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Abstract

Agr�culture �s one of the sources of part�culate matter 
(PM) em�ss�ons to the atmosphere. For calculat�ng em�s-
s�ons and assess�ng abatement potent�als of m�t�gat�on 
measures, an econom�c-ecolog�cal model�ng system �s 
elaborated. The ma�n target of the model �s the �mprove-
ment of the German agr�cultural �nventory. Pr�mary PM 
with fractions of 10 and 2.5 μm is taken into account, be-
cause of a h�gh concern for the env�ronmental pol�cy due 
to relevant health �mpacts caused.

Abatement strateg�es for the part�culate matter em�ss�on 
w�ll be formulated and assessed �n the framework of the re-
g�onal model, EFEM (Econom�c Farm Em�ss�on Model). 
F�ve reg�ons �n Germany w�ll be cons�dered: Brandenburg, 
N�edersachsen, Bayern, Nordrhe�n-Westfalen and Baden-
Württemberg.

In order to get results on the PM em�ss�on for these re-
g�ons, act�v�t�es (an�mal husbandry, crop product�on, fod-
der preparat�on, manure management, t�llage, land prepara-
t�on and harvest�ng operat�ons) of d�fferent farm of var�ous 
types and �nformat�on on the em�ss�on �ntens�t�es w�ll be 
comp�led w�th the help of l�near programm�ng. Em�ss�on 
factors w�ll be e�ther determ�ned or taken from stud�es 
about European agr�cultural part�culate em�ss�on and ad-
opted for the EFEM. The em�ss�on outputs of the model 
w�ll be �mplemented �nto the IER em�ss�on model, wh�ch �s 
able to calculate h�gh spat�ally resolved em�ss�on data. 

The effects of m�t�gat�on opt�ons to the PM em�ss�on from 
agr�cultural act�v�t�es �n Germany w�ll be assessed on the 
base of compar�son of the reference year 2003 and scenar�o 
2013.

F�nally, �mplementat�on strateg�es of the most eff�c�ent 
m�t�gat�on opt�ons w�ll be elaborated, regard�ng techn�cal 
and non-techn�cal measures �n part�cular under cons�der-
at�on of the econom�c �mpacts to the rec�p�ents and other 
reg�onal effects.
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1 Introduction

The contr�but�on of agr�culture to the total part�culate mat-
ter (PM) em�ss�on �n 2004 - 2005 �n Germany was about 
9 per cent of the PM10 and nearly 7 per cent of PM2.5 
pr�mary em�ss�on (Umweltbundesamt). PM w�th part�cle 
sizes of 10 and 2.5 μm is of the highest interest for both po-
l�t�cal and healthcare organ�zat�ons. On one hand, �nforma-
t�on on the em�ss�on of the above-ment�oned PM fract�ons 
�s more des�rable, because already ex�st�ng data about �t 
are not enough to fulf�ll the �nternat�onal report�ng obl�ga-
t�ons, to mon�tor progress �n a�r pollut�on and to �dent�fy 
poss�ble m�t�gat�on strateg�es. On the other hand, many 
studies highlight, that particles of 10 and 2.5 μm, associ-
ated w�th �nhalable dust (�n some researches – w�th �nhal-
able and resp�rable dust respect�vely), cause ser�ous health 
problems. In th�s relat�on data on PM10/PM2.5-em�ss�ons 
are qu�te essent�al for further development of technolog�es 
(e.g. BAT - Best Ava�lable Technolog�es) effect�vely abat-
�ng PM em�ss�on from agr�cultural systems, as well as of 
pol�t�cal measures d�rect�ng agr�cultural management to a 
more susta�nable way. 

2 Objectives

The ma�n object�ve of the project “Model�ng of sec-
toral, spat�al d�saggregated balances of greenhouse gases 
and assessment of env�ronmental protect�on strateg�es at 
the reg�onal pol�cy level” f�nanced by German Research 
Association (DFG), �s to develop an �mproved German 
agr�cultural �nventory for ammon�a and greenhouse gases 
em�ss�ons. PM-em�ss�on, w�th respect to �ts assessment, 
development of poss�ble abatement measures and determ�-
nat�on of the�r effects on other env�ronmental �nd�cators, 
has become a key �ssue of th�s study.

