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Changes with respect to the DoA

This is a short deliverable that summarizes a full report as intended by D5.3 in the form of
an article. A first delay was due to the difficulties in producing the VERIFY GHG synthesis
which took more time than initially anticipated. In addition, due to unavoidable delays and
timing associated with peer-reviewed article, the deliverable was further delayed.
Dissemination and uptake

(Who will/could use this deliverable, within the project or outside the project?)

This deliverable is ultimately intended to be public and used by all WPs of the VERIFY project.
It is however currently following the rules of the ESSD journal where the associated paper is
in discussion phase.

Short Summary of results (<250 words)

Emission of greenhouse gases (GHG) and removals from land, including both anthropogenic
and natural fluxes, require reliable quantification, including estimates of uncertainties, to
support mitigation action, especially under the Paris Agreement. This study provides a state-
of-the-art scientific overview of bottom-up and top-down anthropogenic and natural
emissions data from all UNFCCC sectors in the European Union (EU27) and UK. The data
integrates recent scientific emission inventories with ecosystem data and land carbon models
and summarizes GHG emissions and removals over the period 1990-2017. Bottom-up and
top-down products are compared with UNFCCC national greenhouse gas inventory reports
(NGHGI 2019) aiming at assessing differences for estimates of GHG anthropogenic/natural
emissions and sinks. Whenever available, we present uncertainties, its propagation and role
in the comparison of different estimates. While NGHGI data for EU27+UK provides
quantification of uncertainty following the established IPCC guidelines, uncertainty in the
estimates produced with other methods needs to account for both within model uncertainty
and the spread from different model results (if available).

Evidence of accomplishment
(report, manuscript, web-link, other)

See the two papers on pre-print: https://essd.copernicus.org/preprints/essd-2020-376/essd-
2020-376.pdf and https://essd.copernicus.org/preprints/essd-2020-367/essd-2020-367.pdf
The underlying data is in a graphic form available at
http://webportals.ipsl.jussieu.fr/VERIFY/FactSheets/

Once published, the two papers will be available on the VERIFY website at
https://verify.Isce.ipsl.fr/index.php/repository/scientific-publications
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1. Executive Summary

An accurate estimation of GHG emissions and sinks is designed to deliver new information
as an aid for decision-making by policy-makers at the national and European levels, and by
regional authorities in Europe and other regions, and to actively contribute to the international
effort on GHG monitoring.

The current deliverable, D5.3, includes two synthesis studies (peer reviewed articles), one
for CO2 and one for CH4 and N20.

The CO2 synthesis study provides a consolidated synthesis of estimates for all
anthropogenic and natural sources and sinks of CO2 for the European Union and UK (EU27 + UK),
derived from a combination of state-of-the-art bottom-up (BU) and top-down (TD) data sources
and models. Given the wide scope of the work and the variety of datasets involved, this study
focuses on identifying essential questions, which need to be answered to properly understand
the differences between various datasets, in particular with regards to the less-well characterized
fluxes from managed ecosystems.

The work integrates recent emission inventory data, process-based ecosystem model
results, data-driven sector model results, and inverse modelling estimates, over the period 1990-
2018. BU and TD products are compared with European national GHG inventories (NGHGI)
reported under the UNFCCC in 2019, aiming to assess and understand the differences between
approaches. For the uncertainties in NGHGI, we used the standard deviation obtained by varying
parameters of inventory calculations, reported by the Member States following the IPCC
guidelines. Variation in estimates produced with other methods, like atmospheric inversion
models (TD) or spatially disaggregated inventory datasets (BU), arise from diverse sources
including within-model uncertainty related to parameterization as well as structural differences
between models.

In comparing NGHGI with other approaches, a key source of uncertainty is that related to
different system boundaries and emission categories (CO2 fossil) and the use of different land use
definitions for reporting emissions from Land Use, Land Use Change and Forestry (LULUCF)
activities (CO2 land). At the EU27 + UK level, the NGHGI (2019) fossil CO2 emissions (including
cement production) account for 2624 Tg CO2 in 2014 while all the other seven bottom-up sources
are consistent with the NGHGI and report a mean of 2588 (+ 463 Tg CO2). The inversion reports
2700 Tg CO2 (+ 480 Tg CO2), well in line with the national inventories. Generally, uncertainties in
fossil CO2 emissions estimates are low for the EU27+UK, in the order of 1 to 4%. Differences are
mainly due to the allocation of fossil types between components such as solid, liquid and gas, but
also the inclusion/exclusion of bunker fuels and carbonates from cement production. The single
fast track inversions product (based on satellite CO and NO2 and BU EDGAR v4.3.2 and CDIAC
estimates) yields at the moment credible numbers with larger uncertainty (~17%) compared to
the BU one.

