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Abstract 

 
The emission of particulate matter from agricultural sources is a worldwide 

environmental issue due to health concerns.  
The main factors influencing PM10 emission from crop production are the 

origin of particles, the physical and chemical properties of soils, meteorological 
conditions, and the mechanical impacts of farm operations. Several studies have 
been made to determine PM10 emission factors for tillage operations, but these 
emission factors varied depending on soil properties, especially soil texture and 
water content, and environmental conditions (e.g. relative humidity, and variability 
in wind speed and direction). This is why the use of a single emission factor for a 
given tillage operation is inadequate.  

To estimate the yearly amount of PM10 emitted from agricultural soils and crop 
production, emissions originating from different sources at different temporal 
division must be summarized. Because 56 % of the total territory of Hungary is 
cropland, relatively high PM10 emission occurs from crop production and 
agricultural soils. If this is to be reduced, research should focus on the identification 
of soil and environmental properties related to PM10 emission on characteristic 
Hungarian soils. 
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Introduction 

 
Particulate matter (PM) is an air pollutant that can be characterized by its size, 

consistence, matter and source (primary or secondary generated). These pollutants 
consist of solid and liquid particles, suspended in the air, including mineral or 
artificial (anthropogenic) matter (e.g. sulphates, nitrates, ammonium, inorganic 
ions, organic and elemental carbon, heavy metals, radioactive particles, pesticides, 
etc.) and also biological components (microbial compounds, allergens) (VAN DER 

ZEE et al., 1998; WHO, 2013). Agricultural activities are important sources of 
atmospheric particulate matter emission. 

The particulate matter (particles with an aerodynamic diameter equal to or less 
than 10 micrometres (µm), PM10) suspended in the air can have negative effects on 
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human health, and potential effects on the climate, so they are considered as high-
risk airborne pollutants (PEARCE et al., 1996). PM10 is a mixture of fine particulate 
matter (particles with a diameter of less than 2.5 µm, PM2.5) and coarse particulate 
matter (particles measuring between 2.5 and 10 µm). In most locations around 
Europe, PM2.5 constitutes 50–70% of PM10 (WHO, 2013). In 2014 the European 
Environment Agency estimated that almost 12,000 premature deaths were 
attributable to fine particulate matter in Hungary (EEA, 2017). 

In order to reduce air pollution, including particulate matter emission, a new 
National Emissions Ceilings (NEC) Directive (2016/2284/EC) came into force in 
the European Union on 31 December 2016. Replacing earlier legislation (Directive 
2001/81/EC), the new NEC Directive sets 2020 and 2030 emission reduction 
commitments for five main air pollutants (sulphur dioxide, nitrogen oxides, non-
methane volatile organic compounds, ammonia and particulate matter). It also 
ensures that the emission ceilings for 2010, set in the earlier directive, remain 
applicable for Member States until the end of 2019 (DIRECTIVE, 2016/2284/EC). 

Table 1 shows the emission reduction commitments for fine particulate matter 
(PM2.5). The reduction commitments considered 2005 as the baseline year and, for 
road transportation, apply to emissions calculated on the basis of fuels sold. 
 

Table 1 

PM2.5 emission reduction commitments (NEC DIRECTIVE) 
 

Member State 

PM2,5 reduction compared with 2005 

For any year from 
2020 to 2029 

For any year 
from 2030 

Hungary 13% 55% 

EU 28 22% 49% 

 
In the case of PM10 in the ambient air, the daily threshold limit should not be 

exceeded more than 35 times per year, and the annual pollution threshold limit 
should not be exceeded (DIRECTIVE 2008/50/EC). Breaches in air quality 
requirements for PM10, which have severe negative effects on health and the 
environment, are followed up by the European Commission through infringement 
procedures covering all the Member States concerned, including Hungary. The aim 
is to put adequate measures in place in order to bring all zones into compliance. 
Therefore Government Decree No 1330 on the Cross-Sectoral Action Programme 
for the Reduction of PM10 was adopted in Hungary on 12 October 2011 and is now 
being implemented (http://pm10.kormany.hu/). 

The main sources of PM10 emission are residential (heating), industrial, traffic 
and agricultural. PM10 emission can be detected from agricultural activities like 
manure management and crop production and also from agricultural soils in 
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general. To solve the problem, specific action is required to reduce PM10 emission 
related to agriculture (EU 2017).  

