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Motivation

- Traditional radiative transfer models can be slow and take up a lot of time in 

NWP models

- ML NWP models typically have one model learn everything from dynamics to 

microphysics (e.g., GraphCast)
- Desire to separate radiation from other processes for climate change simulations

- ML models are usually “black boxes”



Paper overview

- Designed a neural network to predict shortwave (as opposed to longwave) 

radiative transfer

- Meant to be a drop in replacement for existing radiative transfer models

- Explicitly designed to be “open box”: neural network weights have some 

physical meaning rather than just being free, uninterpretable parameters



Design of a shortwave radiative transfer model

- Transmissivity: what fraction of 
incoming direct radiation is directly 
transmitted through an atmospheric 
layer

- Scattering: what happens to the 
fraction of incoming direct radiation 
that is NOT directly transmitted 
through an atmospheric layer 
(absorbed, reflected, diffused)

- Multi-reflection (up) + radiation 
propagation (down): interreflection 
of radiation between multiple 
atmospheric layers



Absolute monster of a figure



Taking a step back: inputs and outputs

Inputs:

- Each vertical atmospheric column 
receives: θ (solar zenith angle), ɑ 
(surface albedo), and S0 (solar 
constant of 1361 W/m2)

- Each atmospheric layer k receives: Tk 
(temperature), pk (pressure), mk 
(mass of eight constituents: vapor, 
liquid, and ice H2O, O3, CO2, N2O, 
CH4, O2

- Source: ECMWF’s Copernicus 
Atmosphere Monitoring Service 
(CAMS)

Outputs:

Source: ecRAD (ECMWF’s radiative 

transfer model) with some assumptions



Channel decomposition of radiation and gases



Channel decomposition of radiation and gases

Split radiation in p components: learned 

weights are ci



Channel decomposition of radiation and gases

Split radiation in p components: learned 
weights are ci

Learn the contribution of each gas: 
learned weights are wi,j

k is the atmospheric layer and j is the 
constituent



Transmissivity: how much radiation makes it through? 



Transmissivity: how much radiation makes it through? 

Inputs: pseudo-masses from channel 

decomposition of gases

Learned weights: k (mass extinction 

coefficient) → related to optical depth 

via Beer’s law



Scattering: what happens to radiation that didn’t make it 
through? 



Scattering: what happens to radiation that didn’t make it 
through? 

Three possibilities: absorbed, reflected 

(upward), or transmitted (downward)

Inputs: optical depths of the 

atmospheric constituents + zenith angle

Output: fraction that is absorbed, 

reflected, or transmitted

Note: this component is fully 

machine learned



Multi-reflection and radiation propogation

Purely physical model

Inputs: scattering fractions (absorbed, 

reflected, transmitted) from scattering 

module

Outputs: Upward and downward fluxes 

→ used to compute heating rates



Loss function

Normal neural network loss function 

would penalize output variables equally

Proposed loss function which breaks 

error into 4 terms: direct flux, diffuse 

flux, direct extinction, diffuse heating 

rate



Discussion

Key assumptions of model:

- Independent column approximation, fixed solar constant, homogenous clouds

Longwave radiation next?
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