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Table 3 Model performance comparison

" YILRIE BEdE 4
TR AR Y - - ; - ; ;
Epys/(m/s) Enip/(m/s) Ens Eryis/(m/s) Eyia/(m/s) Exs Epms/(m'/s) Eya/(m/s) Exs
GRU 21.4 17.2 0.993 575 28.2 0.968 111 61.6 0.881
LSTM 20.9 14.0 0.993 60.7 27.9 0.965 107 56.9 0.890
Transformer 328 239 0.983 113 63.8 0.877 105 53.3 0.894
EMs 16.1 11.6 0.996 63.6 31.8 0.961 95.1 49.4 0.913
» 201706247 YK Bidf 2019080937 Yk Bidf 2020080337 Y7k Hidf
TURARE IR - ] 3
Eyia/(m'/s) Epg/h Exs Eyia/(m'/s) Epg/h Ens Eya/(m/s) Epg/h Ens
GRU 289 +1 0.490 170 +2 0.794 110 +2 0.792
LSTM 175 +1 0.782 169 +1 0.809 107 0 0.797
Transformer 18.6 0 0.874 158 0 0.807 98.2 +1 0.811

EMs 133 0 0.853 148 +1 0.853 101 +2 0.829
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Table 4 Objectives comparison of operation solutions
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Optimization of gate operation for reservoir flood control based on deep learning

ensemble forecasting”
XU Yueping , LU Haonan , YU Xinting , GUO Yuxue

(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract: Research is needed for improving reservoir flood forecasting and operation to reduce flood-induced losses.
Current reservoir flood control practices lack consideration of actual gate operations and dispatch scheme feasibility. This
study proposes a refined flood operation optimization model, which takes into account inflow forecast uncertainties by
utilizing ensemble forecasts derived from a combination of Long Short-Term Memory (LSTM), Gated Recurrent Unit
(GRU) and Transformer deep learning models. Gate discharge states and their durations are taken as decision variables. A
case study was conducted in the Jiaojiang River basin, Zhejiang Province. Results indicate that the ensemble forecasts are
improved by 4.6% in accuracy compared to single model forecasts, and the forecast uncertainty is reliable for reservoir
operation. The refined flood operation optimization model shows significant advantages over conventional methods,
reducing the average maximum water level at the dam by 0.43 m and the average flood peak flow at downstream control
section by 32.9 m’/s. The effectiveness of the optimized solution is less affected by inflow uncertainties. Overall, the
proposed refined model is demonstrated to have the potential to provide valuable information to support reservoir flood
control decision-making.

Key words: reservoir gates; ensemble forecasting model; deep learning; flood control operation; multi-objective

optimization; uncertainty
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