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• U.S. Greenhouse Gas Center

• Identifying Needs in Retrieval Algorithm Development
• How do we improve on the state-of-the-art?

• Why are GHG Retrieval Algorithms so Complicated?
• Answer: because we want choices

• Providing new tools to improve accessibility
• Focus: documentation

• Summary and Outlook
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• https://earth.gov/ghgcenter

• Multi-agency collaboration to consolidate 
GHG information from models and 
observations

• Website features a data hub, exploration
and analysis platform

Supported by U.S. Greenhouse Gas Center

As part of accompanying efforts

• Accessible and open L2 algorithm toolkit

Talk by Lesley Ott – 
Today 3:30 PM!

Talk by Argyro Kavvada – 
Friday at 9:00 AM!

Talk by Kevin Bowman –
Friday at 11:45 AM!

https://earth.gov/ghgcenter


Identifying Needs in Algorithm Development
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A Colorful Zoo of GHG L2 Algorithms

and others!
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Identifying Needs in Algorithm Development

Auxiliary Input Instrument Input Measurement Input

Forward Model

Inversion Scheme

Error Analysis

Bias Correction

Comparison 
and Validation

New idea requires new 
change in forward model 
or inversion scheme



We Want Choices – 
Why Are Algorithms Complicated?

• GHG retrieval algorithms can be complex

• Many moving parts, a lot of cross-talk 
depending on the setup



Providing New, Accessible Tools

Single-iteration performance of a simplified 3-
band OCO-type retrieval without scattering

• Step 1

We need a well-performing program code 
that allows scientists to make meaningful 
adaptations to a retrieval algorithm

We keep a notion of “sequential code”

Notebook-based workflows



• Step 2

Documenting the 
code and its usage

Providing New, Accessible Tools

How do I use function X?
What are common pitfalls?

Why even use function Y? 
How to do it efficiently?



• Step 3

Documenting the underlying theory

• Step 4

Providing examples to get you started!

Providing New, Accessible Tools

Executable book!

Reproducible, inspectable!

Textual Content

DataCode

Generated document with 
text, figures and equations

Important: no complete forward model is 
provided, users must create their own but will 
retain ownership of their algorithm!



• We are developing new, accessible, performant, modern L2 
retrieval algorithm tools (tailored to GHGs, but with potential for use 
on other gases) that will be made available to the public

• These tools do not comprise a fully working retrieval set-up, users 
still have to connect all required parts, implement their own 
procedure – but therefore retain authorship, “the algorithm is yours”

• They will be shipped with documentation of the code, an ATBD 
referencing code sections, an example implementations that take 
the place of tutorials

Summary



• Support in-house development work

• Increase engagement with research groups 
that do not have a long history with GHG L2 
work

• Education & Training

• Make methods & data generation 
more transparent and accessible

• Support new ideas & science

• Opportunity for international collaborations

Why all this? Our Motivations

ReFRACtor (NASA/JPL)
(Python-interfaced framework 
on top of ACOS core modules)
https://github.com/ReFRACtor

Get in touch!
peter.somkuti@nasa.gov

Thank you!

https://github.com/ReFRACtor
mailto:peter.somkuti@nasa.gov

