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Abstract

Numerical weather prediction (NWP) models explicitly resolve only processes at scales larger than about 3-5
times the model grid spacing, while the effects of unresolved-scale processes on the resolved-scale atmospheric states
are represented through physical parameterization schemes. These schemes separate inherently interacting unresolved
processes, such as convection, microphysics, and boundary-layer processes, into distinct forcing terms. As a result,
interactions among unresolved processes may not be fully represented.

This study explores a unified Al-based physics framework that statistically represents the combined effects of
unresolved processes as a unified forcing term. A key innovation is the use of localized wavelet embedding, which
conditions the estimation of this forcing on dynamically relevant multiscale features affecting each grid column. In
practice, we train a neural network to predict the difference between a 6-hr dynamics-only forecast and the verifying
reanalysis. This difference is interpreted as the integrated effect of unresolved processes within a 6-hr time window.
By integrating information across scales and processes, this research is expected to improve the simulation of tropical



waves, even in coarse-resolution global models. Improved simulations of tropical waves may in turn enhance
extended-range prediction skill.
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