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Spatial variation in urban low-carbon development efficiency and its driving
mechanism in Guangdong from a carbon neutral harmonized perspective

ZENG Zi-qi, WANG Fang” , FENG Yan-fen, CHEN Zi-long
(School of Geography and Remote Sensing, Guangzhou University, Guangzhou 510006, China)

Abstract; In order to learn the current situation of low-carbon development in Guangdong cities, and
improve low-carbon development efficiency, the DEA-Malmquist model was used to evaluate the spa-
tial differentiation and evolution characteristics of low-carbon development efficiency in Guangdong
province from 2009 to 2018, and the geographic detector was used to analyze the driving mechanism
of spatial differentiation of low-carbon development efficiency. The results indicate that; (1) There are
great differences in low-carbon development efficiency among cities in Guangdong province. From
2009 to 2018, cities with high low-carbon development efficiency are mainly distributed in the Pearl
River Delta. The low carbon development efficiency of the west wing cities is above the medium level ,
the low carbon development efficiency level of the west wing cities is better than that of the east wing
cities, and the low carbon development level of the east wing cities does not differ much from that of
the mountains. ) The Total Factor Produtivity and technological change of all cities in Guangdong
province show an increasing trend, but there is still a coexistence of technological advancement and
declining technological efficiency in some cities, mainly due to the lack of capacity to optimize the ef-

fectiveness of output. (3) Production efficiency is the dominant factor influencing urban low-carbon de-
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velopment efficiency, while energy consumption, research resources, and urban development are im-

portant factors influencing urban low-carbon development efficiency.

Key words: DEA-Malmquist model; urban low-carbon development efficiency; spatial differentia-

tion; geographic detector
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Fig. 1 Regional distribution map of Guangdong province
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Table 2 Urban low-carbon development efficiency of cities in Guangdong province from 2009 to 2018

[X 3k BT 2009 4F 2010 4F 2011 4F 2012 4F 2013 4F 2014 4F 2015 4F 2016 45 2017 4F 2018 4F  #{H  HE4
BR=f JMTm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1
wWHIi 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1
R5ETH 0.44 0.49 0.58 0.54  0.52 0.57 0.63 0.53 0.63 0.61 0.55
LT 0.54 0.75 0.83 0.85 0.81 0.77 0.72 0.73 0.72 0.70 0.74 3
HINT 0.23 0.25 0.24 0.24  0.27 0.24 0.19 0.20 0.18 0.21  0.23 20
LI 0.22 0.28 0.34 0.30 0.28 0.26 0.25 0.23 0.21 0.23 0.26 19
BT 0.25 0.29 0.32 0.37 0.33 0.34 0.28 0.34 0.26 0.27 0.31 14
il 0.26 0.40 0.39 0.41 0.39 0.37 0.22 0.32 0.22 0.29 0.33 11
i 0.55 0.51 0.60 0.54  0.51 0.52 0.66 0.47 0.56 0.60 0.55 5
PR LT 0.47 0.65 0.72 0.54 0.54 0.61 0.53 0.49 0.38 0.41  0.53 6
FHYL  0.33 0.42 0.37 0.43 0.45 0.50 0.44 0.50 0.39 0.51 0.44 9
YL 0.41 0.51 0.55 0.51 0.49 0.45 0.42 0.58 0.60 0.60 0.51 7
RE #IINTT 0.28 0.38 0.37 0.36 0.36 0.29 0.21 0.26 0.19 0.21  0.29 17
#HTT 0.31 0.38 0.35 0.36 0.38 0.33 0.22 0.29 0.21 0.25 0.31 13
ki 0.28 0.34 0.30 0.29 0.31 0.28 0.24 0.25 0.21 0.22  0.27 18
MEM  0.31 0.36 0.34 0.34 0.35 0.32 0.27 0.26 0.21 0.21 0.30 16
WX wYET 0.30 0.35 0.48 0.36 0.35 0.32 0.29 0.28 0.23 0.29 0.32 12
MEMTT 0.28 0.34 0.35 0.33 0.31 0.31 0.32 0.29 0.22 0.28 0.30 15
Wimhi 0.19 0.29 0.27 0.20 0.21 0.26 0.20 0.25 0.17 0.17 0.22 21
wWEm 0.38 0.40 0.42 0.43 0.45 0.49 0.43 0.43 0.43 0.51 0.44 8
=~IFH 0.28 0.32 0.41 0.45 0.46 0.28 0.30 0.28 0.27 0.26 0.33 10
e 0.40 0.46 0.49 0.47 0.47 0.45 0.42 0.43 0.39 0.42  0.43

