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Summary of project objectives (10 lines max)
1. Improve estimates of global CH4 emissions using new satellite retrievals
2. Improve estimates of European CH4 and N2O emissions using in-situ observations

3. Develop coupled global / regional inversion system with high spatial resolution

Summary of problems encountered (10 lines max)
no major problems

Summary of plans for the continuation of the project (10 lines max)

The global CH4 flux inversions will be further extended (until 2019) in order to further analyse trends
in global and regional CH4 emissions.

A 3rd series of VERIFY inversions will be performed in the second half of 2019 using updated a
priori emission inventories and extended observational data sets.

The coupled FLEXPART-COSMO / TMS5 4DVAR inverse modelling system ("FLEXVAR") will be
further developed. Specific issues for the further development are the implementation and testing of
several new approaches to estimate the model representation errors, the implementation of a new
interface to use different a priori emission inventories, use of alternative approaches to prescribe the
baselines / boundary conditions, and estimates of the a posteriori uncertainties.
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Summary of results

If submitted during the first project year, please summarise the results achieved during the period from the
project start to June of the current year. A few paragraphs might be sufficient. If submitted during the
second project year, this summary should be more detailed and cover the period from the project start. The
length, at most 8 pages, should reflect the complexity of the project. Alternatively, it could be replaced by a
short summary plus an existing scientific report on the project attached to this document. If submitted during
the third project year, please summarise the results achieved during the period from July of the previous
year to June of the current year. A few paragraphs might be sufficient.

Improve estimates of global CH4 emissions using new satellite retrievals

The series of global CH4 flux inversions (provided for the period 2000-2017 in the previous
reporting period) has been used in a detailed analysis of the global CH4 budget [Saunois et al.,
2020] in the framework of the Global Carbon Project CH4 (GCP-CHs). In the current reporting
period this inversion series has been further extended until end of 2018 (Figure 1). As in the
previous inversion series, the inversions for 2018 show the significant differences in the derived
spatial emission patterns between the inversions using only surface observations (from NOAA
Earth System Research Laboratory (ESRL) global cooperative air sampling network (INV1)), and
inversions which assimilate both surface observations and satellite retrievals of column-average
dry-air mole fractions (XCHs) from GOSAT (using the GOSAT OCPRv7.2 product) (INV2). These
differences are due to the different observational constraints: While the surface observations from
remote background stations provide information on emissions mainly on larger continental scales,
the GOSAT satellite retrievals provide additional constraints on regional scales.

The new inversions are used for the further validation of the Copernicus Atmosphere Monitoring
Service (CAMS) CH4 products (updating and extending the previous report [Koffi and
Bergamaschi, 2018]). In addition, the NOAA-only inversions have been used to evaluate the latest
release (v9.0) of the University of Leicester GOSAT Proxy XCHjy dataset [Parker et al., 2020].

Furthermore, the global CH4 flux inversions were used to derive an observation-driven estimate of
the climate sensitivity of wetland methane emissions [Koffi et al., 2020], analyzing the response
functions of CH4 fluxes (derived in the inversion) to observed temperature and precipitation. The
derived climate sensitivity has been used to estimate the increase of wetland CH4 emissions by 2100
under different climate scenarios [Koffi et al., 2020], resulting in a projected increase by 50 to 80%
under the RCP 8.5 ("business-as-usual") climate scenario.

Improve estimates of European CH4 and N2O emissions using in-situ observations

Within the H2020 project VERIFY ("Observation-based system for monitoring and verification of
greenhouse gases"; http://verify.Isce.ipsl.fr/) updated CHs inversions with zoom over Europe have
been performed, following the updated VERIFY modelling protocol 2019.

Figure 2 shows the derived European CH4 emissions (average of 2005-2017) as provided for the
VERIFY project. The results are currently analyzed in more detail, including a comprehensive
comparison between different inverse models and various bottom-up inventories for natural and
anthropogenic emissions (including both various scientific inventories and emission data reported to
UNFCCCO).

Furthermore, various sensitivity inversions have been performed, investing the impact of using
different a priori emission inventories, different OH fields, different parameterizations of vertical
transport, and different observational data sets.
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http://verify.lsce.ipsl.fr/

The 3nd series of VERIFY inversions will be performed in the second half of 2020, using updated a
priori emission inventories and extended observational data sets, and extending the inversions until
end of 2018.

Develop coupled global / regional inversion system with high spatial resolution

The coupled FLEXPART-COSMO / TM5 4DVAR inverse modelling system ("FLEXVAR") has
been further developed (main model development: Arjo Segers, TNO; FLEXPART simulations:
Dominik Brunner, EMPA). The most important development was the significant speed-up of the
previous prototype system (by a factor of about 16) and extension of the observation operation to
allow the use of observational data sets from multiple stations.

Figure 3 shows first results using the updated FLEXVAR system and a comprehensive
observational data set of 25 European atmospheric stations. Further tests of the updated system
demonstrated that the inversion is performed in a technically correct way, as indicated by the
achieved significant reduction in the gradient norm of the cost function and the significant
improvement of the statistics of the simulated vs. observed station data (correlation, bias, RMS
difference).

A major issue remains the more realistic description of the model representation error (which
largely determines the weighting of the individual observation data). The further development of
different approaches to estimate the model representation error has started and will be continued in
the coming project period.
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Figure 1: Derived (a posteriori) total CH4 emissions 2018. Top: INV1 including only NOAA
surface observations. Middle: inversion INV2 using both NOAA surface observations and XCHy
satellite retrievals from GOSAT. Bottom: Difference between INV2 and INV1. The open circles
show the locations of the NOAA discrete air sampling sites used in the inversion.
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Figure 2: European CH4 emissions (average 2005-2017). Top: a priori emissions. Middle: a
posteriori emissions. Bottom: difference between a posteriori and a priori. Black circles show
locations of measurement stations used in the inversion; filled circles: stations with quasi-
continuous measurements; open circles: discrete air sampling sites.
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Figure 3: Inverse modelling of European CH4 emissions with high-resolution FLEXVAR inverse
modelling system. The FLEXVAR system uses FLEXPART-COSMO-7 backtrajectories at a
resolution of about 7 km. Top: a priori emissions. Middle: a posteriori emissions. Bottom:
difference between a posteriori and a priori. Black circles show locations of measurement stations
used in the inversion; filled circles: stations with quasi-continuous measurements; open circles:
discrete air sampling sites.
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