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D11. Spatial and Temporal Disaggregation of emissions for
the past decade (2000-2010) - Anthropogenic and Natural
Emissions

EXECUTIVE SUMMARY

In this work, the emissions of the three major anthropogenic sources, road traffic, industry
and residential/institutional/commercial activities, are temporally and spatially
disaggregated. Spatial disaggregation for navigation, aviation and railways emissions was
not performed as these emissions are located in a specific area. For road transportation
emissions, time disaggregation was based on previous works and information collected
from transportation experts. The methodology applied to disaggregate spatially road traffic
emissions was based on methodologies followed in similar jobs. For industrial emissions,
with the aid of data available, it was considered that big installations work on a 24 hour
basis whereas the smaller installations work on a 12 hour basis. The spatial allocation of
the diffuse industrial emissions data was based on the E-PRTR database and CORINE land
uses, in order to allocate diffuse emissions. Point emission sources were allocated
according to their coordinates reported under the Convention on Long-range
Transboundary Air Pollution (CLRTAP, 2010). Residential and commercial emissions are
distributed equally in the course of the day from 7:00 to 21:00. The methodology for the
spatial distribution of emissions from residential and commercial activities was based on
population and land use data for each grid cell. Aviation emissions were disaggregated in
time taking into account statistical data provided by the Hellenic Civil Aviation Agency.
As for navigation, because of different activities taking place in the port area, no detailed
data are available. Time disaggregation was accomplished taking into account statistical
data for passenger ships movements daily variation and given that commercial shipping
activities take place through the whole day. Emission inventories for particulate matter
(PM,s and PM;s40) from natural sources were also created for the Athens and
Thessaloniki metropolitan areas (AMA and TMA respectively) and the greater area of
Volos (GVA) for the period 2000 - 2010. The inventories include primary windblown dust
(WB) emissions from agricultural and vacant lands and primary sea salt particles emissions
from the breaking of waves at the Sea Shore-surf zone (SS_SS) and the bursting of bubbles
from oceanic whitecaps - Open Ocean (SS_OO). Additionally, emissions of BVOCs
(Biogenic Volatile Organic Compounds), precursor to PM, are included. The objective of
this work was to study the seasonal variation of natural PM emissions in the areas of
interest and their spatial allocation during the period 2000-2010. Weighting factors,
specific to each pollutant, source and area for the period 2000-2010, were calculated for
the disaggregation of annual emissions to monthly and daily values and their allocation on
high resolution grids. There was no significant seasonal variation observed in the natural
PM emissions while BVOCs emissions were increased during the warm period due to the
enhanced solar radiation and temperature. Moreover, the analysis focused on the seasonal
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variation of natural sources’ contribution to total emissions over the areas during the period
2000-2010. Therefore, the constructed emission inventories for PM;s, PM; 510 and BVOCs
from natural sources were spatially and temporally disaggregated and compared to
anthropogenic emissions in the areas. There was no significant seasonal variation observed
in the contribution of natural sources to total PM emissions.

INEPIAHWH

Yta TAaic1o. VTG TNG EPYOOING, Ol EKTOUTES amd TIC KVpleg avOpmmoyeveic Tnyég (0d1KEC
UETOPOPES, Prounyovia Kot oKlakd/eUmToptkd Topén) Kataveundnkay ypoviKa Kot YmpiKa
€161 O0TE Vo, £X0VV avAAvo™ xpovikn oviivon 1 dpog kol yopikn aviivon 1X1km?.
XopKn KOTOVOUN TV EKTOUTOV omd TiG OoAdooieg, evoépleg Kot GlLONPOSPOLIKEG
petapopég dev Ehafe ydpa, 6e50UEVOD OTL Ol EKTOUTEG AVTEG EKTEIVOVTOL GE GUYKEKPIUEVT|
nepoyn. H yopum avdivon tov odikev petapopmdv BacicOnie ce mponyovpeves LeAETeG
Kol 6 TANPoQopio Tov GLAAEYXOMNKE amd edwkoVg oe Bépata petapopmv. H pebBodoroyia
oV oKoAoLONONKE Yo TNV YOPIKNA OVAALGN TOV EKTOUTMOV OOIKNG KLKAOPOpPig
BacicOnke oe pebBodoroyleg mov epappocHNKav Kot dnpocievdnkov ot TAaicl
TOPOUOL®V HEAETOV. Ot Bropunyavikég EKTOUTEG ovoAVONKaY YpoviKd e Bdon oTaTIoTIKG
otoyeia yio v Asttovpyia tovg. H ywpikr] aviAvon ToV EKTOUTOV EMUPAVEIOKDY TNYDOV
éywve PBaoel e pebodoroyiag E-PRTR kot ¢ Bdong dedopévav ypnoewv yng CORINE.
Ov onuelokég mnyéc tomoBetOnkav yopPKd COUPOVO HE TIS YEOYPAPIKEG TOVLG
cuvietaypéves. Ot EKTOUTES OIKIOKOD KoL EUTOPKOV TOUEN KOTAVELOVTOL KATO TOVG UNVES
Aertovpyiog g Béppavong kor kotd tig mpeg 7:00-21:00. H yopwr| xatovopn tov
exmoundv otnpiletar og mAnBvopiakd otoryeio Kot otoryeia xpnoewv yng. Ot aepomopikég
EKTOUTEG avaADON KOV YOPKA PAGEL GTOTICTIKOV GTOlXEl®V Kiviioemv and v Yanpecio
[ToMtikrig Agpomopiag, evad avaioyo avoridOnkov Kot ot ekmounés amd T BaAdooieg
petapopés. Mntpoa ektopndv copatidiov (AXss kot AX)s5.10) 0nd QUOIKEG TNYEG £mioNG
KOTOOKELAGTNKAY Y0 TS HNTPOTOMTIKES Teployes AOnvov (AMA), Ogocaiovikng
(TMA) xau Boérov (GVA) yua v mepiodo 2000-2010. Ta untpoda meptlapufdavovv Tic
EKTOUTEG COUOTOIOV amd TO €0000¢ aYpPOTIKOV KOl KEVOV eKTAcew®v eEoutiog g
atdpnong tovg and tov dvepo (WB) kabog kot tov otayovidiov Baldccsiov dhatog mov
exméumovtol oty {dvn Kupataymyng 0Tav To Kbpota ¥Tuomovy oty okt (SS_SS) 1 and
TNV EMEAVED NG OVOIKTNG BAAacGOC HE TN HOPON QUOOAId®V aPPOV Omd TIg
Kopvoypappés Tov kopdtov (SS_00). Emnpocheta oto untpdo meptlopfdvovior ot
exmounég BITOE (Boyeveig ITmrtikég Opyovikég Evoelg), mov elval mpoOdpopeg EVOGELS
copatiov. O o1dyog ™¢ Tapovoag epyaciag eivarl 1 HEAETN NG EMOYLOKNG LETAPOANG
TOV EKTOUTOV AX amd QUOIKEG TNYEG OTIS MEPLOYEG EVOLPEPOVTOC KO TNG YMPIKNG
Katoavoung tovg katd v mepiodo 2000-2010. 'Etor vmoloyiotnkov ocuvteEAECTEG
Bapdtntag Yoo Tov Sopopacid TOV ETNCIOV EKTOUTMV GE UNVIOIES Kot UEPNOIESG TIUES
KOL TV KOTOVOUN TOVG € MAEYUATO DVYNANG YOPIKNG OVAALGNS Y®PIoTA Yoo kKdbe pumo,
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myn Ko mepoyn yw v mepiodo 2000-2010. Aegv Bpébnke vo vmdpyel onuovTiKy
EMOYLOKY OLOKVUOVOT OTIG EKTOUTEC AX amd QUOIKES Tnyéc evd ot ekmounég BIIOE
Bpétnkav avénuéveg katd ™ Oepwvn mepiodo efoutiog TG EVIOYLUEVNG MALOKNG
axtwvoPoMag kot Oeppokpaciog. EmmAéov, peremnbnke m emoyloxm petofoAn g
GUVEICQPOPAG TOV EKTOUTMOV OO QLGIKEC TNYEG OTIS GUVOMKEG EKTTOUTES TOV TEPLOYDV
mv mepiodo 2000-2010. T'a 10 okomd avtd Ta PNTPOO AXos Kot AZps10 OO QUOIKEG
myés ko BITIOE xoatavepndnkov yopikd Kot ypovikd Kol cvykpinkov pe untpoo
avOpOTOYEVOV EKTOUTOV OTIC TEPLOYES. Agv PpéBnke v LITAPYEL ONUOVTIKY ETOYIOKN
KOTOVOUT GTNV GUVEICQOPA TOV EKTOUTAOV OO PLGIKEG TNYEG OTIG OMKEG EKTOUTEG AX.
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1. EMISSIONS FROM ANTHROPOGENIC SOURCES

