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A machine learning emulator for GEOS-Chem Jacobians: 
Accelerating Bayesian GHG inversion

Shaomin Pan (潘邵敏), Yuzhong Zhang* (PI)

Research Background

- Large volume of satellite data
- However, current methods still have some computational limitations.  
- Jacobian matrixs calculation:
 computing resources↑, storage space↑, inversion speed↓

Prior estimate from bottom-up invertory: activity rates ×emission factors
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Method and Data

- Dataset: 2-mon GEOS-Chem simulation at the Permian Basin
- Training Dateset: 8 months (1,2,4,5,7,8,10,11) —— 80%  
- Validation Dataset: 8 months (1,2,4,5,7,8,10,11) —— 20%
- Test Dataset: 4 months (3,6,9,12) 
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model simulation provides large training dataset
wind infomation is suffcient to describe the sensitivity
sensitivity is linear with respect to emission magnitude
      → sensitivity for different sources is additive
      → sensitivity can be normalized
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Machine Learning Framework

Input
wind fields at 3 vertical layers (1, 4, 9) + surface pressure field

± 20 degree around the center location

Output
Model sensitivity to emissions from the center location

Separable Convolution layer
output shape: (None, 41, 41, 32)

parameters: 565

Max pooling
output shape: (None, 20, 20, 32)

Convolution layer
output shape: (None, 20, 20, 32)

parameters: 9248

Max pooling
output shape: (None, 10, 10, 32)

Max pooling
output shape: (None, 5, 5, 32)

Flattern
output shape: (None, 800)

Convolution layer
output shape: (None, 10, 10, 32)

parameters: 36896

Full connected layer
output shape: (None, 3362)

parameters: 2692962

Full connected layer
output shape: (None, 1681)

parameters: 5653203

Model Performance
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Posterior: 2.55 Tg/yr
BG Bias: 16.7 ppb
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Posterior: 2.35 Tg/yr
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Comparison of Inversion Results between GC and ML
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2019 Month 3
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Monthly Methane Emissions (2019)


