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Abstract: Water, energy, and carbon are critical resource and environmental elements that underpin socio-economic development.
Exploring the coupling coordination among water-energy-carbon (WEC) and promoting their synergistic development are essential
for advancing regional green and high-quality growth. Taking 95 cities in the Yangtze River Economic Belt (YREB) as the study area,
WEC evaluation indicators were constructed from the dual-control perspective of total amount and intensity. The coupling
coordination degree (CCD) model was applied to measure the CCD of WEC from 2006 to 2019, and the spatial durbin model was
employed to identify the key influencing factors. The results showed that the CCD of WEC, water-energy, water-carbon, and
energy-carbon in the YREB ranged from 0.6724 to 0.9987, and were classified into four levels: primary, intermediate, good, and
quality coordination, with the median and mean showing an overall upward trend and notable improvement. Since 2014, more than
75% of the cities had reached the quality coordination level each year. All four categories of CCD exhibited positive spatial
clustering, with cities achieving quality coordination in the other three categories evolving from scattered to contiguous distribution
patterns, while energy-carbon remained widely distributed. Significant positive spatial spillover effects were detected for all four
categories, indicating that improvements in local coupling coordination positively impacted that of spatially connected cities.
Economic development level, environmental regulation, technological innovation, and NDVI significantly promoted local CCD,
whereas fixed asset investment exerted a suppressing effect. Furthermore, economic development level and industrial structure
upgrading showed positive and negative spatial spillover effects on spatially connected cities, respectively, while the negative
spillovers of environmental regulation and technological innovation were more pronounced among geographically adjacent cities
compared to economically linked cities.

Key words: Yangtze River Economic Belt; water-energy-carbon; coupling coordination; spatiotemporal evolution; spatial durbin
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Table 2 Composition and weights of WEC indicators
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Table 3 Descriptive statistics of variables
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A JK-BE-f) K-fiE S3 ek

2006 0.119* 0.246%* 0.062 0.125%*
2007 0.131%* 0.234%* 0.123%* 0.123**
2008 0.121%* 0.223* 0.108%* 0.119*

2009 0.130%* 0.216%* 0.119* 0.120%*
2010 0.110* 0.177* 0.119%* 0.110*

2011 0.133%* 0.174%* 0.159%** 0.123**
2012 0.131%* 0.156%* 0.164%** 0.122%*
2013 0.155%%* 0.161** 0.175%** 0.155%*
2014 0.163%** 0.164%** 0.180%** 0.164%**
2015 0.178*** 0.187*** 0.179%** 0.178%**
2016 0.174%%* 0.146%** 0.179%** 0.181%**
2017 0.163*** 0.135%** 0.167*** 0.173%***
2018 0.151%* 0.134%** 0.156** 0.160%**
2019 0.158%** 0.126%** 0.166%** 0.165%**

FE: #6% P<.01, ** P<0.05, * P<0.1.

— 7T KBRS B = AR AL REAE R AR I
SR 3 L 50 B St ) D U R, T 22 By A

Bonas 7 KBRS el 3 = 5 P UK-fe R4
(g = e FH AR B SRR AIE DN DX a3y 1 e 59
A, T B TR A O B 53— I T, e 8% % H b
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NIRHETCER G5 B I P i A R ) 75 3 DL A Ak
FRYE AR P R () 5 X A 3 B T s AL T4 TR) K
IEPST R e T AT HR A RERERE R R YRR BT R AR A O
FRI BRI AL RN 5 2Pk, T BN 2 2 25 (1) Py ) 5 2L
3.2 AT R R

A PR UE AR 2 i e AR 08 B P R b 2 M A S
S50 %5 MR AR 5 (1) 7 2 I K R A (VIF), 45 3/
T 5, LA B 2 2 LA bl R R 2
LM. LR. Wald A Hausman 5656 UF, 45 5 B (R
6),7K—BE— T A 7K — T A5 R A7 A 20 ) e 22 5 % ()i i
B8, SCARE A FH R ) ] 5 0B PR 2% ) TR AR AR 7K -
BEFIBE-TR A58 B 4R Robust LM Error A2 ,{H LR
A1 Wald A5 56 45 HE S He 2 () FE SR R0 T % (8] 5
ABE Y 2 o] 2080 I 36 5 SR N e P X ][] 2880 1,
(1 2% T ek e A A 1481,