1.1 Introduction

The three major anthropogenic emission sources are road transport, industry and
residential/institutional/commercial activities. All emissions from these sources were
disaggregated in space and time. Spatial disaggregation for navigation, aviation and
railways emissions was not performed as these emissions are located in a specific area.
Time disaggregation for railways was not performed as railways emissions are minor and
they are not taken into account.

1.2 Road Transportation

1.2.1 Time disaggregation

For road transportation emissions, time disaggregation was based on previous works as the
Masterplan for the abatement of Atmospheric Pollution in the Greater Athens Area and in
the Greater Thessaloniki Area (MEEC, 2003a; MEEC, 2003b). Moreover, information on
daily traffic profiles was collected through personal communication with road traffic
experts (Golias 1., 2011). Yearly total emissions are disaggregated to daily emissions by
dividing them by 330. These daily emissions correspond to the typical working day. The
daily profile of traffic loads and, hence, of emissions is presented in the following Figure
1.
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Figure 1 Daily profile of road traffic loads.
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1.2.2 Spatial disaggregation

The methodology applied to disaggregate spatially road traffic emissions was based on
methodologies followed in similar jobs (Saide et al., 2009; Tuia et al., 2007; Rose et al.,
2009; Lindhjem et al., 2012). In order to allocate total emissions, the road network of each
area was taken into account. The line sources cover more than one grid cell and therefore
their shares for each grid cell were calculated before the spatial allocation has been
performed. The road segments were divided in four different types, according their
capacity, and total emissions were allocated according the density of each road type in
each cell.

In the following figures (Figures 2-4) the spatial distribution of PM emissions is presented.
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Figure 2 Spatial distribution of PM road traffic emissions in the Athens
Metropolitan Area.
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THESSALONIKI: ROAD TRANSPORT EMISSIONS
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Figure 3

Spatial distribution of PM road traffic emissions in the Thessaloniki
Metropolitan Area.
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1.3 Industrial Sector

1.3.1 Time disaggregation

For industrial emissions, based on data available, it was considered that big installations
work on a 24 hour basis. For the smaller installations, it was considered that they work on
a 12 hour basis. All installations operate 12 months per year. In the figure below the daily
profile of PM emissions is presented.
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Figure 5 Daily profile of industrial emissions.

1.3.2 Spatial disaggregation

The methodology description includes the explanation of the selection of the distribution
parameters, which are used for gridding of diffuse emissions for each pollutant. The target
spatial resolution is a 5 km x 5 km grid cell size for maps covering all EU27 Member states
and the EFTA countries (Switzerland, Liechtenstein, Norway and Iceland) for the selected
sectors and pollutants. The emissions data of pollutants NOx, PM10, SO2 and CO are the
officially submitted emission data sets to UNECE under the Convention on Long-range
Transboundary Air Pollution (CLRTAP, 2010). Diffuse emissions are defined as emissions
from sources excluding emissions from E-PRTR (European Pollutant Release and
Transfer Register) related facilities. Therefore diffuse emissions, for the purpose of this
programme, include small industrial point sources which fall below the Annex | and Annex
Il capacity thresholds of the E-PRTR regulation.
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Hence, the spatial allocation of the diffuse industrial emissions data is given by the E-
PRTR database. Nevertheless, the spatial resolution of 5X5 km?, though sufficient for the
scale of Europe, it is not reliable for the scale of a city, where more accurate spatial data
are required. In this case, 1X1 km? resolution was applied.

To this aim, CORINE land uses were used in order to localise industrial areas (CODE
121), and diffuse emissions were allocated according to the location of these areas,
resulting hence in the required resolution. In order to distribute the area sources the shares
for each concerning grid cell were derived. Point emission sources were allocated
according to their coordinates reported under the Convention on Long-range
Transboundary Air Pollution (CLRTAP, 2010).

In the following figures (Figures 6-8) the spatial allocation of PM industrial emissions is
presented for the three areas of interest.
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Figure 6 Spatial distribution of PM industrial emissions in the Athens
Metropolitan Area.
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THESSALONIKI: INDUSTRIAL EMISSIONS
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Figure 7 Spatial distribution of PM industrial emissions in the Thessaloniki
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Figure 8 Spatial distribution of PM industrial emissions in the Greater Volos
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1.4 Residential/Commercial Sector

1.4.1 Time disaggregation

According to the results of a survey contacted for the three areas of study (MEEC, 2012;
Hellenic Statistical Authority, 2012), residential and commercial emissions are distributed
equally in the course of the day from 7:00 to 21:00. However, these emissions do not cover
the whole year. According to the meteorological measurements and fuel consumption
statistical data, for the AMA and for Volos they cover a period from November to April
whereas in the TMA they cover a period of 7 months from mid-October to mid-April.