The CO; emissions from land can be estimated from activity data and emission factors
such as recommended by the IPCC guidelines. Several sector specific models are used in VERIFY
to provide similar estimates for forest, grassland and cropland, all including land use
change/conversion. These bottom-up methods agree in general on average well with the NGHGI

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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estimates. Differences occur when vegetation models that are driven by daily/hourly weather
produce much more inter-annual variability than traditional stock change methods. Over 2011-
2015 (see Fig.1), the CO2 land sources/sinks from NGHGI estimates report -90 Tg Cyr-1+30TgC
while all other BU approaches report a mean sink of -98 Tg yr-1 (+ 362 Tg C from DGVMs only).

Inversion methods for CO2 land show much larger spread in estimates (i.e., mean of
regional inversions of 253 Tg Cyr-1+400 T g Cyr-1) but e.g. EUROCOM ensemble of European
inversions shows good agreement on average with UNFCCC NGHGI data, albeit with a very large
variability linked to uncertainties in atmospheric transport modeling and uncertainty inherent to
the limitation of the observation network. These models are mainly designed for large scale flux
estimates and are still developing their lateral boundary regional conditions.

While there is progress in understanding the differences between top-down and bottom-
up sector specific methods in defining which processes are included and excluded, overall they
show larger variability than the NGHGI estimates. Several countries have started to include either
bottom-up (Tier 3) methods in their reporting (e.g. NL). Using top-down inversions for CO» is still
under development, but few European countries (e.g. UK and Switzerland) use atmospheric
observations on a voluntary basis to complement their national inventory data with top-down
estimates in an annex to their NGHGI reports.
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Figure 1: Five-year average (2011-2015) CO:land flux estimates (in Tg C) for EU27 + UK and five European regions
(Northern, Western, Central, Southern and Eastern non-EU). Eastern Europe does not include European Russia and
the UNFCCC uncertainty for the Republic of Moldova was not available. Northern Europe includes Norway. Central
Europe includes Switzerland. The data are UNFCCC NGHGI (2019) submissions (grey) and base year 1990 (black
star), four sector-specific BU models for FL-FL (CBM, EFISCEN), CL-CL (EPIC-1IASA), and GL-GL (ECOSSE), ecosystem
models (ORCHIDEE and TRENDY v7 DGVMs), FAOSTAT, two bookkeeping models (BLUE and H&N), TD inversion
ensembles (GCP2018, EUROCOM) and one regional European inversion represented by CarboScopeReg.
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The CH4 and N,O synthesis study and similar to CO2, provides a consolidated synthesis of CH; and N,O
emissions with consistently derived state-of-the-art bottom-up (BU) and top-down (TD) data sources for
the European Union and UK (EU27+UK). In comparing NGHGI with other approaches, a key source of bias
is the activities included, e.g. anthropogenic versus anthropogenic plus natural fluxes. In inversions, the
separation between anthropogenic and natural emissions is sensitive to the geospatial prior distribution
of emissions. Over the 2011-2015 period (see Fig. 2), which is the common denominator of data
availability between all sources, the anthropogenic BU approaches are directly comparable, reporting
mean emissions of 20.8 Tg CH4 yr! (EDGAR v5.0) and 19.0 Tg CH4 yr™* (GAINS), consistent with the NGHGI
estimates of 18.9 +1.7 Tg CH4 yr L. TD total inversions estimates give higher emission estimates, as they
also include natural emissions. Over the same period regional TD inversions with higher resolution
atmospheric transport models give a mean emission of 28.8 Tg CHsyr™L. Coarser resolution global TD
inversions are consistent with regional TD inversions, for global inversions with GOSAT satellite data
(23.3 Tg CHayr?) and surface network (24.4 Tg CH4 yr™1). The magnitude of natural peatland emissions from
the JSBACH-HIMMELI model, natural rivers and lakes emissions and geological sources together account
for the gap between NGHGI and inversions and account for 5.2 Tg CHz yr™.
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Figure 2: Five years average 2011-2015 total CHs emission estimates (incl. LULUCF) for EU27+UK and five European
regions (North, West, Central, South and East non-EU). Eastern European region does not include European Russia
and the UNFCCC uncertainty for the Republic of Moldova was not available. Northern Europe includes Norway.
Central Europe includes Switzerland. The data belongs to UNFCCC NGHGI (2019) submissions (grey) and base year
1990 (black star), two BU inventories (GAINS and EDGAR v5.0), natural unmanaged emissions (sum of peatland,
geological and inland waters emissions) and three TD total estimates (regional European inversions (excluding
InGOS unavailable for 2013-2015) and GOSAT and SURF estimates from global inverse models). The relative error on
the UNFCCC value represents the NGHGI (2018) reported uncertainty computed with the error propagation method
(95% confidence interval); is 9.3 % for the EU27+UK, 10 % for Eastern Europe non-EU, 7.8 % for Northern Europe,
10.9 % for Southern Europe, 16.1 % for Western Europe and 11 % for Central Europe. Uncertainty for EDGAR v5.0
was calculated for 2015 and represents the 95 % confidence interval of a lognormal distribution.
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For N,O emissions, over the 2011-2015 period (see Fig. 3), both BU approaches (EDGAR v5.0 and
GAINS) give a mean value of anthropogenic emissions of 0.8 and 0.9 Tg N,O yr! respectively, agreeing with
the NGHGI data (0.9 + 0.6 Tg N,O yr™1). Over the same period, the average of the three total TD global and
regional inversions was 1.3+ 0.4 and 1.3 £0.1 Tg N,O yr™! respectively, compared to 0.9 Tg N2O yr™! from
the BU data.

