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Rapid Prediction of Salinity for Chenhang Reservoir Based on Joint Modeling of STL-MIKE-
LSTM

WU Chang', CUI Jingyuan®’, HUANG Fan’, SONG Chenyu', ZHANG Sheng', ZHAO Pengbo', ZHANG Haiping" "

(1. College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China;

2. Institute of Water Sciences, Zhejiang University of Water Resources and Electric Power, Hangzhou 310018, China;

3. Faculty of Quality Management and Inspection, Yibin University, Yibin 644000, China)

Abstract [ Objective] The study aims to probe into the feasibility of substituting neural network models for the mechanism models
based on nonlinear hydrological and water quality processes for lakes and reservoirs, so that the output water quality under different
water intake conditions can be calculated rapidly during salt tide. [ Methods] The study proposed a novel method for predicting
chloride output water concentration for lakes and reservoirs. In this method, seasonal-trend decomposition using LOESS ( STL) was
used first to extract the characteristics of intake water concentration data. Then, data augmentation based on Gaussian noise was applied
to synthesize simulated data. After that, simulated operation conditions were constructed and calculated by MIKE 21 mechanism
model. Finally, the calculation result were used to train an long-short term memory ( LSTM) neural network model. [ Results]  The

method proposed was applied to Chenhang Reservoir and it turned out that; (1) By comparing the result of STL decomposition under
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different parameters, it turned out that choosing periodicity parameter(n,)= 12 could lead to a better performance; (2) By comparing
the prediction performances of the LSTM model under different numbers of hidden layer neurons and prediction time steps, it was found
that the prediction performance went up at first and then went down as the number of neurons increased, and the performance continued
to go down as the prediction time step increase. The result showed that selecting 128 neurons and a prediction time step of 24 hours had
the best overall performance; (3) By comparing the prediction performances of neural networks with different structures, it was found
that the LSTM performed the best in the prediction set [ root mean square error (RMSE) was 0. 13 mg/L, mean relative error (MRE)
was 0. 04, Nash-sutcliffe efficiency coefficient (NSE) was 0.96) ]; (4) According to the evaluation of established LSTM model using
online monitoring and forecast data, it was demonstrated that the LSTM model indeed had high accuracy in predicting the outlet
concentration ( RMSE was 0. 29 mg/L, MRE was 0.09, NSE was 0.58), and the computility and time required were far lower than
those of the MIKE 21 mechanism model. [ Conclusion ]

The method to predict the delivery water concentration of chloride that is

proposed in this study has been verified to have both high computational accuracy and speed, and can replace the mechanism model to

provide rapid decision-making support for reservoir managers in response to salt tide.

Keywords salt tide long-short term memory ( LSTM)
MIKE 21
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Fig. 6 STL Decomposition and Synthetic Data Generation ( Example of Template Period I )
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Fig.7 RMSE, MRE and NSE under Different Numbers of LSTM Hidden Layer Neurons and Prediction Time Steps
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