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> Abstracts 

Nitrogen dioxide (NO2) concentration levels are modelled for Switzerland, based on  
updated NOx emission inventories and on a dispersion model. An emission reduction of 
27 % is expected in the period 2005–2015 due to a number of reduction measures. The 
concentration levels for 2005–2015 continuously follow the decrease of the emis-sions. 
In 2005, the average population weighted NO2 concentration is 23.2 µg/m³ and drops to 
18.9 µg/m³ until 2015. In 2005, 6 %–35 % of the inhabitants were exposed to exceeding 
concentration levels. The number is expected to decrease to 1 %–10 % until 2015. The 
exceedances mainly occur in the centres of the cities and along major high-ways. 

Keywords: 
NOx emissions,  
NO2 concentration,  
population exposure 

Immissionskarten für Stickstoffdioxid (NO2) wurden für die Schweiz modelliert, basie-
rend auf aktualisierten NOx-Emissionsstatistiken und einer Ausbreitungsrechnung. In 
der Periode 2005–2015 wird dank beschlossener Reduktionsmassnahmen ein Rück-
gang der Emissionen um 27 % erwartet. Die NO2-Immissionskonzentration folgt die-
sem Trend mit einer Abnahme der bevölkerungsgewichteten mittleren Immission von 
23,2 µg/m³ im Jahr 2005 auf 18,9 µg/m³ bis 2015. Im Jahr 2005 waren 6 %–35 % der 
Einwohner einer übermässiger Belastung ausgesetzt. Bis 2015 werden es nur noch 
1 %–10 % sein. Der Grenzwert wird in Stadtzentren und entlang der Autobahnen 
überschritten. 

 Stichwörter: 
NOx-Emissionen,  
NO2-Immission, 
Bevölkerungsexposition 

Les cartes des immissions de dioxyde d’azote (NO2) ont été modélisées pour la Suisse  
sur la base de statistiques actualisées des émissions de NOx en appliquant un modèle de 
dispersion. Les mesures de réduction adoptées permettent de tabler sur un recul de 
27 % des émissions au cours de la période de 2005 à 2015. La concentration des im-
missions de NO2 suit cette tendance: les immissions moyennes, pondérées en fonction 
de la population, doivent passer de 23,2 µg/m³ en 2005 à 18,9 µg/m³ d’ici à 2015. En 
2005, ce sont 6 à 35 % des habitants qui étaient exposés à des concentrations excessi-
ves; en 2015, ils ne seraient plus que 1 à 10 % à être touchés. La valeur limite est 
dépassée principalement au centre des villes et le long des grands axes autoroutiers. 

 Mots-clés: 
Emissions de NOx,  
concentration des NO2 
(immission),  
exposition de la population 

I livelli di concentrazione del diossido di azoto (NO2) sono rappresentati per la Svizze-
ra mediante dei modelli basati sulle statistiche aggiornate delle emissioni di NOx e su 
un calcolo di diffusione. In seguito alle misure di riduzione decise, si prevede per il 
periodo 2005–2015 un calo delle emissioni pari al 27 %. La tendenza dei livelli di con-
centrazione dello stesso periodo segue quella della popolazione media con un calo da 
23,2 µg/m³ nella media ponderata del 2005 a 18,9 µg/m³ nel 2015. Nel 2005, dal 6 al 
35 % della popolazione era esposta a una concentrazione eccessiva. Entro il 2015 tale 
valore scenderà allo 1–10 %. I limiti vengono superati soprattutto nel centro città e 
lungo i principali assi autostradali. 

 Parole chiave: 
emissioni di NOx, 
immissioni di NO2, 
esposizione della popolazione 
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> Foreword 

Every day each human being breathes in roughly 15 000 litres, or 15 kg, of air. This 
shows how essential a nutrient ambient air is and 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.  

Nitrogen dioxide is a toxic gas even at low concentrations, and its levels should be kept 
below the ambient air quality standards. Furthermore, nitrogen oxides play a role in the 
acidification and eutrophication of ecosystems and are significant contributors to the 
formation of secondary particulate matter. Nitrogen dioxide is also one of the most 
important precursors of tropospheric ozone. The concentrations of this irritant gas 
regularly exceed air quality standards.  

Despite the decline registered in the emissions of nitrogen oxides over the past decades 
and a decrease of ambient levels of nitrogen dioxide throughout Switzerland, ambient 
air quality standards for nitrogen dioxide 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 population 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 
nitrogen dioxide over Switzerland, which is the object of the present report and in-
cludes a future development scenario. 

The report shows that the load of nitrogen dioxide can be expected to decrease mark-
edly in the future, thus bringing about a significant improvement of the air quality 
Considerable efforts are still necessary to accelerate the improvement process and to 
guarantee that the entire Swiss population is exposed to air complying with the quality 
standards for nitrogen dioxide. 

Martin Schiess 
Head of the Air Pollution Control and non-ionising Radiation Division 
Federal Office for the Environment (FOEN) 
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> Summary 

Background 

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

The mean concentrations of nitrogen dioxide NO2 in Switzerland showed in many 
regions exceedances of the limit values in the 1980ies, but exhibited a clear decrease 
since the 1990ies, due to various air pollution control measures initiated by the Federal 
government, authorities of the Cantons and local communities. In the centres of the 
cities and along major highways, the limit values are still exceeded today. It may be 
noted that there are also limit values for particulate matter (PM10), which are exceeded 
too. 

The NO2 concentration levels have not only been measured but also modelled in two 
former studies in 1997 and 2004 by the Federal Office for the Environment FOEN. In 
the last years, the NOx emission numbers have been updated. Therefore the concentra-
tion modelling has been updated, too. This report shows the new results of NO2 con-
centrations in Switzerland for the years 2005, 2010 and 2015 including population 
exposure data. 

NO2 in ambient air is mainly a secondary pollutant as only a small fraction of it is 
directly emitted by sources. Combustion processes emit a mixture of nitrogen oxides 
(NOx) in the form of nitrogen monoxide (NO) and nitrogen dioxide (NO2). Most of the 
emitted NOx is NO, from which NO2 is formed through oxidation, mainly by ozone. 
The actual ambient concentration of NO2 is controlled by various chemical and photo-
chemical reactions leading to formation and destruction of NO2. 

NOx Emissions 

The data source for the emissions and their projections is the Swiss Emissions Data-
base EMIS run by FOEN. The emission numbers used in this study correspond to the 
territorial principle in accordance with concentration modelling.  

The NOx emissions are decreasing in the period 2005–2015 from 91 614 t down to 
66 461 t, which corresponds to a reduction of 27 %. Transport is the largest sector but 
also shows the most significant reduction. It contributes 60 % (2005) and 54 % (2015) 
to the total Swiss NOx emissions. 
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Tab. 1 > NOx Emissions 2005, 2010 and 2015, share of different sources 

Summary of NOx emissions in Switzerland according to the four main sectors transport, 
industry, households/commerce and agriculture/forestry. 
 
Sector 2005 2010 2015 

in t  in t  in t  
Transport 54 883 60 % 43 659 57 % 35 781 54 % 
Industry 17 464 19 % 17 074 22 % 15 474 23 % 
Households/commerce 9 774 11 % 7 872 10 % 8 371 13 % 
Agriculture/forestry 9 494 10 % 8 173 11 % 6 835 10 % 
TOTAL 91 614 100 % 76 778 100 % 66 461 100 % 

 

Modelling approach 

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). It transforms NOx emissions inventories 
into NOx concentration inventories by means of standardised transfer functions. These 
functions are generated in a meteo pre-processor by Gaussian dispersion calculation. A 
NOx background concentration is introduced and added to the NOx concentration 
generated by the dispersion modelling. Finally, the transformation of the total NOx to 
NO2 concentration is performed by means of an empirical conversion function. From 
the grid with annual NO2 concentration, population exposure data is derived by count-
ing the inhabitants per grid cell and per concentration class. All calculations are carried 
out for annual averages and with a spatial resolution of 100 m x 100 m. 

Model results 

NO2 concentrations in 2005, 2010, and 2015 are modelled. The result for 2010 de-
picted in Fig. 1 shows that the annual limit value of 30 µg/m³ is exceeded in the large 
cities of Switzerland like Zurich, Geneva, Basel etc. and along the major highways. For 
the period 2010–2015 reductions by 3–5 µg/m³ may be expected. But even in 2015 
there are areas with exceedingly high NO2 concentration, such as neighbourhoods in 
the largest cities and sections of the highways. 
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Fig. 1 > NO2 concentrations 2010 (top) and 2015 (bottom). Plotted on a grid of mesh size 100 m 
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Note that the model may not specify variations on a scale below 100 m. It calculates 
spatial averages within 100 m and may therefore not reflect maximum values as they 
occur next to streets especially in street canyons. 

Assessment of recent trends in NOx emissions from road traffic have shown an increas-
ing fraction of primary NO2 emissions, which is mainly caused by exhaust treatment 
technologies such as particulate traps and oxidation catalysts for diesel cars. The 
impact of primary NO2 emissions on measured NO2 concentrations is expected to be 
most pronounced at roadside locations but less important away from the roadside. This 
effect is not reproduced in the concentration model, since it maps spatial and temporal 
averages (100 m, annual), but may lead to a discrepancy between modelled and meas-
ured NO2 values for stations located in the close vicinity of streets and roads with high 
NOx emissions (Grice 2009, Hüglin 2010).  

