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Water security evaluation based on improved fuzzy
matter-element model

DU Xiang-run'* ,FENG Min-quan',ZHANG Jian-long”
(1 Northwest Key Laboratory of Water Resource and Environment Ecology of Ministry of Education ,Xi’an University of Technology s

Xi’an,Shaanxi 710048 ,China ;2 Shanxi Province Water Conservancy Construction and Development Centers , Taiyuan,Shanxi 030002, China)

Abstract:[Objective] This study proposed an improved fuzzy matter-element model to support the ef-
fective evaluation of regional water safety. [Method] A total of 14 indicators including per capita water re-
sources,water resources per unit area,surface water level, groundwater utilization degree, million yuan of
industrial added value of water, agricultural water quota, comprehensive water use per capita, industrial
wastewater discharge rate,ratio of water with level [V and above,ratio of flooded area,ratio of drought are-
a,water storage per unit area of storage projects,ratio of embankment protected cultivated land,and ratio
of irrigation area were selected to evaluate water safety in Taiyuan,Datong, Yangquan,Changzhi, Jincheng,
Shuozhou, Xinzhou, Liiliang , Jinzhong, Linfen,and Yuncheng in Shanxi province. [Result] Based on the im-
proved fuzzy matter-element model, water effective evaluation showed that Shanxi province was unsafe for

water utilization with comprehensive evaluation value of 1. 950 3. Jinzhong, Yangquan, Changzhi, Xinzhou
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and Jincheng belonged to critical safety areas with comprehensive evaluation values of 2. 178 9,2. 138 1,

2.121 1,2.102 4 and 2. 088 2, respectively. Taiyuan, Yuncheng, Liiliang, Linfen, Shuozhou and Datong be-

longed to unsafe areas with comprehensive evaluation values of 1. 869 1,1.825 9,1.816 9,1.796 2,1.769 7

and 1. 746 3,respectively. [Conclusion) The improved fuzzy matter-element model based water effective e-

valuation was generally consistent with the water resources status. The model can provide guidance for de-

velopment and utilization of regional water resources.

Key words: water security evaluation;entropy weight;{fuzzy matter-element model; Shanxi Province
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Table 1 Water security evaluation indexes in Shanxi
bt YN KA PH 5% Kif H I M M B Hip I 53 B
Index Taiyuan  Datong  Yangquan Changzhi Jincheng Shuozhou Xinzhou  Liiliang  Jinzhong Linfen  Yuncheng
E JEE(r1)/ 3
}\ﬂjm?@ﬁi(“)' 5 m?) 0.013 0.026 0.032 0.037 0.054 0.042 0. 064 0.035 0.037 0.036 0.027
Per capita water resources
LA TR LK R TR () /
3 4 2
Uz m* « hm™?) . 0.078 0. 060 0.097 0.088 0.132 0.067 0.078 0.062 0.074 0.076 0.096
Water resources quantity
per unit area
WFRAFHEE (2 /%
Surface water utilization 77.4 38.2 16.2 21.7 18.9 48.1 21.8 26.7 29.4 23.9 85.8
degree
HF KRR (20 /%
Groundwater water utilization ~ 66. 4 54.4 14.3 32.5 29.8 42.4 28.2 31.8 61.9 64. 6 81.5
degree
Tl 75 T 3 fE oK &=
Y/ m3
{z5) /m . . 0 40.9 29.9 24.6 40.7 31.2 32.4 18.6 27.7 25.8 50. 1
Water consumption per unit
industrial added value
Fel K LR 2 i () /
3, 2
(m . hm™*) . 1195.5 2 706.0 4 308.0 3529.5 3 751.5 2973.0 4083.0 2 983.5 3 861.0 1099.5 1 033.5
Agricultural comprehensive
water quota
; ) /md
MK (7 )./m . 181.2 179.0 135.4 163.6 207.9 296.7 224.9 155.2 223.5 189.4 313.2
Water consumption per capita
Tk B Ak Ab B HE A R R
/0
{zs), A 25.6 31.2 36. 4 22.1 35.8 29.8 30.5 23.9 32.7 28.4 27.6
Industrial wastewater
discharge compliance rate
VLA LK B 5 of BT K
Y/
b o)/ 70 81.8 74.8 66.9 85.6 47.9 68.9 67.3 82.3 68.9 74.6 75.8

Ratio of class IV above
water level
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453% 1 Continued table 1
Bt KR KA tiF73 Kif HH M M B Hip i 53 B
Index Taiyuan Datong  Yangquan Changzhi Jincheng Shuozhou Xinzhou  Liiliang  Jinzhong Linfen  Yuncheng
K2R TRE () %
BORSZX AR (o) /%4 0.13 0.13 0.04 0.25 2.09 6.75 0.02 0.07 0.07 0.02 9.82
Ratio of flooded area
Y=o % /0
FRSEREBUR (o) /2 2.67 5.21 5.57 0.33 10.76 14.86 2.85 2. 44 3.13 7.92 18.18
Ratio of drought area
TR E K TR AR A
(212)/(X10* m® « km—?) 13.13 5.56 1.58 7.60 7.85 1.78 0.94 2,44 1. 32 2.29 1.33
Water storage per unit area
BB B R OR
(x13)/ % 5.27 2. 64 0.48 0.37 0.05 0.51 4. 44 0.95 3. 36 1.13 6.97
Ratio of cultivated land area
i3 1% /Y
MK (o) / 6 7.43 9.24 1.88 5. 45 4,32 12.32 5. 14 4,59 8. 89 7.03 26.06

Ratio of irrigation area

TE A8 AR B R IR T 2011 41175 2 K BE P LK SRR i KR GE T A S I GE T AR S sl AR G BRI RS 2

Note:Data were collected {rom the 2011 Shanxi water resources assessment,water resources bulletin, water conservancy statistics and sta-

tistical yearbook,or were calculated according to obtained data.

