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Cover: Contributions of different sources in the Greater Stockholm 
area to the yearly average population exposure to PM2.5 in Europe. 
For the residential heating source, two different estimates are given, 
one based on the emissions from Johansson and Eneroth (2007) 
and one based on emissions from SMED. Unit: person µg / m3.
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Preface 
This is a report resulting from the research project TESS – Traffic Emissions, Socioeconomic valuation and 
Socioeconomic measures that is financed by EMFO. In 2002 an agreement about the EMFO programme was 
reached between the partners from the Swedish Vehicle Research Council, PFF. EMFO is a sector-wide research 
competence to develop vehicles and vehicle components with emission levels that are sustainable in the long 
term. The aim of EMFO is to offer academia, industry and authorities access to necessary knowledge and 
pioneering solutions that are necessary if vehicle technology is to develop in the desired direction. One important 
task is to coordinate activities within the programme with both national and international research in the field. 
 
EMFO comprises subsidiary programmes and two of these were: “Socio-economic evaluation of the health and 
environmental impact of different emissions” and “Optimal range of socio-economic measures”. TESS 
undertakes research in these two areas but it is also related to the subsidiary programme: “Health and 
Environmental Impact”. The application was approved in 2005 and the project runs during 2005-2008. 
 
The basis for the research in TESS is the valuation methods developed in the EU funded ExternE projects where 
the external cost of emissions is calculated by tracing the effects that the emissions have on human health and 
then valuing these effects. The aim is to calculate the external costs related to particles that local emissions (from 
traffic and other sources) generate on a local and regional scale using Stockholm as a case study. Based on this 
information an analysis will be made on what reductions measures are likely to be efficient from an economic 
point of view.  
 
The analysis undertaken in TESS requires collaboration between researchers from different research disciplines 
and therefore there are four parties involved in this project. Coordinator for the project is VTI, where Lena 
Nerhagen is project leader as well as responsible for the economic analysis. Christer Johansson and Kristina 
Eneroth at SLB analys (Environment and Health Administration, Stockholm) contribute with information about 
local emissions and perform dispersion model calculations for the Stockholm area. Bertil Forsberg at Umeå 
Universitet is responsible for the health impact assessment. Finally, Robert Bergström at SMHI undertakes the 
regional scale dispersion modelling.  
 
This report is the result of the second part of the TESS project, the regional scale dispersion modelling for 
evaluating the impact of the Stockholm emissions in Sweden and the rest of Europe. This analysis has been 
undertaken by SMHI using the MATCH model and emission data from SLB (for Stockholm), SMED (for the 
rest of Sweden) and EMEP (for emissions outside Sweden).  
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Summary 
Model calculations have been performed to estimate the effects of emissions in Stockholm on the population 
exposure to particulate matter (PM) outside the city. In this report, the total European exposures to PM from 
different sources in Stockholm are presented and the results are compared to the earlier TESS-study of the 
exposure within Stockholm.  
 
The impacts of five different emissions were investigated: Road traffic exhaust, split into Light Duty Vehicles 
(LDV) and Heavy Duty Vehicles (HDV), Sea Traffic, Power Plants and Residential Heating. The emissions 
from non-exhaust (mainly road wear due to use of studded tyres) were also treated, in addition to combustion 
sources.  
 
The calculated impact of the Stockholm emissions on atmospheric concentrations of particles were weighted by 
the European population distribution and the resulting yearly average total European population exposures for 
the different sources are summarised in the Table below (unit: person μg/m3). 
 
 Road traffic 

exhaust, ldva 
Road traffic 
exhaust, 
hdvb 

Sea traffic Power 
plants 

Residential 
heating 

Non-exhaust 
road traffic 

Directly emitted 
combustion 
particles  

150 000 55 200 17 000 86 800 ca178 000 - 
886 000 

- 

Secondarily 
formed inorganic 
particles (nitrate, 
sulphate, 
ammonium) 

315 000 117 000 70 100 193 000 ca26 000 - 
70 300 

- 

Wear particles - - - - - 2 520 000 
a ldv = light duty vehicles 
b hdv = heavy duty vehicles 
 
The uncertainties in the emission estimates for Residential Heating using biomass (wood) are very large but it 
seems that it is an important PM source in Stockholm. In this report two estimates of the emissions have been 
used. In the lowest estimate, which seems more realistic, the contribution to population exposure of directly 
emitted combustion particles from residential heating is of similar magnitude (37%) as the contribution from 
road traffic (42%). For residential heating more than 90% of the exposure occur within the Greater Stockholm 
area. Further work is needed to validate this estimate. For all sources, except Sea Traffic, the total population 
exposure to combustion PM is much larger within Stockholm than outside; for shipping the total exposure is 
about as large outside the city as within. 
 
For all sources, except residential heating, the secondary inorganic aerosol (SIA) exposure is higher than the 
combustion particle exposure (for example, both for LDV and HDV the SIA exposures are ca 110% higher than 
the directly emitted combustion PM exposures).  
 
Non-exhaust particles dominate the total impact on PM10 exposure, contributing about 60-70% to the total 
exposure, due to all the studied sources in Stockholm. The calculated population exposure due to the wear 
particles is to a very large extent (87%) occurring within the Greater Stockholm area.  
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Introduction 
General background 
It has long been recognized that emissions from traffic have a negative impact on human health. In later years 
there has been emerging consensus that the main influence is due to particulate matter (WHO, 2005). From an 
economic point of view these negative effects are external costs caused by traffic that, if not accounted for in 
decision making regarding transport, will result in a non-optimal allocation of resources leading to welfare 
losses. There are however various measures in place aimed at reducing the negative health impact (i.e. the 
external costs) of the emissions from traffic. The measures include emission control legislation but also air 
quality objectives for local concentration levels in urban areas that if exceeded compels the local authorities to 
take action. Also road pricing measures are increasingly considered as an option since the new information 
technology has opened up for new technical solutions. One such example is the Stockholm trial where rush hour 
road pricing was implemented, resulting in reduced traffic to and within the city area and thereby reductions in 
emissions and concentration levels. 
 
To be able to implement road pricing measures, but also for the evaluation of other control measures through 
benefit-cost analysis, information on the external cost of traffic emissions is needed. In the Impact pathway 
approach (IPA), that has been developed in the ExternE projects, the external cost is calculated as the product of 
exposure, effect and value. All these inputs are the result of ongoing empirical research and they are all related to 
uncertainties, hence the external cost that is calculated is not “the” cost. Regarding particles there is for example 
recognition among the research community that there are different types of particles and that it is likely that their 
impact on human health differ. Still the current practice is to treat fine particles (which are considered to be most 
detrimental to health) as equally harmful irrespective of origin. Hence, there is only one function used for the 
health impact of fine particles (so called PM2.5). However, what is mostly measured in urban areas is the 
concentration of PM10 that contain both fine and coarse particles since the current air quality guidelines are 
based on these1. The most important local source of PM10 in many urban areas in Sweden is coarse particles 
from road wear (Omstedt et al., 2005). In spring, when the roadways are dry, the contribution from road wear 
particles may be 30 times the direct emissions from the exhaust pipe. These mechanically generated road dust 
particles are however not considered in calculations of the external cost that is based on the original ExternE-
methodology (Friedrich and Bickel, 2001; Bickel and Friedrich, 2007). 
 
In reality the measured concentrations of fine particles and PM10 in an urban area is composed of several types 
of particles such as combustion particles from different sources, non-exhaust particles from road wear and 
secondary particles from sources outside the city. Therefore it is not possible to assess the actual impact on 
health from local traffic emissions using measurement data of the total concentrations. The impact of different 
contributions to the total PM10 concentrations at street canyon and urban background in central Stockholm is 
illustrated in Figure 1.  
 
Hence, in order to undertake analysis of the influence of traffic emissions on human health dispersion models are 
needed. There is however an additional problem with the current measurement on which Figure 1 is based. If we 
are only interested in exhaust particles from local traffic, measurements or modelling of PM2.5 are not relevant. 
This is because exhaust particles consist mainly of ultrafine particles (with diameters <0.1 µm) and hence their 

                                                           
 
 
 
 
 
1 There is a new EU-directive being prepared that will include limit values for both PM10 and PM2.5 

(http://ec.europa.eu/environment/air/cafe/pdf/com_2005_447_en.pdf). 
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contribution to the concentration of PM2.5 is small. Therefore, in TESS we will not base the analysis on PM2.5 
or PM10 but we will model the contribution of exhaust and non-exhaust and secondary particles. 
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Figure 1. The relationship between the contribution from traffic and other sources to the PM10 
concentration at a densely trafficked site (Hornsgatan) and at Urban background (a roof-top site) in 
central Stockholm (annual mean contributions). “Fine” particles refers to PM2.5 and “Coarse” particles 
to PM10-PM2.5. 
 
In TESS the purpose is to investigate how important the external cost of traffic generated particle emissions are 
in relation to the cost of other particle emission sources. To do this we will both investigate how the exposure 
varies between sources but also assess if it is reasonable to assume that the impact differs between particle 
emissions from different sources. Recent research studies which in various ways have tried to estimate the 
separate impact of traffic exhaust emissions on health have found larger effects than studies using PM2.5 
(Forsberg et al., 2005). One reason for this could be that although the mass concentration of exhaust particles is 
small the exhaust emissions largely contribute to the number of particles in urban air or that they are much more 
toxic than the particle fraction that dominate the PM2.5 levels. Nitrogen oxide concentrations are highly 
correlated with the number of exhaust particles (Gidhagen et al., 2004; Olivares et al., 2007), therefore NOx or 
NO2 can be a good indicator for the exposure to particle exhaust emissions. In the present study we will also 
investigate the influence of local traffic and other sources on a regional scale, for example by studying secondary 
particle formation due to local emissions of NOx and SO2. In the project we use Stockholm as a case study. The 
information on external costs will then be used to analyse the economic efficiency of different reduction 
measures. 
 

Impact of Stockholm emissions on the rest of Sweden and Europe 
Particles emitted in Stockholm will, to some extent, be transported out of the city and contribute to the PM levels 
in other parts of Europe. The gaseous nitrogen oxides (NOx) and sulphur dioxide (SO2) emitted in Stockholm 
can also be oxidised to form particulate nitrate and sulphate and these secondary particles (denoted SIA, 
secondary inorganic aerosol) may be more important outside the emission area (Stockholm) than inside since it 
takes time for the SIA to form. 
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In this part of the TESS project the regional dispersion and chemistry of traffic exhaust air pollutants (NOx, SOx, 
volatile organic compounds (VOC) and exhaust particles) and non-exhaust particles (road, brake and tyre wear) 
in the Stockholm area were investigated. Emissions from sea traffic, energy production and residential heating 
were also studied, using the same methodology as for road traffic. 
 
Model calculations to determine the impact of emissions in Stockholm were performed on two different 
scales/regions. A large model domain covering most of Europe, with a horizontal resolution of ca 44km, was 
used to study impacts on a continental scale; the model area is illustrated in Figure 2.  
 