%*6 ZTEITERMIGER
Table 6 Spatial econometric model diagnostic tests

T 77 ik IK-BE-TK K-fiE K- ek
Moran's / 7.295%** 14.359%** 4.574%** 6.12]%**
LM Error 51.313%%*  201.923***  19.787***  35900%**
Robust LM Error 10.589%** 1.855 14.119%** 2.575
LM Lag 117.699%**  271.367***  56.259%**  56.737+**
Robust LM Lag ~ 76.975%**  71.299%**  50.591*** 23 4]2%**
LR-SAR 66.781**%%  32,040%**  37.360%**  ]5].833%**
LR-SEM 87.600%**  44.581***  37.805%**  181.049%**
Wald-SAR 67.489%*%% 32 344%** 39 65]***  |57.9]4%**
Wald-SEM 84.138***  42.154***  39.051***  163.579%**
Hausman 54.508***  171.530%**  18.501***  46.9]15%**
LR-indfixed =~ 53.218***  26.831**%*  18.873***  95.665%**

LR-timefixed 2193.198*** 1871.610%** 2292 967*** 2]89.585%**

E: #%% p<0.01, ** P<0.05, * P<0.1.
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Table 7 Parameter estimates of the spatial durbin model

1) @ (3) *

R wewm ke K b
InPGDP 0.025% % 0.030%** 0.035% 0.008*
(0.004) (0.005) (0.005) (0.005)
IND 0.011 0.030%* 0.055%%%  —0,050%**
0.011) (0.014) (0.013) (0.013)
POP -0.040 0.092 -0.087 -0.117*
(0.057) (0.069) (0.066) (0.068)
ER 0.074%* 0.114%* 0.044 0.061
(0.043) (0.053) (0.051) (0.052)
InTEC 0.002% % 0.005%%* 0.0047%%* -0.001
(0.001) (0.001) (0.001) (0.001)
INV —0.060%%%  =0.039%%*  —0.077%%*  -0.061%**
(0.008) (0.009) (0.009) (0.009)
NDVI 0.100%%* 0.126%%* 0.092% 0.082%*
(0.029) (0.035) (0.033) (0.034)
winPGDP ~ 0.048** 0.032%* 0.018* 0.095%
(0.009) (0.010) (0.010) (0.010)
wIND ~0.076%%%  =0.107%**  -0,097%** -0.022
(0.018) (0.022) (0.021) (0.022)
wPOP 0.041 0.197 -0.252 0.226
(0.198) (0.239) (0.231) 0.237)
WER -0.161 0.106 -0.291 -0.286
(0.175) (0.211) (0.204) (0.210)
wInTEC -0.002 0.001 -0.004* -0.004*
(0.002) (0.002) (0.002) (0.002)
wINV -0.002 -0.001 0.044 -0.059%*
(0.024) (0.029) (0.028) (0.030)
WNDVI -0.025 -0.069 -0.026 0.009
(0.044) (0.053) (0.051) (0.053)
p 0.126%%* 0.295% % 0.088%* 0.155%%*
(0.039) (0.035) (0.041) (0.037)
N 95 95 95 95
Obs 1330 1330 1330 1330
R’ 0.659 0.747 0.527 0.433

AR A A FRIERR, *** P<0.01, ** P<0.05, * P<0.1, F[A].
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IOt 25 D A7t B s I ) E 7 A D) A o R 3 A
BT PR RE- B P s ).

