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Abstract

One of the ma�n EU pol�cy �nstruments, the Themat�c 
Strategy announced the rev�s�on of the D�rect�ve on Na-
t�onal Em�ss�ons Ce�l�ngs w�th new em�ss�on ce�l�ngs that 
should lead to the ach�evement of the agreed object�ves w�th 
pr�or�ty g�ven to f�ne PM. Th�s paper h�ghl�ghts the role of 
the agr�cultural sector �n the cost-effect�ve em�ss�on control 
strateg�es for the EU-27. To support the quant�tat�ve cost-
effect�veness analys�s, the GAINS �ntegrated assessment 
model has been used. In the EU-27, agr�cultural act�v�-
t�es are respons�ble for the major�ty of NH3 em�ss�ons and 
about 4 % of PM2.5; �n the future the relat�ve contr�but�on 
to PM em�ss�ons �s expected to �ncrease. Implementat�on of 
current em�ss�on control leg�slat�on �s est�mated to reduce 
em�ss�ons of most pollutants �n the EU-27 by 40 - 60 % 
by 2020. For ammon�a, however, em�ss�ons are est�mated 
to decl�ne by only 10 %, ma�nly as a consequence of the 
expected decl�ne �n cattle numbers; tak�ng full account of 
the N�trate D�rect�ve �mpact m�ght result �n a further 10 % 
reduct�on. Also the total control costs are much lower for 
agr�culture than �n several other sectors. Although the total 
potent�al for techn�cal em�ss�on control measures �s s�gn�f�-
cantly lower for ammon�a than for other pollutants, ammo-
n�a offers the largest scope for further em�ss�on reduct�ons 
on top of the measures requ�red by current leg�slat�on. In 
the opt�mal strategy, a s�gn�f�cant reduct�on of ammon�a �s 
expected, wh�ch �s assoc�ated w�th relat�vely large costs, 
represent�ng about 20 % of total add�t�onal costs over the 
current leg�slat�on basel�ne. However, w�th respect to the 
total control costs, agr�culture rema�ns among the smaller 
sectors. The analys�s performed shows that �ndependent 
of the env�ronmental object�ve (exclud�ng an ozone-only 
case) the em�ss�on reduct�ons �n agr�culture, pr�mar�ly of 
NH3, play an �mportant role �n atta�n�ng targets spec�f�ed 
�n the Themat�c Strategy and represent about 20 to 40 % of 
the add�t�onal costs of the strateg�es analyzed. Only �n the 
scenar�o where full �mplementat�on of the N�trate D�rec-
t�ve was assumed �s the share of agr�culture lower. 
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Introduction and policy background

A number of stud�es have demonstrated cons�stent as-
soc�at�ons between the concentrat�ons of f�ne part�culate 
matter (PM) �n the a�r and adverse effects on human health 
(resp�ratory symptoms, morb�d�ty and mortal�ty) for con-
centrat�ons commonly encountered �n Europe and North 
Amer�ca, e.g., Dockery D. W. et al. 1993; Pope C. A. et 
al. 2002. 

A�rborne suspended part�culate matter – �n the form of 
pr�mary part�cles (PM) – are em�tted d�rectly �nto the atmo-
sphere by natural and/or anthropogen�c processes, whereas 
secondary part�cles are predom�nantly man-made �n or�-
g�n and are formed �n the atmosphere from the ox�dat�on 
and subsequent react�ons of sulphur d�ox�de (SO2), n�tro-
gen ox�des (NOx), ammon�a (NH3) and volat�le organ�c 
compounds (VOC). The typ�cal res�dence t�me of the f�ne 
fract�on of part�culate matter ranges between 10 and 100 
hours, dur�ng wh�ch such aerosols are transported w�th the 
a�r mass over long d�stances. Thus, as w�th other trans-
boundary pollutants, f�ne part�cles at a g�ven s�te or�g�nate 
from em�ss�on sources �n a large reg�on, typ�cally �nclud�ng 
sources �n other countr�es.