Under the terms of the UNECE Convention on Long-range Transboundary Air 
Pollution, countries have to report emission inventories yearly, based on guidelines 
in the EMEP/EEA air pollutant emission inventory guidebook (2016). Data in the 
Informative Inventory Report 2015 - Hungary (2017) show that the agricultural 
sector was a significant contributor to PM10 emissions in 2015; manure 
management had a 4.6% share in total Hungarian emissions, and crop production 
and agricultural soils a 9.2 % share. The relatively high emission level from these 
sources is reasonable, since 56% of the total area of the country is cropland. Trends 
show a decrease in emission categories related to manure management, crop 
production and agricultural soil from 2005 to 2015, but if the 2000–2015 interval is 
examined it can be seen that PM10 emission from crop production and agricultural 
soils increased by more than 10% (Table 2). 
 

Table 2 

Emission trends for agricultural PM10 2000–2015  
Source: INFORMATIVE INVENTORY REPORT 2015 - HUNGARY (2017) 

 

Year 
Manure 

management 
Crop production and 

agricultural soils 
Agriculture 

total 
Gg 

2000 3.8 5.8 9.6 

2001 3.8 6.6 10.4 

2002 4.1 6.6 10.7 

2003 4.3 6.6 10.9 

2004 3.9 6.7 10.6 

2005 3.5 6.7 10.1 

2006 3.4 6.6 10.0 

2007 3.3 6.7 10.0 

2008 3.3 6.6 10.0 

2009 3.2 6.6 9.9 

2010 3.4 6.6 10.0 

2011 3.4 6.5 9.9 

2012 3.2 6.6 9.7 

2013 3.2 6.6 9.8 

2014 3.2 6.6 9.8 

2015 3.2 6.5 9.7 

Share in Hungarian total in 2015 4.6% 9.2% 13.8% 

Trend 2000–2015 -15.9% 12.3% 1.1% 

Trend 2005–2015 -6.9% -2.6% -4.1% 
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Main factors influencing PM10 emission in crop production 
 

Wind erosion is the main cause of natural soil erosion, and several studies are 
underway in European countries, some of which are focused on wind erosion in 
agricultural areas (PÁSZTOR et al., 2016).  

The transport of soil particles by the wind can occur in several ways, 
depending on particle size and wind speed. These can be divided into four (not 
discrete) modes: long-term suspension (< ~20 µm diameter), short-term suspension 
(~20–70 µm), saltation (~70–500 µm) and reptation and creep (> ~500 µm), but 
these transport modes may switch from one to the other as the wind speed and 
particle size distribution change (KOK et al., 2012). 

Anthropogenic impacts on the soil surface may comprise direct emissions due 
to mechanical impact or wind erosion on disturbed soils (ZENDER et al., 2004). At 
the same time there are many factors that may influence emission rates negatively 
or positively. The main factors will be summarized below. 
 

Origin of the particles 

 
The emission of particles from topsoils is an important but hardly visible 

process. The particles may remain suspended in the air for a long time and can be 
transported long distances. The effect of tillage on fine particle emission has been 
studied in less detail than that of wind erosion (GOOSSENS et al., 2001). PM10 
particles may originate from various sources during tillage (e.g. soil, plant, tractor 
engine, etc.). The size and material of the particles is highly dependent on their 
origin.  

The cultivation process can be divided into several parts, namely the tilling 
season, growing season and harvesting season, all of which have a characteristic 
PM10 composition. CHEN et al. (2015) examined the temporal variability of 
atmospheric particulate matter and its chemical composition at an agricultural site 
during the growing season. Observations on PM10 and PM2.5 concentrations were 
made from April to October 2012 in Dehui City, China. 

Mineral dust elements (Al, Ca, Fe and Mg) dominated the PM10 chemical 
composition during the tilling season, OC (organic carbon), NO3

-, SO4
2- and NH4

+ 
during the growing season, and carbonaceous species (i.e. organic and elemental 
carbon) during the harvesting season. The results indicated that the soil particles 
emitted by farm tillage and the organic matter released from straw burning were the 
two most significant sources of PM10 emissions (CHEN et al., 2015). 

Pesticides can also be identified in PM10 emissions. COSCOLLA et al. (2014) 
reported that a total of 16 pesticides were detected, including six fungicides, seven 
insecticides and three herbicides. The total concentrations in the particulate phase 
ranged from 3.5 to 383.1  pg m-3. Most of these particles belonged to the ultra-fine 
(<1 µm) and coarse (2.5–10 µm) particle size fractions (COSCOLLA et al., 2014). 

