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Abstract: To explore the applicability and simulation performance of different machine learning models in monthly runoff
simulation, this paper takes the Dawen River Basin as the study area. Using the Mann-Kendall test and Sen’s slope method,
it analyzes the trends, abrupt changes, and correlations of hydrometeorological variables from 1961 to 2019. It constructs
monthly streamflow simulation models based on the Convolutional Neural Network (CNN), Long Short-Term Memory
network (LSTM), and Transformer, and systematically compares the simulation results of the three models. The results
indicate that during the study period, both precipitation and streamflow exhibited no significant decline, while temperature
increased significantly, and evapotranspiration, air pressure, and sunshine duration decreased markedly. Precipitation
experienced multiple abrupt changes with strong interannual variability; streamflow exhibited two abrupt shifts in 1966 and
2013, showing a strong influence of human activities. In monthly streamflow simulation, the Transformer performed best,
achieving NSE and R values of 0.74 and 0.87, respectively, during the testing period. Furthermore, the Transformer
demonstrated strong stability and generalization capability, effectively capturing the intrinsic consistency between
meteorological variables and streamflow under the influence of human activities, thereby enabling accurate simulation of the
streamflow process.
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Table 1 Performance metrics for machine-learning
model simulation
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Note: (a), (b), and (c) represent the rainfall-runoff relationships during the training, validation, and testing periods, respectively.
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