Emissions depend on the animal species, age, weight, diet, housing systems, waste
management and liquid manure storage techniques. (ETC, 2013; Steinmann et al., 2015).

The application of NHj; fertilizers to the soil surface results in NH; emission to the
atmosphere by volatilisation, especially from soils with a high pH values in the soil solution
(i.e. pH higher than 7). In European countries, NH; volatilisation from field-applied fresh
manure, a commonly used organic fertilizer, is a major contributor to the overall NH;
emissions from the agricultural sector (Sutton et al., 2011; Vonk et al., 2016).

1.3 Overview of measures to mitigate air pollutant emissions from agriculture

Emission reductions of air and greenhouse gas (GHG) pollutants from agriculture as well as
adaptation to climate change are major challenges that the European agricultural sector will
need to face over the coming years. Measures like covering liquid storage facilities have a
relatively low GHG reduction potential (0.1 Tg CO,-eq/year), but can decrease NHj
emissions significantly. Modern application techniques of manure on soils (injecting instead
of spraying) have also a high potential to reduce NH; emissions. Both measures are easy to
implement by farmers. Nitrogen balance at farm level (e.g. avoiding urea fertilizer losses) has
a high potential in both reduction of GHG and NH; emissions.

Box. 2 Cost-effective measures to mitigate air pollutant and greenhouse gas emissions
from agriculture

The AgriClimateChange European project (European Parliament, 2014) identified the
following measures to mitigate emissions of air pollutants and GHGs from agriculture:

e four agronomic measures: 1) nitrogen balance at farm level, 2) introduction of
leguminous plants on arable land to improve fertility and increase carbon
sequestration, 3) conservation agriculture based on no-tillage to increase carbon
sequestration, and 4) implementation of cover crops to restore fertility and reduce the
need to use N fertilisers;

e three livestock measures: 1) manure storage covering, 2) manure spreading closer to
the ground, and 3) use of manure and farm residues to feed biogas plants;

e four energy measures: 1) use of biomass for heating, 2) photovoltaic installation, 3)
fuel reduction, and 4) electricity reduction;

e one agro-environmental measure (AEM) based on maintaining and encouraging farms
to develop low carbon farming practices based on the farmers skills and interests.

The implementation of the six inexpensive measures above (nitrogen balance, low carbon
AEM, electricity reduction, fuel reduction, leguminous plants and manure spreading) could
reduce GHG emissions by 61.7 Tg CO,-eq/year. The advantage is that all these measures are
easy (or average, in the case of leguminous plants) for farmers to implement. Other measures
such as manure storage and photovoltaic installations are also easy to implement, but are
medium- to high-cost measures.

The implementation of cover crops has a high GHG emissions reduction potential and a low-
average cost; however it is difficult to implement by farmers. Similarly, the implementation
of biogas plants has also a high reduction GHG emissions potential, but it is difficult for
farmers to implement and moreover has a high cost associated.
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When focusing specifically ammonia, the most important abatement techniques and strategies
to reduce NH; emissions from agriculture are summarised in Lopez-Aparicio et al. (2013; see
also UNECE, 1999, 2012; Amann et al., 2011; Oenema and Velthof, 2012; Henderson et al.
2015):

. Nitrogen management, taking account of the whole nitrogen cycle;

. Livestock feeding strategies;

. Low-emission animal housing systems;

. Low-emission manure storage systems;

. Low-emission manure spreading techniques;

. Possibilities for limiting ammonia emissions from the use of mineral fertilizers.

Finally, regarding primary airborne particles, agricultural field operations causing primary
PM emissions in conventional crop production include soil tillage and seed bed preparation,
planting, fertilizer and pesticide application, harvesting and post-harvest processes (Arslan
and Aybek, 2012). Therefore, these are the main activities to be targeted by mitigation
measures.

1.4 Impacts of agricultural emissions on air quality

SIA originating from agricultural but also from urban and industrial sources constitutes a
significant fraction of PM, and especially of the fine PM fraction (PM;s). This section
focuses on the overall impacts of SIA on air quality, taking into account the major limitation
that very few source-specific data are available in the literature for the agricultural sector.