Cons�der�ng the transboundary nature of part�culate mat-
ter (PM), the Comm�ss�on of the European Un�on and the 
Un�ted Nat�ons Econom�c Comm�ss�on for Europe’s Con-
vent�on on Long-range Transboundary A�r Pollut�on (UN-
ECE/CLRTAP) are currently develop�ng harmon�zed �n-
ternat�onal response strateg�es for a cost-effect�ve control 
of PM �n Europe. Wh�le the CLRTAP a�ms at �nclus�on of 
PM-related analys�s �n the rev�ew of the Gothenburg Pro-
tocol (UNECE, 1999) �n 2008, the European Comm�ss�on 
Themat�c Strategy on A�r Pollut�on outl�ned the strateg�c 
approach towards cleaner a�r �n Europe (CEC, 2005) and 
establ�shed env�ronmental �nter�m targets for the year 2020 
(table 1) w�th�n the ‘Clean A�r for Europe’ (CAFE) pro-
gram (CEC, 2001). As one of the ma�n pol�cy �nstruments, 
the Themat�c Strategy announced the rev�s�on of the D�-
rect�ve on Nat�onal Em�ss�ons Ce�l�ngs (2001/81/EC) w�th 
new em�ss�on ce�l�ngs that should lead to the ach�evement 
of the agreed �nter�m object�ves w�th pr�or�ty g�ven to f�ne 
part�culate matter.
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Table 1:
Env�ronmental targets of the EU Themat�c Strategy

Effect Un�t of the 
�nd�cator

Percentage 
�mprovement 

compared to the 
s�tuat�on �n 2000

L�fe years lost from part�culate
matter (YOLLs)

Years of 
l�fe lost 47 %

Area of forest ecosystems where 
ac�d depos�t�on exceeds the 
cr�t�cal loads for ac�d�f�cat�on

km2 74 %

Area of freshwater ecosystems 
where ac�d depot�on exceeds the 
cr�t�cal loads for ac�d�f�cat�on

km2 39 %

Ecosystems area where n�trogen 
depos�t�on exceeds the cr�t�cal
loads for eutroph�cat�on

km2 43 %

Premature mortal�ty from ozone Number 
of cases 10 %

Area of forest ecosystems where 
ozone concentrat�ons exceed 
the cr�t�cal levels for ozone1)

km2 15 %

1) Th�s effect has not been expl�c�tly modelled �n RAINS. The env�ronmental �mprovements 
�n the area of forest ecosystems exceed�ng ozone levels result�ng from em�ss�on controls 
that are targeted at the other effect �nd�cators have been determ�ned �n an ex-post analys�s.

In 2006, the European Comm�ss�on began the process 
to develop nat�onal ce�l�ngs for the em�ss�ons of the rel-
evant a�r pollutants w�th close �nvolvement of numerous 
stakeholders �nclud�ng nat�onal experts and �ndustr�al as-
soc�at�ons (Amann M. et al. 2006). As a start�ng po�nt, 
the analys�s developed basel�ne project�ons of em�ss�ons 
and a�r qual�ty �mpacts to be expected from the env�saged 
evolut�on of anthropogen�c act�v�t�es tak�ng �nto account 
the �mpacts of the present leg�slat�on on em�ss�on controls. 
Subsequently, a ser�es of reports explored sets of cost-ef-
fect�ve measures that ach�eve the env�ronmental amb�t�on 
levels of the Themat�c Strategy. The reports analyzed po-
tent�al em�ss�on ce�l�ngs that emerge from the env�ronmen-
tal object�ves establ�shed and stud�ed the robustness of the 
�dent�f�ed em�ss�on reduct�on requ�rements aga�nst a range 
of uncerta�nt�es (Amann M. et al. 2007a). 

Th�s paper h�ghl�ghts the role of measures �n the agr�cul-
tural sector �n the cost-effect�ve em�ss�on control strateg�es, 
draw�ng on analyses presented �n the NEC reports (Amann 
M. et al., 2007b) and outcomes of the study on �ntegrated 
measures �n agr�culture (Kl�mont Z. et al. 2007).

Methods

To max�m�ze the cost-effect�veness of em�ss�on control 
strateg�es, measures for reduc�ng the var�ous  precursor 
em�ss�ons of part�culate matter (pr�mary and secondary) 
need to be balanced across all contr�but�ng econom�c sec-
tors, �nclud�ng agr�culture, �n v�ew of the contr�but�ons they 
make to the var�ous env�ronmental problems. To support 
the quant�tat�ve cost-effect�veness analys�s, the GAINS 
(Greenhouse gas - A�r pollut�on Interact�ons and Syner-
g�es) �ntegrated assessment model has been used to allo-
cate em�ss�on control measures across econom�c sectors.

