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Abstract Under the " dual carbon goals" , revealing the spatial correlation network characteristics of carbon
emissions in the Pearl River Delta Region, holds significant theoretical value and practical significance for ex-
ploring the green and low-carbon transformation of regional socioeconomic systems. Using the IPCC assessment
methodology , modified gravity model, and QAP regression method, this study conducts an analysis of the spa-

tiotemporal evolution process of carbon emissions in the Pearl River Delta Region from 2010 to 2022, and ex-
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plores the evolutionary characteristics and influencing factors of the spatial correlation network of carbon emis-
sions. The results have 3 findings. (DTemporally, carbon emissions presented a continuous upward trend in
the Pearl River Delta Region, with a slight decline in 2020 ; spatially, it showed a pattern where Shenzhen and
Guangzhou were the core high-emission areas, and the eastern bank of the Pearl River was significantly higher
than the western bank. The overall decoupling relationship between carbon emissions and socioeconomic devel-
opment in the Pearl River Delta Region showed a weak decoupling characteristic, and since 2020, with the
continuous decline in carbon emissions, it has been accelerating toward strong decoupling. (2The overall char-
acteristics of the carbon emission spatial correlation network have gradually evolved toward being more complex
and accessible, with connection lines becoming denser and developing toward multi-directionality. Guangzhou
and Shenzhen are located at the center of the network, playing the role of " central actors" ; other regional
plates show significant graduality in the spatial association network , with obvious spatial spillover characteris-
tics within the plates. (3)Geographical proximity, economic development level, energy consumption intensity,
and industrial structure have significant impacts on the spatial correlation network of regional carbon emis-

sions. The research provides scientific basis and practical guidance for regional collaborative emission reduc-

tion, optimizing carbon balance, and promoting sustainable development.
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Tab.1 The decoupling state and meaning of social economy and carbon emissions
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Fig. 1 Temporal variation characteristics of carbon emissions in the Pearl River Delta Region from 2010 to 2022
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Fig.2 The spatial distribution of carbon emissions in the Pearl River Delta Region

ki)

ooz [ B[00 (B (B[ (O
2020—20214F
201200 [l | | H = HEEH = BN
2018—20194F - [ | ()] - .
2017—20184F . .

@ E EE] e
EEL(2016—2017¢ [ |
tH.

2015—20164F .
2014—2015%F .
2013—20144F HIELSE2ES
2012—20134F . .
2011—20124F . . [ ]
1
R

2010—20114F

ki

M WY RE ML EM Pl Ml R OKREA

K3 2010—2022 AFBRVL =AM P X B HE LS k2 22 TR B 40 5 &

Fig.3 Decoupling relations of carbon emissions and social economy in the study area from 2010 to 2022



£ 904 - VUL R 2F 240 HARBRE AR

55 56 &

2.3 FRHERRES B S BL W 48 4FAE
2.3.1  EARM LM AE

FETBIE G 15| I3 AL, A R VT = 1 Y b
X% 1l T 22 1) ) e 1 8 25 1) S I E FE , I iEA T —
{EALAL R A A Ucinet F1 Netdraw 44Xt Bk VT =

%B& }A—J"‘I 20105'_:

M

Fi1 YN 3t DX BRI 25 18] SCHK 9 28 £ 47 nl (AL AL B
T R RN S Yl T A B = A U DX s
7, #i Sk R R RE A Zh ¢ &R, A BIBRIT = £
U 3t DB R s TR SR R 2% (LI 4)

B4 BRIT =AM X BRI S 8] SCC 4%

Fig.4 Carbon emissions spatial correlation network in the Pearl River Delta Region

