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Evaluation of water resource allocation scheme based on game
theory and DS evidence theory in the Yellow River Basin
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Abstract: [Object] Comprehensive evaluation model of water resource allocation scheme was built
based on the perspective of resource,society,economy,efficiency to provide basis for selection of best water
resource allocation. [Method]) Different from the traditional use of water quality and water quantity as nat-
ural resource evaluation indexes,four dimensions of quantity-quality-aquatorium-flow were considered,and
the evaluation index system of water resource allocation schemes was established from the perspectives of
resources, society,economy and efficiency. Using game theory to combine AHP and CRITIC to calculate
weight of indicators and couplying DS evidence theory, the comprehensive evaluation model of water re-

source was established. Taking the water resource allocation of the Yellow River Basin as an example, the
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nine water resource schemes in 2015,2020 and 2030 were then evaluated. [Result] The evaluation of water
resource allocation scheme in the Yellow River Basin indicated that the best scheme E in 2020 considered
water diversion of 12. 63 X10% m* and water saving of 67. 90 X 10® m’. The scheme I considering water di-
version of 97. 63 X10°* m* and water saving of 86. 70X 10® m* was the best in 2030. By comparing the evalua-
tion schemes of resource,social, economic and efficiency, the water saving measure can improve economic
benefits, the measure considering both water saving and water diversion was conducive to the coordinated
development of water resources,and enhance the social benefit effectively. [Conclusion) The combination
of game theory and DS evidence theory can overcome the one-sidedness and subjective randomness in the

weights of water resource evaluation indexes. The results were objective and reasonable, and the paper

would provide a new way for the evaluation of water resource allocation.
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Table 1

Water resources allocation schemes in the Yellow River Basin

JE 7K & /42 m® Water diversion

A WKL A 2 L KL T Pl
Plan Year 55T CIE ) v CIFAR’ ¥4 Eastern line project of Western line project of the Water
Yinhan jiwei Yingian jishi  Yinhong jishi the So(ulh to Norlb Water Soul(h 1oANor1h Waler saving
Diversion Project Diversion Project
A 2015 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
B 2020 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
C 2020 10. 00 0.47 0.90 1. 26 0. 00 0. 00
D 2020 0. 00 0. 00 0. 00 0. 00 0. 00 67.90
E 2020 10. 00 0. 47 0.90 1. 26 0. 00 67.90
F 2030 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
G 2030 15. 00 0.47 0.90 1. 26 80. 00 0. 00
H 2030 10. 00 0.47 0.90 1. 26 0. 00 86. 70
1 2030 15.00 0. 47 0.90 1. 26 80. 00 86. 70

AT B R R D B 25 1B A% G /K o R K B
BER A K AR A JAE S PE 5 b K R )2 A
A CA B B2 U6 5 A B (m®) P KB (m) L A
I HIK B (m®) | Ml 32 7K 9% U5 R R B (000 il R K
BEUR A AR (00 RS IR BE KW R AR (%)),
JiT CAAT 2 7K i S B K B (0D L 7K 30 B X 3K A 26
CY6)) sl R el B E 451 o B 7 3 e AR R T AR Y B
i) VR GRS 8 Bl %2 3 DA FH R R/NMES
SR D 4 AN 4EREE, Hof A O L GDP. #f
8 X TR M e K B B R KRR R S A L AR
7R A 25 T K O RGO 2R A K L T
JKAT BRI & 8. 0l K 2R L T
RO TG K HE R R B TR R AR S S (]

PIRLE A ML (2012—2030) )35 ; 8 T/ 507 /K
AR 1 BB E 5 (K LAY B (R 5k o)
AL A AT 1 40 KV WA ) = T
S5 B VR 8 B 9K S
Bl KB BUR I GIS 3 17 20 A 45 K B
BUR F1 4 8 GRRALIR 65 W7 50 . AT
BP0 50 JE LR A B 2. 3 2 ok %
A g Mo K KA 5 R K ORI PR T
5 K H V0 BB 5 T —
ACEDT i St R0p 1 A5 R 1 LR
BEVE i RN S L 4 IR =86
N=30,