Air pollutants – especially NO2 – are proven to have negative effects on the respiratory 
tract (e.g. acute breathing difficulties, chronic coughing and expectoration, bronchitis 
and chronic bronchitis, and respiratory infections) but may also affect the cardiovascu-
lar system (see e.g. BAFU 2007). The actual load may be measured by the population 
exposure. For 2010 a population weighted average of (20.8± 6.3) µg/m³ was deter-
mined. The mean share of inhabitants above the limit values lies in the uncertainty 
interval of 2 % to 19 %. Tab. 2 shows the results for all three years analysed. 

 
Tab. 2 > Parameters of the population exposure for the years 2005, 2010, 2015 
 
Parameter 
 

2005 2010 2015 

Average NO2 concentration  
(population weighted)  

23.2 µg/m³ 20.8 µg/m³ 18.9 µg/m³ 

Standard deviation of population 
exposure mean 

6.9 µg/m³ 6.3 µg/m³ 5.9 µg/m³ 

Mean (and low and high) share  
of inhabitants above limit value 

16 % (6 %…35 %) 7 % (2 %…19 %) 3 % (1 %…10 %) 

 

Model validation 

When comparing modelled with measured NO2 values a very good correlation is found 
(R = 0.89), corresponding to a coefficient of determination R2 = 0.80. The model 
uncertainty is estimated to be 18 % (standard deviation) for NO2, assuming that the 
measured values are exact. The residual analyses for NOx and NO2 show no systematic 
deviation except for the fact that the model tends to rather underestimate high values as 
a consequence of comparing local maximum measurement values with spatially aver-
aged model values. 
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1   > Introduction  

  

1.1 NO2 air quality standards in Switzerland 

The Swiss Ordinance on Air Pollution Control (OAPC, LRV1

OAPC also defines the air quality standards (limit values) for Switzerland. The permit-
ted yearly average for NO2 is 30 µg/m³, the short-term standard of 80 µg/m³ may be 
exceeded only once per year based on a 24-hour average, and the value of 100 µg/m³ 
must not be exceeded during 95 % of all 30-minute averages over the whole year. 
However, NO2 concentrations in Switzerland frequently exceeded and still exceed one 
or more of these limit values. 

) 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. 

1.2 Past and current NO2 air quality 

The mean concentrations of NO2 in Switzerland showed in many locations ex-
ceedances of the limit values in the 1980ies, but exhibited a clear decrease since the 
1990ies, due to various air pollution control measures initiated by the Federal govern-
ment, authorities of the Cantons and local communities. A rough estimation shows that 
on average NO2 concentration levels have decreased by 16 % from the period 1990–
1999 to the period 2000–2009 whereas the NOx concentrations were reduced by 28 %. 
This phenomenon may be understood by atmospheric nitrogen chemistry explaining 
that reductions of the secondary pollutant NO2 are always less pronounced than reduc-
tions of NOx concentration levels. The discrepancy is enhanced for roadside locations: 
Assessment of recent trends in NOx emissions from road traffic have shown that the 
fraction of primary NO2 emissions has increased from a few per cents in 2000 up to 
20 % in 2010 and may even reach 32 % in 2020 (Grice 2009). This is mainly caused by 
exhaust treatment technologies such as particulate traps and oxidation catalysts for 
diesel cars, which have become more numerous under the Swiss (European) emission 
legislation. Note that the impact of primary NO2 emissions on ambient air quality is 
expected to be most pronounced at roadside locations with the highest NOx concentra-
tions. 

NO2 concentrations in the urban centres and along major highways at present still 
exceed the Swiss air quality standards. At rural sites, NO2 concentrations are in general 
within the air quality standards, but in the vicinity of major highways, the concentra-
tion often exceeds the limit values even in rural areas. The main problem regarding 
NO2 still is the mean concentration level, which is generally too high (BAFU 2010). 
  
1  814.318.142.1 Luftreinhalte-Verordnung vom 16. Dezember 1985 (LRV) not available in English. 
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Exceedances of the short-term air quality standard (80 µg/m³) also occur but are less 
frequent than exceedances of the long term air quality standard. Exceedances of the 
95 % percentile limit (100 µg/m³) only occur exceptionally. According to the Environ-
mental Protection Act (EPA2

1.3 Previous modelling studies 

) and the OAPC, therefore, the authorities must initiate 
further reduction strategies in order to lower the NOx emissions. In the near future, the 
introduction of new legislation on motor vehicle emission levels (EURO-5 and EURO-
6 limit values), the heavy goods vehicle fee (LSVA), and further measures in the 
industrial, domestic and off-road sector will lead to a further reduction of NOx emis-
sions. The present report accounts for these future developments in the forecasts of the 
NO2 concentration up to the year 2015. However, still further reduction measures will 
be necessary in order to fully comply with the OAPC air quality standards. 

NO2 concentration levels for Switzerland calculated by dispersion modelling were first 
published in BUWAL (1997) and SAEFL (2004). The same modelling approach was 
also applied in several cantons (e.g. LHA/AFU 2005, OSTLUFT 2003).  

Concentration modelling of particulate matter (PM10 and PM2.5) has also been carried 
out using similar dispersion methods as for NOx in this study (BUWAL 1999, SAEFL 
2003). An update and extension of the concentration maps for PM10 and PM2.5 will 
soon be published by FOEN. 

The results of concentration modelling by FOEN is presented on the internet3

1.4 Model enhancements 

. Beside 
NO2 and PM10, maps of SO2, O3, NH3 and deposition of nitrogen compounds are 
available. 

For the present study, the fundamentals of the modelling approach are based on 
SAEFL (2004). The modelling was enhanced as follows: 

> Updated and improved NOx emission data for all source categories. 
> Use of a new national road traffic model with real position of the road network. 
> Higher resolution of emission inventories and dispersion modelling (hectare). 
> Update of transfer function (dispersion modelling) with meteorological data of 2005. 
> Introduction of a new climatological region (Basel). 
> Spatially extended dispersion calculation. 
> New parameterization of NOx background model. 
> Model calibration based on NOx concentration. 
> Improved cartographic representation of emission and concentration results. 
> Estimation of uncertainties for population exposure results. 

  
2  814.01 Federal Act of 7 October 1983 on the Protection of the Environment (Environmental Protection Act, EPA). 
3  www.bafu.admin.ch/luft/luftbelastung/schadstoffkarten 

http://www.bafu.admin.ch/luft/luftbelastung/schadstoffkarten�
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2   > NOx Emissions  

  

2.1 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 
2010 (FOEN 2010). All data of the submission are managed in the Swiss Emissions 
Database EMIS run by the Federal Office for the Environment (FOEN). In addition, 
detailed information about emissions of relevant point sources are taken from the 
European Pollutant Release and Transfer Register (PRTR). For spatial attribution of 
the emission numbers from EMIS, further data sources have been used as specified in 
the subsequent chapters. Note that all emission data used in this study are based on the 
territorial principle. 

2.2 Emissions 2005–2015 

A summary of the NOx emissions in Switzerland for the years 2005, 2010 and 2015 is 
given in Tab. 3 and Tab. 4. The emissions are split according to four main sectors: 

> Transport: Road traffic, rail, navigation, aviation. 
> Industry: Manufacturing industries and construction, e.g. cement, chemical, 

iron/steel, glass, food processing. 
> Households/Commerce: Combustion in households, in commercial  

and institutional buildings4

> Agriculture/Forestry: Combustion in agricultural buildings, agricultural  
and forestal vehicles/machinery, livestock, burning of agricultural wastes. 

. 

The main sectors are furtherly divided into 18 sub-categories. The latter ones are 
described in detail in sections 2.3 to 2.6. 

 

  
4  in German: Feuerungen/Heizkessel Haushalte, Gewerbe, Dienstleistungen. 
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Tab. 3 > NOx Emissions 2005, 2010 and 2015, share of different sources  

Summary of NOx 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 airports5

 
.  