1.4.2 Spatial disaggregation

The methodology for the spatial distribution of emissions from residential and commercial
activities was based on the following data:

— The number of employees and the population data for each grid cell.
— Land use data in order to allocate emissions from commercial combustion and
residential combustion
In the following figures (Figures 9-11), the spatial allocation of PM residential and

commercial emissions is presented.
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Figure 9 Spatial distribution of PM residential/commercial emissions in the
Athens Metropolitan Area.
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THESSALONIKI: RESIDENTIAL EMISSIONS
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Figure 10 Spatial distribution of PM residential/commercial emissions in the
Thessaloniki Metropolitan Area.
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Figure 11 Spatial distribution of PM residential/commercial emissions in the
Greater Volos Area.
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1.5 Aviation/Navigation

1.5.1 Temporal disaggregation

Aviation emissions were disaggregated in time taking into account the daily distribution of
the number of flights as given by the Hellenic Civil Aviation Agency. The monthly
variation of the aviation emissions is presented in Figure 12 and the daily flights
distribution is presented in Figure 13. The busiest month is August whereas the busiest
hours are the morning (06:00-11:00) and the evening hours (16:00-20:00). However, as the
airport emissions take place far away from the densely populated areas, they are not
considered to influence the PM levels occurred.

As for navigation, because of different activities taking place in the port area, no detailed
data were available. Taking into account statistical data for passenger ships movements
daily variation and the fact that commercial shipping activities take place through the
whole day, the diurnal variation of emissions was calculated and it is presented in Figure
14,

Monthly variation of aviation traffic
12.00%
10.00% \
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Figure 12 Monthly variation of aviation traffic.
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2. EMISSIONS FROM NATURAL SOURCES

2.1 Introduction

An important step in improving air quality in an area is to assess the impact of specific
human activities and natural sources responsible for air quality deterioration through the
quantification of pollutants emissions (e.g. Winiwarter 2009). Spatiotemporal emission
data are important inputs for air quality models. The spatial and temporal evolution of
emissions determines their atmospheric dispersion and their impact area.

Several emission inventories have been developed for Greece and its major metropolitan
areas but only a few regard or include spatiotemporally allocated emissions from natural
sources. In particular, Aleksandropoulou and Lazaridis (2004) created an emission
inventory of natural sources in Greece with a spatial distribution of 5 x 5 km? for a summer
and a winter period in 2000-2001. Also, Symeonidis et al. (2008) estimated biogenic
NMVOCs emissions in the Southern Balkan region with a spatial resolution of 1km using
mean monthly climatic data for the period 1961-1990. The emissions of sea salt particles
were presented by Athanasopoulou et al. (2008) in two domains with resolutions of 6km
and 2km over Greece and Athens for the period 21-24 June 2008 whereas the emissions of
windblown dust in the same domains for some days during May and April 2005-2007 were
presented in Athanasopoulou et al. (2010). Moreover, Aleksandropoulou et al. (2011)
presented natural emissions over Athens for 14 January 2008 with 1km spatial resolution.
In addition, studies on natural emissions on a European scale include also emissions from
Greece (for BVOCs Oderbolz et al. 2013; Karl et al. 2009; Steinbrecher et al. 2008, for
WB Korcz et al. 2009, for SS).
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Figure 1 Areas of interest and distribution of landcover (main classes; EEA CLC 2009)
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In this study a spatially and temporally resolved emission inventory was used to examine
the temporal evolution of PM emissions in the metropolitan areas of Athens, Thessaloniki
and Volos for the period 2000-2010 (Figure 1). The inventory includes the emissions of
PM,5s and PM35.10 from natural sources i.e. emissions of windblown dust from agricultural
and vacant lands and sea salt particles emissions from the breaking of waves at the Sea
Shore-surf zone (SS_SS) and the bursting of bubbles from oceanic whitecaps - Open
Ocean (SS_0O0). In addition, the inventory includes potential secondary organic particle
emissions from natural sources, in particular biogenic gaseous pollutants (BVOCSs)
emissions from vegetation during photosynthesis, plant respiration and vaporization from
stores within the plant tissue. The methodology for the spatial and temporal disaggregation
of the emission inventory is described and the analysis then is focused on the
seasonal/monthly variation of particulate matter and their precursor gases emissions from
natural sources and their spatial distribution. Additionally, the inventory includes also the
emissions of NOy, SOy, NMVOCs, CO, NHs, PM;s and PM;s.10 from anthropogenic
sources, particularly combustion (industrial, non-industrial, commercial, residential),
industrial production, transportation, agriculture, waste treatment and solvent use. Thus,
the monthly variation of the contribution of primary PM, s and PM, .19 emissions and PM
precursor gases from natural sources to the particulate matter emissions in the areas of
interest is estimated.
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2.2 Methodology

2.2.1 Areas of interest

Athens Metropolitan Area

:egend
Minor_roads © Cement, lime, glass, mineral substances or ceramic products @ Surface treatment of objects using organic solvents
—— Major_roads @ Combustion installations > 50 MW © Production and processing of metals
—— Motorways @ o y of or ipal waste @ Metal industry
Other natural areas @  Production of paper and board and other primary wood products )  Mineral oil and gas refineries
[~ National parks © Surface treatment of metals and plastic materials @ Opencast mining and quarying
Aesthetic forests @ Building of, and painting or removal of paint from ships @ Poultry, pigs and sows
I NATURA @ Intensive rearing of poultry or pigs @ Slaughterhouses, milk, animal and vegetable raw materials
@ Manufacture of ceramic products © Surface treatment or products using organic solvents
© Manufacture of glass, including glass fibre @ Thermal power stations and other combustion installations
@ __ Mineral Industry @ Urban waste-water treatment plants

Figure 2 Athens Metropolitan Area (AMA) with road network, large point sources and
green areas

The Athens Metropolitan Area (AMA) suffers air pollution problems like most
metropolitan areas in the world due to high population density and the accumulation of
major economic activities in the region. Athens is located along a basin of approximately
400 km? oriented SW-NE, surrounded by high mountains and open to the sea only towards
the south. This topography results in wind blowing mostly from SW and NE over the area
and hinders the dispersion of air pollutants (Hellenic Ministry for the Environment,
Physical Planning and Public Works 2007). The area also includes several municipalities
in West and East Attica prefectures, and the city of Piraeus. In Figure 2 the domain used in
the calculations of emissions in the AMA is presented together with the location of large
point sources with pollutant releases to air (LPS - with air emissions of the primary air
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pollutants studied: NOy, SOy, NMVOCs, CO, NH3, and PMy,; European Pollutant Release
and Transport Register E-PRTR 2009 and European Pollutant Emission Register EPER
2008). Most of the LPS are situated in West Attica prefecture and Piraeus and one is
located in East Attica. In addition, the main road network in the area is depicted in Figure 2
and areas of interest with regards to natural emissions (forests and parks).

