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Abstract : To achieve precise risk management and control over large-scale drought conditions, it is crucial to accurately
predict the regional-scale meteorological drought index (SPEI). This study constructs a hybrid prediction
framework that combines a Gradient Boosting Machine (GBM) with an ARIMA model. The framework utilizes
GBM to extract the inherent long—term trends in the SPEI series to construct an enhanced dataset, and employs
the ARIMA model to capture the residual fluctuations of the series around this trend. Using Hunan Province as
a case study, the model was trained on data from 2012 and earlier, and then predicted the monthly SPEI from
2013 to 2020. The results demonstrate that the model exhibits excellent comprehensive predictive performance,
with a Root Mean Square Error (RMSE) of 0.47, a Mean Absolute Error (MAE) of 0.37, a Nash—Suitcliffe
Efficiency (NSE) coefficient reaching 0.75, and a trend consistency index as high as 0.88 on the test set. It can
stably reproduce the macroscopic spatiotemporal distribution pattern of drought in Hunan Province.
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