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Comprehensive evaluation method of water resource allocation schemes based on normal cloud combination
weighting / GONG Yanbing' > (1. School of Business, Hohai University, Changzhou 213022, China; 2. Institute of
Statistic and Data Science, Hohai University, Changzhou 213022, China; 3. Changzhou Key Laboratory of Industrial Big
Data Mining and Knowledge Management, Changzhou 213022, China)

Abstract. Aiming at the fuzzy and random uncertainty of index weight in the evaluation process of water resources allocation
scheme, a qualitative and quantitative transformation model, i. e., the normal cloud model, is introduced, and a
comprehensive evaluation method of water resources allocation scheme based on normal cloud combination weighting and the
cloud similarity TOPSIS method is proposed. Using the backward cloud generator algorithm, this method generates
uncertain normal cloud combination weights through information fusion of multiple subjective and objective weights. By
calculating the relative similarity of the comprehensive cloud model of water resources allocation schemes with that of the
ideal scheme, the water resources allocation schemes are sorted and the best scheme is determined. Through application of
this method to evaluating eight water resources allocation schemes in Tianjin, and comparison of this method with other five
evaluation methods, the results show that the method is feasible and effective, and the evaluation results are consistent with
the reality. This method can also avoid the uncertainty in evaluation index weighting, effectively solving the problem
induced by uncertain information fusion of the combination weight.
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Table 1 Water resources allocation schemes for Tianjin

1 2 3 4 5 6 7 8
v v v v v v v v
v v v v v v v v
v v v v v v v v
v v v v
v v v v
v v v v
v v v v
v v v v
v v v v
Ui . U, . (W, W, - W\, W' =(0.0909,0.0226,
Uyo 0.0038), W, =(0.0909,0.0226,0.0038), W, =
, (0.0898,0.0314,0.0052) ,W, =(0.1110,0.0299,
s " 0.0050), W, =(0.1054,0.0206,0.0034), W, =
[ 2 . (0.1005,0.0286,0.0048) , W, = (0.1328,0.0193,
. AHP AHP 0.0032),W;=(0.1107,0.0454,0.0076) , W, =
(IAHP) : . (0.085 3,0.040 1, 0.006 7), W' ,= (0.092 0,
10 . 3 o S 0.0328,0.0055)
b
H s
b 2 b
o 9
o]
TOPSIS
o ’ o (7) ’
, 3 (1) ~(5) .
W= (8) ,
2
Table 2 Standardized index values of water resources allocation schemes for Tianjin
U, U, U, U, Uy Us U, Uy Uy Uy
1 0.1316 0.0000 0.2854 0.5266 0.3983 0.7442 0.3028 0.4848 0.4318 0.4000
2 0.2319 0.6113 0.2854 0.4999 0.5410 0.5595 0.3028 0.4848 0.4318 0.4000
3 0.3633 0.4366 0. 4479 0.5061 0.4996 0.6296 0.6972 0.4848 0.4318 0.4000
4 0.4636 1.0000 0.4479 0.4734 0.6017 0.4479 0.6972 0.4848 0.4318 0.4000
5 0.3483 0.2379 0.5099 0.5480 0.4514 0.5491 0.3028 0.5152 0.5682 0.6000
6 0.4788 0.8906 0.5099 0.5208 0.5998 0.3674 0.3028 0.5152 0.5682 0.6000
7 0.6499 0.7041 0.7146 0.5317 0.5649 0.3924 0.6972 0.5152 0.5682 0.6000
8 0.7806 1.0000 0.7146 0.5054 0.6017 0.2558 0.6972 0.5152 0.5682 0.6000
0.7806 1.0000 0.7146 0.5480 0.6017 0.7442 0.6972 0.5152 0.5682 0. 6000
0.1316 0.0000 0.2854 0.4734 0.3983 0.2558 0.3028 0.4848 0.4318 0.4000
3
Table 3 Subjective and objective weights of each index
U, U, U, U, Uy Us U, Uy Uy U
AHP 0.0496 0.0902 0.0272 0.1332 0.1332 0. 0666 0.1670 0.1798 0.0543 0. 0989
[AHP 0.1177 0.1073 0.1211 0. 1484 0.1187 0.1568 0.1315 0.0355 0.0364 0.0266
0.1000 0.0460 0.1010 0.1040 0.1030 0.1010 0.1370 0.1040 0.1020 0.1020
0.0872 0.0719 0.0992 0.0673 0.0703 0.0773 0.1301 0.1322 0.1328 0.1317
0.1000 0.0928 0.1007 0.1019 0.1016 0.1007 0.0984 0.1019 0.1010 0.1010
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4
Table 4 Normal cloud combination weight

of ideal schemes

U, (0.0710,0.0199,0.0033)  (0.0120,0.0082,0.0014)
Uy,  (0.0816,0.0228,0.0038)  (0.0000,0.0000,0.0000)
Uy  (0.0642,0.0265,0.0044)  (0.0256,0.0168,0.0028)
U,  (0.0608,0.0221,0.0037)  (0.0525,0.0206,0.0034)
Us  (0.0634,0.0160,0.0027)  (0.0420,0.0130,0.0022)
Us  (0.0748,0.0247,0.0041)  (0.0257,0.0145,0.0024)
U;  (0.0926,0.0161,0.0027)  (0.0402,0.0106,0.0018)
Us  (0.0570,0.0326,0.0054)  (0.0537,0.0316,0.0053)
Uy (0.0485,0.0302,0.0050)  (0.0368,0.0263,0.0044)
Uy  (0.0552,0.0254,0.0042)  (0.0368,0.0207,0.0035)

(8) , 8 .

.N, (0.3803,0.0196,
0.0033). N, (0.527 8, 0.041 2, 0.006 9) . N,
(0.5009,0.021 0,0.0035) N, (0.544 8,0.021 5,
0.003 6). N, (0.461 4,0.021 6, 0.003 6). N,
(0.5209,0.0223,0.0037) N, (0.5920,0.023 1,
0.0038) N, (0.6153,0.0233,0.0039) N* (0.6691,
0.0747,0.0125) N~ (0.3253,0.0513,0.0086) .
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Table 5 Cloud model similarity between each scheme

and ideal scheme and scheme ranking

1 AHP -TOPSIS M -TOPSIS

[5] [6] _
, 6 .6
7
8 ,
, 5
2 AHP
[8], 3
6

Table 6 Comparison of ranking results of different
weighting methods for water resources allocation

schemes for Tianjin

AHP - AHP - -
TOPSIS  TOPSIS -

TOPSIS

0 N N N B W N =

N = W R LY ®
N S I N SV R VY. N
— 0 W A LN ®
— D W A LUy ®
— N R O W WL ®
e S Y- NSV T N |

s(N,,N*) s(N;,N7) D(N,)
1 0.0019 0.3649 0. 0052 8
2 0.0106 0. 1062 0.0905 7
3 0.0630 0.0125 0.8349 5
4 0.1576 0.0022 0.9862 3
5 0.0252 0.0497 0.3362 6
6 0.1012 0. 0066 0.9389 4
7 0.3581 0.0003 0.9992 2
8 0.5024 0. 0000 0.9998 1
AHP -
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