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> Abstracts ‘

> Abstracts

Particulate matter (PM10 and PM2.5) ambient concentrations were modelled for Swit-
zerland. Based on emission inventories, primary particles were determined by disper-
sion modelling, and secondary aerosols were modelled empirically. Primary and secon-
dary particles contribute similar percentages to the total concentration. Between 2005
and 2020, PM10 emissions are expected to decrease by 15% (PM2.5: 30%) due to se-
veral reduction measures. The average population-weighted PM10 ambient concentra-
tion was 21.6 ug/m3 in 2005 and 19.4 ug/m3 in 2010. For 2020, a value of 18.2 ug/m?3
is projected. 66% +10% of the inhabitants were exposed to excessive concentrations
(>20 ug/md) in 2005 and 43% *=11% in 2010. This is expected to decrease further to
31% + 11% by 2020.

Die Immissionskonzentration von Feinstaub (PM10 und PM2.5) in der Schweiz wurde
modelliert. Die Resultate basieren auf Partikelemissionsinventaren. Primére Partikel
wurden mit einem Dispersionsmodell berechnet, wahrend sekundére Partikel empirisch
modelliert wurden. Primére und sekundére Partikel tragen mit &hnlich hohen Anteilen
zur gesamten PM10-Konzentration bei. In der Periode 2005-2020 wird dank beschlos-
sener und realisierter Reduktionsmassnahmen ein Rickgang der PM10-Emissionen um
15 % erwartet (PM2.5: 30 %). Die bevolkerungsgewichtete, mittlere PM10-Immission
betrug 21,6 ug/m3 im Jahr 2005 und 19,4 ug/m? im Jahr 2010. Fir 2020 wird ein Wert
von 18,2 ug/m?3 prognostiziert. 66 % +10% der Bevolkerung waren 2005 einer (ber-
massigen Belastung (> 20 png/m3) ausgesetzt, 43% +£11% im Jahr 2010. Dieser Anteil
sollte bis 2020 auf rund 31 % + 11 % abnehmen.

Les immissions de particules (PM10 et PM2.5) ont été modélisées pour la Suisse. On
s’est fondé sur les inventaires des émissions pour déterminer les valeurs des particules
primaires par application d’un modele de dispersion. Les valeurs des aérosols secondai-
res ont été modélisées empiriquement. Les particules primaires et les particules se-
condaires contribuent dans des proportions semblables au niveau total des immissions.
On s’attend a ce que les émissions de PM10 diminuent de 15% entre 2005 et 2020
(PM2,5: diminution de 30 %) en raison des mesures prises a cet effet. Le niveau moyen
des immissions de PM10 pondéré par la population se situait a 21,6 ug/ms3 en 2005 et
19,4 ng/m3 en 2010. La projection pour 2020 donne une valeur de 18,2 ug/ms.
L’exposition de la population a des niveaux d’immission excessifs (>20 ug/m?d) se
montait & 66 % +10% des habitants en 2005, contre 43% +11% en 2010. Ce chiffre
devrait continuer a baisser pour s’établir a 31% =11 % d’ici a 2020.

Keywords:

PM10/PM2.5 emissions,
PM10/PM2.5 ambient
concentrations, population
exposure

Stichworter:
PM10/PM2.5-Emissionen,
PM10/PM2.5-Immissionen,
Bevolkerungsexposition

Mots-clés:

Emissions de PM10/PM2.5,

immissions de PM10/PM2.5,
exposition de la population
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La concentrazione di immissioni di polveri fini (PM10 e PM2.5) in Svizzera ¢ stata
ipotizzata mediante un modello. | risultati si basano su inventari delle emissioni di
particelle. Le particelle primarie sono state calcolate con un modello di dispersione,
mentre quelle secondarie lo sono state in modo empirico. Il contributo dei due tipi di
particelle alla concentrazione complessiva di PM10 € simile. Le misure di riduzione
decise e realizzate consentono di prevedere un calo delle emissioni di PM10 pari al
15% (PM2.5: 30 %) nel periodo 2005-2020. L’ immissione media di PM10 ponderata
in funzione della popolazione era pari a 21,6 ugm/? nel 2005 e a 19,4 ug/m3 nel 2010.
Per il 2020 é previsto un valore pari a 18,2 ug/m3. Nel 2005, il 66% +10% della
popolazione era esposto a un carico eccessivo (>20 pg/m3), mentre nel 2010 lo era il
43% + 11 %. Questa quota dovrebbe scendere entro il 2020 a circa il 31% +11 %.

Parole chiave:

emissioni di PM10 / PM2.5;
immissioni di PM10 / PM2.5;
esposizione della popolazione
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> Foreword

Every day each human being breathes in roughly 15000 litres, or 15 kg, of air. Air is a
very essential nutrient. This shows how important it is for human health that it remains
unpolluted. This, in turn, requires the control of ambient air quality and, where
necessary, the enforcement of emission limitations for air pollutants. In Switzerland,
the level of harmful particulate matter in the air is in urban areas above the air quality
standards specified in the Ordinance on Air Pollution Control (OAPC).

Particulate matter in the ambient air is a mixture of smaller and larger particles and
consists of many different chemical compounds. The mass concentration of inhalable
particles (PM10) is clearly correlated with adverse health effects. These particles are
either emitted directly or are formed in the atmosphere by chemical and physical
processes. Despite the decline registered in the emissions of primary particles and of
gaseous precursors of secondary particles over the past decades, ambient air quality
standards for PM10 are still exceeded in densely populated areas and along major
roads. This development over the past decades can be deduced from measurements of
ambient air quality. However, many questions remain open. What is the mean popu-
lation exposure? What will the air quality be like in the near future? How much must
emissions be reduced to comply with ambient air quality standards? Some answers to
these questions can be obtained by modelling the concentrations of particulate matter
over Switzerland, which is the object of the present report. Included is a future deve-
lopment scenario. As PM2.5 has become an air quality standard for particulate matter
in the EU, maps of PM2.5 are also modelled.

The report shows that in future years a significant improvement of the air quality with
respect to PM10 and PM2.5 concentrations can be expected, provided that the intended
measures of emission reduction are taken and their implementation is enforced.
Considerable efforts are still necessary to fasten the process of improvement and to
guarantee that the air quality standards for PM10 are met for the whole of Switzerland.

Martin Schiess
Head of the Air Pollution Control and Chemicals Division
Federal Office for the Environment (FOEN)
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Background

The Swiss Ordinance on Air Pollution Control (OAPC) of 16 December 1985 stipu-
lates that the level and evolution of air pollution must be monitored, and also defines
air quality standards (limit values) for Switzerland.

The permitted yearly average for particulate matter with an aerodynamic diameter less
than 10 um (PM10) is 20 pg/m3. As short-term standard, the average concentration
over 24 hours may exceed 50 pg/m?3 only once per year. At present there is no ambient
air quality standard for PM2.5 in Switzerland (WHO recommendation: 10 pug/m3, US
limit value: 12 pg/m3).

The mean concentration of PM10 in Switzerland has decreased since the 1990s, due to
various air pollution control measures initiated by the Swiss Federal government,
Cantonal authorities and local communities. PM10 concentration levels are measured
at more than 60 sites throughout Switzerland. In urban areas and along highways, the
permitted yearly average of 20 pg/m3 PM10 is regularly exceeded. The short-term
standard of 50 pg/m? is also frequently exceeded (except at measurement stations
above 1000 m a.s.l.). PM10 levels are in general higher in the southern part of Switzer-
land, due to the higher background concentration (imported from the Po Valley of
northern Italy). A limited number of PM2.5 measurement sites in the Swiss Plateau
also show PM2.5 levels between 10 and 20 pg/m3.

The PM10 and PM2.5 concentration levels have been modelled as well as measured in
two former studies in 1999 and 2003 by the Swiss Federal Office for the Environment
FOEN. In recent years the emission data have been updated. The concentration model-
ling has therefore also been updated, including a number of methodological improve-
ments. This report shows new results for PM10 and PM2.5 concentrations in Switzer-
land for the years 2005, 2010 and 2020, population exposure data, and population-
averaged contributions of primary/secondary, domestically produced and imported
particles.

PM10 and PM2.5 emissions

The data source for the emissions and their projections is the “Emission Information
System of Switzerland” (EMIS), a large database run by FOEN. The emission data
used in this study follow the territorial principle, which is adequate for the modelling of
ambient concentrations.

PM10 emissions are projected to decrease in the period 2005-2020 from 23839t to
20229 t, which corresponds to a reduction of 15%. Accordingly, PM2.5 emissions also
show a decrease. Due to the specific abatement measures for PM2.5, the decrease in
PM2.5 is more significant, reaching 30% in the period 2005-2020. No specific sector
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dominates the PM10 emissions; all sectors emit similar loads. For PM2.5 emissions,
wood combustion is the largest particle source in Switzerland. This sector is expected
to show a significant decrease in emissions by 2020, due to new standards and regula-
tions.

Tab.1 > PM10 emissions 2005, 2010 and 2020

Summary of PM10 emissions in Switzerland showing the four main sectors of transport, industry,
households/commerce and agriculture/forestry.

Sector 2005 2010 2020

int in % int in % int in %
Transport 5599 23% 5463 24% 5149 25%
Industry 5739 24% 5932 26% 5501 27%
Households/commerce 5873 25% 4985 22% 4023 20%
Agriculture/forestry 6627 28% 6127 27% 5557 27%
TOTAL 23839 100% 22507 100% 20229 100%
FOEN 2011

Tab.2 > PM2.5 emissions 2005, 2010 and 2020

Summary of PM2.5 emissions in Switzerland showing the four main sectors of transport, industry,
households/commerce and agriculture/forestry.

Sector 2005 2010 2020

int in % int in % int in %
Transport 2280 18% 1866 17% 1163 13%
Industry 2882 23% 3177 28% 2821 32%
Households/commerce 5087 40% 4148 3% 3175 36%
Agriculture/forestry 2339 19% 2071 18% 1707 19%
TOTAL 12588 100% 11262 100% 8866 100%
FOEN 2011

Modelling Approach

A first version of the model used for this study was implemented in 1999 (SAEFL
1999). A second extended version was applied in 2003 (SAEFL 2003). The third and
significantly more extended version has now been implemented and applied to 2005,
2010 and 2020. The model and the results are presented in this document. The model
transforms particle emission inventories into concentration maps of primary particles
by means of standardised transfer functions. These functions are generated in a mete-
orological pre-processor by Gaussian dispersion calculation. The modelling includes
emissions from neighbouring countries. Secondary particles are added using an empiri-
cal approach, which is calibrated by measurements. Biogenic and geogenic fractions
are also accounted for empirically. From the maps of annual PM10 and PM2.5 concen-
tration, population exposure data is derived by counting the inhabitants per grid cell
and per concentration value in each grid cell. All calculations are performed for annual
averages and on a grid with spatial resolution of 200 m x 200 m.




PM10 and PM2.5 ambient concentrations in Switzerland. Modelling results for 2005, 2010 and 2020 FOEN 2013 ‘

10

PM10 and PM2.5 are shown to have negative effects on human health in terms of
respiratory distress, bronchitis, asthma attacks in children and adults; respiratory and
cardiovascular disease; and lung cancer (ERS 2010). Population exposure is therefore
an important indicator for air pollution policy. It can be derived from the concentration
distributions in combination with the population density map.

Model Results

PM10 and PM2.5 concentrations are modelled for 2005, 2010, and 2020. The results
for 2010 and 2020 are depicted in Fig. 1 and show the annual average value. For the
period 2005-2010 reductions have been detected, and further but slighter reductions
may also be expected between 2010 and 2020. However, even in 2020 there will be
some areas, such as neighbourhoods in the largest cities and sections of the highways,
with exceedingly high PM10 concentrations.

For 2005, 2010 and 2020 the population weighted average of PM10 and the share of

inhabitants exposed to concentration levels above the limit value of was determined.
The results are summarised in Tab. 3.

Tab.3 > Parameters of population exposure for the years 2005, 2010, 2020

Parameter 2005 2010 2020
Average PM10 concentration (population weighted) 21.6 pg/m3 19.4 pg/md 18.2 ug/im3
Mean share and standard deviation of inhabitants above limit value 66% +10% 43% +11% 31% +11%

Model Validation

Modelled and measured PM10 values are compared for 2010 and show a very good
correlation (R=0.82), corresponding to a coefficient of determination R*=0.66. The
model uncertainty is estimated at 12% (standard deviation) assuming that the measured
values are exact. The residual analysis shows a slight systematic deviation which can
be explained by two facts: 1) The model tends to underestimate high values as a conse-
quence of comparing local maximum measurement values with spatially averaged
model values (due to a resolution of 200 m, maximum values over shorter distances
may not be reflected), and 2) the model tends to overestimate locations at a high alti-
tude (above typical inversion heights) that are not too far from strong emission sources
at a lower altitude (below inversion heights).
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Fig. 1 > PM10 concentrations in 2010 (top) and 2020 (bottom)

The limit value is 20 pg/m3. Grid size 200 m.

PM10 (ug/m’)

PM10 (ug/m®)
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> Introduction

Particulate Matter Air Quality Standards in Switzerland

The Swiss Ordinance on Air Pollution Control (OAPC, LRV') of 16 December 1985,
which became effective on 1 March 1986, prescribes that the level and evolution of air
pollution have to be monitored. To this end, surveys, measurements and dispersion
calculations are carried out. The Federal Office for the environment (FOEN) recom-
mends suitable methods.

