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Tab. 2 Comprehensive nutrition state index method nutritional status

classification
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Tab. 3 Hyperparameters of LSTM model
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Fig. 1 Distribution of phytoplankton density in the middle and lower reaches of the Han River
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Tab.4 Danjiangkou Reservoir operating characteristics
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Tab.5 Regression performance of LSTM model
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Fig. 3 Intra-year distribution of phytoplankton density and comprehensive nutrition state index
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Tab. 6 Results of regular operating
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Tab. 7 Preferred solution of non-inferior solution set
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Fig. 5 Phytoplankton prevention and control operating curves of

Danjiangkou Reservoir
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Reservoir operating for phytoplankton prevention and control in middle-lower
reaches of Han River based on Long Short-Term Memory model

YANG Yichen', LIUPan', WANG Yibo', LI Shigiong', LIN Dongsheng’, ZHANG Yang’
( 1. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China;
2. Chongqing Jialing River Lize Navigation Electrical Development Co., Ltd., Chongqing 401546, China )

Abstract: Reservoirs improve the spatial and temporal distribution of water resources and create huge socio-
economic benefits, while also providing a powerful tool for operating the downstream ecological environment. In
the middle and lower reaches of the Han River, water bloom tends to occur in late winter and early spring. Operating
through hydrodynamic methods can destroy the growth conditions of phytoplankton and effectively prevent and
control phytoplankton growth. However, the formation mechanism of phytoplankton growth is complex and difficult
to simulate accurately, which makes the reservoir operating for phytoplankton growth prevention and control
inefficient. The problem of missing mechanism can be solved to some extent by machine learning method for
phytoplankton simulation.

A Long Short-Term Memory-based operating method is suitable for phytoplankton growth prevention and
control, which can improve the accuracy of phytoplankton growth simulation and enhance the efficiency of reservoir
operating. Taken the water bloom problem in the middle and lower reaches of Han River and Danjiangkou
Reservoir as the research object, a phytoplankton growth prevention and control operating model including
economic and ecological objective functions; the LSTM model of comprehensive nutritional index and
phytoplankton density of water bodies is used to establish ecological objective functions; and the cuckoo
optimization algorithm is used to solve the problem.

The results show that: (1) the simulated values of comprehensive nutritional index and phytoplankton density
simulation model based on LSTM model are significantly correlated with the measured values at 0.01 level, and the
phytoplankton density simulation effect is good; (2) compared with the conventional operating, the proposed
phytoplankton prevention and control operating scheme can increase the multi-year average water supply by 0.45%,
the multi-year average power generation by 1.06%, and the average phytoplankton density is reduced by 1.57%,
which further enhances the comprehensive benefits of Danjiangkou Reservoir operating while effectively
controlling phytoplankton in the middle and lower reaches of Han River.

The non-inferior solution is obtained from the operating chart of Danjiangkou Reservoir for phytoplankton
growth prevention and control. The operating chart contains the flood limit line, normal storage level line, first
reduced water supply line, second reduced water supply line, restricted water supply line and dead water level line,
and the reservoir operating according to this chart can effectively prevent and control the phytoplankton growth in
the middle and lower reaches of Han River. The research results can provide technical support for the prevention

and control of river phytoplankton.

Key words: Long Short-Term Memory; phytoplankton simulation; reservoir operating; multi-objective optimization;

phytoplankton prevention and control
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