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Fig.1 Location map of Ningxia
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Tab.1 Index system and weights for water poverty assessment in Ningxia
2011 2012 2013 2014 2015
(R) /mm 0.033 0.055 0.044 0.043 0.049
/mm 0.026 0.033 0.032 0.029 0.035
/m? 0.048 0.050 0.056 0.042 0.032
/m® 0.047 0.044 0.048 0.043 0.056
/m® 0.016 0.018 0.031 0.024 0.028
(A) 1% 0.027 0.032 0.035 0.036 0.023
/m® 0.014 0.015 0.016 0.017 0.050
1% 0.040 0.045 0.028 0.046 0.053
/km * km ~2 0.042 0.046 0.040 0.044 0.037
/% 0.016 0.033 0.052 0.038 0.016
1% 0.018 0.017 0.018 0.026 0.022
(Q) 1% 0.028 0.030 0.028 0.028 0.027
/ 0.026 0.030 0.026 0.029 0.027
1% 0.027 0.021 0.028 0.022 0.022
1% 0.027 0.019 0.017 0.034 0.069
/ 0.023 0.022 0.025 0.024 0.022
/ 0.029 0.040 0.032 0.033 0.035
1% 0.041 0.020 0.025 0.035 0.025
1% 0.061 0.035 0.038 0.036 0.026
N /% 0.044 0.026 0.023 0.025 0.043
(U) GDP /m® 0.025 0.026 0.030 0.028 0.022
/m* - ( ) 7! 0.046 0.030 0.020 0.030 0.024
/m® 0.014 0.023 0.023 0.016 0.019
/m* ¢ hm~! 0.042 0.039 0.042 0.048 0.035
(E) /m® 0.025 0.031 0.030 0.028 0.026
/m® 0.018 0.018 0.016 0.019 0.016
/m® 0.034 0.036 0.035 0.033 0.029
/hm? 0.035 0.038 0.035 0.028 0.025
/hm? 0.020 0.021 0.020 0.023 0.021
/m? 0.014 0.017 0.015 0.016 0.016
1% 0.022 0.016 0.015 0.017 0.015
/m® 0.020 0.031 0.027 0.021 0.018
fte( ) 7! 0.024 0.019 0.024 0.018 0.018
/t* hm™? 0.028 0.024 0.027 0.022 0.019
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2
Tab.2 The weights of target layer and criterion layer of water poverty assessment in Ningxia
2011 2012 2013 2014 2015 2011 2012 2013 2014 2015
(R) 0.170 0.200 0.211 0.181 0.200 0.170 0.200 0.211 0.181 0.200
(A) 0.157 0.187 0.189 0.207 0.201 0.157 0.187 0.189 0.207 0.201
(C) 0.306 0.244 0.242 0.265 0.296 0.054 0.061 0.054 0.057 0.054
0.147 0.123 0.127 0.147 0.172
0.105 0.061 0.061 0.061 0.070
(U) 0.127 0.119 0.116 0.123 0.100 0.127 0.119 0.116 0.123 0.100
(E) 0.240 0.250 0.242 0.225 0.203 0.077 0.085 0.080 0.080 0.071
0.091 0.092 0.084 0.083 0.077
0.072 0.073 0.078 0.062 0.055
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Fig.2  Scores of WPI in Ningxia from 2011 to 2015
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Fig.3 Scores of WPI in the cities of Ningxia from 2011 to 2015
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Fig.4 Water poverty spatial distribution contrast in Ningxia from 2011 to 2015
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Tab.3 Influencing factors for scores of WPI by geographic detector from 2011 to 2015

WPI

q

2011 2012 2013 2014 2015
(R) /mm 0.998 0.956 0.968 0.917 0.793
/mm 0.997 0.973 0.979 0.962 0.89%4
/m? 0.996 0.968 0.968 0.818 0.809
/m? 0.996 0.956 0.968 0.958 0.793
/m® 1 0.998 0.426 0.917 0.867
(A) /% 0.141 0.45 0.093 0.726 0.508
/m? 0.996 0.956 0.979 0.976 0.023
1% 0.996 0.956 0.968 0.818 0.793
/km * km 2 0.996 0.958 0.968 0.818 0.799
1% 0.997 0.192 0.123 0. 105 0.394
1% 0.997 0.295 0.979 0.891 0.89%4
(C) /% 0.142 0.079 0.096 0.418 0.529
/ 0.318 0.078 0.093 0.38 0.428
1% 0.392 0.502 0.221 0.05 0.047

