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Context

Policy makers need to estimate anthropogenic GHG® emissions at the regional scale with operational and cost-
effective methods. Today in France, reporting to the UNFCCC® is at the yearly national scale. Atmospheric data
assimilation may help distributing emissions at the regional scale in an operational framework.

Obijectives / scientific questions

The main objective of ADEROQO is to design an inversion framework for France to estimate monthly net methane
(CH4) fluxes per region and per activity sector by assimilating atmospheric data from the ICOS network, which
could be operational at the yearly national scale.

Main results

The main achievements of ADEROO are methodological and are a continuation of the theoretical work achieved
in Berchet et al. (2013) and in a previous GMES-MDD’ project ESPiGRAD? (Pison et al., 2016) on the automatic
design of error covariance matrices in atmospheric inversions. The full processing chain of ADEROO is described in
Ill. 1 and the new results obtained include:
e the implementation of non-diagonal error statistics matrices in the log-likelihood estimator for analytical
inversions
e the optimization of computing time (divided by 10) and the explicit computation of the gradient and
Hessian of the likelihood function
e the automation of the analytical inversion scheme by linking it to the Community Inversion Framework
(Berchet et al., 2021) and its integration in a python module.
The main scientific results from ADEROO are insights on how to set-up the inversion framework for France. The
first set of results consists in information on error correlations:
e the temporal correlations for lateral boundary conditions are large
e the temporal correlations for emissions are about 2 weeks
e there is an anti-correlation between SNAP® so that the inversions redistribute the total fluxes among the
various activity sectors.
e there is almost no spatial error correlations between the ICOS stations
When using several possible set-ups i.e. with or without correlations in the error statistics matrices combined to
defining the control vector by SNAP or by region, the results of the inversions remain consistent (lll. 2).
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lllustration 1: full ADEROO processing chain to automatically generate error statistics in the framework of

analytical greenhouse gas inversions in France. In ADEROO, the processing chain was optimized and now allows
non diagonal matrices, hence accommodating spatial and temporal correlations in the system, contrary to
previous work.

lllustration 2: retrieved monthly fluxes for 2020 for various set-ups, including or not correlations.

Future of the project :
Scientific perspectives:
e further assess the impact of error correlations at the monthly and regional scales

e propagate the method to more recent years and systematically deploy the system for French national
inversions

e use machine-learning to infer unstructured covariance matrices accounting for complex atmospheric
patterns

Number of publications, communications and theses

e Poster presentation at the annual LEFE symposium in Toulouse in June 2023

e Insights from ADEROO will be aggregated and finalized to produce a scientific publication

Data availablility
The project is based on the Community Inversion Framework available at doi: 10.5281/zenodo.6304912




