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Fuzzy comprehensive evaluation of water security in Zhengzhou City

ZHANG Hua-giao' DOU Ming' ZHAO Hui’ ZHENG Bao-giang'
1. College of Water Conservancy and Environment Zhengzhou University — Zhengzhou 450002 China 2. Water
Resources Management Center ~ Ministry of Water Resources Beijing 100053  China

Abstract Based on the current status of water safety in Zhengzhou the water supply and demand security water
environment security socio-economic security and disaster prevention and control security are proposed as the system
criteria for water security evaluation. The representative indicators were selected to construct a water security evaluation
index system and a comprehensive evaluation of the water security status of Zhengzhou was conducted using the fuzzy
mathematical method. Evaluation results showed that water supply and demand security was low in 2000 and 2005

disaster prevention and control security showed significant changes and a certain randomness and environmental and
socio-economic security stayed at a stable level. The water safety was basically in a critical state in 2000 and was above

the basic security status in 2005.
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1.2

1.3

1 4
Cu m’ <250 500 ~ 250 750 ~ 500 1000 ~ 750 =1000 0.361
Cp m > 300 200 ~ 300 100 ~ 200 50 ~ 100 <50 0.074
Cps % <20 20 ~ 40 40 ~ 60 60 ~ 70 >70 0.246
Cu % > 80 70 ~ 80 60 ~ 70 50 ~ 60 <50 0.152
Cs % <30 30~ 50 50 ~ 70 70 ~ 90 90 ~ 100 0.054
Cis % > 60 40 ~ 60 30 ~ 40 20 ~ 30 20~0 0.113
Cy kg -1 > 250 200 ~ 250 150 ~ 200 100 ~ 150 <100 0.192
Cyn % <30 30 ~ 40 40 ~ 60 60 ~ 80 80 ~ 100 0.215
Co t >80 60 ~ 80 50 ~ 60 30~50 <30 0.325
Coy % <20 20~ 30 30 ~40 40 ~ 60 > 60 0.118
Cys % <10 10~ 15 15~20 20 ~ 25 >25 0.055
Coy % <15 15~20 20 ~ 25 25 ~30 > 30 0.094
Cy % <85 85~90 90 ~ 95 95 ~98 98 ~ 100 0.258
Cs % >30 20 ~ 30 10~20 3~10 <3 0.102
Cy; % > 30 15~30 10~ 15 5~10 <5 0.056
Cy % <1 1~2 2~3 3~5 5~10 0.094
Css <0.3 0.3~0.4 0.4~0.6 0.6~0.8 0.8~1 0.181
Cs 1 2 3 4 5 0.211
Cy % <20 20 ~ 25 25 ~30 30 ~40 > 40 0.098
Cy % >5 3~5 1~3 <1 0 0.130
Cyp % > 40 35~40 30~35 20 ~ 30 <20 0.372
Cy % <70 70 ~ 75 75 ~ 85 85~90 >90 0.266
Cy % <60 60 ~ 70 70 ~ 80 80 ~90 >90 0.158
Cys % <3 3~5 5~8 8§~12 >12 0.073
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w= 0.413 0.187 0.292 0.108



1 2000 2005

2
R 3
OR. O Ori ris0d 2 w; =
R = B:'%Ri = éj DE 1 0.361 0.074 0.246 0.152 0.054 0.113 w, =
UR; U Ur;y risU 0.192 0.215 0.325 0.118 0.055 0.094 w; =
0.258 0.102 0.056 0.094 0.181 0.211 0.098 w,
= 0.130 0.372 0.266 0.158 0.073 2
v 2 o, 5 2000 2005
=1
@; R; v 0.4362 0.1356 0.1298 0.1276 0.1697(
. [D.0000 0.0765 0.5277 0.3948 0.00000
' %).0000 0.0000 0.1147 0.5048 0.38055
0.0000 0.0000 0.8006 0.1984 0.0000"
C=WxV 3
c W .4362 0.0768 0.0162 0.2689 0.2020
o w=12345 “ - v - Eb.oooo 0.0365 0.3925 0.5249 0.0451
- " £0.0000 0.0000 0.0098 0.4361 0.5541
10.0292 0.0438 0.5050 0.3114 0.1096
w= 0.413 0.187 0.292 0.108 2
2
2000 2005 Vi = 0.1802 0.0703 0.2722 0.2954 0.1812
V) = 0.1833 0.0433 0.1375 0.3702 0.2655
2000 2005 4
7 3
3
2000 2005
Cu 0.80 0.20 00 0 Cs, 0.63 0.37 000 Cy 0.80 0.200 0 0 Cy 0000 1.00
Cp 00.26 0.74 0 0 Cs 00.230.7700 Cp 000.020.980 Cs 0000.64 0.36
Cps 000 0.31 0.69 Cy 0.50 0.50 0 0 0 Cp 0000.19 0.81 Cy 0000.12 0.88
Ciy 0.97 0.03 000 Cy 0000.080.92 Cy 0.97 0.03000 Cy 0000.8 0.15
Cis 000.050.9 0 Css 0.55045000 Cis 000 0.950.05 Css 00 0 0.50 0.50
Cis 00.350.6400 Cy 00.330.6200 Ci 000.130.870 Cy 000 0.5 0.50
Cy 00.09 09100 Cy 000.10 0.90 0 Cy 00.190.8100 Cy 000.10 0.90 0
Cy 000.250.750 Cy 00.250.7500 Cy 0001.000 Cy 00 0 0.40 0.60
Co 00 0.50 0.50 0 Cyp 0000.75 0.25 Cy 00 0.40 0.60 O Cyp 001.0000
Coy 00 0.50 0.50 0 Cy 000 0.80 0.20 Cy 000.59 0.41 0 Cy 00 0.50 0.50 0
Cos 000.78 0.22 0 Cy 000.820.180 Cos 000.680.320 Cy 00 00.800.20
Cy 00.63 03700 Cys 000.020.980 Cys 0000.520.48 Cys 0.40 0.60 0 0 0
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Cc? 2.456 3.315 4.266 3.195

_.
1

C% = 2.724 3.576 4.544 3.425
(ﬂ = 3.225 C% = 3.490
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