Sector 2005 2010 2015 
in t in %  in t in %  in t in %  

Transport 

Road traffic – hot emissions on links 37 042 40 % 28 715 37 % 23 601 36 % 
Road traffic – hot emissions in zones 11 091 12 % 9 646 13 % 8 005 12 % 
Road traffic – cold start emissions 3 398 4 % 1 928 3 % 1 017 2 % 
Rail 628 1 % 537 1 % 381 1 % 
Navigation 1 242 1 % 1 166 2 % 964 1 % 
Aviation (LTO national and international) 1 482 2 % 1 667 2 % 1 813 3 % 
Sum 54 883 60 % 43 659 57 % 35 781 54 % 

Industry 

Industry (excluding point sources) 7 215 8 % 9 012 12 % 9 204 14 % 
Point sources 5 107 6 % 4 664 6 % 4 037 6 % 
Industrial vehicles 1015 1 % 778 1 % 707 1 % 
Construction machinery 4 127 5 % 2 620 3 % 1 526 2 % 
Sum 17 464 19 % 17 074 22 % 15 474 23 % 

Households/commerce 

Households fossil 7 472 8 % 5 417 7 % 5 760 9 % 
Households wood 2 240 2 % 2 391 3 % 2 548 4 % 
Gardening/hobby 61 0 % 63 0 % 63 0 % 
Sum 9 774 11 % 7 872 10 % 8 371 13 % 

Agriculture/forestry 

Agriculture: Dairy cattle 2 375 3 % 2 513 3 % 2 496 4 % 
Agriculture rest (storage, handling and transport, 50 % of field burning of 
agricultural waste) 

1 983 2 % 1 718 2 % 1 585 2 % 

Agricultural vehicles/machinery 4 722 5 % 3 606 5 % 2 503 4 % 
Forestry vehicles/machinery 288 0 % 210 0 % 125 0 % 
Forestry (50 % of field burning of agricultural wastes) 126 0 % 126 0 % 126 0 % 
Sum 9 494 10 % 8 173 11 % 6 835 10 % 
TOTAL 91 614 100 % 76 778 100 % 66 461 100 % 

 

  
5  Basel-Mulhouse airport lies in France and is not accounted for. 
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Tab. 4 > NOx Emissions 2005, 2010 and 2015, temporal development in % of 2005 

Summary of NOx 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.6

 
 

Sector 2005 2010 2015 

in t in % of 2005 in t in % of 2005 in t in % of 2005 

Transport 

Road traffic – hot emissions on links 37 042 100 % 28 715 78 % 23 601 64 % 
Road traffic – hot emissions in zones 11 091 100 % 9 646 87 % 8 005 72 % 
Road traffic – cold start emissions 3 398 100 % 1 928 57 % 1 017 30 % 
Rail 628 100 % 537 85 % 381 61 % 
Navigation 1 242 100 % 1 166 94 % 964 78 % 
Aviation (LTO national and international) 1 482 100 % 1 667 112 % 1 813 122 % 
Sum 54 883 100 % 43 659 80 % 35 781 65 % 

Industry 

Industry (excluding point sources) 7 215 100 % 9 012 125 % 9 204 128 % 
Point sources 5 107 100 % 4 664 91 % 4 037 79 % 
Industrial vehicles 1 015 100 % 778 77 % 707 70 % 
Construction machinery 4 127 100 % 2 620 63 % 1 526 37 % 
Sum 17 464 100 % 17 074 98 % 15 474 89 % 

Households/commerce 

Households fossil 7 472 100 % 5 417 72 % 5 760 77 % 
Households wood 2 240 100 % 2 391 107 % 2 548 114 % 
Gardening/hobby 61 100 % 63 104 % 63 103 % 
Sum 9 774 100 % 7 872 81 % 8 371 86 % 

Agriculture/forestry 

Agriculture: Dairy cattle 2 375 100 % 2 513 106 % 2 496 105 % 
Agriculture rest (storage, handling and transport, 50 % of field burning of 
agricultural waste) 

1 983 100 % 1 718 87 % 1 585 80 % 

Agricultural vehicles/machinery 4 722 100 % 3 606 76 % 2 503 53 % 
Forestry vehicles/machinery 288 100 % 210 73 % 125 43 % 
Forestry (50 % of field burning of agricultural wastes) 126 100 % 126 100 % 126 100 % 
Sum 9 494 100 % 8 173 86 % 6 835 72 % 
TOTAL 91 614 100 % 76 778 84 % 66 461 73 % 

 

  
6  Basel-Mulhouse airport lies in France and is not accounted for. 
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2.3 Transport  

2.3.1 Emissions from road transport 

The modelling of the road transport emissions uses emission factors from INFRAS 
(2010) and traffic frequencies from the national traffic model (ARE 2006a, 2006b, 
2010). Emission factors and activity data have been updated during 2010. Since the 
update happened in late 2010, it will only be implemented in the forthcoming Swiss 
emissions inventories for the submissions to UNECE and UNFCCC in 2011 but is not 
included in the submissions of 2010. Therefore the total emissions used for this study 
differs from the total reported in the Swiss UNECE submission of 2010 (FOEN 2010). 

The updated emission factors by INFRAS (2010) led to new NOx emissions (BAFU 
2010a). They are increased in the period 1995–2020 compared to BUWAL (2004) 
mainly due to revised emission factors for EURO 3 and 4 vehicles. However, for the 
future a stronger decrease is being expected by taking EURO 5 and 6 for passenger 
cars and EURO VI for heavy duty vehicles (see Fig. 2 and Fig. 3) into account.  

The development of the traffic volume (mileage) is taken from BFS (2009). The de-
tailed assumptions for the projections of the traffic volumes and fleet compositions are 
described in BAFU (2010a). 

Fig. 2 > NOx Emissions Fig. 3 > Mileage 

NOx emissions of road traffic in t/a. Mileage (in Mio Vehicle kilometres)  
of the whole Swiss vehicle fleet. 

0
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As mentioned above the spatial localisation of the road transport emissions has been 
carried out by means of the updated national traffic model by ARE (2010). For disper-
sion modelling purposes, a split into rural and urban areas is carried out. 

The localisation is performed differently for emissions from links and from zonal 
traffic. 

The link emissions are modelled by multiplying the traffic frequencies with adequate 
emission factors for each link of the road network and are localized accordingly. The 
national traffic model grid includes the true positions of the roads implemented for 
2005. A few wrongly positioned roads have been corrected manually. Emissions from 
the major road tunnels are removed from the emission inventory (see Fig. 4) by delet-
ing 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 thus deleted is ignored, i.e. the dispersion 
of the NOx emissions from the entrances and ventilation stacks of such road tunnels is 
not modelled. This also means that the effect of these NOx emissions from road tunnels 
is part of the background NOx concentration parameterization (see Chapter 3.3). 

Since the frequencies in the national traffic model are only available for 2005 (and 
2030) the projected frequencies 2010 and 2015 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 imple-
mented on the national model. The highways of the Transjurane A16 and the A9 in the 
Oberwallis, which are planned to start operation around 2015/2016, are not imple-
mented in the road network of 2015 due to uncertainty of the realisation period. 

The emissions by road traffic include link and zonal emissions. The latter contain cold 
start emissions and 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 registered 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 allo-
cated to the zones. This leads to a biased relationship between link and zonal emissions 
within the city. To achieve realistic localisation of the emissions, three quarters of the 
national total of the zonal emissions (ZE75 %) are distributed proportionally to inhabi-
tants (BFS 2010) (capped by 200 inhabitants per hectare), and one quarter proportion-
ally to settlement area. For municipalities with more than 10 000 inhabitants (cities), 
the zonal emission part ZE75 % is further split up: 20 % are distributed due 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). 

The totals of link and zonal emissions implemented in the model correspond to the 
emissions reported in BAFU (2010a) except for contributions from street tunnels. 

For the concentration modelling, the road traffic emissions are separated in two grids 
(link and zonal emissions), all with a spatial resolution of 100 m and an emission 
height of 2 m. 

Spatial disaggregation 
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Fig. 4 > Road network of Switzerland 

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 

 
ARE 2010  
 

2.3.2 Emissions from rail traffic 

In Switzerland, almost the entire rail network is electrified; only very few trains com-
ing from other countries are diesel powered. The only significant use of diesel fuel to 
power train operations is for diesel locomotives which operate on shunting yards and to 
deliver freight cars to individual customers, track tractors for track maintenance, and 
carriages for special operations. The Swiss Federal Railways kindly provided the 
amount and location of diesel fuel consumption resulting from these operations in 2009 
(SBB 2010). The emissions were calculated by multiplying the consumption with an 
emission factor of 42.8 kg NOx per ton of diesel fuel (FOEN 2010, Schaeffe-
ler/Keller 2008). To obtain the emissions for the years 2005, 2010 and 2015, the share 
of emissions for 2009 for localisable and non-localisable emissions from the SBB 
(2010) was used on the total NOx emissions from NFR category 1A3c railways for the 
respective years (FOEN 2010).  

The relevant Swiss shunting yards according to SBB (2010) Limmattal, Muttenz, 
Olten, Chiasso, Buchs have been treated separately. The sum of 97.5 t NOx (in 2005) is 

Emission modelling approach 

Spatial disaggregation 
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distributed uniformly on the grid cells covering the yard areas. The remaining emis-
sions (from construction and service drives) were considered as non-localisable emis-
sions and uniformly distributed on the whole Swiss railway network (530 t in 2005). 
For the dispersion calculation an emission height of is 12 m is assumed. 

2.3.3 Emissions from water traffic (navigation) 

The emissions from water traffic are obtained from FOEN (2010), from NFR category 
1A3dii «national navigation».  

For the spatial disaggregation of the emissions resulting from water traffic, the emis-
sion load is distributed uniformly on grid cells covering the water surface (manually 
derived from maps) of all large Swiss lakes where regular passenger transport services 
are offered: Lakes of Biel/Bienne, Brienz, Morat/Murten, Neuchâtel, 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. Otherwise no emissions have been attributed to rivers, canals, 
or small lakes with private boats only. 

