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Changes with respect to the DoA
None
Dissemination and uptake

The model results will be made available via the VERIFY project database and are currently
available via a data server (in some cases registration will be necessary). These model results
are used in the top-down (inverse) modelling approach for D4.9 and will be used in the
synthesis product in WP5. EDGAR data are also available for download at
https://edgar.jrc.ec.europa.eu/ and specifically the data of the VERIFY project at
https://edgar.jrc.ec.europa.eu/overview.php?v=verify _h2020

Short Summary of results

Statistical (CAPRI and EDGAR) and process-based (ECOSSE) models play an important role
in estimating anthropogenic emissions of the non-CO2 GHGs. In particular, the IPCC Tier 1
method for estimating a number of important sources of CH4 and N20 are subject to very
large errors. This is where Tier 2 methods, using detailed emission factors for specific regions
and technologies, and Tier 3 methods, using process-based models, are very important for
accurate estimates of these GHG emissions.

This deliverable provides estimates of the anthropogenic CH4 and N20 emissions using two
statistical models, and one process-based model for N20 only. The statistical model CAPRI
estimates agricultural emissions and uses regional agricultural data, which is further
disaggregated to high spatial resolution using auxiliary data (see section 4.1).

The statistical model EDGAR was used to estimate provided CH4 and N20 global emissions
gridmaps for the period 2005-2018 for all world countries at 0.1x0.1 degree resolution and
monthly time resolution to be used as input for inverse modelling. The sectors contributing
mostly to N20 emissions are agriculture and indirect emissions, while to CH4 are agriculture,
fuel production and transformation and waste.

The process-based model ECOSSE estimates soil emissions of N20 and uses some statistical
information, such as N-input data, as well as climate data. Emissions of N20O are
parameterized based on mechanisms of N20 production via nitrification and denitrification
pathways and are given at 0.25°x0.25° resolution (see section 4.3).

Evidence of accomplishment
(report, manuscript, web-link, other)
The CAPRI emissions and uncertainty data have been uploaded to the VERIFY repository at:

https://sharebox.lsce.ipsl.fr/index.php/s/Zqtg5z10LcflvAH?path=%2FDATA-
CONTRIBUTION%2FWP4

ECOSSE emissions have been uploaded to the VERIFY repository.

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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https://sharebox.Isce.ipsl.fr/index.php/s/Zqtg5zI10Lcflv4H?path=%2FDATA-
CONTRIBUTION%2FWP4

The EDGAR emissions are available to be downloaded at

https://edgar.jrc.ec.europa.eu/

and specifically the data of the VERIFY project at:

https://edgar.jrc.ec.europa.eu/overview.php?v=verify h2020

References on full documentation and methodology description is provided in Section 4.2

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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1. Glossary
Abbreviation / Acronym Description/meaning

EDGAR Emissions Database for Global Atmospheric Research
EC/JRC Joint Research Centre of the European Commission
NBP Net Biome Production

NPP Net Primary Production

RR Removed residues

Rh Heterotrophic respiration

LAPM Land Area Prediction Model

LUCAS Land Use and Coverage Area frame Survey

LPIS The Land Parcel Identification System

GSAA Geo Spatial Aid Application

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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2. Executive summary

Statistical (CAPRI and EDGAR) and process-based (ECOSSE) models play an important role in estimating
anthropogenic emissions of the non-CO2 GHGs. In particular, the IPCC Tier 1 method for estimating a
number of important sources of CH4 and N20 are subject to very large errors. This is where Tier 2
methods, using detailed emission factors for specific regions and technologies, and Tier 3 methods, using
process-based models, are very important for accurate estimates of these GHG emissions.

This deliverable provides estimates of the anthropogenic CH4 and N20 emissions using two statistical
models, and one process-based model for N20 only. The statistical model CAPRI estimates agricultural
emissions and uses regional agricultural data, which is further disaggregated to high spatial resolution
using auxiliary data (see section 4.1).

The statistical model EDGAR was used to estimate provided CH4 and N20 global emissions gridmaps
for the period 2005-2018 for all world countries at 0.1x0.1 degree resolution and monthly time
resolution to be used as input for inverse modelling. The sectors contributing mostly to N20 emissions
are agriculture and indirect emissions, while to CH4 are agriculture, fuel production and transformation
and waste.

The process-based model ECOSSE estimates soil emissions of N20 and uses some statistical
information, such as N-input data, as well as climate data. Emissions of N20 are parameterized based on
mechanisms of N20 production via nitrification and denitrification pathways and are given at
0.25°x0.25° resolution (see section 4.3).

