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Abstract

In th�s study em�ss�on factors for use �n em�ss�on �nven-
tor�es are prov�ded for d�fferent agr�cultural operat�ons. 
These are plow�ng, harrow�ng, d�sk�ng, and cult�vat�ng. 
Em�ss�on factors were der�ved for PM10, PM2.5, and PM1. 
Measurements were conducted by the Le�bn�z-Centre for 
Agr�cultural Landscape Research (ZALF) �n Müncheberg, 
Germany, wh�le the em�ss�on factors were obta�ned w�th 
the Lagrang�an d�spers�on model GRAL (Graz Lagrang�an 
Model). The latter has been developed by the Inst�tute for 
Internal Combust�on Eng�nes and Thermodynam�cs, Graz 
Un�vers�ty of Technology, Austr�a.
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Particle model, farming activities

Introduction

F�ne part�culate matter (PM) �s nowadays be�ng recog-
n�zed as one of the most cr�t�cal pollutants regard�ng the 
compl�ance w�th a�r qual�ty standards. In many stud�es �t 
became ev�dent, that the major source for h�gh PM-con-
centrat�ons close to the ground �s traff�c. However, �t �s rec-
ogn�zed that there are many other sources (anthropogen�c 
and natural), wh�ch can also contr�bute s�gn�f�cantly to the 
total pollutant burden. A�r qual�ty observat�ons �nd�cate that 
the so called background concentrat�on of PM10 accounts 
for roughly 50 % of the total observed concentrat�ons even 
w�th�n larger c�t�es (Lenschow P. et al. 2001). In order to 
allow for a deta�led source apport�onment regard�ng the 
background concentrat�on, comprehens�ve em�ss�on �nven-
tor�es are necessary. There ex�st only a few stud�es about 
PM em�ss�on factors from agr�cultural operat�ons (Holmén 
B.A. et al. 2001), and hence, these are not accounted for �n 
em�ss�on �nventor�es. Th�s study a�ms at prov�d�ng em�s-
s�on factors for d�fferent k�nds of agr�cultural operat�ons 
namely: plow�ng, harrow�ng, d�sk�ng, and cult�vat�ng.

Experimental set up

The exper�ments were all conducted by the Le�bn�z-
Centre for Agr�cultural Landscape Research (ZALF) �n 
Müncheberg, Germany. The observat�ons cons�sted of 
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F�gure 1:
Sketch of the test f�eld for the d�fferent agr�cultural operat�ons
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a w�nd vane and a cup anemometer 1 m above ground 
level, and a part�cle counter for PM10, PM2.5, and PM1 
(GRIMM 107 PTFE ENVIRONcheck). PM observat�ons 
took place at a he�ght of 2 m above ground level close to 
a test f�eld, wh�ch had an extens�on of 50 m x 50 m (f�g-
ure 1). In all exper�ments the tractor drove from south to 
north.PM em�ss�on factors for farm�ng act�v�t�es by means 
of d�spers�on model�ng

F�gure 2 shows the �nvest�gated agr�cultural operat�ons. 
The so�l type of test f�eld can be character�zed as sandy 
camb�sol. The so�l texture �s g�ven �n table 1. It can be seen, 
that PM10 accounts for about 6 % of the total volume. F�g-
ure 3 dep�cts a typ�cal so�l mo�sture d�str�but�on w�th�n 
the test f�eld dur�ng the exper�ments. L�ttle var�at�on was 
found for the exper�ments, wh�ch took place between June 
and October 2004. It �s clearly v�s�ble, that only the f�rst 
few cent�meters of the so�l may s�gn�f�cantly contr�bute to 
PM em�ss�ons, as the so�l mo�sture �s strongly �ncreas�ng 
w�th depth up to a constant value of about 5.5 %. Tests �n 

F�gure 2:
Invest�gated agr�cultural operat�ons: plow�ng �nclud�ng a packer, harrow�ng, d�sk�ng, and cult�vat�ng

a w�nd tunnel revealed a cr�t�cal value of about 2.5 % so�l 
mo�sture above wh�ch pract�cally no PM em�ss�on takes 
place.