For the concentration modelling, the emissions are implemented on a grid with a 
spatial resolution of 100 m and an emission height of 12 m. 

2.3.4 Emissions from aviation 

Information on the modelled NOx concentration at the two largest airports of Switzer-
land, Zurich Airport and Geneva International Airport, was kindly provided by the 
respective airport authorities (Unique 2010, GVA 2010). Their models include emis-
sions from the landing and take-off cycle (LTO) as well as land-sided emissions (e.g. 
emissions from infrastructure or handling). Only Zurich Airport and Geneva Interna-
tional Airport are taken into account. Basel (-Mulhouse) 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 ne-
glected.  

More details on the concentration modelling of Geneva can be found in AIG (2000) 
and for Zurich in Unique (2010). While Zurich provided modelled NO2 concentrations 
for 2009 for the whole airport area, Geneva provided NOx emissions for 2005–2009. 
The missing years and projections were obtained by scaling the available concentration 
data with the emission data for aviation for 2005, 2010 and 2015 from FOEN (2010). 

For the airport Zurich the new spatial model for the reference year 2009 (spatial resolu-
tion: 1 ha) was used and subsequently scaled to the 2005, 2010 and 2015 emission 
levels.  

For Geneva, the spatial distribution of 1 km² defined in SAEFL (2004) was used and 
adapted to a spatial resolution of 1 ha with the updated emissions from GVA (2010). 

Emission modelling approach 
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Emission modelling approach 

Spatial disaggregation 
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2.4 Industry  

2.4.1 Emissions from industry 

The emissions resulting from stationary industrial sources are the sum of the stationary 
sources from NFR categories 1A1 and 1A2, from the industrial processes of the NFR 
categories 2 and also from some processes of the waste sector, i.e. wastewater treat-
ment, waste incineration and crematories (see FOEN 2010). Emissions from point 
sources with very tall stacks (like cement and concrete factories) are accounted for 
separately and stem from the European Pollutant Release and Transfer Register (E-
PRTR7

Industrial emissions (area sources) are localised in settlement areas (Basic categories 
21, 25, 26, 27, 29, 41, see SFSO 2001) with a spatial resolution of 100 m and with an 
emission height of 15 meters. Point sources of the E-PRTR are allocated to their real 
source location. The emission height is 15 m for area sources and 100 m for point 
sources. 

). They are therefore subtracted from the above mentioned emission totals in the 
relevant NFR sectors.  

2.4.2 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 2.5.1) 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. The emission loads are taken from Schäffeler & 
Keller (2008). 

> Industrial vehicles: Uniform distribution on settlement areas (Basic categories 21, 
25, 26, 27, 29, 41 see SFSO 2001). 

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

  
7  www.bafu.admin.ch/chemikalien/prtr/index.html?lang=de  

Emission modelling approach 
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Emission modelling approach 

Spatial disaggregation 

http://www.bafu.admin.ch/chemikalien/prtr/index.html?lang=de�


  NO2 ambient concentrations in Switzerland. Modelling results for 2005, 2010, 2015  FOEN 2011  22 
     

     
 

 

 

2.5 Households/commerce 

2.5.1 Emissions from household and commercial heatings (fossil/wood)  
and gardening/hobby machinery 

Emission loads from the stationary combustion of fuels (heating and warm water 
equipment) are taken from FOEN (2010), NFR categories 1A4ai (commercial/institu-
tional) and 1A4bi (residential). They are subsequently split up into emissions from 
fossil fuels and wood according to the information on fuels used in these sectors (23 % 
wood in 2005, 30 % in 2010 and 2015). Also the emissions from mobile sources inclu-
ding gardening equipment, do-it-yourself tools etc. are included and stem from Schäf-
feler & Keller (2008). 

All emissions both from stationary and mobile sources except wood combustion are 
distributed proportionally to the number of inhabitants per hectare (BFS 2010). The 
emission height is 10–15 meters, which is the average height of the chimney of an 
average one family home (12 m transfer function used). 

The emissions from wood combustion are distributed on a separate grid according to 
the spatial pattern of wood combustion systems according to the statistics on wood 
heated homes from BFS 2010. 

2.6 Agriculture/forestry 

2.6.1 Emissions from agriculture and forestry and its vehicles  

For agriculture and forestry, emission loads are obtained from FOEN (2010). They 
contain the NOx emissions from dairy cattle, from the fertilization of soils, from burn-
ing of agricultural wastes and branches in forestry. Also emissions from mobile ma-
chinery and equipment from agriculture and forestry like tractors and harvesters, forest 
machines, chain saws etc. are included (Schäffeler & Keller 2008). 

The emissions from agriculture are distributed in two ways: emissions stemming from 
animals are distributed according to Kupper (2010), the rest is uniformly distributed 
according to Basic categories 71, 72, 75, 76, 77, 78, 81, 82, see SFSO 2001. Emissions 
from agriculture machinery are distributed uniformly on agricultural areas outside 
settlements (2010) (Basic categories 81 and 82, see SFSO 2001) while emissions from 
forestry are distributed in forest areas with an elevation lower than 1700 m (Basic 
categories 11, 13, 14, 15, 17, 18 and 19, see SFSO 2001). For all emissions the emis-
sion height is set to 2 m.  

Emission modelling approach 

Spatial disaggregation 

Emission modelling approach 

Spatial disaggregation 
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2.7 Emission maps 

Fig. 5 shows the total of the NOx emissions for Switzerland for the year 2005. The 
maps in Fig. 6 and Fig. 7 show the gridded emissions of the four main sectors. 

Fig. 5 > Total NOx emissions for 2005  

Summary of NOx emissions in Switzerland as implemented in local dispersion modelling for 2005.  
Plotted on a grid of mesh size 1 km. 
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Fig. 6 > NOx emissions 2005 transport (top) and industry (bottom). Plotted on a grid of mesh size 1 km 
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Fig. 7 > NOx emissions 2005 household/commerce (top) and agriculture/forestry (bottom). Plotted on a grid of mesh size 1 km 

 

 
 



  NO2 ambient concentrations in Switzerland. Modelling results for 2005, 2010, 2015  FOEN 2011  26 
     

     
 

 

 

3   > Modelling approach  

  

3.1 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). Basic features of the model are: 

> The model deals with the pollutant NOx (expressed in NO2 equivalents), being the 
sum of NO and NO2. NOx is assumed to be an inert trace gas.  

> NOx emissions are used as inputs. NOx concentrations are calculated by dispersion 
modelling and are finally transformed to NO2 concentrations. 

> All emissions and all dispersion computations are carried out on a rectangular grid 
with a mesh size of 100 m (new, previous study 200 m mesh size). For road traffic, 
emissions are computed for all major roads individually, and are then projected onto 
the grid. A similar procedure is used for rail traffic. For all other source categories 
except for point sources, first the total emission load is estimated, which is then spa-
tially disaggregated by distributing it equally to all grid cells of a certain type. 

> A set of transfer functions is then used to reproduce the dispersion of the emitted 
pollutants and to transform annual NOx emissions into annual NOx concentration. 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, rural/urban conditions. 

> 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 transfer functions are generated by Gaussian plume dispersion modelling ac-
cording to TA-Luft (BMJ 1987) using meteorological data of 2005 (provided by 
MeteoSchweiz).  

> A NOx background concentration is introduced and added to the NOx concentration 
generated by the dispersion modelling.  

> The transformation of the total NOx to NO2 concentration is performed by means of 
an empirical conversion function. 

> From the grid with annual NO2 concentration, the population exposure is derived by 
counting the inhabitants per grid cell and per concentration class. 

A schematic representation of the modelling steps is shown in Fig. 8. Details of the 
modelling concept are described in the subsequent sections. Note that a number of 
improvements have been carried out for the current application compared to the appli-
cation SAEFL (2004): 

> Mesh size of 100 m instead of 200 m. 
> Update of all emission data. 
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> Modified spatial distribution of zonal emissions from traffic.  
> Narrowed transfer functions for in-built area due to constrained dispersion. 
> Specific transfer functions for the region of Basel (so far treated as a region with an 

isotropic wind rose). 
> Extended area for the application of southern background. 
> Update of the calibration of northern and southern background concentration. 
> Update of empirical function for the transformation from NOx to NO2. 

Fig. 8 > Schematic representation of the modelling steps 
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3.2 Dispersion model 

3.2.1 General approach 

A Gaussian plume dispersion model is applied to produce transfer functions, which 
turn emission inventories into concentration grids. As main input variables, the model 
uses measured wind speed and direction, temperature, mixing height, and TA-Luft 
stability classes from several meteorological stations. 

3.2.2 Climatologies 

For the purpose of concentration modelling Switzerland is divided into four different 
spatial regions as shown in Fig. 9. To each region a specific set of transfer functions is 
attributed. For details of the meteorology see Annex A2. 