The GAINS model, wh�ch has been developed at the 
Internat�onal Inst�tute for Appl�ed Systems Analys�s (IIA-
SA), �s an �ntegrated assessment model that br�ngs together 
�nformat�on on the sources and �mpacts of a�r pollutant and 
greenhouse gas em�ss�ons and the�r �nteract�ons. GAINS 
�s an extens�on of the earl�er RAINS (Reg�onal A�r Pollu-
t�on Informat�on and S�mulat�on) model, wh�ch addressed 
a�r pollut�on aspects only. GAINS br�ngs together data on 
econom�c development, the structure, control potent�al 
and costs of em�ss�on sources, the format�on and d�sper-
s�on of pollutants �n the atmosphere and an assessment of 
env�ronmental �mpacts of pollut�on. GAINS addresses a�r 
pollut�on �mpacts on human health from f�ne part�culate 
matter and ground-level ozone, vegetat�on damage caused 
by ground-level ozone, the ac�d�f�cat�on of terrestr�al and 
aquat�c ecosystems and excess n�trogen depos�t�on to so�ls, 
�n add�t�on to the m�t�gat�on of greenhouse gas em�ss�ons. 
GAINS descr�bes the �nterrelat�ons between these mul-
t�ple effects and the range of pollutants (SO2, NOx, PM, 
NMVOC, NH3, CO2, CH4, N2O, F-gases) that contr�bute to 
these effects at the European scale. A deta�led descr�pt�on 
of the a�r pollut�on component of the GAINS model can 
be found �n Schöpp W. et al. (1999) and http://www.��asa.
ac.at/ra�ns/rev�ew.html; the model �s also ava�lable �n the 
Internet from http://www.��asa.ac.at/ra�ns.

Several em�ss�on sources contr�bute v�a var�ous pathways 
to the concentrat�ons of f�ne part�culate matter �n amb�-
ent a�r. Wh�le a certa�n fract�on of f�ne part�cles found �n 
the amb�ent a�r or�g�nates d�rectly from the em�ss�ons of 
those substances (the “pr�mary part�cles”), another part 
�s formed through secondary processes �n the atmosphere 
from precursor em�ss�ons, �nvolv�ng SO2, NOx, NMVOC 
and NH3. Inter al�a, agr�cultural act�v�t�es contr�bute to pr�-
mary em�ss�ons of part�culate matter, e.g., l�vestock hous-
�ng, arable farm�ng, manag�ng crops, energy use, burn�ng 
of agr�cultural waste and unpaved roads. In add�t�on, NH3 
released from agr�cultural act�v�t�es const�tute an �mportant 
precursor to the format�on of secondary aerosols. 

GAINS allows the est�mat�on of em�ss�ons from l�ve-
stock hous�ng, fert�l�zer appl�cat�on, energy use �n agr�-
culture (small stat�onary combust�on and mob�le sources) 
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and, to some extent, from handl�ng of crops. S�ze-spec�f�c 
PM em�ss�on factors were developed, draw�ng on the re-
sults of Taka� H. et al. (1998), Louhela�nen K. et al. (1987), 
Donham K. J. et al. (1986 and 1989), ICC &SRI (2000), 
and Heber A. J. et al. (1988). GAINS est�mates country-
spec�f�c em�ss�on rates per an�mal per year cons�der�ng the 
length of the hous�ng per�ods (for cattle and p�gs). Deta�ls 
of the GAINS methodology for the assessment of part�cu-
late matter em�ss�ons and control costs from agr�culture are 
documented �n Kl�mont Z. et al. (2002). For ammon�a the 
deta�led methodology �s presented �n Kl�mont Z. and Br�nk 
C. (2004). 

H�stor�cal act�v�ty data for agr�culture or�g�nates from 
FAO (2006), IFA (2004), and �s supplemented by nat�onal 
�nformat�on collected from nat�onal experts. Forecasts up 
to 2020 have been developed for the rev�ew of the Nat�onal 
Em�ss�on Ce�l�ngs D�rect�ve of the European Commun�ty 
and are documented �n Amann M. et al. (2006 and 2007a).