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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3. Introduction

This document describes the three models used to estimate anthropogenic emissions of CH; and N0,
thatis, CAPRI, EDGAR and ECOSSE. Details about each modelling method and the input data used are given,
as well as changes with respect to the last deliveralble D4.2, and planned future developments.

Spatial data sets for CH4 and N20O emissions are scarce, as both fluxes are sensitive to a wide range of
different parameters and small errors and uncertainties affect large errors in the emissions. Additionally,
there is a lack of data for running, calibrating and evaluating the models. Especially fertilizer data and land
use specific soil data are not available for simulations and require some pre-aggregation to achieve realistic
estimates. While other fluxes show a stronger dependency of available and less uncertain data, N20 fluxes
are strongly affected by management impacts. Additionally, there is a lack of data for spatial evaluation.
N20 emissions are only measured on specific sites and over limited periods.

Therefore, the VERIFY project provides a platform to address these issues. With a strong collaboration
of experts from different fields and institutions, it was possible to collate a detailed dataset for bottom-up
simulation approaches. The combination of different independent methods (the UNFCCC, bottom-up and
top-down approaches) allow an evaluation of the approaches. However, the simulation of the result as
well as the comparison is still challenging.

In this deliverable 4.3, results are presented for the bottom-up models for N20 and CH4 emissions. The
three models were developed for different purposes and show varying complexities. Details about the
models are summarise in deliverable D4.1.

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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4. Descriptions of bottom-up models used for anthropogenic
emissions in WP4

4.1. CAPRI
4.1.1. Model description

The CAPRI modelling framework (Britz and Witzke, 2014) is a suite of models to:

e set up a complete and consistent data base for agriculture at national level in Europe and for
global world region (CoCo),

e calculate a complete and consistent data base for European agriculture at regional (NUTS2) level
in Europe (CAPREG),

e estimate GHG emissions for the current CAPRI base year (a few years behind present, currently
it is the year 2012) and the time series up to the CAPRI base year (CAPINV)

e make projections of European and global agriculture consistently with expert knowledge (e.g. a
global dynamic agricultural model, such as AgLINK, and/or projections from agricultural experts)
(CAPTRD)

e perform policy analysis versus a calibrated base line, including assessment of GHG mitigation
policies and options, economic policies and demand-side policies (CAPMOD)

e disaggregate agricultural data from regional (NUTS2) level to a so-called FSU (Farm Structure
Units) having a minimum size of 1km? and a maximum size of 100km? (median size in EU28:
11km?). Agricultural data covers crop areas, livestock densities, yield and irrigation share, GHG
emissions, full nitrogen budget, and calculate additional agro-environmental indicators (CAPDIS).

CAPRI GHG emissions provided for VERIFY (WP4) were calculated with the CAPDIS model using available
results from previous steps of the CAPRI modelling framework —in particular results from CAPINV.

In CAPRI, nitrogen flows through agricultural systems are calculated with a detailed nutrient flow model
for each activity and region. GHG emissions are calculated using IPCC Tier 1 and Tier 2 methodologies (Leip
et al., 2010b; Pérez Dominguez et al., 2020, 2016). A Tier 2 approach is used for example for CH4 emissions
from enteric fermentation for cattle based on energy and nutrient requirement calculation, and feed
availability (Britz and Witzke, 2014; Leip et al., 2014). Nitrogen excretion rates are calculated
endogenously in a nitrogen budget module for livestock (Leip et al., 2011a). Emission factors for NH3 and
NOx (relevant for indirect N20 emissions) are taken from the MITERRA model (Velthof et al., 2009). A
Tier 1 approach is used for CH4 emissions from rice cultivation and direct N20O emissions from soil
cultivation.

The disaggregation module had been developed by Leip et al. (Leip et al., 2008) and was used for a
number of projects (de Vries et al.,, 2011; Leip, 2011; Leip et al., 2011b). The approach was further
developed by (Lamboni et al., 2016; Leip et al., 2017).

Input data includes regional statistical information from the CAPRI data base, containing regional
agricultural data at the NUTS2 level for European countries. This includes crop areas (1000 ha), yield
(kg/ha), fertilizer application rates (kg N/ha) for mineral fertilizer, applied manure and manure deposited
during grazing. Fertilizer application and manure excretion rates are estimated in the CAPRI fertilizer and
feed modules (Leip et al., 2011a). The data base contains also the accounting of greenhouse gas emissions
(Leip et al., 2010a; Weiss and Leip, 2012) and losses of reactive nitrogen (Leip et al., 2015, 2014).

