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Spatial equilibrium evaluation model of urban water resources and its application under territorial spatial planning
system//YANG Rongxue', WANG Feng', WANG Hongrui', LIU Yixin', LI Yiyang', JIANG Xin', SUN Ximing’
(1. College of Water Sciences, Beijing Normal University, Beijing 100875 ,China; 2. Ji'nan Water Conservancy Engineering
Service Center, Jinan 250099, China)

Abstract: This paper constructed a spatial equilibrium evaluation model of water resources combined with the relationship
between supply side and demand side. Based on the quantitative evaluation and analysis of the state and change process of
water resources spatial equilibrium level by the five-element connection number, the evaluation model of water resources
spatial equilibrium is constructed, and the evaluation system of water resources spatial equilibrium including 12 evaluation
indicators of the supply subsystem and the demand subsystem is established. Then, the development trend and influencing
factors leading to the change of water resources spatial equilibrium level are diagnosed and analyzed by the subtraction set
pairs. Applying the model to 11 counties and districts in Ulanqab City, the study shows that the spatial balance level of
water resources has been improved from 2011 to 2020 in 6 counties and 5 counties,among which Jining District has been in
a low level of equilibrium. From 2011 to 2020, the overall level of spatial balance of water resources in Ulanqab City has
shown a trend of improvement year by year. In the level of supply subsystem in 2020, Jining District is in a counter trend
state, while Huade County and Shangdu County are in a counter trend state. At the demand subsystem level, only Jining
District is in a negative state. The vulnerability indicators of Ulanqgab City are water resources per capita and water demand
load of ecological environment.

Key words: water resources spatial equilibrium; territorial spatial planning; relationship of supply and demand; five-

element connection number; subtraction set pairs; Ulanqgab City
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Fig. 1 Flow chart of water resources spatial equilibrium

evaluation model
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Table 1 Water resources spatial equilibrium evaluation indicators and evaluation grades

PEM SR
T&ES i EiEtan A J&PE

K B KT HR K AR AR
AR R m’ E >2000 >1500~2000 >1000~1500 >500~1000 <500
WA T 2 5 PNCEIECY & 7w’ E i >600 >450 ~ 600 >300 ~450 >150 ~300 <150
i KBTI AR % fi]a) <40 40 ~ <60 60 ~ <80 80 ~ <100 =100
T K TF K % 1 1] <55 55 ~ <70 70 ~ <85 85 ~ <100 =100

WL % 1] <40 40 ~ <55 55 ~ <70 70 ~ <85 =85
NEE:3i A/ km? ] <100 100 ~ <400 400 ~ <700 700 ~ <1000  =1000

Y H A K & L 1] <80 80 ~ <120 120 ~ <160 160 ~ <200 =200

. Ji7C GDP Jilk m’ pdo| <30 30 ~ <70 70 ~ <110 110 ~ <150 =150

RRTRE J7 76 Tk B8 i fE 7K = m’ 1] <10 10 ~ <20 20 ~ <30 30 ~ <40 =40
A FH T I 2 m®/hm? | <100 100 ~ <150 150 ~ <200 200 ~ <250 =250

IR L L 5] % 7] <20 20 ~ <30 30 ~ <40 40 ~ <50 =50

HE IS IRBE R K A A % 1E [ >10 >7~10 >4 ~7 >1~4 <l
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Table 2 Weights of water resources spatial equilibrium

evaluation indicators
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iR 7K IT R R 0.412 0.157 0.271  0.136
Wb 0.098 0.051 0.037  0.018
PNk 0.113 0.273 0.245  0.122
A AR KR 0.060 0.039 0.020  0.010
Ji 76 GDP kit 0.156 0.068 0.086  0.043
T3 T e k& 0.208 0.204 0.334  0.167
o T P o 5 0.135 0.093 0.091  0.046
7K e b L i) 0.173 0.075 0.096  0.048
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Table 3 Results of water resources spatial equilibrium evaluation in 2020

L ST hy hy hs hy hs 37
HETX 0.060 0.283 0.311 0.311 1 K - 4 47
4] 0.327 0.647 0.871 0.891 1 5 1 K S ¥ Al
FGTH 0.678 0.781 0.903 0.953 1 K OEH
fhiEl 0.322 0.470 0.711 0.895 1 rh & K S 341
AR 0.335 0.446 0.810 0.934 1 rh 45K ST 241
M 0.442 0.613 0.889 0.959 1 5 K S Al
HE 0.618 0.705 0.785 0.833 1 7K S
BEWE SR A 3L 0.335 0.661 0.827 0.938 1 B i K i
BEW IR A 3L e 0.673 0.755 0.954 0.954 1 K Sy 1l
LM IR A 3 0.170 0.508 0.825 0.876 1 Hp A K S 357 4
VY- 0.681 0.869 0.921 0.951 1 K Sy
1922 BT 0.392 0.635 0.888 0.999 1 i AT i
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Table 4 Subtraction set pair analysis results of water

resources spatial equilibrium evaluation of Ulanqab
City from 2011 to 2020
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2011 H 3 H3
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2017 1= i [ A [ A
2018 BE:] [F] 34 [
2019 [F] 4 [F] A [F] A
2020 [F5] Ji7) EE:
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of Ulangab City from 2011 to 2020
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Table 5 Analysis results of the subtraction set pairs

for each unit water resources spatial equilibrium

evaluation of Ulanqab City in 2020
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