OAPC also defines the air quality standards (limit values) for Switzerland. The permit-
ted yearly average for PM10 (particulate matter with an aerodynamic diameter of less
than 10 um) is 20 pg/m?® and the short-term standard of 50 pg/m? may be exceeded
only once per year based on a 24-hour average. However, PM10 concentrations in
Switzerland frequently exceed these limit values, especially in urban areas and near
highways. For the fine fraction of particulate matter, PM2.5, no specific limit value is
defined (WHO recommendation: 10 pg/ms, US limit value: 12 pg/ms).

Past and Current Air Quality

The mean concentration of PM10 in Switzerland shows a decrease since the 1990s, due
to various air pollution control measures initiated by the Swiss Federal government,
authorities of the Cantons and local municipalities (see Fig. 2). In urban areas and
along highways the permitted yearly average of 20 pug/m3 PM10 is exceeded regularly
(the short-term limit value is exceeded at even more measurement locations). PM10
levels are in general higher in the Southern part of Switzerland, due to higher local
emissions but also due to the higher background concentrations (imported from the Po
area of northern Italy). There are also a limited humber of PM2.5 measurement sites
showing PM2.5 levels of between 10 pg/m?3 and 20 pg/m?3 in the Swiss Plateau.

The residence time of PM10 and PM2.5 particles in the atmosphere extends to several
days. Therefore, particles can be transported over long distances and contributions of
foreign sources to ambient levels of PM10 in Switzerland may not be neglected. They
are accounted for in the model and amount to several pg/m? depending on the vicinity
to the border. Moreover, secondary particles are formed within hours from their pre-
cursor gases. These two facts lead to less pronounced differences of particle concentra-
tions between rural and urban sites than for gaseous pollutants (and they underline the
importance of coordinated air pollutant abatement measures in all European countries,
as aimed for by the Geneva Convention on Long-Range Transboundary Air Pollution
and its corresponding protocols).

1 814.318.142.1 Luftreinhalte-Verordnung vom 16. Dezember 1985 (LRV) not available in English
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Fig.2 > Time series of PM10 measurements in Switzerland

Measurements of locations with a similar setting are aggregated. Measurements prior to 1997
were calculated from TSP.

Particulate matter (PM10, prior to 1997 calculated from TSP)
annual mean

70 Data: FOEN and Empa
60 .
50 '
- w " l: n
jE 40 : - . : I ) -.._' ‘ i .
o) 7 ] -
* 30 A e ol B e N
- =t o e .-
20 . —
10 By - L ] . =

1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010

= Urban, Traffic = Urban, north Urban, south
=  Suburban Rural, north Rural, south
Alpine foothills/Jura  —  Air quality standard

FOEN: www.bafu.admin.ch/luft/luftbelastung/blick zurueck/01693/09009/index.html?lang=de

Previous Modelling Studies

The PM10 and PM2.5 concentration levels have not only been measured but also mo-
delled in two former studies in 1999 and 2003 by the Federal Office for the Environ-
ment FOEN (BUWAL 1999, SAEFL 2003). The modelling approach was also applied
in several cantons (e.g. LHA/AFU 2005, OSTLUFT 2007).

The results of the PM10 concentration modelling of the previous FOEN studies are
presented on the internet? together with results for NO,, SO,, O3, NH3 and deposition
of nitrogen compounds.

In the last years, new findings on particle emissions have led to an update of the emis-
sion numbers in the various sectors. Consequently the concentration modelling has
been updated as well. This report shows the results of the PM10 and PM2.5 concentra-
tion modelling in Switzerland for the years 2005, 2010 and 2020 including population
exposure data.

2 www.bafu.admin.ch/luft/luftbelastung/schadstoffkarten
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Model Enhancements

For the present study, some general model improvements that have already been
implemented in the updated NO, concentration model (FOEN 2011a) are incorporated
in the particle model, other improvements are particle-specific and are related either to
emissions or to the modelling approach. The detailed PM specific enhancements are
described in the following chapters 2 and 3.
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2 > PM10/PM2.5 Emissions

21 Data Sources

The data source for the emissions and their projections in this study is the Swiss sub-
mission under the UNECE Convention on Long-Range Transboundary Air Pollution
2011 (FOEN 2011). All data of the submission are managed in the Swiss Emissions
Database EMIS run by the Federal Office for the Environment (FOEN). PM2.5 emis-
sions are newly included in the UNECE submission and are therefore also taken from
this data source. Note that the submitted data are not spatially disaggregated but only
represent national totals.

For spatial attribution of emissions from stationary sources, Switzerland’s land use
statistics by the Swiss Federal Office of Statistics is used. Emissions from road trans-
port are located by means of the national traffic model, which is run by the Federal
Office for Spatial Development. Further data sources have been used as specified in the
subsequent chapters.

For the estimation of secondary particles, concentration measurements are used and
shares of organic carbon were investigated from the International Institute of Applied
System Analysis (IIASA) and from U.S. Environmental Protection Agency (EPA). For
secondary inorganic aerosols (SIA) a cooperation with the Paul Scherrer Institute (PSI)
has been established to estimate shares of imported and home-made levels.

22 | Total Emissions 2005, 2010, 2020

221 | PM10 Emissions

A summary of Switzerland’s PM10 emissions including condensable VOC from wood
combustion in Switzerland for the years 2005, 2010 and 2020 is given graphically in
Fig. 3 and numerically in Tab. 4 and Tab. 5. Note that all emission data used in this
study are based on the territorial principle, meaning that all emissions emitted on Swiss
territory are accounted for (relevant for air and land traffic). The emissions are split
according to four main sectors:

> Transport: road traffic, rail, navigation, aviation.

> Industry: Manufacturing industries and construction, e.g. chemical, iron/steel,
glass, food processing and its vehicles.

> Households/Commerce: combustion in households and in commercial, agricultural
and institutional buildings® and its vehicles (e.g. garden machinery).

3 in German: Feuerungen/Heizkessel Haushalte, Gewerbe, Dienstleistungen
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> Agriculture/Forestry: emissions from agricultural and forestal vehicles/machinery,
livestock and burning of agricultural wastes.

The main sectors are further divided into 17 sub-categories. These are described in
detail in sections 2.3 to 2.6.

Fig. 3 > PM10 emissions by main sectors 2005, 2010, 2020

Similar loads in 2005 develop differently until 2020. Emissions from wood combustion
(Households/commerce) are expected to be reduced most effectively.

TO00 [~

6000

5000

4000

3000

Emissions (t)

2000

1000

0

2005 2010 2020

M Transport M Industry M Households/commerce M Agriculture/forestry

FOEN 2011

Two important features must be noted for the interpretation of the emission tables
(Tabs. 4 to 7):

> Not all emissions included in the tables are used for the concentration modelling.
Pollutants emitted in tunnels (road and rail) and from very high stacks (cement and
incineration plants) are not accounted for in the local dispersion calculation. Be-
tween 1000t and 1600 t of PM10 are thus omitted in the local dispersion calcula-
tion.

> PM10 emissions from wood combustion (household/commerce and industry) are
increased in the tables by accounting the amount of condensable VOC (“COC”)
emissions. The additional contribution of these COC is between 900 t and 1800 t of
PM10 (see Tab. 9).
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Tab.4 > PM10 emissions 2005, 2010 and 2020, share of different sources

Summary of PM10 emissions according to the four main sectors transport, industry, households/commerce and

agriculture/forestry. The sub-categories correspond to the different emission grids used in the dispersion model. Aviation data
contain the total for national and international LTO (landing and take-off) cycles of Zurich and Geneva airports*.

Sector/Source 2005 2010 2020
t] % t % t %
Transport
« Road traffic — hot emissions on links 3074 13% 2908 13% 2553 13%
« Road traffic — hot emissions in zones 1130 5% 1054 5% 997 5%
» Road traffic — cold start emissions 82 0% 88 0% 39 0%
* Rail 1154 5% 1265 6% 1439 %
« Navigation 55 0% 42 0% 16 0%
e Aviation (LTO nat. and int.) 104 0% 106 0% 104 1%
Sum 5599 23% 5463 24% 5149 25%
Industry
e Industry (incl. COC) 3680 15% 4168 19% 3938 19%
o Industrial vehicles *) 93 0% 43 0% 14 0%
o Construction machinery **) 1966 8% 1721 8% 1548 8%
Sum 5739 24% 5932 26% 5501 27%
Households/commerce
o Households non-wood & others ***) 1301 5% 1359 6% 1377 %
» Households wood (incl. COC) 4528 19% 3616 16% 2637 13%
« Gardening/hobby 45 0% 10 0% 10 0%
Sum 5873 25% 4985 22% 4023 20%
Agriculture/forestry
o Agriculture: Dairy cattle 2260 9% 2091 9% 2072 10%
o Agriculture rest (storage, handling and transport, 539 2% 523 2% 490 2%
50% of field burning of agricultural waste)
o Agricultural vehicles/machinery 3267 14% 2976 13% 2503 12%
o Forestry vehicles/machinery 22 0% 15 0% 2 0%
o Forestry (50% of field burning of agricultural wastes) 539 2% 523 2% 490 2%
Sum 6627 28% 6127 27% 5557 27%
TOTAL 23839 100% 22507 100% 20229 100%

FOEN 2011. * without snowcats; ** without tunnel construction machinery; *** others: illegal waste incineration, product use, fire damages

4 Basel-Mulhouse airport lies in France and is not accounted for.
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Tab.5 > PM10 emissions 2005, 2010 and 2020, temporal development in % of 2005

Summary of PM10 emissions according to the four main sectors transport, industry, households/commerce and
agriculture/forestry. The sub-categories correspond to the different emission grids used in the dispersion model. Aviation data is
the total for national and international LTO (landing and take-off) cycles of Zurich and Geneva airports.®

Sector 2005 2010 2020
t ‘ % of 2005 t| % of 2005 t| % of 2005
Transport
« Road traffic — hot emissions on links 3074 100% 2908 95% 2553 83%
« Road traffic — hot emissions in zones 1130 100% 1054 93% 997 88%
« Road traffic — cold start emissions 82 100% 88 107% 39 47%
* Rail 1154 100% 1265 110% 1439 125%
« Navigation 55 100% 42 76% 16 29%
e Aviation (LTO nat. and int.) 104 100% 106 102% 104 100%
Sum 5599 100% 5463 98% 5149 92%
Industry
e Industry (incl. COC) 3680 100% 4168 113% 3938 107%
« Industrial vehicles *) 93 100% 43 46% 14 15%
o Construction machinery **) 1966 100% 1721 88% 1548 79%
Sum 5739 100% 5932 103% 5501 96%

Households/commerce

« Households non-wood & others ***) 1301 100% 1359 104% 1377 106%
« Households wood (incl. COC) 4528 100% 3616 80% 2637 58%
e Gardening/hobby 45 100% 10 22% 10 21%
Sum 5873 100% 4985 85% 4023 68%

Agriculture/forestry

o Agriculture: Dairy cattle 2260 100% 2091 93% 2072 92%
o Agriculture rest (storage, handling and transport, 50% of field burning of 539 100% 523 97% 490 91%
agricultural waste)
o Agricultural vehicles/machinery 3267 100% 2976 91% 2503 7%
o Forestry vehicles/machinery 22 100% 15 68% 2 9%
o Forestry (50% of field burning of agricultural wastes) 539 100% 523 97% 490 91%
Sum 6627 100% 6127 92% 5557 84%
TOTAL 23839 100% 22507 94% 20229 85%

FOEN 2011. * without snowcats; ** without tunnel construction machinery; *** others: illegal waste incineration, product use, fire damages

5 Basel-Mulhouse airport lies in France and is not accounted for.
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PM2.5 Emissions

A summary of Switzerland’s PM2.5 emissions including condensable VOC from wood
combustion for the years 2005, 2010 and 2020 is given graphically in Fig. 4 and nu-
merically in Tab. 6 and Tab. 7.

Fig. 4 > PM2.5 emissions by main sectors 2005, 2010, 2020

Emissions from wood combustion (Households/commerce) are the dominant PM2.5 source
in 2005.
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Tab.6 > PM2.5 emissions 2005, 2010 and 2020, share of sources

Summary of PM10 emissions according to the four main sectors transport, industry, households/commerce and

agriculture/forestry. The sub-categories correspond to the different emission grids used in the dispersion model. Aviation data is
the total for national and international LTO (landing and take-off) cycles of Zurich and Geneva airports.®

Sector 2005 2010 2020
t] % t % t %
Transport
« Road traffic — hot emissions on links 1469 12% 1161 10% 638 %
« Road traffic — hot emissions in zones 444 4% 337 3% 211 2%
« Road traffic — cold start emissions 82 1% 88 1% 39 0%
* Rail 195 2% 201 2% 223 3%
« Navigation 55 0% 42 0% 16 0%
e Aviation (LTO nat. and int.) 34 0% 37 0% 36 0%
Sum 2280 18% 1866 17% 1163 13%
Industry
e Industry (incl. COC) 2218 18% 2771 25% 2548 29%
« Industrial vehicles*) 93 1% 43 0% 14 0%
e Construction machinery**) 570 5% 363 3% 259 3%
Sum 2882 23% 3177 28% 2821 32%
Households/commerce
« Households non-wood & others ***) 515 4% 522 5% 529 6%
« Households wood (incl. COC) 4528 36% 3616 32% 2637 30%
e Gardening/hobby 45 0% 10 0% 10 0%
Sum 5087 40% 4148 37% 3175 36%
Agriculture/forestry
e Agriculture: Dairy cattle 340 3% 315 3% 312 4%
o Agriculture rest (storage, handling and transport, 501 4% 485 4% 455 5%
50% of field burning of agricultural waste)
o Agricultural vehicles/machinery 975 8% 770 % 483 5%
o Forestry vehicles/machinery 22 0% 15 0% 2 0%
o Forestry (50% of field burning of agricultural wastes) 501 4% 485 4% 455 5%
Sum 2339 19% 2071 18% 1707 19%
TOTAL 12588 100% 11262 100% 8866 100%

FOEN 2011. * without snowcats; ** without tunnel construction machinery; *** others: illegal waste incineration, product use, fire damages

6 Basel-Mulhouse airport lies in France and is not accounted for.
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Tab.7 > PM2.5 emissions 2005, 2010 and 2020, temporal development in % of 2005

Summary of PM10 emissions according to the four main sectors transport, industry, households/commerce and
agriculture/forestry. The sub-categories correspond to the different emission grids used in the dispersion model. Aviation data
contain the total for national and international LTO (landing and take-off) cycles of Zurich and Geneva airports’.