In some cases burning is part of the harvesting process. LE BLOND et al. (2016) 
examined emissions originating from sugarcane burning and found the 
concentrations of airborne PM10 to be statistically much higher during pre-harvest 



PM10 emission from crop production and agricultural soils 147 

sugarcane burning (1807 µg m-3) than during either sugarcane cutting after burning 
(~123 µg m-3) or in the sugarcane processing factory (~175 µg m-3). 
 
Soil properties 

 
The PM10 emission originating from agricultural areas (CLAUSNITZER AND 

SINGER, 1996; FUNK et al., 2008) is obviously determined partly by the textural and 
aggregational characteristics of a given soil. Several studies have reported the 
environmental outcomes for various soil texture categories. The PM10 emissions 
increased from coarse-textured soil through medium-textured soil to fine-textured 
soil, and also increased with the number of tillage operations (LOVARELLI et al., 
2017). AVECILLA et al. (2016) studied the saltation efficiency for PM10 emission in 
a wind tunnel study and found that the soil texture is a decisive factor during this 
process. The saltation efficiency increased in the case of fine texture (clay, silt) and 
decreased in the case of coarse texture (sand). Similar observations were made by 
other authors (ZOBECK et al., 1999; HAGEN et al., 2010; CARVACHO et al., 2004; 
FUNK et al., 2008; ALFARO, 2008). MENDEZ et al. (2013) found that the relationship 
between soil texture and PM10 concentrations followed the sequence loamy-sand < 
sandy loam < silt loam < clay loam. 

The emission process is mainly affected by soil aggregation and aggregate 
stability (SWET AND KATRA, 2006) and by other aggregation parameters such as 
clay and organic matter content. AIMAR et al. (2012) observed the positive effect of 
organic matter on PM10 emissions, since it has a positive effect on the cohesion of 
fine-sized particles (less than 10 µm).  

The soil texture determines the water-binding characteristics, which greatly 
influence the soil moisture content (CORNELIS AND GABRIELS, 2003; DARKE AND 

NEUMAN, 2008; CHEPIL, 1956; WEINAN et al., 1996). This in turn is closely related 
to the silt and organic matter content (AIMAR et al., 2012), thus affecting PM10 
emission. ITURRI et al. (2017) measured the particulate matter at different heights 
and observed that SOC contents increased with height. They found selectivity in the 
transport capacity of different types of organic matter, since aromatic organic 
matter occurred close to the ground, while other forms of organic matter (plant 
debris, polysaccharides) dominated at greater heights. Higher SOC content was 
detected in coarser than in fine-textured soils. Because of the selectivity process, the 
more stable organic matter is transported at lower levels. In Hungary wind 
selectivity and organic matter translocation were reported by FARSANG et al. (2013), 
who also found that a wind velocity of 15 m s-1 on the soil surface could change the 
aggregate size composition. NÉGYESI et al. (2015) determined the following 
threshold wind velocities for soils with sandy loam texture: 7.4–9.8 m s–1, loam 
texture: 9.3–11.6 m s-1, and silt loam texture: 10.0–11.6 m s–1. 

PEASE et al. (2002) found that loamy sand soils emitted proportionally more 
PM10 fractions than sandy loam, while RONEY AND WHITE (2006) found the 
contrary, with sandy loam soil having higher emissions. MADDEN et al. (2010) and 
FUNK et al. (2008) found that the maximum PM10 emissions measured at low 
moisture content depended on the silt to clay ratio. On loessy sandy loam soils, a 
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4% soil moisture level was found to be the most critical (CHEN et al., 1996), while 
other authors found that a 4–5% moisture level was critical for sandy and fine sand 
soils (BOLTE et al., 2011; SELAH AND FRYREAR, 1995). In contrast, FUNK et al. 
(2008) gave the following soil moisture thresholds for fine dust emissions: sand (2–
5%), silt (5–10%), clay (30%), and organic soils (25–45%). HOFFMANN AND FUNK 

(2015) suggested that early morning tillage operations reduced fine dust emissions 
during dry seasons. 