For a more detailed investigation, of impacts closer to Stockholm, a smaller model domain was used, covering 
Greater Stockholm and the surrounding area, including the counties of Stockholm, Uppsala, Västmanland and 
Södermanland and the major cities in the surrounding counties (Linköping, Norrköping, Örebro, Gävle, Falun, 
Borlänge) as well as the Åland Islands. The simulations in the smaller domain were performed with a much 
higher resolution (ca 5km) than the European-scale calculations. The concentrations from the European scale 
simulations were used as boundary conditions in the higher resolution modelling. Hereafter, the high resolution 
domain will be called the Mälardalen domain. 
 
All calculations were performed for one complete year (meteorology from 2003 was used). 
 
 

 
Figure 2. The modelling domains. Left: The European scale model domain with ca 44km horizontal 
resolution (each square represents one model grid cell). Right: The high-resolution, “Mälardalen” 
model domain; the domain is split into 59 × 60 grid cells, with 5km horizontal resolution in the 
Stockholm region. 
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Methods 
The MATCH Model 
The Multi-scale Atmospheric Transport and Chemistry (MATCH) model is a three-dimensional, Eulerian model 
developed at the Swedish Meteorological and Hydrological Institute (SMHI). It is used in a range of applications 
from urban scale studies (e.g., Gidhagen et al., 2005) on ca. 5km, or higher, resolution to regional/continental 
scale studies on acidifying/eutrophying deposition and photochemistry (e.g., Andersson et al., 2007, Langner et 
al., 2005; van Loon et al., 2007). MATCH is used for air pollution assessment in Sweden and the Baltic Sea 
region; the air pollution budgets of nitrogen and sulphur compounds for Sweden are calculated annually, using a 
system combining the MATCH model calculations and monitoring data from Sweden and the neighbouring 
countries. The model is also used operationally to provide forecasts of radioactivity in case of nuclear 
emergencies in Europe (Langner et al., 1998a).  
 
The MATCH model has participated in many international studies where different models have been evaluated 
against observational data and each other. Two examples of such intercomparison studies are the on-going 
EuroDelta-project (see e.g., van Loon et al., 2007) and the EuroTrac-2 study on aerosol modelling by Hass et al. 
(2003).  
 
Some details about the MATCH model are given below; a thorough description of the model is given in 
Andersson et al. (2007).  
 
Transport 
The basic transport model includes modules describing emissions, advection, turbulent diffusion and dry and wet 
deposition. Atmospheric weather data are taken from the numerical weather prediction (NWP) model HIRLAM 
(the operational version of SMHI was used in this study). Meteorological data are read every three hours. The 
data are then interpolated in time to yield hourly data. Special attention is given to interpolation of the horizontal 
wind where vector increments are applied. The vertical wind is calculated internally to assure mass consistency 
of the atmospheric motion after the time interpolation of the horizontal winds. The advection scheme is Bott-type 
(Bott 1989), using fourth-order scheme in the horizontal and a second-order scheme in the vertical. A complete 
description of the transport model can be found in Robertson et al. (1999). 
 
The vertical resolution of the model is based on the resolution of the meteorological data. For the meteorological 
year 2003, used in this project, the number of model levels was 22 corresponding to a vertical extent of ca 5500 
m. In the high resolution domain 16 levels were used, reaching ca 2900 m. In both cases the lowest model level 
was ca 60m thick. 
 
Deposition 
The dry deposition of gaseous and particulate species is calculated using a resistance approach depending on 
land-use. For MATCH-Europe a simple scheme is used with only four different land-use classes (Water, Forest, 
Low vegetation and No vegetation). The dry deposition flux is proportional to the concentration of each 
component and the inverse of the sum of the aerodynamic resistance and a species specific surface resistance. 
For simplicity the same aerodynamic resistance is used for all surfaces within a grid square. For species with 
stomatal uptake as a major deposition route, surface resistance is calculated taking into account soil moisture, 
soil type, vegetation type, leaf area index, photosynthetic active radiation and temperature. For other species a 
simpler approach is used with only monthly varying surface resistances. For O3, NO2, SO2 and NH3 lower 
deposition velocities are used for snow covered surfaces.  
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For most species, precipitation scavenging is assumed to be proportional to the precipitation intensity and a 
species-specific scavenging coefficient: 
 

Pc
dt
dc

ii
i Λ−=

   
    
where ci is the concentration of species i, Λi is the scavenging coefficient (s-1 mm-1 hour) and P is the 
precipitation rate (in mm hour-1).  
 
For O3, hydrogen peroxide (H2O2) and SO2 in-cloud scavenging is calculated by assuming Henry’s law 
equilibrium; sub-cloud scavenging is neglected for these species. All particulate sulphate inside clouds is 
assumed to be dissolved in cloud droplets; in-cloud scavenging is proportional to the fraction of the cloud water 
that hits the ground as precipitation. Sub-cloud scavenging for sulphate is calculated as in Berge (1993). 
 
Particles 
The size distributions of the directly emitted particles (or primary PM, “PPM”, consisting of combustion 
particles and wear particles) are important since they determine the dry deposition velocities and wet scavenging 
efficiencies of the PM. Combustion particles are typically very small; in the MATCH simulations they are 
treated as consisting of a mixture of particles with two different mean aerodynamic diameters 50nm (ca 10-13%) 
and 200nm (ca 87-90%), this size distribution was chosen to represent effective emission sizes, i.e., sizes 
relevant for the relatively coarse horizontal resolution of the MATCH model. Road wear particles are much 
larger than combustion particles and in this project 20% of the emission is assumed to be fine particles, with an 
average emission diameter of 1.75μm, and the rest (80%) are coarse particles, with a mean emission diameter of 
3.5μm. No aerosol dynamics is included (except deposition and hygroscopic growth; a growth function, 
specified for sulphuric particles, by Koutrakis (1989) and modified by Quinn and Ondov (1998) was used).  
 
The dry deposition scheme for the PPM takes into account gravitational settling, Brownian diffusion, inertial 
impaction, interception and possible rebound from dry surfaces. The scheme is based on Zhang et al. (2001).  
 
The wet deposition scheme for PPM takes into account 3-dimensional cloud cover and cloud water content. Wet 
deposition of PPM is split into in-cloud scavenging and below cloud scavenging. All particles inside clouds are 
assumed to go into cloud droplets. This means that the in-cloud scavenging coefficient is equal to the fraction of 
cloud water that hits the ground as precipitation. Below cloud scavenging of particles is based on an assumed 
lognormal distribution of the rain drop spectrum and takes into account collection of particles by Brownian 
diffusion, inertial impact and interception as formulated in Dana and Hales (1976).  
 
  
Chemistry scheme 
Depending on the application specific modules describing, e.g., chemistry can be added to the basic transport 
model. In this study the photochemistry scheme proposed by Simpson et al. (1993) is used with some 
modifications and updates; the most notable being a modified production mechanism for isoprene chemistry, 
based on the so-called Carter-1 scheme (Carter, 1996, Langner et al., 1998b). The photochemical scheme 
includes about 130 reactions and 61 chemical components; the basic idea is to use a limited number of 
representative volatile organic compounds (VOC) to model all emitted VOC; the selection of model VOCs is 
based on Photochemical Ozone Creation Potentials (POCP). 
 
The aerosol chemistry: 
Only a few chemical reactions are considered for the ammonia-ammonium conversion in MATCH: 
 
2 NH3 + H2SO4 → (NH4)2SO4 (irreversible reaction)    
NH3(g) + HNO3(g) ↔ NH4NO3 (s, aq) (equilibrium; humidity and temperature dependent)  
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The sulphuric acid (H2SO4), participating in the first reaction, can be directly emitted or formed in the model by 
gas phase oxidation of SO2, by OH or CH3O2, or oxidation in cloud droplets, by H2O2 or O3, (a constant cloud 
water pH of 5 was used). 
 
A bulk approach is used for secondary inorganic aerosol formation. This means that aerosol dynamics is not 
included and all SIA components are assigned to the fine particle mode PM2.5 (i.e., no part of the nitrate is 
included in the coarse mode).  
 
Boundary and initial concentrations 
Boundary concentrations for the European scale model domain were based on data from earlier MATCH 
projects (e.g., Solberg et al., 2002, 2005; Tilmes et al., 2002; Roemer et al., 2003). Monthly or seasonally 
varying lateral boundary conditions were used for some species. The boundary conditions are partly based on 
observations at background locations and partly on large-scale model calculations. The lateral O3 boundary 
concentrations were based on measurement data for 2003 from EMEP measurement stations (Internet URL: 
http://www.emep.int) and the top concentrations on sonde data from Ireland, the United Kingdom and Norway 
(average for the year 1996-2001). Initial conditions were interpolated from the specified lateral boundary values. 
 

Emission data 
Emission data for Greater Stockholm for NOx, SOx, VOC, directly emitted combustion particles and road wear 
particles were provided by Johansson and Eneroth (2007). These data were produced within the TESS project 
and are described in detail in the TESS part 1 report (Johansson & Eneroth, 2007). 
 
To describe the chemical evolution of the NOx/SOx/VOC emissions from Stockholm, and the resulting 
production of secondary inorganic aerosol, accurate emissions are also needed for the rest of Sweden and 
Europe. For Sweden NOx, SOx, VOC, CO and NH3 emission data from the SMED (Swedish Methodology for 
Environmental Data, www.smed.se) project, with ca 1km resolution, were used; the geographical distribution 
from 2001 was used but the total emissions were rescaled to be in line with estimated total national emissions in 
2003. Passenger cars equipped with catalytic converters emit ammonia (NH3). NH3 emissions were taken from 
SMED, also for the Stockholm traffic (since NH3 data were not available from Johansson & Eneroth, 2007). 
Ammonia emissions from Heavy Duty Vehicles are expected to be small and were neglected in this study.  
 
For emissions outside Sweden data from EMEP (http://www.emep.int) were used; the, so called, EMEP expert 
emission data for 2003 (Vestreng et al., 2006) were used; these data are based on official national data reported 
under CLRTAP to EMEP; missing/incomplete/erroneous data are corrected by EMEP. EMEP data are provided 
with a horizontal resolution of 50km. The EMEP data include anthropogenic emissions of NOx, SOx, VOC, NH3 
and CO as well as natural emissions of sulphur from oceans and volcanoes. 
 
All emission data were regridded to the two different calculation grids used in MATCH.  
 
EMEP provide emission data divided into 11 sectors (SNAP-codes, see e.g., EMEP/CORINAIR, 2002). The 
different sectors are given in Table 1. 
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Table 1. The SNAP sectors for emission data 
SNAP CODE DESCRIPTION 

1 Combustion in energy and transformation industries 
2 Non-industrial combustion plants 
3 Combustion in manufacturing industry 
4 Production processes 
5 Extraction and distribution of fossil fuels and geothermal energy 
6 Solvent and other product use 
7 Road transport 
8 Other mobile sources and machinery  
9 Waste treatment and disposal 

10 Agriculture 
11 Other sources  

 
 
Anthropogenic SOx emissions are treated as 95% SO2 and 5% sulphate. The NOx emissions are treated as 95% 
NO and 5% NO2. VOC emissions are split into the ten different model-VOC species of MATCH as indicated in 
Table 2. 
 