LL3 ARy al b, 2EH 2009 4 2012 42015 4F 0
2018 4F- 4 AMEGy, SR T E IR (]8T 00 0 A B 9
BARHATEGIN 7, WA 2,

ML 2 0T LU i, 4 A i Bdal i AR e o8 5 R iv
X BIRA M A TERR = M, B M R PR Rk
VA, TR A AR (R 5E Ob il BRI )
TR AT, THIZE DK R L B R ] A MR e i Je 2
R ELNE . ARFITATIN S, LR 45 B 8 9 i Ak

KRR REL T HARAKF (BR T 2009 445 B 5531l 2
WEF AR ) o PEBRIRT AR A JR BRI T A Bk
i, BV e BETT AR T 4 O L A Ko 1L DXk
TBRAR B A JRRCR GRS 7E h 28 KA, HR ik
T CUTT I AN | 2 P2 AR ) 4 F R 25 DL K
AT Y XA, ARG BB AR g Ak 2803
AR = FA DX, USRI LU AR B30T (MR Bl e JEE AR
SRR, L DI I P ARG Bl 5 J8 28R g R B XA 7 A



78 JUINR AR CH AR AR

F21 %

K, 10 A ap iy o Rl e FEAIR 73 S R B KR
A

- i

L A 20184F

- 0 150 km
L1

L& 20154

TR M T A2k
A il wed Il e

UG 2 R 2
I i
B2 T 7RAE AR B R AR s [ o A
Fig.2  Spatial distribution of urban low-carbon development

efficiency in Guangdong province
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Table 3 Change in Malmquist Index and decomposition by cities in Guangdong province from 2009 to 2018

K i AR PRI AiEARPCREL SR 2TEMmA R
B (EFFCH) (TECHCH) 8B PECH) LK (SECH) W (TFP)
R )M 1.00 1.06 1.00 1.00 1.06
YT 1.00 1.11 1.00 1.00 1.11
ZREETT 1.01 1.07 1.00 1.01 1.09
LTl 1.00 1.08 1.00 1.00 1.07
BN T 0.98 1.12 1.05 0.94 1.10
LT 0.97 1.09 0.87 1.11 1.06
SN 0.98 1.10 1.03 0.95 1.08
LT 0.96 1.11 1.00 0.96 1.07
BT 1.02 1.10 1.02 1.00 1.12
PiBEMIX AT 0.96 1.09 1.00 0.96 1.04
FHYT 1.02 1.10 1.02 1.00 1.12
ANt 1.03 1.09 1.00 1.03 1.12
RREMWX @M 0.94 1.11 1.00 0.94 1.04
& FH T 0.95 1.11 1.00 0.95 1.05
NP 0.95 1.10 0.94 1.01 1.04
T 0.91 1.11 1.00 0.91 1.01
1 IX TR T 0.95 1.10 1.00 0.95 1.04
oIt 0.98 1.09 1.00 0.98 1.06
T 0.94 1.10 1.00 0.94 1.03
LT 1.02 1.08 1.00 1.02 1.10
ZVET 0.98 1.10 1.01 0.98 1.08
YIE 0.98 1.10 1.00 0.98 1.07

MFE 3 TTLIE ) ,2009 — 2018 4F4 T [ 4 B0 2 Gk
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Table 4  Detection results of factors influencing the divergence of low-carbon development efficiency in Guangdong cities

2009 4F 2012 4 2015 4 2018 4

AL g {8 LS q {8 LIS g AL qf
G ) 0.886 """ MUK A RE 0.853 " BAfii GDP LB 0.833 " Mifir GDP 48 fLaetlkid 0.828
Bt GDP A fURkHkACE: 0.790 % B GDP 4 fbmkiit 0.810 7 X4 =5 fA 0814 HRA= R 0.804 "
X 0.708 " At K pHE 0.7597 it kA 0.785" iU HEE 0.7227"
POKHL B 0.6 BEVIHFER 0.748°"  BEVEITRER 0.720""  Berkdkilci it 0.690 "
i At 0.637°° RSDAMAR 0767 LB 0.72°"  R&D AR 0.638°"
R&D AR 0.608 " TS HERR 0.724***  R&D 23N 0.708 " HWXTHH 0.634°""
R&D A B 0.605°** R&D [EFIAR 0.720***  R&D AR 0.705°**  R&D ZHNHIH 0.629 "
ARIRIRE R 0.604 **  HHXTHH 0.663 " HXTHH 06627 TollRA A 0.550 "
TS He R 0.4317"  JkHERUE R 0.584 ™" BOKHERE R 0.588 ™" REIRIHER R 0473

WA AR 0.3547 WIAAESBER  0.263
ol A =t 0.33°**  TALREKEDF= 4 0.201 ***
W RBEZFE TS LR BT 1% 19 8 HEAKCE

WS AR 0.445
T B E%  0.251"

TrEmE=w 0.400*"
*O A RSSIEE 0,292
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