Sector 2005 2010 2020
t ‘ % of 2005 t| % of 2005 t| % of 2005
Transport
o Road traffic — hot emissions on links 1469 100% 1161 79% 638 43%
» Road traffic — hot emissions in zones 444 100% 337 76% 211 48%
» Road traffic — cold start emissions 82 100% 88 107% 39 47%
* Rail 195 100% 201 103% 223 114%
« Navigation 55 100% 42 76% 16 29%
e Aviation (LTO nat. and int.) 34 100% 37 107% 36 105%
Sum 2280 100% 1866 82% 1163 51%
Industry
e Industry (incl. COC) 2218 100% 2771 125% 2548 115%
o Industrial vehicles *) 93 100% 43 46% 14 15%
o Construction machinery **) 570 100% 363 64% 259 45%
Sum 2882 100% 3177 110% 2821 98%

Households/commerce

o Households non-wood & others ***) 515 100% 522 101% 529 103%
 Housholds wood (incl. COC) 4528 100% 3616 80% 2637 58%
« Gardening/hobby 45 100% 10 22% 10 21%
Sum 5087 100% 4148 82% 3175 62%

Agriculture/forestry

o Agriculture: Dairy cattle 340 100% 315 93% 312 92%
o Agriculture rest (storage, handling and transport, 501 100% 485 97% 455 91%
50% of field burning of agricultural waste)
o Agricultural vehicles/machinery 975 100% 770 79% 483 50%
o Forestry vehicles/machinery 22 100% 15 68% 2 9%
o Forestry (50% of field burning of agricultural wastes) 501 100% 485 97% 455 91%
Sum 2339 100% 2071 89% 1707 73%
TOTAL 12588 100% 11262 89% 83866 70%

FOEN 2011. * without snowcats; ** without tunnel construction machinery; *** others: illegal waste incineration, product use, fire damages

7 Basel-Mulhouse airport lies in France and is not accounted for.
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Tab.8 > Fractions of PM2.5/PM10

Fractions are determined from division of PM2.5 by PM10 emissions for each category or sub-category (FOEN 2011).

Fractions of secondary particles are taken from Weijers et al. 2011. Share PM2.5/PM10 in % of PM10.

Sectors 2005 2010 2020
Transport
 Road traffic — hot emissions on links 47.8% 39.9% 25.0%
« Road traffic — emissions in zones 43.4% 37.2% 24.2%
« Ralil 16.9% 15.9% 15.5%
« Navigation 100.0% 100.0% 100.0%
e Aviation (LTO nat. and int.) 33.0% 34.6% 34.7%
Sum 40.7% 34.1% 22.6%
Industry
o Industry (excl. point sources) 60.3% 66.5% 64.7%
o Industrial vehicles 29.0% 21.1% 16.7%
« Construction machinery 29.0% 21.1% 16.7%
Sum 50.2% 53.6% 51.3%
Households/commerce
» Households non-wood & others *) 41.6% 38.9% 38.8%
« Housholds wood 87.0% 87.0% 87.0%
« Gardening/hobby 100.0% 100.0% 100.0%
Sum 86.6% 83.2% 78.9%
Agriculture/Forestry
o Agriculture: Dairy cattle 15.1% 15.1% 15.1%
o Agriculture rest (storage, handling and transport, 92.9% 92.9% 92.9%
50% of field burning of agricultural waste)
o Agricultural vehicles/machinery 29.9% 25.9% 19.3%
o Forestry vehicles/machinery 29.9% 25.9% 19.3%
o Forestry (50% of field burning of agricultural wastes) 92.9% 92.9% 92.9%
Sum 52.8% 50.0% 43.8%
Further fractions
e Secondary organic particles 75% 75% 75%
o Nitrate 70% 70% 70%
e Sulphate 85% 85% 85%
¢ Ammonia 90% 90% 90%

FOEN 2011. * main sources: illegal waste incineration, product use, fire damages.
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Wood Combustion, Condensable VOC Emissions

During the combustion of wood a considerable amount of gaseous VOC is emitted,
which rapidly condenses on particulate emissions after cooling in the ambient air
(“condensable VOC” = COC). This fraction is relevant for modelling PM concentra-
tions and is treated like primary particulate emissions. According to Nussbaumer
(2010) the share of COC/NMVOC =0.35. This value is used for all sources. Since the
NMVOC emissions of the sources are known (FOEN 2011) the COC emissions can be
calculated and are added to the PM10 emissions.

Tab.9 > Emissions from wood combustion
PM10 plus condensable VOC (COC).

2005 2010 2020
t/a t/a t/a

Households
» PM10 exhaust 2756 2267 1730
« COC 1772 1350 906
PM10 total 4528 3616 2637
Industry
» PM10 exhaust 780 1070 819
« COC 28 30 28
PM10 total 809 1101 846
Total
» PM10 exhaust 3536 3337 2549
« COC 1800 1380 934
PM10 total 5337 4717 3483
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Fraction of Organic Carbon

The fractions of organic carbon in the PM10 emission are required for the modelling of
the secondary organic aerosols. They are determined as the difference between organic
matter (OM) and the primary organic aerosols (POA). In order to calculate the POA the
fraction of organic carbon of each emission source is used. Tab. 10 shows these OC
values that have been derived from various studies (IIASA 2004, 2010; Reff et al.
2009).

Tab. 10 > Fraction of organic carbon
All shares given in the table refer to total PM10 (100%).

0OC shares of PM10 2005 2010 2020
Source Category

¢ Road traffic (link and zonal) 28% 25% 23%
 Railways 1% 1% 1%
« Navigation 26% 26% 26%
o Aviation 9% 9% 9%
o Offroad machinery 2005 (Ind., Agric., For., Hobby) 26% 26% 26%
o Offroad machinery 2020 (Ind., Agric., For., Hobby) 26% 26% 26%
« Households fossil 25% 25% 25%
« Households wood 29% 29% 29%
e Industry 15% 15% 15%
o Agriculture 45% 45% 45%
o Forestry 30% 30% 30%
Total PM10 emissions 26% 25% 24%
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Transport

Emissions from Road Transport

The modelling of the road transport emissions uses a road-network and traffic frequen-
cies from the Swiss national traffic model (ARE 2006a, 2006b, 2010) and emission
factors from INFRAS (2010). Fig. 5 and Fig. 6 show time series of the mileage of the
most important vehicle categories (BFS 2009) and the PM10 emission factors. Note
that exhaust emission factors significantly decrease in the period 2005-2020 due to the
technical improvements of the engines due to lower legal limit values. The non-exhaust
emission factors however, remain constant and are by 2020 larger per vehicle-km than
the exhaust emission factors.

Emission Modelling Approach

Fig.5 > Mileage of road vehicles Fig. 6 > PM10 Emission factors of raod vehicles

Mileage of the Swiss vehicle fleet (in billion vehicle kilometres). PM10 exhaust and non-exhaust emission factors in g/veh-km

PC: passenger cars, HDV: heavy duty vehicles.
emissions.
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BAFU 2010

The detailed assumptions for the projections of the traffic volumes, fleet compositions
and traffic situations, which are required for the attribution of emission factors, are
described in BAFU (2010).

The spatial disaggregation of the road transport emissions has been carried out by
means of the updated national traffic model run by ARE (2010). Fig. 8 shows the
underlying road network (links). Traffic on further links that are not part of the network
is summarised as zonal traffic and is accounted for in the emission modelling. For 2010
and 2020 the most relevant modifications (e.g. Westumfahrung Zurich) of the road
network have been implemented.

Spatial disaggregation
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Fig. 7 > Road network of Switzerland 2005

Swiss road network used to locate traffic ““hot™ link emissions according to the national traffic model grid. Tunnels where
emissions are removed are marked in orange.
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Note that a model run for 2005 and 2030 was carried out which served as input (road
network, traffic frequencies by vehicle categories) for the emission modelling of NOy
and PM10. The NOy results were used for a subsequent modelling of NO, concentra-
tions published by FOEN (2011a). The PM10 emission data therefore has the identical
basis as the NO, emission data. The description of general technical details on the
spatial disaggregation of the road transport emissions can be found in FOEN (2011a).
Some important features are repeated here:

a) Since the frequencies in the national traffic model are only available for 2005 (and
2030) the projected frequencies 2010 and 2020 had to be manually adapted to the
newly operating “Westumfahrung” in the region of Zurich. Shifts in traffic flows
were estimated by comparison with the traffic model of the canton of Zurich and
implemented on the national model.

b) For the concentration modelling, emissions from the major road tunnels are removed
from the emission inventory by deleting the appropriate amount. This procedure is
performed for the most relevant tunnels e.g. Gotthard, Seelisberg, Gubrist, Belchen
and from 2010 onwards for the newly operating Uetlibergtunnel. The emission load
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thus deleted is ignored, i.e. the dispersion of the PM10 emissions from the entrances
and ventilation stacks of such road tunnels is not modelled.

¢) The emissions by road traffic include link and zonal emissions. The latter contain
emissions from the starting of vehicles (cold start emissions) and emissions from the
running vehicles (hot emissions) that may not be localised on individual streets be-
cause they happen on streets smaller than the resolution of the traffic model or by
internal city traffic which is not included in the model. Preliminary model runs
showed that the national traffic model is not sufficiently accurate in the bigger cities
as the road network is rather coarse and almost 25% of the traffic volume is thus
allocated to the zones. This leads to a biased relationship between link and zonal
emissions within cities. To achieve a more realistic localisation of the emissions,
three quarters of the national total of the zonal emissions are distributed proportion-
ally to inhabitants (BFS 2012) (capped by 200 inhabitants per hectare), and one
quarter proportionally to settlement areas. For municipalities with more than 10000
inhabitants (cities), the zonal emission part is further split up: 20% are distributed
according to the population density, while the other 80% are distributed according to
all 1st and 2nd class streets on the VECTOR25 grid, a high resolution street layer
(Swisstopo 2007).

Special assumptions for PM10: Non-exhaust PM10 emissions are modelled on the
links (linkwise) with emission factors from BAFU (2010a).

The emissions are prepared on grids with a spatial resolution of 100 m.

Emissions from Rail Traffic

Brake pad, track and wheel abrasion of rail carriages and locomotives produce PM10
non-exhaust emissions (BUWAL 2002). They occur on the whole railway network.
Emission data for 2005, 2010 and 2020 is taken from FOEN (2011). The traffic data is
split into passenger and freight trains. The freight trains have a lower mileage but
higher emissions per axle-km. They contribute to 31% of the rail traffic emissions in
2005. The share slightly increases to 32% (2010) and 35% (2020).

PM10 exhaust emissions are very low, as in Switzerland almost the entire rail network
is electrified and only very few trains coming from other countries are diesel powered.
The only significant use of diesel fuel to power train operations is for diesel locomo-
tives which operate on shunting yards track tractors for track maintenance and car-
riages for special operations, the majority being equipped with diesel particulate filters
and therefore not modelled separately. Basic emission modelling was carried out and
published in Schaffeler/Keller (2008).

Emissions are distributed on the Swiss railway network consisting of nearly 2500 links.
For each of the links the amount of axle kilometres per year is known for passenger
and freight transport separately for 2005. The total emission load is divided into freight
and passenger loads and spatially distributed proportionally to the axle kilometres per
link. The emissions are prepared on grids with a spatial resolution of 200 m.

Emission Modelling Approach

Spatial Disaggregation
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Due to new railway tracks the location of the emissions had to be adapted as follows:

> New tracks “Bahn 2000”: The former track is still in operation but with reduced
frequency (two thirds compared with the previous frequency). The amount of the
emissions reduced is shifted to the new track.

> New additional rail tunnels through the Alps (Létschberg, Gotthard) lead to further
splits of emissions since old and new tunnels are in operation. 55% (passenger) and
73% (freight) of the emissions remain along the old Létschberg track, the rest is
shifted to the new tracks (2010, 2020). For the Gotthard, 49% (passenger) and 0%
(freight) of the emissions remain on the old track (2020).

> PM10 emitted in tunnels are set to zero for the concentration modelling. The follow-
ing rail tunnels have been accounted for: Biilach, Kloten, Oerlikon, S-Bahn Zirich-
Dubendorf, Thalwil-Wollishofen, Horgenberg, Zimmerberg, Wasserfluh (Lichten-
steig), Regelstein (Wattwil-Kaltbrunn), Muhlehorn-Filzbach (Walensee), St. Gallen
(two tunnels), Hauenstein, Weissenstein, Grenchenberg, Grauholz, L&tschberg,
Simplon, Furka Basistunnel, Gotthard, Albula, Vereina.

Emissions from Water Traffic (Navigation)

Basic emission modelling was carried out and published in Schaffeler/Keller (2008).
The emissions from water traffic are newly included in the modelling of PM10 concen-
trations. The values for 2005, 2010 and 2020 are obtained from FOEN (2011), from
NFR category 1A3d ii “domestic navigation”.