 
Table 2. Species split of VOC-emissions in MATCH. Unit: % of the total VOC emission in the 
respective SNAP sector 
Specie SNAP sector 
 1 2 3 4 5 6 7 8 9 10 
C2H6 4 12.1 5.4 6.1 9.0 9.7 4.8 5.0 28.5 12.5 
n-C4H10 14.25 53.2 36.5 33.7 87.9 23.3 39.55 50.5 38.2 12.5 
C2H4 1.9 8.5 10.6 5.8 0.5 0.6 10.45 13.9 2.9 12.5 
C3H6 3.3 8.6 2.2 5.4 2.0 0 6.6 4.4 0 0 
o-Xylene 11.2 10.5 18.7 4.65 0.6 20.1 34.2 21.3 4.45 12.5 
HCHO 65.25 4.2 21.4 0 0 0 2.2 2.8 18.5 0 
CH3CHO 0 0 0 0.1 0 0 1.6 1.35 0 12.5 
CH3COC2H5 0 0 0 0 0 10.15 0 0 0.7 0 
C2H5OH 0 2.95 5.0 35.2 0 22.3 0 0 4.0 12.5 
CH3OH 0 0 0 1.2 0 6.8 0 0 0.5 12.5 
Unreactive 0 0 0 7.6 0 6.6 0.8 0.8 2.0 12.5 
 
 
Emissions of the reactive hydrocarbon isoprene (C5H8) from plants are calculated within the MATCH model 
using the E-94 isoprene emission methodology proposed by Simpson et al. (1995)). Isoprene contributes to 
formation of ozone and thereby indirectly to the oxidation of SOx and NOx to particulate sulphate and nitrate. 
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Figure 3. Examples of European emission data used in the MATCH simulations. Left: Total NOx-
emissions in 2003 (unit: ton NO2) and Right: Total NH3-emissions in 2003 (unit: ton NH3). 
 
 

 
Figure 4. Example of higher resolution emission data used in the MATCH simulations in the 
Mälardalen domain. NOx-emissions from road traffic in 2003. Unit: ton NO2. 
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Standard plume-rise calculations can be performed in MATCH based on stack parameters (stack diameter, 
effluent temperature, volume flux) but in the TESS project all emissions were treated as area sources with fixed 
effective emission heights according to Table 3.  
 
 
Table 3. Emission fractions per model level for the different SNAP sectors (the approximate vertical 
extents of the different model levels are given in parenthesis) 
Model level SNAP sector 
 1 2 3 4 5 6 7 8 9 10 
1 (0-60m) - 50% - 90% 90% 100% 100% 100% 10% 100% 
2 (60-130m) - 50% 4% 10% 10% - - - 15% - 
4 (220-310m) 8% - 19% - - - - - 40% - 
5 (310-420m) 46% - 41% - - - - - 35% - 
7 (550-690m) 29% - 30% - - - - - - - 
8 (690-850m) 17% - 6% - - - - - - - 
 

Road traffic exhaust 
Emissions from road traffic were treated as surface level emissions in the MATCH model; all of the emissions 
are released in the lowest model level, which is ca 60m thick. The temporal variation of the road traffic 
emissions in Sweden is illustrated in Figure 5a-c. Variations on the seasonal scale2 are rather small, with 
somewhat lower emissions in winter than in summer. Emissions during weekdays are a bit higher than those 
during weekends. The diurnal variation of the road traffic emissions is large with very small emissions during 
the night hours and distinct emission maxima during morning and afternoon rush-hours. 
   

                                                           
 
 
 
 
 
2 The temporal variations were based on data from the GENEMIS project provided by the Institute of Energy 

Economics and the Rational Use of Energy (IER) at the University of Stuttgart (www.ier.uni-

stuttgart.de/forschung/projektwebsites/genemis/) 
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Diurnal variation of emissions from road traffic
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Figure 5a. Model variations of road traffic emissions with the time of day. The hourly fraction of the 

daily total emission is shown. Unit: % of the daily total emission. 
 

Weekly variation of NOx emissions from Road Traffic 
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Figure 5b. Model variations of road traffic emissions with the day of the week. The fraction of the 

weekly total emission is shown. Unit: % of the weekly total emission. 
 

Monthly variation of NOx emissions from Road Traffic
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Figure 5c. Model variations of road traffic exhaust emissions with the month of the year. The fraction 

of the yearly total emission is shown for each month. Unit: % of the yearly total emission. 
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Sea traffic 
All sea traffic emissions were considered as surface level emissions, i.e., released in the lowest model level. 
Since shipping emissions are put in the same SNAP sector as machinery (8) the temporal variation applied were 
probably not optimal for the Sea traffic part in Stockholm; shipping emissions in grid points defined as open sea 
have no temporal variation (i.e., are constant in time) but for grid points in, and close to, Stockholm a seasonal 
variation was used with much lower emissions in July and August than for the other months. This, unrealistic, 
temporal variation of the shipping emissions is probably not of critical importance as long as only yearly average 
results are investigated. 
 
No detailed geographical distribution of the emissions from leisure boats and “working” ships (service ships of 
different kinds, e.g., towing ships and icebreakers) was available; in the regional model simulations these 
emissions were distributed in the same way as the emissions from the ferries. 
 

Energy production 
Emissions from the Energy production sector were treated in a simplified way in MATCH; typically these 
emissions occur from relatively high chimneys and in a local scale model they must be treated as point sources. 
In the regional MATCH model, emissions from this category are treated as area sources with an effective 
emission height distribution as given in Table 3 (SNAP sector 1). This distribution is based on studies of actual 
plumes and is considered reasonable for regional scale modelling in Europe (Simpson et al., 2003). Since the 
purpose of the regional scale modelling in this project is to estimate the impact of Stockholm sources outside the 
city we have used this simplified emission profile. For local scale studies (within the city) it is important to use 
the true emission heights for the individual chimneys.  
 
The temporal variation of the emissions from Energy production in Greater Stockholm were based on data from 
Eneroth (2006) and are slightly different for the different species emitted from the sector; the seasonal variations 
are illustrated in Figure 6. 
 

Monthly variation of emissions from Power Plants in Stockholm
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Figure 6. Variations of Stockholm power plant emissions with the month of the year. The fraction of 
the yearly total emission is shown for each month for NOx, Combustion particles, VOC and SOx. Unit: 
% of the yearly total emission. 
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Residential heating 
The emissions from residential heating are strongly dependent on temperature. In the MATCH simulations an 
assumed temporal variation depending on the temperature at 2-m height in Stockholm was used. The variation 
was simplified to only include variations on a monthly scale. The fraction of the yearly total emitted each month 
is shown in Figure 7. Emissions are largest in January and February and very low in June – September. The 
vertical distribution of the residential heating emissions in MATCH is treated in a simplified way with 50% of 
the emissions being the released in the lowest model level and the remaining 50% in the second model level. 
 
The emissions of sulphur dioxide from wood burning have been neglected due to lack of information.  
 
The emissions from residential biomass burning are very uncertain. In this study the emissions from Johansson 
and Eneroth (2007) were used. These were estimated using rather high emission factors for directly emitted PM 
from residential wood burning. Recently, the SMED consortium has published new emission estimates for the 
residential heating sector in Sweden (Paulrud et al., 2007). Their estimates of the direct PM emissions are only 
about 1/5 of the estimates from Johansson and Eneroth (2007). SMED also gives considerably lower NOx and 
SO2-emissions from residential heating in Stockholm (50-70% lower than the data used here). 
 

Monthly variation of residential heating emissions in Stockholm
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Figure 7. Monthly variations of residential heating emissions in Stockholm used in the MATCH model. 
The fraction of the yearly total emission is shown for each month. Unit: % of the yearly total 
emission. 
 

Road traffic non-exhaust emissions 
Emissions of particles due to road wear in Stockholm are much larger in winter and spring than in summer and 
early autumn, due to the use of studded tyres (and sanding of streets) in the winter season. In the MATCH 
simulations a seasonal variation was used for the wear particles, based on measurements in Stockholm for the 
years 2003-2005 (Johansson, 2007). The seasonal variation of the emissions is shown in Figure 8. Emissions are 
largest in March and April and lowest in August-October. 
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Monthly variation of road wear emissions in Stockholm
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Figure 8. Monthly variations of road traffic non-exhaust (mostly road wear) emissions in Stockholm 
used in the MATCH model. The fraction of the yearly total emission is shown for each month. Unit: % 
of the yearly total emission. 
 

Results and Discussion 
Concentrations – geographic distribution and contribution from different sectors 
To estimate the impact of different emission sources in Stockholm a series of simulations were performed where 
one emission sector at a time was turned off. The results were then compared to the results from a simulation 
including all emissions. The emission sectors investigated in this way were: light duty vehicles (LDV), heavy 
duty vehicles (HDV), sea traffic (denoted Shipping in some maps), residential heating and power plants.  
 

Road traffic non-exhaust particles  
Non-exhaust particles from road traffic (mostly road wear PM) were also simulated. The calculated contributions 
to the European and Swedish PM10-concentrations, from these relatively coarse particle emissions, are shown in 
Figure 9. The gradient from the emission area in Stockholm is very strong; the impacts outside Stockholm 
county are relatively small (below 0.3 μg/m3 contribution to the yearly average PM10 concentration). 
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Figure 9. Contribution from Traffic non-exhaust particles (mainly road wear) in Stockholm to yearly 
average PM10 concentrations. Left: Coarse scale simulation. Right: High resolution simulation. Unit: 
ng/m3 (10-9 g/m3). 
 

Directly emitted combustion particles 
Figures 10-15 show model calculated concentrations of directly emitted combustion particles and secondary 
particulate nitrate and sulphate. Results are shown both for the European scale and the Mälardalen scale; for ease 
of comparison each picture illustrates a particular pollutant for the five different emission sources. 
 
Due to the large emissions, residential heating gives the largest contributions to combustion particles; this is 
illustrated in Figures 10 and 11. As pointed out earlier, the uncertainties in the emission estimates for residential 
wood combustion are very large and the true emissions may be much lower than the ones used here3. Power 
plants give a low contribution close to Stockholm but, compared to the other emission sources, relatively large 
contribution far from the city; this is due to the high effective emission height used for this source sector. 
 

