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Abstract

The Convective-scale Ensemble Prediction System (CEPS) combines ensemble forecasting with rapid-refresh data
assimilation to provide timely probabilistic forecasts. Operational since 2025, it is a key guidance tool for afternoon
convection nowcasting. CEPS derives its initial condition (IC) perturbations from a 16-member Local Ensemble
Transform Kalman Filter (LETKF) analysis, and its lateral boundary condition (LBC) perturbations by merging 2-km
Radar-WRF (RWRF) fields with Weather Ensemble Prediction System (WEPS) perturbations.

The 2026 updates introduce model physics upgrades, a stochastically perturbed parameterization (SPP) function, and
parallelized perturbation workflows. The updates to the model physics processes involve employing a diffusion scheme
better suited for complex terrain and adjusting urban surface parameters within the Noah land surface model, which
successfully improve the simulation of near-surface temperature and moisture fields. To enhance ensemble spread, the
YSU boundary layer and RRTMG radiation schemes now incorporate SPP schemes (YSU-SPP and RRTMG-SPP)
developed by Su et al. (2025). Furthermore, parallelized computation resolves processing bottlenecks in short-range
operations; even with SPP enabled, total runtime increases by only ~5 minutes, drastically lowering the previously

doubled computational cost.

Validation shows the updated WRF reduces surface temperature and relative humidity errors, while YSU-SPP improves
surface wind speed spread. The system accurately captures spatial precipitation patterns. Case studies reveal that CEPS
performs best for afternoon convection. Frontal and typhoon cases show high skill in early forecast hours due to quality

LETKEF ICs, though skill degrades later due to large-scale environmental uncertainties and domain size limitations.
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