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Abstract 

Health is closely related to air pollution, with increasing evidence showing the consequences of long- 

and short-term exposure to, in particular, fine particulate matter (PM2.5). In 2008, the European Union 

adopted a directive (directive 2008/50/EC) to improve air quality and to regulate a number of air 

pollutants, including PM2.5, in the member states. This directive has recently been assessed by a so-

called “fitness check”. The aim of this thesis is to analyse how air quality regarding fine particulate 

matter has developed in Sweden between 2000 and 2018 and to examine possible future scenarios for 

stricter requirements in renewed EU legislation, based on the outcomes of the “fitness check”. Data are 

analysed from monitoring stations throughout Sweden with a focus on the last ten years up to 2018. 

Average urban exposure levels are estimated to compare them with the average exposure index (AEI) 

defined in the directive and source sectors for PM2.5 are identified to determine the potential for measures 

to reduce concentrations. The results show that Sweden is not challenged by the current EU legislation, 

neither exceeding the current annual limit value of 25 µg/m3 nor requiring a reduction of the urban 

exposure levels. However, Sweden will need to take further initiatives if requirements are tightened up, 

for example if a daily ceiling of 25 µg/m3 is implemented or the annual limit decreased to 10 µg/m3, 

both values based on WHO’s latest recommendations. Rural and urban concentrations show an 

exponentially decreasing trend from southern to northern Sweden. It is concluded that PM2.5 is 

dominated by long-distance transportation, but with significant local contributions in urban areas. 

Overall, concentrations reduced during the period studied, which is mainly due to a reduction in 

international emissions, occasionally combined with individual local measures. PM2.5 concentrations 

are, however, above natural background levels, which makes it worthwhile to decrease them further, 

with local action considered to be of particular importance from a health perspective.  
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Möjliga följder för Sverige vid 

skärpta krav för fina partiklar 
(PM2.5) 

Baserad på slutsatserna av ”fitness checken” av den Europeiska 

kommissionen och indikationer för framtida förnyelser av 

luftkvalitetsdirektiven 

Astrid Ortis 

Sammanfattning 

Luftkvalitet är en viktig faktor inom hälsa, eftersom ett stort antal negativa effekter på kroppen har 

fastställts vid exponering av ökade halter partiklar (PM, eng. ”particulate matter”), bland annat, i luft. 

Både kort- och långtidsexponering av fina partiklar (PM2.5) har dokumenterade hälsofarliga 

konsekvenser, därför fastställde den Europeiska unionen under 2008 ett direktiv (direktiv 2008/50/EC) 

för att förbättra luftkvaliteten och reglera ett antal luftföroreningar, bland annat PM2.5-koncentrationerna 

i medlemsländerna. För att undersöka implementeringen av direktivet utfördes nyligen en så kallad 

”fitness check”. Detta arbete ska analysera hur luftkvalitet i samband med fina partiklar har utvecklats i 

Sverige under perioden 2000 till 2018. Utöver det undersöks möjliga framtidsscenarier för skärpta krav 

i ett reviderat EU-direktiv vilka är baserade på slutsatserna från denna ”fitness check”. Data från 

mätstationer i hela Sverige används med fokus på de sista tio åren fram tills 2018. Genomsnittliga urbana 

exponeringshalter är uppskattade för att jämföra dessa med exponeringsindexet (AEI, eng. ”average 

exposure index”) som är definierat i direktivet. Källområden för PM2.5 är identifierade för att uppskatta 

behovet av potentiella åtgärder för att reducera koncentrationen av fina partiklar. Resultaten visar att 

Sverige når målsättningen i den befintliga EU-lagstiftningen eftersom varken årsmedelvärdet av 25 

µg/m3 eller taket för exponeringsindexet överskrids vid mätstationerna. Om kraven skulle skärpas, till 

exempel vid implementeringen av ett dygnsgränsvärde av 25 µg/m3 eller om det årliga gränsvärdet skulle 

sänkas till 10 µg/m3 (i enlighet med WHO:s senaste rekommendationer), kommer det krävas ytterligare 

åtgärder. Den regionala och urbana koncentrationen uppvisar en exponentiellt avtagande trend från 

södra till norra Sverige. Slutsatsen kan dras att PM2.5 är dominerad av långdistanstransporter, dock med 

synliga lokala tillskott i de urbana områdena. Sammanfattningsvis har koncentrationerna reducerats 

under den observerade perioden, vilket framförallt kan antas vara baserat på en reducering av 

internationella emissioner, i vissa fall kombinerat med lokala åtgärder. PM2.5 koncentrationerna är 

fortfarande högre än den naturliga förekomsten, därför är det relevant ur ett hälsoperspektiv att även 

reducera dem i framtiden, framförallt på lokal nivå.    

Nyckelord 

Fina partiklar, PM2.5, luftkvalitet, fitness check, EU direktiven för luftkvalitet, Sverige 
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1 Introduction 

1.1 General introduction 

1.1.1 Air pollution and health 

Health is closely related to air pollution, since a wide range of effects on the human body are reported 

connected to the exposure to increased amounts of particulate matter (PM) and chemical compounds, 

for example ozone, volatile organic compounds (VOC:s) or black carbon, in ambient air. 

Consequences are shortening of the lifespan as well as an increase in prevalence of diseases, where 

both short-time and long-time exposure contribute. “Susceptible groups with pre-existing lung or heart 

disease, as well as elderly people and children, are particularly vulnerable,” according to the WHO 

Regional Office for Europe ([1] 2013). In particular, health effects of exposure to PM over month or 

years include mortality from cardiovascular diseases as well as respiratory ones, having an impact on 

birth outcomes, childhood respiratory diseases and is linked to atherosclerosis and even to the 

cognitive development (WHO Regional Office for Europe [2] 2013). Further, short-term exposure 

(for hours or days) is connected to cardiovascular and respiratory morbidity, for example potentially 

causing an aggravation of asthma (WHO Regional Office for Europe [1] 2013).  

1.1.2 Particulate matter in a European context 

Based on statistics by the WHO, in 2013 more than 80 percent of the population of Europe lived in 

regions with levels of air pollution exceeding their recommendations (WHO Regional Office for 

Europe [2] 2013). To “improve air quality, minimising the harmful effects of air pollution on health 

and environment”, the European Union adopted two additional directives1, Directive 2008/50/EC on 

ambient air quality and cleaner air for Europe and Directive 2004/107/EC relating to arsenic, 

cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in ambient air (hereinafter: AAQ 

Directives). This thesis will focus on the first one, which refers to sulphur dioxide, nitrogen dioxide 

and oxides of nitrogen, particulate matter and fine particulate matter, lead, benzene and carbon 

monoxide (European Commission, DG Environment 2019). More specifically, fine particulate matter, 

thus particles with an aerodynamic diameter of less than 2.5 micrometres (PM2.5), will be analysed 

regarding legislation. The aim of the directive is “defining and establishing the objectives for ambient 

air quality designed to avoid, prevent or reduce harmful effects on human health and the environment 

as a whole,” which are valid throughout the European Union. Further, these objectives shall be 

assessed through standardised methods and the data shall be available not only to the EU but also to 

the public (European Commission, DG Environment 2019). 

 

Complications in finding a health-relevant threshold for PM2.5 are based on the fact that particulate 

matter is a mixture of innumerably many components which are of differing toxicity, therefore not all 

PM2.5 compositions are assumed to be of equal health risk. Consequently, it is essential to identify the 

sources for PM2.5 along with the concentrations to be able to define limit values. The WHO ([2] 2013) 

suggests “a role for both the chemical composition (such as transition metals and combustion-derived 

primary and secondary2 organic particles) and physical properties (size, particle number and surface 

area)” on health. However, in legislation no differentiation is made since “there is not enough evidence 

to identify differences in the effects of particles with different chemical compositions” (WHO 

Regional Office for Europe [2] 2013). Further, this makes PM2.5 neither directly comparable to PM10, 

 
1 These directives replace previous ones on air quality with an addition to several annexes in 2015 

(Directive 2015/1480/EC). Though, supplemental directives regarding ambient air, particularly 

concerning emissions, currently apply (European Commission [1][2] 2019). 

2 Primary particles: Directly emitted into the atmosphere; Secondary ones: Formed in the atmosphere 
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particles with an aerodynamic diameter of less than 10 micrometres. Generally, there exists more 

material and data on PM10 since health risks were established earlier and considerably more 

monitoring stations used. Moreover, EU regulation on PM10 is further developed. However, since 

PM2.5 is a subset of PM10 which increases in relevance it is of interest to analyse fine particulate matter 

in detail as well (WHO 2006). 

Another important aspect is that PM concentrations in air have a considerable fraction originating 

from long-distance transportation of particles carried up to several thousand kilometres. This depends 

on factors such as meteorology, thus wind speed and precipitation, deposition velocity and lifespan 

(Wang et al. 2017). However, local contributions are strong as well, which makes it challenging to 

manage different scales when handling PM2.5 regulations (CAFE Working Group on Particulate Matter 

2004). 

1.1.3 Fitness check of the EU legislation 

As starting point for the thesis serves the fitness check of the AAQ directives, which is generally 

defined as to “assess[…] whether the group of interventions is fit for purpose by assessing the 

performance of the relevant framework with respect to its policy objectives” (European Commission 

[3] 2019). In this case, it assesses the implementation of the directives during the period 2008 until 

2018 and was published in September 2019. Five different criteria, “relevance”, “effectiveness”, 

“efficiency”, “coherence” and “EU added value”, are included in the fitness check and used to 

compare status quo to a scenario without the directives or any change in policy. Hence, it is assumed 

that air quality and its legislation have remained unchanged since 2008 in the latter scenario to enable 

comparability with the actual development with the AAQ directives implemented (European 

Commission, DG Environment 2019).  