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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The CAPDIS module provides a successive disaggregation of agricultural information from NUTS2 regional
level to high-resolution spatial units (so-called HSU, homogeneous spatial units), starting with crop shares,
yield and irrigation shares, livestock density, nitrogen budgets, and finally environmental indicators.

However, availability of new data (such as agricultural statistics at higher spatial resolution, new Corine
land cover map, new LUCAS survey data) and long processing times made the existing CAPDIS insufficient
for the objectives of VERIFY, where time series of spatially resolved GHG emissions are required. Therefore,
for VERIFY, the approach was improved by:

e Improving the Land Area Prediction model (LAPM) to derive land use priors, based on the
methods of Lamboni et al. (2016), and assessing its accuracy (Leip et al., 2017).

e Including newly available data of crop areas from the Farm Structure Survey 2010 at a 10 km x
10 km grid (FSS2010-10k, EUROSTAT, 2017, pers. comm.), developing a methodology to gap-fill
missing data which was filtered out by confidentiality rules (Bujnowska et al., 2019).

e Implementing new data on potential and water-limited yields and updating the distribution
modaule for yield and irrigation shares.

e Updating the nitrogen distribution model.

e Improving the disaggregation algorithms to enhance performance and speed.

4.1.2. Changes since last deliverable

Since the last deliverable, significant improvements on the data quality were made for the following
aspects.

4.1.2.1. Update of spatial units

Careful comparison of crop area disaggregated to HSU level with crop information available at
agricultural parcel level (source: LPIS/GSAA)I* for a number of countries (France, Belgium, Netherlands,
Denmark) based on LAPM priors, FS52010-10k, and only based on FSS2010-10k showed that both
approaches are well suited to estimate crop shares at high resolution, and therefore the additional
information from LAPM does not significantly improve the accuracy of the predictions. Instead, the
disaggregation of the gridded without this additional resource intensive step appeared to provide more
robust results with no loss of data quality. This result shows that:

(i) at a resolution higher than 10 km x 10 km farmers’ decisions depend less on large scale drivers,
and is more homogeneously distributed;
(i) both the method to gap-fill statistical data and the land use prediction model provide equally

good estimates of crop share distribution within regions.

Therefore, a new spatial layer was created moving from ‘Homogeneous Spatial Units’ (HSU) to ‘Farm
Structure Spatial Units’ (FSU). The main changes were:

1 Crop type information at agricultural parcel level is available from the Land Parcel Identification System (LPIS) /
Geo Spatial Aid Application (GSAA) for some countries . GSAA is the tool for farmers to register the agricultural parcels
and its agricultural use for claiming payments under the CAP. A publication including the comparision of CAPRI
disaggregation results and high resolution LPIS/GSAA data is in preparation.

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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Removing the 0.25 degree meteo grid as a delineating factor. The meteo-grid was used in the HSU
spatial layer to facilitate the exchange of data with other models, in particular climate models, as
this is also required in the VERIFY project. However, as the meteo-grid doesn not coincide with
any relevant boundary for agriculture, it increased artificially the number of spatial units
(burdening the disaggregation process), while a post-processing re-mapping can provide a much
faster & flexible solution for data exchange.

Introducing a 10 km x 10 km grid as delineating factor. This ensures that data exchange with
Eurostat is facilitated and statistical information maintained at the highest available resolution.
The good results obtained with the gap filling procedure under the VERIFY project encourages
EUROSTAT to provide gridded data also for the upcoming Farm Structure Surveys, thus
contributing to a long-lasting legacy of the project

Defining strict ‘no go’ spatial units which are characterized by the dominance of soil-free land such
as ‘bare soils’, ‘glaciers’, ‘water bodies’ or ‘urban areas’. No agricultural activies are allowed in
these units.

Defining ‘no go’ spatial units which are areas with >95% of forest according the CORINE 2018 land
cover map. In these units, agricultural activities are allowed only if they can not be allocated
elsewhere.

An update was made on the layer of administrative regions.

Soil mapping units as delineation parameter remain unchanged

Figure 1 outlines the FSU delineation. By intersecting the input parameters, a total of 217884 FSUs with

a median size of 11 km? are obtained for the EU28 area (see Figure 2). The minimum mapping unit
(=minimum size of an FSU) is 1 km?.

FSU 10km grid FSU administrative region FSU soil mapping unit FSU nogo areas

Figure 1. Sketch of the FSU delineation. FSUs are obtained by the intersection of the of 10 km grid, administrative

regions, soil mapping units and “nogo” areas. All borders follow the outline of the minimum mapping unit of 1 km?.

