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How do we normally test our models?

Regression/System 
Testing

Unit Testing

Validation/Offline 
Testing



Regression & System Testing

• Ensures model produces consistent results
• Does the model produce the same results (i.e. “bit -for-bit”) 

when we expect it to?
– restarts
– different processors
– updates that shouldn’t “change answers”

Your Software Engineer colleagues do these ALL THE TIME

No science involved – mostly ensures code is working as 
expected



Unit Testing

• Tests “units” of software
• Well-defined inputs and outputs

– checking for errors
– generally only test one or a few methods at a time
– must have PASS/FAIL condition

Your Software Engineer colleagues do these FREQUENTLY (for 
infrastructure code)

Still mostly ensuring software is working as expected



Model Validation

• Comparing production -run model output to observations
– maybe with controlled conditions

• Crucial for verifying a model accurately represents reality
• Model calibration
• CLM – generally ”offline runs”

As Scientists this is what we do ALL THE TIME

Critical yet can be difficult with interactive model processes



“Off -offline” testing

• Test small, isolated pieces of the model
• Validate internal model behavior before running full -scale runs
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Example – burned area and fire emissions 

Potter et al. 2022, ORNL DAAC
Lindgren et al. 2015, SNAP



Potter et al. 2022, ORNL DAAC

Example – burned area and fire emissions 



Examples – burned area and fire emissions

Potter et al. 2022, ORNL DAAC



Testing a few fire equations



Andrews et al. 2018

Testing a few fire equations



Synthetic fuel types

183: “moderate load conifer litter”

164: “dwarf conifer with understory”

102: “low load dry climate grass”



Synthetic fuel types

183 164102



Testing fuel moisture

183 164102



Situation – FATES GPP is too high!



Testing leaf -level photosynthesis



Testing leaf -level photosynthesis
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Testing leaf -level photosynthesis
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Synthetic patches

even-aged evergreen

tropical



Difference from Prototyping

Functional Testing

• Verifies existing model behavior
• Isolates components to check expected results
• Helps detect unexpected changes before full runs
• Uses production code

Prototyping

• Tests new ideas or formulations
• Explores feasibility before integration
• Usually in higher-level language



Want to try FATES functional testing?

FATES repo : https://github.com/NGEET/fates
• see README.testing.md in testing directory

Requirements:
• python environment 
• cime & shr repositories (can get via git-fleximod)
• works OOB on derecho
• see cime_setup.md for personal computer use

First Steps:
• Run a test: ./run_functional_tests.py
• Modify a tes t case or use a new parameter file  

and observe output

https://github.com/NGEET/fates
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