2010—2022 4F , BRYT = 1 P 3t X ) 10 28 S B
JEX R VUL S ), 100 B 45 1l T o HIF 5 A 2 (] 2
& L) RIAAEAEAS AT 38 A5, 2500 e 25
[ I ) 286 v 2 38 ] 3k, 3 Bl B 1T R A <08 X
S B S (R DGR, o ] BB 5 X 3 2 ] 7 1) 2
23 (] K, 25 (] SR X 45 2 B o e e iR A . W
24 785 B AR 2 [B) SCH W 265 rh 4575 s OCHR Y
SRR RS S W 0 28 B AR 92 B HE 1 0 g
BIFFIE . %5 JEAN Al e B I, W 2% % 3
o, BRI T 22 [RIAETE 22 AR I is 2 i, 15 I 5%
508 1) AR 5 X245 %8 5 ARG, 156 B4 i T B 3R 52
AR, AN FI T 5% 5 2 R Y U S R AR .
2010—2022 4F , BRIL = £ P Hb DX (1) X 28 %55 5 52 5%
MR E R S, Hh 0.2 g m = 0.4, Hr,
2012—2020 4F— AR 7E 0.3, B BBk 7T =/
by DX 264 35 AT Wi A AL, e HE ke 223 ] SR O R K
FERREEAT AN &, i — 2 IR e (A4 2 2
Bl SARIRE AR R EAVE S 28 . M EHE
s (] IR P 2% 114 A X PR ] SRR B, BR VL = A i
Hb DX 1 ) 4 2 20 3 S AR e i 3 (R 3l B 4k
ik, 2011 4F 2014 4F K 2018 4E#4°4 0. 89 155
B, BERAAT 00 77 a5 225 ) SCIBC 1) i v 522 32 e b
AL, A RS R I 2l , R R AR 1) I 2%
ARAS, 8 R GE ok T RO A 3] 5 ) 35552016
AF K 2021 AR LG AEGRE N O, 150 BH 2 (] I ) 2%
FoE MEdc  (BAE R I N AR A RARBK , U
AH 2 [B) S P 2830 T AN R . X8 A5 R RAE N 4%

SRR R 22 /0, BRI = A D M IX R0 28 3 R
BT R G, H0.71 TREZ0.61, H 2020 4F)5
FREAE 0. 61 (17K -, d A DX S8 A A e HE i 25 1)
KR TR K.

20214

0.3 x5

FEERE
20204F 20134 @‘!5?}(2
\ PIEEFR

[ZE:ES 55 4

Kb
0

0.33

20174 B 20165

PS5 BRVL = A1 I b DX B 2 ] S I R R [ £ P AIE
Fig.5  Overall network characteristics of spatial correla-
tion of carbon emissions in the Pearl River Delta
Region
2.3.2 AMRR%HHT
ANV T R HE R K- At 25 22355 K~
JIT 22 5, AR 23S [B) SR I 2 Hh A FH 2 AN ) 1 ) €8 o
AR B ) S IR AR I 28 R AIE ) 0BT, AR
JEHO O BE A R e 3 A5
AT BRI = YH b DX HE IO [ SR 1 45 > 1A
SR 2) .



541 TRV A5 TRV = A U DX A HR R 22 1) SCIR I 288 R S il PR 3R - 905

2 BRI =AU st DRI HE T =S 18] ORI R 2% O B2 0 BT

Tab.2 The centrality analysis of the spatial correlation network of carbon emissions in the Pearl River Delta Region
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Tab.3 The spatial correlation plate spillover effect of carbon emissions in the Pearl River Delta Region

WIS SRR
W G Bk
) £ 5 : KA KF Pt
FEf Rk ity Lx %z opm  JORHL RAILH ARHAFAE

/% /%
e D | IS 0 4 11 11.11 0.00  HZastRik
W2 kil 0 2 11 0.00 0.00 IR

2010 g3 Bkl 1 3 10 0.00 25.00 s - AR
Wik 4 ;g;‘ iﬁ A 10 2 1 44. 44 83.33  GRINERCHAMIR
WL T 0 5 12 12. 50 0.00  HrsZ 5k
W2 R 0 2 3 0. 00 0.00 i M b

202 i I 1T 3/ S I 2 9 1 25.00 18.18 ¥l tH ARk
Beded ARS8 LT M 0 8 8 25.00 0.00 24l Ak