As stated above, NH3 emissions originate mainly from agricultural sources. However, this is
not the case for NOx and SO,. Erisman and Schaap (2004) addressed the role of ammonia in
the formation of SIA and they pointed out how SIA concentration can only be effectively
reduced if NHj3 emissions are decreased. Backes et al. (2016) found that a reduction of NH3
emissions by 50% led to a 24% reduction of the total PM, s concentrations in north-western
Europe. The observed reduction was mainly driven by reduced formation of ammonium
nitrate (NH4NO3), and emission reductions during winter had a larger impact than during the
rest of the year. However, Renner and Wolker (2010) ran modelling scenarios with changing
NHj; emissions for the SNAP-code! “agriculture”. They concluded that, if NHj levels in the
air are very high, NH; emission reductions have only a limited effect on SIA concentrations.
According to these authors, the formation of SIA in the considered modelling domain (in
Germany) was limited by the precursors SO, and NOx.

Table 1 shows a non-exhaustive summary of studies which provide quantitative information
about SIA and its constituents in PM, 5 and/or PM,,, at different scales and based on both
measurements and modelling. In their review of 2010, Putaud et al. concluded that the sum of
SO42' and NOj3™ accounts for approximately 17-20% of the PM;y mass from rural to kerbside
environments in Northern, central and Southern Europe (Table 1). However, higher
contributions (40% of SIA in PM;) have been reported in urban background environments in
Germany (Quass et al., 2004) and in six European cities (i.e. Duisburg, Prague, Amsterdam,
Helsinki, Barcelona and Athens; Sillanpaa et al., 2006). SIA contributions to PM;, of about
20-30% are reported at European level (WHO, 2003). In some European areas such as in The

' SNAP-codes: Standardized Nomenclature for Air Pollutants
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Netherlands the highest SIA levels frequently coincide with exceedances of the PM;, daily
limit value (Weijers et al., 2012). The source apportionment review by Belis et al. (2013)
concluded that gaseous precursors emitted by combustion sources (e.g. traffic in urban areas)
and agriculture undergo gas-to-particle conversion, and this atmospheric process is the
strongest source for SIA mass concentrations over Europe, and the biggest contributor to the
organic PM fraction (SOA). According to these authors, traffic and agriculture are the
important source categories to target throughout the year in order to abate exceedances of air
quality limit and target values set in the EU’s Air Quality Directive (EU, 2008). The source
apportionment of the SIA fraction remains almost impossible to determine by modelling or
observation based techniques due to non-linearity in the chemistry schemes.

Table 1. Contribution of SIA (sulphate, nitrate, ammonium) to PM;y or PM; 5 reported
in the literature. Studies listed in chronological order.

Location/Scale Contribution Type of study Study
Sulphate: 25-50% PM, 5 .
Europe Nitrate: 5-35% PM, s Modelling Schaap, 2003
. Ammonium: 4-7% PM;, .
24 European sites Ammonium: 7-10% PM, s Experimental Putaud et al., 2004
. SIA: 10-42% PM;, .
7 European sites SIA:32-45% PM, s Experimental Querol et al., 2004
SIA: 40% PM,q (17% nitrate, 16%
Germany (urban sulphate, 7% ammonium) .
background) SIA: 44% PM, 5 (17% nitrate, 18% Experimental Quass etal., 2004
sulphate, 9% ammonium)
6 European sites SIA: 40% PM, s
(urban Sulphate: 14-31% PM, 5 Experimental Sillanpaa et al., 2006
background) Ammonium: 7-10% PM, s
SIA: 20-30% PM,, .
Europe SIA: 30-40% PM, s Modelling WHO, 2006
UK (regional) Ammonium: 14% PM;, Experimental Whyatt et al., 2007
60 European sites  Sulphate + nitrate: 17-20% PM,, Experimental Putaud et al., 2010
STA: 30-40% PM;,
SIA:  25-35% PM]() (PM10<40
The Netherlands ng/m) Experimental Weijers et al., 2010
SIA:  45-55% PM]() (PM10>40
ug/m’)
Germany, 3 Sulphate: 2.7-3.3 pg/m’
European Nitrate: 1.2-3.3 pg/m’ Modelling Renner & Wolke, 2010
locations Ammonium: 1.3-1.6 pg/m’
UsS, different . . .
oo Ammonium: 5-11% of total PM, 5 Modelling Hristov, 2011
Europe Ammonia: 20% SPM Modelling Moldanova et al., 2011
. 0,
France (Paris) STA: 25% PM, 5 Experimental AirParif, 2012

