1.4286 73,700 0.98 41,816
R 14714 69,300 0.98 43,070
8 1.4714 71,866 0.98 43,070
Seih 1.4571 74,066 0.98 42,652
BREH 1.4286 77,366 0.98 41,816
RIRA 1.215 56,100 0.99 35,584

2.2. Kernel BE &t

R A T — Ay T2 R 22 AP 7 A AR S MG Tk, A, SR v e 2 Al
THE TR E LR & KPS AT BEEAT 704 o R £ (X) ZBEHIAR B X 8 BB, A5 2 MR X 1
AL, 2~ 3 i8],

F(x )=n—1hiK[ 7] A2
K _L ’% A3
(X)_\/ge pAm=

Hrp, x ARFRWIE, nAREFEAEE, hREADE, x ARRIMLFE A I NE -
2.3. BiIEkiR

AT EHE PSSR, RIET (RFESHHESE) (PEBIRAIHELE)Y UASERITREMN. &%
BEGHHAEY, S THEE g B 1% IR EIEANT . ATk EY 2008~2022 WAL IX A], FEAS AFRE 30
B AT ELX (MR & S PR A1) o
3. FRHF BB E RS
3.1. BRHEELEAE 4T

ASCIE ) IPCC AL IR R B iH 52 2008~2022 4E 30 NE 43 B HECR:, FF7E IRt B H
TR IR P A e s (1), a#ﬁﬂ% ArcGIS 24| 7 % E £ 477 (2008 4E. 2012 4E., 2017 4E. 2022
) %4 1 BRI AR A AR L B (I ) o a0 T BUR I, FRE B K 23 RL N R :

1) 2008~2022 4E ], ﬁalléxfztﬁﬁﬁtﬁﬁz TS, BRHEEBCE M 2008 ) 8495 T MK 4 2022
LRI 14,872 FH i, MK EN 3.80%, FFAE 2010 IR T —EH AL th4h, 2008 #2013 4,
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2013 & 2022 4, WHNEEWE KRN HIN 7.24%. 2.37%, FHLER, “+=f7 M6, ExEdE
F TR RN A P AR 7 AR, SRAG T BE AR ST R, AT AR R LA R R, 1 BRI
SR, WA, FBE. @5 BENIIRERIEF AR, ik, BARELE 2013 £ 5 RHEBU
BIKIBRFEG R, (HIGK ARG FTsss.

2) XHRETH, #4417 2008~2022 4 7] (1 X 3 HE 2 A PR R ka4, HL XU B HE il 2 AN~ iy
TEBRE, A X o AR 2 2R R v i X PR B HE SO o T A 1, e, DX R SO B SR AR AE S35
WHE R R A S (E B B L S R

3) 30 ME M, BHEBCE A AT I A B4y BN AR (1279 T3 1P (1133 F ). ik
(744 A 3M) 3T (740 H /TWE). VLIF(719 H THE), FEIGEHRAL AT LA 420 A 176 (8.28%) . T E
(7.33%). H78H(7.33%). | FH(6.51%). 5/M(5.90%), ITHIENREF AL EENRRFEEL T
Hy, ZIRTAGRIKEEN, WRAESHESEmEA T, BRvash, SEEeRrE o35 s E R
A X, TR HE SR 1 X3, BT
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Figure 1. National carbon emissions from 2008 to 2022
1. 2008~2022 £ EfHEEE R

3.2. BRHEBEN AR AT

MR kernel 5 B Ak 15X 4 [ J DY R Hb X (18 Btk HE 7380 52 7K ST PR BE 40 AT TR A5 AN B A8 A8 R 3k AT 40 AT,
SaERE 2. B3, H 4.

