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Distinguishing between the various natural and anthropogenic sources contributing to methane surface fluxes is a
prerequisite for closing the methane budget in Eurasian Boreal environments. Regional atmospheric inversions at a
high resolution provide a mean for improving the inventories of methane emissions and the process-based models
for land surface exchanges. Though promissing, the atmospheric approach relies on performant chemistry-transport
models and a network of precise in-situ observation sites. The inversion then suffer from all the uncertainties within
the model and the observations. In the Bayesian inversion framework, an advanced and objective understanding of
the statistics of the errors in the inversion system (such as the transport, representation, aggregation or observation
errors) is required. Acquiring such an understanding rises many theoretical and practical difficulties. In most pre-
vious inversion studies, the statistics of the errors are built relying on expert knowledge on the behaviour of the
models and the inversion systems. In this work, optimal matrices of error covariances are computed using general
statistical methods.

The error statistics are optimally estimated with a minimal set of physical hypotheses on the patterns of errors.
Complex patterns and correlations of errors are then entirely retrieved. The reliability of our method was first
tested on a well-documented European domain with numerous observations and precise inventories. We assimi-
lated the data from 13 observation sites with quasi-continuous measurements to infer the European anthropogenic
fluxes during a period of two weeks in March-April 2012. Errors caused by mis-representations in the transport
model or by its inability to reproduce the situations of steep gradients in the air mass composition were retrieved.
An analysis of the sensitivity of the inversion to each individual observation suggested guidelines for the selection
of data in regional inversions. With this simple but efficient and optimal inversion system applied to a domain
covering most of Siberia and Scandinavia, we inquire into the possibility of retrieving improved knowledge on the
Eurasian Boreal methane fluxes.