SIA: 30% PM10

The values reported in Table 1 for the contribution of NH; to PM mass are similar between
studies and they range between 7 and 10% in most of the cases. In certain European regions
such as Spain, clear spatial gradients for NH4 " have been detected (Querol et al., 2008), with
higher ammonium levels along the eastern coast of Spain where the highest NH; agricultural
emissions are recorded but where also the relative humidity is highest. The latter implies a
higher atmospheric stability of NH4sNOs. Putaud et al. (2010) evaluated the data of aerosol
concentration and composition obtained at >60 natural background, rural, near-city, urban,
and kerbside sites across Europe. They concluded that the main constituents of both PM;, and
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PM, s are generally organic matter, sulphate and nitrate, and that there is a clear decreasing
gradient in SO42' and NOjs’ contribution to PM;y when moving from rural to urban to kerbside
sites. In contrast, the total carbon/PM, ratio increases from rural to kerbside sites. Significant
gradients in PM chemistry were observed when moving from north-western, to southern to
central Europe. A review the air quality situation in European cities (Querol et al., 2004)
concluded that the contribution of SIA (from traffic, industrial emissions including power
generation and agriculture) ranged from 3 to 9 pg/m’ for PMjo and from 3 to 8 pg/m’ for
PM,; s at regional background sites. These concentrations were somewhat lower in Sweden
(3-5 ug/m3). SIA levels were very similar in urban areas. In intensively industrialised regions
or heavily polluted urban areas additional SIA inputs (up to 5-6 pg/m?®) may be detected for
PM;y and PM,s. NHj is transported from rural to urban areas and thus contributes to air
pollution in cities (Putaud et al. 2004). NH; originating from the Netherlands can even
contribute considerably to the PM mass in German urban areas (e.g. in the city of Miinster;
Vogt et al., 2005).

Uncertainties remain in the assessment of agricultural emissions and thus formation of SIA.
In the past, airborne PM levels in regions with high NH3; emissions were underestimated by
air quality models, leading to discrepancies between modelled and measured PM
concentrations (Wu et al., 2008). Measurements can also underestimate PM concentrations,
e.g. due to losses caused by volatilisation (Keck and Wittmaack, 2005).

Table 2. Non-exhaustive compilation of studies quantifying the contribution from
agricultural emissions to atmospheric pollutants (PM;y, PM, s, PAH, POP,
NHj;, organic carbon (OC), etc.).

Agricultural activity Type of site  Location Contribution Study
] Gronheim 25-20% to  total
Mixed Rural (Germany) transported dust Goossens et al., 2001
Biomass burning Urban Beijing (China) 10-32% to OC Duan et al., 2004
Biomass burning - Arctic Impagt on TSP, not Stohl et al., 2007
quantified
Biomass burning Rural Valencia (Spain) 20-40% to PM;, Viana et al., 2008
0, . o,
Mixed Urban Los Angeles (US) éA) to PM;5; 0.1% to Jacobson et al., 2008
3
Mixed Urban Kosetice  (Czech Impa(ft on POPs, not Dvorska et al., 2008
Rep.) quantified
Jhu-Shan
Biomass burning Rural (Taiwan) 14% to PAH .
Biomass burning Urban Sin-Gang 19% to PAH Lai etal., 2009
(Taiwan)
Fer.tlllser application Urban Toronto (Canada) Impac;t on NHj, not Godri et al., 2009
& livestock quantified
. . Taichung city 75% to PM,s; 30% to
Biomass burning Urban i) PM, 5 10 Cheng et al., 2009
Biomass burning Urban Barcelona (Spain)  3-11% to PM, 5 Reche et al., 2012a
Mixed Urban Paris (France 1% to PM, 5 AirParif, 2012
Agriculture, forestry 5% to PM, 5 .
& land use change Urban Eastern Po Valley 93% to NH; Pecorari et al., 2014