When comparing the BU with TD estimates, the gap between these two is not explained by the
natural emissions. For TD it is impossible to separate the N,O natural from anthropogenic sources
(uncertainty introduced by definitions i.e., natural N;O is defined as level of emissions in the pre-industrial
period). Natural soils (unmanaged) can have both natural and anthropogenic emissions while
anthropogenic (managed) agricultural soils can also have a level of natural emissions. Further
improvement of inverse methods for N;O is needed to determine the total level of emissions and, most
importantly, the trends, as well at seasonality variations (e.g. N-fertilizer application).
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Figure 3: Five years (2011-2015) average N:0 emission estimates for EU27+UK and five European regions (Northern,

Western Central, Southern and Eastern non-EU). Eastern European region does not include European Russia and the
UNFCCC uncertainty for the Republic of Moldova was not available. Northern Europe includes Norway. Central
Europe includes Switzerland. The data belongs to UNFCCC NGHGI (2019) submissions (grey) and base year 1990

(black star), two BU inventories (GAINS and EDGAR v5.0), natural unmanaged emissions (sum of peatland,
geological and inland waters emissions) and three TD total estimates (regional European inversions and GOSAT and
SURF estimates from global inverse models). The relative error on the UNFCCC value represents the UNFCCC NGHGI
(2018) MS-reported uncertainty computed with the error propagation method (95% confidence interval); is 80.0 %
for the EU27+UK, 50.3 % for Eastern Europe non-EU, 26.6 % for Northern Europe, 91.6 % for Southern Europe,
51.9 % for Western Europe and 46.0 % for Central Europe.

The underlying data, as produced by WP 2-4 of VERIFY, have been used, harmonized and
gridded to a common grid. For each country, a series of plots was generated to compare BU and
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TD estimates. These data are currently (17-02-2021) available as plots/graphics (see
http://webportals.ipsl.jussieu.fr/VERIFY/FactSheets/), but contain still a number of issues that
need to be discussed by the data producers and those involved in WP5. In the two scientific
papers underlying this report, we highlight and discuss differences and inconsistencies between
emissions, providing as well an outlook towards future actions needed for the comparison with
official UNFCCC reporting. The next version of the deliverable will provide more insights on the
country-scale GHG synthesis and updated plots including flux estimates for the year 2019.

The two synthesis papers are available as pre-prints on the ESSD websites:

e For CO2 see: https://essd.copernicus.org/preprints/essd-2020-376/

e For CH4 and N20 see: https://essd.copernicus.org/preprints/essd-2020-367/
Once the paper will be published in ESSD, it will be available on the VERIFY website:
http://verify.Isce.ipsl.fr/index.php/repository/scientific-publications
The underlying data is in a graphic form available at
http://webportals.ipsl.jussieu.fr/VERIFY/FactSheets/
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