R2 KFREEFFIFMERGERRETREIT N EREUE

Table 2 Evaluation indexes of water resource allocation scheme and values in the Yellow River Basin

HEN 2 Ry

75 % Plan

Criterion layer Index layer A

C D E F G H 1

NBPR IR G A A/ m®

. 574.58
Average per capita water resource
P m oo
Water production modules o
NEJ K/ m? ) 328. 68
Per capita water consumption
2R OK R IR IR/
Development and utilization degree of surface 41. 43
water resources
o ﬁETﬂUﬁf%ﬂFﬂﬁ&‘/ %_
) Development and utilization degree of ground- 32.36

Resource
water resources

A A IR B K LR/ %
Satisfaction degree of ecological environment  100.00
water

344.99  353.94  345.02  353.94  338.42

531.35 541.33  585.00 594.99 513.68 588.30  579.91 654.53

8.91 9.08 9.81 9.98 8.91 10. 21 10. 06 11. 36

400. 40 338.42 400. 40

49.83 51.69 49.83 51.69 49.15 62.51 49.15 62.51

32.38 32.38 32.38 32.38 33.07 33.07 33.07 33.07

100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
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R 2(&E) Continued table 2

i 0 2 2 Jr% Plan
Criterion layer Index layer A B C D E F G H 1
BEIR K SRR L/
Resource The proportion of wastewater entering the river 8.26 8.89 8.67 8.89 8.67 8.97 7.58 8.97 7.58

to total water
KIIRE X R bRF/ %

Water function area compliance rate

7K 5% 1 X kG 4] Water area ratio 0.03 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06

B 45 %k Base flow index 0.31 0.31 0.32 0.33 0.33 0.31 0.33 0.33 0.35

s Bk %/ % Water lacking rate 20. 43 25. 46 23.30 15.72 13.28 30.12 14.71 19.06 1.21
Society it 7K 25 4 Water supply structure 0.49 0. 40 0.39 0. 40 0.39 0.42 0.33 0.42 0.33

#.J7 7k GDP/(JG » m—%)
GDP of per cubic meter water
2% TR TR T AKIRA/ G+ m™3)

Economy Per cubic meter water cost of main projects

#J5k GDP H K%/ %

Increase-rate of Per cubic meter water

K A AR 2 B
Coefficient of irrigation water effective utiliza- 0.49 0.50 0.50 0.56 0.06 0.56 0.56 0.59 0.59

k% tion
Effectiveness  Tlb JFI /K 54 FI 4%/ %0

Industrial water recycling rate

RR A/ % Water loss rate 18.00  13.00  13.00  12.80 12,80  11.00  11.00  10.00  10.00
2.3 EAREAKZER BTN REHEE PR A2 (T RO A W 2 R DL R T K
DL o i, R A (D ~ OO FF 3 BEIRACE PEM i Ar i 2 5 AL E L 45 R IR 3 FIk 4,
x3 EARBRAR ML EF AEFENEKRFREETNIERAONE

Table 3 Weights of water resource allocation evaluation indexes of resource,society,economy and