AVECILLA et al. (2017) observed that the state of the soil surface was also 
correlated with dust emission, crusted surfaces being more prone to PM10 emission. 
In general crusted soils are less prone to wind erosion but KJELGAARD et al. (2004) 
also found that these surfaces are important under certain environmental conditions. 
SHARATT AND VADDELLA (2014) studied the effect of crusted surfaces on the 
friction velocity threshold, which has a great impact on wind erosion and dust 
emission. They found that the clay content has great importance for the crusting 
process, which can cause an exponential increase in the friction velocity.  
 
Atmospheric conditions 

 
Several authors emphasize the importance of meteorological conditions for 

dust emissions. AVECILLA et al. (2017) found that PM10 concentrations were closely 
correlated with wind speed, relative humidity and air temperature. HUSSEIN AND 

KARPPINEN (2006) also reported that the wind speed and air temperature were the 
most decisive variables. When the air humidity dropped below 20%, PM10 
emissions increased drastically (AVECILLA et al., 2017; CSAVINA et al., 2014), but 
decreased to zero at above 75% air humidity (STOVEN et al., 2015). Regarding the 
wind speed, AVECILLA et al. (2017) found that the minimum wind speed that 
resulted in wind erosion on bare soil was 8 m s-1, while this figure was reported by 
DE ORO AND BUSCHIAZZO (2009) to be 6–8 m s-1. The other most important 
variable is the temperature, with emission increasing significantly above 25 °C. 
 
Impact of human activity 

 
Farming operations like tillage, harvesting procedures and residue 

management have a great influence on the physical and chemical properties of soils. 
Aggregate size distribution, aggregate particle composition, OM contents and plant 
coverage are all related to PM10 emission from soils (AIMAR et al., 2012; GAO et al., 
2014). GOOSSENS et al. (2001) emphasised the relevance of tillage operations in 
dust generation, finding that the dust production from tillage was six times higher 
than wind erosion in their northwest German study area in 1999. The reason for the 
difference was the long period of tillage. 

Two main periods can be distinguished for farming operations over a one-year 
period: spring and late summer operations, when the soil moisture conditions are 
different. Generally soil moisture is higher in spring than in late summer, at the end 
of the vegetation period, when the field capacity decreases greatly due to high 
evaporation and to the water uptake of crops, leading to higher dust emission. 
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During agricultural operations (mainly tillage and harvest) the particles most 
typically generated are between 2.5 and 10 µm in diameter (CAPAREDA et al., 2004; 
MATSUMURA et al., 2003; KASUMBA et al., 2011). Emission is also affected by the 
speed and type of operation and the surface characteristics (e.g. roughness). 
SHARRATT et al. (2010) found that PM10 concentrations decreased with a decrease 
in the number or intensity of tillage operations in a winter wheat–summer fallow 
system. 

Many studies have examined the effect of conservation tillage methods on 
PM10 emission compared with the conventional form, several of which found that a 
decrease in the number of tillage operations resulted in reduced emissions as well. 
MENDEZ et al. (2015) studied the PM10 emissions associated with different tillage 
methods and proved that conservation tillage systems produce three times higher 
concentrations than non-tillage systems. MADDEN et al. (2008) and GAO et al. 
(2014) found similar results for the effect of conservation and non-till methods 
based on portable wind tunnel simulations. The non-tillage method is also better 
with respect to dust emissions than the conventional form. SHARATT AND FENG 
(2009) compared the effects of conventional and undercutter tillage on PM10 and 
reported that the undercutter reduced soil loss compared to conventional tillage. 
SHARATT et al. (2012) studied conventional, reduced, minimum and non-tillage 
operations during the fallow period, and measured the residue biomass, surface 
roughness, soil crust, soil aggregation, strength and soil water content. In this study 
minimum tillage resulted in greater crust, 15% residue cover, greater ridge 
roughness, higher mean aggregate diameter and penetration resistance with 50% 
less soil loss compared with conventional tillage. SINGH et al. (2012) compared 
traditional and non-tillage fallow, where traditional tillage with a tandem disk 
resulted in higher PM10 loss. Basically, conservation tillage promotes the 
accumulation of organic matter in the soil and improves aggregate stability and soil 
water conservation, therefore reducing PM10 emission (GAO et al., 2014; SHARRATT 

et al., 2010; SINGH et al., 2012). 
FAULKNER et al. (2012) studied the impact of almond harvesting on PM10 

emissions in California, comparing two sweeping technologies, one with the 
sweeper setting recommended by the manufacturer and one with a 1.27 cm lower 
sweeper setting. The PM10 emissions during the pickup of windrows formed using 
lower sweeper settings were approximately 2.5 times higher than the pickup of 
those formed using the manufacturer’s recommendations (FAULKNER et al., 2012).  

