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Various Multistep-Ahead Data-Driven Models for Simulating
Reservoir Hourly Inflow: A Case Study of Feitsui Reservoir, Taiwan
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Abstract

With sufficient observed data and advanced development of artificial intelligence,
various data-driven models have gradually yielded reliable and appropriate results in applying
hydrological studies. Although several studies have presented the evaluations of different
data-driven models for hydrological problems, few studies have used the concept of GA
(generalization ability) to assess the models' performance comprehensively. Therefore, this
study employed the multistep-ahead prediction framework to propose nine data-driven models,
namely the multi-output support vector regression (MO-SVR), the multi-output random forest
regression (MO-RFR), the multi-output extreme gradient boosting regression (MO-XGBR),
the multi-output light gradient boosting machine regression (MO-LGBMR), the multi-output
categorical gradient boosting regression (MO-CGBR), the multi-output multilayer perceptron
regression (MO-MLPR), the encoder-decoder gated recurrent unit (ED-GRU), the
encoder-decoder long short-term memory (ED-LSTM), and the combined convolutional
neural network with LSTM (CNN-LSTM) models, for simulating reservoir hourly inflow
during typhoons or storms.

In this study, the inflow hydrographs in Feitsui Reservoir were simulated using nine
multistep-ahead data-driven models. Historical hourly rainfall and reservoir inflow were
collected from 2006 to 2019, in which 70% and 30% of data were used for model training and
validation. Based on multi-output regression, six data-driven models, namely the MO-SVR,
MO-RFR, MO-XGBR, MO-LGBMR, MO-CGBR, and MO-MLPR, were extended to achieve
the multi-hour ahead predictive ability of reservoir inflow. Three data-driven models, namely
the ED-GRU, ED-LSTM, and CNN-LSTM, were extended to the multistep-ahead data-driven
models using encoder-decoder framework. This study used Nash-Sutcliffe efficiency (NSE)
and GA to evaluate the performance of nine data-driven models. The results indicate all
models obtain the good NSE value of over 0.9 for predictions with 1-6-h lead times. In
addition, the lead-time averaged GA using MO-SVR, MO-RFR, MO-XGBR, MO-LGBMR,
MO-CGBR, MO-MLPR, ED-GRU, ED-LSTM and CNN-LSTM models were 0.9, 1.4, 1.5,
1.5, 11,038, 1.1, 1.2 and 1.4, respectively. The results show that the MO-SVR, MO-CGBR,
and ED-GRU models are better generalizable for inflow simulations in Feitsui Reservoir. The
findings from this study provide a meaningful basis for reservoir inflow forecasting in future
research.
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