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Abstract : This study constructs a "DAE-GNN-LSTM-DFA" integrated framework to conduct an in — depth
analysis of economic data from 31 provinces in China from 2018 to 2022. Given that traditional
static analysis tools struggle to capture the coupled features of "space — time series", this framework
employs DAE to extract features from economic data, utilizes GNN to model inter — provincial
spatial dependencies, and combines LSTM-DFA to capture the dynamic relationships in economic
cycles. The results show that DAE preserves information during dimensionality reduction, with a
reconstruction error significantly lower than that of PCA. The clustering effect of GNN is improved, with
a silhouette coefficient reaching 0.6625. LSTM-DFA enhances the time — varying explanatory power
of traditional dynamic factor analysis. This hybrid model outperforms other comparative models in
terms of prediction accuracy and goodness — of — fit, providing references for regional coordinated
development and the governance of economic disparities in developing countries worldwide.
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