 

 
Figure 1-1. Fitness check roadmap; MS=member states, AQ=air quality (European Commission, DG 
Environment 2019). 

 

“Relevance” investigates whether the directives address the actual needs according to health-related 

research and latest technology. The second criteria, “effectiveness”, focuses mainly on the objectives, 

whether they have been met by the member states and eventual complications. Practical issues such as 

the costs-benefits relationship are examined under “efficiency”. “Coherence” refers to other policies, 

both on EU- but also national level and compares the directives to contradictions and similarities in 

these collateral regulations. Finally, the “EU added value” evaluates to which extent EU action 

improved a successful implementation of air quality measures (European Commission, DG 

Environment 2019).  All criteria are summed up in figure 1-1. This thesis will mainly focus on the first 
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two aspects, “relevance” and “effectiveness”, in relation to PM2.5 in Sweden and both analyses data 

from 2000 until 2018 as well as proposes possible future scenarios.  

 

The main consensus of the fitness check, supported by the Council conclusions, which are “used to 

identify specific issues of concern for the EU and outline particular actions to take […]” (General 

Secretariat of the Council 2018), is that directive 2008/50/EC contributed to the improvement of air 

quality in Europe, however is not in line with present progress in research on health and advance in 

measuring methods. Therefore, it may be assumed that the directive will be revised and adjusted 

proposals on air quality regulation by the European Union can be expected over the next few years, 

based on the Council conclusion nr.11, stating that the European Council “welcomes the Commissions 

intention to propose a revision of air quality standards.” (General Secretariat of the Council 2020). 

1.2  Starting point 

1.2.1 Defining PM2.5 

In the most general form, fine particulate matter is a subset of PM10 and consists of all particles with 

an aerodynamic diameter of less than 2.5 micrometres. PM2.5 may have a differing impact on health 

and behaviour in the atmosphere than PM10, although the classifications can be related to each other 

(Behera, Sharma 2010). Sources are numerous and can be both anthropogenic and natural since no 

differentiation between the differing chemical compositions of the particles is made. Natural sources 

are for example sea spray aerosols or particles descending from forests (Pryor et al. 2007). Emissions 

caused by humans are diverse, including combustion processes from traffic or industry and domestic 

ones, such as cooking and heating. Further, particles can be released mechanically from car brakes and 

tires. These fractions in ambient air vary, which is partly based on meteorology, thus wind direction 

and precipitation which impacts the deposition velocity (Lonati et al 2008). Climate is a relevant factor 

to consider as well. For example, in Sweden the number of particles from roads increases during 

wintertime when using spiked tires and during spring since roads are drying (Andersson, Omstedt 

2008).  

 

Considering meteorology, one main factor influencing PM2.5 concentrations is the wind direction and 

its strength. In Sweden, winds are primarily coming from south-west which makes long-distance 

transportation from Europe and the surrounding water important (SMHI 2019). Here, it is also 

necessary to differentiate between primary and secondary particles. Primary ones are directly emitted 

from sources, for example silica extracted from roads, as mentioned before. On the contrast, secondary 

particles are formed in the atmosphere due to chemical reactions which may occur seconds to days 

after the release of a primary reactive particle or gas. Here, nucleation, condensation as well as 

oxidation processes play a role (Lonati et al 2008).  

Even though PM2.5 is considered as uniform mass, indifferently what sources, the formation of primary 

and secondary particles is crucial when trying to understand particulate matter. Directly emitted 

particles origin from local sources such as elemental carbon from traffic which is also why they 

contribute mainly to particle concentrations in their closer environment. Particles formed in the 

atmosphere, for example nitrate, sulphate and ammonium, are spread out more regionally since they 

are not directly connected to a certain source on ground (Lonate et al. 2008). Therefore, it is important 

to measure PM2.5 in rural regions, where the concentration of secondary particles can help define long-

distance transportation, while measurements in urban background locations show local contributions. 

In addition, urban traffic stations indicate most clearly direct emissions on street level.  

1.2.2 Regulations of PM2.5 

Currently, three different measures on the regulation of PM2.5  are taken into consideration in EU 

legislation; the annual average as well as the average exposure index (AEI) are defined in the 

directive, whereas no daily limit exists today (General Secretariat of the Council 2020). 
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According to directive 2008/50/EC the annual average needs to be covered by monitoring stations 

with data of at least 90 percent of the days per year and is set to a limit value of 25 μg/m3. That is 

combined with an upper assessment threshold of 70% of the limit value (17 μg/m3) and a lower one of 

50% (12 μg/m3) (The European Parliament 2008). These thresholds define the scope of observation, 

for example more monitoring stations need to be implemented when the upper threshold is exceeded, 

or measuring can be replaced by modelling for locations below the lower threshold. For levels in 

between, the station needs to be maintained (Naturvårdsverket 2020). 

 

A 24-hour-average limit for PM2.5 is actively discussed both by the EU and the WHO, however no 

limit value below which negligible consequences on health are observed exists at the time. Still, it is 

probable that a daily limit, analogically to PM10, will be implemented in the future based on the 

findings of health issues related to short-term exposure. In the case of PM10, the daily ceiling is 

defined as the 90-percentile of 50 μg/m3  in the directive3, which means that the limit counts as 

exceeded if it the daily average concentration is higher than that on more than 10 percent of the days 

per year, thus 35 days (SMHI 2017). 

1.2.3 Average Exposure Index 

The directive regulates exposure in urban background areas by the average exposure index where a 

general ceiling of 20 μg/m3 until 2015 is dictated. These areas are typical living areas in cities remote 

from big streets or industry. The required stations are defined as the following: “One sampling point 

per million inhabitants summed over agglomerations and additional urban areas in excess of 100 000 

inhabitants shall be operated for this purpose” (The European Parliament 2008). Thus, three stations 

are currently demanded in Sweden, which are placed in Burlöv, Stockholm and Umeå. 

 

Individual reduction goals for each country are calculated from the moving annual average for the 

years 2008, 2009 and 2010 or 2009, 2010 and 2011 if not enough data were available for 2008 for the 

particular stations (Umweltbundesamt 2020). Overall, lower concentrations demand a smaller relative 

reduction of fine particulate matter than higher ones until 2020 (see table 1-1).  

 

Initial concentration in μg/m3 (c)   Reduction target in percent 

≤ 8.5  0 % 

8.5 < c < 13 10 % 

13 ≤ c < 18 15 % 

18 ≤ c < 22 20 % 

≥ 22 All appropriate measures to achieve 18 μg/m3 

 

In Sweden, average urban background concentrations for PM2.5 in 2008, when the directive was 

enacted, were measured to be in the range between 5 to 8 μg/m3 at these stations, demanding no 

further reduction until 2020. Consequently, the 20 μg/m3 – ceiling was already accomplished at the 

time (Andersson et al. 2008). Regulations for population-weighted zones are currently discussed as a 

complement to the average exposure index to be able to include local exposure as described in the 

Council conclusions but an official proposition was not yet made (General Secretariat of the Council 

2020). 

1.2.4 Future perspectives 

The fitness check served to assess whether these criteria are accomplished and how relevant the 

outcomes are. In its final report, the commission states that the AAQ directives are viewed to have 

contributed to an improvement of air quality in Europe overall, since exceedances of the limit values 

have decreased over time. However, since the target values do not agree with modern research on 

health effects of fine particle exposure and are not in line with the WHO guidelines, directive 

2008/50/EC is concluded to be insufficient in protecting EU-citizens from air pollution (European 

 
3 The WHO refers to the 99-percentile instead (WHO 2006). 

Table 1-1. 
National 
exposure 
reduction target 
(Modified from: 
The European 
Parliament 
2008). 
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Commission, DG Environment 2019). In general, the WHO states that there are no scientific findings 

on a threshold, both short- and long-term, below which impacts on morbidity and mortality are 

irrelevant, currently revising their recommendation of an annual maximum value for PM2.5 of 10 

μg/m3 and a 24-hour average of 25 μg/m3 (WHO Regional Office for Europe [2] 2013). Thus, people 

are still living in regions with elevated levels of air pollution when concerning health issues, which 

causes over a half million premature deaths in Europe yearly and implies a burden not only for the 

inhabitants but also for the states financing health care (WHO Regional Office for Europe 2018).   

 

Short-term exposure as documented by the WHO shows strong evidence for health impacts, stating 

that “both epidemiological and clinical studies have demonstrated that sub-daily exposures to elevated 

levels of PM can lead to adverse physiological changes in the respiratory and cardiovascular systems.” 

Especially, those with pre-existing diseases are susceptible to the consequences of short-term exposure 

(WHO Regional Office for Europe [2] 2013).  Therefore, the fitness check points out the absence of a 

daily limit and consequently the failure of protecting from peaks in PM2.5 concentration (European 

Commission, DG Environment 2019).   

