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MOTIVATION
Why radiation? 

Earth’s temperature (“climate”) is determined by exchanges of radiation (sunlight, earthshine) with the universe

Much of the incoming sunlight is reflected (“scattered”) back to space

Why this problem? 

Any model of the climate (esp. for climate change) computes how radiation flows through the atmosphere

Radiation depends on location and direction, but directional detail is expensive to compute 

In climate models the flow of sunlight is simplified by considering only “up” and “down.” The simplification requires 
(physically-interetable) intermediate variables that depend on the properties of the atmosphere. 

Our question

How should these intermediate variables (“coupling coefficients”) depend on the state of the atmosphere to minimize errors 
in the inexpensive, approximate calculation?  
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METHODS
Setting a target

Our target has two parts. 
1) We need the ability to make a highly-resolved calculation - algorithms are well-established if not easy to use  
2) We need the answers over a range of conditions. We’re lucky that the possible set of conditions is not large, and the set of conditions 
relevant to earth’s atmosphere is even smaller. 

Optimizing parameter values

We will use standard computational techniques to compute the optimal (error-minimizing) numerical values of the variables across our range 
of conditions. 

We will develop statistical models (e.g. neural networks) to reproduce the numerical values from the atmospheric conditions 

We will assess local and global errors (layers, which we’re optimizing for, and columns). We don’t know how much improvement is possible.

Optimizing parameter predictions

Beyond black-box models: we will seek simple(-ish) relationships between atmospheric conditions and the intermediate variables to
1) promote understanding 
2) make any advances easily transferable to every climate model
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RESULTS
The work is being done by Dion Ho, a second-year PhD student in Applied Math and Applied Physics. He started in August 
2022 with near-zero domain knowledge. 

Dion built a reference code (“discrete ordinates”) from scratch in Python to learn the underlying science and math.

Approximate modeling and optimization is just beginning 
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FUTURE PLANS
Most of this work is in the future…

Dion is interested in treating this as a probabilistic (e.g. Bayesian) problem

The optimization problem is hard - there’s room for exploring cutting-edge from the optimization methods
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DISCUSSION POINTS

The LEAP landscape

This is an example of learning low-resolution parameters and relationships from high-resolution data, but 
1) without respect to structural complexity or spatial scale
2) where the equations are known exactly 
3) where indirection (the distance between the thing we’re optimizing and the outcome we want) is conceptually small but 
highly non-linear

Questions

Given LEAP’s interest in computing, how much effort do we spend in maturing and disseminating general-purpose 
computational tools? What help might LEAP offer? 