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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Figure 2. Size distribution of the FSU in EU28. Total number of FSU in EU28: 217884

As a consequence, all input data for the CAPDIS disaggregation had to be re-created, and the CAPDIS
code required a thorough update.

4.1.2.2.  Update of the regional (NUTS2) time series

Statistical information on most agricultural data required for the estimation of CH4 and N20 emissions
are not available at high spatial (regional) and temporal (annual since 1990) resolution. Therefore, the
CAPRI model features a module that provide generic data at regional level (CAPREG) and additionally a
module that estimates also feed distribution and GHG emissions at the required resolution for VERIFY
(CAPINV).

Asindicated in D4.1, the results of the CAPINV module were scrutinized and shortcomings were identified.
These concern mainly the distribution of feed, which is one of the most important parameter for CH4
emissions from enteric fermentation, but also for manure excretion and subsequent GHG emissions:

e Update of some regional input data was required & done (sources: FAOSTAT and EUROSTAT)

e Consideration of inter-regional transport and inter-annual storage of feed. Feed production is very
variable in time and space and depends strongly on weather conditions. Feed demand on the other
hand is determined by animal requirements and per head, hence less elastic. Variations in feed
demand therefore do have an influence on livestock production, but this is buffered by the
possibility of farmers to compensate feed shortages by inter-regional transport, building / using
feed stocks, and buying feed from the market. The optimization model in CAPRI therefore needs
to be carefully balanced between being too much / too little responsive to fluctations in (non-
marketable) feed supply, including grass and roughage. At the same time, the model needs to
retain sufficient degrees of freedom to leave space for feasible solutions. It is therefore necessary
to look at the time series in each region individually while at the same time finding a set of
parameters that ‘fits’ for all regions simulataneously. Major efforts were done to improve the
timeseries resulting in more plausible and ‘stable’ timeseries.

e The CAPRI model calculates data for three time periods: the ‘base year’ which provides the best
estimate of the current situation; the ‘baseline’ which is a forward looking estimation, combining
trend analyses and expert knowledge on the development of agriculture; the past time series
which compiles and processes data as far as available, while filling up data gaps. The current CAPRI
base year is the year 2012; update of the base year is a major effort requiring cooperation of the
whole CAPRI network and is beyond the scope of VERIFY. However, it is possible to make forward
looking estimations for years that are between the base year and the present. For this deliverable,
such ‘now casting’ was done for the year 2016 and 2018, and the results were integrated into the
time series.

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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Introduction of slope and altitude limits based on LUCAS observations

The distribution of crop land within a region into the spatial units is the first step done in CAPDIS and has
particular importance, as it determines also consecutive estimates of livestock distributions, nitrogen input
distribution, to enable finally the mapping of GHG emissions.

As explained in Section 4.1.2.1, the 10 km x 10 km grid provides a suitable resolution for estimating crop
choices; however, within each grid additional contraints are given by the presence of large forested areas,
and by presence of land that is less suitable for some agricultural activites due to steepness or high altitude.

We checked the validity of LUCAS? data to derive such contraints by comparing the distribution of
crops by slope and altitude with data from LPIS/GSAA which are available for a few countries at
sufficient detail. Examples for France® are shown in Figure 3. Slope and altitude distribution for
barley is quite similar for LPIS/GSAA (285017 points) and LUCAS (7493 points), with a tendency of
BARL to occur also in higher altitudes based on the analysis of LPIS/GSAA points. 95% of barley
cultivation occurs at altitudes <550m and 80% on slopes <7% based on LPIS/GSAA data. The
corresponding values based on LUCAS data are <450m and <6% respectively. For grain maize, both
data sets show very similar results (LPIS/GSAA: 649255 points, LUCAS: 12380 points). 95% of maize
is grown at altitudes below 350-400m and in 80% of the cases on slopes <6%. In France, olives are
cultivated dominantly <450m of altitude (~95% of the LUCAS points). According to LPIS/GSAA data
(14574 points) olive groves occur in higher altitudes and on steeper slopes compared to the results
obtained from LUCAS data (133 points) analysis.

We conclude that both data sets show very similar ranges in environmental conditions where
cultivation of crops occur, with slightly narrower range in the LUCAS data. Therefore, we introduce
LUCAS limits to ‘steer’ necessary shifts in crop allocations due to changes in total crop areas if not
applied too strictly.

