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Multi-water Resources Optimal Allocation of Irrigation District
Based on Fuzzy Multi-objective Programming

FU Qiang XIAO Yuanyuan CUI Song LIU Dong LI Tianxiao
(School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: Many problems, such as the shortage of water resources and the low operating efficiency of
water project, are ubiquitous in an irrigation district with multi-water resources. Therefore, it is
significant and necessary to implement joint dispatching of multi-water resources to alleviate water
shortage and promote the synergy ascension of water resources productivity. Taking Heping irrigation
district in Heilongjiang Province as an example, a fuzzy multi-objective programming for multi-water
resources optimal allocation model was constructed. The proposed model was capable of increasing water
net benefit and decreasing water-use amount simultaneously, which would improve the effective allocation
of multi-water resources of Heping irrigation district. Fuzzy multi-objective programming with nonlinear
membership functions was adopted to solve the model, and the optimal water allocation schemes under
different flow levels and water sources were obtained. Results showed that water shortage existed in each
growth period of rice under each flow level, and more water should be transferred from Liuhe reservoir
under low flow level to guarantee the minimum water requirement. Water were allocated to rice in the
order of water diversion project, water lifting project and well irrigation project to ensure the total benefit
of Heping irrigation district. The stability of the multi-objective model operation under different scenarios
was obtained and analyzed in detail. Water allocation of water diversion project was relatively stable,
while water allocation of well irrigation project had higher sensitivity for nonlinearity of membership
function of the objective function under low flow level. The developed model can effectively allocate
multi-water resources to the different growth stages of rice, which would provide reasonable decision
schemes for the corresponding administrative departments.
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Tab.1 Water supply targets and water demand thresholds

for water supply projects at different growth stages

fit /K H AR/ T m® Jic 7K B A/
ik T/ - : — o
SYBEMT KA fhE Flgwy Otem )
KT 567.99 507.27 160.03 223.91  0.035
Pk TH 141.07 125.98 49.75  55.61 0. 065
TR 125.72 112.29 45.42  49.56 0.075
Tk ERRME 1000 900 350 500
K FRRME 650 600 150 200

K2 AEAEENMEEHKIENATHAKE
Tab.2 Available water of water supply projects

at different growth stages

ok 7k A KR/ T m
HEAK TR
KA Ay I i LA
1% 398.38 326. 94 175.79 85.29
BlkILRE R 463.58  405.22 268. 64 130. 43
B 566.53 479. 59 339. 86 159. 67
1% 93.12 76.95 64. 15 26. 49
HATHE  H 110.27 101. 36 75. 11 32.64
= 132.18 123. 95 94.22 45.70
1% 87.87 77. 80 55.22 28.92
HHETR 101.57 90. 10 80. 79 37.84
B 134.94 108. 90 97.29 45.78
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Tab.3 Results of optimal water distribution under
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Fig.2 Water allocation and average water demand under

different flow levels and growth stages
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Fig.3 Water allocation changes under different water sources, flow levels and scenarios
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