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Abstract ; To evaluate the carrying capacity of provincial water resources in China, an index system was estab-
lished based on four subsystems of water resources-society-economy-ecological environment. The TOPSIS model
weighted by the combination of AHP and entropy method was used to comprehensively evaluate water resources car-
rying capacity of 31 provinces, municipalities and autonomous regions in China from 2010 to 2019, The model’ s
temporal and spatial variation characteristics were analyzed combining with the M—K trend method. The obstacle
factor diagnosis was carried out on the evaluation results. On this basis, BP neural network was used to predict the
water resources carrying capacity of each province ( municipality, autonomous region) from 2020 to 2025. The re-
sults showed that: (1) The water resources carrying capacity in 31 provinces, municipalities and autonomous re-
gions of China showed a fluctuating upward trend and the overall state was in a critical carrying state. (2) The wa-
ter resources carrying capacity in the country had significant regional differentiation pattern, with better carrying ca-
pacity in Southwest, South China, and Northeast China, and the weakest in North China and Northwest China.
(3) During the study period, the water resources carrying capacity deteriorated in Northwest and Northeast regions,

and some areas in South China and North China also deteriorated, while most areas in East China, Central China
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and Southwest China improved. (4) Water production modulus, consumption of agricultural chemical fertilizer, wa-

ter resources per capita, water supply modulus, comprehensive water consumption per capita, total wastewater dis-

charge, water resources development and utilization ratio were seven obstacle factors that had the strongest influence

on water resources carrying capacity in China, and the influence intensity decreased in turn. (5) In the future, the

water resources carrying capacity will be gradually improved in most parts of the country, Shandong, Henan and Li-

aoning may form severe deterioration areas.

Keywords: water resources carrying capacity ; TOPSIS model; obstacle factors; BP neural network; 31 prov-

inces, municipalites and autonomous regions of China
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Table 1 Evaluation index system of water resources carrying capacity
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Table 2 Water resources carrying capacity classification standard
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Fig.2 Spatial distribution characteristics of water resources carrying capacity in China
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Table 3  Main obstacle factors and average obstacle degree of water resources carrying capacity

in 31 provinces, municipalities and autonomous regions of China from 2010 to 2019

A ( OINE| ‘Zél\l){) [ERSFEHEFF Obstacle degree ranking

Province (municipality,

Province (municipality,

& (T AThIX)

