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Optimal water resources allocation based on interval two-stage stochastic programming in Beijing
LIU Hanging',ZHAO Yong', LI Haihong' , WANG Lizhen' ,CHANG Huanyu' , PENG Peng”
(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin ,China Institute of
Water Resources and Hydropower Research , Beijing 100038, China;
2. Bureau of Hydrology and Water Resources Survey of Hebei Province , Shijiazhuang 050031, China)
Abstract; Considering the uncertainty in the water resources allocation process of water-deficient cities, an interval two-stage
stochastic programming model was established for the study of optimal water resource allocation in Beijing for 2025. This model
took the maximum comprehensive benefit of water use in Beijing as the objective function, introduced probability distribution
and interval number to represent multiple uncertainties,and obtained the optimal water supply objectives and water distribution
schemes under different levels of water inflow for living, industrial, agricultural and ecological water use in six urban areas and
suburbs of Beijing for 2025. The results showed that the optimal water supply target of Beijing in 2025 was 4. 739 billion m®,
and the water supply target of industrial water in six urban areas and agricultural water in suburbs should conservative. The
optimal allocation of water under different levels of inflow was [ 3. 649, and 4. 739 ] billion m®, respectively, and there was no

water shortage when there was a high flow year in Beijing. Likewise in the same periods, the water shortage was [ 0. 548, and
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1. 090 ] billion m®, respectively, when there was a low flow year in Beijing and Danjiangkou reservoir. This scenario posed a great

threat to the water supply security of Beijing. This model fully considered the impact of uncertain factors on water resources al-

location, evaluated the relationship between water use benefits and water shortage risks, and obtained the allocation results in

the form of interval. This study can provide a scientific basis for the formulation of water supply objectives and optimal alloca-

tion of water resources as well as the analysis of water resource security measures in Beijing for 2025.
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Tab. 2 Water supply targets for water users in six districts and suburbs of Beijing for 2025 P 242, m®
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ZRIX [9.14,10.50] [1.81,2.46] [3.66,4.87] [6.33,7.52] [20.94,25. 35]
A1t [19.50,22. 87] [2.53,3.50] [3.71,4.95] [14.75,17. 407 [40.49.48.72]]
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Tab. 3 Water supply guarantee rate of different water users in six district and suburbs of Beijing under different water inflow conditions
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He g A
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Tl A7
ALK RBIX 92 92 92 92
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b F )
Rk RRIX 70 65 60 50
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RRIX 70 65 60 50
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Tab. 4 Table Water efficiency coefficient, cost coefficient and water shortage penalty coefficient of Beijing for 2025
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AR, B IX [5.69,6.96] [7.11,8.69] [0. 55,0. 67] [3.15,3.85]
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EERW C, B IX [44.59,49. 24] [24.53,27.69] [28.48,33.27] [42.76,47. 86]
EHIARAS B ZBIX [32.03,36. 66 ] [35. 66,40. 46 [17.89,22.02] [31.68,36.57]
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Tab. 5 Optimization of water supply targets for water

users in six districts and suburbs of Beijing for 2025
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Tab. 6 Results of optimal allocation of water resources of Beijing for 2025 AL A2 m?
WX RBIX.
AAAKF- - ) - )
N Tolk £k A A Tolk £l A5
DF 12. 37 0. 92 0. 08 9. 88 10. 50 2. 46 3. 66 7.52
BF DpP 12. 37 0.92 0. 08 9. 88 10. 50 2.46 3. 66 7.52
DK 12. 37 0.92 0. 08 9. 88 10. 50 2. 46 3. 66 7.52
DT 12. 37 0.92 0. 08 9. 88 10. 50 2. 46 3. 66 7.52
DF 12. 37 [0.82,0.92] [0.05,0. 08] 9. 88 10. 50 2.46 [2.56,3.66] [6.26,7.52]
P DP 12. 37 [0.82,0.92] [0.05,0.08] 9. 88 10. 50 2.46 [2.56,3.20] [5.83,7.52]
DK 12. 37 0. 82 0. 05 9. 88 [9.97,10.50] 2. 46 2.56 [5.27,7.15]
DT 12. 37 0. 82 0. 05 [7.61,9.88] 9.97 [2.26,2.27] 2.56 5. 27
DF 12. 37 0. 82 0. 05 [9.06,9.88] [9.97,10.50] [2.26,2.46] 2. 20 [4.51,5.27]
BK DP 12.37 0.82 0. 05 [8.46,9.88] [9.97,10.50] [2.26,2.46] 2.20 [4.51,4.63]
DK 12. 37 0. 82 0. 05 [7.51,9.72] 9.97 2.26 2. 20 4.51
DT 12. 37 0. 82 0. 05 [6.57,8.71] 9. 97 2.26 2. 20 4. 51
DF 12. 37 0. 82 0. 04 [8.36,9.88] [9.97,10.44] [2.26,2.46] 1. 83 3.76
BT DpP 12. 37 0. 82 0. 04 [7.89,9.88] 9.97 [2.26,2.43] 1. 83 3.76
DK 12. 37 0. 82 0. 04 [6.94,9.05] 9.97 2. 26 1. 83 3.76
DT 12. 37 0. 82 0. 04 [5.43,7.44] 9.97 2. 26 1. 83 3.76
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Fig. 1 Water shortage under different inflow conditions
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