Thessaloniki Metropolitan Area

Mineral oil and gas refineries

Plants for the pre-treatment or dyeing of fibres or textiles

Cement, lime, glass, mineral substances or ceramic products Pretreatment of fibres or textiles

Other natural areas Disposal of non-hazardous waste and landfills Pulp, paper or board production

National parks Production and processing of metals Slaughterhouses, milk, animal and vegetable raw materialg

000000
000000

Aesthetic forests
NATURA

Figure 3 Thessaloniki Metropolitan Area (TMA) with road network, large point sources
and green areas

Mineral Industry Surface treatment or products using organic solvents

Thessaloniki is the second largest city in Greece with a population (in the greater area of
the city) of 1054000 inhabitants (EI.STAT. 2002). Economic activities, mainly in the fields
of manufacturing, commerce and culture are concentrated in the area. These activities
along with heavy traffic, industrial units (mainly in the northern and northwestern part) and
a very busy port and airport contribute to the air pollution in the area. In Figure 3 the
domain used in the calculations of emissions from the greater area of Thessaloniki is
presented together with the location of large point sources with pollutant releases to air
(EPER 2008; E-PRTR 2009), the main road network and green areas.
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Greater Volos Area

Volos is a coastal city in central Greece, in particular in Thessaly located at the north coast
of Pagasitikos gulf. The city has a dense road network with occasionally intense traffic due
to city activities, tourism and port operations (Papanastasiou et al. 2010). Two industrial
areas, in the west and northwest part of the city, a large cement plant at the eastern coast of
the city, central heating and the port located to the west of the city are the main stationary
pollution sources in the area (Papaioannou et al. 2010). The above sources together with
the topographic features of the area (surrounded by hills to the northwest and by Pelion
Mountain to the northeast and east) favor the accumulation of air pollutants over the city.
In Figure 4 the domain used in the calculations of emissions in the greater area of Volos is
presented together with the location of large point sources with pollutant releases to air
(EPER 2008; E-PRTR 2009), the main road network and green areas.

egend

) Minor_roads Other natural areas (O  Cement, lime, glass, mineral substances or ceramic products
Major_roads [___] National parks

o
Motorways Aesthetic forests O Mineral Industry
~ _ _ NATURA © _Pulp, paper or board production

Figure 4 Greater Volos Area (GVA) with road network, large point sources and green
areas

Production and processing of metals




D11. Spatial and Temporal Disaggregation of anthropogenic emissions and natural
emissions

2.2.2. Input data and assumptions affecting the spatial and temporal
variation of natural emissions

The temporal disaggregation is performed using calculated disintegration coefficients
based on monthly and daily averages of meteorological conditions (monthly meteorology
from FOODSEC Meteodata distribution page: action developed in the framework of the
EC Food Security Thematic Programme; European Centre for Medium-Range Weather
Forecast data ECMWF ERA INTERIM reanalysis model data; temporal analysis 10-days;
spatial resolution 0.25 degree; daily meteorology from NCEP Reanalysis Derived data
provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at
http://www.esrl.noaa.gov/psd/; Kalnay et al.,, 1996). The temporal resolution of
meteorological data can affect the emission estimates especially on local scales as it has
been previously shown by Ashworth et al. (2010) for global isoprene emission estimates.

The effects of using monthly averaged wind speed values instead of hourly data
(particularly 3h averages) in predicting the emissions of dust due to wind erosion and of
sea salt particles in the calculations have been examined in Aleksandropoulou et al. (2013).
It was found that although emission rates can differ substantially from the actual ones, the
results as regards monthly emissions are acceptable since the error introduced by the above
assumptions can be considered the same to that introduced by uncertainty in other
parameters (i.e. the soil moisture content and texture, the surface roughness length, and
constraining factors like the vegetation coverage and the presence of non-erodible
elements). Moreover, the use of daily temperature data instead of monthly
(NOAA/OAR/ESRL PSD data vs. ECMWF ERA INTERIM reanalysis model data)
resulted in a difference in annual BVOCs emissions of -4.3% from AMA, -23% for TMA
and 14% for GVA. With regards to the seasonal variation in BVOCs emissions the use of
daily temperature values resulted in differences in the range of 4% and -58% for the warm
and cold period in AMA, respectively while the corresponding values were -18% and -82%
for TMA and 22% and -79% for GVA.

The spatial resolution of meteorological data can also affect the emission estimates and
their spatial distribution especially on local scales as it has been previously shown by Pugh
et al (2013) for global isoprene emission estimates. In this study we used meteorological
data averaged over the domains therefore the spatial resolution of emissions is depends
only on the landuse, the soil characteristics and the vegetation type.

Additionally, the effects from snow cover and rain on daily PM and BVOCs emissions
could not be taken into account in the calculations due to the spatial and temporal
resolution of the meteorological data. Their effects on monthly emissions were
incorporated in the calculations by downscaling the results by considering periods with
rain and snow as inactive for WB emissions.

In the absence of other relevant data it was assumed that the landcover remains unchanged
throughout the period (Land Cover 2000 database of the European Commission
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programme to COoRdinate INformation on the Environment across Europe; EEA CLC
2000, v2009). In addition, based on the conclusions in Aleksandropoulou et al. (2013),
changes in landcover due to forest fires have not been taken into account in the
calculations.

2.2.3 Temporal disaggregation of emissions

The variation in natural emissions depends on the meteorological conditions, the emission
factors and changes in landuse. Since landuse data remained unchanged throughout the
period, temporal disintegration coefficients depend solely on the meteorological conditions
and the seasonal and hourly variation in emission factors.

The annual PM emissions are temporally disaggregated to hourly emissions using the
function (Eq. 1):

M .
_ ymjk
Empmy;k = Eyjk =75~ DymjkHym,

where Empy,j« is the emission for hour h, month m, and year y, of pollutant j from source
K; Ey,x Is the emission for year y, of pollutant j from source k; My m;jk, Dym;jk and Hym; are
the monthly, daily and hourly disintegration coefficients for month m and year y, of
pollutant j from source k; j = [PM2s5; PM,s.40; BVOCs]; k = [SS_SS; SS_00; WB,;
BVOCs]; y = (2000, 2010); m = (January, December); h = (1, 24).

