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Improvement and application of objective function of irrigation reservoir
optimal operation model based on even-shortage water supply hedging rules

ZHONG Pingan', CAO Minglin', WAN Xinyu', SHANG Yanli’
(1. College of Hydrology and Water Resources, Hohai University, Narjing 210098, China;
2. Hydrology and Water Resources Survey Bureau of Taian, Taian 271000, China)

Abstract; An optimal operation model based on the even-shortage water supply hedging rules can be used to solve
the time-history allocation problem in irrigation water quantity because the water demand process is uneven and
highly correlated with time-histories. The objective function of the minimum square sum of the water deficit ratio was
analyzed based on the meaning of an even-shortage water supply object. The results show that the objective function
cannot obtain a water supply process with an even water deficit ratio, and the water deficit ratio is proportional to
water demand. Based on the fundamental form of the objective function of the minimum square sum of the water
deficit ratio, and considering the constraint of the water balance, the Lagrangian function was built and a new
objective function with an even water deficit ratio was derived. Considering the sensitivity extent of crops in different
growth stages, the weighting objective function with an even water deficit ratio was constructed by introducing the
water sensitivity coefficient. The improved objective function was validated by analyzing a variety of water process

examples.
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Table 1 Process of water demand 10" m’
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Table 2 Sensitivity coefficients of crop in Table 3 Inflow processes of different scenarios 10* m’
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At Y (o) Y (1)
(AN
H{}J Kl(t) Kz(t) K(t) 1 37.4 29
1 0.13 0.07 2 53.5 33.3
2 0.21 0.11 3 76.9 55.3
3 0.24 0.12
4 79.5 107.9
4 0.20 0.10
5 0.12 0. 06 0.05 5 198.0 132.7
6 0.09 0.02 0. 04 6 180.0 490.0
7 0.28 0.14 7 241.3 126.2
8 0.37 0.19 8 104. 4 132.0
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9 89.1 104. 4
10 0.03 0.09 0.03
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Table 4 Optimal operation schemes with different inflow processes
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1 14.7 1.3 12.4 17.9 12. 4 17.9 14.9 1.3 314. 1 14.2 6.0 314.8 14.3 5.3 3147
2 23.5 1.7 19.6 17.9 21.5 10.0 23.7 0.8 323.8  22.4 6.3 325.8  23.1 3.3 325.0
3 49.9 4.0 42.7 17.9 47.4 8.8 51.1 1.7 328.0 48.8 6.2 332.3  50.5 2.9 329.8
4 91.5 7.7 81.3 17.9 88.0 11.2 96.2 2.9 339.7  93.0 6.2 347.2  95.6 3.5 342.1
5 227.0 23.9 244.7 17.9  225.5 24.4  272.2 8.7 200.0 279.7 6.2 200.0 274.6 7.9  200.0
6 149.0 13.8 141. 8 17.9  125.5 27.4  172.8 0 500.0 190.0 0 500.0 190.0 0 500.0
7 261.8 29.7 305.7 17.9  343.3 7.8 313.4 15.8 312.8 333.8 10. 4 292.4 352.4 5.4 273.8
8 127.4 11.7 118. 4 17.9  135.4 6.1 135.3 6.2 309.5 129.2 10. 4 295.2 138.3 4.1  267.5
9 160.6 15.2 155.5 17.9 151.6 20.0 174.3 8.0 239.6 169.7 10. 4 229.9 163.5 13.7  208.4
10 6l.1 5.0 52.8 17.9 40.6 36.9 62.5 2.8 251.6  57.6 10. 4 246.8  48.4  24.7 234.5
11 37.8 3.1 32.0 17.9 17.8 54.4 38.4 1.5 257.3  35.0 10.3 255.9  24.3 37.7  254.3
12 14.7 3.3 12. 4 17.9 10.1 33.1 14.9 1.3 300.0 13.5 10.6 300.0 11.9  21.2  300.0
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Fig. 1 Relationships between water deficit ratio and integrated water sensitivity coefficient
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