The emission load resulting from water traffic is distributed uniformly on grid cells
covering the water surface of all large Swiss lakes where regular passenger transport
(without ferry boats) services are offered: Lakes of Biel/Bienne, Brienz, Morat/Murten,
Neuchatel, Thun, Walen, Zug, Zurich, Lucerne, as well as the Swiss parts of the
Bodensee, the Lac Léman, the Lago Maggiore, the Lago di Lugano and the part of the
Rhine in Basel where water freight transport occurs. No emissions have been attributed
to rivers, canals, or small lakes with private boats only.

The emissions are prepared on grids with a spatial resolution of 100 m.

Emissions from Civil Aviation

Information on the modelled PM10 concentration for 2010 at Zurich Airport was
kindly provided by the respective airport authority (Unique 2011). Their model in-
cludes emissions from the landing and take-off cycle (LTO) as well as land-sided
emissions (e.g. emissions from infrastructure or handling) for the whole airport area.
Data for 2005 and projections for 2020 were obtained by scaling the available con-
centration data for 2010 with the emission data development for aviation for 2005 and
2020 from FOEN (2011). For Geneva Airport, emissions data for 2005 was provided
while emissions development for 2010 and 2020 is according to FOEN (2011).

Emission Modelling Approach

Spatial Disaggregation

Emission Modelling Approach
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In the model only Zurich Airport and Geneva International Airport are taken into
account. Basel (-Mulhouse) Airport, a third international Swiss airport, is actually
located in France. The regional airports Bern-Belp, Birrfeld, Ecuvillens, Grenchen, La
Chaux-de-Fonds Les Eplatures, Lugano-Agno, Samedan, Sion, St.Gallen-Altenrhein
are neglected.

For Zurich Airport the new spatial model for the year 2010 (spatial resolution: 1 ha)
was used and subsequently scaled to the 2005 and 2020 emission levels.

For Geneva, the spatial distribution of 1 km?2 defined in SAEFL (2003) was used and
adapted to the spatial resolution of 1 ha with the updated emissions from FOEN (2011).

Industry

Emissions from Industry

The emissions resulting from stationary industrial sources for the years 2005, 2010 and
2020 are the sum of the stationary sources from NFR categories 1Al “Energy Indus-
tries” and 1A2 “Manufacturing Industries and Construction”, from the industrial
processes of the NFR categories 2 “Industrial Processes” and also emissions from
crematories. Emission data is taken from FOEN (2011). Note that the sum of emissions
accounted for in the dispersion modelling deviates from the national total of industrial
emissions (3680 t in 2005) due to the following reasons:

> In analogy to wood emissions from household and commercial heating (see Chap-
ter 2.5), emissions from industrial wood combustion have been complemented with
the COC (condensable VOC) emissions. The contribution to the PM10 emissions is
not very large (28 t in 2005, see Tab. 9).

> Emissions from point sources with very tall stacks are neglected because their
contribution to surface concentration is very small. All waste incineration, cement
industry and refinery plants are concerned. Their PM10 emissions sum up to 1100 t
in 2005.

Industrial emissions (area sources) are localised in settlement areas. The emissions are
prepared on grids with a spatial resolution of 100 m. Special assumptions:

> One third of the emissions is attributed uniformly to Basic categories 25, 26, 27, 29
(“Building areas” without “agricultural buildings”, see BFS 2001). Two thirds are
attributed to Basic categories 21, 41 (“Industrial areas™).

> Emissions from gravel plants (253t in 2005) are localised uniformly on land-use
Basic category 65 (“Quarries, mines”™).

Spatial Disaggregation

Emission Modelling Approach

Spatial Disaggregation
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Emissions from Industrial Vehicles and Construction Machinery

Emissions from mobile machinery and equipment are taken into account separately for
industry/commerce, for households (gardening/hobby, see Chapter 2.5) and for the
agricultural/forestry sector (agricultural/forestry vehicles, see Chapter 2.6.1).

Industrial vehicles and construction machinery includes loaders, compactors, forward-
ers, front shovels, knuckle-boom loaders, paving equipment, scrapers etc. as well as
any other industrial mobile machines. Basic emission modelling was carried out and
published in Schaffeler/Keller (2008). The emission loads 2005, 2010 and 2020 are
taken from FOEN (2011).

> Industrial vehicles: Uniform distribution on settlement areas (Basic categories
“Building areas” and ”Industrial areas”: 21, 25, 26, 27, 29, 41, see BFS 2001).

> Construction machinery: Emissions split into settlement areas and outside settlement
areas (Basic categories “Building areas” and ”Industrial areas™: 21, 25, 26, 27, 28,
29, 41, 45, 46, 47, 48, see BFS 2001) and road network of Switzerland.

The emissions are prepared on grids with a spatial resolution of 100 m.

Households/Gommerce

Emissions from Household and Commercial Heatings (Non-Wood), lllegal Waste Incineration,
Product Use, Fire Damages, and Gardening/Hobby

> Emission loads from the stationary combustion of non-wood fuels (heating and
warm water equipment) are taken from FOEN (2011), NFR categories 1A4ai “Other
Sectors commercial/institutional”, 1A4bi “Other Sectors residential” and 1A4ci.
Further emissions from 6Cc illegal waste incineration, 3D “Solvents and Other
Product Use / Other” (mainly fireworks and cigarettes), and 7A “Fire damage estates
and motor vehicles” are added to the emissions from households.

> Emissions from mobile sources including gardening equipment, do-it-yourself tools
etc. are modelled and published in Schaffeler/Keller (2008). The emission loads
2005, 2010 and 2020 are taken from FOEN (2011).

Emissions both from stationary combustion, cigarettes, fireworks, and from mobile
sources are distributed proportionally to the number of inhabitants per hectare
(BFS 2012).

Emissions from fire damages and illegal waste incineration are split into two equal
parts. One part is attributed to Basic categories 25-28 (“Building areas”), the other part
to all hectares with a number of inhabitants > 0.

The emissions are prepared on grids with a spatial resolution of 100 m.

Emission Modelling Approach

Spatial Disaggregation

Emission Modelling Approach

Spatial Disaggregation
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Emissions from Household and Commercial Heatings (Wood)

PM10 emission from the stationary combustion installations (heating and warm water
systems) fuelled by wood are taken from FOEN (2011), NFR categories 1A4ai “Other
Sectors commercial/institutional”, 1A4bi “Other Sectors residential” and 1A4ci “Other
Sectors agriculture”. Furthermore, COC emissions are added to the PM10 emissions
for the concentration modelling. The COC emissions were estimated by Nussbaumer
(2010) to have a share of 35% of the NMVOC emissions. Whereas for the sector
industry the additional amount by COC is rather small (see chapter 2.4.1), the amount
for the sector household/commercial is very large (see Tab. 9).

Since wood combustion occurs more frequently in rural and alpine areas, the emissions
cannot be allocated according to the spatial distribution of inhabitants. The Federal
Office of Statistics runs a survey of wood combustion installation per municipality
(BFS 2011). For the lack of more precise data, the emissions from wood combustions
are split according to the municipal share of wood installations. Within each municipal-
ity the emissions are allocated uniformly on hectares with a number of inhabitants > 0.
The emissions are prepared on grids with a spatial resolution of 100 m.

Agriculture/Forestry

Emissions from Agriculture and Forestry and their Vehicles

For agriculture and forestry, emission loads are obtained from FOEN (2011). They
contain the particulate emissions from dairy cattle, from the fertilization of soils, from
burning of agricultural wastes and branches in forestry. Also emissions from mobile
machinery and equipment from agriculture and forestry like tractors and harvesters,
forest machines, chain saws etc. are included (Schéffeler/Keller 2008).

The emissions from agriculture are distributed twofold: emissions stemming from
animals are distributed according to Kupper (2010), the rest is uniformly distributed
according to Basic categories “Agricultural areas” without “Alpine agricultural areas”:
71,72,75, 76,77, 78, 81, 82, see BFS 2001. Emissions from agriculture machinery are
distributed uniformly on agricultural areas outside settlements (2010) (Basic categories
“Arable land and meadows™: 81 and 82, see BFS 2001) while emissions from forestry
are distributed in forest areas with an elevation lower than 1700 m (Basic categories
“Wodded areas”: 11, 13, 14, 15, 17, 18 and 19, see BFS 2001). The emissions are
prepared on grids with a spatial resolution of 1200 m.

Emission Maps
The maps in Fig. 8 and Fig. 9 show the gridded emissions of the four main sectors, the

map in Fig. 10 shows the total of the PM10 emissions for Switzerland in 2005. PM10
is given in tons per grid cell with a spatial resolution of 1 km2.

Emission Modelling Approach

Spatial Disaggregation

Emission Modelling Approach

Spatial Disaggregation



PM10 and PM2.5 ambient concentrations in Switzerland. Modelling results for 2005, 2010, 2020 FOEN 2013

Fig. 8 > PM10 emissions in 2005 from transport (top) and industry (bottom) in tons per grid cell
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Fig. 9 > PM10 emissions in 2005 from household/commerce (top) and agriculture/forestry (bottom) in tons per grid cell
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Fig. 10 > Total PM10 emissions for 2005 in tons per grid cell

Grid size 1 km. Summary of PM10 emissions in Switzerland as implemented in the dispersion modelling for 2005.
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Other Emissions Influencing the Ambient Particulate Matter Concentration
in Switzerland

Anthropogenic Particulate Matter Emissions Abroad

Primary particles from anthropogenic activities that are emitted abroad and imported
into Switzerland play an important role for the PM10 concentration in Switzerland.
Their contribution to the ambient concentration level is at least 1 pg/m?3 on an annual
average in the central regions of Switzerland and may reach 7 pg/ms3 (in 2005) on the
border. The fraction of organic carbon is assumed to be equal to Switzerland’s average
(27%). See chapter 3.2.5 and Tab. 10 for the description of the modelling method.

The contribution to the concentration is determined by dispersion modelling based on a
European emission inventory of 2005 (TNO 2010). Assumptions for the time series for
2005, 2010 and 2020 are described in chapter 3.2.5.
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Fig. 11 > PM10 emissions abroad
Emissions from abroad contribute to PM10 concentrations in Switzerland.

TNO 2010

For 2010 (2020), the coarse fraction was reduced by 6.9% (10.4%) compared to 2005,
and the fine fraction by 12.4% (28.5%). For 2020, the coarse fraction was reduced by
10.4%, also compared to 2005, and the fine fraction by 28.5%. The reduction numbers
were derived from France’s and Germany’s emission inventory submission under the
Convention on Long-range Transboundary Air Pollution (CLRTAP 2012).

Emissions of Precursor Pollutants
Emissions of gaseous NO,, SO,, NH3;, VOC on the Swiss territory lead to secondary
aerosols. Their contribution to PM10 and PM2.5 is described in chapter 3.4. See also
Tab. 8 for the shares of PM2.5.
Biogenic and Geogenic Emissions
The biosphere, especially forests, emits a considerable amount of VOC. A small frac-
tion of these emissions are transformed into the particulate phase and contribute to the

PM10 and PM2.5 concentration of secondary organic aerosols in Switzerland.

In addition, geogenic sources like mineral dust from erosion or Sahara desert sand
events also contribute to particulate matter concentration.

For modelling details see chapter 3.4.3 and Fig. 19.
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> Modelling approach

Model Concept and Improvements

The model used for this study was applied in a first version in 1997 (BUWAL 1997).
Since then it has continuously been improved and extended to other pollutants
(BUWAL 1999, SAEFL 2003, SAEFL 2004). In FOEN (2011a) the model has been
improved lately for NO, modelling. These improvements have been incorporated in the
particle model for this study. Further particle-specific enhancements are described
below.

General features of the particle model are:

> The emissions are prepared on rectangular grids with a spatial resolution of 100 m.
For the dispersion computations they are aggregated on a grid with a mesh size of
200 m. For the dispersion calculation, the far-field modelling (distance to sources
larger 3 km) is carried out on a coarse grid of 2 km mesh size. Newly, the transition
region between fine and coarse grid is resampled to 200 m to avoid artificial edges
on the concentration maps.

> A set of transfer functions is used to reproduce the dispersion of the emitted pollut-
ants and to transform annual particle emissions into annual particle concentrations.
A transfer function represents the annually averaged impact of an emission source of
one measurement unit to the neighbouring areas. Each emission grid is dispersed
individually. Different transfer functions account for different source characteristics
like stack height and area/point/line source.

> The transfer functions are generated by Gaussian plume dispersion modelling ac-
cording to TA-Luft (BMJ 1987).

> All transfer functions have been updated with meteorological data of the year 2005.

> To account for the topographical variability, the area of Switzerland is split up into
four regions: Swiss Plateau, Alpine valleys, Basel area and other regions. For every
region the transfer functions are based on the respective meteorological data.

> The dispersion modelling within Alpine valleys has been especially modified.

> Instead of a general background concentration, imported particles have newly been
determined by dispersion modelling based on an emission inventory on the Euro-
pean scale.

> From the grid with annual PM10 concentration, the population exposure is derived
by counting the inhabitants per grid cell and per concentration class.

> New methods are implemented for modelling the secondary particles. They are
designed in order to optimally reproduce the measurements of secondary particles.

> Measurement 2005 values are used for calibration purposes. Subsequently, 2010
measurements are used to validate the model.

A schematic representation of the modelling steps is shown in Fig. 12.
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Fig. 12 > Schematic representation of the modelling steps
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Dispersion Model for Primary Particles

General Approach

Climatologies

For the purpose of concentration modelling Switzerland is divided into four different
spatial regions as shown in Fig. 13. A specific set of transfer functions is attributed to
each region. For details concerning the meteorology see Annex A2 in FOEN (2011a).

