
A new radiation parameterization was accelerated by a factor of
2-3a using targeted machine learning and optimized code.

The accuracy is virtually identical to the original scheme.

acomputation of clear-sky fluxes
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1 Intro

• Radiative transfer is well-understood, but expensive to
solve accurately in large-scale models

• Instead of emulating an entire scheme with machine
learning, we can look at a specific component

• Here neural networks were trained to predict the optical
properties of the atmosphere, which is done with a look-
up table in the original code. We still use two-stream
equations for computing the radiative transfer

2 Methods

• RRTMGP is a new radiation scheme for dynamical mod-
els which computes optical properties such as optical
depth given a physical description of the gaseous atmo-
sphere (temperature, pressure, gas concentrations)

• We trained a neural network (NN) emulation of RRT-
MGP using 7 million training samples spanning a large
range of atmospheric conditions (also future climate)

• To maximize the benefit of accelerated gas optics, we
then refactored the radiative transfer solver RTE
which is linked to RRTMGP and computes fluxes

3 Speed-up
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• Single-core performance was tested on three platforms

• In the longwave , gas optics were sped up by 1.6 - 3x
and clear-sky flux computations by 2.9 - 3.5x

• In the shortwave, gas optics were sped up by 2.6 - 6x
and clear-sky flux computations by 1.8 - 3.1x

4 Accuracy
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• Accuracy was evaluated using benchmark line-by-line
computations on independent data

• Errors in fluxes, heating rates and radiative forcings were
all very similar to RRTMGP

5 Details

• Generality. The NN predicts layer-wise optical proper-
ties normalized by number of molecules and is agnostic
to vertical grids

• Efficiency. One model takes all gases as input, outputs
all spectral points (18 inputs, 256 outputs in the long-
wave)

• BLAS-accelerated. The NNs, implemented in Fortran,
use GEMM for batched inference and achieve 7x more
FLOPS than the original kernel which interpolates
from a look-up-table

• Code refactoring in the radiative solver rearranged the
dimensions in the solver for consistency with RRTMGP
and improved memory use and vectorization by inlining
computations and combining loops

• GPU support through OpenACC and cuBLAS

Submitted to JAMES as Accelerating radiation computations

for dynamical models with targeted machine learning and code

optimization

https://github.com/peterukk/rte-rrtmgp-nn

https://github.com/peterukk/rte-rrtmgp-nn
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