> 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 
high population and the 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 high population density and activi-
ties (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 dispersion matrices representing local climatology of 
Alpine valleys is used. Transit routes pass the valleys and may cause significant lo-
cal 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 as well, 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. 9 > Different climate regions used in the dispersion model 

 
Map background: PK200 © swisstopo (DV 351.5)  
 

3.2.3 Calculation of transfer 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 unit 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 20 km x 
20 km with the source in the centre of the square. Transfer functions are computed for 
different source configurations and the different regional climatologies. They represent 
dispersion patterns for the main source types and the most representative Swiss clima-
tologies. They are then used to disperse the inventories of NOx emissions for the whole 
of Switzerland.  

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 of the mixing height to 
include the effect of inversion height and to preserve mass conservation. No removal 
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 5 meteorological 
stations is used; for the Alpine functions, data from 3 stations are available. 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. 

The transfer functions for the remaining part of Switzerland (i.e., neither alpine region 
nor Swiss Plateau region) are computed using the Swiss Plateau meteorological data, 
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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 is ruled by complex terrain 
(valley floors of the Alps). These «neutral» transfer functions are used in all mountain-
ous 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 mountain tops. 
That means that there are only very small amounts of emissions being dispersed 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 
strength (see Annex A3 for further details).  

To illustrate the resulting transfer functions, Fig. 10 shows a transfer function for Swiss 
Plateau and Fig. 11 shows an Alpine «generic» meteorology, with otherwise identical 
source characteristics. The transfer functions correspond to a source emitting 1 ton of 
NOx per year and cover an area of 20 by 20 km with a resolution of 100 m. 

Fig. 10 > Transfer function with Plateau meteorology Fig. 11 > Transfer function with Alpine meteorology 

Transfer function for a source located in the centre, 2–20 m 
above ground (emission: 1 t/a of NOx). Horizontal axes extend 
over a square of 20 km x 20 km, each cell is 100 m x 100 m. 
Vertical axis in µg/m³. 

Transfer function for a source located in the centre, 2–20 m 
above ground (emission: 1 t/a of NOx). Horizontal axes extend 
over a square of 20 km x 20 km, each cell is 100 m x 100 m. 
Vertical axis in µg/m³. 
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3.2.4 Rural and urban transfer functions 

The air pollution level in agglomerations is often dominated by a large number of 
small, not well localized or characterized emission sources. In Switzerland, a large 
amount of NOx emissions are released inside urban surroundings. The transfer func-
tions used for these urban grid cells should therefore reflect urban dispersion character-
istics. In built-up areas, the irregularly spaced tall roughness elements such as buildings 
induce a so-called roughness sub-layer, which ranges from ground-level to several 
times the average building height, and where the flow and turbulence fields differ from 
rural areas. In addition, the energy balance over urban areas is very distinct from the 
rural surroundings (lower water storage capacity, higher heat storage capacity due to 
the buildings, anthropogenic heat flux etc.). 

In a first step, all transfer functions have been computed with rural settings (i.e., TA-
Luft dispersion coefficients representative for rural dispersion conditions). In urban 
areas, the dispersion deviates from rural dispersion. For emission sources at low levels, 
the transfer functions must therefore be modified in an adequate way: 

> To simulate urban dispersion for sources of emission height 12 m (combustion emis-
sions of households/commerce), a factor of 1.1 was applied to increase the rural 
transfer function in line with de Haan et al. (2001).  

> For ground-level sources (road traffic, construction machinery, industrial vehicles; 
emission height 2 m), two transfer functions were superimposed to simulate the ur-
ban dispersion: The first transfer function is the (unchanged) rural transfer function, 
which is used to approximate the city background caused by road traffic emissions. 
The second transfer function is defined to approximate the local effect of a line 
source. It contains one single value different from zero at the centre8

3.3 Background concentration 

 (where the 
source lies), and reflects the fact that the contribution to the concentration of a single 
street decays rapidly within a distance of 30 m to 50 m as was shown by UGZ 
(2007). The final urban transfer function is the weighted average of the two transfer 
functions with weighing factors 2 for the first and 1 for the second transfer function. 

The transfer functions cover a squared area of 400 km² around each source. Any im-
pact of the source outside of this square is neglected in the dispersion calculation. 
Instead, these impacts in the far field are accounted for by adding a background NOx 
concentration. It includes the following NOx-contributions: 

> Far field impacts of emission sources situated within Switzerland 
> Regional anthropogenic background, defined as the cumulative effect of all emission 

sources outside of Switzerland. 
> Any near and far field impacts of NOx sources not covered by the emission invento-

ries (since the emission inventories used are very detailed, this contribution is as-
sumed to be almost negligible). 

> Natural (i.e., non-anthropogenic) background concentration. 
  
8  The central value is a factor 1.2 above the central value of the rural transfer function. 
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For this total NOx background concentration, Cbackground NOx, the following empirically 
derived parameterization is used: 

southnorthitthhcthNO iibgx ,,)/exp()/exp(),( 00,, =−⋅−⋅=  
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h is the height above sea level in metres,  
for 2005, 2010 and 2015, t = 16, 21 and 26 years respectively.  
 

«North» and «south» refers to the region on the northern and southern sides of the 
Alps. South includes the cantons of Ticino and Valais as well as the valleys of Bre-
gaglia and Poschiavo. These southern regions receive a significant amount of NOx by 
import, mainly from the Po Valley. A comparison of the modelled values with «north-
ern background» with the measured values at the southern air quality monitoring 
stations indicated an increase of 50 % in the NOx background values. The border 
between the two different backgrounds has generally been placed along the watersheds. 
In the Valais the borderline between the two different backgrounds has been placed in 
the region of St-Maurice. 

As the exponential function becomes rather steep on locations lower than 400 m a.s.l., 
the function was constrained on the 400 m level for the northern part of Switzerland 
(relevant for the region of Basel, 260 m a.s.l.).  

Fig. 12 > Background concentration 2005 

NOx measurements of northern and southern stations and background concentration (north and 
south) as a function of the height above sea level. 
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For the border regions of Switzerland, emissions of the foreign areas had to be included 
in order not to underestimate emissions at the edges of Switzerland (for Geneva, Lör-
rach/Basel, Schaffhausen, Konstanz, St. Margrethen, Chiasso). Roads have therefore 
been continued 1 km further with the same Swiss traffic load on it. For all other emis-
sions, the level of the Swiss Border regions has been assumed to be the same in the 
neighbouring foreign settlement areas.  

3.4 Conversion of NOx to NO2 

NOx emission consists of NO and NO2. The oxidation to NO2 is controlled by the rate 
of plume mixing and by gas kinetics. Ozone (O3) is usually responsible for most of this 
oxidation, but other reactive atmospheric gases can also oxidize NO. This chemical 
conversion of stack and tail pipe NO emissions to NO2 takes place over distances of 
some hundred meters. Therefore, in this study, NOx rather than NO2 is modelled, which 
is a more robust quantity. In the annual average, the share of NO2 may be determined 
empirically. NO2 may be approximated accordingly as a function of NOx concentration 
(Romberg 1996). Bächlin et al. (2006) reanalysed the Romberg function and confirmed 
its suitability. 
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In Fig. 13, the Romberg model, as it is used in the present study, is compared to meas-
ured data for Swiss stations. 
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Fig. 13 > Conversion of NOx to NO2  

Every cross represents a site including simultaneous measurement of NOx and NO2 for a one 
year’s average. The orange line marks the conversion model used in this study (Romberg 1996). 
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This approach may over-estimate the NO2 concentration for very high NOx concentra-
tion levels (e.g. major roads in the country-side). At these stations, the oxidation has 
not yet taken place to a sufficient extent. On the other hand, concentration in street-
canyons with a high degree of accumulation are underestimated. Since the model 
operates on 100 m resolution, it is not able to reproduce effects on smaller scales like 
e.g. street canyons. For the evaluation of the number of inhabitants living on sites with 
concentrations exceeding the air quality standard, these over- and under-estimations are 
not very relevant since they typically happen in situations of high NOx concentration 
levels exceeding the NO2 quality standard in anyway. If comparing modelled with 
measured values, these deficiencies must be taken into account (see Sect. 5.1). 

It may be mentioned that Düring et al. (2011) suggested a new simplified NOx/NO2 
conversion model under consideration of direct NO2 emissions. This approach is 
adequate for modelling of sites directly situated on streets, which is not the purpose of 
the model discussed here. Thus, no application of this approach was considered here.   
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3.5 Model implementation 

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 NOx concentrations of all emissions grids; 

> adding the background NOx concentration (see Chapter 3.3); 
> computing the total NOx concentration and the derived NO2 concentration (see 

Chapter 3.4). 

This approach has been implemented in a geographic information system (GIS soft-
ware ArcInfo® and ArcGIS®9

Tab. 5 > Transfer functions and corresponding source categories 

). For each of the emission grids, a transfer function as 
listed in Tab. 5 is used. 

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. For aviation, concentration grids are provided by airport administrations, 
therefore no transfer function is needed. 
 