 

Considering these aspects, the aim of this thesis is to cover different scenarios for alternative annual 

limit values and assess those in a Swedish context. The proposal of a daily ceiling will be tested and 

different approaches to an average exposure index attempted. Moreover, past and future trends will be 

evaluated as well as potential source areas for the local, regional and international contributions to 

PM2.5 throughout the country located to define the potential for measures reducing fine particulate 

matter concentrations in Sweden. 
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2 Material and methods 

2.1  Organisation of the data 

2.1.1 Input data 

Data are analysed between the years 2000 and 2018, where 2000 is chosen as the onset of the analysis 

since then, PM2.5 surveillance was initiated to a larger extent with eleven station compared to four the 

year before.  The analysis ends with the year 2018 because this is all cleansed data currently publicly 

available via the database by SMHI, the Swedish Meteorological and Hydrological Institute. 84 

stations distributed throughout Sweden in urban and rural regions, both in background locations and in 

traffic, measure or have measured PM2.5 values hourly or daily and reported to the database. However, 

the measurements are not continuous and overall, a maximum of 31 stations with daily reporting (in 

2017 with 9756 days of data) are represented. For the yearly statistics, even stations with merely 

weekly or monthly data are considered with a maximum of 40 stations. 

 

The data can be downloaded on the SMHI webpage and come as csv-files. Here, both the “yearly 

statistics”, which are calculations by SMHI, and the “concentrations in air”-category for PM2.5, 

consisting of raw data for each station separately, are used (SMHI 2020). The files can be filtered 

precisely, both by location throughout Sweden and by type of station, which can be rural (rural, rural-

regional, rural-remote) or urban and suburban, either in traffic or background. Data from the annual 

statistics will be used to analyse the yearly PM2.5 concentrations between the years 2000 and 2018 as 

well as future trends. The “concentrations in air”-category is used for calculations including the 

percentiles and daily exceedances. 

2.1.2 Strategy for the data analysis 

Firstly, the analysis is done in Python using the Pandas module, which efficiently reorganises data sets 

(see Pandas 2020). It allows to sort and frame data either by manually chosen categories, such as date 

or station name, through key words or automatically by the labels from one column. For example, all 

rows which have “2016-03-23” as label in a certain column can be filtered and the mean of those 

calculated to receive a daily average.  

After re-organising, the yearly and daily data are filtered by exceedances for different limit value 

scenarios, which will be described in the next section. Further, the 90-percentile, which more precisely 

is the 90.4-percentile, since it represents the 330th day of the year sorted by concentration, is extracted 

from the daily files. This is performed by sorting all daily mean values from one year by size and 

picking the value which is the 330th one in order, thus the 35th biggest one:  

 
Percentile_Nr = int((330/365)*len(daily_mean_array)) 
 
Percentile90_value = matrix_n[Percentile_Nr], 

 

where “len(daily_mean_array)” is the amount of days measured that year and “int” chooses the nearest 

integer to the calculation. Then, the value with the index of this integer is chosen and defines the 90.4-

percentile that year. The same strategy will be used in section 2.3, when introducing a daily limit. 

Secondly, the data, which are now sorted by year and station, are exported to Excel, where 

visualisations and further simple calculations are conducted if necessary.   
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2.1.3 Sweden’s zone classification 

According to the EU directives, air quality 

surveillance in Sweden is distributed in six sub-zones, 

whereof three represent the biggest cities, 

Gothenburg, Malmö and Stockholm and their closest 

surroundings (Naturvårdsverket [1] 2019). The 

remaining three zones are geographically divided in 

north, middle and southern Sweden, which can be 

seen more detailed in figure 2-1. Therefore, the results 

will repeatedly be represented divided in these 

subzones. The zone classification is also essential for 

the population-weighted calculations which are 

performed in the section for a health-related exposure 

index (see section 2.4).  

 

 

 

 

 

 

Figure 2-1. The Swedish zone classification (Modified 

from: Naturvårdsverket [1] 2019).  

2.2  Yearly statistics 

2.2.1 Annual limit scenarios 

Currently, the annual limit value for PM2.5 is 25 μg/m3, which will be the first limit to examine. 

Further, different reduction scenarios are determined and the number of exceedances for the period 

2000-2018 from the data available will be counted for every region (län) in Sweden to get an estimate 

of the impact of stricter reduction goals for Sweden. Here, limit values of 15, 10 and 8 μg/m3 with 

associated upper and lower threshold (70% and 50% of the limit value) will be used, where 10 μg/m3 

is the current recommendation by the WHO. 15 μg/m3 is chosen for the analysis since it lies in 

between the current upper and lower threshold and can be found in literature4 as proposed ceiling for 

PM2.5 (WHO 2018, U.S. Environmental Protection Agency 2016). As described earlier, fine 

particulate matter in ambient air shall be reduced as far as possible since no limit value beyond which 

health consequences are negligible is stated in literature today, therefore 8 μg/m3 is chosen as an even 

lower indicator. The written code iterates over the files for each region to quantify these scenarios; 

exceedances are counted for the limit values and their thresholds and then, the results are exported into 

an Excel file, where visualisations are made.  

2.3  Introduction of a daily limit  

A 24-hour limit appears relevant to consider since evidence on health-related issues connected to 

short-term exposure to PM2.5 is increasing. There is no current threshold in European legislation, 

accordingly, WHO‘s recommendation for a daily average of 25 μg/m3, which is equal to the current 

annual limit in the directive, is used as foundation for the data analysis with respective upper and 

lower threshold (70% and 50% of the limit value). The daily limit for PM10 which serves as similar 

 
4 15 μg/m3 is stated as interim target 3 (IT-3) for PM2.5 by the WHO which defines steps to gradually 

reduce air pollution in areas with significant pollution (WHO 2006). 25 μg/m3 is currently IT-2. 

 

Zone 1: Northern Sweden
Zone 2: Central Sweden
Zone 3: Southern Sweden
Zone 4: Stockholm and surr.
Zone 5: Gothenburg and surr.
Zone 6: Malmö and surr.
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example counts as exceeded according to the EU directive when at least 35 days of the year show 

values above the limit value, defined through the 90-percentile. Thus, the threshold for PM2.5 will be 

defined equivalently in this thesis as comparison. A daily mean needs to be calculated at first for files 

that deliver hourly or minutely measurements, while files which contain daily mean values are used 

directly. Then, the same procedure as for the annual statistics is used counting transgressions, though it 

is looped through the files for each station instead which are downloaded from the “concentrations in 

air”-category.  

2.4  Health-related exposure index 

Not all exceedances will affect the population of a municipality or zone equally since the stations 

which are included in the annual and daily statistics are of different types (urban traffic, urban 

background and rural). Therefore, several approaches to find a health relevant index describing the 

exposure of the urban population will be tested. On the one hand, existing EU legislation on the 

average exposure index (see section 1.2.3) is used as a basis. Here, a limited amount of stations as 

defined in the AAQ directives is used to represent general exposure levels in a country. On the other 

hand, a new method is tested utilising measurements from all urban background stations currently 

available to increase the amount of data included in the calculations.   

2.4.1 Average Exposure Index 

According to EU legislation, the average exposure index (AEI) is calculated as a three-year moving 

average from the year itself and the two preceding ones with a general limit value of 20 μg/m3 and 

individual reduction goals for each country as described in the introduction (see section 1.2.3). 

However, concentrations in Sweden are below 8.5 μg/m3 at the three stations used5 since the 

implementation of the directive, hence the government was not requested to take any further actions 

beyond maintaining status quo.  

Alternative definitions for the AEI are discussed to possibly include a population-weighted factor in 

the calculations. This thesis will test a method including the urban population of the municipalities as 

well as of the zones where the three stations are placed in and compare the results to the current 

official values for the AEI, shown in equation 1. Further comparison will be made to the annual 

statistics for all urban background stations in Sweden, described in the following section.   

 

𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑒𝑥𝑝𝑜𝑠𝑒𝑑  =
1

poptot
  ∑(avgi  ⋅ 𝑝opi)

3

i=1

, 
 

(1) 

 
where poptot is the total population of the three municipalities respective zones, avgi the average annual 

concentration for respective urban region where the station is placed in and popi the urban population 

of the corresponding municipality or zone in the third method. 

2.4.2 Modified exposure index 

An additional method is introduced to define urban exposure levels which uses all urban background 

stations available to relate the annual exceedances to the urban population in each of the six zones. 

Based on the difficulties in finding appropriate locations for AEI measurements and the limited 

amount of data used, here, the maximum of accessible data is included in the calculations. Compared 

to the average exposure index described earlier, this approach cannot be found in literature and is an 

attempt of this thesis to introduce an alternative to pre-existing methods.   

 

The ratio of annual exceedances (exci) to the amount of stations (stations) in each zone is calculated 

and multiplied with the urban population of the associated zone (popi). This is done to obtain the 

 
5 Burlöv Svenshögskolan (2009-2014), Burlöv Försammlingshemmet (2015-2018); Stockholm Olaus Petri 

(2009-2018); Umeå Förskolan Mården (2009-2014), Umeå Förskolan Uven (2009-2014) 
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fraction of a zone’s area exposed to a certain PM2.5 level and to weight this fraction against the 

population of the zone. For example, if three out of four measurement stations in zone 6 exceed 8 

μg/m3, then the urban population of that zone is multiplied with three fourth to receive that population-

weighted fraction. Thus, it is assumed that the stations are equally representative for the PM2.5 

concentrations in the zone and uniformly distributed over the urban population. This is a vague 

precondition, especially in larger zones which include several urban areas in different locations, since 

not every city is represented through the stations and concentrations may differ locally. Generally, it is 

advisable to have at least two stations for zones that enclose more than one urban area to improve the 

level of representativity.  

These calculations are summed over the six zones. Finally, the results are normalised to the urban 

population of Sweden (popub), which is the sum over all six “popi “, to give an impression on the 

percentage of people being exposed to certain PM2.5 levels. Thus, the exposure ratio will result in a 

number between zero and one, summarised by equation 2: 

 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑟𝑎𝑡𝑖𝑜 =
1

𝑝𝑜𝑝𝑢𝑏
∑ (

𝑒𝑥𝑐𝑖

𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠
⋅ 𝑝𝑜𝑝𝑖) .