In addition to SIA production, agricultural emissions impact air quality through controlled
combustion of agricultural residues. The burning of agricultural residues is a significant
source of primary PM, especially PM; s as it may contribute to up to 23% of primary PM; s
emissions from the agricultural sector (ETC, 2013). It is also a relevant source of secondary
organic aerosols (SOA; de Gouw & Jiménez, 2009).
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In summary, NH; plays a decisive role in PM formation chemistry by determining the
amounts of ammonium sulphate ((NH4);SO4) and ammonium nitrate (NH4NO;). Both
secondary inorganic aerosols are significant PM constituents. The role of NH4NOj; is
exacerbated during high PM pollution episodes (typically during early spring) such as the
March 2014 episode where its contribution to total PM load reached 50% in the fine fraction
of PM (e.g. EEA, 2014).

The complexity of atmospheric chemistry leading to the formation of NH4NO; challenges
quantifying the benefit that can be expected when reducing NH3 emissions, as documented in
Bessagnet et al. (2014). This benefit can change in space and time, and annual average PM
concentrations might respond differently than exceedances during high pollution episodes.
Only air quality models allow to quantitatively assess such responses. A study presented by
Bessagnet et al. (2014) focussed on annual values with NH3 emission reductions affecting the
whole agricultural sector (cattle breeding and fertilizer spreading), based on the Gothenburg
Protocol target values. In the scenario analyses presented in the next chapter, the focus is on
emissions during the early spring period and on the fertilizer application sub-sector.
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2 Sensitivity of high particulate matter episodes to the reduction
of ammonia emissions

The purpose of this section is to better illustrate the benefits that can be expected from
various types of NHj3 mitigation measures: (i) the impact of annual NH3 reductions on PM
exceedances (section 5.2.1), (ii) the impact of annual NHj3 reduction in various parts of
Europe on annual PM load (section 5.2.2), and (iii) the impact of short term NHj reduction in
various parts of Europe of PM exceedances (section 5.3). While the first two topics could be
addressed on the basis of existing modelling work, the last topic was addressed through a
dedicated modelling experiment also presented in the text.

2.1 Sensitivity to long term (annual) NH; emissions
2.1.1 Sensitivity to exceedances of the daily PM,, limit value

Bessagnet et al. (2014) quantified the impact of reductions in NH3 agriculture emissions in
the Europe Union using different scenarios based on the Gothenburg Project for the year
2020, compared to 2009. Despite quite low contributions of ammonium in the PM
concentrations (due to its low molecular weight), it has been demonstrated in several studies
that cutting ammonia emissions could improve air quality.

Using the air quality model CHIMERE (in addition to others) they found that full
implementation of the Gothenburg protocol would reduce the number of stations exceeding
more than 35 times of the PM daily limit values of 50 pg m~ from 612 in 2009 to 481 in
2020. They insisted that the efficiency of NH; emission reductions are non-linear: a further
30% reduction beyond the Gothenburg Protocol is approximately 3.2 more efficient than a
10% additional reduction although linearity would predict a factor 3.

2.1.2 Sensitivity of annual mean PM,, levels

In order to explore the benefit than can be expected from a given reduction of NH3 emissions
in various European countries to the annual mean PM;, load, we can rely on the Source
Receptor Matrices (SRM) produced by the EMEP model (EMEP, 2015). By performing a
large number of model sensitivity experiments, the response in terms of exposure to various
air pollutants in countries of the EMEP region expected from an incremental reduction of
precursors in the same or other countries of the region can be quantified. These matrices are
in particular used to inform the GAINS model (Amann et al., 2011) and publicly available.