As the result of the research follow�ng sub-targets are to 
be atta�ned:

Representat�on of em�ss�on “hot-spots” �n reg�ons and  
consequent cho�ce of exper�ment reg�ons.
Model�ng of the pr�mary PM em�ss�on on the level of 
selected reg�ons and the�r adm�n�strat�ve d�str�cts under 
the cons�derat�on of var�ous local cond�t�ons and farm  
structures.

•

•
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Spat�al and temporal d�str�but�on of PM em�ss�ons �n   
exper�ment reg�ons
Appra�sal of future em�ss�on development and evalua-
t�on of abatement poss�b�l�t�es (the�r potent�als, costs, 
other d�sadvantages and advantages) and therefore the�r 
order�ng accord�ng to eff�c�ency and pol�t�cal feas�b�l�ty.
Transfer of the results for chosen reg�ons on the per-
spect�ve of the whole of Germany.

In order to reach these object�ves an econom�c-ecolog�-
cal model�ng system w�ll be elaborated, also extended, �m-
proved, and f�nally �mplemented.

3 Research regions

F�ve reg�ons are taken �nto cons�derat�on: N�edersachsen, 
Brandenburg, Bayern, Baden-Württemberg and Nordrhe�n-
Westfalen. Each county �s subd�v�ded �nto adm�n�strat�ve 
d�str�cts (Reg�erungsbez�rke)..

The above-ment�oned reg�ons have been chosen for the 
study, because “hot spots” of em�ss�on can be po�nted out 
accord�ng to the em�ss�on reg�stry, and the cho�ce of the 
ment�oned German count�es was made w�th regard to these 
“hot spots”. To demonstrate the �mportance of var�ous ag-
r�cultural em�ss�on sources for pr�mary PM, �t does make 
sense to choose reg�ons w�th d�fferent key product�on ac-
t�v�t�es. Thus, N�edersachsen and Nordrhe�n-Westfalen areN�edersachsen and Nordrhe�n-Westfalen are and Nordrhe�n-Westfalen are 
cons�dered because of the�r �ntens�ve l�vestock product�on. 
Accord�ng to the report of the German Env�ronmental Or-
gan�zat�on, the h�ghest amount of PM �s em�tted from l�ve-
stock farm�ng; �n 1995 the em�ss�on from an�mal husband-
ry �n Europe amounted to 4.5 per cent of PM10

 
and 1.7 per 

cent of PM2.5 (Umweltbundesamt). Other most �mportant 
em�ss�on sources are fodder, dry manure (uppermost �n the 
poultry houses) and l�tter. Bayern and Baden-Württemberg 
were chosen, because of h�gh shares of forage-grow�ng 
act�v�t�es presented there (50 and 36 per cent of forage-
grow�ng farms accord�ngly). Bes�des an�mal product�on, 
PM em�ss�ons are reg�stered as well from other k�nd of 
agr�cultural act�v�t�es, for �nstance, from arable farm�ng. 
In th�s relat�on Brandenburg was regarded as the reg�on 
of extens�ve arable crop product�on w�th a h�gh share of 
arable farms (34 per cent), carry�ng out the�r agr�cultural 
act�v�t�es on 38 per cent of the total used agr�cultural land. 
It �s also �mportant to ment�on that �n all selected reg�ons 
from 40 to 55 per cent of land �s under agr�cultural use. 
So, the elaborat�on of PM-em�ss�on m�t�gat�on pol�cy looks 
qu�te essent�al for these German count�es, concern�ng the 
�nformat�on presented above (Destat�s).

•

•

•

4 Methods and materials

4.1 Econom�c Farm Em�ss�on Model (EFEM)

Measurement of PM-em�ss�ons at the farm scale �s fea-
s�ble and models allow the most coherent est�mat�ng of 
em�ss�ons at the reg�onal scale. However, �n many models 
measur�ng of PM-em�ss�on �s assoc�ated w�th great techn�-
cal requ�rements and h�gh costs. Recently, PM-em�ss�ons 
caused by agr�cultural act�v�t�es are cons�dered �n mult�-
sectoral models (e.g. RAINS - Reg�onal A�r Pollut�on In-
format�on and S�mulat�on). Anyway, by the reason of the�r 
complex�ty, deta�led exam�nat�on of the agr�cultural sec-
tor �s hardly poss�ble. That �s why an ecolog�c-econom�cal 
Econom�c Farm Em�ss�on Model (EFEM) was developed 
(Schäfer M. 2006).