In accordance with the findings of Section 4.1.2.1 for the prior estimation of the crop distribution,
also including penalties in the prior distribution of FSS gridded data into the spatial units on the
basis of LUCAS altitude and slope bounds did not improve the crop share estimates. However,
penalties applied for the disaggregation of the CAPRI time series ensure plausible crop area
changes. To this purpose we made use of the distribution of altitude and slope within each spatial
unit, based on high resolution data (European Digital Elevation Model (EU-DEM), version 1.1 at
25m resolution)?, increasing the penalty the higher the share of a spatial units exceeds the 95%ile
of the national distribution of altitude and/or slope found for the respective crop group.

This penalty was carfully calibrated with another penalty in the optimization model ensuring time
series stability, thus giving priority of time series stability over changes in the spatial distribution.

2 https://ec.europa.eu/eurostat/web/lucas

3 Source of French LPIS/GSAA data: https://www.data.gouv.fr/en/datasets/registre-parcellaire-graphique-rpg-
contours-des-parcelles-et-ilots-culturaux-et-leur-groupe-de-cultures-majoritaire/. For the analysis LPIS/GSAA data

for the year 2010 was used.

4 https://land.copernicus.eu/imagery-in-situ/eu-dem/eu-dem-v1.1

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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Figure 3. Comparison of distribution of barley (upper panels), maize (middle panels) and olives (bottom panels)
with respect to occurences at different altitudes (left panels) and slopes (right panels). The bars show the quantiles
(x-axes) of crop area being observed below certain altitudes/slopes (y-axes) for data from the LPIS data base (left
bars) and LUCAS observations (right bars).

4.1.2.4.  Improvement of the distribution of grazing livestock

A particular focus was put on the distribution of grazing livestock. To this purpose, grazing shares from
the UNFCCC greenhouse gas inventories were extracted and used. However, emphasis was also put on the
fact that extensive grazing which may occurs also outside the farmland considered in the CAPRI database
(e.g. shrubland, mixed land cover classes, agroforestry, ...). In cooperation with the EEA, data on potential
non-farmland grazing land was obtained, based on expert knowledge and surveys carried out with national
experts.

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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Estimates of Corine land cover classes on which non-farmland grazing occurs as well as livestock densities
on this land were thus used at country level, varying by agro-environmental zone, to improve the
distribution of livestock. To this purpose, a link between the FSU, agro-environmental zones and the Corine
Land Cover map was created and used.

This work is less relevant for the maps of CH4 and N20 emissions required for VERIFY-WP4, but is very
important for the distribution of N flows (input of manure to land) which are used in VERIFY-WP3. For both
WPs they nevertheless increase the accuracy of the data provided.

4.1.3. Results

The following maps show CH4 and N20 emissions re-mapped to the VERIFY grid of 0.25° x 0.25°.

CH4 emissions consist of the following emission sources: CH4 from enteric fermentation, CH4 from
manure management, and CH4 from rice cultivation.

N20 emission consist of the following emission sources: N20 from the application of mineral fertilizer,
manure, and crop residues, N20 from livestock housing/manure management, N20 from the deposition
of manure by grazing animals; N20 from atmospheric deposition on the field. Note that this is different
from the IPCC emissions ‘atmospheric deposition’ as this refers to emissions following deposition of NH3
and NOx that have previously been volatilised from the field. As it is unknown where these N20 emissions
occur, they have been ignored here (but NH3 and NOx volatilization are principally available).

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
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Figure 4. Emissions of CH4 as estimated by CAPRI
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Figure 5. Emissions of N20 as estimated by CAPRI
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4.1.4. Temporal disaggregation

Currently, only annual emissions are provided. The CAPRI N20 emissions can be rescaled at monthly level
using data coming from the biogeochemical modelling platform, developed at the JRC, which simulates
carbon (C) and nitrogen (N) flows from agricultural soils. This platform is based on the widely-used
biogeochemical model DayCent running at 1 km level in Europe (Lugato et al, 2017). Montly data of direct
soil N20 emissions at 1 km, averaged over the decade 2010-2020, are provided for the project. Standard
deviation is also provided.

4.1.5. Spatial uncertainty

The uncertainty of the spatial allocation of emissions for CH4 and N20 has been calculated by taking
into account the uncertainty of the spatial disaggregation and the uncertainty of the emission sources,
assuming:

- the disaggregation having an uncertianty of 50% for N20 and 20% for CH4.
- the emission processes have uncertianty of:

o 50%: N20 soil processes;

o 30%: N20 manure processes;

o 30%: CH4 manure and enteric, and

o 10%: rice.