An �ntegrated assessment needs to l�nk changes �n the 
precursor em�ss�ons at the var�ous sources to responses �n 
�mpact-relevant a�r qual�ty �nd�cators at a receptor gr�d cell. 
Trad�t�onally, th�s task �s accompl�shed by comprehens�ve 
atmospher�c chem�stry and transport models, wh�ch s�mu-
late a complex range of chem�cal and phys�cal react�ons. 
The GAINS �ntegrated assessment analys�s rel�es on the 
deta�led analyses conducted w�th the Un�f�ed EMEP Eu-
ler�an model (S�mpson O. et al. 2003), and represents the 
responses �n a�r qual�ty towards changes �n em�ss�ons as 
computed by the EMEP model through computat�onally 
eff�c�ent response surface funct�ons. Such source-receptor 
relat�onsh�ps have been developed for changes �n em�ss�ons 
of SO2, NOx, NH3, VOC and PM2.5 from the 27 Member 
States of the EU, Croat�a, Norway and Sw�tzerland, and 
f�ve sea areas, descr�b�ng the�r �mpacts for the EU terr�tory 
w�th the 50 km × 50 km gr�d resolut�on of the geograph�cal 
project�on of the EMEP model (see www.emep.�nt/gr�d/�n-
dex.html). 

Quant�tat�ve env�ronmental object�ves have been estab-
l�shed by the European Comm�ss�on �n �ts Themat�c Strat-
egy on A�r Pollut�on for four env�ronmental �nd�cators: 
Years of l�fe lost (YOLL) from PM2.5 exposure, areas un-
protected from eutroph�cat�on or ac�d�f�cat�on, premature 
deaths from ozone, or jo�ntly on all �nd�cators (see table 1). 
The opt�m�zat�on module of GAINS has then been used to 
f�nd cost-opt�mal control strateg�es that meet the env�ron-
mental object�ves establ�shed �n the Themat�c Strategy.

Results and discussion

Agr�cultural act�v�t�es �n the EU-27 are respons�ble for 
typ�cally 85 to 90 % of total em�ss�ons of ammon�a, and 
they contr�bute on average about 4 % to pr�mary PM2.5 
em�ss�ons from anthropogen�c sources. For �nd�v�dual 

countr�es, the shares of agr�culture �n PM2.5 vary from less 
than 1 % to nearly 10 %, due to structural d�fferences �n 
other sources (e.g., the use of sol�d fuels for home heat�ng, 
etc.). Because em�ss�ons from other sources w�ll decl�ne �n 
the future due to em�ss�on control leg�slat�on (e.g., t�ght-
ened em�ss�on standards for mob�le sources) and ongo�ng 
structural changes (e.g., phase-out of sol�d fuels), agr�cul-
tural sources w�ll ga�n �n relat�ve �mportance and w�ll con-
tr�bute on average up to 6.5 % �n the current leg�slat�on 
basel�ne project�on. Typ�cally, about half of the agr�cultural 
em�ss�ons of PM2.5 or�g�nate from open burn�ng of agr�-
cultural res�due.

To assess the cost-effect�ve scope for further em�ss�on 
reduct�ons, �t �s necessary to analyze the �mpacts of the 
full �mplementat�on of current em�ss�on control leg�slat�on 
for all pollutants. F�gure 1 compares the effects of current 
leg�slat�on w�th the scope for further techn�cal em�ss�on 
control measures. Full �mplementat�on of current em�ss�on 
control leg�slat�on �s est�mated to reduce em�ss�ons of most 
pollutants �n the EU-27 by 40 - 60 % by 2020. A notable 
except�on, however, �s ammon�a where em�ss�ons are es-
t�mated to decl�ne �n the current leg�slat�on case by only 
10 %, ma�nly as a consequence of the expected decl�ne 
�n cattle numbers and not due to more str�ngent em�ss�on 
leg�slat�on. Wh�le the basel�ne project�on �ncludes l�kely 
�mpacts of the IPPC D�rect�ve for farm�ng, �t does not take 
full account of the N�trate D�rect�ve (ND). The latter was 
analyzed �n Kl�mont Z. et al. (2007), who est�mated that 
by 2020 an add�t�onal 10 % of ammon�a em�ss�ons could 
be avo�ded by proper enforcement of the ND (f�gure 4, left 
chart).

Although the total potent�al for techn�cal em�ss�on con-
trol measures �s s�gn�f�cantly lower for ammon�a than for 
other pollutants, ammon�a offers the largest scope for fur-
ther em�ss�on reduct�ons on top of the measures requ�red 
by current leg�slat�on (f�gure 1). Wh�le for other pollutants 
more than half of the techn�cal potent�al forms part of ex-
�st�ng law, for ammon�a current regulat�ons �nvolve less 
than one th�rd of the poss�ble measures. 
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F�gure 1: 
Scope for further em�ss�on reduct�ons �n the basel�ne scenar�o �n 2020, �n relat�on to the em�ss�ons �n the year 2000.The grey bars �nd�cate em�ss�on reduc-
t�ons as a consequence of the full appl�cat�on of current em�ss�on control leg�slat�on and the wh�te ranges d�splay the potent�al for further em�ss�on reduct�ons 
that can be ach�eved w�th currently ava�lable techn�cal em�ss�on control measures. The black ranges �nd�cate res�dual em�ss�ons that cannot be reduced w�th 
present day em�ss�on control technolog�es.