In the present report, we used the SRM produced in 2015 for the year 20132 We are
interested in particular to the response in country-wide annual mean PM,s average
concentration resulting from a 15% reduction in annual total NH3 emission in each source
country.

Box 4. Source Receptor Matrices (SRM) produced by the EMEP model

2 http://www.emep.int/mscw/SR_data/Tables/2013_SRmatrices EMEPStatus 1 2015AppC.tgz,  accessed
25/05/2016
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The SRM are organized so that each column shows where the pollutants emitted by a country
ends up (Annex 1). For a 15% reduction in ammonia for the country indicated at the top of
the column of an SRM, the numbers in each row (for each receptor country) is the modelled
incremental reduction of PM;s concentrations (positive for a decrease). Each row shows
where pollutants in a given country or region come from. The numbers of a given row show
which emitter countries are responsible for the change in pollutants in the country given at
the beginning of each row.

Three main diagnostics can be derived from the above-mentioned SRM:

e The total reduction in PM;s concentrations that can be expected for each country
from a 15% reduction in NH; emissions throughout the domain, which can be
assessed by summing up, for each row, all the contributions in each column,

e The total reduction in PM, 5 concentrations that can be expected for each country
from a 15% reduction in NH; emission in that country, which can be assessed from
the diagonal of the matrix;

e The fraction of PM,s reductions, for each country, that can be expected from
domestic mitigation measures, therefore the ratio of the above two numbers.

Figure 1 presents various maps that can be derived from the EMEP SRM for ammonia
contributing to PM,s. The top left panel shows, for each country, the amount of PM;;
concentrations (pg/m’) that are reduced by a uniform 15% reduction of NH; emission over all
source countries in Europe. It demonstrates that the largest absolute reductions of PM; s are
achieved over North-Central Europe (Poland, Czech Republic, Benelux, but also Netherlands,
Germany, Luxemburg and Slovakia). The total potential for PM, s reduction due to NHj;
mitigation appears limited in Italy, France, U.K. compared to evidence of ammonium nitrate
contribution to PM episodes in those countries. This underestimation could be attributed to
the country-wide spatial aggregation inherent to EMEP SRMs, therefore an approach by sub-
regions of the corresponding countries is recommended in the dedicated modelling
experiment presented in section 5.3.

The top right panel shows the absolute PM; s reduction expected in each country from a 15%
reduction of NH; reductions in the corresponding country. It shows that the countries where
national mitigation is most efficient are large and/or isolated countries (Germany, Poland,
Italy).
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Figure 1 Sensitivity of annual mean country-wide PM; s concentrations to Europe-
wide (top left) or domestic (top right) reductions of NH; by 15%. The
lower right panel gives the fraction mitigated by domestic emissions.

The bottom right panel shows the fraction of emissions (in %) mitigated by domestic
emissions, (therefore the ratio of the previous two diagnostics). It must be discussed in
comparison with the first panel to point out the countries more or less sensitive to mitigation
of NH3 emission in neighbouring countries:

e Some countries appear very sensitive to domestic emission reductions, but the overall
potential to reduce PM; 5 concentrations by reducing NH3 emission is small (Turkey,
Iceland, Spain, Finland);

e On the contrary, for some countries, action in neighbouring countries would be
beneficial to reduce PM; s: Belgium, the Netherlands, and Luxemburg as well as the
Czech Republic and Slovakia;

e There are also countries, where a substantial part of the benefit is expected from
domestic mitigation (Germany, Poland, UK, France, Bulgaria, Serbia), although that
fraction is at most 60%, and the remainder of the improvement lies in coordinated
international NH; mitigation.

