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Evaluation research of water resources shortage risk based on
improved information diffusion theory
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(1. Key Laboratory of Northwest Water Resource and Environment Ecology of Ministry of Education, Xi’ an University of Technology, Xi’ an,
Shaanxi 710048, China; 2. Water conservancy construction and development centers of Shanxi Province, Taiyuan, Shanxi 030002, China)

Abstract: In order to effectively evaluate the risk condition of water resources shortage, using the improved informa-
tion diffusion theory to determine the risk evaluatiog degrees, selected 23 evaluatiog indexes, based on the fuzzy compre-
hensive evaluation model, carried out the evaluation research of water resource shortage risk for the Shanxi Province. The
results showed that: The risk vectors of Taiyuan, Yangquan, Xinzhou, Jinzhong and whole Shanxi Province were
0.4461.0.5189.0.4258.0.4019 and 0.3685 respectively, the risk grade was third level which belonged medium risk
level . The risk vectors of Changzhi and Jincheng were 0.3896 and 0.3914 which belonged lower risk level. The risk vec-
tors of Datong, Shuozhou, Luliang, Linfen and Yuncheng were 0.4818.0.4865.0.4576.0.4082 and 0.4597 respective-
ly, the risk grade was fourth level which belonged higher risk level. The model evaluation results were basically consis-
tent with the local real situation of the water resources development and utilization, it can be provided the guidance for
the exploitation and utilization of regional water resources.

Keywords: shortage of water resources; risk assessment; risk grade; information diffusion theory; fuzzy compre-

hensive evaluation
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Table 1 Water resources shortage risk assessment index and basic data
R J— KECORR BB KA WSRO WM M BR O WR W sn
Target Criterion Rz ) Taiyuan  Datong Yangquan Changzhi Jincheng Shuozhou Xinzhou Luliang Jinzhong Linfen Yuncheng
ke 2 e B 3. -1
)\ﬂjﬂ(%/fﬁi/(IOAm A )0.0129 0.0256 0.0319 0.0368 0.0542 0.0415 0.0636 0.0348 0.0372 0.0357 0.0267
Per capita water resources
129 ZR B Runoff coefficient  0.0571  0.0917  0.2196 0.1200 0.1821 0.0824 0.1041 0.0873 0.0982 0.1257 0.0961
e 1% e Ny
/J\ﬁfﬁ . ;"—7](,%%;5& . 0.1677 0.1426 0.1837 0.1529 0.2099 0.1647 0.1632 0.1244 0.1461 0.1421 0.1893
F&R% Water producing coefficient
Water I .
eSOUTCes FF54L Drought index 2.50 3.50 2.00 1.80 1.80 3.20 3.50 3.00 2.00 3.50 3.50
subsystem I ke v B 3. -2
ABUKGEI L/ (10" nr hm )0.0781 0.0603 0.0966 0.0885 0.1322 0.0669 0.0777 0.0619 0.0740 0.0764 0.0965
Water resources quantity
, 7kﬁltﬁ‘}:/% 10.20 26.52 15.80 10.25 15.62  20.33 18.47 12.35 14.18 10.22 10.03
Water quality compliance rate
B2 i . -2
}\H&Jx/FﬁA hm ) 0.0608 0.0236  0.0303 0.0241 0.0244 0.0161 0.0122 0.0178 0.0199 0.0214 0.0361
Population density
ok Lﬂf:ﬁjthﬁ/% 4491 48.69 59.46 68.25 67.19 56.56 54.05 71.24 57.00 62.61 44.34
Lz Proportion of industrial
‘«ﬁ;%
5 [ R A 7 SMERE (T JE - km=2)
The social Mot of GDP 2585 494 951 724 867 629 210 431 449 418 563
and economic R R s
subsystem - HOKBEL/(10 -k ™2) 1 94 4y 534 44 52 482 2.6 3.03 450 419 10.9
Water requirement modulus
oI5 =3 3. -1
ijn CDPfﬁﬂ(;/(mA HJ,E >41.38 84.73 43.19 56.10 54.21 73.11 122.51  63.05 96.80 91.46 192.59
IX 45k Water consumption unit of GDP
i K TR (10° k=)
b = 13.13 5.56 1.58 7.60 7.85 1.78 0.94 2.44 4.32 2.29 1.33
Bl Storage modulus
54 3 L
Water 7K(E{%T‘J%/% 16.77 14.26  18.37 15.29 20.99 16.47 16.32 12.44 14.61 14.21 18.93
Water retention rate
shortage
risk T fi Atk /(3 A -]
7Kﬁ{ﬁ AIPOKE/ (- A1) 181 179 135 164 208 297 225 155 223 189 313
5'7?1”/\ Amount of water supply
KT FRGE
iy @ 3 ¢l — 2
Water PORBUR/Q0 -k ™2) 4 00 418 401 406 40 460 257 2.2 435 383 10.84
reserves Modulus of water supply
and water "
2% /0
supply ,LJK?//E 1.3691 0.6932 0.4249 0.4589 0.3555 0.6875 0.3310 0.4394 0.5869 0.5007 1.1238
subsystem Water supply rate
(ﬁ({%}i/% 37.55  35.65 16.05 22.58 23.10 40.51 20.73 23.64 41.62 30.05 63.10
Irrigation rate
N =, 3
qﬂ~j77k&5§/()L m~3) 0.7637 1.5789 2.1457 1.2141 1.2652 1.3443 0.9243 2.0338 1.8535 1.48386 0.8827
Average investment
7kd§jjjﬁ‘j_/% 41.5 35.5 42.1 41.6 43.7 40.8 40.2 42.8 41.5 35.2 32.1
Water source compliance rate
YKL/ % 36.44 1450 1595 2792 26.65 1430 234  16.08 543  0.60 4.45
HEASER Wastewater reuse rate
BFRGE - 2%
Feological HEBIABIKA % 12.74 3.9  10.91 4.0 3.9 1.4l 634 10.25 4.19 4.2 0.32
. Eco-water consumption rate
environment
subsystem Je SV A4 o
TSR % 63.29 4670 49.50 44.43  42.69 38.98 30.82 3876 38.06 45.78 4224
Sewage runoff ratio
YEAA Y /0
LA EELL/ % 0.20 0.32 0.25 0.28 0.25 0.25 0.25 0.25 0.25 0.25 0.38