Th�s paper presents two scenar�os that have been explored 
�n the course of the development of the NEC D�rect�ve. 
The f�rst case �s the NEC basel�ne scenar�o where nat�onal 
perspect�ves on development of the agr�cultural sector are 
cons�dered together w�th �mpacts of nat�onal and European 
em�ss�on leg�slat�on as well as the m�d-term rev�ew of the 
EU Common Agr�cultural Pol�cy (CAP). Its development 
has been documented �n the ser�es of NEC reports, e.g., 
Amann M. et al. 2007a. Although the pr�nc�pal assump-
t�on �n the basel�ne scenar�o �s that the current leg�slat�on 
�mpacts are �ncluded, analys�s performed by e.g., Onema 

O. et al. (2007) shows that str�ngent �nterpretat�on and en-
forcement of water d�rect�ves (N�trate and Water Frame-
work D�rect�ves) would requ�re more effect�ve controls and 
poss�bly structural changes �n agr�cultural product�on. Re-
sults of the above study were �nterpreted and �mplemented 
�n GAINS (Kl�mont Z. et al. 2007) and th�s paper presents 
the potent�al �mpacts of such development �n the scenar�o 
referred to as Basel�ne + ND (N�trate d�rect�ve).

Table 2 shows em�ss�ons and total control costs by pollu-
tant for the basel�ne scenar�o as well as the opt�mal mult�-
effect strategy where TSAP targets (table 1) are met.

Table 2:
Em�ss�ons and total costs of the basel�ne scenar�o for EU27+Norway (Amann  M. et al., 2007b)

Em�ss�ons [Tg/year] Total costs [billion €/year]

Pollutant 2000 Basel�ne - 2020 Basel�ne - OPT 2000 Basel�ne - 2020 Basel�ne - OPT

SO2 10.3 4.1 2.2 11.00 16.9 19.6

NOX 1) 12.5 7.2 5.1 9.80 47.8 51.4

NH3 4.0 3.6 2.8 1.80 3.4 5.7

PM2.5 1.8 1.2 0.82 8.00 9.3 10.2

NMVOC 11.4 6.4 5.3 0.79 2.3 3.3
1) Total transport costs (exclud�ng sulphur-related) �ncluded �n the NOx costs
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As already shown �n f�gure 1, the agr�cultural sector em�s-
s�ons do not decl�ne s�gn�f�cantly �n the basel�ne and the 
total costs are far lower than for other pollutants; note that 
PM2.5 and NMVOC costs exclude the transport sector as 
all of those costs are assoc�ated w�th NOx, represent�ng the 
largest share. In the opt�mal strategy, s�gn�f�cant reduct�ons 
of ammon�a are expected, wh�ch are assoc�ated w�th rela-
t�vely large costs, represent�ng about 20 % total add�t�on-
al costs over the basel�ne (compare also f�gure 2 and 3). 
However, w�th respect to the total control costs, agr�culture 
rema�ns among the smaller sectors.

Apart from calculat�ng reduct�on costs of the opt�mal 
mult�-effect strategy (Jo�nt opt�m�zat�on – f�gure 2; Base-
l�ne – f�gure 3), we have also assessed the control costs for 
s�ngle effect scenar�os (f�gure 2 and f�gure 3; Basel�ne-PM 
only). For all of the above scenar�os the targets were as �n 
table 1. Independent of the env�ronmental object�ve (ex-
clud�ng the ozone-only case) the agr�cultural sector em�s-
s�on reduct�ons, pr�mar�ly of ammon�a, play an �mportant 
role and represent about 20 to 40 % of add�t�onal costs �n 
the strateg�es analyzed. Only �n the scenar�o where full �m-
plementat�on of the N�trate D�rect�ve was assumed (f�gure 
3; Basel�ne+ND) �s the share of agr�culture lower. Th�s �s, 
however, largely compensated for by the add�t�onal costs 

�n the basel�ne, as the �mplementat�on of ND has been est�-
mated to cost about 0.9 billion € (figure 4, right chart, see 
the d�fference �n CLE-2020 value).

