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Prediction of monthly runoff in upper reaches of the Yangtze River based on coupled model of CEEMDAN-FESC-
OVMD-Transformer//XU Jiayuan'*, ZOU Lei', ZHANG Liping’, WANG Feiyu*, XIA Jun"’( 1. Key Laboratory of
Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and Natural Resources Research, Chinese
Academy of Sciences, Beijing 100101, China; 2. College of Resources and Environment, University of Chinese Academy of
Sciences, Beijing 100049, China; 3. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan
University, Wuhan 430072, China; 4. School of Water Resources and Hydropower Engineering, North China Electric Power
University, Beijing 102206, China)

Abstract: To improve the prediction accuracy of monthly runoff in the upper reaches of the Yangtze River under the
background of inconsistent hydrological elements, based on the monthly runoff data from 1961 to 2022 at Yichang and
Cuntan hydrological stations, a hybrid prediction model combining complete ensemble empirical mode decomposition with
adaptive noise (CEEMDAN ) , fuzzy entropy (FE), spectral clustering (SC), optimal variational mode decomposition
(OVMD) , and Transformer deep learning model (CEEMDAN-FESC-OVMD-Transformer) was constructed to simulate and
predict the monthly runoff in the upper reaches of the Yangtze River. The results showed that the hybrid model performed
well in predicting the monthly runoff at Yichang and Cuntan hydrological stations, with NSE up to 0. 9 in the training
period, and NSE of 0. 84 and 0. 89 in the testing period, respectively; the CEEMDAN-FESC-OVMD decomposition
framework can improve the accuracy of peak flow prediction during the flood season ;the two-stage decomposition structure of
the OVMD can effectively reduce the complexity of the high-frequency sequence of monthly runoff, and improve the stability
of runoff prediction.
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Table 1 Evaluation of prediction results of models in training and testing periods

Kkt . : : I : jilline

NSE R RMSE MAE NSE R RMSE MAE
CEEMDAN-FESC-OVMD-Transformer 0. 94 0.94 2371.59  1762.67 0.84 0.85 3159.17  2298.71
. CEEMDAN-FESC-EMD-Transformer 0. 86 0.87 3646.23  2658.36 0.63 0.63 4747.56  3476.87
o CEEMDAN-FESC-Transformer 0.89 0.89 3309.90 2182.02 0.73 0.75 4060.57  2854.69
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