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Abstract

Based on the strategic guideline of “proactively and prudently advancing carbon neutrality” out-
lined in the 20th National Congress, China’s national central cities, as the top tier of the urban sys-
tem, play a significant role in achieving coordinated and sustainable regional development by en-
hancing resource utilization efficiency. This study takes China’s national central cities as the re-
search object and applies the three-stage super-efficiency SBM-DEA model and Malmquist-Luen-
berger index to measure the carbon emission efficiency of nine national central cities from 2005 to
2019. Based on the empirical results, a panel data model is constructed to analyze the impact of
various input factors on carbon reduction performance in national central cities. The results indi-
cate that the overall carbon emission efficiency of national central cities is relatively low, with older
generations of national central cities leading in efficiency. From a dynamic perspective, the average
ML index of carbon emission efficiency across the cities exceeds 1, indicating an annual improve-
ment in efficiency. Technological progress is identified as the primary driver of the ML index growth,
while pure technical efficiency remains relatively low. The spatial distribution of efficiency gener-
ally follows a decreasing trend from east to west. A significant spatial convergence relationship ex-
ists among cities, with resource endowment structure positively influencing convergence. In view
of this, the study proposes differentiated carbon reduction policies for national central cities to pro-
mote high-quality regional development. Representing China, national central cities should actively
participate in international climate cooperation, synergistically advance carbon reduction, pollu-
tion control, ecological restoration, and economic growth, optimize urban layouts, and foster a new
pattern of coordinated regional development.
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Table 1. Carbon emission efficiency of national central cities in the first phase

1 F—MERERP O T BREEREER

W 2005 2006 2007 2008 2009 2010 2011 2012 He45
Je3t 13 1.3 1.22 1.27 1.22 1.17 0.5 1.01 2
R 0.51 0.5 0.49 0.46 0.51 0.5 0.47 0.5 7
ES 0.52 0.49 0.49 0.44 0.48 0.47 0.44 0.48 8
g 0.72 0.67 1.05 1.03 1.02 1.02 1.01 0.62 3
R 0.51 0.53 05 0.46 0.52 0.54 0.5 0.6 6
A 1.11 1.08 1.05 0.49 0.52 0.51 0.46 0.48 5
(=3 0.48 0.44 0.43 0.37 0.41 0.42 0.37 0.41 9
H 1.03 1 0.56 0.51 0.55 0.56 0.48 0.56 4
Il 1.15 1.17 1.16 1.25 1.17 1.18 1.28 1.22 1
BiE 0.82 0.77 0.77 0.7 0.71 0.71 0.61 0.65

W 2013 2014 2015 2016 2017 2018 2019 ¥l He44
Jbxt 0.59 1.04 1.25 1.26 1.27 1.05 1.18 1.11 2
K 0.47 0.47 0.49 0.5 0.48 0.48 1.03 0.52 7
HER 0.42 0.42 0.42 0.43 0.41 0.41 0.47 0.45 8
i 0.71 0.57 0.57 0.58 0.7 1 1.01 0.82 3
A 0.49 1.05 1.02 0.42 0.38 0.37 0.38 0.55 6
HIH 0.44 0.43 0.43 0.43 0.42 0.44 0.66 0.6 5
[ 0.38 0.36 0.37 0.55 0.42 0.41 0.34 0.41 9
el 0.54 0.56 0.55 0.51 0.49 0.49 1.15 0.64 4
Il 1.19 1.25 1.26 1.29 1.19 1.15 1.21 1.21 1
¥E 0.64 0.74 0.76 0.77 0.77 0.74 0.82 0.70
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Table 2. Second-stage stochastic frontier model regression
= 2. EZMERPERI AN AREE
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39.08 55" ~26.85™
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. 12239 -0.17 1.76™
= izt 4
ST A (7.69) (1.04) (13.21)
simasauared 4.36 x 107" 16012.80""" 54283.19™
gma-sq (3.67 x 107) (4.27) (531.58)

— 058" 0.83" 0.45™"

g (10.78) (16.58) (6.77)
LR Bifis 2 30.90" 54,70 21.36™
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L SRR R R R BEA LR S WU T H 0 . I SBM-DEA 5854, HEBRAMBINE AR B FIBENLN R 5
HIBRHEBOSCRE (W 3).
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Table 3. Carbon emission efficiency of national central cities in the third stage

3. E=MERER PO T BRHEEREER

W 2005 2006 2007 2008 2009 2010 2011 2012 He44
Jbat 1.30 1.30 1.22 1.27 1.22 1.17 0.75 1.01 1
R 0.49 0.52 0.61 0.62 0.67 0.68 0.69 0.71 4
HER 0.48 0.49 0.56 0.59 0.59 0.63 0.62 0.58 5
ity 1.15 1.13 1.11 1.10 1.08 1.08 1.07 1.09 3
FCHR 0.40 0.47 0.53 0.53 0.54 0.57 0.57 0.55 7
HE 0.30 0.31 0.37 0.40 0.41 0.42 0.41 0.41 8
(i3 0.25 0.26 0.31 0.32 0.33 0.34 0.34 0.37 9
H 0.38 0.44 0.51 0.50 0.51 0.56 0.50 0.51 6
JoH 1.08 1.09 1.06 1.10 1.07 1.09 1.23 1.15 2
BE 0.65 0.67 0.70 0.72 0.71 0.73 0.69 0.71
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W 2013 2014 2015 2016 2017 2018 2019 I He44
Jbnt 0.74 1.04 1.25 1.25 1.27 1.05 1.10 1.13 1
K 0.64 1.01 1.03 1.04 1.04 1.04 1.14 0.80 4
HER 0.55 0.57 0.57 0.58 0.59 0.58 0.60 0.57 5
i 1.07 1.05 1.05 1.04 1.04 1.05 1.05 1.08 3
AR 0.45 0.47 0.47 0.40 0.46 0.46 0.42 0.49 7
HIH 0.40 0.42 0.43 0.43 0.47 0.49 0.48 0.41 8
a7 0.34 0.36 0.38 0.53 0.46 0.48 0.37 0.36 9
Wi 0.51 0.50 0.50 0.47 0.51 0.47 1.10 0.53 6
T 1.06 1.19 1.19 1.20 1.13 1.08 1.08 1.12 2
¥iE 0.64 0.74 0.76 0.77 0.77 0.74 0.82 0.72