> The Swiss Plateau (Mittelland) is situated north of the Alps. It has a rather uniform
climatology, represented in the Swiss Plateau transfer function. It is an area with a
high population density and main residential, commercial and industrial activities.
For the concentration modelling, the Jura region is added to the Swiss Plateau (green
shaded area).

> The Basel region with its specific climatological conditions (wind directions) has
been treated separately. It is as well an area with a high population density and a
large number of activities (orange shaded area).

> In the Alpine region, covering the valley floors of all major alpine valleys in Swit-
zerland, the main valley orientation has manually been derived for all valley seg-
ments separately and a set of transfer functions representing the local climatology of
alpine valleys is used. Transit routes pass the valleys and may cause significant local
impacts, which are increased due to the topography. For each alpine grid cell, the
corresponding alpine transfer function is rotated so that it corresponds to the main
valley orientation i.e., the direction of water flow (blue shaded areas).

> The remaining part of Switzerland (i.e., neither Swiss Plateau nor the floor of a
major alpine valley) is treated as a separate climatological region, where transfer
functions based on isotropic (rotationally symmetric) wind directions are used.
There the impacts as well as the number of inhabitants are low.
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Fig. 13 > Different climate regions used in the dispersion model

Green: Swiss Plateau; orange: Basel area; blue: Alpine valleys (incl. Alpine factor1.75), light blue: symmetric dispersion.

Continuous blue to light blue: regions with decreasing Alpine factor.
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Tansfer Functions

A Gaussian plume model is used to produce transfer functions, which determine the
annually averaged concentration impact per grid cell for a source of uniform strength
located in the centre of the grid cell. The averaging process is carried out over 8760
hourly input values. The dispersion calculation is carried out on a square of 6.2 km x
6.2 km split up into grid cells sized 200 m x 200 m with the source in the centre of the
square. Two different sets of transfer functions are calculated for the coarse fraction of
PM10 (PM2.5-PM10) and the fine fraction (PM2.5). Each set of transfer functions is
computed for different source configurations and the different regional climatologies.
They represent dispersion patterns for the main source types and the most representa-
tive Swiss climatologies. They are then used to disperse the inventories of particle
emissions for the whole of Switzerland.

To disperse particle fractions over long distances a single second “regional” transfer
function is used with the dimension of 201 x 201 grid cells, each sized 2 km x 2 km.
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The Gaussian plume dispersion model applies the stability class definitions from the
German regulatory model TA-Luft (BMJ 1987). In the model used in this study, a total
of six mirror sources is placed beneath the ground and above the mixing height to
include the effect of an inversion height and to preserve mass conservation. No re-
moval effects (dry and wet deposition, conversion to particulate phase) have been
accounted for. To compute the transfer functions, the dispersion model is run for a
whole year in hourly resolution. For the Swiss Plateau functions, the average over five
meteorological stations is used (Geneva, Payerne, Wynigen, Kloten, Giittingen); for the
Alpine functions, data from three stations are available (Sion, Magadino, Chur). For
the regions of Basel, a rotation of 90 degrees of the Swiss Plateau’s wind-rose serves as
a good approximation for the local situation. Note that a detailed description of the
meteorological data and time series of emission intensity is given in FOEN (2011a) in
Annexes 2 and 3.

The transfer functions for the remaining part of Switzerland (i.e., neither alpine region,
Swiss Plateau or Basel region) are computed using the Swiss Plateau meteorological
data, but instead of the observed wind direction, arbitrary wind directions from a
random number generator have been used. As a result, the transfer function for this
remaining part of Switzerland is fully rotationally symmetrical (isotropic) with respect
to the centre of the transfer function (i.e., the source location); it does not anymore
show influences of any predominant wind direction. These transfer functions are
therefore used as a “neutral” estimate for all those regions where the predominant wind
direction is neither similar to the Swiss Plateau conditions, nor ruled by complex
terrain (valley floors of the Alps). These isotropic transfer functions are used in all
mountainous areas which are not in the basin of a valley. It should be noted, however,
that in the Alps, almost all emissions occur on the valley floors, and not on the moun-
tain tops. That means that there are only very small amounts of emissions being dis-
persed by isotropic transfer functions.

Different sampling grids for point, line and area sources ensure a correct estimation of
the cell-averaged concentration impact even for grid cells in the vicinity of the source
location. Time series are used to reflect the daily and seasonal cycle of the emission
intensity. See Annexes A2, A3 in FOEN (2011a) for further details.

To illustrate the resulting transfer functions, Fig. 14 shows a transfer function for the
Swiss Plateau and Fig. 15 shows an Alpine “generic” meteorology, with otherwise
identical source characteristics. The transfer functions correspond to a source emitting
1 ton of PM10 per year and cover an area of 6.2 km by 6.2 km with a resolution of
200 m.
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Fig. 14 > Transfer function with Swiss Plateau meteorology Fig. 15 > Transfer function with Alpine meteorology

Transfer function for a source located in the centre, 12 m above  Same transfer function as in the diagram on the left but with

ground (emission: 1 t per year of coarse fraction PM10-PM2.5). Alpine meteorology.
Horizontal axes extend over a square of 6.2 km x 6.2 km, each
cell is 200 m x 200 m. The vertical axis in pg/m3.
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Dispersion Modelling in Alpine Valleys

By applying the dispersion modelling (described above) to the Alpine valleys a sys-
tematic underestimation of the concentration levels is found. The reason for this phe-
nomenon is the fact that Gaussian modelling assumes a flat territory. Indeed, the
channelised windrose of Alpine valleys is used for the determination of the transfer
function for Alpine valleys but this mechanism does not yet fully represent the reduced
ventilation observed in Alpine valleys. Therefore an empirical amplification factor
(“Alpine factor”) was determined and applied to the concentration levels arising from
local emissions within the valleys. Technically, a free parameter was introduced that
amplifies the transfer functions. Several values were tested and the resulting model
concentrations were compared with measured values. A least square fit resulted in a
value of 1.75. This means that all local concentrations that result from the dispersion of
local emissions are increased by a factor of 1.75. This amplification only operates for
emissions within Alpine valleys. Secondary and imported particles are not affected by
this mechanism.

For the transition from Alpine valleys to flat areas, a smoothing of the amplification
factor was introduced to guarantee continuous concentration gradients (see Fig. 13).
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Primary Particles Imported from Abroad

In the former model application (SAEFL 2003) a simple background contribution was
defined to account for the import of primary particles from abroad. Today European
PM10 and PM2.5 emission inventories for 2005 are available which were kindly
provided by Paul Scherrer Institute (J. Keller PSI) based on data by TNO (2010).

A similar dispersion modelling was carried out for the emissions of the neighbouring
countries as for Switzerland’s emission. The transfer function for the Swiss Plateau
was used since the wind directions have comparable features. Fine and coarse fraction
were modelled separately.

Primary and Secondary Particles Imported from Northern Italy into Ticino

Measurements in the south of the canton of Ticino show that despite of accounting for
imported particles the model values underestimate real values in 2005 by 10 pg/ms.
Therefore, in the Mendrisiotto region, an ad-hoc extra amount is added with the follow-
ing characteristics:

> The extra amount is set to 10 pg/m3 in 2005. For 2010 and 2020 Italy’s emission
inventory submission under the CLRTAP in Feb. 2012 to the UNECE secretariat
can be used, which implies particle emission reductions of 11% (2010) and 18%
(2020) compared to 2005, which are applied to the extra amount leading to
8.94 pg/me (2010) and 8.15 pg/m3 (2020). These values are applied on the floor of
the Mendrisiotto valley. An exponential factor is attached to let the concentration
decrease with increasing height above sea level (decay height 70 m).

> The chemical composition of the extra amount must be determined. For 2005 it is
assumed that 50% are primary particles. The other 50% are secondary particles,
which are decomposed into SIA and SOA according to the Swiss measurements (see
Annex 2). For 2010 and 2020 the variations are assumed to be the same as in Swit-
zerland (see Chapter 3.4 below).

Biogenic and Geogenic Primary Particles

In addition to biogenic secondary aerosol further non-anthropogenic contributions to
PM10 concentration occur:

Biogenic (pollen) material from Swiss sources,

Sahara desert sand events,

mineral dust from erosion, volcanic dust and suspended soil particles,
sea salt aerosols.

VvV V V V

The contribution of such sources to the PM10 and PM2.5 concentration is accounted
for as a constant contribution of 0.5 pg/m3. The value may be estimated from meas-
urements on the Jungfraujoch (Collaud et al. 2004).
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Modelling Approach for Secondary Particles

The Relevance of Secondary Particles

Secondary particles form out of gaseous precursors under atmospheric conditions.
They further coagulate with other particles, or water condenses onto them. The most
important gaseous precursors are nitrogen dioxide (NO,), ammonia (NHs), sulphur
dioxide (SO;) and VOC. The higher the ambient concentration of the gaseous precursor
is, the higher the resulting yield of secondary particulate matter. They typically reach
an aerodynamic diameter between 0.1 um and 1 pm.

The levels of secondary particle mass concentration are currently at about 50% of the
total PM10 concentration. Therefore, they are an important element of the concentra-
tion modelling — and of course they play an important role in the abatement of exceed-
ing air pollutant levels.

Measurements of secondary particles have been carried out in Switzerland for many
years. An overview is given in the following table (Gianini et al. 2012).

Tab. 11 > Secondary particles

Measured concentrations of secondary particles 1998/1999 and 2008/2009. Note that organic
matter is calculated from measurements of organic carbon multiplied by a factor of 1.6.

Period of measurement Site Nitrate Sulphate Ammonia |  Organic matter
pg/m3 pg/ma pg/m? pg/ma
Apr 1998 — Mar 1999 Basel 31 39 1.9 6.1
Bern 3.3 3.3 1.4 9.2
Zirich 33 3.7 1.9 6.2
Aug 2008 — Jul 2009 Basel 33 24 15 5.8
Bern 3.8 2.2 1.5 7.8
Chaumont 11 14 0.5
Magadino 2.1 1.9 1.2 8.8
Payerne 3.8 1.9 1.6 5.6
Ténikon 3.3 2.1 1.2
Zirich 3.8 24 16 5.9

Gianini et al. 2012

The measurements for nitrate, sulphate and ammonium and organic matter show some
characteristic features:

> North of the Alps the levels are rather constant all over the Swiss Plateau including
the Basel area north of the Jura.

> The levels significantly decrease with increasing height over sea level.

> In the last decade a decreasing trend is found for sulphate, ammonium and organic
matter, but not for nitrate.
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Secondary Inorganic Particles (SIA)

For the modelling of nitrate and sulphate a simple empirical model is chosen: Nitrate
and sulphate concentration are approximately constant in the Swiss Plateau and de-
crease with increasing height above sea level. For the height dependency an exponen-
tial function is assumed with decay heights fitted from measurements. For the imple-
mentation, the height is averaged over a radius of 1.5km to avoid small-scale
variations. The 2005 and 2010 levels are derived from measurements in the Swiss
Plateau.

Equations for nitrate and sulphate:
c(t,h) = csp(t), for h <600 m

c(t, h) = cgp(t) - e~(h=600/haec) for h > 600 m, 1)

Parameters:
Decay heights hge: nitrate 1100 m, sulphate 1700 m.

Levels in the Swiss Plateau csp(t):
nitrate 3.5 ug/m3(2005)  3.25 pg/m3 (2010) 3.0 png/ms3 (2020)
sulphate 2.9 pg/ms3 (2005) 2.1 pg/ms3 (2010) 2.1 pug/ms3 (2020)

For nitrate, the dynamic 2005-2020 is chosen in accordance with empirical evidence
that suggest that nitrate concentration can be approximated by 10% of NO, concentra-
tion. FOEN (2011a) gives NO, levels (population averaged mean for Switzerland) of
23.2 ug/m3 in 2005. Until 2010, a reduction of 2.4 ug/m?d is expected and another
1.9 pg/m3 in the period 2010-2015. From these reductions in NO, a further reduction
in nitrate of 0.25 pg/md is set for the period 2005-2010 as well as for 2010-2020.

For sulphate, a linear fit of the measurements between 1998/1999 and 2008/2009 is
carried out to determine the values for 2005 (2.9 pg/m3) and 2010 (2.1 pg/m?). Since

the emission reductions expected until 2020 a rather modest, no further reduction in the
sulphate level may be expected.

Ammonium levels approximately follows the condition of complete neutralisation of
nitrate and sulphate to ammonium nitrate and ammonium sulphate.

NO;+NH} — NH,NO; and SOZ* + 2NH} - (NH,),SO0,

Therefore, ammonium is calculated from nitrate and sulphate levels. Expressed
in pg/m3 units, the corresponding transformation formula is as follows:

NH,(t,h) = 0.291- NO5(t, h) + 0.376 - SO, (t, h) )

with nitrate NO3(t,h) and sulphate SO4(t,h) given by the above equation (1).

Nitrate and Sulphate

Ammonium
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Fig. 16 > SIA concentration 2005 in function of height above sea level

Measured concentration levels in the Swiss Plateau hardly show any differences.
Therefore, the functions are kept constant below 600 m a.s..
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Secondary Organic Particles (SOA)

Measurements show that concentration levels of organic matter (OM) have only poor
gradients all over the Swiss Plateau but decrease with increasing height over sea level.
This feature is also observed for SIA as described in the paragraph above. However,
organic matter contains secondary and primary particles, both occurring on a similar
concentration level. Primary organic aerosols (POA) mainly stem from combustion
processes and appear in the vicinity of the sources whereas secondary organic aerosols
(SOA) evolve from gaseous VOC emissions, have a typical formation time of hours
and are therefore found far from sources, too.