EFEM was used for var�ous projects and, therefore, �ts 
key research �ssue has been cont�nuously extended. Thus, 
the current work �s ded�cated to analyze PM-em�ss�on from 
var�ous agr�cultural systems.

In the model, the target of the econom�c analys�s carr�ed 
out on the farm-level corresponds to the farmer’s �nterests. 
Therefore the object�ve of EFEM �s the max�m�zat�on of 
an �nd�v�dual farm’s gross-marg�n. These farms are regard-
ed as representat�ve for all farms of the same type �n the 
same reg�on, and the�r object�ve funct�on can be wr�tten 
as follows: 

max πk = (pi - ci) * xk,
xk 
s.t. Ak * xk ≤ zk, xk ≥ 0,

where πk �s the total gross-marg�n of the k-th farm-type, 
pi and ci are n-vectors for the i-th sell�ng pr�ce and var�-
able costs of the i-th product�on act�v�ty consequently, xk �s 
the n-vector of command var�ables. The constra�nts faced 
by farm-type k are def�ned through Ak and zk, determ�n-
�ng m×n-�nput-output matr�x and m-vector of capac�t�es 
accord�ngly.

Command var�ables �n EFEM are area assoc�ated to each 
crop (�nclud�ng grassland and set-as�de area), the num-
ber of an�mals from d�fferent categor�es, and quant�ty of 
purchased an�mal feed�ng, var�ables related to pol�cy pro-
grams (enrolment �n env�ronmental or set-as�de programs), 
total greenhouse gases em�ss�ons. In the letter case pi and 
ci are subst�tuted by the tax on em�ss�ons (De Cara S. et al.De Cara S. et al.. et al. 
2006).

EFEM �s a m�xed �nteger model, one of spec�al cases of 
l�near programm�ng, where the correspond�ng var�ables can 
be �ncluded as both b�nary and �nteger. The g�ven approach 
reflects the poss�b�l�ty of farmers to deal �n mutually exclu-
s�ve pol�cy programs �nclud�ng d�fferent obl�gat�ons and 
payments. EFEM takes �nto account crop and grassland 
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products and crop by-products, wh�ch can be used on farm 
for feed�ng purposes, for l�tter, or green manure sell�ng (De 
Cara S. et al. 2006).

There are the follow�ng constra�nts def�ned by Ak:
  1) Cropp�ng area
  2) Crop rotat�on
  3) An�mal hous�ng places and an�mal demography
  4) L�vestock feed requ�rements
  5) Quotas
  6) Restr�ct�ons �mposed by pol�cy and env�ronmen- 

 tal programs
In EFEM total land �s f�xed at �n�t�al land endowment 

of each farm-type. Crop rotat�on constra�nts relate to max-
�mum area shares of certa�n crops �n a rotat�on process. 
Based on h�stor�cal observat�ons and cal�brated to reflect 
common pract�ces and rat�onal�ty of agr�cultural bus�ness, 
these constra�nts a�m at subst�tut�ng the dynam�cs of crop 
rotat�on and thereafter translat�ng �t �nto a stat�c model. 
L�vestock numbers are also l�m�ted by the ava�lab�l�ty of 
f�xed cap�tal (number of hous�ng places). As for model�ng 
of an�mal feed requ�rements, the m�n�mum requ�rements 
of energy and prote�n for each l�vestock category are to be 
met, as well as for d�gest�ble matter. Among quotas sugar 
beet and m�lk quotas are d�st�ngu�shed as constra�nts. Set-
as�de requ�rements fell �nto the category of restr�ct�ons �m-
posed by pol�cy end env�ronmental programs (De Cara S. 
et al. 2006).

The core of EFEM, show�ng an �nteract�on of both eco-
nom�c and env�ronmental elements, �s the product�on mod-
ule. The model �s adapted to f�nd s�multaneous solut�ons of 
mult�d�mens�onal problems and adjusted for var�ous farm-
structures. Last-ment�oned were chosen accord�ng to the 
bus�ness al�gnment (BWA – Betr�ebsw�rtschaftl�che Aus-
r�chtung), w�th the only except�on: hort�cultural bus�ness 
was excluded from the model�ng. Agr�cultural act�v�t�es of 
the follow�ng 5 farm-types w�ll be regarded: arable farm-
�ng, permanent cropp�ng, forage-grow�ng, �ntens�ve l�ve-
stock, and m�xed farms.