Then, for each cell, the uncertainty of the disaggregation and that of the process are combined as they are
independent (sum of squares, (see Solazzo et al., 2021) and then the total uncertainty for the grid cell is
aggregated using emission weighted sum of squares (Figure 6).
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Figure 6. Spatial uncertainty of the emissions of CH4 (top row) and of N20 (bottom row) for the years 2014, 2016
and 2018. The uncertainty is given as percentage of the corresponding emission (95% confidence interaval).
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4.2. EDGAR

4.2.1. EDGAR methodology

The Emissions Database for Global Atmospheric Research (EDGAR) is an independent global emission
inventory of greenhouse gases (GHG) and air pollutants developed by the Joint Research Centre of the
European Commission (https://edgar.jrc.ec.europa.eu/index.php). The non-CO; components in EDGAR v6
cover a long time series of emissions starting in 1970 up to 2018. CHs and N20 emissions are estimated
for all anthropogenic emission sectors with the exception of Land Use, Land Use Change and Forestry
(LULUCF) at country and annual level in a consistent and comparable way for all world countries. Emissions
are computed using activity data from international statistics (e.g. IEA (2019), FAO (2020), USGS (2021),
etc.), emission factors from IPCC guidelines (IPCC, 2006) and scientific literature, technology and
abatement measures incorporation. Once the emission database is compiled for all countries, sectors and
pollutants, annual emission data are disaggregated to monthly emissions applying sector and country-
specific yearly emission profiles (Crippa et al., 2020). In addition, monthly emissions are spatially
distributed over global gridmaps with a resolution of 0.1x0.1 degree making use of sector specific spatial
proxies (Janssens-Maenhout et al., 2019). The latest version of the EDGAR database entirely based on
stable statistics is EDGARv6.0 which contains estimates of CHs and N20 emissions from 1970 to 2018 based
fully on statistical data (https://edgar.jrc.ec.europa.eu/overview.php?v=60 GHG).

4.2.2. EDGAR results: emissions time series and gridmaps

4.2.2.1. N20 emissions

Global N20 emissions reached the level of 9.6 Mt in 2018 — an increase of 69% compared to 1970 (see
Figure 7). As illustrated in Figure 88, the agricultural sector contributed 73% to the total global N20
emissions. In the EU27+UK region, N20 emissions decreased by 29% since 1970 (see Figure 9). In 2018,
the EU27+UK contributed 9.7% to the total global N20 emissions, and as illustrated in Figure 10, the
agricultural sector made up 63% of the emissions. Countries that contributed more than 5% to the total
global N20 emissions in 2018 are: China (15%), USA (11%), India (9%) and Brazil (7%).

Other Fuel production and transformation
m Transport m Small scale combustion
12 — Industrial combustion B Indirect
B Waste Manure Management

m Agricultural soils and residuals burning
10

=

Figure 7. Global N20 emissions by sector from EDGAR (1970-2018)
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Figure 9. EU27+UK N20 emissions by sector from EDGAR (1970-2018).
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Figure 10. EU27+UK N20 emissions from EDGAR in 2018.

4.2.2.2. CH4 emissions

Global CH4 emissions reached the level of 375 Mt in 2018 - an increase of 55% compared to 1970 (the
trends by sector are presented in Figure 11). The sectors contributing most to the total global CH4
emissions are the agricultural sector (43%), fuel production and transformation (33%) and the waste sector
(22%) (see Figure 12).

Regarding EU27+UK, the contribution to the total global CH4 emissions was 5.6% in 2018. In this region,
the CH4 emissions decreased by 35% in the period 1970-2018 (see Figure 13). At sector level, agriculture
with enteric fermentation contributed 36%, fuel production and transformation 19% and waste 29% (see
Figure 14).

Countries that contributed more than 5% to the total global CH4 emissions in 2018 are: China (18%),
India (8%), USA (7%), and Brazil (6%).
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4.2.3. Propagating uncertainty to national totals
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The uncertainty associated with the emission estimates is based on the tiered approached of IPCC (2006)
and is documented in Solazzo et al. (2020). The aleatory uncertainty is estimated as being composed by
the uncertainty on the activity statistics and by the uncertainty of the emission factor. For a given process,
the total uncertainty is simply the squared sum of the two. When aggregating the emissions (e.g. summing
up subcategories, cross country totals, etc.) the following assumptions are made:

1) Uncertainties of different source categories are uncorrelated

2) Subsectors are fully correlated, thus the uncertainty of the sum is the sum of the uncertainties

3) When aggregating emissions from same categories but different countries, full correlation is assumed,
unless the emission factor is country-specific or not derived from default IPCC. In addition, the
following assumption is adopted:

4) When uncertainty is defined within a range (e.g. for the energy sector, IPCC recommend that the
methane emission factors are treated with an uncertainty ranging from 50% to 150%), the upper
bound of the range is assigned to developing countries, whilst the lower bound to developed
countries. When a country is assigned an ad-hoc emission factor (country-specific), the tier 2
uncertainty is adopted if specified by IPCC guidelines, or the lower bound of the tier 1 range.