The emission estimation methodology used in this study resulted in the calculation of
emissions either in the form of hour/day averages (BVOCS) or as average emissions per
second (SS, WB) for specific month and year which were then combined to produce
annual emissions. Consequently, the monthly coefficients, My m;k, for month m and year vy,
for pollutant j from source k were calculated based on the equation (Eq. 2):

M. = Eyikp
ymjk — 12 y.m,j,k

where Ey mj« is the emission for year y, of pollutant j from source k and month m.

The emissions are equally distributed to each day of the month except for WB and BVOCs
emissions of the period 2010-2013, for which daily disintegration coefficients have been
calculated based on the intermonth variation in daily temperature and windspeed values
(data from NOA stations and NCEP Reanalysis Derived data provided by the
NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at
http://www.esrl.noaa.gov/psd/; Kalnay et al., 1996). In particular, daily averages of
BVOCs emissions have been calculated. Accordingly, the daily coefficients, Dy m«, for
month m and year y, for pollutant j from source k in equation lequals to (Eq. 3):



D11. Spatial and Temporal Disaggregation of anthropogenic emissions and natural
emissions

1
N for SS emissions and WB and BVOCs emissions (2000-2009)

m,y

Ugmy U

m, . . .
Dymjx = Y for WB emissions in 2010

Noy
E .
—dymik ¢ r BVOCs in 2010
Ey mjx

where Npy are the number of days in month m of year y, Uy, is the day average of
windspeed for day d of month m in year y, U, is the monthly average of windspeed in

year y, Eqymjk is the daily emission for month m of year y for pollutant j from source k
and Eymjk is the emission for year y, of pollutant j from source k and month m.

In addition, emissions can be equally distributed to each hour of the day, i.e. Hym; equals
to (1/24). The latter applies only to PM emissions since BVOCs emissions depend also on
light.

The final temporal resolution of emissions is 1 h for PM,s and PMyg.o5 and 1 d for
BVOCs.

2.2.4 Spatial disaggregation of emissions

The domain for each area of interest was created based on the availability and spatial
resolution of the officially reported emission data in the UNECE/EMEP database
(EMEP/CLRTAP 2009; for comparison with anthropogenic emissions). Each domain was
covered with a high resolution grid (1x1 km? depicted in Figure 5) for the spatial
distribution of emissions (European Terrestrial Reference System (ETRS) 1989 Lambert
Azimuthal Equal Area (LAEA) projection, Central Meridian: Greenwich, false easting:
4321000 m, false northing: 3210000 m, central meridian: 10.0, latitude of origin: 52.0,
D_ETRS_1989).

1P

Figure 5 Grids covering the AMA (10896 cells), TMA (7596 cells) and GVA (3658 cells)

N
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The annual emissions were spatially disaggregated and allocated to the grid covering each
area of interest using the function:

Em;y, = ExyWFixy (EQ. 4)

where Em;yy is the emission from cell i from source k during year y; Eyy is the year’s y
emissions from the area of interest from source k; WF;yy is the spatial disaggregation
weighting factor of cell i for emissions from source k in year y; i = [AMA (0, 10895);
TMA (0, 7595); GVA (0, 3657)]; k = [SS_SS; SS_00; WB; BVOCs].

The emission estimation methodology used in this study resulted in the calculation of
emissions either in the form of emissions per cm? of area with specific landcover and soil
characteristics (SS, WB) or as emissions over areas (in m?) of specific vegetation type
which were then combined to produce emissions per grid cell (1 km?). The spatial
distribution of the calculated emissions depends on the landcover and soil characteristics,
the variation in emission factors and the spatial distribution of meteorological parameter
values. Since landuse and soil characteristics data remained unchanged throughout the
period and the meteorological data were averaged over the whole areas of interest, the
calculated spatial disaggregation coefficients (weighting factors) depend solely on the
meteorological conditions and the seasonal and hourly variation in emission factors.
Equation 4 can also be used for the spatial distribution of monthly and daily emissions but
with weighting coefficients, WF;xm,y, specific for each cell i and source k during year y
and month m. The weighting factors WF have been calculated separately for each year and
month and the results are presented later in the text.

2.2.5 Anthropogenic emissions inventory - spatial and temporal
allocation of anthropogenic emissions

In order to calculate the contribution from natural sources to total primary and secondary
particle emissions in the areas of interest a spatiotemporally disaggregated anthropogenic
emissions inventory was used. The inventory includes the annular (tn/yr) gaseous
pollutants (NOy, SOx, NMVOCs and NH3) and particulate matter (PM,5s and PM;5.10)
anthropogenic emissions derived from the UNECE/EMEP database (EMEP/CLRTAP
2009; CEIP, Emission from Greece during 2000-2010 as used in EMEP models). The
anthropogenic emissions were allocated on the grids covering the areas of interest using
surrogate spatial datasets according to the methodology on spatial emissions mapping
presented in the EMEP/EEA Emission Inventory Guidebook (Goodwin et al. 2009; Maes
et al. 2009). Additionally, the annual anthropogenic emissions were temporally
disaggregated. More details on the spatial and temporal disaggregation of the
anthropogenic emissions inventory can be found in Aleksandropoulou et al. (2011).
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2.2.6 Aerosol formation

The contribution of gaseous pollutants to aerosol formation was calculated for each source
sector according to the methodology of de Leeuw (2002). According to the above
methodology emissions of each precursor gas can be weighted to account for potential
secondary aerosol formation. The weighting factors account for the fraction of emissions
of pollutant changing into aerosol and the molecular weight difference. Their values have
been derived on European level and are 1 for primary PM, 0.54 for SO,, 0.88 for NOXx,
0.64 for NH3 and 0.02 for NMVOCs. Emissions of each pollutant are multiplied by the
aerosol formation potential and results are reported in PMo equivalents.