Source Category Emission height of transfer function Climate region 

Transport 

Road traffic10 2 m (rural & urban) line source   Alpine 
Road traffic9  2 m (rural & urban) area source Swiss Plateau, Basel, isotropic 
Rail traffic 12 m (rural) All 
Navigation 12 m (rural & urban) All 

Industry 

Industrial emission  12 m (urban) All 
Industrial point source 100 m (rural) Swiss plateau, isotropic  
Industrial vehicles 2 m (urban) All 
Construction machinery 2 m (rural & urban) All 

Households/commerce 

Household/Commercial heatings incl. Gardening/hobby 12 m (urban) All 

Agriculture/forestry 

Agriculture: Dairy cattle 2 m (rural) All 
Agriculture rest (storage, handling and transport, field burning of agric. wastes) 2 m (rural) All 
Agricultural vehicles/machinery 2 m (rural) All 
Forestry vehicles/machinery 2 m (rural) All 
Forestry / field burning of agric. wastes 2 m (rural) All 

 
  
9  ArcInfo® and ArcGIS® are registered trademarks of Esri Inc., Redlands, USA. 
10  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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4   > Model results  

  

4.1 NOx concentration map 

The map in Fig. 14 shows the NOx concentration in ppb (1 ppb corresponds to a NO2-
equivalent of 1.9 µg/m³) in 2005 with a resolution of 100 m. In agglomeration areas of 
the Swiss Plateau the concentration varies between 10 and 50 ppb (20–100 µg/m³), in 
rural areas between 5 and 10 ppb (10–20 µg/m³). Important roads and streets are 
clearly visible as linear structures. Highways and streets with very high traffic frequen-
cies cause concentrations above 50 ppb (above 100 µg/m³). In the Alps and in the 
highest areas of the Jura, the concentration drops below 5 ppb (10 µg/m³). 
 
Fig. 14 > NOx concentration map 2005 (in ppb). Plotted on a grid of mesh size 100 m 
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4.2 NO2 concentration maps 2005, 2010, 2015 

The following figures, Fig. 15 to Fig. 17, show the NO2 concentration in 2005, 2010, 
and 2015. The pattern is qualitatively similar to the map of NOx. Since Swiss legisla-
tion has a limit value for NO2 for the annual average of 30 µg/m³, there is a special 
interest in which areas this value is exceeded. Exceedances occurred in 2005 in the 
large cities of Switzerland like Zurich, Geneva, Basel etc. and along the highways, 
even in the Alpine valleys. From 2005 to 2010 and to 2015 the NO2 concentration is 
decreasing as it is expected due to the reduction of the NOx emissions by 17 % (2010) 
and 27 % (2015) compared to 2005 (see Tab. 4). Between 2005 and 2010 typical 
reductions by 3–5 µg/m³ occur in the areas with settlements. This magnitude fits well 
measurements in 2005–2009 as reported in BAFU (2010). For the period 2010–2015 
another reduction of the same amount may be expected. But even in 2015 there are 
areas with exceedingly high NO2 concentration, such as quarters in the largest cities 
and sections of the highways. In the Annex, enlarged maps of the big cities are shown. 

Two important notes for the interpretation of the concentration maps:  

> Due to the resolution of 100 m, the model may not specify variations on a scale 
below 100 m. From measurements it is well known that in built-up areas there is a 
strong gradient of NOx concentrations with increasing distance from streets 
(UGZ 2007). The model calculates spatial averages within 100 m and may therefore 
not reflect maximum values as they occur next to streets especially in street canyons. 
Whenever comparing modelled with measured values, this fact has to be taken into 
account. As estimated from Fig. 27, in streets with heavy traffic 5–30 µg/m³ may be 
added to modelled values to make them comparable to measured values. This addi-
tional amount depends on the traffic emissions and of the height and density of 
buildings. 

> Assessments of recent trends in NOx emissions from road traffic have shown that the 
fraction of primary NO2 emissions has increased from a few per cents in 2000 up to 
20 % in 2010 and may even reach 32 % in 2020 (Grice 2009). This is mainly caused 
by exhaust treatment technologies such as particulate traps and oxidation catalysts 
for diesel cars, which have become more numerous under the European emission 
legislation. «The impact of primary NO2 emissions on ambient air quality is ex-
pected to be most pronounced at roadside locations with the highest NOx concentra-
tions. Analysis indicates that the changes in fraction NO2 for traffic emissions have 
not had a large impact on NO2 concentrations away from the roadside, where the 
dominant contribution is from secondary NO2» (Grice 2009). In Switzerland, Hüglin 
showed for a roadside with high traffic NOx emissions that the share of NO2 has in-
creased from 4.2 % (1989) to 13.1 % (2008) and that approx. 9 µg/m³ (18 %) are lo-
cal primary NO2 (Hüglin 2010). In BAFU (2010) it may be seen that NO2 concentra-
tion time series from roadside measurement stations tend to stagnate within the last 
years whereas NOx concentration series clearly decrease. This effect is not repro-
duced in the concentration model, since it maps spatial and temporal averages, but 
may lead to a discrepancy between modelled and measured NO2 values for stations 
located in the close vicinity of streets and roads with high NOx emissions. 
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Fig. 15 > NO2 concentration 2005. Plotted on a grid of mesh size 100 m 
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Fig. 16 > NO2 concentrations 2010. Plotted on a grid of mesh size 100 m 
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Fig. 17 > NO2 concentrations 2015. Plotted on a grid of mesh size 100 m 
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4.3 Population exposure  

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 NO2 – are shown to have negative effects on the respiratory tract (e.g. 
acute breathing difficulties, chronic coughing and expectoration, bronchitis and chronic 
bronchitis, and respiratory infections) but may also affect the cardiovascular system 
(see e.g. BAFU 2007).  

Population exposure is calculated by using the 2000 census updated with the number of 
inhabitants per community 2009 (BFS 2010). Population growth 2005–2015 and urban 
sprawl could not be accounted for. The exposure is calculated with 1 µg/m³ classes.  

For 2005, a population weighted average of 23.2 µg/m³ results. In Fig. 18 the cumula-
tive frequency is shown for 2005. The blue line represents the model result. To esti-
mate the uncertainty, the empirical distribution is approximated by a normal distribu-
tion (orange line). From the comparison between modelled and measured values, a 
model uncertainty (standard deviation) of 17.5 % may be derived (see Fig. 21). To 
determine the lower bound of the exposure frequency, the lower bound of the average 
concentration (23.2 µg/m³ – 3.5 µg/m³ = 19.7 µg/m³) serves as mean for lower bound 
exposure frequency. Similarly, the upper bound is simulated with the upper bound of 
the mean (23.2 µg/m³ + 3.5 µg/m³ = 26.7 µg/m³). From the diagram the share of inhabi-
tants above the limit value is 16 %, with a lower bound of 6 % and an upper bound of 
34 %. The results are also determined for 2010 and 2015 and are summarised in Tab. 6. 
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Fig. 18 > Cumulative frequency of population exposure in 2005 (similar curves hold for 2010 and 2015) 

Empirical result derived from model results (blue line). Approximate frequencies (normal 
distributions) for mean, upper and lower bounds (orange lines). 

 

 

Tab. 6 > Parameters of the population exposure 2005, 2010 and 2015 
 
Parameter 
 

2005 2010 2015 

Average NO2 concentration (population weighted)  23.2 µg/m³ 20.8 µg/m³ 18.9 µg/m³ 
Standard deviation of population exposure mean 6.9 µg/m³ 6.3 µg/m³ 5.9 µg/m³ 
Mean (lower and upper bond) share of inhabitants 
above limit value 

16 % (6 %…34 %) 7 % (2 %…19 %) 3 % (1 %…10 %) 
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5   > Model validation  

  

5.1 Comparison of model results and measurements 

In this section, the modelled NOx and NO2 concentrations for 2005 are compared to the 
average over 2004, 2005 and 2006 annual mean measurements throughout Switzerland. 
Further the latest measurements from 2008, 2009 and 2010 are compared to the mod-
elled NOx and NO2 concentration projection 2010. The measured data was kindly 
provided by air quality authorities11

Fig. 19

. It should be noted that the transfer functions of the 
present modelling approach have not been calibrated towards measurements. The 
parameters of the background function have been calibrated with measurements and 
allowed some reduction of the differences between model and measurement.  

 and Fig. 20 depict scatter plots of modelled versus observed NOx concentra-
tions for 96 monitoring sites for 2004–2006 and 81 sites for 2008-2010. Monitoring 
sites are distinguished between good (adequate for comparison) stations and excluded 
stations (non adequate for comparison). Stations are excluded from further analysis if 
not three consecutive annual averages (2004–2006 resp. 2008-2010) were available or 
if they represent extreme situations which cannot be reproduced by the model due to 
various reasons: 

> Extreme street proximity: The two stations with the highest detected NOx levels 
(above 200 μg/m³), Muttenz and Camignolo, are both situated directly at a highway, 
and therefore measure peak concentrations that are spatially very limited and may 
not be compared with spatial averaged model values. 

> Street canyon situations: Stations like Bern Bollwerk are excluded due to very high 
density of buildings. 

> Missing traffic links: Roadside monitoring stations are excluded if the link is not 
included in the national traffic model. In this case a missing emission input may not 
allow an adequate modelling.  
Imprecise position of links: A number of links of the traffic model are localised as 
straight lines whereas the real links are twisting. Modelled and measured values 
from such sites are not comparable.  