Industrial sewage runoff ratio
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Table 2 Classification standard of risk evaluation index for water resources shortage

B 5 1% 29 3% 4% 5%
Index Serial number Grade one Grade two Grade three Grade four Grade five
4 W:/‘FL ¢ 3, -1
}\g*"‘*fi/t('o m’ = A7) all 0~0.12 0.12~0.37  0.37~0.62  0.62~0.80 0.80~ 1
er capl a water resources
123 230 Runoff coefficient al2 0~0.19 0.19~0.42 0.42~0.65 0.65~0.82 0.82~1
KZE
Water pi;jfg"foefﬁcm al3 0~0.15 0.15~0.37 0.37~0.62 0.62~0.85 0.85~1
FEF8%L Drought index al4 0~0.35 0.35~0.56 0.56~0.74 0.74~0.89 0.89~1
IR 4 3 e hm - 2
At"‘;kt"ﬁi/“o m S‘tm ) al5 0~0.46 0.46 ~0.64 0.64~0.76 0.76~0.81 0.81~1
ater resources quan 1 y
BN
Wmerﬁigﬁﬁﬁm e al6 0~0.12 0.12~0.42 0.42~0.61 0.61~0.85 0.85~1
PR . -2
Auﬁ%fﬁj\ ﬁm ) a2l 0~0.23 0.23~0.58 0.58~0.76 0.76 ~0.92 0.92~1
0pU ation en51y
- DAY
Pr:i%zn%ttﬁéﬁal a22 0~0.33 0.33~0.64 0.64~0.79 0.79~0.88 0.88~1
: v o (R L
Eiﬁﬁ{ffﬁﬁf/égm kan™*) a23 0~0.52 0.52~0.67 0.67~0.84 0.84~0.95 0.95~1
oqaulus ol
ke AR 3.1, -2
@7{@%’&((10“'? 1;“1 ) a24 0~0.18 0.18~0.47 0.47~0.66 0.66~0.81 0.81~1
aler reqmremen modulus
. = 3, -1
ﬁvé'“tGDP%k?/(m.t 77;2“])1,) 25 0~0.24 0.24~0.51 0.51~0.73 0.73~0.86 0.86~1
ater COHSUHlp 10n unit ol
oS 1R 4 3 -2
E/KIE*’E‘@/(E)I‘“ k%) a3l 0~0.46 0.46~0.62 0.62~0.81 0.81~0.90 0.90~1
orage modulus
N [m} j:; 3
Wateﬁfﬁifrﬁn e a32 0~0.33 0.33~0.64 0.64~0.79 0.79~0.88 0.88~1
Ak B 3, h -1
jf%‘?(f/(tm }\1 ) a33 0~0.22 0.22~0.43 0.47~0.66 0.66~0.83 0.83~1
mount of water supply
(ke A R 3.1, -2
1"1\2&:&‘?&/;10‘1“1 kml ) a34 0~0.18 0.18~0.47 0.43~0.61 0.61~0.82 0.82~1
ulus or water Suppy
7K # Water supply rate/ % a35 0~0.26 0.26~0.45 0.45~0.66 0.66~0.85 0.85~1
HEMEH Tirigation rate/ % a36 0~0.44 0.44~0.63 0.63~0.75 0.75~0.87 0.87~1
¥ /(G m™?
$7‘Z7J0&J7/(7tﬁ mt ) a37 0~0.46 0.46~0.62 0.62~0.81 0.81~0.90 0.90~ 1
verage mvestment
BN e
Wate:iﬁ:fﬁ)lﬁce e adl 0~0.12 0.12~0.42 0.42~0.61 0.61~0.81 0.81~1
b= /0
Wﬁzkiﬁi;fm ad2 0~0.56 0.56~0.67 0.67~0.83 0.83~0.92 0.92~1
Slewe
‘75 \ﬁ %
chwaz;iﬂ;ﬁ;zw 43 0~0.68 0.68~0.75 0.75~0.84 0.84~0.93 0.93~1
YL VE 4 A
Siifrﬁ(i?/rﬁo add 0~0.23 0.23~0.58 0.58~0.76 0.76~0.85 0.85~1
N3 0
Lol Tt % a5 0~0.34 0.34~0.52 0.52~0.71 0.71~0.89 0.89~1