Table 1: 
So�l texture of the test f�eld

Fract�on D�ameter (µm) Share (%)

Coarse sand 630 - 2000 5.0

M�ddle sand 200 - 600 37.9

F�ne sand 63 - 200 40.4

Coarse s�lt 20 - 63 7.5

M�ddle s�lt 6 - 20 3.3

F�ne s�lt 2 - 6 1.8

Clay <2 4.2
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F�gure 3:
Typ�cal so�l mo�sture d�str�but�on w�th�n the test f�eld dur�ng the exper�-
ments

Modeling approach

In order to obta�n PM em�ss�on factors the Lagrang�an 
d�spers�on model GRAL (Graz Lagrang�an Model) has 
been ut�l�zed. GRAL �s a well-val�dated short range numer-
�cal model appl�cable for a w�de range of w�nd speeds and 
atmospher�c stab�l�t�es. In th�s study the follow�ng relat�on-
sh�ps were used to determ�ne the turbulent veloc�t�es:

  uu pdtdtqvpudu  2   (1a)

  vv pdtdtpvqudv  2   (1b)

  wdtCdtadw  5.0
0     (1c)

du, dv, and dw are the w�nd fluctuat�ons �n x, y, and z-
d�rect�on. ξu, ξv, and ξw are �ncrements of a W�ener process 
w�th zero mean, a standard dev�at�on of one and a Gauss-
�an probab�l�ty dens�ty funct�on. dt �s the t�me step, ε the 
ensemble average rate of d�ss�pat�on of turbulent k�net�c 
energy, C0 the un�versal constant set equal to 4 (W�lson 
J.D. et al. 1996, Degraz�a G. A. et al. 1998, Anfoss� D. et 
al. 2000), a �s the determ�n�st�c accelerat�on term computed 
accord�ng to Franzese (Franzese P. et al. 1999), and σu,v.are 
the standard dev�at�ons of the hor�zontal w�nd fluctuat�ons. 
The latter are determ�ned �n the surface layer by
















1.0

*, L
z1.81uvu    (2)

The ensemble average rate of d�ss�pat�on of turbulent k�-
net�c energy accord�ng to Ka�mal and F�nn�gan (Ka�mal J. 
C. et al. 1994) �s:
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In eq. (2) and (3) u* denotes the fr�ct�on veloc�ty, K the von 
Karman constant, and L �s the Mon�n-Obukhov length. The 
fr�ct�on veloc�ty �s determ�ned accord�ng to Golder (Golder 
D. 1972) and the Mon�n-Obukhov length accord�ng to 
Venkatram (Venkatram A. 1996).

Equat�ons (1a) and (1b) were der�ved by Oettl (Oettl D., 
et al. 2005) to account for hor�zontal meander�ng flows �n 
low w�nd speed cond�t�ons. The parameters p and q control 
the shape of the modelled autocorrelat�on funct�on, wh�ch 
usually shows osc�llat�on behav�our �n low w�nd speed 
cond�t�ons and an exponent�al shape �n h�gher w�nd speed 
cond�t�ons (Anfoss� D. et al. 2004, Hanna S. R. 1983). Ac-
cord�ng to Anfoss� (Anfoss� D. et al. 2004) parameters p 
and q are def�ned as:
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The emp�r�cal relat�onsh�ps for T* and m are based on ob-
servat�ons us�ng a son�c anemometer �n the c�ty of Graz 
(Austr�a). For h�gher w�nd speeds (ū ≥2.5 m s-1) eq. (1a and 
1b) collapse on the class�cal Langev�n equat�on for homo-
geneous turbulence.

