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Fuzzy credibility — constrained quadratic programming
model based on fuzzy weighted weights

WANG Youzhi, GUO Ping” , GUO Shanshan, LIU Xiao
(College of Water Resources & Civil Engineering, China Agriculture University, Beijing 100083, China. )

Abstract; In order to maximize economic and social benefits of crop production in the Heihe middle
reach , the water allocations for crops ( wheat and maize) in Ganzhou District, Linze County and Gaotai
County were optimized. In the optimization, the fuzzy weighted weights method was adopted to trans-
form the multi-objective into a comprehensive benefit weight of crop, and then the weight was applied
to the crop water production function. A quadratic programming model of fuzzy credibility — constrained
constraint, where the triangular fuzzy number was used, was employed. In addition, the confidence
levels of credibility were 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0, respectively. Taking the water alloca-
tions for crops in year 2011 as an example, the water allocation in different areas are decreased by
3.7 x10” m’ and the crop yield increases by 1.3 x 10" kg, especially, the economic and social bene-
fits are improved by 280 million Yuan and 1 800 people after optimization. Further, in planning year
2020, the water allocations of wheat and maize will be decreased by 4.98% —-5.24% and 11.01% -
12.07% , respectively, as compared with the status quo of year 2011, thus the water deficit situation
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can be improved, but still in a state of water shortage. These water allocations under various conditions

can provide different scenarios for decision makers.

Key words: uncertain water allocation optimization ; water production function ;climate change;

fuzzy credibility constraint;the relative membership degree
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Tab.1 Model parameters

HiH L1 Mz EP/S
HM 1.00 0.79
AL B i 0.80 0.50
HA 0.90 0.15
HoH 9 739.29 35 541.57
I,/hm? i 8 260. 00 16 753.33
A 3 684.00 11573.20
e HH 6 739. 62 9.045.74
(- E‘;n*Z) lings 6 438. 60 8 945.51
A 6 181.40 8 469. 42
i HoH 5274.48 7079.28
(- ‘}“lm -2 I 5038.90 6 524. 60
HA 4 837.62 6153.74

FEXS AT EAT SRR T, L0 5E AN [ (9 m] 5 1

71|



s

HEREHLOR L7224k

5536 &

G, — R UL, A B A E K- — K T
0.5 A {FHEKFEH#1.0,0.9,0.8,0.7,0.6
f10.5.
BAEPIH K o A e RN
INZE y = —0.000 144 +1.676 Tx +2 328.5,
Fk,y = —0.000 122" +1.998 3x +3 281.7.
2 WRAMTATHEAEREAXETE

Tab.2 Surface water available, groundwater and
effective precipitation

Hi X W./J7 m3 W/J m3 P/(m? - hm~2)
HH o [1.98,2.20,2.42] [0.75,0.83,0.91] 570. 96
I3 [1.15,1.27,1.40] [0.11,0.12,0.13] 706. 32
wf [0.52,0.58,0.64] [0.33,0.37,0.41] 690. 48
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Tab.3 Optimized irrigation water allocations at different creditability levels m’/hm’
INFZE ESP N
BiH
1.0 0.9 0.8 0.7 0.6 0.5 1.0 0.9 0.8 0.7 0.6 0.5
HIH 5139.90 5155.42 5170.94 5186.45 5201.97 5217.49 7002.92 7087.20 7171.49 7255.78 7340.07 7 424.36
[fize 4756.49 4777.23 4797.98 4812.72 4839.47 4860.22 611425 6193.07 6271.89 6350.71 6429.52 6 508.34
e 5059.94 5099.68 5103.43 5107.18 5110.93 5114.67 659503 6680.34 676564 6850.95 6936.25 7021.55

HAE L 5 10 B K B J% 45 0 2
A LA X =0.9 i, 45 R 4 FF R, 26k 0
KR, Y R P, Py B2 BGR, Pys W 22
Wi

x4 A=0.9 BERTRUBEKER I

Tab.4 Water allocations and benefits before and after
optimization at A =0.9

TH Q/J7 m? Y/ 71 kg P/ 100 P/ TN
AL 50 676.21 78 062. 64 17. 81 6.71
b )a 48 265.53 79 679.55 18.09 6. 89
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