The model �s composed of d�fferent sub-models, mak�ng 
poss�ble a representat�on of all relevant product�on pro-
cesses of arable farm�ng and grassland management, w�th 
related mechan�zat�on, an�mal husbandry w�th a d�saggre-
gated feed�ng module, manure management and n�trogen 
c�rculat�on. Bes�des these ment�oned const�tuents, produc-
t�on modules of each ment�oned sub-module also conta�n 
energy, em�ss�on and stock flow parameters for quant�f�ca-
t�on of em�ss�ons caused by the above-ment�oned opera-
t�ons. Moreover, greenhouse gases and PM em�ss�ons are 
d�fferent�ated accord�ng to the product�on branch, wh�ch 
these gases and PM outflow from (see f�gure 1).

OUTPUT
Economic results, production structures

and quantities, emissions

Farm structure module

Production module

Mechanization

Crop production

Feeding module

Animal production

Manure module

N-cycle-N-output model

Grassland production

F�gure 1:
Bu�ld-up of the EFEM (Tr�ebe S. 2007)

Costs and act�v�t�es data such as y�eld, product�v�t�es, and 
�ntens�t�es are d�fferent from reg�on to reg�on. All produc-
t�on act�v�t�es presented �n EFEM are h�ghly d�saggre-
gated accord�ng to the level of �nput-use and performance. 
F�rstly, �n general 14 d�fferent arable crops are �ntegrated 
�nto EFEM: w�nter- and summer-wheat, w�nter- and sum-
mer-barley, oats, rye, w�nter-rape, sugar beets, potatoes, 
f�eld beans, sunflowers, gra�n ma�ze and s�lage corn, as 
well as clover-grass. Each crop-product�on act�v�ty can 
be comb�ned w�th d�fferent fert�l�zat�on �ntens�t�es. Sec-
ondly, EFEM d�st�ngu�shes between two grassland act�v�-
t�es: meadow and pasture (Tr�ebe S. 2007; De Cara S. et 
al. 2006). Th�rdly, l�vestock product�on �s also subd�v�ded 
accord�ng to levels of performance for ma�n an�mal cat-
egor�es kept �n selected reg�ons. The part of the model de-
voted to an�mal husbandry �ncludes data on da�ry farm�ng, 
calves, he�fers, bulls, fatten�ng p�gs, cows, sheep, and �n-
tens�ve l�vestock farm�ng w�th emphas�s on hog and poul-
try product�on (Tr�ebe S. 2007).

PM-em�ss�ons are d�fferent�ated �n EFEM for follow�ng 
agr�cultural act�v�t�es: land preparat�on, seed�ng, harvest-
�ng, l�vestock as well as forage product�on and manure 
management. Therefore, em�ss�on factors for these produc-
t�on act�v�t�es and the operat�ons they compr�se are con-
s�dered �n the model. For �nstance, em�ss�on �ntens�t�es for 
such operat�ons of arable farm�ng as land preparat�on, crop 
product�on, and harvest�ng are accounted for. In the case of 
feed�ng and manure managements the product�on of feed 
and manure consequently �s cons�dered. For an�mal hus-
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bandry var�ous types of manure and hous�ng systems are 
taken �nto account wh�le determ�n�ng em�ss�on factors.
Informat�on on the em�ss�on �ntens�ty and farm act�v�t�es 
data, �ntegrated �nto EFEM allows analyz�ng and pred�ct-
�ng the development of PM em�ss�on f�rstly on the farm 
level. W�th the next step of model�ng due to numerous 
model-calculat�ons, techn�cal and pol�t�cal abatement strat-
eg�es w�th the accent on the�r reduct�on potent�als are ex-
am�ned on the same level. Targeted techn�cal and pol�t�cal 
opt�ons are to be or�ented to assess PM em�ss�on and, at 
the result, to f�nd out a proper ways to m�n�m�ze or even 
el�m�nate �t.

In EFEM opt�m�zed results for �nd�v�dual farms w�ll be 
extended to the reg�onal level due to a spec�al extrapolat�on 
procedure.