260.31 107.83  107.83  134.97  134.97  271.17  271.17  329.94  329.94

61.00 75.00 75.00 85. 00 85. 00 85. 00 85. 00 88. 00 88. 00

efficiency criteria layers in the Yellow River Basin

S o . ZE VR XHE
ININES T TR A @Jl e
TN ki AHP criTIC . MR Rilaive value of
Criterion layer Index layer Game theory
game theory
b g o L 3 b A B 2
BRI Resource  AJPKYTI i 4 ik /m 0.15 0.07 0. 09 0.39
(0.535 1) Average per capita water resources
7= IK B E /m Water production modules 0.08 0.07 0.07 0. 31
3 B/
NERK G /m . 0.19 0.07 0.10 0.43
Per capita water consumption
b K G VR R/ %6
Development and utilization degree of surface water re- 0.07 0.28 0.23 1. 00
sources
bR K g VR R R/ %
Development and utilization degree of groundwater re- 0.08 0.02 0. 04 0.16
sources
e PETS 1 0
HESIRBL KRR/ % . 0.05 0. 00 0.01 0.06
Satisfaction degree of ecological environment water
AT K S K B/ %
The proportion of wastewater entering the river to total 0.08 0.07 0.08 0.34
water
Bl e ko 2% /0
K D3k b 6 . 0.11 0.19 0.17 0.75
Water function area compliance rate
K3 AR L ) Water area ratio 0.09 0. 20 0.18 0.78
FE VT8 # Base flow index 0.09 0.03 0.05 0. 20
414 Society Bk %/ % Water lacking rate 0. 86 0.41 0.73 1.00
(0.235 2) fit K 45 ¥ Water supply structure 0. 14 0.59 0. 27 0. 36
77K GDP/(JG » m™*) _ _
GDP of per cubic meter water 0-45 0-25 0.37 1.00
2235 Ee o T AR A JC e m °
£ 3f Economy  ERLHEHIAMA/GE - m ™) 0.31 0.39 0.35 0.95
(0. 144 9) Per cubic meter water cost of main projects
< Mg 2 /0
HJK GDP /7 0.24 0.36 0. 29 0.79
Increase-rate of Per cubic meter water
Py 7 F K
LK AR 1 8 R 0.58 0.27 0. 45 1.00
Coefficient of irrigation water effective utilization
&S = 2% /0
%% Effectiveness Iikﬂﬂ‘ﬂi %.Eﬂfﬁﬁ/_ﬁ 0. 26 0,92 0. 94 0. 54
(0.084 8) Industrial water recycling rate
R/ % Water loss rate 0.16 0.51 0.31 0.69

HHENZE O AEUE D AHP B ALE{H .
Note: The value in “()”is the weight of AHP.
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Table 4 Comprehensive weights of water resource allocation evaluation indicators in the Yellow River Basin

(R38R

e 7R
ko AHP CRITIC | MgEie Relative value of
Index layer Game theory
game theory
AN IK B 5 A i /m® Average per capita water resources 0.08 0.02 0. 05 0. 37
72K AR /m Water production modules 0. 04 0.02 0.03 0. 24
A H/K & /m® Per capita water consumption 0. 10 0.02 0. 06 0. 46
I o /0
W BKGERAII RIS/ V4 0. 04 0.08 0. 06 0. 50
Development and utilization degree of surface water resources
I A e /O
Wo TOKGEURAI R/ 4 0.04 0.01 0.02 0.16
Development and utilization degree of groundwater resources
IS IR P ] 0
RIS R RIL/ 2 4 0.03 0.14 0.01 0.75
Satisfaction degree of ecological environment water
Al e 4 0
AR 3 K EE B 2 . 4 0. 05 0.02 0.03 0. 26
The proportion of wastewater entering the river to total water
K I EE X 3545 %/ % Water function area compliance rate 0.06 0.06 0. 06 0.47
JK 38 1 FR b i) Water area ratio 0.05 0.06 0.06 0. 46
FFR 8% Base flow index 0. 05 0.01 0.03 0.22
Bk %/ % Water lacking rate 0.12 0. 10 0.12 1. 00
oK 45 Water supply structure 0.02 0.14 0.09 0.74
977k GDP/(JG « m ?) GDP of per cubic meter water 0.16 0.14 0.10 0. 84
1 o =, -3
ERLRPSARA/GE =) 0.03 0.03 0.07 0.57
Per cubic meter water cost of main projects
HiJ7 7k GDP $#8K % /% Increase-rate of Per cubic meter water 0.05 0. 04 0.03 0. 25
it T 2t F ¥
K AT AR A B 0.05 0.02 0.03 0. 27
Coefficient of irrigation water effective utilization
Tl H/KEEFMHZ/% Industrial water recycling rate 0.02 0.04 0.03 0. 26
FMIER/ % Water loss rate 0.01 0.05 0.03 0.28
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Table 5 Comprehensive evaluation results of water resource allocation schemes in the Yellow River