Instead of modelling SOA directly, the following method is applied: OM is the sum of
POA and SOA, thus SOA may be deduced from the relation

SOA(t,x,y,h) = OM(t, k) — POA(t, x,, h) ®)

OM can be approximated in analogy to SIA by a height dependent function calibrated
by measurements:

OM(t,h) = cou(t) h <600 m

OM(t, h) = cop(t) - e~ (h=600)/hom h >600 m (4)
Parameters:

hOM =1700 m

OM =5.9 pg/m? (2005) 5.7 pg/m? (2010 2020)

Height dependence of SIA
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POA can be approximated from the dispersion calculation; From each PM10 concen-
tration grid (road transport, industry etc.) the organic carbon content is determined by
multiplying with the respective organic carbon fraction (see Tab. 10) and summing
over all sources of primary particles.

Note that SOA contains anthropogenic and biogenic organic aerosol. The biogenic part
— mainly caused by forest — is adopted from the former PM10 concentration modelling
(SAEFL 2003). Its contribution is of order 0.5 pug/ms3. Therefore, the relation for an-
thropogenic SOA may finally be written as

SOA jninro(t,x,y,h) = OM(t,h) — POA(t,x,y,h) — SOA,;,(t,x,y,h) (5)

Model Implementation

The preparation of the input data and the execution of the model were carried out in a
geographic information system (GIS software Arcinfo® and ArcGIS®®).

All emission inventories were prepared with a spatial resolution of one hectare. For the
concentration modelling, four hectares are aggregated to a grid of 200 m x 200 m
resolution.

The dispersion computation consists of the following three steps:

> Applying the appropriate transfer function to each cell of each emission inventory
separately and summing up the PM concentrations of all emissions grids. For each
of the emission grids, a transfer function as listed in Tab. 12 is used.

> Adding the secondary and the biogenic/geogenic concentration contributions.

> Computing the total PM concentration.

Population exposure data are carried out by overlaying concentration grids with the
population grid (BFS 2012).

8 ArcInfo® and ArcGIS® are registered trademarks of Esri Inc., Redlands, USA.
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Tab. 12 > Transfer functions and corresponding source categories

For each source category, a specific emission inventory grid is generated. Every emission grid is transformed into a concentration
grid using the corresponding transfer function. Climate regions ““All”’: specific transfer functions for all four climate regions

according to Fig. 13).
For aviation, concentration grids are provided by airport administrations, therefore no transfer function is needed.

Source Category

Transfer functions (incl. separate functions for fine and coarse mode)

Main Category ‘ Source Category Emission height of transfer function | Climate region
Transport Road traffic® 4 m (line source) Alpine
Road traffic 4 m (area source) Swiss Plateau, Basel, isotropic
Rail traffic 12m Al
Navigation 12m All
Industry Industrial emission 20m/35m¥) All
Industrial vehicles 2m Al
Construction machinery 4m All
Households/commerce | Household/Commercial heating (non-wood) incl. 20m All
Gardening/hobby
Household/Commercial heating (wood) 12m/20m*)
Agriculture/forestry Agriculture: Dairy cattle 2m All
Agriculture rest (storage, handling and transport, field |2 m All
burning of agric. wastes)
Agricultural vehicles/machinery 2m All
Forestry vehicles/machinery 2m All
Forestry / field burning of agric. wastes 2m All

* Due to higher buildings in the largest cities, the emission inventories are split up into two equal parts and dispersed with lower and higher emission heights
(20 m and 35 m in the case of industrial sources; 12 m and 20 m in the case of residential/commercial wood heating).

9 For road transport emissions in Alpine valleys (link and zonal), a line source transfer function is assumed, since the main roads and most
frequent wind directions are mainly parallel to the valley axis. For other transport emissions, area sources are assumed, since there is no

specific correlation between wind direction and emission geometries.
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PM10 and PM2.5 Concentrations in 2005

In this section the PM10 and PM2.5 concentration in 2005 is shown in detail. Maps of
the time series 2005, 2010 and 2020 follow in the next sections.

Important note for the interpretation of the concentration maps:

> Due to the resolution of 200 m, the model may not predict variations on a scale
below 200 m. From measurements it is well known that in built-up areas gradients
occur within this distance. The model calculates spatial averages within 200 m and
may therefore not reflect maximum values as they occur next to sources and espe-
cially in street canyons. Whenever comparing modelled with measured values, this
fact has to be taken into account.

Fig. 17 to Fig. 21 depict different contributions to total PM10 concentration:

> Primary particles caused by Switzerland’s emissions of the four main sectors trans-
port, industry, households/commerce, agriculture/forestry.

> Primary particles imported from abroad.

> Primary biogenic and geogenic particles (non-anthropogenic).

> Secondary inorganic and organic particles (sum of home-made and imported parts)
including the very small fraction of biogenic organic matter.

Comments:

> The transport sector produces high contributions in all the big agglomerations and
along main traffic axes.

> PM10 levels caused by industry are lower than those by transport and are more
concentrated in settlement areas.

> The sector households/commerce is vastly dominated by wood combustion, which
mainly happens in Alpine regions, where the maximum values occur.

> Agriculture and forestry are broadly distributed in the Swiss Plateau.

> Imported primary particles show strong gradients from the boundary to Switzer-
land’s centre.

> Primary biogenic/geogenic particles have a low contribution compared to the an-
thropogenic levels.

> The sum of secondary particles is in the same range as that of primary particles. The
highest contribution comes from nitrate. SIA do not show variability in the horizon-
tal directions, whereas SOA is higher in rural than in urban regions.
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Fig. 17 > PM10 concentration in 2005 due to transport (top) and industry (bottom) emissions

Grid size 200 m.

2005: Transport
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2005: Industry
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Fig. 18 > PM10 concentration in 2005 due to households/commerce (top) and agriculture/forestry (bottom) emissions

Grid size 200 m.

2005: Households/commerce

2005: Agriculture/forestry
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Fig. 19 > Primary particles imported from abroad in 2005 (top) and geogenic/biogenic primary particles (bottom)

Grid size 200 m.

2005: Imported from abroad

2005: Geogenic/biogenic
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Fig. 20 > Nitrate (top) and sulphate (bottom) concentrations in 2005

Grid size 200 m.

2005: Nitrate

2005: Sulphate
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Fig.21 > Ammonia concentrations (top) and secondary organic matter (sum of anthropogenic and biogenic) (bottom) in 2005

Grid size 200 m.

2005: Ammonia

2005: Secondary organic matter
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All the single contributions summed up give the total PM10 concentration in 2010,
which is shown in Fig. 22 (top). The limit value is exceeded in all big cities but also in
Alpine valleys with high shares of wood combustion. This result agrees well with
measurements (see chapter 5.2).

The sum of all fine fractions yields the total PM2.5 concentration, which is shown in
Fig. 22 (bottom). PM2.5 occurs in the range of 10-15 pg/m? in the Swiss Plateau and in
the Alpine valleys. Higher values occur in the biggest cities, on selected locations
along highways and in valleys of Valais, Ticino, Uri, Glarus, Grisons. For each contri-
bution the model generates coarse and fine fractions.

Fig. 23 shows the share PM2.5 / PM10. In most regions it lies between 70% and 80%.
Close to particle sources, typically in the largest the cities, the ratio drops below 70%.
In contrast, high up in the Alps, the ratio exceeds 80%.
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Fig. 22 > PM10 concentration (top) and PM2.5 concentration (bottom) in 2005
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Fig. 23 > Share PM2.5 / PM10 in 2005 in percent

Grid size 200 m. In Switzerland PM2.5 concentrations lie most frequently between 70% and 80% of PM10.
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Time Series of PM10 Concentration Maps 2005, 2010, 2020

The following series of three maps are a main result of this study: The PM10 ambient
concentration for Switzerland 2005, 2010 and 2020 are shown. It may be seen that a
remarkable decrease of the concentration level occurs in this period. It is of high
importance for Switzerland’s air pollution policy that the region with concentration
levels exceeding the limit value of 20 pg/ms3 is strongly reduced from 2005 until 2010.
It must be noted, however, that the remaining regions with exceeding levels are areas
with a high density of inhabitants, which comes as no surprise since human activities
are the reason of anthropogenic emissions. As will be shown in chapter 4.4, the share
of inhabitants living in areas above the limit value drops from 66% to 43% in the
period 2005-2010. For the next years, another reduction is projected by the model but
with a less significant decrease of the concentrations.

The geographical pattern of the concentration remains more or less the same over the
whole period: the highest concentrations occur in the southern part of Ticino. Lower
but still high levels are found in the Swiss Plateau, in the region of Basel and in Alpine
valleys with high shares of wood combustion and transit traffic.



Fig. 24 > PM10 concentrations in 2005
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Fig.25 > PM10 concentrations in 2010
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Fig. 26 > PM10 concentrations in 2020
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Time Series of PM2.5 Concentration Maps 2005, 2010, 2020

The next three maps show the time series of PM2.5 concentrations in Switzerland
2005, 2010 and 2020.

The PM2.5 concentration levels are approximately 70% to 80% of the PM10 levels.
Beside its lower values, PM2.5 is distributed more homogeneously due to its longer
residence time in the atmosphere.

In 2005 the Swiss Plateau is exposed to 15 to 18 pg/ma. The level decreases by 2 pg/ms3
in 2010. A further but slighter reduction may be expected until 2020.

Switzerland does not know a limit value for PM2.5. Therefore, no evaluation like for
PM10 can be carried out. The World Health Organization (WHO 2006) has chosen an
annual average concentration of 10 pg/m? as the “long-term guideline value” for PM2.5
(WHO 2006). This value was extensively exceeded in 2005 and will still be exceeded
in 2020.



Fig. 27 > PM2.5 concentrations in 2005
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Fig. 28 > PM2.5 concentrations in 2010
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Fig.29 > PM2.5 concentrations in 2020
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Population Exposure

Distribution Function for Total PM10

The population exposure shows how the inhabitants are exposed to different concentra-
tion classes. The exposition is the most relevant indicator for health effects. Air pollut-
ants — especially PM10 and PM2.5 — are shown to have negative effects on human
health like respiratory distress, bronchitis, asthma attacks in children and adults; respi-
ratory and cardiovascular disease; lung cancer (BAFU 2007, ERS 2010).

Population exposure is calculated by using the 2010 population data (BFS 2012) for all
three years 2005, 2010, 2020 (detailed population surveys are carried out every ten
years, latest 2010). Whereas population data is available on the spatial resolution of
one hectare, the concentration data is on a grid of 200 m size. The calculation of the
population exposure is carried out on a hectare grid.

Fig. 30 represents the distribution function of the population exposure to PM10 with
corresponding numbers given in Tab. 13. (The exposure is calculated with 1 pg/m3
classes, in Tab. 13 the results are aggregated for 5 pug/m? classes.) The figure shows
that the peak of the distribution function moves from a number above the limit value
(20 pg/m3) in 2005 to a number below the limit value in 2010.

Fig. 30 > Population exposure to PM10

Percentage of population per PM10 concentration class (class width: 1 pg/m3).
The red dotted line depicts the limit value.
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For PM10, the numbers correspond to Fig. 30.
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Tab. 13 > Population exposure PM10 (left side) and PM2.5 (right side) aggregated to concentration classes

of width 5 pg/m?

For PM10, the share of population exposed to levels exceeding the limit values is given in the
bottom row (shaded).

concentration PM10 PM2.5
class share of population share of population
pg/m3 2005 2010 2020 2005 2010 2020
0-5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
5-10 0.1% 0.3% 0.5% 0.6% 1.3% 2.4%
10-15 1.5% 3.0% 5.0% 11.5% 85.5% 96.6%
15-20 11.6% 59.7% 85.3% 87.0% 13.0% 1.0%
20-25 85.2% 36.6% 9.1% 0.8% 0.1% 0.0%
25-30 1.5% 0.4% 0.1% 0.1% 0.0% 0.0%
30-35 0.2% 0.0% 0.0% 0.0% 0.0% 0.0%
35-40 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Population Averaged Concentrations for Selected Source Groups

A further analysis is given in Tab. 14. The average population exposure, based on the
2010 census, has been computed for total PM10 and for selected source groups:

> Anthropogenic/Swiss — Primary PM10: Primary particles from transport; industry,
household/commerce, agriculture/forestry.

> Anthropogenic/Swiss — Secondary PM10: Secondary particles with anthropogenic
origin within Switzerland.

> Anthropogenic/foreign — Primary PM10: Primary particles from abroad.

> Anthropogenic/foreign — Secondary PM10: Secondary particles with anthropogenic
origin outside of Switzerland.

> Biogenic/geogenic — Primary PM10: Biogenic (pollen) material, Sahara desert sand,
mineral dust from erosion, volcanic dust and suspended soil particles.

> Biogenic/geogenic — Secondary PM10: Secondary organic particles caused by VOC
emissions of mainly forests.