6

𝑖=1

 

 

(2) 

2.5  Trend analysis 

A trend analysis is conducted to investigate whether any trends can be remarked in the existing data on 

fine particulate matter. Here, the question is raised if a statistically significant downward trend can be 

observed since the implementation of the renewed air quality directives as stated by the fitness check. 

Moreover, it will be examined if the trend, assuming is can be defined, is occurring rather on a 

national level, thus is remarked throughout Sweden and therefore visual in the rural concentrations, or 

if the trend appears to be stronger on a local level, thus in certain urban regions. 

  

The Excel template MAKESENS 1.0 from 2002 from the Finnish Meteorological Institute is used to 

analyse trends in the data that can be applied for future predictions and to locate reduction measures 

for fine particulate matter. The template “is developed for detecting and estimating trends in the time 

series of annual values of atmospheric and precipitation concentrations” (Salmi et al. 2002). The 

method is based on the Mann-Kendall-test which evaluates whether the data show an increasing or 

decreasing trend (Z-value) combined with the nonparametric Sen’s method to estimate the slope. It 

needs to be assumed that the data points 𝑥𝑖 obey the following equation (equation 3) to be able to 

apply the Mann-Kendall test: 

 

 𝑥𝑖 = 𝑓(𝑡𝑖)  +  𝜖𝑖, (3) 

 
where 𝑓(𝑡𝑖) is a continuous function and the residuals 𝜖𝑖 are from the same normally distributed 

function. The test statistic S, which defines whether the slope is positive or negative is calculated 

using: 

 

𝑆 = ∑ ∑ 𝑠𝑔𝑛(𝑥𝑗– 𝑥𝑘),

𝑛

𝑗=𝑘+1

𝑛−1

𝑘=1

 

 

(4) 

 
where xj and xk are the annual values in the years j and k, j>k. Then the test statistic for Z is calculated 

through S and its variance and tested for four different levels of significance α: 0.001, 0.01, 0.05 and 

0.1. 

 

In the second method (Sen’s method) it is assumed that the trend is linear and that the residuals are 

from the same distribution with a mean of zero. Both the slope and the intercept are calculated at a 

99%- and a 95%-confidence interval (Salmi 2002).  
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Trends for the 90-percentiles and annual mean concentrations of specific stations as well as for 

exceedances of the different limit values in the annual statistics are evaluated with the MAKESENS 

template. Merely stations which have continuous data for the years 2008-2018 available are used to 

analyse the percentiles and mean values which are nine out of the stations with hourly or daily 

measurements.  

The sum over exceedances for each yearly limit scenario (see section 2.2.1) is used and normalised to 

the number of monitoring stations each year to obtain annual trends. Firstly, a linear relationship is 

assumed for the data and secondly, an exponential one is tested for comparison. Here, the logarithm of 

all data-points used is taken to linearise the data as required by Sen’s method and then, the same 

calculations are applied. 

In addition, trendlines are calculated for the same urban background and urban traffic stations as 

above, though with the associated rural background concentrations subtracted. This may demonstrate 

if the trends are guided by change in rural concentration and therefore based on regional reduction 

measures or rather dominated by alterations in urban environments, consequently due to local 

contributions to the development.  

2.6  Evaluation of source areas 

The aim of the following step is to further develop the results from the sections before and to locate 

eventual source areas for the PM2.5 concentrations originating both from short- and long-distance 

transportation. Literature research will serve as basis to define the main sources for Sweden. Both 

governmental reports as well as two models will be studied and compared. The modelling reports used 

are the “PM2.5 Atlas” from the European Commission which illustrates the sources for fine particle 

concentrations in Europe’s 150 biggest cities (Thunis et al. 2017) and the EMEP MSC-W model report 

from the Norwegian Meteorological institute computing the fractions of domestic and non-domestic 

emissions listed by country (EMEP 2019).   

2.6.1 Concentration by location 

Stations that have annual data available in 2008 or 2017 will be sorted geographically from southern to 

northern Sweden, thus by latitude, for both years to fit a curve to the urban background, traffic and 

rural stations separately to mathematically describe the behaviour of fine particle concentrations 

throughout the country. It is reasoned that a decreasing behaviour should be seen if concentrations are 

dominated by long-distance transportation from Europe which is expected to decrease with increasing 

latitude based on the south-western wind direction. 

The curve fitting is conducted applying Excel’s inbuilt least-square method (Microsoft 2019). Using 

the fitted curve for the rural background, its estimated values (rural_fiti) are subtracted from the urban 

background stations at corresponding latitude (ub_concentrationi) to fit an additional curve to these 

calculations, which represent the contributions from local sources (ub_contributioni), as described by 

equation 5. This may indicate whether the behaviour is dominated by the rural background or if the 

urban contributions show a relationship as well. 

  

 𝑈𝑏_𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑖 = 𝑢𝑏_𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑖– 𝑟𝑢𝑟𝑎𝑙_𝑓𝑖𝑡𝑖 . (5) 

  

2.6.2 Spatial decomposition of PM2.5  

Moreover, it is evaluated whether the contributions appear to be local, regional or international by 

sorting the annual mean concentrations into rural background, urban background and urban traffic 

stations and calculating an average for each type separately, described in equation 6. 

 

The measurements from rural stations are assumed to be representative for bigger areas and have a 

regional impact. Thus, they illustrate the general background concentration which is the basis for all 

measurements. The urban background is a combination of the rural background and the urban 
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concentration. Therefore, these bars will demonstrate the addition of PM2.5 from local sources. Further, 

traffic stations represent the amount of emissions directly from the sources, since they are placed on 

street level, and are therefore relevant for short-term exposure and defining local reduction measures.  

  

𝑈𝑟𝑏𝑎𝑛 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑚𝑒𝑎𝑛 =
1

𝑛
∑ 𝐶_𝑢𝑟𝑏𝑎𝑛𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑𝑖

𝑛

𝑖=1

, 

𝑈𝑟𝑏𝑎𝑛 𝑡𝑟𝑎𝑓𝑓𝑖𝑐 𝑚𝑒𝑎𝑛 =
1

𝑛
∑ 𝐶_𝑡𝑟𝑎𝑓𝑓𝑖𝑐𝑖,

𝑛

𝑖=1

 

 
𝑅𝑢𝑟𝑎𝑙 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑚𝑒𝑎𝑛 =

1

𝑛
∑ 𝐶_𝑟𝑢𝑟𝑎𝑙𝑖

𝑛

𝑖=1

, 
 

(6) 

 
where n is the number of stations which have reported measurements that year for respective type and 

the values summed over are the annual mean concentrations themselves. These calculations are 

conducted for each year separately and then used to compare the size of the piles to each other. 
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3 Results 

3.1  Yearly statistics  

3.1.1 Annual limit scenarios 

The results of the annual data analysis are represented in figure 3-1 to 3-3 as a sum over all stations in 

Sweden and divided in the limit values 15, 10 and 8 μg/m3, plotted together with respective thresholds. 

None of the stations was above the current maximum concentration obligation of 25 μg/m3 and 15 

μg/m3 has not been overstepped after 2011. The 25-limit is not represented by the diagrams since the 

upper threshold of 17 μg/m3 is not exceeded either. Concerning the lower limits, several exceedances 

occur but especially the upper and lower threshold are relevant to consider since they regulate whether 

more stations would be required in the future. The municipalities which will be affected by a limit of 

15 μg/m3 or below are mainly situated in the bigger city surroundings and southern Sweden and are 

repeatedly the same.  

 

 
Figure 3-1. Number of exceedances of 15 μg/m3 incl. upper and lower threshold in comparison to the amount 
of active measurement stations from 2006 to 2018. The bars are in the following order for each year: lower 
threshold, upper threshold, limit value, number of active measurement stations. 

 

 
Figure 3-2. Number of exceedances of 10 μg/m3 incl. upper and lower threshold in comparison to the amount 
of active measurement stations from 2006 to 2018. The bars are in the following order for each year: lower 
threshold, upper threshold, limit value, number of active measurement stations. 

0

10

20

30

40

50

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Limit 15 μg/m3

Number of exceedances of 7 μg/m3 Number of exceedances of 10 μg/m3

Number of exceedances of 15 μg/m3 Number of measuring stations

0

10

20

30

40

50

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Limit 10 μg/m3

Number of exceedances of 5 μg/m3 Number of exceedances of 7 μg/m3

Number of exceedances of 10 μg/m3 Number of measuring stations



13 

 

 
Figure 3-3. Number of exceedances of 8 μg/m3 incl. upper and lower threshold in comparison to the amount 
of active measurement stations from 2006 to 2018. The bars are in the following order for each year: lower 
threshold, upper threshold, limit value, number of active measurement stations. 

Represented in table 3-1, a list of municipalities which have measuring stations with levels above 8 

μg/m3 from 2014 to 2018 can be found. The table shows that in 2017 and 2018 merely Malmö is 

marked to exceed the limit of 10 μg/m3 as well. This occurs in one monitoring station which is the 

urban traffic location Malmö Dalaplan. 