                                                           
 
 
 
 
 
3 The emission estimates from Paulrud et al. (2007) are about 1/5 of the ones used here and this could be used as 

a rough estimate of the magnitude of the uncertainty for the residential heating source. 
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Figure 10. Modelled contribution to yearly average combustion particle concentrations due to 
different sources in Greater Stockholm in the European scale simulations. Upper Left: contribution 
from Light Duty Vehicles (LDV); Upper Right: contribution from Heavy Duty Vehicles (HDV); Middle 
Left: contribution from Sea Traffic; Middle Right: contribution from Residential Heating; Lower Left: 
contribution from Power Plants. Unit: ng/m3. 
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Figure 11. Modelled contribution to yearly average combustion particle concentrations due to 
different sources in Greater Stockholm in the high resolution model. Upper Left: contribution from 
Light Duty Vehicles (LDV); Upper Right: contribution from Heavy Duty Vehicles (HDV); Middle Left: 
contribution from Sea Traffic; Middle Right: contribution from Residential Heating; Lower Left: 
contribution from Power Plants. Unit: ng/m3. 
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Secondarily formed particulate matter due to emissions in Stockholm 
The impact of the Stockholm emissions on particulate nitrate and sulphate are more complicated than the directly 
emitted combustion and wear particles. Since nitrate and sulphate are formed through non-linear chemical 
reactions, both increases and decreases are possible due to the different substances emitted in Stockholm.  
 
For nitrate, the Stockholm emissions lead to increased concentrations far from the city (Figure 12) but, except for 
the road traffic sources, the local nitrate concentrations decrease (Figure 13); the local decrease is due to the 
relatively large sulphur emissions from sea traffic, residential heating and power plants. The emitted sulphur is 
partly in the form of sulphuric acid and this reacts with available ammonia (which may come from agricultural, 
industrial and traffic sources) to form ammonium sulphate:  
 
[1] 2 NH3 + H2SO4 →  (NH4)2SO4    
 
This leads to a loss of available ammonia to form ammonium nitrate via the equilibrium reaction:  
 
[2] NH3(g) + HNO3(g) ↔ NH4NO3 (s, aq)   
 
The loss of NH3 pushes the equilibrium towards more HNO3(g), instead of particulate nitrate, and thereby the 
local effect of the sulphur rich emissions can be a decrease in particulate nitrate. However, this decrease in 
nitrate is countered by an increase in particulate sulphate.  
 
It is interesting to note that the LDVs in Stockholm contribute much more to particulate nitrate formation than 
the HDVs. NOx emissions are about equal from the two sectors but the LDVs also emit NH3 that can react with 
HNO3 to form ammonium nitrate [2]. 
 
The road-traffic exhaust emissions (LDV and HDV) contain very little sulphur compared to NOx. This leads to 
increased nitrate concentrations due to road traffic both locally and at longer range (Figure 12 and 13).  
 
For HDV the sulphur emissions are in fact so low (only 1.71 tons/year) that the calculated net effect of the HDV-
emissions on sulphate concentrations is a small decrease (see Figures 14 and 15). The reason for the negative 
impact on particulate sulphate concentrations from the HDV traffic in Stockholm is that the yearly average 
impact of the large NOx-emissions from this sector (ca 2645 tons/year) is to reduce the oxidation rate of gaseous 
SO2 to particulate sulphate; the reduction is due to the reaction of the emitted NO with ozone (O3):  
 
[3] NO + O3 → NO2 + O2  
 
Ozone is a rather important oxidant for SO2 and also for generating other oxidants (OH and H2O2) that produce 
sulphate from SO2. The reduction in oxidation rate is larger than the small addition of SO2 and sulphate from the 
HDVs in Stockholm; this leads to somewhat lower particulate sulphate concentrations (but at the same time 
slightly higher SO2 concentrations) because of the total HDV emissions in Stockholm.  
 
Due to the higher sulphur content in gasoline, compared to diesel, LDV emissions of sulphur are more than 20 
times larger than those from HDVs (but still very small compared to the emissions from sea traffic, residential 
heating and power plants). The larger sulphur emissions from the LDVs compensate the reduced oxidation rate 
and the, yearly average, net effect is a very small increase in sulphate due to LDV emissions in Stockholm. 
 
Emissions of NOx and SOx also contribute to the formation of particulate ammonium (NH4

+) from gaseous 
ammonia (NH3) via reactions [1] and [2]. The impacts of the different emission sources in Stockholm on 
particulate ammonium concentrations have been calculated and the results are illustrated in Figures 16 and 17. 
Most sources have a relatively small, and rather short-ranged, impact on the NH4

+ concentrations. The exception 
is the LDV traffic that emits relatively much NH3 and thereby contributes to particulate NH4NO3 formation. 
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Figure 12. Modelled impact on yearly average particulate nitrate concentrations due to different 
emission sources in Greater Stockholm in the European scale simulations. Blue colours indicate 
decreases in nitrate due to Stockholm emissions. Upper Left: contribution from Light Duty Vehicles 
(LDV); Upper Right: contribution from Heavy Duty Vehicles (HDV); Middle Left: contribution from Sea 
Traffic; Middle Right: contribution from Residential Heating; Lower Left: contribution from Power 
Plants. Unit: ng/m3. 
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Figure 13. Modelled impact on yearly average particulate nitrate concentrations due to different 
emission sources in Greater Stockholm in the high resolution simulations. Blue/Green colours indicate 
decreases in nitrate due to Stockholm emissions. Upper Left: contribution from Light Duty Vehicles 
(LDV); Upper Right: contribution from Heavy Duty Vehicles (HDV); Middle Left: contribution from Sea 
Traffic; Middle Right: contribution from Residential Heating; Lower Left: contribution from Power 
Plants. Unit: ng/m3. 
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Figure 14. Modelled impact on yearly average particulate sulphate concentrations due to different 
emission sources in Greater Stockholm in the European scale simulations. Blue colours indicate 
decreases in sulphate due to Stockholm emissions. Upper Left: contribution from Light Duty Vehicles 
(LDV); Upper Right: contribution from Heavy Duty Vehicles (HDV); Middle Left: contribution from Sea 
Traffic; Middle Right: contribution from Residential Heating; Lower Left: contribution from Power 
Plants. Unit: ng/m3. 
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Figure 15. Modelled impact on yearly average particulate sulphate concentrations due to different 
emission sources in Greater Stockholm in the high resolution simulations. Blue colours indicate 
decreases in sulphate due to Stockholm emissions. Upper Left: contribution from Light Duty Vehicles 
(LDV); Upper Right: contribution from Heavy Duty Vehicles (HDV); Middle Left: contribution from Sea 
Traffic; Middle Right: contribution from Residential Heating; Lower Left: contribution from Power 
Plants. Unit: ng/m3. 
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Figure 16. Modelled impact on yearly average particulate ammonium concentrations due to different 
emission sources in Greater Stockholm in the European scale simulations. Blue colours indicate 
decreases in particulate ammonium due to Stockholm emissions. Upper Left: contribution from Light 
Duty Vehicles (LDV); Upper Right: contribution from Heavy Duty Vehicles (HDV); Middle Left: 
contribution from Sea Traffic; Middle Right: contribution from Residential Heating; Lower Left: 
contribution from Power Plants. Unit: ng/m3. 
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Figure 17. Modelled impact on yearly average particulate ammonium concentrations due to different 
emission sources in Greater Stockholm in the high resolution simulations. Blue colours indicate 
decreases in particulate ammonium due to Stockholm emissions. Upper Left: contribution from Light 
Duty Vehicles (LDV); Upper Right: contribution from Heavy Duty Vehicles (HDV); Middle Left: 
contribution from Sea Traffic; Middle Right: contribution from Residential Heating; Lower Left: 
contribution from Power Plants. Unit: ng/m3. 
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Population exposure 
Population data with approximately 1km resolution was used for the EU countries and Croatia; the data were 
produced by the Joint Research Centre (JRC) for EEA and are based on population figures for 2001(EEA/JRC, 
2006). For countries outside EU population data were taken from the Columbia University data base “Gridded 
Population of the World, version 3 (GPWv3)” (CIESIN, 2005); these data are based on population statistics for 
the year 2000. The population densities, used in the calculations of human exposure, are illustrated in Figure 18. 
 
 

 
Figure 18. Population data used in the exposure calculations. Left: High resolution domain, data 
taken from EEA/JRC (2006) (based on 2001 statistics). Right: European scale domain, data taken from 
EEA/JRC (2006) for the EU countries (+Croatia) and from CIESIN (2005) for the rest of the domain. 
Unit: persons per grid cell. 
 
 

Directly emitted combustion particles 
An example of the exposure results is given in Figure 19, which shows the calculated yearly average of the 
population exposure to directly emitted combustion particles from residential heating in Stockholm. Results from 
the European scale model and from the High resolution model are shown in the figure. On the European scale 
(outside Mälardalen) the Stockholm emissions have the largest population impact in the populated areas around 
the Baltic Sea and some larger cities relatively close to Sweden, such as, e.g., Berlin. 
 
In Tables 4-8 the model calculated population exposures to various particle components due to emissions from 
the different sources in the Greater Stockholm area are given. Since exposure calculations were performed in 
three different model resolutions in TESS, results are presented for exposure within the Greater Stockholm area, 
within the Mälardalen area (except Greater Stockholm) and within Europe (except Mälardalen). 
 
The population exposures to directly emitted combustion and wear particles inside the emission area are taken 
from Johansson and Eneroth (2007), assuming a population in the area of 1 405 600. The calculations of 
Johansson and Eneroth did not include secondary inorganic aerosols and therefore the contributions to these 
were calculated in this study, using results from the Mälardalen model domain simulations. 
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For directly emitted combustion particles the residential heating emissions dominate the population exposure, 
with ca 74% of the total calculated impact of the Stockholm sources, when the emissions from Johansson and 
Eneroth (2007) are used. Estimates of what the population exposures would have been with the SMED emissions 
(Paulrud et al., 2007) are also included in Table 4. Using these estimates the residential heating contribution to 
population exposure would be of about the same magnitude (37%) as the contribution from road traffic exhaust 
(42%). Even if the uncertainties in the emission estimates for Residential Heating are very large it seems that this 
is a very important PM source in Stockholm. More work is needed to quantify these emissions more accurately.  
 
For residential heating more than 90% of the exposure occurs within the Greater Stockholm area. For all sources, 
except Sea Traffic, the total population exposure to combustion PM is much larger within Stockholm than 
outside; for shipping the total exposure is about as large outside the city as within. 
 
