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Tablel The water shortage risk assessment index system

1/ 2/ 3 4 5/
W /10"’ + =0.60 [0.40,0.60) [0.20,0.40) [0.10,0.20) <010  [0.01,1.00]
W,/10'm’ km + =80.0 [60.0,80.0) [40.0,60.0) [20.0,40.0) <200  [10.0,100.0]
W, + =0.50 [0.40,0.50) [0.30,0.40) [0.20,0.30) <020  [0.10,0.60]
W% - <20.0 [20.0,30.0) [30.0,40.0) [40.0,50.0) =500  [1.18,60.0]
W% - <80.0 [80.0.90.0)  [90.0,100.0)  [100.0,120.0)  =120.0  [40.0,140.0]
E/ km? - <100.0  [100.0,200.0)  [200.0,300.0)  [300.0.400.0)  =400.0  [17.1,500.0]
EA% + =50.0 [40.0,50.0) [30.0,40.0) [20.0,30.0) <200  [10.0,60.0]
GDPEy -« - + =5.00 [4.00,5.00) [3.00,4.00) [2.00,3.00) <200  [1.00,6.00]
GDP E/m* 7 - <60.0 [60.0,80.0)  [80.0,120.0)  [120.0,200.0)  =200.0  [30.0,287]
Eo% + =60.0 [50.0,60.0) [40.0,50.0) [30.0,40.0) <300 [20.0,70.0]
R/0'm km™  + =8.00 [6.00,8.00) [4.00,6.00) [2.00,4.00) <200  [0.11,12.83]
Ro/10'm? - km™ + =7.00 [5.00,7.00) [3.00,5.00) [1.00,3.00) <100 [0.64,8.71]
Ry + =120 [0.80,1.20) [0.60,0.80) [0.40,0.60) <040  [0.18,1.62]
Ri/% + =200 [15.0,20.0) [10.0,15.0) [5.0,10.0) <5.0 [1.20,27.55]
Ro/% + =250 [20.0,25.0) [15.0,20.0) [10.0,15.0) <100 [5.2330.0]
$1/% + =80.0 [70.0,80.0) [60.0,70.0) [50.0,60.0) <500  [14.8,100.0]
S4% + =90.0 [80.0,90.0) [70.0,80.0) [60.0,70.0) <600  [50.0,100.0]
Sy% + =4.00 [3.00,4.00) [2.00,3.00) [1.00,2.00) <1.00 [0,5.00]
SJ% + =90.0 [80.0,90.0) [70.0.80.0) [60.0,70.0) <600  [36.09,94.10]
S5% - <2.00 [2.00,3.00) [3.00,4.00) [4.00,5.00) =500  [0.51,7.34]
=" . , I .
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Table2 The characteristic parameters of the normal cloud model for water resources system
W/10'm’ W10'm’ - km™ W W 4% W%

1/ (0.7838,0.1836,0.001) (0.8841,0.0984,0.001) (0.8923,0.0915,0.001) (0.8400,0.1359,0.001)  (0.8000,0.1699.,0.001)
2/ (0.4595,0.0918,0.001) (0.6509,0.0997,0.001) (0.6865,0.0833,0.001) (0.5951,0.0722,0.001) (0.55,0.0425,0.001)
3 (0.2433,0.0918,0.001)  (0.4161,0.0997,0.001)  (0.4903,0.0833,0.001)  (0.4250,0.0722,0.001)  (0.45,0.0425.0.001)
4 / (0.0812,0.0459,0.001) (0.1813,0.0997,0.001) (0.2942,0.0833,0.001) (0.2550,0.0722,0.001) (0.30,0.0849,0.001)
5/ (0.0136,0.0115,0.001) (0.0319,0.0271,0.001) (0.0981,0.0833,0.001) (0.085,0.0722,0.001) (0.10,0.0849,0.001)