This analysis allows pointing out which countries in Europe are most sensitive to NHj
mitigation when it comes to improving annual mean PM pollution. We will also take stock of
these findings in designing the model experiment presented in section 2.2 regarding short-
term actions where the selected source areas will be: Germany, Poland, Benelux, Central
Europe (Czech Republic, Austria, Slovakia, Hungary), and fractions of the following
countries: North Italy, North of France and Southern United Kingdom. The rationale for this
choice is that (i) Germany and Poland appear here to be sensitive and efficient source and
receptor areas, (ii) cluster of countries are legitimate for Benelux and Central Europe, (iii) the
total response in Italy, France, and U.K. appears limited presumably because of the country-
wide aggregation therefore supporting investigating sub-regions.
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2.2 Sensitivity to short term actions during ammonia emission episodes

The purpose of the study is to explore the expected benefit of short term measures targeting
specifically fertilizer spreading for a limited period of time, but with a high level of ambition
with up to 80% reduction as was demonstrated to be an upper limit of achievable local
reductions by (Sanz-Cobena et al., 2014). The results presented here are therefore
complementary with the benefit expected from the long term reductions in the Gothenburg
agreement in terms of PM exceedances , or the analysis of decrease in annual mean PM load
resulting from an incremental reduction of NHj3 emissions according to the EMEP SRM
presented .

In addition, we aim to explore the sensitivity of PM levels to NH; emission resulting from
agricultural spreading of fertilizer exclusively, therefore excluding livestock emissions. The
rationale for this choice is to explore the potential of mitigating for a short term time period,
or even postponing, fertilizer spreading, whereas such an approach is not relevant for cattle.

2.2.1 Methodology

Selection of the time period

In the present study, simulations are conducted for the period 15/02/2011 — 16/04/2011. The
year 2011 is selected because of the larger number of springtime PM;-polluted days (within
the interval 2010-2014). Figure 2 shows, for the main target countries, the temporal
repartition of the daily exceedances in PM;, concentrations, as measured at European
background stations. It shows that during the period 15/02 — 15/04, and for the years 2010 to
2014, almost half the exceedances were observed in 2011 in Germany and the Netherlands.
More than one third of the exceedances were observed in 2011 in France, Belgium, the UK
and Poland. Italy is the only country where 2011 does not present the highest number of
exceedances. The March/April period is a high NH; emission period because of agricultural
spreading of fertilizers and is thus a relevant period for the study of the PM;( concentration
sensitivity to NH; emissions.

Model setup

To conduct the simulations, the chemistry-transport model CHIMERE has been used (Menut
et al., 2013). Simulations have been conducted on a continental domain, covering Europe
with a resolution of 0.5° (longitude) x 0.25° (latitude).
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Figure 2 Fraction (%) of the springtime (15/02-15/04) daily PM;, exceedences (>
SOug/m3 ) observed for each year between 2009 and 2012. Results are
based on daily mean observations provided by the European Air Quality
Database (EEA, 2016¢).

Baseline emissions

In the processing of emissions, the agricultural sector (SNAP 10 of EMEP activity sectors)
was therefore broken down in two sub-sectors: livestock and fertilizer applications. The split
of the SNAP 10 sector into sub-sectors was done according to the officially reported emission
data available on the EMEP website to provide the share of ammonia emissions due to
fertilizer applications. The 2011 EMEP emission inventory was used. The emission inventory
was refined by the use of proxies to redistribute the national emissions.

Different proxies were used to re-grid the emissions from the two agricultural sub-sectors.
Livestock emissions were redistributed by using a high-resolution (around 1 km) global
livestock database (including cattle, pigs, ducks, chickens, goats and sheep) providing the
number of animals by grid cell’. The proxy of redistribution is computed as:

PLivestock = Z EFanimalNanimal

animal

With Pjivestock the proxy of redistribution, Nypima the number of animals and EF4,ima a factor of
NHj; emissions by head. The emission factors (taking into account animal housing and
storage) were estimated from data of the EEA emission inventory guidebook. The EMEP
0.1x0.1 resolution NFR emissions were not available in a final form when initiating these
model simulations, but they will offer a promising alternative in the future. Note that
officially gap filled national totals are used, and the methodology proposed here only regards
the spatialisation proxy.

