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Application of the CorrDiff Model to MLWP Ensemble Forecasting
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Abstract

Traditional dynamical ensemble NWP systems face severe computational bottlenecks, limiting simultaneous high
resolution and sufficient ensemble size. Machine learning weather prediction (MLWP), represented by FourCastNet 3
(FCN3), achieves dozens-fold speedups over conventional models while capturing large-scale circulation, but converting
its coarse output into localized, fine-scale information with quantified uncertainty remains challenging. This study
establishes a fully automated workflow applying CorrDiff, a generative diffusion downscaling model, to the FCN3
ensemble, producing kilometer-scale, convection-permitting products, with staged evaluation conducted for 32
initializations from 15 May to 15 June 2025.

Results show that, before and after downscaling, MLWP (FCN3) temperature RMSE and MAE are substantially
lower than NWP, especially over land, with errors not growing markedly with lead time. Ensemble spread after
downscaling largely preserves pre-downscaling characteristics, showing slight underdispersion in weeks 1-2 and better-
calibrated spread by week 6. For precipitation, weekly FSS shows NPM performs best at low-to-moderate thresholds (10-
30 mm/week) while PM is more competitive at high thresholds (80-150 mm/week). These findings show the framework
can generate high-resolution ensemble forecasts, once dependent on intensive supercomputing, at minimal cost,
supporting fine-scale probabilistic forecasting and disaster-prevention decisions.
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