Data base of yearly emissions 1994 - 2000, 2010 incl.

source and country specific temporal profiles
daily-, weekly- and yearly profiles of different driving forces

Emission data in spatial and temporal resolution
as input data for the modelling of atmospheric concentrations

Point sources
LCP, industry, airports, landfills

Area sources
NUTS or grids

Line sources NUTS or grids
non-urban road/rail transport

Spatial resolution

Spatial resolution

Temporal resolution hourly/daily

e.g. 10 x 10 km-grid

GIS-based grid intersection with digitised

coordinates land use data road net

Corresponding GIS Coverage (NUTS 0, 1, 2, 3 or grids)

F�gure 2:
General approach for the generat�on of em�ss�on data �n h�gh spat�al and temporal resolut�on w�th�n the IER em�ss�on model (Pregger T. et al., 2007)Pregger T. et al., 2007) et al., 2007)

areas selected for the research w�ll be calculated �n a spat�al 
resolut�on of 5 km x 5 km. Results w�ll be parameter�sed, 
so that the em�ss�ons �n other reg�ons of Germany can be 
assessed. The spat�al resolut�on of the GIS regard�ng the 
whole of Germany w�ll be 10 km x 10 km. If more than one 
county �s located �n a gr�d segment, the respect�ve em�s-
s�ons of each county w�ll be we�ghted by the relat�ve s�ze 
of �ts area, result�ng �n the average em�ss�ons of the seg-
ment. The result�ng shares are stored �n two database tablesThe result�ng shares are stored �n two database tables 
and used by the ECM for mult�pl�cat�on w�th the yearly 
em�ss�on data and temporal prof�les.

4.2 IER ECM-model

The �nformat�on on PM-em�ss�on result�ng from the 
EFEM-model w�ll be �mplemented �nto the IER emis-
sion calculation model (ECM). The latter �s developed 
to calculate em�ss�on data w�th a h�gh spat�al resolut�on. 
The bas�c methodology of the IER approach �s shown �n 
f�gure 2.

The model starts w�th a yearly em�ss�on table that �ncludes 
po�nt, area and l�ne sources us�ng d�fferent geograph�c data 
for spat�al allocat�on of these source types. Spat�al allo-
cat�on based on GIS �ntersect�on leads to gr�d- and cell-
shares of em�ss�on sources cons�dered. PM em�ss�ons �nPM em�ss�ons �n 

5 Source data

To bu�ld up the reg�onal typ�cal farm-model, bookkeep-
�ng data for �nd�v�dual farms �n the cons�dered German 
count�es for the reference year 2003 are needed. Th�s �nfor-
mat�on �s obta�ned from Farm Accountancy Data Network 
(FADN). Test-farms are to be assessed on the reg�onal lev-
el and, thereafter, averaged. For each reg�on up to 5 typ�-
cal farms, whose factor endowments are close to average 
results, w�ll be selected. 

FADN databank conta�ns cons�stent �nformat�on on costs, 
pr�ces, areas, and �ncome for all selected reg�ons and ad-
m�n�strat�ve d�str�cts of Germany. FADN prov�des �nfor-
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mat�on on �mportant agr�cultural products (meat, m�lk, 
crops, etc.), but does not take �nto account any changes of 
product�on �ntens�t�es of a s�ngle product�on process. For 
each farm type �nput and product�on �ntens�t�es are f�xed 
throughout pr�ces, costs and y�elds for a certa�n farm-type. 
In return that means that the use of FADN data requ�res 
an analys�s of the changes of agr�cultural management �n-
duced by dev�at�ons from the or�g�nal one. Th�s d�vergence 
has s�gn�f�cant �nfluence on fert�l�zer appl�cat�on, cult�vat-
ed crops and so forth (Vab�tsch A. M., 2006).