1) WNAEVEERE, FWpfni BAAER R ARG, U3 E AR RHE SR A N AR A T
REEI, [FE, WA TR SRR A, RIRE R R T A — L KPS R
MR tkoh, WOMmrEE s s, FEHENAERNS, R R E R 28 EEAR R
Ko

2) SIXHCRE, PURHLIX Y R IEAT B FAE A RS T, RRA & 1 X B HE i IR I 3 AR08,
ARG S P b X PR AL IR AT P HLSE FEAR B, B = AN X A BB E K P AR E 22 0E, il X
EHTHAFAEXEIL G, 2013 FFAECRUE I RAF BILEME, U B Sew] it X R HE SR K 22 R Ak, il
Wbk, 2013 4 fE AL IR SIS, ARALIBHLX 5l X AHAL, S ARBAFERUE ISR, (H5 ik
XAENZ, ZRACGHEHL X FSUE I %A S5tbi& s, RHRIL=EMRAEEZR —BEBCNHE. N
S AFIIE FEVE A FE R, R S S M X A B B A2 46 R B S, 28 BH I A Hb [X A7 8 e HE s /K
BR 2 e T DX PN A X3 48
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Figure 2. The dynamic evolution of the national carbon emission level
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Figure 3. Dynamic evolution of carbon emission levels in the eastern and northeastern regions
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Figure 4. Dynamic evolution of carbon emission levels in the central and western regions
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4. WHERSR I E &R
4.1, FEEHEXM

N T BRSNS A A BCHETBCER /K 1 25 6] E AR DG, A SRR HT ST 43 2 5 B e HE R, as 5
LG TR AR, 5EIFE LR (GE 2) KER (2008 F. 2012 4. 2017 4. 2022 4F)
M52 S5 5). SRR, BFFCHI PN B iR Y 4 5 B AE G SE 22 FR 404 v A Hodid 1090 &2 35
K, Ui B TR B HE R K P AE 2 (8] B IR T T A i, TR AFAE B 1 2 R R A DG, RISENHR X
(URRHE AR /K T 2 52 30 A0 X B HEBCE K P IR . tkdh, RIEFEZIREE T A, REBRAE
KPS B AR RARHE, 4RZHAE WAL T H-H A1 L-L Rk,

Table 2. 2008~2022 China’s carbon emissions Moran Index

5% 2.2008~2022 FZHEHRHIMERE =5

Ay Moran’s | E() Sd(l) Z1E P1E
2008 0.257 —0.034 0.117 2.485 0.006
2009 0.243 —0.034 0.117 2.377 0.009
2010 0.249 —0.034 0.117 2.431 0.008
2011 0.269 —-0.034 0.118 2.577 0.005
2012 0.269 —0.034 0.117 2.587 0.005
2013 0.258 —0.034 0.116 2.511 0.006
2014 0.239 —0.034 0.115 2.368 0.009
2015 0.241 —0.034 0.115 2.396 0.008
2016 0.222 —-0.034 0.114 2.253 0.012
2017 0.209 —-0.034 0.114 2.144 0.016
2018 0.202 —0.034 0.114 2.071 0.019
2019 0.194 —-0.034 0.115 1.994 0.023
2020 0.181 —0.034 0.114 1.894 0.029
2021 0.146 —0.034 0.114 1.594 0.056
2022 0.140 —0.034 0.113 1.545 0.061
Mzﬁégg scatterplot (Moran's | = 0.257) {\(/Ig[rﬁg scatterplot (Moran's | = 0.269)
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Figure 5. Moran index chart

5. REIEHE

4.2. WRHER ME RS

1) A¥) GDP: Leijt K JEAEAL PERE A REVRIHE B (30, 1 et A REIR AT P K S b = T EL AL
BRI, PRI, MR GEACH AR BRI B ZE5m R 2R BEAT O L, A SCER A3 GDP fabroR i &
BRGSO