The resulting average PM10 population exposure figures are listed in Tab. 14. The ave-
rage exposure to total PM10 drops from 21.57 pg/ms3 in the year 2005 to 19.38 pg/m?3
in 2010 and 18.22 pg/m? in the year 2020. Anthropogenic (primary and secondary)
PM10 concentrations originating from Swiss emissions are responsible for 45.4% of
the total population exposure in 2005 with a decreasing trend. Total secondary PM10
will increase from 52.4% in 2005 to 55.5% in 2020.
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Tab. 14 > Population averaged PM10 concentrations for 2005, 2010, 2020. Percentages of primary and se-
condary PM10 and percentages by origin (anthropogenic Swiss, anthropogenic foreign, biogenic/geogenic)

Year Source group primary PM10 secondary PM10 total PM10
pg/m3 % pg/ms3 % pg/m3 %

2005 Anthrop/Swiss 7.06 32.7% 2.72 12.6% 9.78 45.4%
Anthrop/foreign 2.71 12.6% 8.20 38.0% 10.90 50.6%
biogenic/geogenic 0.50 2.3% 0.38 1.8% 0.88 4.1%

Total 10.26 47.6% 11.30 52.4% 21.57 100.0%

2010 Anthrop/Swiss 6.44 33.2% 2.36 12.2% 8.80 45.4%
Anthrop/foreign 2.38 12.3% 7.31 37.7% 9.70 50.0%
biogenic/geogenic 0.50 2.6% 0.38 2.0% 0.88 4.5%

Total 9.32 48.1% 10.05 51.9% 19.38 100.0%

2020 Anthrop/Swiss 5.63 30.9% 2.34 12.8% 7.96 43.7%
Anthrop/foreign 1.98 10.9% 7.40 40.6% 9.38 51.5%
biogenic/geogenic 0.50 2.7% 0.38 2.1% 0.88 4.8%

Total 8.11 44.5% 10.11 55.5% 18.22 100.0%

Share of Inhabitants above Annual Limit Value

From the distribution function of the population exposure, the share of inhabitants
which is exposed to exceeding PM10 levels (annual limit value) can be calculated. If
the share is calculated from Tab. 13, it does not take any model uncertainties into
account. This will lead to an overestimation of the share in 2005 and an underestima-
tion in 2020 due to the asymmetry of the peak with respect to the limit value
(20 pg/m3). Therefore, a more sophisticated method is applied to the determination of
the shares. For a description, see Annex A3.

Tab. 15 > Share of inhabitants above annual limit value.

Confidence intevals are slightly asymmetric and are approximately twice the standard dev.

2005 2010 2020
mean * standard dev. 66% +10% 43% +11% 31% £11%
95% confidence interval 44%...87% 23%...67% 13%...53%

The result shows several interesting features:

> The share of inhabitants decreases from 66% in 2005 to 43% in 2010 and 31% in
2020. That means that the share of inhabitants above the limit value is halved within
the period 2005-2020.

> The inclusion of uncertainties decreases the share in 2005 compared to a calculation
without including uncertainties (see Tab. 13). The contrary happens in 2020 where
the inclusion of uncertainties increases the share. This phenomenon is explained by
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the position of the peak of the population distribution function (Fig. 30) with respect

to the limit value:

- If the slope of the distribution function at the limit value is positive and large (as
it occurs in 2005), the uncertainties tend to shift the modelled value for the share
towards smaller values.

- If conversely the slope of the distribution function at the limit value is negative
and large (as it occurs in 2020), the uncertainties tend to shift the modelled value
for the share towards higher values.

- For 2010 the slope is negative but smaller as in 2020, the shift is smaller, corre-
spondingly.

Note that the inclusion of uncertainties reveals a more realistic result of the share since
the occurrence of uncertainties is unavoidable in modelling and measuring.
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> Model Validation

Comparison of Model Results and Measurements

In this section, the modelled PM10 and PM2.5 concentrations are compared to meas-
ured annual average values throughout Switzerland. It should be noted that the meas-
ured values 2004/2005 have been used for calibrating the concentration model (meas-
urements 2006 were not included due to untypical meteorological conditions). In a
subsequent analysis, the measured values 2009/2010 have been compared with the
modelled values 2010, which is therefore a reliable test for validating the model.

A large number of PM10 and PM2.5 concentration measurements in Switzerland from
the Swiss National Air Pollution Monitoring Network NABEL and from cantonal
networks were used for model validation. All measured data was kindly provided by
air quality authorities' (see Tab. 15/Tab. 16 in Annex Al).

Monitoring sites are distinguished between “good” (adequate for comparison) stations
and “excluded” stations (not adequate for comparison). Measurements from stations
were only accounted for the comparison with the modelled values if the two consecu-
tive annual averages 2004-2005 were available. All analyses in this chapter refer only
to “good” stations.

Street canyon situations: Stations like Bern Bollwerk, Zirich Schimmelstrasse, Basel
Feldbergstrasse, Chiasso are excluded due to a very high density of buildings.

Comparison of PM10 Values 2005 and 2010

Fig. 31 and Fig. 32 depict a scatter plot of modelled PM10 concentration values (2005)
versus measured PM10 for 65 (good) monitoring sites (arithmetic mean of 2004 and
2005). The correlation coefficient is high, R =0.76 corresponding to a coefficient of
determination of R? = 0.58; the mean of all predicted values is 22.5 pg/m3, which is the
same as the average of all measurements 22.5 pg/ms3. 68% of the monitoring sites lie
within a cone of +12%, meaning that the model uncertainty is 12% (standard devia-
tion).

The scatter plot shows a slight systematic bias, which can explained by two facts:

> The model tends to rather underestimate high values as a consequence of comparing
local maximum measurement values with spatially averaged model values.

10 www.bafu.admin.ch/luft/luftbelastung/blick_zurueck/index.html?lang=de [24.04.2012]
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> The model tends to overestimate locations at a high altitude (above typical inversion
heights) that are not too far from strong emission sources at a low altitude (below
inversion heights).

Fig. 31

> Gomparison of modelled

with measured PM10 concentrations 2005

Fig. 32 > Residuals for PM10 in 2005

Measured values (arithmetic mean 2004/2005). Adequate
’) and non adequate (“excluded”) stations are

(““‘good’
distingu

ished. 41 of 65 data points (68%) lie within the lines

89% and 112% (see text for explanation).

Residuals: Differences between measured and modelled values
plotted against the modelled values.
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The following scatterplots (Fig. 33 and Fig. 34) show another comparison of modelled
and measured PM10 concentration values but for 2010 instead of 2005. 80 measure-
ments are available, where the arithmetic means of the years 2009 and 2010 are used.
The correlation coefficient is even somewhat higher than in 2005, R =0.82 correspond-
ing to a coefficient of determination correlation coefficient of R* =0.66. The mean of
all predicted values is 19.7 pg/ms, the average of all measurements is 19.7 pg/ms. 68%
of the monitoring sites lie within a cone of +12%, meaning that the model uncertainty
for 2010 is still 12% (standard deviation).
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Fig. 33 > Comparison of modelled
with measured PM10 concentrations 2010

Fig. 34 > Residuals for PM10 in 2010

Measured values (arithmetic mean 2009/2010). Adequate
(““good’”) and non adequate (““excluded”) stations are
distinguished. 54 of 80 data points (68%) lie within the lines
89% and 112% (see text for explanation).

Residuals: Differences between measured and modelled values
plotted against the modelled values.
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Comparison of PM2.5 Values 2005 and 2010

Since there is no limit value for PM2.5 in Switzerland, there are only few measurement
sites available. Figs. 35 and 36 contain the values for 2005 including seven sites. The
correlation coefficient is high, R =0.86 corresponding to a coefficient of determination
of R? =0.74. The mean of the measured values is 18.4 pg/m3, whereas the mean of the
modelled values is lower 17.2 pg/ms. But since there is only a small sample, the result
is not significant.

For 2010, the results are shown in Figs. 37/38. There are only five sites available for
comparison. The correlation coefficient is high, R =0.84 corresponding to a coefficient
of determination of R? =0.71. The mean of the measured values is 13.1 pg/m3, whereas
the mean of the modelled values is now higher 14.6 pg/ms. Note that the sample of
sites is different in 2010 from 2005, such that the reduction from 2005 to 2010 may not
be deduced from the mean values.
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Fig. 35 > Comparison of modelled
with measured PM2.5 concentrations in 2005

Fig. 36 > Residuals of PM2.5 in 2005

Measured values on seven sites in 2005.
Station codes see Tab. 18.

Residuals: Differences between measured and modelled values
plotted against the modelled values.
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Fig. 37 > Comparison of modelled Fig. 38 > Residuals of PM2.5 in 2010
with measured PM2.5 concentrations in 2010
Measured values on five sites 2010. Residuals: Differences between measured and modelled values
Station codes see Tab. 19. plotted against the modelled values.
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> Annex

PM10/PM2.5 Measurements 2004/2005, 2009/2010 and model values 2005, 2010

Tab. 16 > Measured (2004/2005) and modelled (2005) concentrations of PM10

No. | Station Code Height | Measurement | Model value |  Difference | good or
mean 04/05 2005 excluded
m.a.s.l. pg/msd png/m3 pg/msd
1 | Baden-Schonaustrasse agBAD 385 224 22.7 0.3 | good
2 | Sisseln agSLN 306 23.0 21.6 -1.4 | good
3 | Suhr-Barenmatte agSUH 397 23.8 234 -0.4 | good
4 | Heiden-Dunanthaus arHEl 800 175 19.0 1.5 | good
5 | Bern-Bollwerk beBER 547 339 234 (-10.5) | excl
6 | Biel-Bienne beBIE 438 19.5 22.6 3.1 good
7 | Bern-Brunngasshalde beBRZ 535 26.5 22.7 -3.8 | good
8 | lttigen belTT 539 20.5 23.0 2.5 good
9 | Thun-Pestalozzi beTHP 562 20.0 214 1.4 | good
10 |Basel-Binningen bIBAS 310 22.0 23.0 1.0 | good
11 | Muttenz-Hard-A2 bIMUT 275 28.0 26.0 -2.0 | good
12 | Basel-Feldbergstrasse bsBFB 255 29.9 23.7 (-6.2) | excl
13 | Basel-St-Johann bsBSJ 256 20.1 234 3.3 | good
14 | Anieres-Débarcadere geANI 378 18.5 21.3 2.8 | good
15 | Thénex-Foron geFOR 421 21.0 22.1 1.1 | good
16 | Geneve-lle geGIL 378 26.0 23.8 -2.2 | good
17 | Genéve-Wilson geGQW 377 245 234 -1.1| good
18 | Genéve-Ste-Clotilde geGSC 375 225 24.3 1.8 | good
19 | Meyrin-Vaudagne geMEY 435 19.5 22.9 3.4 | good
20 | Avully-Passeiry gePAS 425 16.5 21.2 4.7 | good
21 | Glarus-Feuerwehrstitzpunkt | gIGLA 493 18.6 22.8 4.2 | good
22 | Chur-A13 grCAB 565 20.8 22.3 1.5 | good
23 | Rothenbrunnen-A13 grROT 618 15.0 19.1 4.1 | good
24 | Roveredo-Stazione grRST 289 23.7 25.8 2.1 good
25 | Ebikon-Sedel luEBS 467 20.3 21.6 1.3 | good
26 | Luzern-Museggstrasse luLMS 449 22.6 22.0 -0.6 | good
27 | Reiden-A2 luREI 458 244 22.8 -1.6 | good
28 | Chaumont neCHA 1135 111 17.2 6.1 | good
29 | Grabs-Marktplatz sgGRA 468 21.0 20.7 -0.3 | good
30 | St-Gallen-Bild sgSBD 652 20.8 22.3 1.5 | good
31 | St-Gallen-Rorschacherstrasse | sgSGR 660 19.1 20.7 1.6 | good
32 | Biberist-Ost soBOS 446 175 225 5.0 | good
33 | Biberist-Schachen soBSC 453 18.0 22.0 4.0 | good
34 | Dornach-Schulhaus-Brihl soDOR 312 20.5 22.6 2.1 good
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No. | Station Code Height | Measurement | Model value |  Difference | good or
mean 04/05 2005 excluded
35 | Egerkingen SOEGE 434 26.5 229 -3.6 | good
36 | Harkingen-Al SsoHAE 433 26.6 24.0 -2.6 | good
37 | Olten-Froheim soOLT 411 24.0 22.7 -1.3| good
38 | Solothurn-Werkhofstrasse SOSWH 438 25.8 22.6 -3.2 | good
39 | Rigi-Seebodenalp szRIG 1004 11.9 17.0 5.1 | good
40 | Schwyz szSYZ 469 21.8 20.3 -1.5 | good
41 | Frauenfeld-Bahnhofstrasse tgFRA 410 22.3 224 0.1 | good
42 | Tanikon tgTAE 538 18.9 21.6 2.7| good
43 | Bioggio tiBIO 284 36.0 294 -6.6 | good
44 | Bodio tiBOD 343 31.0 23.0 -8.0 | good
45 | Camignolo tiCAM 436 29.0 25.8 -3.2 | good
46 | Chiasso tiCHI 233 46.5 355 (-11) | excl
47 | Lugano-Universita tiLUG 280 315 29.6 -1.9 | good
48 | Magadino-Cadenazzo tiIMAG 203 28.8 22.0 -6.8 | good
49 | Moleno-A2 tiMOL 255 325 22.6 -9.9 | good
50 | Altdorf urALT 439 19.8 215 1.7 | good
51 | Erstfeld-A2 UreRS 455 22.6 224 -0.2 | good
52 | Lausanne-César-Roux vdLAU 526 26.7 22.6 -4.1 | good
53 | Morges vdMOR 374 23.0 23.0 0.0 | good
54 | Payerne vdPAY 487 19.9 21.3 1.4 | good
55 | Brigerbad VvsBRG 653 22.7 18.5 -4.2 | good
56 | Eggerberg VSEGG 815 21.3 19.8 -1.5 | good
57 | Les-Giettes VSGIE 1203 10.8 17.2 6.4 | good
58 | Massongex VSMAS 397 25.9 23.1 -2.8 | good
59 | Saxon VSSAX 460 24.1 21.7 -2.4 | good
60 | Sion-Aéroport-A9 vsSIO 480 25.0 23.8 -1.2 | good
61 | Sion VSSVE 504 254 231 -2.3 | good
62 |Zug 29ZUG 416 23.3 21.9 -1.4 | good
63 | Dubendorf-EMPA zhDUE 431 217 233 1.6 | good
64 | Zirich-Flughafen zhKFT 424 24.3 30.8 (-6.5) | excl
65 | Opfikon-Balsberg zhOPF 436 26.4 26.0 -0.4 | good
66 | Wallisellen-Dietlikonerstrasse | zhWAL 470 20.7 229 2.2 | good
67 | Winterthur-Obertor zhWOT 442 22.7 232 0.5 | good
68 | Ziirich-Schimmelstrasse zhZBW 414 29.1 245 (-4.6) | excl
69 | Zirrich-Stampfenbachstrasse | zhZSS 436 25.9 23.9 -2.0 | good
70 | Ziirich-Kaseme zhZUE 411 244 23.6 -0.8 | good
Mean (good stations only) 22.5 22.5 0.0
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Tab. 17 > Measured (2009/2010) and modelled (2010) concentrations of PM10

