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A novel daily streamflow forecasting approach combining machine

learning and error correction: case study of datong station
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2. Shanghai Marine Monitoring and Forecasting Center, Shanghai 200062, China;
3. Hubei Technology Innovation Center for Smart Hydropower, Wuhan 430000, China)

Abstract: Considering the challenges in parameter acquisition and calibration of hydrological models, as well as
the instability of prediction performance, this study proposes a daily streamflow forecasting approach based on
an error-correction strategy, and applies it to the daily streamflow prediction at Datong Station in the lower
Yangtze River. The study integrates multiple machine learning methods of varying complexity, including
multiple linear regression, random forest regression, support vector regression, Bayesian ridge regression, and
long short-term memory networks. On this basis, eleven hybrid models were constructed, and the overall

prediction accuracy was further enhanced through the error-correction strategy. The results indicate that the long
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short-term memory network outperforms all individual models. Parallel hybrid models generally outperform
serial hybrid models and can effectively reduce systemic bias. Moreover, the error-correction strategy
significantly improves various predictive evaluation metrics: compared with individual models, the Nash-
Sutcliffe Efficiency (NSE) and Kling-Gupta Efficiency (KGE) increased by 5.03% and 9.84%, respectively,
while the Relative Root Mean Square Error (RRMSE) and Mean Absolute Percentage Error (MAPE) decreased
by 47.15% and 46.21% , with prediction errors approaching a normal distribution. This study provides a
valuable reference for daily streamflow forecasting.

Key words: Runoff prediction; Machine learning; Error correction; Long and short-term memory networks;

Support vector machines; Datong station
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Fig.1 Regional overview of the middle and lower reaches of the Yangtze River
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Fig.2 Lag time estimation results for each station based on cross-correlation
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Fig.3 Block diagram of the method
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Fig.4 Single model prediction of daily runoff
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Table 2 Statistics on prediction accuracy

BES LAY i 389 r NSE KGE WI RRMSE MAPE
R 0.956 0.914 0.938 0.977 0.142 11.384%
MLR K6 452 10 0.965 0.920 0.908 0.978 0.139 10.188%
BB 0.979 0.954 0.918 0.987 0.105 8.011%
Il 2540 0.993 0.985 0.975 0.996 0.059 4.146%
RFR 2 35 191 0.955 0.833 0.728 0.945 0.200 11.728%
piREE] 0.950 0.876 0.790 0.961 0.173 9.417%
e ] 0.956 0.913 0.951 0.977 0.143 11.183%
BTG Y SVR 76; 55 48] 0.964 0.924 0.935 0.980 0.135 10.017%
3 0.979 0.957 0.939 0.988 0.102 8.001%
VIER ] 0.956 0.914 0.938 0.977 0.142 11.397%
BRR i 96 101 0.965 0.920 0.907 0.978 0.139 10.197%
03 1) 0.979 0.954 0.917 0.987 0.105 8.026%
pERY 0.966 0.933 0.953 0.982 0.126 9.739%
LSTM 6 45 1) 0.974 0.936 0.887 0.982 0.124 9.544%
HER e 0.974 0.938 0.872 0.982 0.122 8.875%
Il 2539 0.981 0.962 0.956 0.990 0.094 7.407%
RFR—MLR 15 10 0.977 0.909 0.807 0.973 0.148 10.499%
3t 0 0.972 0.930 0.850 0.979 0.130 8.334%
PlER ] 0.981 0.962 0.955 0.990 0.094 7.413%
RFR—BRR 6 55 441 0.977 0.909 0.807 0.973 0.148 10.505%
piRE ] 0.972 0.930 0.849 0.979 0.130 8.342%
R ] 0.981 0.962 0.971 0.990 0.095 7.076%
RFR—SVR i 16 101 0.977 0.916 0.824 0.975 0.142 10.368%
48] 0.973 0.935 0.866 0.981 0.126 8.116%
I kTR A A
VER ] 0.963 0.928 0.941 0.981 0.130 10.389%
LSTM—MLR 56 40 0.974 0.934 0.889 0.982 0.126 9.700%
iR 0.979 0.950 0.888 0.986 0.110 8.201%
R 0.963 0.928 0.941 0.981 0.130 10.395%
LSTM—BRR 15 19 0.974 0.934 0.888 0.982 0.126 9.704 %
BB 0.979 0.950 0.887 0.986 0.110 8.209%
Il 2540 0.963 0.928 0.954 0.981 0.131 10.101%
LSTM—SVR 2 35 191 0.973 0.936 0.905 0.983 0.124 9.654%
piREE 0.979 0.953 0.904 0.987 0.107 7.974%
e ] 0.965 0.932 0.951 0.982 0.126 9.750%
LSTM—MLR o 56 1 0.973 0.937 0.894 0.982 0.123 9.536 %
piRE ] 0.975 0.941 0.878 0.983 0.119 8.484%
VIER ] 0.966 0.933 0.951 0.982 0.126 9.753%
LSTM—BRR o 46 101 0.974 0.937 0.888 0.982 0.124 9.488%
SR i 0.975 0.941 0.876 0.983 0.120 8.629%
PR 0.967 0.934 0.955 0.983 0.124 9.656 %
LSTM—SVR 6 55 9] 0.956 0.892 0.834 0.968 0.161 10.220%
RS 0.949 0.890 0.836 0.967 0.163 8.903%
Il 25 39) 0.979 0.958 0.966 0.989 0.100 7.565%
LSTM—RFR 15 10 0.964 0.909 0.851 0.974 0.148 11.127%
80 0.962 0.915 0.854 0.975 0.143 9.856 %
e ] 0.985 0.969 0.985 0.992 0.085 5.933%
218 A A LSTM—SVR—EC 55 30 0.989 0.978 0.970 0.994 0.073 5.180%
40 0.992 0.983 0.975 0.996 0.064 4.554%
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Fig 5 Taylor diagram of the prediction results of the hybrid model
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Table 3 Rates of change of indicators for each model test period
S A r NSE KGE WI RRMSE MAPE
RFR—MLR 0.06% —0.59% —4.25% —0.18% 6.68% —1.56%
RFR—BRR 0.05% —0.61% —4.29% —0.19% 6.78% —1.47%
S RFR—SVR 0.08% —0.13% —2.39% —0.02% 3.34% —4.14%
LSTM—MLR 0.70% 1.52% 0.02% 0.47% —9.67% —3.13%
LSTM—BRR 0.70% 1.51% —0.02% 0.47% —9.59% —3.03%
LSTM—SVR 0.70% 1.81% 1.87% 0.57% —12.15% —5.81%
LSTM—MLR 0.31% 0.60% —1.04% 0.20% —2.21% 0.21%
LSTM—BRR 0.29% 0.52% —1.30% 0.18% —1.59% 1.93%
ER AT A
LSTM—SVR —2.37% —4.95% —5.75% —1.48% 34.29% 5.16%
LSTM—RFR —1.00% —2.21% —3.76% —0.64% 17.71% 16.41%
BB IER R LSTM—SVR—EC 2.02% 5.03% 9.84% 1.46% —47.15% —46.21%
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Fig.6 Scatterplot of observed flow - predicted flow
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Fig.7 Error cloud and rain plot
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