1 1 1
0.9 0.9 0.9
0.8 0.8 0.8
0.7 0.7 0.7
0.6 0.6 0.6
0.5 0.5 0.5
0.4 04 0.4
0.3 0.3 0.3
0.2 0.2 0.2
0.1 0.1 0.1
0 0 0
-02 0 02040608 1121416 -02 002040608 1 1214 -04-02 002040608 1 1.2
/10*m* /10*m*-km™
1
Fig.1 Water shortage risk assessment part index level cloud map
3 T 100,
3
M 110, [18-22.25-26]
3.1 4 M , Q(a)
, R 16 30 4 ,
(), 39x10%km?, L 3,
N N 6 , 3 4
1280mm, 2220x10°m’, Table3 The optimization results of the four algorithms on the
s N objective function
b b
) ’ 39510.355000 39510.355000 39510.355000 1.46E-11
N o
s s 38838.617000 38374.145000 38665.507636 1.30E+02
’ ’ 39497.874000 39487.151000 39492.13705  3.5005
39476.038000 39458.396000  39496.25655  4.9801
o ,2015
1 °
3.2 Q(@)30 ,
, N 39510.355000,
Q(a) o
T=100, =5, °
=11, ( YM= 3.3
x( + )=110, =0.15, () o
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Qa), ) 3) . V =0'U V=
o , w= [VI,VZ,"',VS ]
[0.0492,0.0554,0.0510,0.0475,0.0522,0.0515,0.0513,0.0506,
0.0504,0.0513,0.0433,0.0566,0.0507,0.0495,0.0512,0.04 (
16,0.0510,0.0519,0.0470,0.0470]., 2
2) : , ), 4,
) , U 4
0.00010.00000.00000.00450.73440.00000.9542 (1)
0.95860.95230.63510.49970.4998 0.9408 0.4999 L, o
0.00000.00000.21000.00780.5004 0.4796 ) ) )
0.00000.00000.02240.02010.02340.0011 0.1224 ) )
0.03010.04670.00420.00000.00620.0206 0.0000 , ,
0.00000.00000.84080.75000.10050.5298 ' o
0.02980.00800.9228 0.9081 0.00000.4061 0.0001 ) )
U =/0.00000.01100.00000.00000.00000.00000.0000 , )
0.01360.00000.01310.27930.00000.0023 ) o
0.20910.75410.14850.15970.0001 0.5983 0.0000 ) N
0.00000.0048 0.00000.00000.00000.0000 0.0000
0.84750.00000.0000 0.0004 0.00000.0000
0.49690.02290.0001 0.0001 0.00000.0034 0.0000 ) o
0.00000.00000.00000.00000.00000.0000 0.0000 ,
0.19470.98720.0000 0.00000.00000.0002 )

b [e] o

4 _ _

Table4 The water shortage risk evaluation results of the soccer league competition algorithm—projection pursuit—cloud model

1 2 3 4 5
0.3961 0.1266 0.1295 0.1417 0.0769 1 1 1
0.1841 0.2540 0.2933 0.1722 0.0910 3 2 2
0.1092 0.3418 0.2593 0.2725 0.0634 2 2 2
0.1286 0.2727 0.1954 0.2443 0.1785 2 2 2
0.1651 0.1406 0.3598 0.2029 0.1952 3 3 3
0.1558 0.2727 0.2379 0.2805 0.1095 4 3 4
0.1894 0.1771 0.2184 0.2177 0.2163 3 3 3
0.0871 0.2290 0.2617 0.2477 0.2364 3 3 3
0.2298 0.2629 0.1469 0.2916 0.0927 4 4 4
0.0922 0.2121 0.4192 0.2145 0.0773 3 3 3
0.1379 0.2916 0.2705 0.2360 0.1240 2 3 2
0.2002 0.1947 0.2691 0.2915 0.0888 4 4 4
0.1250 0.2599 0.2571 0.3815 0.0376 4 4 4
0.2235 0.2591 0.1262 0.2154 0.1229 2 2 1
0.2850 0.0602 0.0904 0.1397 0.2419 1 1 1
0.2161 0.1193 0.2138 0.1237 0.1730 1 1 1




GDP , (2)

(2) 5 , ; o

\ | Com S il

, 2014,(6):270-273. (CUI Xiao, WANG Di, ZU
Peifu, et al. Application of AHP in evaluation of water resources
shortage [J]. Mathematics in Practice and Theory, 2014(6):270-
273. (in Chinese))

[2] s . [J]-
’ , 2016,47(21):39-43. (QIN Jin, LIU Shufeng. Evaluation and
s prediction of risk level of water resources shortage of Jinlin

5 province [J]. Yangtze River, 2016,47(21):39-43. (in Chinese))



