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[Abstract] This study focuses on predicting bird migration timing, systematically analyzing the statistical
characteristics and nonlinear relationships of time series data. A hybrid forecasting framework integrating LSTM,
Transformer, and Prophet models is proposed. By constructing a multimodal dataset incorporating
environmental variables (temperature, wind speed), geographical information (latitude, longitude), and
biological characteristics (species, age), the study validates the advantages of deep learning models in capturing
long—term dependencies and global correlations. Experimental results show that the Transformer model
performs best in migration timing prediction (RMSE = 5.8 days, R? = 0.85), with its self—attention mechanism
effectively capturing the synergistic effects of cross—regional migration. The findings provide theoretical support
and technical insights for bird conservation and climate change adaptation analysis.
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