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XGBoost-SHAP Analysis of Coupling Coordination between New-Type
Urbanization and Water Security Resilience in Yangtze River Economic Belt
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(1.Provincial Experimental Teaching Demonstration Center of Ecological Environment , Jiangxi University of
Finance and Economics, Nanchang 330032, China; 2.School of Economics, Jiangxi University of
Finance and Economics, Nanchang 330013, China)
Abstract: [ Objective] This study aims to investigate the coupling coordination development level and interaction
mechanisms between new-type urbanization and water security resilience in the Yangtze River economic belt,
thereby providing scientific support for the synergistic advancement of resilient city construction and differentiated
water security governance.[ Methods] Taking the Yangtze River economic belt as the study area and the period
from 2006 to 2023 as the study interval, comprehensive evaluation indicator systems for new-type urbanization
and water security resilience were constructed. The spatiotemporal evolution characteristics, spatial correlation
patterns, and driving mechanisms of their coupled and coordinated development were systematically analyzed
using the game-theoretic combination weighting-TOPSIS method, coupling coordination degree model, Dagum
Gini coefficient, exploratory spatial data analysis, and XGBoost-SHAP model. [Results] 1) The coupling
coordination degree between new-type urbanization and water security resilience in the Yangtze River economic

belt exhibited a steady increasing trend and spatial convergence, forming a gradient pattern of "downstream >
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midstream > upstream". 2) Its spatial correlation pattern shifted from agglomeration towards equilibrium,
evolving into a synergistic network structure characterized by "core leadership, gradient transition, and low-value
breakthrough" at the local scale. 3) The driving mechanisms showed nonlinear and interactive characteristics.
Infrastructure and the urban-rural income gap were the core driving forces. Various factors exhibited widespread
threshold effects and complex interactions, and this mechanism demonstrated significant heterogeneity across the
river basin. [ Conclusion] The Yangtze River economic belt should enhance the coupling coordination level
between new-type urbanization and water security resilience by implementing differentiated governance strategies,
promoting precise threshold regulation and spatial guidance, developing a multi-factor synergistic governance
system, and improving dynamic monitoring and adaptive management mechanisms, thereby advancing high-
quality development in the river basin.

Keywords: new-type urbanization; water security resilience; coupling coordination; XGBoost-SHAP model;

Yangtze River economic belt
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Table 1 Comprehensive evaluation indicator system for new-type urbanization and water security resilience in Yangtze River

economic belt
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Table 3 Comprehensive indices and their coupling coordination degree of new-type urbanization and water security resilience

in Yangtze River economic belt (2006-2023)

_— NTU WSR Vi rhiE T RN KIEFEH
EiEg 4 TRAL D1i D1H D1A D1i CEO

2006 0.326 0.492 0.537 0.602 0.705 0.616 IV-NTU # 5 5
2007 0.329 0.485 0.564 0.587 0.694 0.618 IV-NTU # J 54
2008 0.340 0.491 0.573 0.591 0.702 0.625 IV-NTU #iff J7 %
2009 0.350 0.492 0.583 0.609 0.695 0.631 IV-NTU # J 71
2010 0.358 0.516 0.596 0.618 0.713 0.644 IV-NTU # )5 7
2011 0.401 0.543 0.633 0.652 0.732 0.674 IV-NTU # 5 %
2012 0.384 0.504 0.606 0.639 0.707 0.652 IV-NTU i J7 4
2013 0.385 0.568 0.645 0.653 0.720 0.674 IV-NTU # J& 7
2014 0.392 0.511 0.626 0.641 0.706 0.659 IV-NTU # 5 78
2015 0.391 0.514 0.614 0.651 0.711 0.659 IV-NTU # 7 5
2016 0.391 0.529 0.621 0.658 0.717 0.666 IV-NTU # J 54
2017 0.390 0.539 0.635 0.650 0.716 0.669 IV-NTU # J 7
2018 0.387 0.519 0.631 0.637 0.707 0.660 IV-NTU # ) 7
2019 0.394 0.520 0.632 0.649 0.714 0.666 IV-NTU # 5 %
2020 0.411 0.553 0.654 0.687 0.712 0.684 IV-NTU # J5 54
2021 0.403 0.526 0.633 0.669 0.712 0.671 IV-NTU i J5 &
2022 0.406 0.526 0.640 0.654 0.721 0.674 IV-NTU # )5 7
2023 0.406 0.509 0.626 0.668 0.709 0.667 IV-NTU # 5 &

25 AU SRy b, = R XA O 8 B B A LR T Uit >
HiE > LR AR e HER oA A 0 S R i
M " RHE . NTUSSECT WV 418 0.398) 8¢ Fiif i
7.0% , WSR 8 BT Ui - #4116 (0.532) %8¢ i 6.2%,

