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Optimal Water Resources Planning Based on Interval-parameter
Two-stage Robust Stochastic Programming Model

CHEN Hongguang' WANG Qiongya’ LI Xiaoning® WANG Zhongjun® LI Chenyang'
(1. School of Water Conservancy and Ciwil Engineering, Northeast Agricultural University, Harbin 150030, China
2. College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; The interval-parameter two-stage robust stochastic programming model ( ITRM ) was put
forward for supporting optimization and management of water resources in Mudanjiang Irrigation District,
Sanjiang Plain, which was in such a situation, with multi-water source, multi-crop and multi-robustness
coefficient. The ITRM incorporated interval-parameter programming ( IPP) and two-stage stochastic
programming ( TSP) with a robust optimization framework to deal with uncertainties. Compared with the
traditional TSP, ITRM can overcome the deficiency of uncontrollable risk in system. The robustness
coefficient was introduced to represent the system risk, which was effectively reflected in the model. Let
the robust coefficient be 0, 0.4, 1, 2,3 and 5, respectively. With the increase of robust coefficient, the
feasibility of the model and the stability of the system were enhanced. It was a sufficient and effective
balance between system cost and risk when the robustness coefficient was 3. A more stable allocation of
water resources was generated and the system cost was between 1. 903 27 x 10” RMB and 2. 634 75 x 10’ RMB.
Based on this model, a series of scenarios under different levels of pre-allocation water was done and different
degrees of water surplus and shortage were obtained correspondingly. All these results were valuable for water-
saving irrigation agriculture and improving water use efficiency and economic value, and thus it provided a
technical support for decision maker in reasonable allocation of agricultural water resources.
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Tab.1 Irrigation crops area and water per unit in irrigation district
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(m”+hm™7) (m”+hm %) (m’+hm™7) hm
K G [5526.00,6 956.00] [4788.0,4924.0] [6931.0,7351.0] 45 125
ER [92.04,151.76] [87.5,106.9] [145.9,194.5] 198 569
G [88.20,164.40] [80.0,106.7] [142.3,231.2] 243 420
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Tab.2 Irrigation corps maximum and minimum water distribution, target value of crops water distribution in advance

and economic parameters
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GEN fe/MA SN i 7K A TEST 2B
MK [4.321 x107 ,4. 444 x 107 ] [6.255 x 107 ,6.634 x 107 ] [4.9870x107,6.278 0 x 10" ] [1.07,1.52] [1.32,1.82]
A Rk [1.729 x10% ,1. 778 x 10% ] [2.502 x10% ,2. 654 x 10% ] [1.9949 x10*,2.511 0 x 10* ] [1.77,2.12] [1.96,2.35]
o, HEK [3.470 x 10° ,4. 250 x 10° ] [5.790 x 10°,7.720 x 10° ] [3.6600 x10°,6.030 0 x 10° ] [1.07,1.52] [3.89,4.04]
ok K [1.390 x 107 ,1. 698 x 107 ] [2.318 x107,3.090 x 107 ] [1.4620 x 107 ,2.411 0 x 107 ] [1.77,2.12] [4.55,5.32]
o HERK [3.890 x 10°,5. 190 x 10° ] [6.930 x 10°,1. 126 x 107 ] [4.2900 x 10°,8.000 0 x 10° ] [1.07,1.52] [2.57,3.28]
K Rk [1.558 x 107 ,2. 078 x 107 ] [2.771 x107 ,4.502 x 107 ] [1.7180 x 107 ,3.201 0 x 107 ] [1.77,2.12] [3.05,4.42]

R3 AERAEBKRETREVERKERETTAKE
Tab.3 Water available for crops irrigation under

different water inflow levels
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(M) 0.6 [2.25x10%,2.42x10°] [3.25x10%,3.47 x10%]
m(H) 0.2 [3.75x10°,3.89 x10°] [4.32 x10%,4.58 x10° ]
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Tab.4 Crops water shortage and water optimal allocation of different values of p
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TR
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L 4.987 x 10
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Fig.3 Optimized net system cost
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