For the “Basel�ne+ND” opt�mal scenar�o the em�ss�on 
levels of the “Jo�nt opt�m�zat�on” case were assumed as 
em�ss�on ce�l�ngs, but the underly�ng act�v�ty data and 
penetrat�on of abatement measures take �nto account full 
�mplementat�on of the N�trate D�rect�ve. The N�trate D�-
rect�ve enforcement has been est�mated to br�ng further 
reduct�ons of ammon�a em�ss�ons, about 300 kt NH3 �n the 
EU-27 basel�ne by 2020, at an est�mated cost of 0.9 b�l-
lion € (figure 4). The actual costs might be higher when 
account�ng for revenue loss by the farmers who would not 
be allowed to expand the�r operat�ons or would have to 
downscale them, spec�f�cally �n n�trate vulnerable zones. 
In the opt�mal scenar�o, the overall level of em�ss�ons 
would rema�n about the same as �n the basel�ne; the total 
costs to the agr�cultural sector would be smaller than �n the 
basel�ne case (f�gure 4; r�ght panel). Th�s effect �s assoc�-
ated w�th the d�str�but�on and level of ammon�a em�ss�on 
reduct�ons ach�eved �n the basel�ne �nclud�ng ND regula-
t�on. More deta�ls about the �mplementat�on and results of 
th�s scenar�o are ava�lable from Kl�mont Z. et al. (2007) 
and Amann M. et al. (2007b). 
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F�gure 4:
Expected �mpact of the N�trate D�rect�ve on agr�cultural em�ss�ons and costs for the year 2020 basel�ne and opt�mal scenar�o w�th TSAP targets (table 1).
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Conclusions

Ach�ev�ng the health and env�ronmental targets spec�f�ed 
�n the EU Themat�c Strategy w�ll requ�re s�gn�f�cant further 
reduct�ons of em�ss�ons of a�r pollutants �n Europe. The 
analys�s performed for the rev�ew of the NEC D�rect�ve 
�nd�cates potent�al for cost-effect�ve reduct�ons of agr�cul-
tural em�ss�ons, pr�mar�ly ammon�a, that contr�bute to the 
format�on of secondary f�ne part�culate matter and play an 
�mportant role �n excess depos�t�on of n�trogen �n sens�-
t�ve areas. Although total European ammon�a em�ss�ons 
are expected to decrease by 2020 by about 10 % compared 
to 2000, th�s decl�ne �s s�gn�f�cantly lower than reduct�ons 
for other pollutants, so that for secondary aerosols the �m-
portance of the contr�but�on from the agr�cultural sector �s 
expected to grow.

PM em�ss�ons from European agr�culture are not expect-
ed to grow �n the next decades. However, �n the absence of 
spec�f�c control measures taken �n the agr�cultural sector, 
�ts relat�ve contr�but�on to total PM w�ll further �ncrease, 
from about 4 to nearly 7 %. Th�s �s ma�nly a consequence 
of str�ngent em�ss�on controls be�ng �ntroduced �n other 
sectors (e.g., stat�onary energy combust�on, mob�le sourc-
es). Only l�m�ted potent�al for further reduct�ons of pr�ma-
ry PM �n agr�culture has been �dent�f�ed, the ma�n be�ng an 
effect�ve ban on open burn�ng of agr�cultural res�due that 
�s respons�ble for about half of the total agr�cultural em�s-
s�ons of f�ne PM.

The analys�s performed shows that �ndependent of the en-
v�ronmental object�ve (exclud�ng the ozone-only case) the 
em�ss�on reduct�ons �n agr�culture, pr�mar�ly of ammon�a, 
play an �mportant role �n atta�n�ng targets spec�f�ed �n the 
Themat�c Strategy and represent about 20 to 40 % of add�-
t�onal costs of the analyzed strateg�es. Only �n the scenar�o 
where full �mplementat�on of the n�trate d�rect�ve (ND) 
was assumed �s the share of agr�culture lower. Th�s �s, how-
ever, largely compensated for by the add�t�onal costs �n the 
basel�ne assoc�ated w�th the �mplementat�on of ND.

Although the calculated em�ss�on reduct�ons and add�-
t�onal costs for agr�culture are s�gn�f�cant, they have to be 
seen �n the perspect�ve of spend�ng already comm�tted by 
other sectors to control em�ss�ons of SO2, NOx, PM2.5 and 
NMVOC. Such compar�son shows that the total costs to 
reduce em�ss�ons �n agr�culture �n the analyzed strateg�es 
do not exceed 10 % of the total strategy pr�ce.
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