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Abstract  Objective In recent years alongside rapid economic and social development in Jiangsu Province water resource
constraints have tightened and ecological environment pressures has continued to intensify posing dual challenges of resource
utilization and environmental protection to regional development. To comprehensively understand the coordinated development
status of the water resources economic society and ecological environment systems in Jiangsu Province the coupling
coordination relationship among the subsystems is examined. ~Methods An evaluation index system for the coupling coordination
degree ( CCD) of the water resources-economic society-ecological environment ( WR-ES-EE) system was constructed based on
the regional characteristics of Jiangsu Province. The index system was optimized using the information sensitivity method and a
systematic research framework for coupling coordination was established by introducing the CCD model and grey relational analysis
method . Based on this framework the CCD of the WR4S-EE system in Jiangsu Province and its main influencing factors were
measured for the period from 2012 to 2023 following the implementation of the most stringent water resources management
system. Results The findings indicated that based on the information sensitivity method  the 28 initially selected indicators
were reduced to 21 ensuring the scientific soundness and regional suitability of the index system. The comprehensive evaluation
index of the WRESEE system in Jiangsu Province increased from 0.23 in 2012 to 0. 72 in 2023. The CCD exhibited a stable
upward trend with the coordination type rising from barely coordinated to highly coordinated and showed a spatial distribution
pattern of “high in the south and low in the north”. The total annual water supply general public budget revenue and urban
sewage treatment rate were identified as the most dominant factors influencing the CCD of each subsystem. Conclusion The
result show that from 2012 to 2023 the CCD of the WR-ES-EE system in Jiangsu Province gradually increased the coupling and
coordination among systems were progressively enhanced but some areas still exhibited considerable development potential. The
result reveal the spatiotemporal evolution patterns and driving mechanisms of the WR-ES-EE system in Jiangsu Province and
provide a reference for refined regional water resources management and green sustainable development.

Keywords: water resources-economic society-ecological environment system; coupling coordination; grey relational analysis;

Jiangsu Province; spatiotemporal evolution; sustainable development; water resource constraints; information sensitivity methods
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Fig.2 Research framework
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Table 1 Evaluation indicator system for coupling coordination degree of water resources-economic society-ecological environment
system in Jiangsu Province
/mm ’ ’ X, +
/10* ¢ « ) ( ) X +
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GDP/ GDP/ X +
GDP 1% ( GDP-  GDP)/  GDP Xis +
/  *km™? / X6 +
1% Xy +
1% GDP Xig +
/% GDP Xig +
1% GDP X2 +
It X5 +
/10% m? Xy +
/10% t ( ) X +
/% / Xy +
/m? / Xos +
/km * km™? , ’ ’ Xas +
/10" t Xy +
/m3 ) sz +
2 Al o
Table 2 Types and classification grades of coupling MATLAB
coordination degree . .
0.1~0.2
0.2~0.3 2
0.3~0.4
0.4~0.5 2.1
0.5~0.6 3
0.6~0.7
0.7~0.8 1 5
0.8~0.9 89. 68%
0.9~1.0
85% o Bj m
3 o
37-39
. X,(17.21) . X,(17.19)
X,( 17.05)
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Table 3  Principal component contribution rates
1% /% /% 1%
1 12. 138 50. 573 50.573 12. 138 50.573 50.573
2 3.769 15.704 66. 278 3.769 15.704 66.278
3 2.602 10. 842 77.120 2. 602 10. 842 77.120
4 1.772 7.383 84.503 1.772 7.383 84.503
5 1.241 5.173 89. 676 1.241 5.173 89. 676
3
Fig. 3 Cumulative information content of indicators
( 3). X, 79. 97%)
80% °
21 0
(7)— (17) °
0. 37
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0. 10.
0.03~0. 10,
2.2 - - 4
Fig. 4 Trend of comprehensive evaluation index of system
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0.76 14. 55%
2016
9.73% 2021 0.73
32.46% . N
“ (2012—2016
)—  (2016—2019 )—  (2019—2023 )”
12.07% -
4
Table 4 Indicator weights
CRITIC
X, 0.047 7 0.026 5 0.038 5
X, 0.0319 0.083 2 0.053 9
X, 0.088 7 0.045 1 0.069 8
X . 05 . 025 . 043
(0.342 4) 5 0.057 7 0.025 2 0.043 6
Xe 0.0452 0.036 5 0.041 4
X, 0.056 2 0.052 8 0.054 7
X, 0.046 2 0.0329 0.040 4
Xu 0.038 0 0.062 0 0.048 3
Xpp 0.037 1 0.017 7 0.028 7
X3 0.0330 0.073 2 0.050 2
Xy 0.042 1 0.037 1 0.039 9
(0.374 2) Xig 0.036 7 0.038 5 0.037 4
X7 0.034 6 0.039 2 0.036 5
Xig 0.136 5 0.0455 0.097 3
Xy 0.031 8 0.041 2 0.035 8
X 0.034 9 0.0525 0.042 4
X5, 0.031 6 0. 060 4 0.044 0
Xy 0.0329 0.092 2 0.058 3
(0.2824) Xoy 0.049 2 0.027 5 0.039 8
X2 0.053 6 0.042 3 0.048 7
Xy 0.034 4 0.068 7 0.049 1
2.3 - -
2012—2023 - -
5 0
0.70 “ N
”»
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(0.70) (0. 66)
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144
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0.34
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o 2012 0.79 2016
0. 84 2017 0.86 2023
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: 2012 0.43 2023
0.51 : 2012 0.55
2017 0.62 o
(0.55~0. 60)
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2014
0.34 2023 0.55
0. 028,
2.4 - -
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2017 2023 ) - -
( 6)
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2012 2017
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5 2012—2023
Fig. 5 Spatiotemporal distribution of coupling coordination degree (2012—2023)
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Fig. 6 Relational degrees of main influencing factors of coupling coordination degree of water resources-economic

society-ecological environment system in typical years in Jiangsu Province

7 — -
Fig. 7 Relational degrees of main influencing factors of coupling coordination degree of water resources-economic

society-ecological environment system in different regions of Jiangsu Province
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