  

Table 3-1. (type): ub = urban background, ut = urban traffic, r = rural. *for exceedance of limit 10, **for 
exceedance of limit 12, Fat for more than one station in same municipality 

Year Municipalities with exceedances of limit 8 μg/m3 (type) 

2018 Växjö (ub), Tingsryd (ut), Malmö**(ut,ub) 

2017 Malmö*(ut) 

2016 Älmhult(ub), Linköping**(ub), Malmö*(ut,ub), Kristianstad(ut), 

Kristinehamn(ut), Göteborg(ub) 

2015 Älmhult(ub), Linköping(ub), Malmö**(ut,ub), Burlöv(ub), Göteborg(ut,ub) 

2014 Aspvreten*(r), Burlöv*(ub), Göteborg(ut,ub), Halmstad(ut), Landskrona(ub), 

Malmö**(ut,ub), Stockholm(ut) 

3.2  Introduction of a daily limit  

The results for the consideration of a daily limit are represented for each zone separately in figure 3-4 

and 3-5. Every diagram contains the statistics for the period 2006–2018. The number of stations is 

shown combined with the exceedances of the 25 μg/m3 limit value and of its upper and lower 

threshold of 17 and 12 μg/m3, respectively.  

 

Overall, it can be observed that the concentration of PM2.5 has decreased in each zone over the period 

analysed which is represented by the decreasing number of exceedances. However, especially zone 6 

and to a certain extent zone 3 show numerous peaks above both the limit value and the upper and 

lower threshold. Examining zone 6, during the past five years the 12 μg/m3 threshold has been 

exceeded in all stations, and the 17 μg/m3 for two out of three locations. Further this zone contains the 

most recent transgression of the 25 μg/m3 limit value which occurred in 2014 in the municipality of 

Malmö (station 8813, Malmö Dalaplan). In zone 3, which surrounds zone 6, the lower as well as the 

upper threshold were exceeded in 2018 in one out of three stations. 

The same year, zone 4 contains exceedances of the lower threshold in two out of ten the stations as 

well and six out of eleven in 2014. Though, the upper limit counts as undercut these years.  The last 

detected values above 12 μg/m3 in zone 1 and 2 were in the years 2012 and 2014, respectively. Zone 5 

has merely, yet continuously, transgressions of the lower threshold since 2014. 
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Figure 3-4. Number of stations with 35+ days of exceedances of 25 μg/m3 incl. upper and lower threshold 
in comparison to the amount of active measurement stations from 2006 to 2018 in zone 1-3. The bars are 
in the following order for each year: limit value, upper threshold, lower threshold, number of active 
measurement stations. 
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Figure 3-5. Number of stations with 35+ days of exceedances of 25 μg/m3 incl. upper and lower threshold 
in comparison to the amount of active measurement stations from 2006 to 2018 in zone 4-6. The bars are 
in the following order for each year: limit value, upper threshold, lower threshold, number of active 
measurement stations. 
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each year per se, is shown. The first column trivially presents the annual average for the three stations 
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population-weighted mean is calculated in the third column using numbers for the urban population of 

the respective zone for each surveillance site, thus zone 1, 4 and 6.  

Table 3-2. Results for the annual average and the population-weighted average by municipality and zone 
for the period from 2009 to 2018 for the stations in Burlöv, Stockholm and Umeå.  

Year Annual average 

[µg/m3] 

Population-weighted 

average by 

municipality [µg/m3] 

Population-weighted 

average by zone 

[µg/m3] 

2009 5.79 5.20 5.38 

2010 6.23 6.25 5.95 

2011 7.76 6.68 6.85 

2012 5.79 4.97 5.24 

2013 5.55 4.68 4.98 

2014 7.33 6.38 6.64 

2015 5.38 4.24 4.63 

2016 4.98 4.48 4.60 

2017 4.45 4.05 4.09 

2018 5.59 5.23 5.23 
 

The table shows that the mean concentration for the normal average is higher than for the population-

weighted methods. Further, the results using the urban population for each zone are generally closer to 

the original calculations in the first column. Mathematically, this is because the population of zone 6 is 

proportionately higher than merely the one of the municipality of Burlöv. Umeå gains a bigger fraction 

as well while the one of Stockholm decreases. The PM2.5 levels at the station in Burlöv are 

continuously higher than at the other two stations throughout the years. Therefore, the values from this 

station, count more in the third calculation due to the higher proportion than in the second one.  

3.3.2 Modified exposure index 

The results for the population-weighted levels using all urban background stations, described by the 

new method introduced in section 2.4.2, are presented in figure 3-6. The fractions for different levels 

vary considerably since the amount of stations reporting urban background concentrations of PM2.5 

from 2008 to 2018 varies in a range between six and fifteen, increasing during the years which is 

generally low amount. Moreover, the assumption that the data from the stations are representative for 

the urban areas may over- or underestimate the actual exposure. Therefore, the results need to be 

interpreted with cautiousness. In general, the more recent years the statistics are presumably more 

accurate due to a higher number of stations, stating that around 65 percent of the urban population are 

on average exposed to levels between 4 and 7 µg/m3 while approximately 15 percent are exposed to 

more than 7 µg/m3 in 2018. The remaining 20 percent live in regions with levels beneath 4 µg/m3. 

Further, the same downward trend as in previous statistics can be observed throughout the years.  

 
Figure 3-6. Fractions of the Swedish urban population exposed to different minima concentrations.  
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3.4  Trend analysis 

3.4.1 2008 and 2018 in comparison 

Figure 3-7 demonstrates the development of the concentrations between 2008 and 2018 in Sweden. 

Here, all stations are used that have data from the initiate year of the EU directive as well as from the 

latest year available. The annual mean concentrations are plotted together with respective 90.4-

percentile for both years and the stations are approximately sorted by latitude. The stations are of 

different type (urban background, urban traffic and rural) and located between Malmö in southern 

Sweden and Umeå in the northern part of the country. The downward trend can already here be 

suggested, since all stations except Malmö Dalaplan and Göteborg Femman reported lower values in 

2018 than in 2008, not only for the annual mean but also the 90.4-percentile. It may be assumed that 

PM2.5 levels were reduced throughout Sweden during the period observed but to further specify these 

observations a trend analysis is conducted. 
 

Figure 3-7. The mean concentration and the 90.4-percentile for all stations available in 2008 and 2018. The 
stations are sorted approximately by latitude and the associated zone is indicated. Ub=urban background, 
ut=urban traffic, r=rural. 

3.4.2 Trends for the limit values 

Trends for the annual ratio of the number of stations with exceedances to the number of all active 

stations for the limit values 12, 10, 8, 7, 5 and 4 μg/m3 (displayed in section 3.1.1) are calculated with 

the MAKESENS template (see section 2.5) for the period 2008 to 2018. Limits above 12 μg/m3 are not 

included since the number of exceedances is too low to conduct a statistically relevant analysis. The 

annual ratio is needed since the number of stations varies considerably and herewith; the number of 

exceedances is normalised to the number of active monitoring stations. Both, a linear and an 

exponential relationship for the trend are tested separately. The results show the same significance 

level6 (α) or a slightly lower one for no trend when testing the linear model (see table 3-3). Therefore, 

it is decided to continue with the linear one. Overall, a downward trend is stated, thus the fraction of 

stations exceeding the limit values annually is decreasing with time.   

 

 
6 The significance level, aka α-value, stated here, describes the level at which the test shows a statistically 

relevant outcome. Followingly, it represents the probability that the null hypothesis, hence that there is 

no relationship between the variables studied, thus no trend exists, should not be rejected. 

0

5

10

15

20

25

C
o

n
ce

n
tr

at
io

n
 [

μ
g
/m

3
]

Mean and 90.4-percentile in 2008 and 2018 

mean 2008

90.4-percentile 2008

mean 2018

90.4-percentile 2018

Zone 6 Zone 3 Zone 5 Zone 4 Zone 2 Zone 1 



18 

 

In figure 3-8 a summary of the annual trend analysis is shown, which presents the most probable 

trendlines for the limit values and the year by which each one is undercut throughout Sweden 

according to the model which is illustrated by the bars. Thus, the bars are indicating the highest limit 

value predicted to occur by that time. Here, 10 μg/m3 is the highest concentration represented since the 

level of significance for 12 μg/m3 is statistically nonrelevant. These trendlines are projected on the 

years 2019 to 2035 to illustrate how the number of exceedances will develop during future years 

assuming the same continuous linear downward trend as observed since the adoption of directive 

2008/50/EC. In summary, the annual exceedances normalised to the number of stations for each year 

from 2008 to 2018 are used to fit the trendlines, while from the year 2019 onwards the slopes 

combined with the bars can be viewed as future predictions according to the trend analysis. 

 

 
 

 

 

 

 

 

Generally, it can be observed that the higher the limit the faster the downward trend and therefore, the 

steeper is the slope. For the period included in the calculations (2008-2018), the fraction of stations 

with exceedances of 10 μg/m3 decreases from approximately one third to zero. The proportion of 

stations with concentrations above 8 μg/m3 declines from between 60 and 70 percent to about 15 

percent. This needs to be viewed in relation to the amount of stations used which increases during the 

period (see figure 3-1 to 3-3). Thus, the documentation of PM2.5 levels in Sweden improves during the 

time span studied whilst the number of exceedances shows a statistically relevant downward trend. 

