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Atmospheric Source Inversion2

• Inferring sources from impacts 
is ill-posed.

• Spatially localized sources 
create global impacts.

• Climate model complexity 
prohibits direct inversion.

• Operator surrogates may 
enable inversion. 

• Spatiotemporal data improves 
information content.



Goals and Tiered Verification3
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Overview of the Workflow4
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Simulation Data Generation6
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Operator Approximation: Learning Formulation8
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Operator Approximation: Dimension Reduction9

• Principal component analysis (PCA) to compress the spatial dimension.
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Operator Approximation: Reduced Operator10
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Operator Approximation: Network Architecture11



Operator Approximation: Prediction, Loss, and Training12



Operator Approximation: Experiment Tracker13

• Validation set relative error.

• Automation many training instances.

• Number of loss compositions is crucial.

• Error variability over 10 runs.

• Increasing P decreases variability.



Overview of the Workflow14
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Prior and Likelihood15

• Assume Gaussian prior and noise models:



Maximum A Posteriori Probability (MAP) Point16

• Bayes rule gives the posterior distribution,
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• to characterize the probability of the possible sources.

• Determine the maximum probability point,

• or equivalently minimize the negative log of the posterior
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Maximum A Posteriori Probability (MAP) Point17



Posterior Sampling18
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Overview of the Workflow19
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Data Generation21

• Training data from 3 different source terms.

• Validation data from a 4th source term.

• Testing data from a 5th source term.

• Train flow map approximation to infer 
testing data source.



An Example of the Data22
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Operator Approximation23



Posterior Samples24

• Black curve is the testing data.

• Blue curve is the MAP point.

• Grey curves are approximate posterior 
samples.

• Capture source well.

• Overestimates uncertainty later in time.



Conclusions and Ongoing Work25

Next Steps

• Maturing hyperparameter optimization.

• Transitioning toward climate models and data.

• Advanced samplers for non-Gaussian posteriors.

End Goals

• Capturing spatial structure to better inform inversion.

• Identification of pathways to identify a reduced climate system.

• Final demonstration to characterize Mount Pinatubo eruption.


