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Summarizing the parametric 
regularization
Applied to TROPOMI WFMD v2.0
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Motivation
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≈ 180,000,000 per year ≈ 2,000 per year

Constant regularization factor

Addressing imbalances in dataset size and spatial distribution 
of atmospheric observations to improve inversions



Parametric regularization factor: Kernel Density Estimation
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Regularization calculated based on 
time and space

[1] Rosenblatt, M. (1956). Remarks on Some Nonparametric Estimates of a Density Function. In The 
Annals of Mathematical Statistics (Vol. 27, Issue 3, pp. 832–837). Institute of Mathematical Statistics.



TROPOMI XCH4 observations (WFMD v2.0)
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Obtained adaptive regularization factor
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Simulations performed
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Difference in satellite cost contribution
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Effect of an individual weighting on certain regions
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More details in the preprint of this work…

EGUsphere preprint



Next simulations setup
• Merging with super-observations
• Application to multiple instruments
• Decadal inversion and analysis of permafrost emissions (maybe as separated 

category)

11



Merging with super-observations
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Mean regularization for
super-observation

Super-observation as
individual sounding

Possible double counting
correlations?

Possible under estimation of density 
depending on distribution?



Application to multiple instruments
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• Apply regularization 
individually per instrument

• Accounting for biases 
between instruments?

• Need for calibration of initial 
cost contribution?

• Do we still need to account 
for bias between satellite and 
flask measurements?



Future simulations

• Combining parametric regularization and super-observations

• Multi-instrument inversions

• Using pp-blocks for (above) decadal trends

• Analyzing permafrost regions

• Separate category from permafrost distribution with high spatial and 

temporal correlation

• Spread current bottom-up estimate totals and remove it from current 

wetlands?
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Methane prior emissions used
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Posterior estimated CH4 budget (2019)

17*Global Methane Budget (Saunois et al., 2025) 

*

*

Total

(578 – 35)

(612 – 36)
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