A d�rect assessment of the uncerta�nt�es related w�th the 
d�spers�on model �s �mposs�ble. In order to obta�n some es-
t�mate a compar�son of modeled concentrat�ons w�th GRAL 
and observat�ons dur�ng the Pra�r�e Grass exper�ment was 
made. The Pra�r�e Grass exper�ment (Barad M. L. 1958) 
�ncluded 10-m�nute near-surface sampl�ng along f�ve arcs, 
50 to 800 m, downw�nd from a near-surface po�nt source 
release of sulfur d�ox�de. The 20-m�nute releases were con-
ducted dur�ng July and August 1956, w�th an equal number 
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of cases occurr�ng dur�ng the dayt�me and n�ghtt�me. The 
sampl�ng was for the 10-m�nute per�od �n the m�ddle of the 
20-m�nute release. All �n all 44 exper�ments were used �n 
th�s study. As our �nterest �s on the model performance very 
close to the source, only the results for the 50 m sampl�ng 
arc are br�efly d�scussed. F�gure 4 dep�cts a compar�son of 
observed and modeled max�mum concentrat�ons at 50 m 
d�stance from the release po�nt. The l�nes �nd�cate the one 
to one relat�onsh�p and a dev�at�on of +/- 30 %. As can be 
seen almost all cases fall w�th�n th�s range of uncerta�nty. 
The coeff�c�ent of determ�nat�on was found to be 0.94.
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F�gure 4. 
Observed and modeled max�mum concentrat�ons at 50 m d�stance from 
the release po�nt for the Pra�r�e Grass Exper�ment (44 cases)

Results

Em�ss�on factors for PM were obta�ned by modell�ng the 
d�spers�on from the test f�eld, treat�ng �t as an area source. 
It was assumed �n the s�mulat�ons, that the PM em�ss�ons 
are �n�t�ally m�xed up to 2 m above ground level due the 
tractor �nduced turbulence. F�gure 5 shows an example of 
observed PM10-concentrat�ons for plow�ng and pack�ng. 
From the observed concentrat�on m�n�ma dur�ng the exper-
�ment, the background concentrat�ons for PM10, PM2.5, 
and PM1 were determ�ned.
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F�gure 5:
Example of observed PM10-concentrat�ons for plow�ng and pack�ng

For each exper�ment an hourly average concentrat�on 
was calculated by �ntegrat�ng the observed peaks and sub-
tract�ng the est�mated background concentrat�on. From the 
d�spers�on s�mulat�on, em�ss�on factors �n un�ts of [kg h-1] 
and [kg] were obta�ned respect�vely. By d�v�s�on through 
the area of the test f�eld the f�nal em�ss�on factors �n un�ts 
of [mg m-2] could be der�ved. Table 2 l�sts the observed 
meteorolog�cal cond�t�ons dur�ng the tests. Although the 
stab�l�ty class �s subject to some uncerta�nty as �t had to be 
est�mated based on the w�nd speed, cloud cover, t�me of the 
day, and season, model s�mulat�ons apply�ng other stab�l�ty 
classes showed only l�ttle �nfluence on the concentrat�on. 
The reason �s the very close locat�on of the PM measure-
ment s�te to the test f�eld.

Table 2:
Observed meteorolog�cal cond�t�ons dur�ng the exper�ments

W�nd-
speed 
[m s-1]

W�nd 
d�rect�on 

[deg.]

Stab�l-
�ty class 
(PGT)

Relat�ve 
hum�d�ty 

[%]

Tempera-
ture 
[°C]

Plow�ng 
and 
pack�ng

2.7 170 C 40 24

Harrow�ng 1.9 212 B 34 27

D�sk�ng 3.1 96 D 45 13

Cult�vat�ng 1.1 113 B 29 27

Plow�ng 2.9 13 D 53 27

Table 3 l�sts the calculated em�ss�on factors for the d�f-
ferent agr�cultural operat�ons for PM10, PM2.5, and PM1. 
Hav�ng �n m�nd all the poss�ble �nfluenc�ng factors on 
the em�ss�ons such as d�spers�on model uncerta�nty, w�nd 
speed, relat�ve hum�d�ty, so�l mo�sture, land preparat�on, �t 
�s somewhat surpr�s�ng to f�nd w�th one except�on a rela-
t�vely narrow range for the em�ss�on factors. However, dur-
�ng dry cond�t�ons em�ss�ons for s�m�lar act�v�t�es can r�se 
up by a factor of 10 as can be seen for plow�ng.