NDVI F5HO0 KRBk /K-BE. KBk, fiE-
AR 5 I U 900 L1 20O k= DA I R i 4
W R PR S AR G N R, B X R P 1
A FAEHL I NDVI i £ 2 W AN 2 2%,
X 0 R I AR PR 2 ] S I 11 PO G 5 0 0 8 AT e =
K338t 28, T B A PR Dy R e 7 i P 5o 3 B
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Table 8 Direct and indirect effects of determinants in the Spatial Durbin Model
K- RE- K-fiE KR AE-TK
A 1) (@) 3 “ (6)) 6) () ®
ek [l JERE SN [l JERES A i) PR JERE SN IO
InPGDP 0.026%** 0.056%** 0.033*** 0.054%*** 0.035%** 0.021%** 0.009%* 0.097%**
(0.004) (0.009) (0.005) (0.013) (0.005) (0.010) (0.005) (0.010)
IND 0.009 —0.081*** 0.023* —0.129%** 0.053*** -0.096%** -0.050%** -0.021
(0.011) (0.020) (0.013) (0.029) (0.013) (0.022) (0.013) (0.022)
POP -0.039 0.033 0.108* 0.290 -0.090 -0.280 -0.116* 0.218
(0.054) (0.213) (0.064) (0.307) (0.063) (0.236) (0.065) (0.237)
ER 0.074* -0.161 0.130%* 0.201 0.046 -0.295 0.065 -0.282
(0.042) (0.194) (0.053) (0.284) (0.048) (0.213) (0.050) (0.213)
InTEC 0.003*** -0.002 0.005%** 0.003 0.004*** -0.004 -0.001 -0.004
(0.001) (0.003) (0.001) (0.003) (0.001) (0.003) (0.001) (0.003)
INV -0.060%** -0.011 -0.039%** -0.018 -0.076%** 0.040 -0.061*** -0.063**
(0.007) (0.026) (0.009) (0.037) (0.009) (0.028) (0.009) (0.028)
NDVI 0.100%** -0.012 0.124%** -0.040 0.092%** -0.019 0.082%* 0.014
(0.029) (0.046) (0.035) (0.064) (0.034) (0.052) (0.036) (0.052)
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Table 9 Robustness tests

5 B AR AR BE MR BRI
()R (2)7% ) 30 G)HFERN (4) AR (5) RN (6)7% ) 17 (T HFER (B) AU
InPGDP 0.033%#* 0.019%%* 0.034%%* 0.027%%* 0.025%** 0.052%%* 0.026%** 0.061%%*
(0.004) (0.005) (0.004) (0.005) (0.004) (0.008) (0.004) (0.009)
IND 0.012 ~0.055%** 0.009 ~0.057%** 0.004 -0.064%** 0.002 -0.069%**
(0.012) (0.018) 0.012) 0.019) 0.011) (0.018) (0.011) (0.020)
POP -0.0921 0.060 -0.090* 0.0451 -0.025 0.236 -0.018 0.253
(0.0564) (0.116) (0.054) (0.128) (0.066) (0.200) (0.063) 0.215)
ER 0.0738* -0.157** 0.073* -0.158%* 0.072* -0.129 0.073* -0.126
(0.044) (0.067) (0.042) (0.076) (0.043) (0.173) (0.042) (0.193)
InTEC 0.005%** -0.010%** 0.005%** -0.010%** 0.003%** -0.002 0.003%** -0.002
(0.001) (0.001) (0.001) (0.002) (0.001) (0.002) (0.001) (0.002)
INV -0.066*** -0.019 -0.067%** -0.035%** -0.082%** 0.010 -0.082%** -0.002
(0.007) (0.012) (0.007) 0.013) (0.012) (0.026) (0.011) (0.026)
NDVI 0.090%** -0.019 0.091 %% -0.002 0.091%** -0.017 0.091%** -0.004
(0.034) (0.048) (0.034) (0.049) (0.029) (0.044) (0.029) (0.046)
p 0.177%** 0.130%**
0.041) (0.039)
N 95 93
Obs 1330 1302
R’ 0.624 0.671
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