 

 
Figure 19. Yearly average population exposure to directly emitted combustion particles from 
Residential Heating in Stockholm. Left: Coarse scale simulation for Europe, the Mälardalen region has 
been masked (since it is treated in more detail in the higher resolution simulation). Right: The high-
resolution simulation for the Mälardalen region; the Stockholm region has been masked (results for 
this region are taken from the local scale study of Johansson & Eneroth, 2007). Unit: person μg/m3. 
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Table 4. Population exposure to combustion particles, due to emissions in Greater Stockholm (Yearly 
average, unit: person μg/m3) 

REGION\SOURCE ROAD 
TRAFFIC 
TOTAL 

ROAD 
TRAFFIC, 
LDVA 

ROAD 
TRAFFIC, 
HDVB 

SEA 
TRAFFIC 

POWER 
PLANTS 

RESIDENTIAL 
HEATING 

Greater Stockholm 192 000c 141 000c 50 600c 8 860c 71 700c ca167 000d - 
829 000c 

Mälardalen, except 
Greater Stockholm 

 
7 560 

 
5 000 

 
2 560 

 
4 690 

 
2 190 

 
ca6 000e -
31 800f 

Europe, except 
Mälardalen 

6 160 4 150 2 010 3 430 12 900 ca4 700e -
25 200f 

Europe, total 
population 
exposure 

 
205 000 

 
150 000 

 
55 200 

 
17 000 

 
86 800 

 
ca178 000d,e - 

886 000c,f 
A LDV = light duty vehicles 
B HDV = heavy duty vehicles 
c from Johansson & Eneroth (2007), assumed population within the Greater Stockholm domain 1 405 600 persons 
d based on scaling of the results from Johansson & Eneroth (2007), using the SMED estimated emissions, which are 1/5 of 
the emissions used in this study 
e based on scaling of the results from this study, using the SMED estimated emissions, which are 1/5 of the emissions used in 
this study 
f this study, based on emissions from Johansson & Eneroth (2007) 
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Secondary Inorganic Aerosols 
An example of the SIA exposure (nitrate) due to road traffic emissions (LDV) in Stockholm is shown in Figure 
20. 
 

 
Figure 20. Yearly average population exposure to particulate nitrate due to emissions from Light 
Duty Vehicles (LDV) in Stockholm. Left: Coarse scale simulation for Europe, the Mälardalen region has 
been masked (since it is treated in more detail in the higher resolution simulation). Right: The high-
resolution simulation for the Mälardalen region. Unit: Person μg/m3. 

 
The calculated total population exposures to the different SIA components are given in Tables 5-7. 
 
The total population exposure to secondary inorganic aerosols, due to the sum of the emissions in Stockholm, is 
considerably lower than the exposure to directly emitted combustion particles. This is, however, only due to the 
very large estimated direct emissions from residential heating used here. For all other emission sources the SIA 
exposure is higher than the direct PM exposure. For HDV exposure to SIA is ca 111% higher than to the directly 
emitted exhaust PM and for LDV exposure to SIA is about 24% higher than to direct exhaust PM. For shipping 
emissions and power plant emissions the calculated total SIA exposures are also much higher than the directly 
emitted PM exposures.  
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Table 5. Population exposure to particulate nitrate (NO3
-), due to emissions in Greater Stockholm 

(Yearly average, unit: person μg/m3) 

REGION\SOURCE ROAD 
TRAFFIC 
TOTAL 

ROAD 
TRAFFIC, 
LDVA 

ROAD 
TRAFFIC, 
HDVB 

SEA 
TRAFFIC 

POWER 
PLANTS 

RESIDENTIAL 
HEATINGC 

Greater Stockholm 78 900  76 800  2 110 -1 320D 69 -2 730C,D 
Mälardalen, except 
Greater Stockholm 

11 400 8 960 2 400 434 579 69C 

Europe, except 
Mälardalen 

242 000 135 000 108 000 42 000 81 600 21 700C 

Europe, total 
population 
exposure 

 
333 000 

 
221 000 

 
112 000 

 
41 100 

 
82 200 

 
19 000C 

A LDV = light duty vehicles 
B HDV = heavy duty vehicles 
C The NOx (and SO2) emissions from residential heating are very uncertain which means that the population exposure values 
for this sector are uncertain as well.  
D The reason for the decrease in particulate nitrate within the Greater Stockholm region due to sea traffic and residential 
heating is that these sources emit fairly large amounts of SOx, which reacts irreversibly with available ammonia to form 
ammonium sulphate: 2 NH3 + H2SO4 →  (NH4)2SO4; this leads to a loss of available ammonia to form ammonium nitrate via 
the equilibrium reaction NH3(g) + HNO3(g) ↔ NH4NO3 (s, aq). The loss of NH3 pushes the equilibrium towards more 
HNO3(g) instead of particulate nitrate.  
 

Table 6. Population exposure to particulate sulphate (SO4
2-), due to emissions in Greater Stockholm 

(Yearly average, unit: person μg/m3) 

REGION\SOURCE ROAD 
TRAFFIC 
TOTAL 

ROAD 
TRAFFIC, 
LDVA 

ROAD 
TRAFFIC, 
HDVB 

SEA 
TRAFFIC 

POWER 
PLANTS 

RESIDENTIAL 
HEATINGC 

Greater Stockholm 2 220 3 030 -810D 10 300 8 650 24 200C 
Mälardalen, except 
Greater Stockholm 

-177 62 -239D 1 080 3 880 1 960C 

Europe, except 
Mälardalen 

19 000 23 900 -4 890D 7 330 66 500 11 500C 

Europe, total 
population 
exposure 

 
21 100 

 
27 000 

 
-5 940D 

 
18 700 

 
79 000 

 
37 600C 

A LDV = light duty vehicles 
B HDV = heavy duty vehicles 
C The SO2 (and NOx) emissions from residential heating are very uncertain which means that the population exposure values 
for this sector are uncertain as well.  
D The reason for the decrease in particulate sulphate due to the HDV traffic in Stockholm is that the sulphur emissions from 
this category are extremely low, only 1.71 tons/year, which is insignificant compared to the emissions of NOx from the same 
sector, ca 2645 tons/year. The yearly average impact of the large NOx-emissions from HDV is to reduce the oxidation rate of 
gaseous SO2 to particulate sulphate; the reduction is due to the reaction of the emitted NO with ozone, NO+O3 → NO2 + O2; 
O3 is a rather important oxidant for SO2 and also for producing the other oxidants that efficiently produce sulphate. The 
reduction in oxidation rate is larger than the small addition of SO2 and sulphate from the HDVs in Stockholm; this leads to 
somewhat lower particulate sulphate concentrations (but at the same time slightly higher SO2 concentrations). 
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Table 7. Population exposure to particulate ammonium (NH4
+), due to emissions in Greater 

Stockholm (Yearly average, unit: person μg/m3) 

REGION\SOURCE ROAD 
TRAFFIC 
TOTAL 

ROAD 
TRAFFIC, 
LDVA 

ROAD 
TRAFFIC, 
HDVB 

SEA 
TRAFFIC 

POWER 
PLANTS 

RESIDENTIAL 
HEATINGC 

Greater Stockholm 36 000 35 800 196 2 890 2 690 7 280C 
Mälardalen, except 
Greater Stockholm 

3 430 3 280 154 352 977 570C 

Europe, except 
Mälardalen 

38 000 27 900 10 100 7 070 27 900 5 870C 

Europe, total 
population 
exposure 

 
77 500 

 
67 000 

 
10 500 

 
10 300 

 
31 600 

 
13 700C 

A LDV = light duty vehicles 
B HDV = heavy duty vehicles 
C The NOx and SO2 emissions from residential heating are very uncertain which means that the population exposure values 
for this sector are uncertain as well.  
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Figure 21. Contributions of different sources in the Greater Stockholm area to the yearly 
average population exposure to combustion particles and secondary inorganic particles in 
Europe. For the residential heating source, two different estimates are given, one based on 
the emissions from Johansson and Eneroth (2007) and one based on emissions from SMED. 
Unit: person μg / m3. 
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Non-exhaust particles and total PM10 and PM2.5 exposure 

Non-exhaust particles dominate the total impact on PM10 exposure, contributing about 60-70% to the total 
exposure, due to the use of studded tires in Stockholm, as can be seen in Figure 22 (and Table 8). The calculated 
population exposure due to the non-exhaust particles is to a very large extent (87%) occurring within the Greater 
Stockholm area.  

Table 8. Population exposure to non-exhaust particles, due to emissions in Greater Stockholm (Yearly 
average, unit: person μg/m3) 

REGION\SOURCE TOTAL  COARSE 
FRACTION 

FINE FRACTION 
(PM2.5) 

Greater Stockholm 2 190 000a 1 740 000a,b 450 000a,b 
Mälardalen, except Greater 
Stockholm 

196 000 153 000 42 500 

Europe, except Mälardalen 133 000 101 000 31 700 

Europe, total population 
exposure 

 
2 520 000 

 
2 000 000 

 
524 000 

a from Johansson & Eneroth (2007) , assumed population within the Greater Stockholm domain 1 405 600 persons. 
b assuming that 20.5% of the wear particle exposure within the Greater Stockholm domain consists of fine particles. 
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Figure 22. Contributions of different sources in the Greater Stockholm area to the yearly average 
population exposure to PM10 in Europe. For the residential heating source, two different estimates are 
given, one based on the emissions from Johansson and Eneroth (2007) and one based on emissions 
from SMED. Unit: person μg / m3. 
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The total population exposures to fine particles (PM2.5) due to the different emissions in Stockholm are shown 
in Figure 23. Johansson and Eneroth (2007) only give total exposure to non-exhaust particles (not divided into 
fine and coarse fractions). Here it is assumed that the part of the population exposure due to the fine fraction 
inside Stockholm is 20.5% (based on Mälardalen scale simulation results). Outside Stockholm the relative 
amount of fine particles, compared to coarse, increases slightly due to longer atmospheric residence times for the 
finer particles. 
 
The calculated total PM2.5 exposure, due to Stockholm emissions, is dominated by directly emitted combustion 
particles from residential heating, and fine non-exhaust particles, when the emissions from Johansson and 
Eneroth (2007) are used. If the much lower SMED emissions would have been used for residential heating the 
results would have been quite different as can be seen in Figure 23, with the fine exhaust particles contributing 
about 1/3 to the total PM2.5 exposure. 
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Figure 23. Contributions of different sources in the Greater Stockholm area to the yearly average 
population exposure to PM2.5 in Europe. For the residential heating source, two different estimates 
are given, one based on the emissions from Johansson and Eneroth (2007) and one based on 
emissions from SMED. Unit: person μg / m3. 

 

Acknowledgements 
This work was financed by the EMFO programme. The author wishes to thank the other TESS-participants, 
Christer Johansson, Kristina Eneroth, Lena Nerhagen and Bertil Forsberg, for many valuable comments and 
suggestions regarding this report.



 34

References 
 

Andersson, C., Langner, J., and Bergström, R. (2007): Inter-annual variation and trends in air pollution over 
Europe due to climate variability during 1958-2001 simulated with a regional CTM coupled to the 
ERA40 reanalysis Tellus B 59, 77-98. doi: 10.1111/j.1600-0889.2006.00196.x. 

Berge, E., 1993. Coupling of wet scavenging of sulphur to clouds in a numerical weather prediction model, 
Tellus, 45B, 1-22. 

Bickel, P. and Friedrich R. (eds) (2007) ‘ExternE, Externalities of Energy. Methodology 2005  Update’. EUR 
21951. IER, University of Stuttgart. http://www.externe.info/ 

Bott, A., 1989. A positive definite advection scheme obtained by non-linear renormalization of advective fluxes, 
Month. Weath. Rev., 117, 1006-1015. 