1% 0.053 0.47 0.093 0.721 0.01
/ 0.997 0.973 0.093 0.38 0.809
/ 0.318 0.959 0.997 0.822 0.849
1% 0.996 0.998 0.971 0.086 0.565
/% 0.996 0.956 0.968 0.018 0.428

N 1% 0.053 0.197 0.093 0.256 0.01
(0 GDP /m? 0.377 0.417 0.38 0.42 0.564
/m? - ( ) ! 0.996 0.417 0.979 0.891 0.428
/m® 0.153 0.973 0.979 0.282 0.426
/m> * hm ™2 0. 066 0. 064 0.065 0.055 0.053
(E) /m? 0.318 0.411 0.409 0.739 0.435
/m? 0.376 0.079 0.096 0.418 0.529

/m® 0.996 0.956 0.968 0.818 0.01
/hm? 0.997 0.973 0.979 0.891 0.89%4
/hm? 0.376 0.4 0.38 0.309 0.445
/m? 0.207 0.963 0.123 0.818 0.867
1% 0.319 0.959 0.97 0.958 0.809

/m? 0.396 0.417 0.439 0.998 0.99
() ! 0.996 0.958 0.997 0.818 0.799
/t ¢ hm? 0.141 0.078 0.093 0.38 0.428
\ . . (3) q

7 ( 5.
N N g >0.5 6
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Fig.5 The regional differentiation of water poverty index determination’s ¢ value in Ningxia
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Measurement and analysis of spatial-temporal differentiation

of water poverty in Ningxia based on WPI-geodetector

LIU Xiaopeng' °  WANG Ke’*  YE Junyan'  WEN Sheng-giang'
(1 School of Resources and Environment Ningxia University Yinchuan 750021 Ningxia China;
2 School of Resources and Environment Lanzhou University Lanzhou 730000 Gansu China;
3 China-Arab Joint International Research Laboratory for Featured Resources and Environmental Governance in Arid Regions of

Ministry of Education of the People’s Republic of China Ningxia University Yinchuan 750021 Ningxia China)

Abstract:  Water poverty has been the focus issue in northwest China for a long time. Taking Ningxia as the study
area in this study the regional water poverty levels were calculated from 2011 to 2015 using the WPI model based
on the built evaluation index system of water poverty. The key factors causing the differentiation of water poverty
were analyzed by using WPI-Geodetector to reveal the mechanism of water poverty and to give the regional types of
water poverty. The results showed as follows: (1) The spatial-temporal variation of water poverty index was signifi—
cant. Ningxia’s WPI value was increased from 0.393 in 2011 to 0.404 in 2015 which indicated an overall slow im—
provement trend while its regional gap became magnified. (2) The spatial4emporal variation of the leading factors
in water poverty was obvious. From the target perspective the resource system had the biggest impact on water pov—
erty in Ningxia while its weight was getting smaller. The weight of the environmental system was increasing. The
weight of the utilization system was the least. From the index perspective the ¢ value of annual precipitation and
other 10 indicators was always above 0. 8. However the weights of 7 indicators s including annual runoff depth on
the Ningxia water poverty were declining. In the regions’ point of view there were 6 indicators in determining water
poverty index differentiation with the ¢ value greater than 0.5 for Yinchuan which suggested an urgent need to im—
prove the water-use efficiency reduce water pressure and to allocate reasonably the ecological water utilization. For
Shizuishan City there were 11 indicators with the q value greater than 0.5 which objectively indicated the contra—
diction in the transformation process of the resource-based region. For Wuzhong City there were also 13 indicators
with the ¢ value greater than 0.5 which suggested something needs to be done to enhance water-use efficiency wa-—
ter-use management and to improve the planning and coordination of water resources. For Guyuan City there were 4
indicators with the q value being more than 0.5 which suggested a focus on improving water-use facilities and con—
trolling pollution. For Zhongwei City there were 15 indicators with the ¢ value being more than 0.5 which indicated
the efficiency of water use and facilities should be improved. (3) Water poverty regional types were classified. Sha—
ring the sane background of water resources constraints the study area were divided into 3 types including the path—
way ( facility level) constrained area the capacity-utilization ( water management andwater efficiency) constrained
area and the environment ( water-use pressure-ecological environment) constrained area.

Key words: water poverty; spatial4emporal differentiation; leading factors; WPI-Geodetector