[ A5 BEHEF Obstacle degree ranking
2

autonomous region ) 1 2 3 4 5 6 7 autonomous region ) 1 3 4 5 6 7
:“:fz’t X3 X23 XZ Xl7 XS X22 XIZ (ﬂ:“: X23 X3 XS X16 X4 XZ XZZ
Beijing 18.1 156 125 124 40 3.4 34 Hubei 23.0 153 134 11.8 84 59 3.1
R X3 Xs X0 Xy X, X5 X4 bilE) X3 X7 X, X X6 X3 X4
Tianjin 254 17.5 109 102 89 55 53 Hunan 21.6 108 106 98 94 66 5.8
Wk X X; Xs X, Xy Xy Xy T 7R Xs X0 X; X, Xy Xy Xy
Hebei 18.1 17.6 13.8 13.7 7.7 53 45 Guangdong 232 202 123 95 87 82 5.
1Y) X4 X3 Xs Xy Xy X X It X4 X, X5 X3 X, Xs X»
Shanxi 196 173 162 77 70 48 43 Guangxi 165 128 127 78 64 59 57
NEa X3 X5 Xy Xy Xy X X, 53} X; Xy X5 Xy Xy Xy Xy
Inner Mongolia 226 162 143 116 59 43 4.1 Hainan 128 120 92 70 55 54 53
L7 X3 Xs X Xy Xuo Xpo X WSS X3 Xy Xy X X X Xy
Liaoning 235 169 11.8 11.0 7.7 38 3.4 Chongqing 19.2 144 133 112 73 53 32
Tk X3 X3 Xs X4 X, X2 X6 puil X3 X3 Xs X, X2 Xy X
Jilin 203 154 143 120 6.1 57 3.8 Sichuan 247 165 13.8 127 84 6.8 2.6
T X, Xy X5 X, X, Xy Xy o X, X, X3 X, X5 Xy o X
Heilongjiang 194 164 142 110 49 45 43 Guizhou 18.1 165 13.0 98 6.0 52 20
J:@ XZ X3 XS X23 X7 Xﬁ XS im X3 XZ X1 XS X23 X4 XZO
Shanghai 219 166 122 100 4.0 3.9 3.8 Yunnan 21.3 140 11.1 95 56 44 3.9
‘{177.].: X3 X2() XS X23 XZ XZZ X]z Pﬁ%ﬁ X2 XS x3 xl X2() X23 XIZ
Jiangsu 203 179 143 105 53 38 3.6 Tibet 171 17.0 141 115 79 53 25
%{I X2l XZ X3 XS XIZ XZZ XZO B}%@ X3 XS X4 X23 XZ XZO XZI
Zhejiang 158 11.9 11.4 102 98 7.7 6.6 Shaanxi 208 153 151 146 69 38 3.5
Hﬁ"%‘& X} XS X4 XZ} X]ﬁ Xﬁ X24) Hl/\] XS XS x4 XZU X23 X7 XZ
Anhui 254 151 108 105 7.8 6.4 4.4 Gansu 149 127 123 102 96 7.7 12
fﬂ“a@. X3 X23 XS X4 XZ X22 le Eéjs(ﬁ X2 X3 X23 XS XZO XG XZI
Fujian 22.1 21.8 143 78 56 35 33 Qinghai 278 151 100 92 79 62 4.0
{Tﬁ XZ X23 X3 Xl6 XS Xl7 X24) ?E X3 XS X2 X23 XZ() Xm X4
Jiangxi 19.0 17.7 122 109 89 6.7 6.3 Ningxia 245 219 102 7.1 54 50 438
[J_I/ij_‘; X23 X3 XS X2 X4 X12 Xlﬁ ﬁ%ﬁ X23 X3 XS XZO X16 X17 X7
Shandong 251 141 113 99 69 39 3.1 Xinjiang 213 122 90 82 75 6.8 56
NN X3 Xs X; Xie Xy Xy Xy
Henan 209 101 93 73 61 57 50

F4 2010—2019 FHE31 &(H. BERX)KEBEAHEAEEEBREFHIRE

Table 4 Occurrence frequency of main obstacle factors of water resources carrying capacity in

31 provinces, municipalities and autonomous regions of China from 2010 to 2019

Wi T 4 B RIBUEIES WAt A T s HBLEK B
Obstacle Number of Frequency of Obstacle Number of Frequency of
Rank Rank
factor occurrences occurrences factor occurrences occurrence
X; 1 31 1.00 X6 7 9 0.29
Xy 2 31 1.00 X6 8 9 0.29
Xs 3 30 0.97 X 7 0.23
X, 4 26 0.84 Xy 10 7 0.23
X, 5 23 0.74 X 11 6 0.19
X0 6 22 0.71 X7 12 6 0.19
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Fig.4  Fitting resulis of evaluation values of water resources carrying capacity of 31 provinces,

municipalities and autonomous regions in China
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Fig.5 The predicted and actual water resources carrying capacity of 31 provinces,

municipalities and autonomous regions in China in 2020
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AZ {72 FE Change degree

[ ] 8 % %3 Remarkable improvement
[ R & 3% 24 3% Unremarkable improvement
[ &% 4tk Unremarkable change

[ A& 2% 45 1k Unremarkable deterioration
[ & %% %1k Remarkable deterioration

[ ] E %kl Unknown

3 2010—2019 £ EKEF IR RSB = T 4T

Fig.3 Temporal and spatial variation characteristics of water resources carrying capacity in China from 2010 to 2019
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[k # Critical

[ ]# % Overloaded
I ¥ % #8 4 Severely overloaded
[ %% ¥ Unknown

B 6 2020—2025 EHREKREFERFHZE S

Fig.6  Spatial distribution of water resources carrying capacity in China from 2020 to 2025
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