Carter, W. P. L., 1996. Condensed atmospheric photo oxidation mechanisms for isoprene, Atmos. Environ., 30, 
4275-4290. 

CIESIN (2005): Center for International Earth Science Information Network (CIESIN), Columbia University; 
and Centro Internacional de Agricultura Tropical (CIAT). 2005. Gridded Population of the World 
Version 3 (GPWv3): Population Grids. Palisades, NY: Socioeconomic Data and Applications Center 
(SEDAC), Columbia University. Available at http://sedac.ciesin.columbia.edu/gpw. (2007-01-18). 

Dana, M.T., and Hales, J.M., (1975) Statistical aspects of the washout of polydisperse aerosols,  Atmos. 
Environ., 10, 45-50. 

EEA/JRC (2006): Population density disaggregated with CLC2000 
http://dataservice.eea.europa.eu/dataservice/metadetails.asp?id=830 

EMEP/CORINAIR (2002): EMEP/CORINAIR Emission Inventory Guidebook - 3rd edition October 2002 
UPDATE, available at: http://reports.eea.europa.eu/EMEPCORINAIR3/en/page002.html. (2007-06-07) 

Eneroth, K., 2006. (Miljöförvaltningen, Box 38 024, 10064 Stockholm.) Personal communication. 

Forsberg, B., Hansson, H-C., Johansson, C., Areskoug, H., Persson, K. & Järvholm, B., 2005. Comparative 
health impact assessment of local and regional particulate air pollutants in Scandinavia, Ambio, 34, 11-
19. 

Friedrich, R. and Bickel, P. (eds) (2001) Environmental External Costs of Transport. Springer-Verlag, Berlin 
Heidelberg, Germany. 

Gidhagen, L., Johansson, C., Langner, J. and Foltescu, V.L., 2005. Urban scale modeling of particle number 
concentration in Stockholm, Atmos. Environ., 39, 1711-1725.  

Gidhagen, L., Johansson, C., Langner, J. & Olivares, G., 2004. Simulation of NOx and ultrafine particles in a 
Street Canyon in Stockholm, Sweden. Atmos. Environ., 38, 2029-2044. 

Hass, H., van Loon, M., Kessler, C., Stern, R., Matthijsen, J., Sauter, F., Zlatev, Z., Langner, J., Foltescu, V., and 
Schaap, M. 2003 Aerosol Modelling: Results and Intercomparison from European Regional-scale 
Modelling Systems EUROTRAC ISS, Munich, EUROTRAC-2 Special Report, 77 pp. 

Johansson, C., 2007. (Miljöförvaltningen, Box 38 024, 10064 Stockholm.) Personal communication. 

Johansson, C. and Eneroth, K., 2007. TESS - Traffic Emissions, Socioeconomic valuation and Socioeconomic 
measures PART 1: EMISSIONS AND EXPOSURE OF PARTICLES AND NOx IN GREATER 
STOCKHOLM. SLB analys rapport nr. 2:2007. Miljöförvaltningen, Box 38 024, 10064 Stockholm. 
Available via: http://www.slb.nu/lvf/ (February 2008) 

Koutrakis, P., Wolfson, J.M., Spengler, J.D., Stern, B. and Franklin, C.A., 1989. Equilibrium size of atmospheric 
aerosol sulfates as a function of the relative humidity. J. Geophys. Res., 94, 6442-6448.  

Langner, J., Robertson, L., Persson, C. and Ullerstig, A. 1998a. Validation of the operational emergency 
response model at the Swedish meteorological and hydrological institute using data from ETEX and the 
Chernobyl accident. Atmos. Environ., 32, 4325-4333. 

Langner, J., Bergström R. and Pleijel, K., 1998b. European scale modeling of sulphur, oxidized nitrogen and 
photochemical oxidants. Model development and evaluation for the 1994 growing season, SMHI report, 
RMK No. 82, Swedish Met. and Hydrol. Inst., Norrköping, Sweden. 



 35

Langner, J., Bergström R. and Foltescu V.L., 2005. Impact of climate change on surface ozone and deposition of 
sulphur and nitrogen in Europe, Atmos. Environ., 39, 1129-1141. 

van Loon, M., Vautard, R., Schaap, M., Bergström, R., Bessagnet, B., Brandt, J., Builtjes, P.J.H., Christensen, J., 
Cuvelier, K., Jonson, J.E., Krol, M., Langner, J., Roberts, P., Rouil, L., Stern, R., Tarrasón, L., Thunis, P., 
Vignati, E., White, L. & Wind, P. (2007): Evaluation of long-term ozone simulations from seven regional 
air quality models and their ensemble. - Atmos. Environ., 41(10): 2083-2097. 

Omstedt, G., Johansson, C., & Bringfelt, B., 2005. A model for induced non-tailpipe emissions of particles along 
swedish roads. Atmos. Environ., 39, 6088-6097.  

Olivares, G., Johansson, C., Ström, J. & Hansson, H.-C., 2007. The role of ambient temperature for particle 
number concentrations in a street canyon. Atmos. Environ., 41, 2145-2155. 

Paulrud, S., Backman, H., Segersson, D., Gustafsson, T. and Ringsberg, H. (2007). Framtidsscenarier för 
emissioner från småskalig värmeproduktion. SMED Rapport Nr 7 2007. (www.smed.se) 

Quinn, T.L. and Ondov, J.M., 1998. Influence of temporal changes in relative humidity on dry deposition 
velocities and fluxes of aerosol particles bearing trace elements. Atmos. Environ., 32, 3467-3479. 

Robertson, L., Langner, J. and Engardt, M., 1999. An Eulerian limited-area atmospheric transport model, J. 
Appl. Met. 38, 190-210. 

Roemer M., Beekman, M., Bergström, R., Boersen, G., Feldman, H., Flatoy, F., Honore, C., Langner, J., Jonson, 
J.E., Matthijsen, J., Memmesheimer, M., Simpson, D., Smeets, P., Solberg, S., Stern, R., Stevenson, D., 
Zandveld, P. and Zlatev, Z., 2003. Ozone trends according to ten dispersion models, EUROTRAC-2, 
http://www.mep.tno.nl/eurotrac, click on EUROTRAC-trends.pdf. 

Simpson, D., Andersson-Sköld, Y. and Jenkin, M.E., 1993. Updating the chemical scheme for the EMEP MSC-
W oxidant model: current status, EMEP MSC-W Note 2/93. 

Simpson, D., Guenther, A., Hewitt, C.N. and Steinbrecher, R., 1995. Biogenic emissions in Europe. 1. Estimates 
and uncertainties., J. Geophys. Res., 100, 22875-22890. 

Simpson, D., Fagerli, H., Jonson, J.E., Tsyro, S., Wind P and Tuovinen J.-P., 2003. Transboundary Acidification, 
Eutrophication and Ground Level Ozone in Europe - PART I - Unified EMEP Model Description., 
EMEP Report 1/2003. ISSN 0806-4520. URL: 
http://www.emep.int/publ/reports/2003/emep_report_1_part1_2003.pdf 

Solberg, S., Bergström, R., Langner, J., Laurila, T., Sjöberg, K. and Lindskog, A., 2002. Changes in ozone 
episodes due to emission reductions – A Nordic study. EMEP/CCC-Report 10/2002, Norwegian 
Institute for Air Research, P.O. Box 100, No-2027 Kjeller, Norway. URL: 
http://www.nilu.no/projects/ccc/reports/cccr10-2002.pdf 

Solberg, S., Bergström, R., Langner, J., Laurila, T. and Lindskog, A., 2005. Changes in Nordic ozone episodes 
due to European emission reductions in the 1990s. Atm. Env., 39, 179-192. 

Tilmes, S., Brandt, J., Flatøy, F., Bergström, R., Flemming, J., Langner, J., Christensen, J.H., Frohn, L.M., Hov, 
Ø., Jacobsen, I., Reimer, E., Stern, R. and Zimmermann, J., 2002. Comparison of Five Eulerian Air 
Pollution Forecasting Systems for the Summer of 1999 Using the German Ozone Monitoring Data. J. 
Atm. Chem. 42, 91-121. 

Vestreng et al., 2006: Inventory Review 2006. Emission data reported to the LRTAP Convention and NEC 
directive. Stage 1, 2 and 3 review. Evaluation of inventories of HMs and POPs, EMEP/MSC-W 
Technical Report 1/2006. ISSN 1504-6179 (print), 1504-6206 (online) 

WHO, 2005. Health effects of transport-related air pollution (Krzyzanowski, M., Kuna-Dibbert, B and 
Schneider, J., eds), World Health Organization. 

Zhang, L., Gong, S., Padro, J. and Barrie, L, 2001. A size-segregated particle dry deposition scheme for an 
atmospheric aerosol module, Atmos. Environ., 35, 549-560.  

 

 



SMHIs publiceringar 
 
SMHI ger ut sex rapportserier. Tre av dessa, R-serierna är avsedda för internationell publik 
och skrivs därför oftast på engelska. I de övriga serierna används det svenska språket. 
 
Seriernas namn Publiceras sedan 
 
RMK (Rapport Meteorologi och Klimatologi) 1974 
RH (Rapport Hydrologi) 1990 
RO (Rapport Oceanografi) 1986 
METEOROLOGI 1985 
HYDROLOGI 1985 
OCEANOGRAFI 1985 
 
 
 
I serien  METEOROLOGI har tidigare utgivits: 
 
 
1985 
1 Hagmarker, A. (1985) 

Satellitmeteorologi. 
 
2 Fredriksson, U., Persson, Ch., Laurin, S. 

(1985) 
Helsingborgsluft. 

 
3 Persson, Ch., Wern, L. (1985) 

Spridnings- och depositionsberäkningar 
för av fallsförbränningsanläggningar i 
Sofielund och Högdalen. 

 
4 Kindell, S. (1985) 

Spridningsberäkningar för SUPRAs 
anläggningar i Köping. 

 
5 Andersson, C., Kvick, T. (1985) 

Vindmätningar på tre platser på Gotland. 
Utvärdering nr 1. 

 
6 Kindell, S. (1985) 

Spridningsberäkningar för Ericsson, 
Ingelstafabriken. 

 
7 Fredriksson, U. (1985) 

Spridningsberäkningar för olika plymlyft 
vid avfallsvärmeverket Sävenäs. 

 
8 Fredriksson, U., Persson, Ch. (1985) 

NOx- och NO2-beräkningar vid 
Vasaterminalen i Stockholm. 

 
9 Wern, L. (1985) 

Spridningsberäkningar för ASEA 
transformers i Ludvika. 

 
 
 

10 Axelsson, G., Eklind, R. (1985) 
Ovädret på Östersjön 23 juli 1985. 

 
11 Laurin, S., Bringfelt, B. (1985) 

Spridningsmodell för kväveoxider i 
gatumiljö. 