Emission uncertainties for Europe

The total combined GHG emissions and uncertainty is reported in Figure 15, showing a 80/20 behaviour:
CO2 is responsible for about 80% of EU27+UK emission but is responsible for about 20% share of the total

uncertainty. CH4 and N20, on the other hand, contribute to approximately 20% of emission but to 80% of
the uncertainty share.

TOTAL EMISSIONS, EMISSION AND UNCERTAINTY SHARES FOR EU27+1
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Figure 15. Emission and uncertainty shares of CO2, CH4, N20 for EU27+UK in year 2015
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4.3. ECOSSE

4.3.1. Changes in the model since last deliverable

The major change was to move from a simplified ECOSSE version that runs on monthly time steps to a
more detailed ECOSSE version on daily time steps. This change increased the data requirement. The
simulation for the croplands were extended by using a data set for fertilizer application rate. Spatial data
sets about fertilizer application rates are scarce. Some data sets do not contain spatial variations, others
do not provide crop specific data and some data sets only provide a coarse spatial resolution (e.g. country
specific averages). For the simulations presented here, we used the EARTHSTAT data set, that provides
crop specific data, but no temporal variation. Other tools and models use the FAO data set instead. The
benefits of the FAOSTAT data is that the fertilizer application rates show a temporal variation, but on the
negative side, the FAOSTAT data show only country specific average (there might be data available on the
NUTS2 scale), but most importantly, no crop specific rate.

Beside the correct specification of the management, the management timing is another sensitive point
for the simulation, which is not supported by available data sets. The phenological data were simulated
with models provided by Waha et al., 2012 and van Bussel et al. (2015) to determine sowing and harvest
data. Other management activities, e.g. tillage or fertilizer application, are associated according to sowing
and harvest dates. As the aim was to move forward to crop specific simulation, we used winter wheat as
crop monoculture, as this is the most used crop in Europe and supported by good data availability.

The simulation approach was also improved by using an additional pre-run, to optimize the simulation
of the carbon dynamics. These changes caused a strong increase in the running time and the additional
data included presumably increased the uncertainty of the results. The expectation is that the simulation
improve the accuracy regarding the N20 emissions, especially spatial and temporal differences.

4.3.2. Results and discussion
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4.3.2.1.  Input data

ECOSSE is a process-based model, simulating the fluxes based on the underlying processes. This
increases data demand and the potential uncertainty of the results. Most relevant for the
nitrogen fluxes in the amount of nitrogen applied on the field. On croplands this is dominated by
fertilizer application (organic and inorganic). The map of the used fertilizer data is presented in
Figure 16. The aim of the map is to indicate the application rate hot-spots with very high N-
application rates. These are especially the Netherlands, North-West Germany, Denmark and parts
in UK.

Figure 16: This graph shows the used fertilizer input data in kg N ha! for wheat growth.

4.3.2.2.  Simulation results for N,O emission for winter wheat

The improved new approach shows an average emission rate of 2.1 kg N ha yr! (range between 1.8 kg
N hatyr!and 2.4 kg N ha yr! during 1981-2020). This is within the range of another study by Lugato et
al. (2017) who reported an average of 2.27 kg N ha yr! using the LUCAS soil data base combined with
DAYCENT model. The refined simulation approach shows much more details about the spatial distribution
of the N,O emissions (Figure 17). Obviously, weather data are key variables affecting the emissions, but
N,O emission show also a strong correlation to fertilizer application rates (Figure 16 and Figure 17A). The
Netherlands and North-West Germany show the highest N,O emissions due to the highest N-fertilizer
application rates. In a former deliverable, results of a simpler approach were presented (Figure 17B), which
shows lower emissions and is more spatially homogeneous. A generic rate of applied N-fertilizer was used
for this simulation and the simulation by monthly time-steps obviated the consideration of impacts caused
by extreme weather events on the emissions. The simple approach is a more effective way to simulate
emissions, as less data are required for the simulations and the result is achieved faster (simulation time).
While this limitation shows less of an impact for the carbon dynamics, the N dynamics are more sensitive
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to these simplifications. Therefore, more complex model approaches are suggested to account for local
and temporal extreme events, which also affect the annual balance of the emissions (Figure 19). A more
complex model is require to represent the complexity processes driving the N,O emissions. However, this
approach shows also the demand for more and better data sets to provide the required input data to run
the complex models.

