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Abstract

In the present study, the monthly flow of the Dez River at the Taleh Zang station during the statistical period
from 1971 to 2022 was modeled using a hybrid approach based on the Variational Mode Decomposition (VMD)
signal decomposition method. The input data for the Random Forest (RF) and Support Vector Machine (SVM)
models were defined based on three scenarios. In the first scenario, inputs included lagged flow data with delays
of 1 to 4 months. In the second scenario, linear and nonlinear periodic terms were added to the lagged flow data
as additional inputs. In the third scenario, the input data were decomposed into sub-series called Intrinsic Mode
Functions (IMFs) using the VMD method before being fed into the models. The results revealed that each
standalone model achieved maximum accuracy with different input patterns, but adding periodic terms
moderately improved their performance. The SVM model in the second scenario showed the best performance,
with a mean RMSE error of 156.83 m3/s. For the RF model, the mean error in the second scenario (162.99 m3/s)
was lower than in the first scenario. In the third step, the data were decomposed using VMD, and modeling was
performed with RF and SVM. Evaluation metrics indicated a significant reduction in error and improved
accuracy in the hybrid models. Specifically, the VMD-SVM model reduced the RMSE by an average of 121
m?3/s (about 71%) and outperformed the VMD-RF model in terms of precision.

Keywords: Signal Decomposition, Intrinsic Mode Functions (IMFs), Random Forests Model, Support
Vector Machine
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