A BRI R (D D T U 3906 (0. 712) B2 1 U i il
18.300. TUMKFER L2 T HAl |58 35 /K Bt =i K
SRR AL Y B 5 b3 32 A A ORI B i R WU
LT, A TR n PSR 5 T iE 7R 4 /DN DX 30 i A 4
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Fig.2 Spatial differences of coupling coordination degree between new—type urbanization and water security resilience in

Yangtze River economic belt (2006-2023)

R4 2006—2023 FRILEFHMBWHEN SRR EB SN EEHN Dagum BB RE R B E

Table 4 Dagum Gini coefficient and contribution rate of coupling coordination degree between new-type urbanization and

water security resilience in Yangtze River economic belt (2006-2023)

P e R AL BUHKAR/
PSRN X DX 3 7] A DX Ik X35 1] A

2006 0.082 0.015 0.063 0.004 18.074 76.776 5.150
2007 0.071 0.015 0.049 0.007 21.161 69.232 9.607
2008 0.073 0.016 0.048 0.009 22.497 65.143 12.360
2009 0.065 0.016 0.041 0.009 23.810 62.465 13.725
2010 0.063 0.014 0.042 0.006 22.815 67.055 10.130
2011 0.056 0.014 0.034 0.009 24.523 59.852 15.625
2012 0.057 0.014 0.036 0.008 24.136 62.522 13.342
2013 0.042 0.009 0.026 0.007 22.174 61.478 16.348
2014 0.046 0.011 0.028 0.007 23.584 61.573 14.843
2015 0.050 0.012 0.034 0.005 22.881 67.348 9.771
2016 0.049 0.011 0.033 0.004 22.222 68.817 8.961
2017 0.041 0.009 0.028 0.004 22.225 67.035 10.740
2018 0.043 0.011 0.026 0.006 24.576 61.572 13.852
2019 0.048 0.012 0.028 0.008 25.552 58.783 15.665
2020 0.035 0.009 0.020 0.007 25.431 55.961 18.608
2021 0.043 0.010 0.027 0.006 23.024 63.275 13.701
2022 0.036 0.007 0.028 0.001 18.746 78.153 3.101
2023 0.050 0.012 0.029 0.009 23.721 57.899 18.380
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Fig.3 Heatmap of coupling coordination degree between new-type urbanization and water security resilience in various

regions of Yangtze River economic belt (2006-2023)
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F6 2006—2023 FRKITEFHHEUMEBEL S KL EHER
AAER £ B Moran's 353
Table 6 Global Moran's I of coupling coordination degree
between new-type urbanization and water security
resilience in Yangtze River economic belt (2006-
2023)

Ay Moran's I Iy Z b
2006 0.517 556  0.046 401 2.866 914 0.004 145

2007 0.414 660 0.046 745 2.380422 0.017 293
2008 0.399 518 0.045578 2.339 781 0.019 295
2009 0.391696 0.045532 2.304 289 0.021 206
2010 0.443 686 0.046 244 2.528 247 0.011 463
2011 0.369 670 0.043 537 2.250 941 0.024 389
2012 0.434 442 0.046 675 2.473 754 0.013 370
2013 0.430 280 0.048 254 2.414 000 0.015778
2014 0.293 311 0.045573 1.842391 0.065418
2015 0.361 911 0.044 948 2.178 718 0.029 353
2016 0.349 496 0.045587 2.105 253 0.035 269
2017 0.357 966 0.044 661 2.167 055 0.030 231
2018 0.250 246 0.042 088 1.707 235 0.087 778
2019 0.248 406 0.044 604 1.649671 0.099 010
2020 0.161 519 0.044 742 1.236 365 0.216 323
2021 0.267 921 0.044 752 1.739 203 0.081 999
2022 0.431 310 0.042 400 2.580 282 0.009 872
2023 0.246 204 0.046 780 1.600 665 0.109 451
2006—2010 0.454 221 0.046 286 2.576 080 0.009 993
2011—2015 0.419 741 0.046 737 2.404 134 0.016 211
2016—2023 0.309 673 0.044 154 1.949 632 0.051 220

3.3.2 T SHAP AR 64 A8 5 47
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Fig.4 LISA cluster maps of coupling coordination degree between new—type urbanization and water security resilience in

Yangtze River economic belt (2006-2023)
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Table 7 Descriptive statistics of driving variables
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Fig.5 Driving factors analysis of coupling coordination degree between new—type urbanization and water security resilience in
Yangtze River economic belt
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