Industrial sewage runoff ratio
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Table 3 The weight coefficient of each evaluation index

%5 Serial number all al2 al3 al4 al5 al6 a2l a22 a23 a24 a25 a3l
AFE Weight 0.0238 0.1681 0.1047 0.0145 0.0050 0.0751 0.0046 0.0037 0.0033 0.0038 0.0093 0.1004
J¥5 Serial number a32 a33 a34 a35 a36 a37 a4l ad2 a43 ad4 ad5

AL IE Weight 0.0016 0.0731 0.0122 0.0049 0.0311 0.0189 0.0066 0.0020 0.0061 0.2521 0.0751
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Table 4 The grade level standard of water resources shortage risk assessment

PP 5% Evaluation grade

KU 53 Risk level

JUSEFAE Risk characteristics

1 %% Grade one
2 % Grade two
3 % Grade three
4 %% Grade four
5 %% Grade five

IRJRUES: Low risk
BRI Tower risk
RS Medium risk
L5 RS Higher risk

= KUK High risk

AT DLW XU Risk can be ignored
AT A% 3Z 9 AUES: Risk can be accepted
A Marginal risk
AT EEZ XS Unacceptable risk
JE7E K Catastrophe risk

®5 BHEMSSTNEETESR

Table 5 Calculating table of fuzzy comprehensive evaluation vector for each region and city

HETHF The city 1% 2 3 3% 4 i3 5 éﬂ'g ﬂ%ﬁéﬁﬁ%
Grade one Grade two Grade three Grade four Grade five Membership results
KJE Taiyuan 0.0695 0.1103 0.4461 0.2015 0.1726 3 %% Grade three
KA Datong 0.0349 0.0623 0.2969 0.4818 0.1241 4 %% Grade four
FH4R Yangquan 0.0647 0.2246 0.5189 0.1087 0.0831 3 4% Grade three
K3 Changzhi 0.1062 0.3896 0.3721 0.1058 0.0263 2 %% Grade two
YK Jincheng 0.1176 0.3914 0.3698 0.0984 0.0228 2 %% Grade two
$HH Shuozhou 0.0193 0.0625 0.3233 0.4865 0.1084 4 9% Grade four
i M Xinzhou 0.1088 0.2012 0.4258 0.1745 0.0897 3 %% Grade three
B % Luliang 0.0905 0.1176 0.2214 0.4576 0.1129 4 4% Grade four
' Jinzhong 0.0353 0.3206 0.4019 0.1548 0.0874 3 %% Grade three
¥ Linfen 0.0338 0.0669 0.3726 0.4082 0.1185 4 %% Grade four
iZ Yuncheng 0.0327 0.0819 0.3048 0.4597 0.1209 4 2% Grade four
444 Whole province 0.0648 0.1844 0.3685 0.2852 0.0970 34 Grade three
GAFIER KR AL ST KMk B4

BOK LR AEZSIREE T R G R R I 4 1)
JRURS: ), DRSS 45 G i i BB 3 5 VE A PR ). AR B
KSR IE BRI, th 28 5 n] LS A48 B RPN ] 2
0.3685, I AT HE M 7K 0 5 e XUBS: S 0l 3 9%, JB T
XU 7K - 5 436 A 300 55 K BF Y 1 2 43 31 ok
0.389671 03914, 1 I G 19 7K 5% U5 Jet il AU S5 9 hy 2
9, )8 TR Ko [l n] 7 o i X 4 2.
3 AP i) o BT A 22 /0N, U0 W 7K 05 e Bl DXL G
A 1) XU i 1o 7K ST 2 1 e s D L B SR A ]
B BRI ) 431 0.4461.,0.5189.,0.4258
F10.4019, fi W] RE MY 7K GE U Jo Bl XURS: S5 R 3 9%, )@

E L v G EEPNEIR P NS BN i g B R G ON

PO ] 12 43 54 0. 4818.,0.4865.0.4576.,0. 4082 Fl1
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