3 Can be downloaded on http:/livestock.geo-wiki.org/Application/index.php
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Figure 14. Costs and benefits of mitigation measures. Source: Amann et al. (2015).

Ammonia abatement as key factor for abating secondary inorganic PM

As discussed by Brunekreef et al. (2015), the proposal for national emission ceilings requires
reductions in emissions of SO,, NOx and NHs, but at different percentages: for 2020, relative
to 2005, emissions of SO, across the EU need to be reduced by 59%, emissions of NOx by
42%, but emissions of NHj3 by only 6%. Larger reductions are proposed for 2025 and 2030,
but the disparity between sulphur and nitrogen oxides on the one hand and ammonia on the
other hand remain. This is hard to defend scientifically, because there is good evidence that
all precursor gases need to be reduced in step to achieve the maximum reduction in fine
particle concentrations, and that abatement of ammonia is a key factor for abating SIA.
Ammonia reductions, which are technically possible, contribute more to reducing particle
concentrations than do reductions of sulphur and nitrogen oxides (Megaritis et al., 2013). As
described above, a reduction of the ammonia emissions from the agricultural sector related to
animal husbandry could be especially efficient due to its seasonal emission pattern (Backes et
al, 2016).

Nitrogen pollution was estimated to cost society in Europe between 70-320 billion/year, with
about half of these costs related to agricultural emissions of NH; and run-off of reactive
nitrogen in water (Sutton, 2015). An analysis of the ratio of cost and benefits of emission
reductions shows a 3 times larger potential to cost-effectively reduce NHj3; emissions
compared to NOx (mainly from transport and industry). Unfortunately, many of the voluntary
measures outlined in the UNECE Framework Code for good agricultural practices to reduce
ammonia emissions are not yet implemented in the signatory countries. Relatively simple
technologies are available to reduce NH; emission from manure spreading. Also, increasing
the nitrogen use efficiency by better integration of crop-livestock systems is proposed as a
possible simple solution. Most EU countries, as well as South and East Asia, are identified as
regions where an improvement of the Nitrogen Use efficiency could lead to N-savings
between 100-250 kg/ha/yr, amounting globally to reducing 20 Tg N/year, and net benefits of
170 billion USS per year (Sutton, 2015).
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Brunekreef et al. (2015) discuss that, in view of the contribution of agriculture to fine particle
concentrations in Europe, the health damage caused by particles from agriculture is estimated
to be far greater than the burden placed on this sector by the current proposal for national
emission ceilings. These authors consider this to be an inconvenient truth, which should be
addressed by policy makers to propose and fund measures that do not threaten the livelihood
of the farmer. As the EU starts to promote the circular economy (COM/2014/0398) (IPEX,
2015) there is a strong case to reduce ammonia emissions as part of innovation to increase
economy-wide nitrogen use efficiency. European nitrogen pollution losses have a fertiliser
value of about €20 billion per year based on the European nitrogen assessment (ENA, 2015)
and a fertiliser price of about €0.80/kg nitrogen. This points to a major business opportunity
to improve emission reduction and recycling technologies that further strengthen the case for
revision of the national emission ceilings.

The largest PM pollution episode occurs in springtime

The complex atmospheric chemistry of ammonia requires using chemistry-transport models
to assess the expected benefit of reducing NHj3 emissions on a national or European scale and
for short or long term time periods. In this chapter, we reviewed existing work (i) on the
benefit of long term reduction of Europe-wide NHj3; emissions in the context of the
Gothenburg protocol , and (ii) on the benefit of incremental reduction of NH; emission in
each country as modelled with the EMEP Source-Receptor Matrices . And (iii) we introduced
a new modelling study aimed at quantifying the benefit of short term NH; emissions
reductions due to fertilizer applications on PM;, concentrations during a high PM,
concentration period (March-April 2011) .