2.3 Results

2.3.1 Monthly variation of natural emissions

The monthly emissions of primary PM from natural sources in the three areas of interest
during the period 2000 — 2010 are depicted in Figures 6. Based on the assumptions made in
the calculations it was found that the monthly variation of PM;5.10 windblown dust and
sea-salt sea-shore emissions is the same as to PM_s emissions but with higher values. In
addition, it is observed that most of the emissions of natural PM occur during the cold
period of the year at all areas. In particular, in AMA natural PM; s and PM25.19 emissions
exhibit their lowest value in May (PM,5 SS_SS: 344.3+28.8 t, SS OO: 131.2+42.1 t, WB:
21.9+7.9 t; PM35.40 SS_SS: 2682.2+224.3 t, SS_00: 704.9+£182.7 t, WB: 197.1+71.2 t)
and the highest in December for sea- salt particles (PM,5 SS_SS: 459.8+75.4 t, SS_OO:
362.1£191 t; PM3s.10 SS_SS: 3582.1+£587.2 t, SS_00: 1691.8+808.7 t) and in August for
windblown dust (WB PM,s: 63.7+35.1 t; PM3 5.10:
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Figure 6 Monthly variation of PM,s and PM;5.150 emissions in AMA, TMA and GVA
during the period 2000-2010. Average, minimum and maximum monthly emission values
are depicted.

573.7+316.1 t) with a Warm/Cold period emission ratio equal to 0.9 for PM3 5 and PM35.19
SS_SS emissions, 0.88 for PM, 5 and PM,5.10 WB emissions, 0.69 for PM, s and 0.73 for
PM2s.10 SS_OO emissions. Higher values are observed during the period December to
February and lower during May and June.

Likewise, in TMA natural PM, 5 and PM> 5.1 emissions exhibit their lowest value in June
(PM25 SS_SS: 33+1.6 t, SS 0O: 3£1.1 t, WB: 3.5+1.4 t; PM2s.40 SS_SS: 257.4+12.1 t,
SS_00: 34.9+ 5.2t, WB: 31.4+12.4 t) and the highest in March (PM,5 SS_SS: 39.7+1.6 t,
SS 00: 7.942 t, WB: 7.9+2.2 t; PM35.10 SS_SS: 309.2+12.7 t, SS_0OO: 58.4+8.9 t, WB:
70.9+£19.7 t) with a Warm/Cold period emission ratio equal to 0.94 for PM;5s and PM35.19
SS_SS emissions, 0.74 for PM,s and PM2s.10 WB emissions, 0.64 for PM,s and 0.8 for
PM2s.10 SS_OO emissions. Higher values are observed during the period December to
March. Finally in GVA natural PM,5s and PM;s.19 emissions exhibit their lowest value in
June (PM2_5 SS SS: 28.4+ 1.1t, SS OO: 9.2+2.2 t, WB: 2.5£0.7 t; PM25.10 SS_SS:
221.5£8.5t, SS 00: 77.7+£10.2 t, WB: 22.3+6.2 t) and the highest in January for sea-salt
particles (PM,5 SS SS: 35.742 t, SS 0O: 26.5£6.7 t; PMjs19 SS SS: 278.3+15.8 t,
SS 00: 156+29.6 t) and in March for windblown dust (WB PM;s: 6.2+0.9 t; PM3s.10:
55.9+8.5 t) with a Warm/Cold period emission ratio equal to 0.89 for PM,5 and PM25.19
SS_SS emissions, 0.63 for PM, 5 and PM,5.10 WB emissions, 0.53 for PM, s and 0.67 for
PM2s.10 SS_OO emissions. Higher values are observed during the period December to
March and lower in June — September

As previously mentioned, the monthly variation of natural PM emissions depends on the
meteorological conditions. It is observed that sea salt emissions from the sea-shore do not
exhibit significant seasonal variation. On the other hand sea salt emissions from the open
sea are more enhanced during the cold period of the year. This is attributed to the higher
wind speeds during the cold period of the year. In AMA enhanced emissions of sea salt
particles in summer can be attributed to the Etesians. As regards WB dust emissions, it was
found that cold period emissions are enhanced and particularly in GVA are almost twice
the warm period values.
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Figure 7 Monthly variation of BVOCs emissions in AMA, TMA and GVA during the

period 2000-2010. Average, minimum and maximum monthly emission values are
depicted.
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Figure 8 Spatial distribution coefficients for PM, s and PM;5.10 emissions of sea salt
(open-ocean), sea salt (surf zone) and windblown dust for AMA and TMA.
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Figure 9 Spatial distribution coefficients for PM,5s and PMzs.10 emissions of sea salt
(open-ocean), sea salt (surf zone) and windblown dust for GVA

The results of the calculations for monthly emissions of BVOCs during the period 2000-
2010 are summarised in Figure 7. It was found that BVOCs emissions are increased from
April to September (warm season) due to the enhanced solar radiation and temperature. In
addition, the maximum monthly emissions were observed in July and the minimum during
January at all areas. During the warm period are emitted 86.9+0.6%, 91.3+0.4% and
91.940.4% of annual BVOCs emissions in AMA, TMA and GVA, respectively.

2.3.2 Spatial distribution of natural emissions

Figures 8-9 present the weighting factors which were used for the spatial disaggregation of
natural PM emissions for the period 2000-2010. Based on the assumptions the spatial
distribution coefficients remain unchanged throughout the period 2000-2010. In particular,
no landcover changes are incorporated in the calculations and the values of meteorological
conditions are averaged over each area of interest thus the spatial disaggregation
coefficients are the same for every year for PM emissions and the same for PM,s and
PM_s.10. Inter-annual changes were found only in the cells including coastal areas which
were considered insignificant (up to 5.6x10™®). It is observed in Figures 8-9 that natural
PM emissions are scattered over arable land, areas with sclerophyllus vegetation and the
sea. In particular, emissions of sea salt particles are equally distributed over the open sea
whereas the variation of values at coastal cells corresponds to differences in the length and
complexity of the shoreline. The spatial variation of windblown dust emissions is
attributed to differences in the soil texture and landcover. With regards to landcover, the
emission rates increase in the order of partly built-up areas to dense forest with higher
values over agricultural land. The same trend applies also to the values of weighting
factors with some discrepancy attributed to the aggregation of emissions in grid cells with
variable landcover (see Figures 1-4). On the other hand, the weighting factors for BVOCs
emissions spatial disaggregation vary seasonally and from year to year. In Figures 10 the
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spatial weighting factors of BVOCs seasonal emissions are depicted. It is observed that
BVOCs emissions in AMA are concentrated over the Northern part of the area, the Eastern
part of the Attica peninsula, Evoia at the NE and the Gerania mountains at the W part of
the domain where areas with significant natural vegetation occur (forests and semi-natural
areas). In TMA BVOCs emissions are enhanced over the eastern part of the domain during
both the warm and cold periods whereas in GVA emissions are mainly distributed over
agricultural land. BVOCs emissions scattered over the whole domains are mainly
attributed to OVOCs which are emitted from every non-artificial surface. Changes in
seasonal emissions weighting factors are attributed to the seasonal variation in emission
factors and foliar biomass densities. For example no emissions of BVOCs occur during the
cold period over the deciduous forest in mountain Pilio in GVA.