 
Emission factors for soil cultivation and crop harvesting 

 
The main sources of PM emissions from the soil are tillage and crop 

harvesting, which together account for more than 80% of the total PM10 emissions 
from tillage land (CEIP, 2015). These emissions originate from sites where tractors 
and other machinery operate, and are thought to consist of a mixture of organic 
fragments from the crop, soil minerals and soil organic matter. A considerable 
amount of dust settles close to the sources and fine particles are washed out by large 
particles. Field operations may also lead to the re-suspension of dust that has 
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already settled (re-entrainment). Emissions of PM are dependent on climatic 
conditions, and in particular the moisture of the soil and crop surfaces (EMEP/EEA 

GUIDEBOOK, 2016). 
COWHERD et al. (1974) were the first to calculate the atmospheric dust 

emission factors of tillage operations, and reported that surface soil texture, surface 
soil moisture content and implement speed had a significant impact on emission. 
They elaborated corrected emission factors for three particle size ranges: less than 2 
µm, 2–30 µm, and more than 30 µm, based on the % silt content of the surface soil, 
the soil water status (Thornthwaite’s precipitation-evaporation index) and 
implement speed.  

VAN DER HOEK et al. (2007) laid the foundations for guidelines in the UNECE 
emission inventory in connection with PM. They divided methods for determining 
emission factors into three types: 
• Direct measurements of primary emissions from cultivation machinery, and 
the calculation of field-related emission factors. 
• Indirect estimations, which measure concentrations with equipment placed 
in the driver’s cab, and the layer- or plume-based modelling of treated areas. 
• Measurement of PM concentrations at the borders of the field, and the use 
of inverse dispersion modelling. 
 

Several studies have been performed on the PM10 emissions of agricultural 
activity. The most extensive study started in 1994 in California’s San Joaquin 
Valley (HOLMÉN et al., 2001a,b; FLOCCHINI et al., 2001; CASSEL et al., 2003; 
MADDEN et al., 2008). In Europe GOOSSENS et al. (2001), FUNK and REUTER (2004), 
HINZ (2004), BOGMAN et al. (2005), OETTL et al. (2005) and HINZ and TAMOSCHAT-
DEPOLT (2007) carried out studies with great impact, but there is still no standard 
procedure for measuring and calculating fine dust emission from arable production. 

In some previous studies only the PM10 emission rate or emission factor was 
calculated. FLOCCHINI et al. (2001) drew the conclusion that the direct comparison 
of average emissions from a given implement is not reliable because of differences 
in environmental conditions (e.g. relative humidity, wind direction variability). 
Individual tests that measure emissions are more reliable than calculations based on 
implement type. 

ÖTTL AND FUNK (2007) also showed that very different emissions may be 
recorded for the same soil and operation type, depending on environmental 
conditions. FUNK et al. (2008) demonstrated the importance of the vertical soil 
moisture profile for the PM emissions from tillage operations. 

HOLMEN et al. (2001b), BAKER et al. (2005) and MADDEN et al. (2008) reported 
an inverse relationship between the gravimetric water content of the soil and PM10 

emission.  
Great variability can be found if the PM10 emission factors given for 

agricultural activities in the literature are compared (Table 3). In some cases tillage 
operations are comparable. MADDEN et al. (2008) found that disking leads to higher 
PM10 emission, while conservation tillage reduced PM10 emission. CHEN et al. 
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(2017) found that tilling resulted in the highest PM10 emission, followed by 
harvesting and planting. 
 

Table 3 

Emission factors reported in the literature 
 

Source Emission 
factor PM10 

(mg m-2) 

Standard 
deviation 
(mg m-2) 

Number 
of tests 

Relative 
humidity (%) 

Soil 
moisture 

(%) 

Disking      

cotton 78 42 14 59 13 

garbonzos 313 402 2 51 6 

melon 380 278 5 55 11 

tomatoes 545 284 10 40 4 

wheat 1375 881 13 43 3 

Floating      

melon 119 0 1 53 11 

tomatoes 2322 0 1 40 2 

wheat 1569 1277 15 40 3 

Land planning      

garbonzos 1704 1042 7 34 2 

tomatoes 1226 1318 7 42 3 

Method: HOLMÉN et al., 2001A; Reference: CASSEL et al., 2003; Site: USA 
 

Source Emission factor PM10 
( mg m-2) 