Basin and different regions

)i % w o PEE g s wg P
Plan Qinghai Gansu Ningxia Mongolia Shaanxi Shanxi Henan Shandong River Basin
A 0.124 1 0.023 0 0.010 2 0.031 6 .010 5 0.037 1 0.114 5 0.164 7 0.042 0
B 0.005 3 0.010 4 0. 000 9 0.012 2 0.005 8 0.013 7 0.006 6 0.010 9 0.011 0
C 0.006 6 0.010 7 0.000 6 0.012 5 0.006 6 0.015 2 0.006 6 0.006 3 0.012 0
D 0.024 8 0.040 9 0.034 9 0.055 9 0.020 6 0.037 2 0.021 3 0.079 6 0.031 6
E 0.025 7 0.041 8 0.023 4 0.057 3 0.020 3 0.037 5 0.021 3 0.072 2 0.034 2
F 0.087 9 0.116 8 0.019 8 0.176 1 0.125 3 0.169 3 0.085 4 0.057 9 0.120 0
G 0.204 9 0.165 1 0.033 3 0.028 4 0.163 9 0.161 6 0.119 6 0.184 8 0.117 9
H 0.200 3 0.280 1 0.446 7 0.446 3 0.280 2 0.319 1 0.280 5 0.157 8 0.287 2
1 0.320 3 0.311 2 0.430 2 0.179 7 0.366 9 0.209 2 0.344 3 0.265 8 0.344 1
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Table 6 Evaluation of resource criteria layer in the Yellow River Basin

I % #ith 1l FH P e Wi I wai R
Plan Qinghai Gansu Ningxia Mongolia Shaanxi Shanxi Henan Shandong River Basin
A 0.197 2 0.067 4 0.019 5 0.028 7 0.056 2 0.076 4 0.177 0 0.270 5 0.103 1
B 0.045 8 0.076 6 0.011 0 0.0551 0.029 0 0.045 5 0.041 0 0.043 1 0.063 0
C 0.047 8 0.075 8 0.007 4 0.057 1 0.025 3 0.050 2 0.041 0 0.048 8 0.065 5
D 0.058 9 0.099 0 0.082 2 0.091 8 0.034 3 0.066 2 0.053 4 0.063 7 0.081 0
E 0.060 4 0.097 2 0.055 5 0.095 0 0.029 5 0.066 5 0.053 5 0.070 8 0.083 8
F 0.13114 0.107 3 0.032 1 0.141 1 0.218 8 0.110 8 0.098 3 0.056 8 0.116 0
G 0.129 0 0.141 1 0.082 4 0.098 1 0.155 3 0.183 9 0.161 0 0.142 6 0.144 2
H 0.183 8 0.152 0 0.3333 0.264 3 0.268 3 0.174 2 0.160 6 0.097 4 0.156 8
1 0.150 2 0.1835 0.376 7 0.168 8 0.183 3 0.226 4 0.214 1 0.206 4 0.186 6
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Table 7 Evaluation of society criteria layer in the Yellow River Basin

& i 1l 5 el By 7 T wk SR
Plan Qinghai Gansu Ningxia Mongolia Shaanxi Shanxi Henan Shandong River Basin
A 0.073 2 0.107 5 0.166 0 0.089 0 0.045 3 0.063 6 0.078 2 0.083 1 0.084 1
B 0.092 1 0.098 2 0.090 7 0.101 4 0.101 3 0.108 6 0.103 3 0.094 7 0.098 8
C 0.092 8 0.102 2 0.090 2 0.100 4 0.130 9 0.108 9 0.103 4 0.100 8 0.105 2
D 0.104 9 0.107 2 0.110 3 0.116 4 0.110 1 0.117 4 0.116 7 0.108 4 0.1117
E 0.105 7 0.1115 0.109 8 0.115 3 0.142 4 0.117 7 0.116 8 0.115 4 0.119 0
F 0.082 9 0.078 6 0.071 7 0.092 4 0.083 5 0.106 6 0.102 9 0.088 7 0.089 4
G 0.161 4 0.145 4 0.120 4 0.126 3 0.140 9 0.123 2 0.120 2 0.138 6 0.133 6
H 0.097 4 0.087 5 0.089 9 0.109 3 0.091 4 0.117 9 0.119 2 0.105 5 0.103 6
1 0.189 5 0.161 9 0.151 0 0.149 5 0.154 2 0.136 3 0.139 3 0.164 8 0.154 7

e 7 AL 2 o ) 2 DA 45 R R R T
2015 4ETEM 45 50 0. 084 152020 4E /7% B.C.D.E
T 45 AR Y K 0. 098 8,0. 105 2,0. 111 7 Fl
0. 119 0, [m] i 2% F& 15 K FIRK K 1t 19 7 58 E 4t 23
A T 2020 48 H A J5 5852030 £ 07 % FLGL H. T
B PEA 45 RAR Y N 0. 089 4,0. 133 6,0. 103 6 Fil