46

38

(3] . ,
[J]. , 2014,32(6):188-194. (DU
Xiangrun, FENG Minquan, ZHANG Jianlong. Evaluation research
of water resources shortage risk based on improved information
diffusion theory [J]. Agriculture Research in the ARID Areas,
2014,32(6):188-194. (in Chinese))
(4] , . Ul
, 2016,32(2):92-98. (ZHANG Zhongwang, ZHOU
Ping. Assessment of water shortage risk in Xiangyang city based
on principal component analysis [J]. Chinese Agricultural Science
Bulletin,2016,32(2):92-98. (in Chinese))
5] : it
, 2013,31(12):25-28. (CHEN Dachun. Risk
evaluation of water resources shortage in Urumqi based on SPA
VFS [J]. Hydroelectric Energy Science, 2013,31(12):25-28. (in
Chinese))
(6] , . 1
, 2016,47(6):16-21. (ZHANG Zhongwang, CHANG
Guorui. Risk assessment of water resource shortage in Hanjiang
River ecological economic zone after implementing middle route
project of south to north water diversion [J]. Yangtze River,
2016,47(6):16-21. (in Chinese))
(7] . s

[J]- , 2017,26(4):77-83. (WAN Xichao, YIN
Weiliang, SUN Peng, et al. Risk division assessment of rainstorm—
flood disasters based on cloud model [J]. Journal of Natural
Disasters, 2017,(4):77-83. (in Chinese))

(8] . . .
[J]. , 2017,37(3):29-34. (SHI
Xiaojing, CHA Xiaochun, LIU Jiahui, et al. Cloud model -based
risk assessment of flood disasters in Ankang city on upper
reaches of Hanjiang River [J]. Advances in Science and
Technology of Water Resources, 2017,37(3):29-34. (in Chinese))
(9] . - [J]-

, 2016,38(5):68-71+76. (FU Wenyi. Water quality evaluation
based on entropy weight-normal cloud model [J]. Yellow River,
2016,38(5):68-71+76. (in Chinese))

[10] . .

[JI- , 2016,47(21):15-20. (REN Feipeng, HOU Bingjaing,
SHE Xuecheng. Application of normal cloud model in groundwater
quality evaluation [J]. Yangtze River, 2016,47(21):15-20. (in
Chinese))

[11] . . [J].
, 2016,33(2):80-85. (ZENG Zhixiong, TIAN Hai,
HUANG  Juehao. Classification of swelling —shrinkage grade of

expansive soils based on cloud model [J]. Journal of Yangize

River Scientific Research INSTI, 2016,33(2):80-85. (in Chinese))
[12] ; ,
[J]- , 2017,37(6):54-61. (HUANG Xianfeng,
LIU Zhanzhi, FANG Guohua. Evaluation and application of water
conservancy modernization index system based on a cloud model
[J]. Advances in Science and Technology of Water Resources,
2017,37(6):54-61. (in Chinese))
[13] s s . [J].

, 2015,31(2):26-29. (QIAO Danying, LIU Ling, YAN Feng.
Assessment on water security of Zhong canal based on cloud
model [J]. Water Resources Protection, 2015,31(2):26-29. (in
Chinese))

[14] R . [J].
( ), 2017,38(4):18-24,66.
(ZHOU Yunzhe, SU Xiaoling. Water security evaluation based on
normal cloud model with normalized indexes [J]. Journal of North
China University of Water Resources and Hydropower (Natural
Science), 2017,38(4):18-24,66. (in Chinese))
[15] , , . [J]-
, 2016,32(6):131-135. (GENG Fang, DONG Zengchuan,
XU Wei. River health assessment of upper and middle reaches of
Heilongjiang River based on cloud model [J]. Water Resources
Protection, 2016,32(6):131-135. (in Chinese))
[16] ) ) ,
[J]- , 2017,39(5):64-68. (LI Kui, XING Yuling,
TAN Bingqing, et al. Evaluation of thermal power industry water
auota in the Yellow River basin based on cloud model[J]. Yellow
River, 2017,39(5):64-68. (in Chinese))
[17] s . [J].

, 2016,47(15): 82-86. (CHEN Jie, MENG Jingen. Normal cloud
model for rockburst intensity forecast and its application [J].
Yangtze River, 2016,47(15):82-86. (in Chinese))

(18] : il
, 2016,36(2):16-23. (CUI Dongwen. Projection pursuit
model for evaluation of flood and drought disasters based on
chicken swarm optimization algorithm [J]. Advances in Science
and Technology of Water Resources, 2016,36(2):16-23. (in
Chinese))
[19] s . SSO-PP
1 , 201533(5):8-13. (CUI Dongwen, GUO Rong. Application
of SSO-PP model in security standard evaluation of water sources
[J]. Journal of Economics of Water Resources, 2015,33(5):8-13.
(in Chinese))
[20] . -
[J]- , 2017,37(2):55-62. (CUI Dongwen,

JIN Bo. A water allocation method based on novel bat algorithm—



4 : - - 47

projection  pursuit model and its application in  Wenshan a new method for solving systems of nonlinear equations [J].

autonomous prefecture [J]. Advances in Science and Technology of International Journal of Intelligence Science, 2014,(4):7-16.