Table 3:
Em�ss�on factors for PM10, PM2.5, and PM1 for d�fferent agr�cultural 
operat�ons

PM10 
[mg m-2]

PM2.5 
[mg m-2]

PM1 
[mg m-2]

Plow�ng and 
pack�ng

120 5 1

Harrow�ng 82 291) <1

D�sk�ng 137 12 3

Cult�vat�ng 186 6 2

Plow�ng (dry 
cond�t�ons)

1045 129 13



D. Öttl et al. / Landbauforschung Völkenrode Special Issue 308 177

References

Anfossi D., Oettl D., Degrazia G., Goulart A. (2004). An analys�s of 
son�c anemometer observat�ons �n low w�nd speed cond�t�ons. Bound.-
Layer Met., 114, 179-203.

Anfossi D., Degrazia G., Ferrero E., Gryning S.E., Morselli M. G., 
Trini Castelli S. (2000). Est�mat�on of the Lagrang�an structure func-
t�on constant C0 from surface layer w�nd data. Boundary-Layer Me-
teor., 95, 249-270.

Barad M. L. (Ed�tor) (1958). Project Pra�r�e Grass, A f�eld program �n 
d�ffus�on. A Geophys�cal Research Paper, No. 59, Vol I and II, Report 
AFCRC-TR-58235, A�r Force Cambr�dge Research Center, 439 pp.

Degrazia G. A., Anfossi D. (1998). Est�mat�on of the Kolmogorov con-
stant   from class�cal stat�st�cal d�ffus�on theory. Atmos. Env�ron., 32, 
3611-3614.

Franzese P., Luhar A. K., Borgas M. S. (1999). An eff�c�ent Lagrang-
�an stochast�c model of vert�cal d�spers�on �n the convect�ve boundary 
layer. Atmos. Env�ron., 33, 2337-2345.

Golder D. (1972). Relat�ons among stab�l�ty parameters �n the surface 
layer. Boundary-Layer Meteor., 3, 47-58.

Hanna S. R. (1983). Lateral turbulence �ntens�ty and plume meander�ng 
dur�ng stable cond�t�ons. J. Appl. Meteorol., 22, 1424-1430.

Holmén B. A., James T. A., Ashbaugh L.L., Flocchini R.G. (2001). 
L�dar-ass�sted measurement of PM10 em�ss�ons from agr�cultural t�ll-
�ng �n Cal�forn�a’s San Joaqu�n Valley – Part II: em�ss�on factors. At-
mos. Env�ron., 35, 3265-3277.

Kaimal J. C., Finnigan J. J. (1994). Atmospher�c boundary layer flows. 
Oxford Un�vers�ty Press, 289pp.

Lenschow P., Abraham H.-J., Kutzner K., Lutz M., Preuß J.-D.,  
Reichenbächer W. (2001): Some �deas about the sources of PM10. 
Atmos. Env�ron., 35, S23-S33.

Oettl D., Goulart A., Degrazia G., Anfossi D. (2005). A new hypothes�s 
on meander�ng atmospher�c flows �n low w�nd speed cond�t�ons. At-
mos. Env�ron., 39, 1739 - 1748.

Venkatram A. (1996). An exam�nat�on of the Pasqu�ll-G�fford-Turner 
d�spers�on scheme. Atmos. Env�ron., 8, 1283-1290.

Wilson J. D., Sawford B. L. (1996). Rev�ew of Lagrang�an stochast�c 
models for trajector�es �n the turbulent atmosphere. Boundary-Layer 
Meteor., 78, 191-210.