 

It is predicted that after 2017 merely the limit of 8 μg/m3 and below will be exceeded and in 2020 the 

maximum annual concentrations measured will be 5 μg/m3, as indicated by the bars. Further, as of 

2031, 4 μg/m3 is supposed to be the only remaining threshold to be transgressed in Sweden, which 

reflects the rapid downward trend during the past ten years. However, statistically, the 99%-

confidence interval of the trend leaves room for deviation from the downward trend and it can be seen 

from the annual statistics that transgressions of 10 μg/m3 may still occur as for the urban traffic station 

at Malmö Dalaplan in 2018. Further, it can be noticed that the fraction of stations with exceedances in 

2018 was above the one in 2017 for all limits examined (4, 5, 7, 8, 10 and 12 μg/m3). Thus, it would 

have been interesting to see the development in 2019, but these data have not been reported to the 

database yet at the time the thesis is written. Considering the behaviour of the concentrations between 

Limit 

[μg/m3] 

α: 

linear 

 

α: 

exp. 

4 0.01 0.01 

5 0.05 >0.1 

7 0.01 0.01 

8 0.01 0.01 

10 0.01 0.01 

12 0.1 0.1 

Table 3-3. The significance 

level (α) for the null 

hypothesis of no trend, 
linearly and exponentially, 
for the annual exceedances 
of 4, 5, 7, 8, 10 and 12 
μg/m3. 

Figure 3-8. The calculated trendlines for the annual exceedances normalised to the 
amount of stations are represented. The predicted highest concentration occurring 
each year is indicated through a bar chart representing the fraction of stations that 
can be expected to exceed the given PM2.5 level according to the analysis. Between 
2008 and 2018 measurement data is used for fitting the trendlines, after that, the 
trendlines and bar charts function as future predictions.   
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2008 and 2018, it is still assumed that the downward trend is appropriate, however may be 

overestimated due to the recent development.   

3.4.3 Trends for specific stations 

The same principle as in the trend analysis for annual exceedances is used to mathematically define 

the development of PM2.5 with time for individual locations. The annual mean concentrations and 

90.4-percentiles for all stations with continuous data from 2008 to 2018 available are used to conduct 

a trend analysis with the MAKESENS template represented in column two and three of table 3-4. A 

downward trend is the most likely outcome for all locations and the significance level (α) is generally 

lower, thus the trend statistically more relevant, for the mean values than for the 90.4-percentiles, 

which are more sensible to meteorology and short-term abnormalities. At eight out of nine stations, the 

analysis for the mean concentrations results in an α-value of 0.05 or below and for five stations for the 

percentiles. Hence, these locations represent a statistically relevant outcome of rejecting the null 

hypothesis of no trend. 

Table 3-4. The significance level (α) representing the probabilities for the null hypothesis of no trend for the 

90.4-percentile and the mean concentration for all stations with continuous data between 2008 and 2018 
available are shown in column two and three. Further, the significance levels for the annual mean 
concentrations at urban stations with the associated rural contribution subtracted are shown in the fourth 
column. * ub = urban background, ut = urban traffic, r = rural. 

Station Name/Code/Zone/Type* α: 90.4-percentile α: mean α: urban - rural 

Malmö Dalaplan/8773/6/ub 0.05 0.01 >0.1 

Råö/8105/3/r 0.05 0.01 - 

Göteborg Haga/11636/5/ut 0.05 0.01 >0.1 

Aspvreten/Norunda/101/2/r 0.1 0.05 - 

Sthlm Sveavägen/8779/4/ut 0.1 0.01 0.1 

Sthlm Hornsgatan/8780/4/ut 0.01 0.01 0.05 

Sthlm Torkel Knutssonsg./8781/4/ub 0.05 0.05 >0.1 

Sthlm E4/E20 Lilla Essingen/18644/4/ut 0.1 0.05 >0.1 

Norr Malma/18643/2/r >0.1 0.1 - 
 

In figure 3-9 a summary over the most likely trendlines for the annual mean concentrations of all nine 

stations is displayed. At all stations, continuously decreasing linear functions describe the 

development during the period observed according to the trend analysis, though with differing α-

values as mentioned before. The slope is similar at all stations resulting in approximately parallel 

lines, except for two; The urban traffic location Stockholm Hornsgatan where concentrations decrease 

significantly faster described by a slope of -0.7 µg/m3 per year and Haga in Gothenburg where the 

slope equals -0.5 µg/m3  per year.  

 

The last column of table 3-4 represents the significance level for calculated trends when merely using 

contributions from urban background and traffic, thus with the rural background subtracted. Here, 

merely stations from zone 4 to 6 are analysed since the other zones do not have urban stations with 

continuous data between 2008 and 2018 available. The rural stations that are used are Aspvreten 

respectively Norunda in 2018 for stations located in zone 4, Råö for zone 5 and Vavihill respectively 

Hallahus in 2018 for zone 67. The latter one is not represented in the trend analysis since it lacks 

measurements from 2014. Again, Stockholm Hornsgatan stands out, having a significance level of 

0.05 which is lower than the other stations. Otherwise, the α-values are high, with a majority above 

0.1, meaning that the probability of wrongly rejecting the null hypothesis of no trend is more than 10 

percent. Thus, no statistically relevant downward trend can be seen at five out of six stations when 

merely considering urban contributions from 2008 to 2018. This suggests that the emission reductions 

of PM2.5 in urban areas themselves are negligible or at least less perceptible.  

 

 
7 Norunda and Hallahus are used in 2018 since the stations from Aspvreten and Vavihill were moved there that year. 
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Figure 3-9. Most likely trendlines for the annual mean concentrations for the stations with continuous data 

between 2008 and 2018 available. Indicated as station/zone/type*, α= statistical significance, Q=slope. 

*Type: ub= urban background, ut= urban traffic, r= rural background. 

  

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

C
o

n
ce

n
tr

at
io

n
 [

μ
g
/m

3
]

Trendlines: Annual mean concentration

Malmö Rådhus/6/ub, α=0.01, Q=-3.58E-01 Råö/3/r, α=0.01, Q=-2.20E-01
Göteborg Haga/5/ut, α=0.01, Q=-4.95E-01 Sthlm Sveavägen/4/ut, α=0.01, Q=-3.45E-01
Sthlm Hornsgatan 108/4/ut, α=0.01, Q=-6.86E-01 Sthlm Torkel Knutsson gata/4/ub, α=0.05, Q=-3.43E-01
Sthlm E4/E20 Lilla Essingen/4/ut, α=0.05, Q=-2.80E-01 Aspvreten/Norunda/2/r, α=0.05, Q=-2.20E-01
Norr Malma/2/r, α=0.1, Q=-1.70E-01
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3.5  Evaluation of source areas  

3.5.1 Concentrations by location 

Figure 3-10 demonstrates the concentrations throughout Sweden for 2008 and 2017 where the stations 

are sorted by latitude. An exponential curve is fitted to the rural background, urban background and 

urban traffic stations for both years separately. The year 2017 is chosen instead of 2018 because the 

latter appears to be an exception due to meteorological circumstances which will be further discussed 

in section 4.4. Measurements are merely recorded up to Lyckelse (64.6°N) due to the limited number 

of monitoring stations available in the beginning of the directive, compared to 2017, where the furthest 

northern station was Kiruna centralskolan (67.85°N). Hence, in 2008 the concentration from 2009 for 

Bredkälen (63.9 °N) is included to have a rural reference value further north since the station was not 

yet active in 2008. It is assumed that the concentration was approximately the same in both years since 

rural stations are less affected by changes in local sources. In general, the southern part of the country 

up to Uppsala is more represented.  

 

 

 
Figure 3-10. The annual concentrations by type for 2008 and 2017 are represented sorted by latitude along 
the x-axis. Exponential curves are fitted to the rural, urban background and traffic stations and a linear one 
to the urban background with the rural fit subtracted. The R2-values for the fits are indicated as well as the 
formula for the rural curve.  

The three fits for the spatially decomposed stations result in an exponentially decreasing trend from 

southern to northern Sweden. Noticeably, the rural concentration is approximately reduced by 3 µg/m3 

throughout Sweden during the period displayed. In both years, the R2 value8 is highest for the rural fit 

and lowest for the urban traffic one, which is more dependent on local sources. Moreover, the rural 

 
8 The R-squared value is a statistical measure that describes how well the model represents the variation 

of the data points. R2=1 means that the variance is zero, thus a perfect fit. 
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concentrations are decreasing approximately at the same rate with latitude, at -0.174-° in 2008 and at -

0.178-° in 2017.  

 

The difference between the red curve, representing the fit for urban background stations, and the 

yellow one, which describes the rural concentrations, can be interpreted as the local addition to the 

rural concentrations. In both years, the difference between the curves is suggested to be zero or close 

to zero the furthest south increasing with latitude. It evens out at between 1 and 2 µg/m3 difference at 

about 63°N. This would imply that the local addition is more significant further north. 

 

Taking into concern that urban concentrations may vary due to local factors, the green crosses in 

figure 3-10 are used as an alternative calculation to the difference between the curves. They represent 

the same urban background stations as above, though with the rural contributions subtracted which are 

obtained from the formula for the exponential fit at associated latitude from figure 3-10. Thus, they 

can be interpreted as the addition of local emissions in urban areas to the regional background levels. 

The curve fitted to these calculations shows a slight increase in the size of the urban contribution 

further north. However, the outcomes are statistically nonsignificant with an R2 value of 0.431 in 2008 

and one of 0.01 in 2017. This result implies that there is no geographical relationship from southern to 

northern Sweden when merely considering the urban background contributions. However, this does 

not indicate that the contributions are irrelevant, meaning that they are visual and may be considered 

from other perspectives such as health. 

