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Abstract: As the backbone of China’s regional development pattern, increasing carbon efficiency in the middle reaches of
the Yangtze River urban agglomeration is of great significance to help China achieve the “double carbon” goal. In order to
explore the carbon efficiency differences and influence paths of each region in the middle reaches of the Yangtze River urban
agglomeration and propose corresponding improvement strategies, we applied a three-stage SBM-DEA model to measure the
carbon efficiency of 28 cities in the middle reaches of the Yangtze River urban agglomeration from 2006 to 2019 and analyze
the impact of environmental variables, which excluded the influence of external environment and random factors. Then, we
also used kernel density estimation and center-standard deviation ellipses to analyze the spatial and temporal evolution of
carbon efficiency, which aimed to find a site-specific approach to make targeted suggestions for carbon efficiency
improvement. The results show that; (D the overall carbon efficiency of the middle reaches of the Yangtze River urban

agglomeration is not high but shows a trend of the fluctuating upward year by year. There is no GDP output redundancy
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among cities, and the main reasons affecting carbon efficiency in the middle reaches of the Yangtze River urban
agglomeration are focused on capital, labor, energy inputs, and CO2 emissions. @ The carbon efficiency of the middle
reaches of the Yangtze River urban agglomeration shows a spatial divergence pattern of Wuhan city circle > Changzhutan
urban agglomeration > Poyang Lake urban agglomeration, while the center of efficiency moves to the northeast. The standard
deviation of the long axis of the standard deviation ellipse decreases as a whole, and the standard deviation of the short axis
is relatively stable. The overall area of the standard deviation ellipse has decreased, which means that the difference in
carbon efficiency between regions is reducing year by year. (3 There is a positive spatial spillover effect of carbon efficiency
in the middle reaches of the Yangize River urban agglomeration, and the urbanization process, industrial structure, and
technology support intensity are crucial factors affecting carbon efficiency. Within the middle reaches of the Yangtze River
urban agglomeration, Wuhan city circle, Changzhutan urban agglomeration, and Poyang Lake urban agglomeration have
some competitive relationship in capital, labor, and energy input. Therefore, the better-developed areas siphon resources to
the surrounding areas, which formed the negative spatial spillover effect within the middle reaches of the Yangtze River

urban agglomeration.

Key Words: carbon efficiency; spatial and temporal evolutionary characteristics; three-stage SBM-DEA model; urban

agglomeration in the middle reaches of the Yangtze River
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Table 2 Regression Results of Stochastic Frontier Analysis on Carbon Efficiency of Urban Agglomerations in the Middle Reaches of the

Yangtze River

N AL AN TAE Al A S FAE AR 2R S0 CO, R RS (T
BTS2 AT Slack of capital stock Slack of employees Slack of energy consumption Slack of CO, emission

Stochastic frontier analysis

AR T K5 {H AR TR ES JeiEl T i3 fH AHUE T KB {H

WRE
-1770.83 -9.12"" 130.50 1.74* 857.50 3.44 77 -97.05 -2.66 """
Constant value
AL ER
JEAFLIL R i, 26.03 2.58" -4.05 -3.50°7 017 0.53 0.16 0.27
The process of urbanization
o\ 2k
A */A] 11.01 1.30 1.30 1.21 18.26 3.79 " 1.26 2177
Industrial structure
*4%(?%%”'9&& -134.07 -3.37"" 5.51 1.20 21.82 373 -191.88 -1.97""
Science and technology support
a? 24966664 23139096 “** 66111.26 2703.55***  8744.90 6590.80 ***  21617.61 570"
v 0.93 210.34 """ 0.69 31.02°"" 0.89 107.46 """ 0.72 15.29 "~
Log {H Log -value -3475.02 -2537.41 -6506.44 -2290.04
LR MR 25K 50 . .
RAREEE 598.99 *** 187.52"*" 483.52"** 157.83 """

LR test of the one-sided error
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Table 3 Moran'’s I test results of carbon efficiency of urban agglomeration in the middle reaches of the Yangtze River from 2006 to 2019