 
12 Persson, Ch., Wern, L. (1985) 

Spridnings- och depositionsberäkningar 
för avfallsförbränningsanläggning i 
Sofielund. 

 
13 Persson, Ch., Wern, L. (1985) 

Spridnings- och depositionsberäkningar 
för avfallsförbränningsanläggning i 
Högdalen. 

 
14 Vedin, H., Andersson, C. (1985) 

Extrema köldperioder i Stockholm. 
 
15 Krieg, R., Omstedt, G. (1985) 

Spridningsberäkningar för Volvos 
planerade bilfabrik i Uddevalla. 

 
16 Kindell, S. Wern, L. (1985) 

Luftvårdsstudie avseende 
industrikombinatet i Nynäshamn 
(koncentrations- och luktberäkningar). 

 
17 Laurin, S., Persson, Ch. (1985) 

Beräknad formaldehydspridning och 
deposition från SWEDSPANs 
spånskivefabrik. 

 
18 Persson, Ch., Wern, L. (1985) 

Luftvårdsstudie avseende industri-
kombinatet i Nynäshamn – depositions-
beräkningar av koldamm. 
 



19 Fredriksson, U. (1985) 
Luktberäkningar för Bofors Plast i  

 Ljungby, II. 
 

20 Wern, L., Omstedt, G. (1985) 
Spridningsberäkningar för Volvos 
planerade bilfabrik i Uddevalla - energi-
centralen. 

 
21 Krieg, R., Omstedt, G. (1985) 

Spridningsberäkningar för Volvos 
planerade bilfabrik i Uddevalla - 
kompletterande beräkningar för fabrikerna. 

 
22 Karlsson, K.-G. (1985) 

Information från Meteosat - forskningsrön 
och operationell tillämpning. 

 
23 Fredriksson, U. (1985) 

Spridningsberäkningar för AB Åkerlund & 
Rausings fabrik i Lund. 

 
24 Färnlöf, S. (1985) 

Radarmeteorologi. 
 
25 Ahlström, B., Salomonsson, G. (1985) 

Resultat av 5-dygnsprognos till ledning för 
isbrytarverksamhet vintern 1984-85. 

 
26 Wern, L. (1985) 

Avesta stadsmodell. 
 
27 Hultberg, H. (1985) 

Statistisk prognos av yttemperatur. 
 
 
1986 
 
1 Krieg, R., Johansson, L., Andersson, C. 

(1986) 
Vindmätningar i höga master, kvartals-
rapport 3/1985. 

 
2 Olsson, L.-E., Kindell, S. (1986) 

Air pollution impact assessment for the 
SABAH timber, pulp and paper complex. 

 
3 Ivarsson, K.-I. (1986) 

Resultat av byggväderprognoser - 
säsongen 1984/85. 

 
4 Persson, Ch., Robertson, L. (1986) 

Spridnings- och depositionsberäkningar 
för en sopförbränningsanläggning i 
Skövde. 

 
5 Laurin, S. (1986) 

Bilavgaser vid intagsplan - Eskilstuna. 

6 Robertson, L. (1986) 
Koncentrations- och depositions-
beräkningar för en sopförbrännings- 

 anläggning vid Ryaverken i Borås. 
 
7 Laurin, S. (1986) 

Luften i Avesta - föroreningsbidrag från 
trafiken. 

 
8 Robertson, L., Ring, S. (1986) 

Spridningsberäkningar för bromcyan. 
 
9 Wern, L. (1986) 

Extrema byvindar i Orrefors. 
 
10 Robertson, L. (1986) 

Koncentrations- och depositions- 
 beräkningar för Halmstads avfalls- 
 förbränningsanläggning vid Kristinehed. 
 
11 Törnevik, H., Ugnell (1986) 

Belastningsprognoser. 
 
12 Joelsson, R. (1986) 

Något om användningen av numeriska  
 prognoser på SMHI (i princip rapporten 

till ECMWF). 
 
13 Krieg, R., Andersson, C. (1986) 

Vindmätningar i höga master, kvartals- 
 rapport 4/1985. 
 
14 Dahlgren, L. (1986) 

Solmätning vid SMHI. 
 
15 Wern, L. (1986) 

Spridningsberäkningar för ett kraftvärme-
verk i Sundbyberg. 

 
16 Kindell, S. (1986) 

Spridningsberäkningar för Uddevallas 
fjärrvärmecentral i Hovhult. 

 
17 Häggkvist, K., Persson, Ch., Robertson, L 

(1986) 
Spridningsberäkningar rörande gasutsläpp 
från ett antal källor inom SSAB Luleå-
verken. 

 
18 Krieg, R., Wern, L. (1986) 

En klimatstudie för Arlanda stad. 
 
19 Vedin, H. (1986) 

Extrem arealnederbörd i Sverige. 
 
20 Wern, L. (1986) 

Spridningsberäkningar för lösningsmedel i 
Tibro. 

 
21 Krieg, R., Andersson, C. (1986) 

Vindmätningar i höga master - kvartals-
rapport 1/1986. 



22 Kvick, T. (1986) 
Beräkning av vindenergitillgången på 
några platser i Halland och Bohuslän. 

 
23 Krieg, R., Andersson, C. (1986) 

Vindmätningar i höga master - kvartals-
rapport 2/1986. 

 
24 Persson, Ch. (SMHI), Rodhe, H. 

(MISU), De Geer, L.-E. (FOA) (1986) 
Tjernobylolyckan - En meteorologisk  
analys av hur radioaktivitet spreds till 
Sverige. 

 
25 Fredriksson, U. (1986) 

Spridningsberäkningar för Spendrups  
 bryggeri, Grängesberg. 
 
26 Krieg, R. (1986) 

Beräkningar av vindenergitillgången på 
några platser i Skåne. 

 
27 Wern, L., Ring, S. (1986) 

Spridningsberäkningar, SSAB. 
 
28 Wern, L., Ring, S. (1986) 

Spridningsberäkningar för ny ugn,  
SSAB II. 

 
29 Wern, L. (1986) 

Spridningsberäkningar för Volvo 
Hallsbergverken. 

 
30 Fredriksson, U. (1986) 

SO2-halter från Hammarbyverket kring ny 
arena vid Johanneshov. 

 
31 Persson, Ch., Robertson, L., Häggkvist, K. 

(1986) 
Spridningsberäkningar, SSAB - Luleå-
verken. 

 
32 Kindell, S., Ring, S. (1986) 

Spridningsberäkningar för SAABs 
planerade bilfabrik i Malmö. 

 
33 Wern, L. (1986) 

Spridningsberäkningar för 
svavelsyrafabrik i Falun. 

 
34 Wern, L., Ring, S. (1986) 

Spridningsberäkningar för Västhamns-
verket HKV1 i Helsingborg. 
 

35 Persson, Ch., Wern, L. (1986) 
Beräkningar av svaveldepositionen i 
Stockholmsområdet. 

 
36 Joelsson, R. (1986) 

USAs månadsprognoser. 
 

37 Vakant nr. 
 

38 Krieg, R., Andersson, C. (1986) 
Utemiljön vid Kvarnberget, Lysekil. 

 
39 Häggkvist, K. (1986) 

Spridningsberäkningar av freon 22 från 
Ropstens värmepumpverk. 

 
40 Fredriksson, U. (1986) 

Vindklassificering av en plats på Hemsön. 
 

41 Nilsson, S. (1986) 
Utvärdering av sommarens (1986) 
använda konvektionsprognoshjälpmedel. 

 
42 Krieg, R., Kvick, T. (1986) 

Vindmätningar i höga master. 
 
43 Krieg, R., Fredriksson, U. (1986) 

Vindarna över Sverige. 
 
44 Robertson, L. (1986) 

Spridningsberäkningar rörande gasutsläpp 
vid ScanDust i Landskrona - bestämning 
av cyanvätehalter. 

 
45 Kvick, T., Krieg, R., Robertson, L. (1986) 

Vindförhållandena i Sveriges kust- och 
havsband, rapport nr 2. 

 
46 Fredriksson, U. (1986) 

Spridningsberäkningar för en planerad 
panncentral vid Lindsdal utanför Kalmar. 

 
47 Fredriksson, U. (1986) 

Spridningsberäkningar för Volvo BMs 
fabrik i Landskrona. 

 
48 Fredriksson, U. (1986) 

Spridningsberäkningar för ELMO-CALFs 
fabrik i Svenljunga. 

 
49 Häggkvist, K. (1986) 

Spridningsberäkningar rörande gasutsläpp 
från syrgas- och bensenupplag inom SSAB 
Luleåverken. 

 
50 Wern, L., Fredriksson, U., Ring, S. (1986) 

Spridningsberäkningar för lösningsmedel i 
Tidaholm. 
 

51 Wern, L. (1986) 
Spridningsberäkningar för Volvo BM ABs 
anläggning i Braås. 
 

 
 
52      Ericson, K. (1986) 
          Meteorological measurements performed 
           May 15, 1984, to June, 1984, by the        
            SMHI. 



 
53 Wern, L., Fredriksson, U. (1986) 

Spridningsberäkning för Kockums Plåt-
teknik, Ronneby. 

 
54 Eriksson, B. (1986) 

Frekvensanalys av timvisa temperatur-
observationer. 

 
55 Wern, L., Kindell, S. (1986) 

Luktberäkningar för AB ELMO i Flen. 
 
56 Robertson, L. (1986) 

Spridningsberäkningar rörande utsläpp av 
NOx  inom Fagersta kommun. 

 
57 Kindell, S. (1987) 

Luften i Nässjö. 
 
58 Persson, Ch., Robertson, L. (1987) 

Spridningsberäkningar rörande gasutsläpp 
vid ScanDust i Landskrona - bestämning 
av cyanväte. 

 
59 Bringfelt, B. (1987) 

Receptorbaserad partikelmodell för 
gatumiljömodell för en gata i Nyköping. 

 
60 Robertson, L. (1987) 

Spridningsberäkningar för Varbergs 
kommun. Bestämning av halter av SO2, 
CO, NOx samt några kolväten. 

 
61 Vedin, H., Andersson, C. (1987) 

E 66 - Linderödsåsen - klimatförhållanden. 
 
62 Wern, L., Fredriksson, U. (1987) 

Spridningsberäkningar för Kockums 
Plåtteknik, Ronneby. 2. 

 
63 Taesler, R., Andersson, C., Wallentin, C., 

Krieg, R. (1987) 
Klimatkorrigering för energiförbrukningen 
i ett eluppvärmt villaområde. 

 
64 Fredriksson, U. (1987) 

Spridningsberäkningar för AB Åetå-
Trycks planerade anläggning vid Kungens 
Kurva. 

 
65 Melgarejo, J. (1987) 

Mesoskalig modellering vid SMHI. 
 
66 Häggkvist, K. (1987) 

Vindlaster på kordahus vid Alviks Strand -
numeriska beräkningar. 