3.5.2 Spatial decomposition of PM2.5 

The mean values sorted by zone are visualised in figure 3-11 and 3-12. The average for each year is 

calculated in accordance with the type of station and plotted in a bar chart where the category of the 

station’s mean is marked by colour. Red coloured bars represent values from urban background 

stations, blue ones are urban traffic measurements and yellow ones are rural locations. Moreover, the 

closest rural background station is included in zone 4, 5 and 6 as well to give an impression on local 

effects compared to regional and national ones. Here, the closest stations available are chosen, which 

are equal to the ones for the trendline analysis (see section 3.4.3). This is an alternative calculation to 

the results of section 3.5.1 where the difference between the geographical urban background fit and the 

rural one is considered. 

 

The same trend as remarked before can be seen here, where concentrations tend to increase with 

decreasing latitude. In general, urban traffic stations result in higher values than urban background 

stations which agrees with their definition. The rural stations show the lowest concentrations, most 

clearly in zone 1, 5 and 6. Here, the local contributions from urban areas can be distinguished 

significantly. However, in zone 4, the rural background station dominates the results in two years and 

the urban background levels are generally similar to the rural ones. The year 2014 and partly 2015 

show abnormalities in the data of several zones. The origin of this behaviour is not completely clear 

but may be based on changes of the measurement instruments or systematic errors in the sampling. 

Fluctuations, such as in zone 2, occur since the stations are placed in different locations in between the 

east and west coast of Sweden which, even though limited to one zone, may be displayed through 

significant variations in the results. Another contributing factor is the non-consistent number of 

stations throughout the years, which implies that if one station with comparably high or low results is 

removed, this will presumably be recognised in the results due to the overall limited amount of 

measurements.  
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Figure 3-11. The 
mean of the 
annual 
concentrations 
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zone 1-3. Bars are 
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available or 
merely one 
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Figure 3-12. 
The mean of the 
annual 
concentrations 
spatially 
decomposed for 
zone 4-6. Bars 
are missing 
when no data 
were available. 
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4 Discussion 

In the following section the results will be compared and related to each other while trying to find a 

connection to EU legislation as well as to health-relevant aspects. The main questions shall reflect 

discussions concerning PM2.5 in a context relevant for the future. Firstly, a renewed EU legislation will 

be considered, covering the question what a sharpened annual limit value implies for Sweden. 

Secondly, the supplement of a daily limit value to the current directives is discussed as well as 

alternatives for a transition to a more including health index. Finally, future trends will be debated 

from different points of view, where both the analysis of trendlines and source areas are included. 

4.1  Revised EU legislation 

Based on recent development both in politics in the European Union but also in health research, it can 

be expected that the EU will direct a sharpened annual limit value for PM2.5. Due to the lack of 

indications where this limit value may land it is of importance for Sweden to consider different 

outcomes. Neither the current limit value of 25 μg/m3 nor its upper threshold are recently exceeded at 

any of the measurement stations, as described section 3.1.1. The hypothetical limit of 15 μg/m3 has not 

been exceeded during the past five years either and is therefore unlikely to be transgressed in the 

future considering the indications for a general downward trend in annual concentration. However, 

exceedances of the lower threshold (7 μg/m3) occur which would imply that the status quo of 

surveillance needs to be maintained if this limit value becomes effective. 

The currently recommended limit by the WHO of 10 μg/m3 calls for considerably more action in 

Sweden. On average, the annual mean concentration was above the lower threshold in more than half 

of the stations and above the upper one in two to twelve stations during the past five years, which 

would demand additional monitoring stations. Moreover, the development of 2018 indicates that the 

downward trend is not as steady as it may seem and that concentrations can increase during individual 

years.  

As described by the WHO, no threshold is found below which health consequences are negligible. 

Therefore, it is relevant to consider 8 μg/m3 as plausible target as well not only from the perspective of 

a new proposal for a limit value by the EU but also as prospect in favour of health. A downward trend 

in concentration can be observed until 2018, where the number of exceedances of the thresholds and 

the limit value itself increase again compared to the years before. This scenario clearly implies the 

implementation of further monitoring stations and concrete measures will be required to reduce 

concentrations and to reach constant levels below 8 μg/m3 throughout Sweden. Though, as shown in 

section 3.1.1, exceedances for the limit of 8 μg/m3 occur mainly at urban traffic and urban background 

sites, which can primarily be counteracted by local measures. 

 

The enactment of a daily limit of 25 μg/m3 would mostly affect southern Sweden, thus zone 3 and 6, 

since merely here exceedances of the upper threshold occur. A daily limit implies additional costs for 

the municipalities because more stations will be required but also short-term measures taken to avoid 

peaks in concentration. Demonstrated by the number of exceedances, parts of the Swedish urban 

population are temporarily exposed to concentrations between 17 and 25 μg/m3 which are by today 

beneath the recommended ceiling by the WHO. Further, most of the 90.4-percentiles analysed show a 

statistically relevant downward trend (see section 3.4.3) which is connected to the daily limit since it 

counts as exceeded when transgressed at 35 days or more. Though, considering recent development in 

health research even short-term exposure to levels beneath 25 μg/m3 may lead to negative 

consequences on health, especially for people with pre-existing respiratory complaints. Therefore, the 

implementation of a daily limit shall not be considered void. 
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4.2  Population exposure 

Defining a representative index for the average exposure of the urban population is challenging based 

on difficulties in choosing appropriate stations for the calculations. The AEI, as stated in the AAQ 

directives, uses a standardised method to define the number of monitoring stations required in each 

country which is three in Sweden. However, as it can be seen throughout the result section, urban 

contributions from different cities cannot automatically be directly related to each other since they are 

significantly influenced by local sources. The method introduced in this thesis tests to use all available 

urban background stations instead. Still, assumptions are required on the representativity of each 

station. Further, it is difficult to standardise this method on a European level. 

Comparing the calculations for the average exposure index and the population-weighted urban 

background concentration, it can be remarked that the results are similar, stating that the majority of 

the population is exposed to PM2.5 levels between 4 and 5 μg/m3 during 2016 and 2017 with elevated 

levels above 5 μg/m3 in 2018. However, both methods are using the same principle of weighting the 

population against the concentration, which does not consistently agree with results in literature.  

 

IVL, the Swedish Environmental Research Institute, conducted a study in 2018 where the PM2.5 

exposure for 2015 in Sweden is estimated from the PM10 concentrations since the first one is a partial 

quantity of the latter one (see section 1.1.2). The study concludes that around 600 000 people were 

exposed to concentrations beneath 4 μg/m3 compared to approximately one million as calculated in 

this thesis (section 3.3.2). Further, it is stated that about two million people lived in regions with levels 

of 10 μg/m3 or above, which is ten times the amount found here9 (Gustafsson et al. 2018). This is a 

significant difference even though merely the urban population, not the total one, is used in this thesis. 

However, more than 85 percent of the Swedish population live in urban areas which makes the results 

assimilable (SCB 2015). Combined with the calculations for a daily limit, these controversial results 

demonstrate the need of further monitoring stations to be able to map and define PM2.5 exposure in 

Sweden more accurately. Further, it cannot be concluded that the alternative methods to the AEI 

introduced in this thesis are more representative of the urban exposure levels than the already existing 

index. 

 

Even if urban concentrations are below the current ceiling defined in EU legislation, not requiring 

reduction in Sweden, and mainly below recommendations by the WHO, health risk can still not be 

disregarded. A study by Vodonos et al. (2018) shows that the rate of increase in mortality is higher for 

lower concentrations and decreasing 

exponentially for higher 

concentrations on a logarithmic scale 

(see figure 4-1). These results are 

merely related to long-term 

exposure. According to that, further 

reduction of PM2.5 levels in Sweden 

will increasingly reduce mortality 

and therefore, be even more relevant 

from a health perspective.  

 

 

 
9 In numbers: In 2015, the calculations in section 3.3.2 result approximately in: 87% above 4 µg/m3, 

53% above 7 µg/m3 and 3% above 10 µg/m3 of the urban population (approx. 8.5 mio. people). Thus, 

13% beneath 4 µg/m3. 

Figure 4-1. Percent change in 
mortality per 1 µg/m3 
increase in long-term 
exposure to PM2.5 (Vodonos 
et al. 2018).  
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4.3  PM2.5 sources for Sweden 

4.3.1 Calculations in literature 

The latter part of the result-section points out the differences in PM2.5 concentrations throughout 

Sweden with the highest values in the southern parts and an exponentially decreasing relationship 

depending on the latitude 

describing the rural and urban 

background. Two main factors are 

assumed to influence this 

behaviour. Firstly, the population 

density, which is greater in the 

southern parts and secondly, long-

distance transportation from the rest 

of Europe. More inhabitants 

contribute to increased PM2.5 

emissions through driving, heating 

and cooking where private wood 

combustion is stated to contribute 

to 33% of the total PM2.5 emissions 

in Sweden, which is shown in 

figure 4-2.  

 

Modelling is used in literature to 

define the fraction of long-distance 

transportation to Sweden, however, 

with slightly differing results. The 

Norwegian meteorological institute 

concludes in their EMEP-report 

(2019) that if all sources contributing to PM2.5 emissions, country wise as well as from the Atlantic 

ocean and the Baltic sea, were to be reduced by 15%, Sweden itself would contribute to an average 

reduction in the country by 40 ng/m3, which is approximately one fourth of the total reduction (154 

ng/m3) that can be expected. This implies that according to the model around 75% of the 

anthropogenic fine particle concentrations in Sweden do not originate from the country itself, but with 

the biggest fractions coming from Germany (18 ng/m3) and Poland (14 ng/m3), followed by Denmark, 

Norway and Russia with 13 ng/m3, respectively. This agrees with the wind in Sweden primarily 

coming from south-west. It is also mentioned that the accuracy of the calculations is limited based on 

numerous factors. Data is merely reported on the total PM2.5 concentrations which implies that 

parameters describing fractions such as black carbon or primary emissions are set based on estimations 

which may be an error source in the model. Further, oxidation of volatile organic compounds (VOC:s) 

may also be a significant source of PM2.5, which is difficult to measure and beyond the category of 

primary emissions (Salthammer T. 2014). Inconsistencies in the reported emissions from residential 

wood combustion and the estimates from experts generate uncertainties as well. Still, this model 

counts as one of the more accurate ones (EMEP 2019). 

