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Earth system models (ESMs) are essential to understand and project climate
change. ESMs typically run for decades on coarse horizontal scales in the order
of 40-100 km, which requires the parameterization of subgrid-scale processes.
The radiation parameterization is one of the computationally most expensive
components in ESMs. Machine Learning (ML)-based emulators are known to be
faster than traditional parameterizations while retaining accuracy but online
tests tend to be challenging. In this study, we develop an ML-based emulator for
the ICOsahedral Non-hydrostatic (ICON) model with the RTE+RRTMGP radiation
code. This radiation parameterization calculates radiative fluxes based on the
atmospheric state and its optical properties. Our emulator uses a bidirectional
Long Short-Term Memory (Bi-LSTM) architecture to predict heating rates which
is physically motivated by the flow direction of radiative fluxes. We analyze the
ML-based radiation emulator using Shapley values and demonstrate that the
neural networks learned physically consistent relationships including
atmospheric thermal emission and cloud feedback. We implemented the ML-
based radiation emulator into ICON and performed simulations with the
coupled model that are stable for multiple years while being 4 times faster
when running on CPU. The coupled simulation finds an equilibrium that is close
to the reference simulation.
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