At the result of a compar�son between data from FADN 
and reg�onal stat�st�cs, s�gn�f�cant d�fferences were found. 
Moreover, f�gures from FADN for the same parameters 
and reg�ons are lower than those from the reg�onal stat�s-
t�cs. Such a d�fference can be expla�ned by the fact that the 
bookkeep�ng �nformat�on for part-t�me farms �s not taken 
�nto account �n the FADN-database. To be able to project 
the results from farm to reg�onal level, a methodology for 
extrapolat�on was developed. It �s based on an opt�m�zat�on 
approach, wh�ch eases the representat�on of total capac�t�es 
of regarded reg�ons through the we�ght�ng of capac�t�es of 
typ�cal farm-types. In FADN alternat�ve extrapolat�on fac-
tors express�ng number of representat�ve farms are used. 
But for the case of EFEM these farms cannot be used as 
extrapolat�on coeff�c�ents, f�rstly, because of the dev�at�on 
from reg�onal stat�st�cs. Therefore extrapolat�on factors are 
be�ng elaborated accord�ng to the approach presented by 
Schäfer M. (2006). Its bas�c pr�nc�ple presumes the pres-
entat�on of a ser�al of typ�cal model farms, the�r assess-
ment and we�ght�ng �n order to match them to the ex�st�ng 
reg�onal product�on and farm structures and, therefore, to 
represent reg�onal capac�t�es exactly. Rather typ�cal than 
average farms w�ll be extrapolated �n th�s study. Each of 
the reg�onal capac�t�es w�ll be we�ghted w�th the respect�ve 
gross-marg�n to guarantee that they won’t be overest�mat-
ed. Monetary dev�at�ons, �.e. sums of absolute under- and 
overest�mat�ons are to be m�n�m�zed through the opt�m�za-
t�on approach (Schäfer M. 2006).

Factor endowments for each reg�on w�ll be exactly as-
sessed due to the mult�pl�cat�on of the adjusted farms 
capac�t�es w�th the we�ght�ng coeff�c�ent. Extrapolat�on 
procedure add�t�onally assures that farm structures �n the 
selected count�es are well represented.

On the bas�s of bookkeep�ng data together w�th �nfor-
mat�on on PM-em�ss�on �ntens�t�es, the presentat�on of apresentat�on of a 
German deta�led agr�cultural �nventory for PM10/PM2.5-
em�ss�ons from agr�culture �s to be done. It �s the ma�n con-
cern of the work �n the descr�bed research project. Em�s-
s�on-factors w�ll be prov�ded by IER on the base of own 
calculat�ons and l�terature research.

The cho�ce of PM em�ss�on factors has appeared to be a 
qu�te problemat�c �ssue, mostly because of the absence of a 
worldw�de un�que �nventory system. Informat�on on em�s-

s�on �ntens�ty for d�fferent PM fract�ons, measurement ag-
gregat�ons and un�ts make �t d�ff�cult to use em�ss�on data 
for the f�nal model�ng w�thout add�t�onal preprocess�ng. 

There �s st�ll not enough �nformat�on to conclude about the 
contr�but�on of, for example, arable farm�ng w�th relevant 
operat�ons of land preparat�on, crop product�on and har-
vest�ng. Even �f there �s any �nformat�on on PM-em�ss�on 
�ntens�ty, very few stud�es analyze how uncerta�n em�ss�on 
factors can be calculated and, therefore, compar�son of �n-
format�on on em�ss�on from d�fferent researchers shows 
not always clearly where em�ss�on data are overest�mated 
and where they are underest�mated.

Very often European em�ss�on �s assumed as be�ng equal 
or at least equ�valent to the Amer�can one w�thout cons�d-
erat�on of d�fferent cl�mate and so�l cond�t�ons. The upper-
most reason �s that the em�ss�on factors are more read�ly 
ava�lable �n Amer�can stud�es than �n European ones. Th�s 
holds part�cularly true for em�ss�on stud�es from Cal�forn�a. 
Due to the lack of relevant European research the contr�bu-
t�on of some agr�cultural act�v�t�es to the total PM em�ss�on 
�s st�ll not known as, for �nstance, �n the case of operat�ons 
on land preparat�on.

However em�ss�on data from some sources are already 
used �n b�g projects and can be used as well to bu�ld up the 
current model on the PM-em�ss�on. Thus, �n the RAINS-
model developed at the Internat�onal Inst�tute for Appl�ed 
Systems Analys�s (IIASA) the ex�st�ng structure for as-
sessment of gaseous em�ss�ons was already extended to 
est�mate PM-em�ss�on. For an appra�sal of the PM-em�s-
s�on from an�mal product�on and arable crop product�on 
the most �mportant an�mal categor�es and arable farm�ng 
act�v�t�es have been chosen, �n other words, the aggrega-
t�on of parameters, regarded as PM-em�ss�on sources, �n 
RAINS �s very general. The elaborat�on of eventual em�s-
s�on factors �n th�s model �s based on the results of two 
stud�es: Taka� H. et al. (1998) and ICC&SRI (2000).