2) S BRFFBUSCR I ML SR 50

BExf ESC=Hr Bt SBM-DEA P50 Bk HEBUSCER HIE ST A5 R PR i B 53 b 3 i e HE IRk
RIEFNZ M A, A 0K Malmquist-Luenberger $8%, %} 2005~2019 £ 31 18] &3k i A HE %
MR RSEOTTE, MU P A AT ST, 3 4 PR, B b3 i & o B HE B an
K1 FroR .

Table 4. Results of the carbon emission efficiency change index of national central cities

4. BRPOHHBRHBGIEREERER

X5 i ML EC TC PEC SEC
65 1.160 0.988 1.174 0.989 0.999
N K 1.196 1.062 1.127 1.011 1.050
R Y
g 1.060 0.994 1.066 0.992 1.002
Il 1.106 1.000 1.106 0.985 1.015
REBIME 1.129 1.011 1.117 0.994 1.016
FBIH 1.087 1.034 1.051 1.001 1.033
Hp 5 M
FEW)'d 1.152 1.079 1.067 1.068 1.011
b A 1.119 1.056 1.059 1.034 1.022
[l 1.122 1.027 1.092 0.984 1.044
PEERHh AR 1.077 1.004 1.072 0.953 1.053
ER 1.099 1.016 1.081 0.966 1.052
TH 1.099 1.016 1.082 0.968 1.050
SARIE 1.117 1.022 1.092 0.994 1.029

HERs: MR AR 2~ S BT
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Figure 1. Changes in carbon emission efficiency of national central cities in each year
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1) Z[a) B AR A 5

30T [ R L3 T B RO R I B, A SO AT A (A B, R e DT R TR R R AR B
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Table 5. Results of Moran index of carbon emission efficiency of China’s national central cities

5 PEERPOEHRHRSERZEHER

FE4y Moran’s | Z1E P& Ehy Moran’s | Z1{H PHE
2005 0.399 2.832 0.005 2013 0.177 1.706 0.088
2006 0.401 2.852 0.004 2014 0.221 1.807 0.071
2007 0.406 2.869 0.004 2015 0.248 1.953 0.051
2008 0.379 2.735 0.006 2016 0.189 1.646 0.099
2009 0.382 2.739 0.006 2017 0.234 1.883 0.060
2010 0.378 2.704 0.007 2018 0.174 1.541 0.123
2011 0.125 1.448 0.148 2019 0.439 2.937 0.003
2012 0.316 2.369 0.018 — — — —

BRI AR AR A S F BB .
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a) BRHERUSR o WS bt

LT 20 B O I T B O R AR 7 R B CV AT I, S5 R 2. M 2 dhnl & BB
AR ZANAE 2005~2010 A (A1 AR FEAOR, BB SO it 2 TR B HR B 1 22 PR IR i 4 ook BE IS
2010~2015 4 (A BcHRBO8CR AL 7 R ECE BT Bk, 555 7E 2015~2019 48], BRHRBOSCR AL 7t R BZ BN -

0.7
0.6

0.5

0.4
0.3
0.2
0.1

0
2004 2006 2008 2010 2012 2014 2016 2018 2020

BRI AR AT A S BT .

Figure 2. Coefficient of variation of carbon emission efficiency in China’s national central cities

2. FEERP T HRHBIEER R

b) BRHEBAAR L% B UL 73 H

AR SO [ s RORASE Y  BE RN AR HE AT Hausman K536, 45 SR R ¥ ik 5 [ e OB A B il . &
XS R A A RAEAR IR R W, RV [ SR O T 2 ) S I R R AR S, (HAESR T 2 (A 2B E
ZESE, MIXEEZE 5 SR H b 2 5200 [ 5K P L3 T B HEIOICR I S A% R . AR e 4 SR L 6.

Table 6. LM test results
= 6. LM IIGER

Test Statistic p-value

Spatial error

Lagrange multiplier 20.943™" 0.000
Robust Lagrange multiplier 0.321 0.571
Spatial lag
Lagrange multiplier 64.518™" 0.000
Robust Lagrange multiplier 43.896™" 0.000

B kIR 4R Stata 17.0 i1 ¥ Br{5 .

DOI: 10.12677/ecl.2025.141358 2856 N e


https://doi.org/10.12677/ecl.2025.141358

EWE, (EHFE

AR FIRFRE, WIHEH LM-lag A1 LM-error #:363507E 19 1KF T 535, DRI 75 5[] i 3 i A fek
LM-lag 55 LM-error 536, RILFEMAET LM-error #5648 224 A f@ i) LM-lag /36 7F 1%/K°F R &3, Ul
BRASC B B6 I 224346 FH 2% )i i (SAR) RS2

C) BRHFBUSER KA p WSS p

AICRHE—BAE B USIE T, X264 B RS IATIRAE AT, 451F B ISR FR E K IR 78
WERIEN . BRG] SRES S5 T7 AEE 2 IS OL T, SRS R KR i AT % |
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Table 7. Spatial convergence regression results of carbon emission efficiency of national central cities
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