INPFAS 2 25 M e 1] A4 85 B2 AR R PG I, LA flobe b 1] BT S8 g i 1 28007, H 2.3 4 Al e[ s 3¢
O AN R Z 18] A A8 BAE IR (LR 4 3% BUH SCH 6 Hi 00, 2 BA DX S AN ] 3 Tl ) 4% F
5) o WEFEH LUK RIS 10 LA 0. 32 b B w9 FRER AL At i T [R] 82 2o 7= A AN TR AR B 11 2
TIZAEN YO AR P (o] BAT BRI &, ok st IR ME R sl hal 1, — i g 56
B AN AR T ULE A B O F8 00X AR RO Il e 2 [ 1, e A7 £ . 35 1 (R
B BRI , S A T BRI S (B ORI R SRAERRIONE, B N AR R A AR R 1 ARz
RIBAERE . 2010—2022 4R BRVT =M XA MIRECR R 1) M AR 257 40k 2C il
Bl = [A] S B2 B 0, A 2 (B AR AR 0 (RSN R 1 AT i A 8 B8, 7 AR T
N, ZEER B3 3 SR B AN S Ak fh . 2022 4F,  ERIEENRSIER . REE LT EME TR
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Tab.4 The density matrix of carbon emissions spatial correlation plate in the Pearl River Delta Region

A e 1 Bk 2 Pk 3 Bk 4
Mok 1 0. 00 0. 00 0. 00 0.40
Bk 2 0. 00 0. 00 0. 00 0.40
2010
Motk 3 0.50 0. 00 0. 00 0. 60

etk 4 1. 00 0.40 0.00 0.00
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LA 4
A Bk 1 Pk 2 Pk 3 Bk 4
Bk 1 0. 00 0. 00 0. 00 0.83
Bk 2 0. 00 0. 00 0.33 0.33
2022
Mtk 3 1.00 0.33 0.33 0.22
M 4 1.00 0.67 0. 00 0. 00

S BRUT =AU 3t DRI HE T s 0] IR R Y 15 R

Tab.5 The image matrix of carbon emissions spatial correlation plate in the Pearl River Delta Region

By Bk 1 Mk 2 M 3 Mt 4
Mk 1 0 0 0 1
Frdk 2 0 0 0 1

2010 M 3 1 0 0 1
M 4 1 1 0 0
Mk 1 0 0 0 1
M 2 0 0 1 1

2022
Mk 3 0 1 1 0
Mk 4 0 1 0 0

2.4 ficHERR =S 18] 5K BK ) 4% B =2 I (Rl 3R 6) . MHIFRZS ] FEos 28 T SN H o34 45 R 2Ok

BRIC =N XA 3 i R AR 3SR &, MBS (] SR P 22 57 A K P 22 5 L RERUH
HER S 6] I R 45, B T30 25 MU T AR HECZS (B0 52 9 B 22 5t B Ml 45 A 114 IX 2 S X e H i
AR 0T A AL 2 A S QAP RETY ] IR R 2 5 28 B2 R 500 WA py TR, LR SR B
A AT P2 e 2 R G IR R 26 2 I R (L3R W RUR 3 AT

F 6 TRIT = N DX BRI ) SCIK 199 28 52 Wiy DR 3% 1] U1 45

Tab.6 Regression results of driving factors of carbon emissions spatial correlation network in the Pear]l River Delta Region

2010 4F 2022 4E
PRt Al 2R 5L e Ve PR R 5L e EHKOT

H T2 (B AR5 D -0.248 727 0.011™ -0.347 83 0.001 "™
Witk U 0.087 442 0.254 0.016 701 0.418
ARl R E R E -0.007 555 0. 479 0.299 951 0.015™
Py A T 0.321 633 0. 005 ™ 0.054 717 0.318
S RIEKT G -0.172 413 0.076" -0.279 299 0. 046 **
HARAFAT T 0.169 5 0. 064 " -0.064 21 0.314
B ES H -0.109 769 0. 170 0.142 272 0.099 "
YoE BE R 0.317 0.339
FRRBR 0.254 0.278

p1E 0.00™ 0.00""

WEAH 72 72

BB 100 000 100 000

ETV7 TR ME 10% 5% (1% WMGEHKF BB
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