Some stud�es from the German Federal Agr�cultural Re-
search Centre (FAL) and the Le�bn�z-Centre for Agr�cul-
tural Landscape and Land Use Research (ZALF) �n turn 
prov�de suff�c�ent �nformat�on on em�ss�on from the arable 
farm�ng. Here the aggregat�on of PM-em�ss�on sources ac-
cord�ng to d�fferent operat�ons �s relat�vely deta�led.

The study of Seedorf J. (2004) �s another source of �n-
format�on on em�ss�on from an�mal product�on. Measur�ng 
techn�ques used for th�s work are d�fferent from those ap-
pl�ed by Taka� H., et al. (1998). Th�s �s poss�bly the most 
s�gn�f�cant reason for d�fferences �n the two stud�es’ results. 
Anyway, em�ss�on �s measured for �nhalable and resp�rable 
dust �n both works. But �f �n RAINS �nhalable and resp�-
rable dust from Taka� H., et al. (1998) was assoc�ated w�th 
PM10 and PM2.5 accord�ngly, Seedorf J. (2004) suggests 
transformat�on factors �n order to obta�n PM10 and PM2.5 
emphas�z�ng that these convers�on data should be used very 
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carefully, because there �s no clear correlat�on between �n-
halable and resp�rable dust and the above-ment�oned PM 
fract�ons. Moreover, Seedorf J. (2004) suggested to take 
�nto account hous�ng per�ods to make data more prec�se 
and presented the way how these data can be calculated. 
Kl�mont Z. and Amann M. (2002) (IIASA) have also sug-. and Amann M. (2002) (IIASA) have also sug-Amann M. (2002) (IIASA) have also sug- (2002) (IIASA) have also sug-
gested to elaborate em�ss�on factors cons�der�ng hous�ng 
per�od but the way of �ts calculat�on �s not clear.

6 Expected results

The most prom�nent strength, respons�ble for the results 
expected from the �mplementat�on of the EFEM-model, 
�s the poss�b�l�ty to calculate s�multaneously both conse-
quences of abatement strateg�es and development of PM 
em�ss�ons. 

The model allows an appra�sal of em�ss�ons from agr�-
cultural systems on farm and reg�onal levels. Calculated 
results for the PM-em�ss�on w�ll be d�fferent�ated accord-
�ng to the farm-type and reg�onal cond�t�ons. At the resultAt the result 
of a soph�st�cated reg�onal analys�s, strateg�es w�th the 
most eff�c�ent m�t�gat�on opt�ons w�ll be chosen, regard�ng 
techn�cal and non-techn�cal measures, for the s�mulat�on offor the s�mulat�on of 
how agr�cultural pol�c�es (for �nstance subs�d�es, law) and 
soc�oeconom�c framework (pr�ces, labour, etc.) �nfluence 
farmers’ dec�s�ons on management opt�ons and on �ntens�ty 
of agr�cultural act�v�t�es, that eventually affect the expected 
revenue. Thus, these abatement strateg�es are to be evalu-. Thus, these abatement strateg�es are to be evalu-strateg�es are to be evalu-
ated through measurements �nfluenc�ng e�ther act�v�t�es or 
spec�f�c em�ss�ons of each act�v�ty un�t (em�ss�on factors), 
w�th respect to env�ronmental effect�veness and econom�c 
feas�b�l�ty.

Due to the whole model�ng process, dep�ct�on of spat�al 
d�str�but�on of PM-em�ss�on “hot-spots” w�ll be represent-
ed through the �mplementat�on of GIS. Reg�onal results are 
to be extrapolated for the whole of Germany. Therefore, the 
development of an �mproved German em�ss�on �nventory 
�s expected from the �mplementat�on of the EFEM-model. 
An em�ss�on �nventory for PM w�ll be presented for the 
year 2003, effects of m�t�gat�on opt�ons �n Germany w�lleffects of m�t�gat�on opt�ons �n Germany w�ll 
be appra�sed on the base of the reference scenar�o for 2013, 
compar�ng calculated em�ss�on w�th em�ss�ons �n a refer-
ence scenar�o. W�th the scenar�o 2013, future PM-em�ss�on 
from agr�culture w�ll be evaluated under cons�derat�on of 
agr�cultural pol�cy development.
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