g N-N,0 m
05

04

Figure 17: These are two results using ECOSSE to simulate N20 emissions for croplands. The map “B” shows the
formerly presented data, using a simplified model setting simulating monthly time steps and not using actual
fertilizer application rates. The map “A” is a more detailed version, simulating the results for winter wheat, using
EUROSTAT fertilizer rates and simulating on daily time steps.

As the fertilizer rate is the same for each year, the changes in the emissions over time are driven by the
weather conditions (Figure 18). The extreme years 2003 (extreme drought in central Europe) and 2010
(extreme drought in Eastern Europe) do not show major changes. Overall, the spatial distribution of N20
emission indicates a stronger dependency on the fertilizer application rates than on the weather
conditions. It should be noted that the biomass production was also simulated and this simulation does
not include drought impacts or nutrient deficiencies. While the latter can be neglected, biomass
production during droughts might be reduced and might affect the N,O emission.
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Figure 18: Spatial differences during the period 2001-2012.

While the temporal variation of the N20 emissions showed an under-estimation of the UNFCCC
estimates in previous simulations with the simplified ECOSSE version (Petrescu et al., 2021), the new
simulation approach shows an over-estimation of the N20 fluxes estimated by the UNFCCC (Figure 19).
There are several possible reasons for this. Beside a general increase of uncertainty, by using more detailed
data, ECOSSE runs on a daily time step. Nitrogen emissions are very sensitive towards weather (e.g.
precipitation events) and management (e.g. fertilizer application) impacts. The annual balances is
dominated by peaks. Daily simulations include more extreme weather conditions and reactions on
management impacts, which can explain the over-estimation in comparison to methods that use generic
factors or simple equations that are derived on long-term averages. This would also explain the differences
to the former simulation approach that showed an under-estimation of the emissions, as the former
approach uses monthly time steps, but also different assumptions for applied fertilizer. The later can be
another reasons for the over-estimation of the emission compared to the other approaches used in this
project. The results show the strong correlation of the emissions with the fertilizer application rates. As
the used data are crop specific for winter wheat and the results are distributed to the entire cropland area,
other crops might be associated with less fertilizer applied and causing less emission. The methods used
by the UNFCCC and most of the other tools, are based on the country specific FAOSTAT statistics (or similar
data sets), which can explain the differences to these estimates. The over-estimation is in line with an
over-estimation by the top-down approaches (Petrescu et al., 2021). However, these trends cannot be
linked. The top-down approaches include several fluxes and the source of the additional detected flux
remains unclear. These results might provide an hypothesis that will be tested in future.

VERIFY is a research project funded by the European Commission under the H2020 program. Grant Agreement number 776810.
30



Due date 30/06/2021

VERIEY WP4_Task4.3

N

VERIFY_D4.3_Final CH, and N20 fluxes from anthropogenic sources from BU models_v1

1500

1000

N2O [kt yr-1]

1980 1990 2000 2010 2020

Figure 19: Temporal variation of the absolute emissions of the croplands in Europe. The figure shows the
emissions simulated by ECOSSE (1981-2020) for winter wheat, allocated to cropland area provided by HILDA.

4.3.3. Next steps

The simulations will be extended to include other crops. The reason for the delay in adding more
crops is the limited data availability. The information about agricultural management is limited
and it is difficult to get spatially distributed data for fertilizer application rates and the timing of
the different management actions (especially sowing and harvesting). As most other approaches
are not as detailed as a process based model, the other tools and models do not require these
data, but show limitations in providing high resolution results (temporal or spatial).

A further extension will include manure data sets. These data sets are equally or even more
difficult to get. Manure data are derived on the area where manure is produced, assuming that it
is applied at the same place, which is not necessarily the case. Therefore, manure data are
affected by some uncertainty and therefore, the consideration of these data was delayed due to
a higher priority of the fertilizer datasets.

The differences between the simplified version and the more improved model version will be
analysed in more detail. This will allow to improve the simplified model version. Additionally,
more fertilizer data sets will be tested to estimate the uncertainty introduced by the input data.
All these results aim to improve the results contributed and the functionality of the model as part
of an overarching monitoring system.
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