0. 154 7, [F) i} 25 FRAT K A0 IR K i it 1) 7 8 1 4k &
s A T R At 7 %8, B 2030 4E 057 % TR T 2020
TR E R 2015 ETTE A, M HAE (KON 45
AT, 2020 4T RN 52 LA B8 T K 1Y it
M7 % D AL 28 35 e oh . A X 2 L[] i %
ST KRR 7 58 E WAk S8 as et . 2030 4,



1L

SR IBUMR L 45 RIS DS TR SR BIEHE A 9 B R SEOK SR L B AT 131

T I A A (DX 1 L J) e 2 4 K R K Y T 58
L PPA 25 R e L. fl g mT L ] i 2% 1 7K A i

K TREREA AR /LT B 1T RRARBR K R AR A 2

xS EARBEFENWRTMER

Table 8 Evaluation of economy criteria layer in the Yellow River Basin

., . 5 ) : . 3 &
an Qinghai Gansu Ningxia Mongolia Shaanxi Shanxi Henan Shandong River Basin
A 0.3399 0.119 1 0.173 5 0.297 8 0.150 7 0.188 8 0.2417 0.2897 0.182 4
B 0.035 6 0.045 4 0.049 4 0.057 8 0.0727 0.057 0 0.041 3 0.077 7 0.036 4
C 0.042 1 0.045 4 0.049 4 0.057 8 0.072 7 0.057 0 0.041 3 0.037 3 0.035 8
D 0.057 3 0.059 3 0.079 3 0.069 3 0.092 8 0.067 7 0.0557 0.108 9 0.056 0
E 0.057 3 0.059 3 0.079 3 0.069 3 0.082 1 0.067 7 0.055 7 0.083 5 0.054 9
F 0.115 0 0.213 3 0.177 6 0.179 2 0.116 5 0.202 7 0.137 9 0.108 7 0.160 9
G 0.140 3 0.123 8 0.069 2 0.030 4 0.127 3 0.100 9 0.100 9 0.088 4 0.085 1
H 0.1059 0.223 3 0.213 9 0.163 0 0.133 6 0.179 7 0.182 0 0.136 3 0.232 1
1 0.106 5 0.1111 0.108 6 0.075 2 0.1517 0.078 4 0.143 4 0.069 4 0.156 4
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Table 9 Evaluation of effectiveness criteria layer in the Yellow River Basin

% Fis o DER g wm wg P
an Qinghai Gansu Ningxia Mongolia Shaanxi Shanxi Henan Shandong River Basin
A 0.059 4 0.056 3 0.046 9 0.062 4 0.055 9 0.080 9 0.072 9 0.045 6 0.047 0
B 0.059 4 0.056 3 0.046 9 0.062 4 0.055 9 0.080 9 0.072 9 0.045 6 0.088 5
C 0.059 4 0.056 3 0.046 9 0.062 4 0.055 9 0.080 9 0.072 9 0.045 6 0.088 5
D 0.117 2 0.120 4 0.125 1 0.124 8 0.120 5 0.117 5 0.117 9 0.140 8 0.113 8
E 0.117 2 0.120 4 0.1251 0.124 8 0.120 5 0.117 5 0.117 9 0.140 8 0.113 8
F 0.117 2 0.120 4 0.1251 0.124 8 0.120 5 0.117 5 0.117 9 0.140 8 0.127 3
G 0.117 2 0.120 4 0.1251 0.124 8 0.120 5 0.117 5 0.117 9 0.140 8 0.127 3
H 0.176 6 0.174 7 0.179 6 0.156 8 0.175 2 0.143 7 0.154 9 0.150 0 0.147 0
1 0.176 6 0.174 7 0.179 6 0.156 8 0.175 2 0.143 7 0.154 9 0.150 0 0.147 0
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