Relative 
humidity (%) 

Wind speed 
(m s-1) 

Temperature (°C) 

Ploughing and packing 120 40 2.7 24 
Harrowing 82 34 1.9 27 

Disking 137 45 3.1 13 

Cultivating 186 29 1.1 27 

Method: Graz Lagrangian Model; Reference: OETTL et al., 2005; Site: Germany 
 

Source Emission factor 
PM10 ( mg m-2) 

Soil moisture (%) Wind speed (m s-1) 

Near-source disking 78–239 1.16–2.44 2.04–5.48 
Far-source disking 8–89 1.76–2.34 1.81–4.53 

Reference: KASUMBA et al., 2011., Site: USA 
Tilling 119 7.3 6.7 

 96 10.2 5.5 
 31 18.7 5.4 
 9 25 6.2 
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Table 3 cont. 

Planting 17 7.3 5.1 
 17 10.2 4.2 
 10 18.7 4.3 
 4 25 6.8 

Harvesting 18 15.7 4.4 
 33 13.5 5.7 
Method: WANG et al., 2010; Reference: CHEN et al., 2017; Site: China 

 

Source Emission factor 
PM10 ( mg m-2) 

Standard deviation 
( mg m-2) 

Disking 390 (mean)  
Corn planting 270 (mean)  
Bed mulching 266 (mean)  

Method: HOLMÉN et al., 2001a,b.; Reference: MADDEN et al., 2008; Site: USA 
Wheat harvest 74  

Method: atmospheric tracer technique, Industrial Source Complex model; Reference: QIU et 
al., 2008; Site: Canada 

Cotton harvest (average) 190 167 
Stalk cutting (average) 188 219 

Ripping (average) 512 288 
Disking (average) 134 154 

Reference: FLOCCHINI et al. 2001, Site: USA 
 

It is clear that considering a single emission factor for a given tillage operation 
is inadequate. The emission factors should take into consideration variations in soil 
properties, especially soil texture and water content (MADDEN et al., 2010), and also 
the environmental conditions (e.g. relative humidity, variability in wind speed and 
direction) (FLOCCHINI et al., 2001).  

To estimate the yearly amount of PM10 emitted from agricultural soils and crop 
production, emissions from different sources at different times must be 
summarized: soil cultivation, sowing, harvesting, post-harvest treatments and soil 
cultivation from spring to autumn. 

 

 
Figure 1 

Sources of particulate matter in arable production (VAN DER HOEK et al., 2007) 
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The mass flow of emitted particles is governed by many parameters (see 
above: Main factors influencing PM10 emission in crop production). 

PM10 emissions from arable production are related to the cultivated area of 
each crop (VAN DER HOEK et al., 2007): 

where 
EPM10 PM10 emission (in kg year-1) 
EFPM10 PM10 emission factor (in kg ha-1) 
A annual treated area (in ha) 
n annual repetitions of treatment.  
 

Based on the work of VAN DER HOEK AND HINZ (2007), the Tier 1 approach 
for PM10 emission from crop production and agricultural soils uses the general 
equation in the EMEP/EEA GUIDEBOOK (2016), representing a simplification and 
aggregation of the detailed data to give a single value for PM emissions per hectare: 

 

 
where  
EPM10 amount of pollutant emitted (in kg year-1) 
ARarea area covered by the crop (in ha) 
EFPM10 PM10 emission factor (in kg ha-1 year-1). 

 
The value of ARarea is equal to the agricultural area utilised, which includes all 

cropland, permanent pasture and grazing land. 
Based on the Tier 2 approach, the PM10 emission is calculated by multiplying 

the cultivated area of each crop by an EF and by the number of times the operation 
causing emission is carried out (EMEP/EEA GUIDEBOOK, 2016). This requires 
country-specific information on the number of times that each operation is 
performed for each crop type during the course of a year. Care should also be taken 
to account for crop areas that provide more than one harvest per year. Moreover, 
different EFs are valid for dry climate conditions (Mediterranean climate) and wet 
climate conditions (all other climates).  

Countries use Tier 2 or Tier 1 methodology depending on the presence or 
absence of data. In the Inventory, however, the emission factors are fixed and do 
not change in connection with the soil properties. 
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