2) B AR HERE AR 0 PR 75 B 2 IS A ORI T Al Vit ) S35, 1T X 283 30
H I AR ARG A SCEIUR (N FHBAR AL 34 B X B A KT

3) RHERIEAT: BEAEOREEED AT DR s B IR IR, FRAR AL BEPRH FE AL I — Atk A
SCH P e 3 AP EOR A B X R R KT

4) PNV FE ML AN I8 2 AR KR AR, T RS AN R R R PR R, 220
D ZEAMRRIHEIG  SCAEIUER =l (B 5 M LR A B X b 45 4
43 EEBERSRE

— M A s B R AR AR B S (Al A S AR A (SDM) . 25 1) JE A 7R (SAR) . 2% )R ZE M 7 (SEM),
RS iy SR A TR A DG 36 P R, 0 ] 8 St IR TS 1) A7 A S 2 1A 2 TR LR AR OGS DAL AR SOy 3t = )
Fob T AR IR SR 2 5 3% TR FON B TR BRSO AN 2 (B RN, [RJIN, D9 TV B SR TT 22, R R S fk

InC;, = By + PW InC;, + B, INRGDP, + S, INURB; + S, In INV,
+ B, In INST;, + 6W In RGDP, + 6,W InURB;, + 6,W In INV,, AR 4
+OW ININST, + 14 + 4 + &,

o, p MR 02 0 5 s WAy 2 I AR ST 5 A0 B e 2 A A
By~ B, Y BN SRR R T R 6, ~ 0, 4239 SRR S 28] [0 A g, A9/ 0
A W T RO 6, NBEHLIR 2T,

A LM K05 . Hausman K% . LR K300t BRSOt 72 [ BBURLE R 3, KB
172 3. AR L, LT[ 53S0 2 D B S B0 47 J S 9«

Table 3. Applicability test of the spatial Durbin model
3. TEMERANE AR

Wi Giitf P{H
LM-error 624.392 0.000
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R-LM-error 69.645 0.000
LM-lag 573.752 0.000
R-LM-lag 19.004 0.000
Hausman 436 21.43 0.0109
LR A 536 (MR RLRL) —247.43 1.000
LR 856 (I 1E) 2087) 1259.98 0.000
FafdtE LR #2568 (SAR) 77.62 0.000
Rt LR #236(SEM) 51.53 0.000
R 33 % i (] [E 52 2403 SDM

4.4. ZEREBBE A5

AL AR R85 Rk 4 o, IRAEL 4, R4S H:

1) A\ GDP [{[mVA R %08 0.6763, Filid 1R ZVEAKT Iy 1% 25 VERG A6, BT 2 BRI (14
XHRHERC R A (e BEAE R, BIAYS) GDP &R 1%, BRHFBCEESIEIN 0.6763%, 25t/ 1 e Mt Ll
HHELZREIRIEAL, I AE 2 1) k. RN, WxInRGDP (1[4 &%y 0.3261, {HIfARiEE
WEVER, VI NI GDP KT I AN 2 XA B 0 (R B HE O™ A R

2) WAL AR HEH R HON-1.0802, FilR TR E KTy 1% 00 8 E AR, BT KF RO B
XHBRHEBAAAEE IR, BRI 1%, BRHEBCERLER> 1.0802%, W RERI R AR AT H 4
ARSI, TR IR AR, B MUK BRI G, 2 BBV I AR, A, SARIX I
HER SRR N AIASERGE AT ANER, AMASBOABEE D . [, WxInURB [#[aJ3 &
$0h—0.8917, EIFARE I B2 VA IG, R IR AL /KT AP i AN 26 A A48 1 B BT A 52

3) BHIAK KT R R H02 0.2594, JRl 1 EFEMIKT Oy 1% R E TE R, ULEIRHR IR g
XHBRHEBCR A (R, BIRHSOK- T REGE  1%, BRHEEEGIIE N 0.2594%, W A A JR PR 2B O B 27 A=
B P AN TG T 3, XA AT RE & S ECREIR T R IG N, AT B R, A, BEE R
&, BREBEMER S IZ N, 2 RECLAESREN, WXy e e R, A3
BORHE BRI . BBA, W xInINV () EA R #08-0.3288, Hidid 7Bk, UilEARHOKPI
PR AR BRHEBAAAEM I ], FTREM IR, e fE il B AR REIET AR AR T I #E20, TR &
SN SRR P REIR A R, e Ao L T AR (P IR BB AT P PR AR REUR, AT A B HE TR o