Water Resources, 2017,37(2):55-62. (in Chinese)) [24] N. Moosavian, B.K. Roodsari. Soccer league competition algorithm:
[21] . a novel meta —heuristic algorithm for optimal design of water

[J]- ( ), 2017,39(4):10-18. (CUI distribution networks [J] .Swarm Evol. Comput., 2014,(17):14— 24.

Dongwen. Application of moth swarm algorithm and projection [25] s . -

pursuit coupling model to regional water resources vulnerability [J]- ( ), 2018,40(1):7—

sssessment  [J]. Journal of China Three Gorges University (Natural 13. (CUI Dongwen, JIN Bo. Evaluation of regional water resources

Science), 2017,39(4):10-18. (in Chinese)) carrying capacity based on SLC-PP model [J]. Journal of China
[22] s . - Three Gorges University (Natural Science), 2018,40(1):7-13. (in

[J]- ( ). 201738 Chinese))

(3):17-26. (CUI Dongwen, GUO Rong. Assessment on regional [26] . 10 SLC-PP

water safety using the model of chaos lightning search algorithm [J1. ( ), 2017,45(2):129-136. (CUI

optimized by maximum entropy projection pursuit [J]. Journal of Dongweng. SLC -PP model and its application to evaluation of

North China University of Water Resources and Hydropower water use efficiency in Wenshan prefecture in last ten years [J].

(Natural Science),2017,38(3):17-26. (in Chinese)) Journal of Hohai University (Natural Sciences), 2017,45(2):129—
[23] N. Moosavian, B.K. Roodsari. Soccer league competition algorithm: 136. (in Chinese))

Evaluation of Water Resources Shortage Risk Based on Soccer League Competition
Algorithm-Projection Pursuit—Cloud Model

LI Ju', CUI Dongwen?, YUAN Shutang®

(1. Yunnan Open University, Kunming 650223, China;
2. Wenshan Water A ffairs Bureau of Y unnan Province, Wenshan 663000, China;
3. Yunnan Bureauw of Hydrology and W ater Resources,Kunming 650106,China)

Abstract: To objectively measure the randomness and ambiguity in the process of water scarcity risk assessment, the normal cloud model was
introduced to the assessment of water scarcity risk, and a competition algorithm for football leagues—projection pursuit—normal cloud evaluation
model was established to use for the various cities in Yunnan Province. Water shortage risk assessment was used as an example to study. Twenty
indicators were selected from the water resources system to establish the water scarcity risk assessment index system and grading standards, and
the cloud generator was used to calculate the degree of membership of the water shortage risk grading evaluation index; the sample structure was
randomly interpolated between the grading standard thresholds. Projection pursuit optimizes the objective function, uses the football league
competition algorithm, particle swarm algorithm, cuckoo search algorithm and differential evolution algorithm to optimize the projection pursuit
objective function and compare them, and gives each index through the soccer league competition algorithm —projection pursuit method.
According to the degree of membership matrix and weight matrix to calculate the degree of water shortage risk assessment of the degree of certainty
and make evaluation, the results were compared with the projection pursuit method and fuzzy comprehensive evaluation method. The results show
that the accuracy of the soccer league competition algorithm is higher than that of the particle swarm algorithm. Risk assessments for water
resources in Kunming, Nujiang, and Diqging indicate a low risk; Yuxi, Baoshan, Wenshan, and Dehong were assessed as lower risk; Qujing,
Zhaotong, Puer, Linyi, and Honghe were assessed as moderate risk; the other cities were rated as higher risk, and the evaluation results were
basically consistent with the projection pursuit method and fuzzy evaluation method. The football league competition algorithm —projection
pursuit—normal cloud assessment model is both fuzzy and random, it can not only reflect the qualitative concept of water shortage risk assessment

rating, but also reflect the uncertainty of the degree of membership.

Key words: water resources shortage; risk assessment; normal cloud model; index system;soccer league competition algorithm; projection pursuit