No. | Station Code Height | Measurement | Model value |  Difference | good or
mean 09/10 2010 excluded
m.a.s.l. pg/ms3 ng/m? ng/m?
1 | Baden-Schonaustrasse agBAD 377 19.8 20.5 0.7 | good
2 | Sisseln agSLN 305 214 19.4 -2.0 | good
3 | Suhr-Barenmatte agSUH 403 22.0 21.2 -0.8 | good
4 | Bern-Bollwerk beBER 536 27.3 21.1 (-6.2) | excl
5 Biel-Gouffi beBIG 440 19.0 20.6 1.6 | good
6 | Frutigen beFRU 795 20.0 19.3 -0.7 | good
7 | lttigen belTT 550 20.5 20.8 0.3 | good
8 | Jungfraujoch beJUN 3580 2.5 5.2 2.7 | good
9 | Thun-Pestalozzi beTHP 561 175 19.3 1.8 | good
10 |Basel-Binningen bIBAS 316 17.9 20.8 2.9 | good
11 | Muttenz-Hard-A2 bIMUT 275 245 23.8 -0.7 | good
12 | Schoénenbuch-IAP bISCB 385 175 17.2 -0.3 | good
13 | Sissach-West bISIS 362 22.0 20.6 -1.4 | good
14 | Basel-Feldbergstrasse bsBFB 255 26.6 214 -(5.2) | excl
15 | Basel-St-Johann bsBSJ 260 215 211 -0.4 | good
16 | Fribourg-Chamblioux frFCH 645 23.0 20.6 -2.4 | good
17 | Aniéres-Débarcadere geANI 375 17.2 19.1 1.9 | good
18 | Thénex-Foron geFOR 422 19.8 19.8 0.0 | good
19 | Genéve-Wilson geGQW 376 23.9 211 -2.8 | good
20 | Geneve-Ste-Clotilde geGSC 374 221 22.0 -0.1 | good
21 | Meyrin-Vaudagne geMEY 439 19.8 20.6 0.8 | good
22 | Avully-Passeiry gePAS 427 18.4 19.0 0.6 | good
23 | Glarus-Feuerwehrstiitzpunkt | gIGLA 488 17.8 20.3 2.5 | good
25 | Castaneda grCAS 770 12.2 18.7 6.5 | good
26 | Davos-Promenade grDPR 1558 114 11.8 0.4 | good
28 | San-Vittore grsvi 280 27.3 211 -6.2 | good
29 | Delémont juDEL 410 19.7 194 -0.3 | good
30 | Porrentruy juPOR 420 18.7 19.0 0.3 | good
31 | Ebikon-Sedel luEBS 482 22.9 195 -3.4 | good
32 | Luzern-Museggstrasse luLMS 460 244 19.8 -4.6 | good
34 | Chaumont neCHA 1136 8.7 154 6.7 | good
35 | La-Chaux-de-Fonds neLCF 1020 15.3 16.1 0.8 | good
36 | Neuchétel neNEU 460 17.2 19.3 2.1 | good
37 | Grabs-Marktplatz sgGRA 475 18.3 18.4 0.1 |good
38 | St-Gallen-Rorschacherstrasse | sgSGR 660 18.3 18.6 0.3 | good
39 | Neuhausen-Galgenbuck shNHA 490 16.8 19.0 2.2 | good
40 | Biberist-Schachen soBSC 450 23.0 19.8 -3.2 | good
41 | Dornach-Schulhaus-Brihl soDOR 325 18.5 204 1.9 | good
44 | Olten-Froheim soOLT 410 20.0 20.5 0.5 | good
45 | Solothurn-Altwyberhisli SOSAW 453 19.5 20.1 0.6 | good
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No. | Station Code Height | Measurement | Model value |  Difference | good or
mean 09/10 2010 excluded
m.a.s.l. pg/msd png/m3 png/m3
46 | Solothurn-Werkhofstrasse SoSWH 441 25.0 204 -4.6 | good
47 | Rigi-Seebodenalp SzRIG 1031 9.3 15.2 5.9 | good
48 | Schwyz szSYZ 470 20.6 18.2 -2.4 | good
49 | Tuggen Mehrzweckhalle szTUG 408 19.1 18.4 -0.7 | good
50 | Frauenfeld-Bahnhofstrasse tgFRA 403 20.7 20.2 -0.5 | good
51 | Ténikon tgTAE 538 16.7 19.4 2.7 | good
52 | Bioggio tiBIO 285 28.5 25.2 -3.3 | good
53 | Bodio tiBOD 330 235 20.5 -3.0 | good
54 | Camignolo tiCAM 435 22.3 23.2 0.9 | good
55 | Chiasso tiCHI 240 32.9 294 (-3.5) | excl
56 | Comano tiCOM 446 223 20.5 -1.8 | good
57 | Locarno tiLOC 205 245 20.3 -4.2 | good
58 | Lugano-Universita tiLUG 280 215 254 3.9 | good
59 | Magadino-Cadenazzo tiIMAG 203 19.8 19.7 -0.1 | good
60 | Mendrisio-A2 tiMEN 315 317 254 (-6.3) | excl
61 | Moleno-A2 tiMOL 255 23.7 20.2 -3.5 | good
62 | Lugano-Pregassona tiPRE 305 235 23.7 0.2 | good
63 | Altdorf urALT 438 18.1 19.3 1.2 | good
64 | Erstfeld-A2 urERS 460 20.7 20.1 -0.6 | good
65 | Aigle vdAIG 386 23.2 19.5 -3.7 | good
66 | Lausanne-César-Roux vdLAU 530 212 204 -0.8 | good
67 | Morges vdMOR 376 23.0 20.8 -2.2 | good
68 | Nyon-Hopital vdNYO 412 225 19.6 -2.9 | good
69 | Payerne vdPAY 489 17.0 19.1 2.1 |good
70 | Brigerbad VsBRG 650 19.6 16.6 -3.0 | good
71 | Eggerberg VSEGG 840 154 17.5 2.1 |good
72 | Les-Giettes vsGIE 1140 9.6 15.4 5.8 | good
73 | Massongex vsMAS 400 22.4 20.8 -1.6 | good
74 | Saxon VSSAX 460 19.0 194 0.4 | good
75 | Sion-Aéroport-A9 vsSIO 483 20.0 21.6 1.6 | good
76 | Sion VSSVE 505 23.2 20.8 -2.4 | good
77 | Zug zgZUG 420 217 19.8 -1.9 | good
78 | Dlbendorf-EMPA zhDUE 432 18.5 21.1 2.6 | good
79 | Opfikon-Balsherg zhOPF 430 21.9 23.8 1.9 | good
80 | Wald-Hohenklinik zhwLD 910 13.0 16.6 3.6 | good
81 | Winterthur-Obertor zhWOT 448 20.0 20.9 0.9 | good
82 | Zlrrich-Schimmelstrasse zhZBW 415 245 224 -2.1 | good
83 | Ziirich-Stampfenbachstrasse | zhZSS 445 232 21.8 -1.4 | good
84 | Ziirich-Kaserne zhZUE 409 20.0 215 1.5 | good
Mean (good stations only) 19.7 19.7 0.0
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Tab. 18 > Measured (2004/2005) and modelled (2005) concentrations of PM2.5

Nr. | Station name Code Height | Measurement Model Difference
mean of 2005
2004/2005

ma.s.l png/m3 pg/m?d pg/m?d
1 | Basel-Binningen bIBAS 316 17.2 17.0 -0.2
2 | Bern-Bollwerk beBER 536 20.8 16.6 -4.2
3 | Camignolo tiCAM 435 215 18.6 2.9
4 | Chaumont neCHA 1136 8.4 13.3 5.0
5 | Lugano-Universita tiLUG 280 23.8 21.6 2.2
6 | Moleno-A2 tiMOL 255 22.0 17.1 -4.9
7 Payerne vdPAY 489 15.0 16.1 11
Tab. 19 > Measured (2009/2010) and modelled (2010) concentrations of PM2.5
Nr. | Station name Code Height | Measurement Model Difference

mean of 2010
2009/2010

ma.s.l. ng/m? pg/ms3 pg/ms3
1 | Basel-Binningen bIBAS 316 13.7 15.0 1.3
2 | Bern-Bollwerk beBER 536 18.4 14.6 -3.8
3 | Payere vdPAY 489 11.8 14.2 24
4 | Rigi-Seebodenalp szRIG 1031 6.8 114 4.6
5 | Zirich-Kaserne zhZUE 409 14.8 14.6 -0.2
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Assumptions for Particles Imported from Northern Italy into Ticino

Tab. 20 > Levels and chemical composition of the extra amount of PM10 added in the south of Ticino

Year Nitrate Sulphate Ammonia SOA primary Total PM10
pg/ms pg/ms pg/msd pg/msd pg/m? | total=100% | 2005 =100%

2005 17% 11% 9% 14% 50% 100%

2005 1.68 1.06 0.89 1.37 5.00 10 100%

2010 15% 6% 9% 13% 57% 100%

2010 0.98 0.41 0.60 0.83 3.78 6.60 66%

2020 23% % 12% 18% 40% 100%

2020 0.98 0.30 0.53 0.78 1.71 4.30 43%
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Share of Inhabitants above Annual Limit Value of PM10

The combination of the hectare grids of the inhabitants with the annual average of
PM10 concentration allows calculating the share of inhabitants living above the annual
limit value of 20 pg/ms3. The number of inhabitants living in the area of one hectare is
based on the national survey 2010 and remains invariable for 2005, 2010 and 2020. In
contrast, the modelled PM10 data contains uncertainties.

Two questions are analysed:

> How does the model uncertainty of PM10 concentration affect the estimation of the
share of inhabitants in question?
> What is the confidence interval for the estimated share?

A simulation model superposing a random error to the modelled PM10 concentration,
that is different for each hectare, changes the mean value of the estimation. Simultane-
ously, the confidence interval remains very narrow. However, if the random error is
equal for all hectares per run, the confidence interval becomes disproportionately high
and the mean value does not change significantly. Hence a simulation model that
considers only one kind of statistical error seems to be insufficient to explain these
effects utterly.

A simulation model that takes two different kinds of errors into account, correlated and
uncorrelated, can provide a more sophisticated solution. As PM10 concentration and its
errors can be decomposed in a primary and a secondary fraction, such a model is
explainable by statistical and physical properties. The simulation model is realised by
superposing these two kinds of random errors, generating two different normally
distributed probabilities.

The model leads to a plausible estimation of the mean value and the confidence inter-
val of the share of inhabitants living above the annual PM10 limit value. Model errors
of primary and secondary PM10 components are found empirically: for primary PM10
the model error is estimated to be approximately 15%, for secondary PM10 approxi-
mately 5%. The simulation for averages and standard deviations reveals that 66%
+10% of the inhabitants live above the respective limit value in 2005. In 2010 the
share is 43% +11% and 31% +11% in 2020 respectively. The 95% confidence inter-
vals are slightly asymmetric and are approximately twice the standard deviations. The
results reveal some interesting characteristics:

> The error of the primary PM10 components mainly determines the mean values of
the exposed population.

> The error of the secondary PM10 components mainly determines the extension of
the confidence interval.

For details see Stampfli (2012).
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Abbreviations

AREA
Swiss Land-use Statistics (Federal Office of Statistics)

FOEN
Federal Office for the Environment

GIS
Geographical Information System

HDV
Heavy-Duty Vehicles

LTO
Landing and Takeoff Cycle

NFR
Nomenclature for Reporting (IPCC classification for emission
inventories

NO.
Nitrogen dioxide

NOx
Nitrogen oxides (sum of NO and NO9)

NO;
Nitrate

0APC

Swiss Ordinance on Air Pollution Control (German: LRV, Luftreinhalte-
Verordnung des Bundesrates vom 16. Dezember 1985, Stand am 31.
Mérz 1998, SR814.318.142.1)

0C
Organic carbon; usually only the carbon part is given in mass or
concentration figures

oM

Organic material; like OC, but including the other atoms linked with
the carbon (hydrogen, oxygen, etc.). Mass or concentration figures
concerning OM usually cover the total mass including those other
atoms, not only the organic carbon part. All OM figures in the present
report have been derived from the original measurements of the 0C
content by multiplying with 1.6: OM =1.6 * OC

PC
Passenger Car

PM10
Particulate matter with an aerodynamic diameter of less than 10 um

PM2.5
Particulate matter with an aerodynamic diameter of less than 2.5 um

PM10 - PM2.5
Particulate matter with an aerodynamic diameter between 2.5 pm and
10 pm, «coarse» fraction

POA
Primary organic aerosols

SIA
Secondary inorganic aerosols

SOA
Secondary organic aerosols

S0,”
Sulphate
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