The analysis of annual NHj3 reduction beyond the target set in the revised Gothenburg
Protocol highlighted the need to engage in ambitious reduction measures (Bessagnet et al.,
2014). The relationship between reduction and benefit is not proportional, favouring
substantial reductions. We are particularly interested in the potency of emission reductions:
the improvement in air concentrations that can be expected from a unit reduction of
emissions. An important result of the (Bessagnet et al., 2014) study is that the potency
increases for ambitious reductions of NH; emissions.

The analysis of the main sources (of NH; emissions) and receptor (of PM; s concentrations)
according to the EMEP Source Receptor Matrices allowed identifying the countries where
mitigation of NH3 would yield important benefit for PM; s exposure. Such matrices can also
be used to point out the countries most exposed to transboundary effects (Benelux, Czech
Republic), or to domestic emissions (Italy). For Germany, Poland, UK, France, Bulgaria and
Serbia it was noted that only up to 60% of the response was attributed to domestic emission,
the remainder of the improvement lied in coordinated international NH3 mitigation.

Given that the largest PM pollution episode occurs in springtime, when fertilizer spreading is
most common, it is legitimate to target such periods to attempt an optimisation of emission
reduction measures. Therefore, we designed additional model experiments targeting fertilizer
NH; emissions (and ignoring emissions of cattle that exhibit a weak seasonal cycle) for a 2-
month period of time (15 February to 16 April 2014). We tested an 80% emission reduction
of NHj attributable to the spreading of fertilizer during spring. This corresponds at the
country level to a reduction from 23 to 38% for the whole agricultural sector. This reduction
was tested over seven different European regions, and a reduction of 50% was also
investigated.
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Conclusions for the mitigation of ammonia emissions from agriculture

Considering the European scenario, for this 2-month period mentioned above, the maximum
absolute reduction is reached over the Northern Adriatic Sea (7 pg m™) and the maximum

ng m” with a substantial impact on the number of exceedances of the PM; daily limit values.
With respect to mitigation, this demonstrates the relevance of targeting the spreading of
fertilizer over short periods, mainly in spring.

The relationship between the benefit of lowering PM levels in the air and the effort in NHj3
mitigation is not proportional: the more NH; emissions are reduced, the more relevant is
the improvement obtained from an incremental reduction. We found that decreasing NHj3
fertilizer emissions by 80% is more than twice as efficient in reducing PMy concentrations as
decreasing emissions by 50%, an assumption of linearity would have given a factor of 8/5..
This highlights a nonlinearity of the impact of NHj3; emission reductions on PMjj
concentrations. This result, which focused on the most critical period for PM;, exceedances is
coherent with the conclusion from Bessagnet et al. (2014), which focussed over an entire
year.

Considering the impact of the NH; emission reductions on the PM;, daily limit value
exceedances observed at European ground stations, we found that reducing NH; emissions by
80% causes a reduction of approximately 3942 exceedances throughout Europe (among a
total of more than 14314). This reduction is only 2794 by adding results for each region
tested individually. The difference can be attributed to the synergies of pan European
measures due to the non linearity of the ammonium nitrate chemistry. This result shows that
European actions is not only the sum of national measures, there is an added synergy
due to the specificity of secondary inorganic aerosol chemistry.

The investigation of regional short-term scenarios confirmed the results of the analysis of
EMEP source-receptor matrices: the local response to NH; emission reduction can be very
different from a country to another. A large part of northern France and the Benelux is highly
impacted by other countries. Consistently with the EMEP SRM analysis, we confirm that
average PM concentrations in the north of Italy are mostly sensitive to local NH3 emissions
and less influenced by the rest of Europe. However, by also including PM exceedances in
the analysis, we found in Italy a noticeable transboundary effect that could not be
pointed out in the analysis of source-receptor matrices.
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ANNEX 1

Table 5: EMEP Source Receptor Matrix indicating the PM2.5 concentration change (positive for a decrease, in ng/m3) resulting from a
15% reduction in NH3; emissions
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