 
67 Persson, Ch. (1987) 

Beräkning av lukt och föroreningshalter i 
luft runt Neste Polyester i Nol. 

 

68 Fredriksson, U., Krieg, R. (1987) 
En överskalig klimatstudie för Tornby, 
Linköping. 

 
69 Häggkvist, K. (1987) 

En numerisk modell för beräkning av 
vertikal momentumtransport i områden 
med stora råhetselement. Tillämpning på 
ett energiskogsområde. 

 
70 Lindström, Kjell (1987) 

Weather and flying briefing aspects. 
 
71 Häggkvist, K. (1987) 

En numerisk modell för beräkning av 
vertikal momentumtransport i områden 
med stora råhetselement. En koefficient-
bestämning. 

 
72 Liljas, E. (1988) 

Förbättrad väderinformation i jordbruket - 
behov och möjligheter (PROFARM). 

 
73 Andersson, Tage (1988) 

Isbildning på flygplan. 
 
74 Andersson, Tage (1988) 

Aeronautic wind shear and turbulence. 
A review for forecasts. 

 
75 Kållberg, P. (1988) 

Parameterisering av diabatiska processer i 
numeriska prognosmodeller. 
 

76 Vedin, H., Eriksson, B. (1988) 
Extrem arealnederbörd i Sverige  
1881 - 1988. 

 
77 Eriksson, B., Carlsson, B., Dahlström, B. 

(1989) 
Preliminär handledning för korrektion av 
nederbördsmängder. 

 
78 Liljas, E. (1989) 

Torv-väder. Behovsanalys med avseende 
på väderprognoser och produktion av 
bränsletorv. 

 
79 Hagmarker, A. (1991) 

Satellitmeteorologi. 
 
80 Lövblad, G., Persson, Ch. (1991) 

Background report on air pollution 
situation in the Baltic states - a 
prefeasibility study. 
IVL Publikation B 1038. 

 
81 Alexandersson, H., Karlström, C., 

Larsson-McCann, S. (1991) 
Temperaturen och nederbörden i Sverige 
1961-90. Referensnormaler. 

 



82 Vedin, H., Alexandersson, H., Persson, M. 
(1991) 
Utnyttjande av persistens i temperatur och 
nederbörd för vårflödesprognoser. 

 
83 Moberg, A. (1992) 

Lufttemperaturen i Stockholm  
1756 - 1990. Historik, inhomogeniteter 
och urbaniseringseffekt. 
Naturgeografiska Institutionen, 
Stockholms Universitet. 

 
84 Josefsson, W. (1993) 

Normalvärden för perioden 1961-90 av 
globalstrålning och solskenstid i Sverige. 

 
85 Laurin, S., Alexandersson, H. (1994) 

Några huvuddrag i det svenska 
temperatur-klimatet 1961 - 1990. 

 
86 Fredriksson, U. och Ståhl, S. (1994) 

En jämförelse mellan automatiska och 
manuella fältmätningar av temperatur och 
nederbörd.  

 
87 Alexandersson, H., Eggertsson Karlström, 

C. och Laurin S. (1997). 
Några huvuddrag i det svenska 
nederbördsklimatet 1961-1990. 

 
88 Mattsson, J., Rummukainen, M. (1998) 

Växthuseffekten och klimatet i Norden - 
en översikt. 

 
89 Kindbom, K., Sjöberg, K., Munthe, J., 

Peterson, K. (IVL)  
Persson, C. Roos, E., Bergström, R. 
(SMHI). (1998) 
Nationell miljöövervakning av luft- och 
nederbördskemi 1996. 

 
90 Foltescu, V.L., Häggmark, L (1998) 

Jämförelse mellan observationer och fält 
med griddad klimatologisk information. 

 
91 Hultgren, P., Dybbroe, A., Karlsson, K.-G. 

(1999) 
SCANDIA – its accuracy in classifying 
LOW CLOUDS 
 

92 Hyvarinen, O., Karlsson, K.-G., Dybbroe, 
A. (1999) 
Investigations of NOAA AVHRR/3 1.6 
μm imagery for snow, cloud and sunglint 
discrimination  (Nowcasting SAF) 
 

93 Bennartz, R., Thoss, A., Dybbroe, A. and 
Michelson, D. B. (1999) 
Precipitation Analysis from AMSU 
(Nowcasting SAF) 

 

94 Appelqvist, Peter och Anders Karlsson 
(1999) 
Nationell emissionsdatabas för utsläpp till 
luft - Förstudie. 

 
95 Persson, Ch., Robertson L. (SMHI) 

Thaning, L (LFOA). (2000) 
Model for Simulation of Air and Ground 
Contamination Associated with Nuclear 
Weapons. An Emergency Preparedness 
Model. 

 
96 Kindbom K., Svensson A., Sjöberg K., 

(IVL) Persson C., (SMHI) ( 2001) 
Nationell miljöövervakning av luft- och 
nederbördskemi 1997, 1998 och 1999. 

 
97 Diamandi, A., Dybbroe, A. (2001) 

Nowcasting SAF 
Validation of AVHRR cloud products. 

 
98 Foltescu V. L.,  Persson Ch. (2001) 

Beräkningar av moln- och dimdeposition i 
Sverigemodellen - Resultat för 1997 och 
1998. 

 
99 Alexandersson, H. och Eggertsson 

Karlström, C (2001) 
Temperaturen och nederbörden i Sverige 
1961-1990. Referensnormaler - utgåva 2. 

 
100 Korpela, A., Dybbroe, A., Thoss, A. 

(2001) 
Nowcasting SAF - Retrieving Cloud Top 
Temperature and Height in Semi-
transparent and Fractional Cloudiness 
using AVHRR. 

 
101 Josefsson, W. (1989) 

Computed global radiation using 
interpolated, gridded cloudiness from the 
MESA-BETA analysis compared to 
measured global radiation. 

 
102 Foltescu, V., Gidhagen, L., Omstedt, G. 

(2001) 
Nomogram för uppskattning av halter av 
PM10 och NO2 

 
103  Omstedt, G., Gidhagen, L., Langner,  J. 

(2002) 
Spridning av förbränningsemissioner från 
småskalig biobränsleeldning 
– analys av PM2.5 data från Lycksele med 
hjälp av två Gaussiska spridningsmodeller. 

 
104 Alexandersson, H. (2002) 

Temperatur och nederbörd i Sverige 1860 
- 2001  
 

105 Persson, Ch.  (2002) 
Kvaliteten hos nederbördskemiska mätdata 



som utnyttjas för dataassimilation i 
MATCH-Sverige modellen". 
 

106 Mattsson, J., Karlsson, K-G. (2002) 
CM-SAF cloud products feasibility study 
in the inner Arctic region 
Part I: Cloud mask studies during the 2001 
Oden Arctic expedition 

 
107 Kärner, O., Karlsson, K-G. (2003) 

Climate Monitoring SAF - Cloud products 
feasibility study in the inner Arctic region. 
Part II: Evaluation of the variability in 
radiation and cloud data 
 

108 Persson, Ch., Magnusson, M. (2003) 
Kvaliteten i uppmätta nederbördsmängder 
inom svenska nederbörskemiska 
stationsnät 
 

109 Omstedt, G., Persson Ch., Skagerström, M 
(2003) 
Vedeldning i småhusområden 
 

110 Alexandersson, H., Vedin, H. (2003) 
Dimensionerande regn för mycket små 
avrinningsområden 
 

111 Alexandersson, H. (2003) 
Korrektion av nederbörd enligt enkel 
klimatologisk metodik 
 

112 Joro, S., Dybbroe, A.(2004) 
Nowcasting  SAF – IOP 
Validating the AVHRR Cloud Top 
Temperature and Height product using 
weather radar data 
Visiting Scientist report 
 

113 Persson, Ch., Ressner, E., Klein, T. (2004) 
Nationell miljöövervakning – MATCH-
Sverige modellen 
Metod- och resultatsammanställning för 
åren 1999-2002 samt diskussion av 
osäkerheter, trender och miljömål 
 

114 Josefsson, W. (2004) 
UV-radiation measured in Norrköping 
1983-2003. 
 

115 Martin, Judit, (2004) 
Var tredje timme – Livet som 
väderobservatör 
 

116 Gidhagen, L., Johansson, C., Törnquist, L. 
(2004) 
NORDIC – A database for evaluation of 
dispersion models on the local, urban and 
regional scale 
 

117 Langner, J., Bergström, R., Klein, T., 
Skagerström, M. (2004) 

Nuläge och scenarier för inverkan på 
marknära ozon av emissioner från Västra 
Götalands län – Beräkningar för 1999 
 

118 Trolez, M., Tetzlaff, A., Karlsson, K-G. 
(2005) 
CM-SAF Validating the Cloud Top Height 
product using LIDAR data 

 
119 Rummukainen, M. (2005) 

Växthuseffekten 
 
120   Omstedt, G. (2006) 
         Utvärdering av PM10 - mätningar i några    
          olika nordiska trafikmiljöer 
 
121  Alexandersson, H. (2006) 
        Vindstatistik för Sverige 1961-2004 
 
122   Samuelsson, P., Gollvik, S., Ullerstig, A., 

(2006) 
The land-surface scheme of the Rossby 
Centre regional atmospheric climate model 
(RCA3) 

 
123   Omstedt, G. (2007)  

VEDAIR – ett internetverktyg för 
beräkning av luftkvalitet vid småskalig 
biobränsleeldning 

        Modellbeskrivning och slutrapport mars 
2007 

 
124   Persson, G., Strandberg, G., Bärring, L., 

Kjellström, E. (2007)  
Beräknade temperaturförhållanden för tre 
platser i Sverige – perioderna 1961-1990 
och 2011-2040   

 
125 Engart, M., Foltescu, V. (2007) 

Luftföroreningar i Europa under framtida 
klimat 

 
126 Jansson, A., Josefsson, W. (2007) 

Modelling of surface global radiation and 
CIE-weighted UV-radiation for the period 
1980-2000 

 
127 Johnston, S., Karlsson, K-G. (2007) 

METEOSAT 8 SEVIRI and NOAA Cloud 
Products. A Climate Monitoring SAF 
Comparison Study 

 
 
128  Eliasson, S., Tetzlaf, A., 

Karlsson, K-G.  (2007) 
Prototyping an improved PPS cloud 
detection for the Arctic polar night  

 
129 Trolez, M., Karlsson, K-G., Johnston, S., 

Albert, P (2008) 
The impact of varying NWP background 
information on CM-SAF cloud products 



 
130 Josefsson, W., Ottosson Löfvenius, M 

(2008) 
Total ozone from zenith radiance 
measurements. An empirical model 
approach 

 
131 Willén, U (2008) 

Preliminary use of CM-SAF cloud and 
radiation products for validation of 
regional climate simulations 

 
 

 





Sveriges meteorologiska och hydrologiska institut
601 76 Norrköping . Tel 011-495 8000 . Fax 011-495 8001

www.smhi.se IS
SN

 0
28

3-
77

30