2.3.3 Contribution from natural sources to primary emissions and total
PM emissions in the areas of interest

The seasonal variability in contributions from natural sources to total PM,5s and PMa5s.10
emissions in AMA is examined in Figures 11. Each box depicts the lower, the median and
the upper quartile (bottom: 25" band: 50" and top: 75" percentile) of emission
contributions for each month, whereas the point and the whiskers show the average,
minimum and maximum values. It is observed that particles emitted at the sea shore have
the largest contribution to PM emissions with monthly average values ranging from
17.3+2% to 27.5+1.7% for PM,s and from 57.8+5.2% to 67.7+2.2% for PM,5.10. The
minimum contribution values are depicted in February whereas the maximum in
September for PM;,s and in May for PMjs.0. This is associated with the increase in
anthropogenic PM emissions in AMA during the winter months. Additionally, the monthly
contribution from sea salt particles emitted at the sea shore has relatively the smaller
variation during the studied period as indicated by the box and whiskers plot (particularly
for PM,5). On the other hand, the monthly contribution to PM;5 and PM;5.19 emissions
from sea salt open-ocean particles and windblown dust shows large variation during the
period 2000 -2010. The contributions from open ocean emissions of sea salt particles to
total PM,5 and PM; .10 emissions in AMA were in the range 10.4+3.1% - 17.9+6% and
17.4+2.7% - 26.4+3.3%, respectively. The monthly contribution values during the period
2000 — 2010 were ranged from 4.7% in May to 31.7% in July for PM;s and from 11.9% in
May to 36.4% in February for PM;s.10 emissions. For windblown dust emissions the
corresponding values are 0.7% in May to 7.7% in July for PM2s and from 2.3% in May to
15.7% in July for PM_5.19 emissions. In addition, the contributions from windblown dust
emissions to total PM, 5 and
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Figure 10 Comparison between warm and cold period spatial weighting factors for
BVOCs emissions in AMA, TMA and GVA. The values in the legend correspond to the
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1%, 10%, 25%, 33%, 50%, 75%, 90% and 100% percentile of weighting factor values for
each period.

PM2s.10 emissions in AMA were in the range 1.7+0.6% - 3.9+1.6% and 4.8+1.3% -
9.4+3%, respectively.

The variability in monthly values of natural PM emissions’ contribution to primary PM
emissions in AMA is associated with the inter-annual differences in monthly wind-speed
values and in anthropogenic PM emissions during the period 2000 - 2010. Overall, there
was no significant difference in the relative contribution of natural PM;s5.10 emissions to
primary PM;5.10 emissions in AMA during the cold (October - March) and warm (April -
September) period of the year (up to 1.96% for 2010; yearly average value of
91.97+1.69%). On the other hand the contribution of PM, s emissions from natural sources
to the total emissions over the area was generally enhanced during the warm period of the
year (difference up to 9.53% for 2009; warm period average value of 434+3.9% compared
to 37.6+4.4% during cold periods).
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Figure 11 Variation of monthly natural emissions contriQution to total primary PM, 5 and
PM35.10 emissions in AMA during the period 2000-2010 ( Values multiplied by 5).

The seasonal variability in contributions from natural sources to total PM,s and PM35.10
emissions in TMA is depicted in Figures 12. It is observed that the monthly variation in
contributions is similar to AMA, however with smaller values (due to land cover
differences in the two areas). Particles emitted at the sea shore have the largest contribution
to PM2s emissions with monthly values in the range from 6.1+0.7% to 12.1+£0.7%. The
minimum contribution value is depicted in February (5.1%) whereas the maximum in
August (13%). Additionally, the mean monthly contribution to total PM, s emissions from
sea-salt open-ocean particles during the period 2000-2010 in TMA were 1.2+0.1%, with
the minimum monthly average observed in December and the maximum in November.
Moreover the mean monthly contribution of windblown dust to total PM, 5 emissions was
1.3 £0.1% whereas the minimum and maximum values were observed in December and
August-September, respectively. The monthly variation is mainly associated with seasonal
changes in anthropogenic emissions rather than changes in meteorological conditions.




D11. Spatial and Temporal Disaggregation of anthropogenic emissions and natural
emissions

14

Hﬂﬁ% e T

0
clQ >Slolclal sls | Hl>olclol s s XNcel=s
588 ‘ ﬂ §8g£§%§4%%ﬁ8§82£§%§nﬁ2m0
Sea-salt (sea-shore) Sea-salt (open-ocean)* Windblown dust*

Contribution to PM, 5 emissions (%)
BN » oo
o
H
'—
i
—F
=
HEEd
H
— =
=1
=+
HH=
——
e
2
'—
=
| — =
 — |
%‘I

S
o
Faul

[T T
Skl | l @

Contribution to PM, ;o emissions
4% g
HE
HH—
ek
s
HE}
HE—
HE
Hi—
=
—FH—
—

c|Q c|Q clQa
[N | D | D
=Ll —|LL =Ll

257355 31507 25i8/2/ sl 2|elzisl

Sea-salt (sea-shore) Sea-salt (open-ocean)* Windblown dust*

Figure 12 Variation of monthly natural emissions contrigution to total primary PM, 5 and
PM;5.10 emissions in TMA during the period 2000-2010 ( Values multiplied by 5).
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With regard to PM;s.10 emissions, the monthly contribution from natural sources was
ranged from 7.8+0.7% to 10+0.6% for sea salt particles emitted from open-ocean, and
from 6.9+2.2% to 12+2% for windblown dust. Monthly contributions of sea salt particles
emitted at sea shore were large compared to the other sources, approximately 55.8+2.1%.
Overall, there was no significant difference in the relative contribution of natural emissions
to primary PM,s and PM;s.10 emissions in TMA during the cold (October - March) and
warm (April - September) period of the year (average values for: PM,s warm period
13.8+1.0%, cold period 10.3+0.8%; PMgjs5.10 warm period 73.8+2.6%, cold period
73.8+2.1%).
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Figure 13 Variation of monthly natural emissions contrigution to total primary PM, s and
PM35.10 emissions in GVA during the period 2000-2010 ( Values multiplied by 5).