A4y Year P VA 4B Year P Z
2006 0.092 " -1.329 2013 0.001 *** 3.192
2007 0.187 -0.887 2014 0.001 *** 3.005
2008 0.395 -0.266 2015 0.001 *** 3.164
2009 0.489 0.027 2016 0.000 *** 3.619
2010 0.370 -0.332 2017 0.000 *** 4.323
2011 0.365 0.345 2018 0.000 *** 5.331
2012 0.038 " 1.776 2019 0.000 *** 6.060

PAHFR PR ; Z ([ FnprifE b gei i

i J Statald FAFXATT AR TR A DU 8 PR b TREI T 1 K 380 0 0T R AR A58 3 1) 32 )
PR AT S AR 1R 34T 25 AN 3% 4 /R o 28 PR A 0 -5 VT AR it T AR AR 803 B 38 A5G IR AR SO
PEPEGHL RS ] MH R AL p W3R IE FR WL A R o B e s8R A7 T S B 119 5 18] i £ 2000, R
T HR S T A T LS 08 30 3t DX PRk 3™ A ARV R, 15 0k ) s QDS T e R AR e 3l T AR 5 88 B )
TR 208 2081w s DX BRI R 3™ A G ) 2 i PR R Y P 0 T R % DX B T e ek P 8 ol ) 412 T A itk
R MATAER GEAS 55 81 71 BEIR AT BRGTIR A 54, VT AP e ST AR AT 50 o sy At T A 36 AR 0 S8 8 F)
HERCE AR ARG IRAR AR5 A PERARR A P38, i LA 2 0 T 320 i DX R0 B [ 520, i e T
WP R PN, — B A B ELAR T e o P ) JRR AR v, i RS e M XX ) 0 s DX B A T A, AT
HR R TR PR RIS 1 B 1) 245 T i £ AR L Bt 5 A

R4 BRESMERZEEBOEFER

Table 4 Spatial panel regression results of influencing factors of carbon efficiency

S K AL R
S . ey TR0 BH 1 38k T

iR AL e R Changsha Zhuzhou SRIBIRIRIT

Independent variable Total Wuhan City Circle Xiangtan Urban an aggiomeratio

. around Poyang Lake
Agglomeration

FH AL .

VE‘E fLiti . 1.347(0.080) 1.66 " (0.097) 0.11(0.914) -1.85(0.065)
The process of urbanization

|y 22 i

” */J -2.37""(0.018) -3.35""*(0.000) -2.1977(0.028) -3.70""* (0.000)
Industrial structure

ﬂé‘i‘ifi%é‘%)ﬁ 3.43**(0.001) -0.71(0.476) 2.22%(0.026) 1.76 * (0.079)
Science and technology support

p 3.14**(0.002) -3.66 """ (0.000) -4.40""* (0.00) -2.79"*(0.005)
Sigma 2e 13.95*** (0.000) 8.07 " (0.000) 7.747** (0.000) 8.13*"* (0.000)
R? 0.080 0.078 0.38 0.032

2.2.2 BRI RRAE

iz ] Epanechnikov %% B Al 71245 3] 2006—2019 A 1 H i 3 i P 45 i DX B 30O A 9 % 2% 1 0 A (]
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A4 R e K 5 A8 S, BB YT i 0 T B RO A 7E — 8 1 4 T JE B i 1 | 48 A 22 S e KB 46 /N
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Fig.4 Spatial distribution of carbon efficiency of urban agglomeration in the middle reaches of the Yangtze River in 2006, 2010, 2014
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Table 5 Center and standard deviation ellipse parameters of carbon efficiency distribution pattern of urban agglomeration in the middle reaches

of the Yangtze River

N X bR EZE/ km Y bR 2E/km Trmfas(°) AR X L AR AR Y OB SRR/ km
A4 . . - .
Y X-axis standard Y-axis standard Direction Center Center Distance of
I
e deviation deviation angle coordinates X coordinates Y movement
2006 12.89 10.42 110.17 114.00°E 29.06°N 7.85
2010 12.46 10.36 109.60 114.08°E 29.05°N 8.05
2014 12.43 10.32 97.54 114.14°E 29.10°N 13.05
2019 11.37 10.58 110.32 114.01°E 29.13°N 7.83
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[ 20194
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Fig.5 Center and standard deviation ellipse of carbon efficiency of urban agglomeration in the middle reaches of the Yangtze River
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