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Abstract: Global climate change is intensifying, and hydrological cycles present obvious non-stationary, multi-scale, and strong
nonlinear characteristics. Traditional mechanistic models cannot fully characterize the response mechanisms between
meteorological factors and runoff. Current deep learning methods also have limitations in capturing long-term dependencies,
spatial correlations, and sequence decoupling features in hydrological data. To solve the above problems, this study develops a
hybrid forecasting model named JMD-Gformer. The model integrates Jump plus AM-FM Mode Decomposition (JMD), sparse
directed graph networks, and Transformer-based structures. In the proposed framework, JMD decomposes non-stationary runoff
time series into jump components and periodic components. The jump components reflect abrupt runoff events, while the periodic
components represent seasonal and inter-annual runoft fluctuations. This decomposition method effectively reduces data noise
and mode aliasing. A sparse directed graph with meteorological and hydrological nodes is constructed to describe the upstream
and downstream hydrological interactions. Furthermore, a multi-head self-attention mechanism is adopted to capture long-range
temporal dependencies of the runoff series. Multi-time-scale runoff prediction experiments are carried out in the Daliao River
Basin. Compared with the second-best benchmark model, the JIMD-Gformer model decreases MAPE by 36.4% and RMSE by
41.2%. The model exhibits good robustness and high prediction accuracy under complex hydrological conditions. This study
provides a feasible new method for intelligent watershed management.

Keywords: Jump-plus AM-FM mode decomposition (JMD); Sparse directed graph network; Transformer; Seasonal
characteristics; Runoff prediction
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Fig. 1 Distribution of water systems in the Daliao River Section
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Tab. 2 Comparison of comprehensive performance of different models in annual runoff prediction
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Tab.3 Comprehensive comparison of runoff prediction performance under different prediction step sizes
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Fig. 5 Prediction results and error distribution of the proposed model with different prediction step sizes
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Tab. 4 Statistical characteristics of runoff volume of the four quarters (103m3 s )
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Tab. 5 Evaluation index results of the proposed model in four quarters
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Tab. 6 Comparison of prediction performance of the deleted modules and
different predecomposition methods with the completed model.
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Fig. 7 Comparative analysis of model performance evaluation and ablation experiments
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App.Tab. 3 Results of sensitivity analysis for different parameter values
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App. Tab. 4 Temporal characteristics and normalized intensity analysis of rainstorm events
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App. Fig. 3 Time complexity analysis of different models
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