B PR R AR K 22 4V 25 Gbs 1R 3 D A
CL 9 AR A CZ0 i 224 ClIZO frde 4
(VGO NG ABETER T 1~4 bR R
K B 4 5 G K A5 45 AR A R 5 9 IXCJE] AT R AL R
(0,1],(1,2],(2,3],(3.,4],

)W E AL R B RE GBI OC . X &4

T8 b5 E AT B oAb A B St 48 A 3R A CR /N
A B 1 IE 48 B RIS R 6 fI 2D 43 591 R F 2 30 (2)
MO HATIH— b3, RIS ~AD IR &4
s B4 DA K T8 B T DA O A ST SR B R A A
DIVl 1017 o o N PR = 7SI i O B
KGRV I 5B ORI 0 A L ZE R ANT

T MAR%A Rut KR%A %4
T, 1.0000 0.0000 0.000 0 0.000 O
Xy 0.500 0 0.500 0 0.000 0 0.000 0
o 0.0300 0.0189 0.198 6 0.752 3
Z, 0.0050 0.010 8 0.442 5 0.541 7
xTs 0.306 0 0.6280 0.0431 0.022 9
X 0.001 6 0.0289 0.0682 0.901 3
R, = | x; 0.4632 0.5068 0.0189 0.0111],
- ZTs 0.556 3 0.424 8 0.010 2 0.008 7
X 0.0058 0.028 9 0.204 1 0.761 2
T 1.000 0O 0.000 0 0.000 0 0.000 0
xn 0.803 2 0.1354 0.045 3 0.016 1
3D 0.004 9 0.426 5 0.551 8 0.016 8
X3 0.000 0 0.0000 0.5000 0.500 0
Rar 0.561 4 0.4109 0.019 8 0.007 9

3V HRETE AR bR BB R K. AR 25 435 e 11 462
W TR 4 20 (13) T 35045 4F B 4% D 48 A 19 15
SRE 15 b X O TR 8 R B 20 WA AL 32

WL B WA HE AR 25 5 1907 vk i sX (15) 15 3 & 8 AR
A RE., THRATRILE 2,

K2 LAEKZEENERPFZITINEREENENTESER
Table 2 Calculation of comprehensive index weights in Shanxi water system safety assessment

F8 1 Index X X2 X3 Xy x5 X6 x7

YN
< (/T‘nfyﬁ . 0.060 8 0.047 9 0.054 3 0.033 4 0.011 6 0.008 6 0.0157
Comprehensive weight

b7 Index x zg £ T 12 13 ESY

AR

g AUR 0.043 7 0.038 3 0.285 1 0.102 3 0.100 2 0.1251 0.073 1

Comprehensive weight

AW I R A S BRI W O B W E S 2R A TR .

AT R R A WOV AR B S5 0 VR A A 1 A R



% 8 3

A 1 0 o S5 < T AR RSO ) O AR R Y K 22 A I T Y

227

) TR A T7 S A W 4, BRIVl 45 2 SC I 8 &2 5

R :[
o k

i WAL ANEE IWREE  "E GHRIFMERE]
KA 0.5548 0.2206 0.1481 0.0765 1.746 3
FHHE  0.1985 0.5663 0.1338 0.101 4 2.138 1
K 0.2112 0.5587 0.1279  0.102 2 2.121 1
g 0.2282  0.5528  0.1216  0.097 4 2.088 2
R, = | 0.6019 0.1447 0.1352 0.1182 1.769 7
N M 0.2333  0.5047 0.1163  0.109 7 2.102 4
B 0.5216 0.2437 0.1309 0.10338 1.816 9
Hoo0.1898 0.5601 0.1315 0.118 6 2.178 9
W% 0.5916 0.1522 0.1246 0.1316 1.796 2
Lz¥k  0.5303  0.2185 0.1462 0.1050 1.825 9

0.584 1
PL T~4 bR BE VL 78 07K % 42 55 bR i Sl

WAL a ANEa

B P oC . 45 R T

0.107 3

0.164 0

7S N 7S

0.144 6

)
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2.178 95 /NS KA T 2 1. 746 3, Ho4ax T 25
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i
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2.102 41 2. 088 2, 3 $8 4 [X [ 7K % 4 T F5 A X 4%
U s KIFTT 2 T . BRI ¥ T L N T A K )
Mg TAZ AKX, GG N (E 508 1. 869 1,
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