The results on the monthly contribution from natural sources to total PM, s and PM25.10
emissions in GVA during the period 2000-2010 are depicted in Figures 13. Similarly to the
results for AMA and TMA, particles emitted at the sea shore have the largest contribution
to PM,s and PM;,s.10 emissions with monthly values in the range from 22.2+1.3% to
36=+1.1% and 53.3+4.5% to 63.5+2.6%, respectively. The minimum contribution values
were depicted in February (20.6% and 44.5%) whereas the maximums in July (37.7%) and
September (70.7%) for PM,s and PM,s10, respectively. The monthly average
contributions from sea salt open-ocean particles and windblown dust during the period
2000 -2010 in GVA were 14.7+1.2% and 3.6+0.3% and 25.9+0.8% and 8.4+0.6% to total
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PM;5 and PM, 519 emissions, respectively. The minimum monthly averages were observed
in September for both sources and size fractions and the maximum in December for PM; 5
and in January and February for PM,5.10 for SS and WB, respectively. Overall, there was
no significant difference in the relative contribution of natural emissions to primary PM; s
and PM;5.10 emissions in GVA during the cold (October - March) and warm (April -
September) period of the year (average values for: PM,s warm period 49.8+1.6%, cold
period 45.442.2%; PM; .10 warm period 92.3+2%, cold period 92.9+1.8%).

Overall, the monthly contribution from natural sources to total primary PMyo emissions
during the period 2000-2010 ranged from 73.8+6.1% in March to 82.8+3.7% in July in
AMA, 41.3£3.5% in February to 51.9+£2.6% in July in TMA, and 82.7+1.9% in February
to 85.14£2.1% in July in GVA. The lower variation in monthly PM3q contributions during
the period 2000-2010 was found in GVA where the natural emissions are the most
dominant PM source and also the anthropogenic emissions have the lower inter-annual
variation (1075113 t). The variation in annual anthropogenic emissions from GVA is
mainly attributed to the steady increase of non-industrial combustion emissions (18% from
2000 to 2010).

Finally, the monthly variation of natural sources contribution to total primary and
secondary PMy, emissions in AMA, TMA and GVA are depicted in Figure 14. Particles
emitted at the sea shore have the largest, compared to other natural sources of emissions,
contribution to PMy, equivalent emissions in all areas of interest with monthly values in
the range from 19+1.8% to 21.9£1.7% in AMA, 7.2£1% to 8.6£1.2% in TMA and
17.5+£3.6% to 19.6+3.4% in GVA. Sea-salt emitted at sea-shore are the second significant
natural contributor to PMj, equivalent emissions in AMA and GVA with monthly average
contribution values in the range of 5.2+1.1 to 10.9£3.2% and 6+1.1% to 11.4+3.3%,
respectively. Moreover, the monthly averages of contribution values for WB dust range
from 1.3£0.4% to 3.4+1.5% in AMA, 0.9+0.3% to 1.9+0.5% in TMA and 1.7+0.4% to
3.9+0.9% in GVA. The contribution of BVOCs to total PM;o equivalent emissions was
increased during the warm period due to the enhanced solar radiation and temperature. The
average contribution of BVOCs to total PMjo equivalent emissions (anthropogenic and
natural) ranged from 0.05+0.01% - 0.7+£0.1% in AMA, 0.2+0.03% - 4.4+£0.9% in TMA and
0.124+0.03% - 3.02+0.86% in GVA.

Overall the contribution from natural sources to total primary and secondary PMjg
equivalent emissions ranged from 25.842.8% in May to 35.6+6.9% in January in AMA,
from 10.2+1.4% in November to 14+£1.9% in July in TMA and from 27.5+£5.3% in June to
34.6+£7.7% in January in GVA. The contribution of natural emissions to total primary and
secondary PMj emissions during the cold and warm periods in AMA was 33.1+3.2% and
29.8+2.9%, respectively. Likewise, in TMA the contribution of natural emissions to total
primary and secondary PMg
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Figure 14 Variation of monthly natural emissions contribution to total primary and
secondary PMjo emissions (PMyg equivalents) in AMA, TMA and GVA during the period
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2000-2010 ("Values are multiplied by 2; ~Values are multiplied by 5; ~ Values are
multiplied by 20).

emissions was 11.3+1.5% during the cold and 12.7+1.8% during the warm periods,
whereas in GVA the respective seasonal contributions were 32.24+6.4% and 28.7+5.8%.
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Figure 15 Spatial distribution of the average contribution from natural sources to total
anthropogenic a*nd natural primary and secondar¥ PM1o equivalent emissions in the AMA,
TMA and GVA during the period 2000 — 2010 ( 2008 values).

In Figure 15 is presented the spatial distribution of the average contribution from natural
sources to total anthropogenic and natural primary and secondary PMj, equivalent
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emissions in the AMA and TMA during the period 2000 — 2010. Also is depicted the
spatial distribution of the contribution from natural sources to total anthropogenic and
natural primary and secondary PM, equivalent emissions in the GVA during 2008. It is
observed that anthropogenic and natural emissions are concentrated over different areas. In
particular, the average contribution from natural sources in AMA was enhanced over
marine waters (75.5+23.5%; sea-salt particles), agricultural areas (31.2+24.7%) and forests
(34.7429.6%). The highest contributions over land were observed over open spaces with
little or no vegetation (51.7+30.1%; windblown dust) in particular bare rocks
(65.4+31.9%) and beaches (45.4+27%), over natural grasslands (43.9+34.7%) and areas
with sclerophyllous vegetation (41.4+33.2%), and over pastures (43.3+£32.6%). Over
artificial surfaces the contribution, where it is not null, ranges from 0.1+0.2% for green
urban areas to 42.7+30.6% for port areas (average 15.5+23.9%).

For TMA the contribution from natural sources was too low compared to anthropogenic
sources except for marine areas (38.4+34.7%). In agricultural areas (5.7+6.9%) the
contribution ranged from 2.6+2.7% for olive groves to 9.1£16.8% for complex cultivation
patterns, whereas in forest and seminatural areas (7.3+5.2%) the contribution ranged from
4.6+3.3% for beaches to 11.2+5.4% for mixed forests. The contribution from natural
sources to PMyo equivalent emissions over artificial surfaces in TMA, where it was not
null, ranged from 1+0.8% for road and rail networks and associated land to 29.8+30.2% for
airport areas (average 4.1+£10.3%). Finally for GVA the contribution from natural sources
was 77.2429% for marine areas, 23.9+26.4% for agricultural areas, 23.44+26.5% for forest
and seminatural areas and 19.7428.3% over artificial surfaces. In particular over
agricultural areas the contribution ranged from 11.543.9% for permanently irrigated land
to 31.9+35.4% for land principally occupied by agriculture, with significant areas of
natural vegetation, whereas in forest and seminatural areas the contribution ranged from
16.2+14.4% for coniferous forests to 50.8+36.5% for mixed forests. The contribution from
natural sources to PMjq equivalent emissions over artificial surfaces in GVA, where it was
not null, ranged from 2.844.1% for continuous urban fabric to 75.3+11% for sport and
leisure facilities.
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