4) PNk SR 1A A R R -0.9336, R 1R F AT 1% B F AR, BRI LSRR AL
T OHSAAEEIHIER, BIP LA MEMRA 1%, BHERE > 0.9336%, 7145 M Pt Ak il i Bk
IS AT WA UL, IR LR O ARBRAT L A R, T R ARBRHESCR . R, W x In INST 1)
)5 R #E—0.2764, HIHRL 18 2 ME/KFJy 10% K 52 PER e, Ui 2R Pk a5 i i L Ao T 4048 it
HESAAAEM R A -

Table 4. Spatial Durbin model regression results
4. TEMERRE LR

B EPEES (g ZGitE P1{H
InRGDP 0.6763 4.57 0.000
InURB —1.0802 -3.39 0.001
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ik

InINV 0.2594 12.01 0.000
InINST —0.9336 —-12.89 0.000
W x InRGDP 0.3261 1.12 0.262
W x InURB —0.8917 —0.15 0.880
W x In INV —0.3288 —8.45 0.000
W x In INST —0.2764 -1.77 0.076
P 0.3636 6.25 0.000
o? 0.2237 14.87 0.000

N 450

R2 0.5786

5. P REIN

IS e R IR AR BOE ML T 2008~2022 $ [H % 44 [ 30 N80 iR, #5618 kernel %
BEMTH A 1 S S F) & KT IS SRS L, BeE, X R] e B IO AR S ) A AT 2
(I3t b, 3 [A) AL S AR 3 B B HE O R M R FE AT I L. B TS5 iR i T

1) WEERAFIEA, 1 2008 £ 2022 4F[A], FEGACEBAL EIHES, £ 2010 S H R 1 —
FACHE, STy 3.8%, (HIE “+ =107 fEih Zamfb FReidedlinsja, Mk iz

2) WAERHERE, BB R R 23 (A 1E FR M, REBRRHE R, BRI AN 144 ]
DSR2, BRHEIUK P52 e 48 13 B P £ 3 AR AR e -

3) MIEHEEHAE, FIERM. il ARALH L7 s X 0 XA e K A 225, Horp it
XZEFER, RN, B, PR X sh AR RO 1 1 -

4) WA R, LTFREACT SBAR . BECREACT Pl g M S B HESCR ™ AR, 22
TR IEACT . BRI (R BEAE I, IR Pk a5t el A s, R,
BRI 77 b S A IR AT A 225 18] H 2N

JER_FIRBE LA 1S, AR DR BRI

1) FERBRHEBON X GINANHE RBR R, HESDREYRA ™ AN S R, il i bt DX/ o B
ST REIR AL, N AN [ DXCIRIE) R A AR RIS, SRR R BIABOR 856 A XE S0 S RME
WEET A WA RS SRR TN .

2) RN EF SR OHAR . W EAERIREOR, HESMRBRECR IR AL, SRR AR, [#
IRRHSCR AL AT, BOf TAbA = TZ, 3RTPMRIRR, bR BEARRERE, Sl S tiaR
I, SRR AN L E, RTHA~RE i BRI AR

3) FHEG RN EAT BORBGE, HESIH S RBRAE - T M8, KBTS Sk Rk
By IMRAERREE =, gk tuiclis . SRS, (Rt L b4 i) 2 AU AMRER L 2 .

4) A A R, SEE T A RS, AR O SRR X, PR R AN KT
RS, NATREFAMR, MZIHERAEAT RS, BT SRR A, IR 2 M A
M, $RERSAKCr, W2 ZEE, B EOR S| SANEMAR, et AR RE TR A RS
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