All statistical analyses in this chapter refer only to «good» stations (except for the 
Figures where the excluded stations are depicted for transparency reasons).  

  
11  www.bafu.admin.ch/luft/luftbelastung/blick_zurueck/01694 

http://www.bafu.admin.ch/luft/luftbelastung/blick_zurueck/01694�
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5.1.1 Comparison of NOx values 2005 

44 of the 64 modelled concentrations (68 % corresponding to one standard dev. in the 
case of normal distributions) are within a factor of 1.28 and 1/1.28 = 0.78 of the meas-
ured values (dashed lines). Assuming that the measured values are exact, a model 
uncertainty (stand. dev.) of 28 % may be derived for NOx. 

The correlation coefficient is high, R = 0.82 corresponding to a coefficient of determi-
nation correlation coefficient of R2 = 0.68 the mean of all modelled values is 
41.3 µg/m³, the average of all measurements is 44.0 µg/m³. A slight underestimation of 
the model is to be expected due to the fact that measurements represent point informa-
tion whereas modelled values are spatially averaged information. 

Fig. 19 > Comparison of modelled with measured NOx concentrations 2005 

Scatter plot of measured and modelled annual average NOx concentrations. Measured values 
are the arithmetic mean of the three annual averages 2004, 2005, 2006. Adequate («good») and 
non adequate («excluded») stations are distinguished. 44 of 64 data points (68 %) lie within the 
lines 78 % and 128 % (see text for explanation). 
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5.1.2 Comparison of NOx values 2010 

51 of the 81 modelled concentrations (63 %) are within a factor of 1.28 and 1/1.28 
= 0.78 of the measured values (dashed lines).  

The correlation coefficient is high, R = 0.85 corresponding to a coefficient of determi-
nation of R2 = 0.72; the mean of all modelled values is 39.9 µg/m³, the average of all 
measurements is 44.2 µg/m³. Note that these averages may not be compared with the 
ones of 2005 since the sample of measurement sites is not the same. Also note that an 
even more pronounced underestimation of the model is expected to occur, since the 
measurement values to be compared with modelled values (2010) are averaged for 
2008-2010 instead of 2009-2011 (2011 data are not available yet). 

Fig. 20 > Comparison of modelled with measured NOx concentrations 2010 

Scatter plot of measured and modelled annual average NOx concentrations. Measured values 
are the arithmetic mean of the three annual averages 2008, 2009, 2010. Adequate («good») and 
non adequate («excluded») stations are distinguished. 51 of 81 data points (63 %) lie within the 
lines 78 % and 128 % (see text for explanation). 
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5.1.3 Comparison of NO2 values 2005 

Fig. 21 depicts a scatter plot of modelled versus measured NO2 concentrations for 86 
monitoring sites for 2005. The correlation coefficient is high, R = 0.89 corresponding to 
a coefficient of determination of R2 = 0.80. 

63 of the 86 modelled concentrations (73 %) are within a factor of 1.18 of the measured 
values (dashed lines). Assuming that the measured values are exact12

The mean of all modelled values is 24.4 µg/m³, the average of all measurements is also 
24.4 µg/m³.  

, a model uncer-
tainty (standard deviation) of 18 % may be derived. 

Fig. 21 > Comparison of modelled with measured NO2 concentrations 2005 

Scatter plot of measured and modelled annual average NO2 concentrations. Measured values 
are the arithmetic mean of the three annual averages 2004, 2005, 2006. Adequate («good») and 
non adequate («excluded») stations are distinguished. 63 of 86 data points (73 %) lie within the 
lines 85 % and 118 % (see text for explanation).  
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12  The uncertainty of measured annual averages is 3–5 µg/m³ (EMPA 2010).  
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Fig. 22 shows the same comparisons of NO2 modelled values to measured values but 
with a different sampling technique: The values depicted are obtained by sampling 
tubes (passive samplers) from 415 locations for three subsequent years (2004–2006) 
from the Swiss Cantons Bern, Fribourg, Geneva, Grisons, Solothurn, Ticino and the 
cooperations of various cantons «inluft» and «ostluft». Again, only complete meas-
urements for the three years are taken into account with their mean over the three 
annual averages. Apart from that no other differentiation has been made and all stations 
are included. That means that a large number of roadside stations are included, which 
represent local maximum values that may not be reproduced by the spatially averaged 
model values. Also note that passive samplers have larger uncertainties than continu-
ously monitoring systems. 

Fig. 22 > Comparison of modelled (2005) with measured (sampling tubes) NO2 concentrations 2004–2006 

Scatter plot of measured and modelled annual average NO2 concentrations (2005). Measured 
values are the arithmetic mean of the three annual averages 2004, 2005, 2006.  
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5.1.4 Comparison of NO2 values 2010 

Fig. 23 depicts a scatter plot of modelled versus measured NO2 concentrations for 81 
monitoring sites for 2010. The correlation coefficient is high, R = 0.90 corresponding to 
a coefficient of determination of R2 = 0.80. 

54 of the 81 modelled concentrations (67 %) are within a factor of 1.18 of the measured 
values (dashed lines).  

The mean of all modelled values is 23.6 µg/m³, the average of all measurements is 25.4 
µg/m³.  

Fig. 23 > Comparison of modelled with measured NO2 concentrations 2010 

Scatter plot of measured and modelled annual average NO2 concentrations. Measured values 
are the arithmetic mean of the three annual averages 2008, 2009, 2010. Adequate («good») and 
non adequate («excluded») stations are distinguished. 54 of 81 data points (67 %) lie within the 
lines 85 % and 118 % (see text for explanation). 
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Fig. 24 > Comparison of modelled (2010) with measured (sampling tubes) NO2 concentrations 2008–2010 

Scatter plot of measured and modelled annual average NOx concentrations for 2010. Measured 
values are the arithmetic mean of the three annual averages 2008, 2009, 2010. 
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Like Fig. 22, the above scatter plot shows comparisons of NO2 modelled values to 
measured values taken by sampling tubes (passive samplers): The values depicted are 
obtained) for three subsequent years (2008–2010). Again, only complete measurements 
for the three years are taken into account with their mean over the three annual aver-
ages. Apart from that no other differentiation has been made and all stations are in-
cluded. That means that a large number of roadside stations are included, which repre-
sent local maximum values that may not be reproduced by the spatially averaged model 
values. Finally also note that passive samplers have larger uncertainties than continu-
ously monitoring systems.  
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5.2 Residual analyses 

The differences between the modelled and measured values for NOx and NO2, i.e. the 
model errors (residuals), are depicted as a function of the model values in Fig. 25 to 
Fig. 28 in order to analyse any systematic model errors. Distinction between good 
stations and excluded stations is done as described in Chapter 5.1.  

The graphs for NOx and NO2 show no systematic deviation except for the fact that the 
model tends to rather underestimate high values (more positive than negative residuals) 
as a consequence of comparing local maximum measurement values with spatially 
averaged model values.  

Fig. 25 > Residual versus model values NOx 2005 

Difference between modelled and measured (residual) vs. modelled values. Measured values are 
the arithmetic mean of the three annual averages 2004, 2005, 2006. Adequate («good») and non 
adequate («excluded») stations are distinguished (see text for explanation). 
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The same plot for 2010 shows a more pronounced underestimation of the model than in 
2005. One reason is the fact mentioned above that the measured values are averaged 
over 2008-2010 instead of 2009-2011 (2011 not available yet). Because of the decreas-
ing tendency13

Fig. 26 > Residual vs. model values NOx 2010 

, the average 2008-2010 is expected to be higher than 2009-2011. 

Difference between modelled and measured (residual) vs. modelled values. Measured values are 
the arithmetic mean of the three annual averages 2008, 2009, 2010. Adequate («good») and non 
adequate («excluded») stations are distinguished (see text for explanation). 
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13  E.g. the average of the road traffic emissions 2008–2010 is about 5 % higher than the average 2009–2011. 
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Fig. 27 > Residual vs. model values NO2 2005 

Difference between modelled and measured (residual) vs. modelled values. Measured values are 
the arithmetic mean of the three annual averages 2004, 2005, 2006. Adequate («good») and non 
adequate («excluded») stations are distinguished (see text for explanation). 
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Fig. 28 > Residual vs. model values NO2 2010 

Difference between modelled and measured (residual) vs. modelled values. Measured values are 
the arithmetic mean of the three annual averages 2008, 2009, 2010. Adequate («good») and non 
adequate («excluded») stations are distinguished (see text for explanation). 
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> Annex 

A1 Detailed NO2 concentration maps  

For the most densely populated areas, showing the highest concentrations of NO2, 
enlarged maps of the modelled NO2 concentration are shown for the years 2010 and 
2015 in Fig. 29 to Fig. 35. The same scales and colours are used in the maps as are 
used in Fig. 15 to Fig. 17: 
 

> Basel 
> Bern and Fribourg 
> Geneva 
> Lausanne 
> Lucerne and Zug 
> Southern Ticino 
> Zurich 

Common features of the maps are NO2 concentration levels above 25 µg/m³ in the 
densely populated areas of the cities, maximum concentrations exceeding the limit 
value along the main traffic corridors, and the general trend to reduced concentrations 
from the year 2005 to the year 2010. 

Important notes:  

As mentioned in Section 4.2, due to the fact of 100 m resolution, the model may not 
specify variations on a scale below 100 m. The model calculates spatial averages 
within 100 m and may therefore not reflect maximum values as they occur next to 
streets especially in street canyons. 

The effect of increased NO2 concentrations due to increased primary NO2 at roadside 
locations is not reproduced in the concentration model, since it maps spatial and tem-
poral averages. 

Both effects may lead to a discrepancy between modelled and measured NO2 values for 
stations located in the close vicinity of streets and roads with high NOx emissions. 
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Fig. 29 > Basel area in 2010 (top) and in 2015 (bottom). Plotted on a grid of mesh size 100 m 

        
 

 
Map background: GG25 © swisstopo (DV002213), PK200 © swisstopo (DV 351.5)  
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Fig. 30 > Bern and Fribourg area in 2010 (top) and in 2015 (bottom). Plotted on a grid of mesh size 100 m 

 
 

 
Map background: GG25 © swisstopo (DV002213), PK200 © swisstopo (DV 351.5) 
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Fig. 31 > Geneva area in 2010 (top) and in 2015 (bottom). Grey shaded area: Lake of Geneva. Plotted on a grid of mesh size 100 m 

 
 

 
Map background: GG25 © swisstopo (DV002213), PK200 © swisstopo (DV 351.5)  
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Fig. 32 > Lausanne area in 2010 (top) and in 2015 (bottom). Grey shaded area: Lake of Geneva. Plotted on a grid of mesh size 100 m 

 
 

 
Map background: GG25 © swisstopo (DV002213), PK200 © swisstopo (DV 351.5)  
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Fig. 33 > Lucerne and Zug area in 2010 (top) and in 2015 (bottom). Plotted on a grid of mesh size 100 m 

 
 

 
Map background: GG25 © swisstopo (DV002213), PK200 © swisstopo (DV 351.5)  
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Fig. 34 > Southern Ticino area in 2010 (top) and in 2015 (bottom). Plotted on a grid of mesh size 100 m 

 
 

 
Map background: GG25 © swisstopo (DV002213), PK200 © swisstopo (DV 351.5)  
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Fig. 35 > Zurich area in 2010 (top) and in 2015 (bottom). Plotted on a grid of mesh size 100 m 

 
 

 
Map background: GG25 © swisstopo (DV002213), PK200 © swisstopo (DV 351.5)  
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A2 Climate: Meteorology and wind regions 

The transfer functions are computed using hourly meteorological data of eight perma-
nent meteorological surface stations for the year 2005. Five of them represent the 
Swiss Plateau covering its entire range: Geneva, Payerne, Wynigen, Kloten and Güt-
tingen. Three Alpine stations used are situated in those valleys where the major transit 
routes are: Sion, Magadino and Chur. All eight stations are operated by MeteoSwiss 
(the Swiss national meteorological service). For the dispersion modelling, wind speed 
and wind direction data have been used with an hourly resolution. Additionally, Me-
teoSwiss kindly provided the TA-Luft stability (VDI 1988) class and the mixing height 
based on hourly meteorological data. 

Fig. 36 and Fig. 37 display the distribution of wind directions of the meteorological 
stations of the Swiss Plateau and the Alpine sites. The wind channelling in the Swiss 
Plateau is clearly visible. For the Alpine sites, the wind direction is dominated by the 
local valley orientation. They therefore have been rotated so that they fit on top of each 
other, corresponding to a valley where water runs from south to north. 

Fig. 38 shows the distribution of wind speeds in the Swiss Plateau. The amount of low 
wind conditions is roughly the same for Swiss Plateau and Alpine sites. The Alpine 
sites do experience a somewhat higher amount of high wind episodes caused by Föhn 
conditions. Nevertheless the average wind speed of the five Swiss Plateau and the three 
Alpine sites is very similar. 

The distribution of the TA-Luft stability classes is also very similar at all sites, a result 
not expected a priori. One would expect that very stable conditions are more often 
observed in Alpine regions. However, they are equally frequent at Swiss Plateau sites. 
Very unstable conditions are rarely observed in Switzerland at all. This result is mainly 
due to the model used to determine the mixing heights, which has been developed for 
applications in the Swiss Plateau, and is not well suited for Alpine sites. 
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Fig. 36 > Distribution of wind directions in the Swiss Plateau Fig. 37 > Distribution of wind directions in the Alps 

Distribution of wind directions (mean of the last 10 minutes of 
the hour, one measurement per hour) at five Swiss Plateau sites. 
Data for 2005, 8760 hours. 

Distribution of wind directions (mean of the last 10 minutes of 
the hour, one measurement per hour) at three Alpine sites. 
Data for 2005, 8760 hours. The wind direction of the Alpine 
sites has been rotated to a north-south valley orientation. 
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Fig. 38 > Distribution of wind speeds in the Swiss Plateau 
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A3 Time series of emission strength 

The transfer functions used to disperse the emission loads are computed by the disper-
sion model described in Chapter 3.2. They are based on the impact of a source with an 
emission strength of 1 ton per year and computed for a whole year on an hourly basis. 
Therefore time series are needed for each source category described in this section, 
such that an hourly emission behaviour can be associated with the annual emission 
load. 

Two different time series of emission strength are used: for elevated sources (mainly 
heating), the time series depends on the season and the hour of the day; for ground-
level sources (mainly traffic), they depend on the hour of the day.  

The time series for elevated sources (used for emissions from industrial and commer-
cial activities and households) is the weighted average of three different time series: 
first, a time series representing the average «human activity» (74.8 %); second, a time 
series for emissions from residential heating (12 %); third, a constant time series 
(13.2 %) for those emissions that do not vary during the day (depicted in Fig. 39) 
(weighting estimation done by INFRAS 2006). 

It has been assumed that electrical power consumption is well suited to represent 
«human activity». Because not all consumption of electrical power is related to direct 
human action, 30.9 % of all power consumption is assumed to be constant throughout 
the year14

The time series for ground-level sources (i.e., road, rail, water traffic, agriculture, 
forestry) is the weighted sum of time series for road traffic (36.6 %), rail traffic (9.1 %) 
and agriculture plus forestry (54.3 %), as shown in Fig. 40. Road traffic emissions are 
strictly proportional to the Swiss DTV (number of vehicles per day, averaged over 1 
year), i.e. the fact that lorries have NOx emission factors much higher than those of 
passenger cars is ignored. The rail traffic time series is proportional to the hourly total 
of train kilometres (passenger trains, cargo trains, and service trains). The time series 
for agriculture and forestry is equal to the hourly «human activity» (see above), where 
the average over the four seasons has been used. 

 (as a result, the «human activity» shows more pronounced fluctuations than 
the underlying time series of electrical power consumption). For the winter season 
(defined as December, January, February), the hourly averaged electrical power con-
sumption of 16 December 1998 is used (BFE 1999). For spring, summer and autumn, 
the consumption on 18 March, 17 June and 16 September, respectively, is used (BFE 
1999). The seasonal dependence of the residential heating emissions is equal to the 
number of «heating degree days» (German: Heizgradtage) (average for Basel, Bern, 
Lucerne, St. Gall and Zurich). For the hourly behaviour of heating emissions, a manual 
estimate has been used. 

  
14  50 % of industrial consumption is assumed to be constant over the year, 25 % of commercial and 25 % of residential consumption. The 

shares of industrial, commercial and residential national electricity consumption in 1998 (base year of dispersion calculation) are 33.5 %, 
26.1 % and 30.5 %. 



  NO2 ambient concentrations in Switzerland. Modelling results for 2005, 2010, 2015 FOEN 2011  64 
     

     
 

 

 

 

NO2  am
bient concentrations in Sw

itzerland. M
odelling results for 2005, 2010, 2015 

 
64 

 

 

Fig. 39 > Time series for emission strength for elevated sources 

Average of daily pattern over the four seasons is set to unity for all time series (y-axis: dimensionless weight). 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

weighted average residential heatings

'human activity' constant emission strength

Dec-Jan-Feb

Mar-Apr-May Jun-Jul-Aug Sep-Oct-Nov

00          06          12          18 00          06          12          18 00          06          12          18 00          06          12          18  
SAEFL (2003) 

 

Fig. 40 > Time series of emissions strength for ground-level sources 

Average over 24 hours is set to unity for all time series (y-axis: dimensionless weight). 
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Abbreviations 

DTV 
Daily Traffic Volume (number of vehicles per day, averaged over 1 
year) 

GIS  
Geographical Information System 

HDV 
Heavy-Duty Vehicles 

LDV 
Light-Duty (commercial) Vehicle 

LTO 
Landing and Takeoff-Cycle 

MC 
Motorcycle 

NO 
nitrogen monoxide 

NO2 
nitrogen dioxide 

NOx 
nitrogen oxide (sum of NO and NO2) 

PC 
Passenger Car 
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