 

The “Urban PM2.5 Atlas” is a report by the European Commission also modelling fine particle 

transportation through Europe. This analysis uses data from Europe’s biggest 150 urban areas, 

whereof three are situated in Sweden (Gothenburg, Malmö, Stockholm). It is concluded that the 

greater-city surroundings, defined as the “surrounding travel-to-work areas where at least 15% of the 

employed residents work in the city” (Thunis et al. 2017), which approximately corresponds to the 

zones where respective city is located in (zone 4-6), contribute to 40-50% in Stockholm, 30-40% in 

Gothenburg and less than 20% in Malmö to the urban PM2.5 concentration. The total emissions from 

Sweden are stated to contribute to more than 50%, 40-50% and 20-30% of the respective city’s 

average PM2.5 concentration. This model also points out inconsistencies in the reported data as 

possible source of uncertainty as well as the varying parametrisation of chemical processes and 

Figure 4-2. PM2.5 emissions in Sweden by source from 1990-
2018 (Modified from Naturvårdsverket [2] 2019). 
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meteorology between different models, which is comparable with the uncertainties mentioned in the 

EMEP report (Thunis et al. 2017).  

 

These two studies cannot be compared directly since the first one calculates an average reduction for 

Sweden in general, while the latter one merely considers contributions to the urban concentration in 

three cities. Yet, the results can be related to each other.  

The PM2.5 Atlas predicts 50 to 80 percent of the three cities’ fine particulate matter concentration not 

to originate from Sweden, but instead to be transported into the country from sources outside. The 

three cities analysed are approximately located in the most southern third of Sweden. Followingly, the 

fraction of imported fine particulate matter can be assumed to be situated in the same range, thus 50-

80%, for the other parts of the country located in this region between Stockholm, Gothenburg and 

Malmö. This is based on the reasoning that long-distance transportation affects the three cities equally 

as the surrounding rural regions as well as other urban areas nearby. Moreover, the amount of non-

Swedish contributions is expected to decrease the further north, thus be below 50% in the other two 

thirds of Sweden. The distance to the rest of Europe increases and therefore, less of the imported 

particles will be transported north since they deposit before. Consequently, the PM2.5 Atlas is on 

average allocating a smaller fraction of non-Swedish emissions compared to the EMEP-report, which 

states that, overall, 75% of PM2.5 does not originate from sources in Sweden. Still, both reports state a 

considerable fraction of fine particulate matter to be transported into the country. 

4.3.2 Results from this thesis 

Beside the concentrations throughout Sweden, the spatial decomposition in section 3.5.2 representing 

the mean concentration by zone for each category of station also demonstrate the difference in local 

contributions compared to regional ones since splitting up the results in rural and urban averages. For 

example, in zone 1 the local contributions from urban areas are clearly marked since these stations 

result in significantly higher measurements than the rural background stations. This seems consistent 

with the conclusions on long-distance transportation which is expected to be less relevant the further 

north since more particles already deposited, as described in section 3.5.1. On the other hand, in zone 

4 the rural concentration occasionally dominates the average or is similarly to the one of the urban 

background. Controversially, according to the spatial decomposition the urban background 

contribution can be distinguished more clearly in zone 5 and 6 than in zone 4, even though Stockholm 

and surroundings is predicted to have a bigger self-caused impact on its PM2.5 concentrations than the 

other two cities according to the PM2.5 Atlas and it has the most inhabitants. Especially in zone 6, 

where 70% to 80% are stated to be based on transportation from Europe and external shipping traffic 

according to the PM2.5 Atlas, the urban background and traffic contributions are visual most clearly 

of the three data sets. This could be based on the selection of rural measurement stations. Aspvreten, 

used as associated rural station for zone 4, is located by the coast and may be influenced more by 

emissions from shipping.  

It is also stated in the PM2.5 Atlas that non-transboundary residential contributions to the urban 

concentration in Stockholm, Gothenburg and Malmö occupy approximately 3%, 12% and 8%, 

respectively (Thunis et al. 2017). Thus, the size of the city is not stated to be the main driver for PM2.5 

here either.  

 

The exponential curve fit by latitude in section 3.5.1 gives two differing results. On the one hand, the 

observations that the self-caused impact is bigger in Malmö and Gothenburg than in Stockholm agrees 

with the calculations here, demonstrated in figure 4-3. The average local contribution is calculated 

through subtracting the urban background concentrations from the rural curve fit at associated latitude. 

Then, the average for each zone is computed. This results in a bigger contribution in the south and 

minima for Stockholm and zone 2. On the other hand, when merely considering the differences in the 

urban and rural curve fit, the results rather agree with the PM2.5 Atlas, stating that the urban 

contribution is the smallest in southern Sweden and increases the further north. 

The urban traffic concentrations are in general also observed to be lower the further north but cannot 

be described with a statistically relevant function. This is based on the significant influence of local 

factors such as certain trafficked streets which do not relate to the geographical location in Sweden. 
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These differences in figure 4-3 and in the spatial decomposition can potentially be based on 

measurement uncertainties as well as favourable or less favourable choices of location for the stations. 

As mentioned earlier, in zone 4 to 6 the closest rural station was used as comparison. Further, in 

bigger zones several urban areas are included in the total average which are influenced by different 

sources. Thus, a wider analysis needs to be conducted to verify these observations.  

 

However, what the results 

uniformly state is a local 

contribution of 1.5 to 2 µg/m3 

in zone 1, thus the most 

northern parts of the country 

with the least population 

density of zero to 20 

inhabitants per square 

kilometre (see figure 4-3). 

Andersson et al. (2019) states 

that in northern Sweden the 

rural background is dominating 

in urban areas combined with 

emissions from domestic 

combustion. Oudin et al. 

(2018) allocate a contribution 

ranging from 0.8 to more than 

1.2 µg/m3 from residential 

wood burning in their study in 

Umeå, which is also located in 

zone 1. Even though 

population density is low, 

combustion processes have a 

significant impact in northern Sweden since the winter period is longer. During this season mixture 

with air in higher layers is reduced due to a phenomenon referred to as inversion. It describes an effect 

where a layer of warm air is lying on top of the cold air close to the ground like a cover. Hence, 

particles are trapped, and concentrations can increase more efficiently (Hagenbjörk 2018). 

 

Further, it is stated in all results that the biggest contribution to fine particulate matter originates from 

long-distance transportation and therefore secondary particles, but with a significant local fraction 

ranging between 10 and 50 percent. These urban contributions originate from the main emission 

sources which are presented in figure 4-2, in particular combustion processes, industry and traffic. 

Consequently, they are dominated by primary particles. However, they are not directly connected to 

the population density, but rather to other factors such as meteorology. 

4.3.3 The role of local emissions 

Throughout the result section urban background levels have been analysed from different perspectives. 

It is stated that the concentrations decrease with increasing latitude which can be seen both from the 

curve fit (see section 3.5.1) and the spatial decomposition summing up average concentrations per type 

(see section 3.5.2). The trendlines, which describe the development of PM2.5 concentrations for 

different stations (see section 3.4.3), are also relevant to consider when separating local from regional 

sources. 

 

The trendlines for urban concentrations with the rural background subtracted (see section 3.4.3) do not 

indicate a strong downward trend, neither for the urban background nor traffic stations. The location 

with the strongest trend, both with and without the rural background included, is the urban traffic 

Figure 4-3.  
(1) The population density of Sweden (Data from: SCB 2017) 
(2) Summary of curve fit by latitude of section 3.5.1: The rural 
concentration according to the exponential curve for 2017 
combined with the mean urban contributions per zone for 2017 
(urban background means for each zone with rural fit subtracted) 
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station at Hornsgatan in Stockholm. Here, demonstrable measures have been initiated, implementing a 

congestion tax in the inner city in 2006 and prohibiting studded tyres in 2010 (Johansson et al. 2011). 

This led to a reduction in the number of vehicles using Hornsgatan by approximately 26 % (SLB 

2019), which presumably explains the significant decrease in PM2.5 concentration. Though, overall, the 

statistics suggest that the downward trend in urban areas is dictated by a rural decrease in PM2.5 

concentration, implying that local measures are comparably unremarkable.  

 

Even if concentrations are decreasing 

throughout Sweden since the directives 

became effective, this reduction 

appears to be mainly connected to 

international emissions. The ratio 

between urban and rural background 

will increase if the rural concentration 

continues to decrease while the urban 

contribution stays constant. Thus, if 

this development is pursued, the 

fraction of non-Swedish fine 

particulate matter will diminish while 

PM2.5 originating directly from the 

country will gain importance. The 

focus will shift to surveillance of 

urban stations where primary particles 

from local sources are the main 

contributor. National reduction 

measures will be required more urgently to reduce primary emissions on a local level. In northern 

Sweden, where rural concentrations are lower and already today the urban contributions, dominated by 

combustion processes, are clearly visible while meteorology does not act in advantage of low pollution 

levels either. The importance of decreasing local PM2.5 emissions is also described by Lefler et al. 

(2019) finding that fine particulate matter from local sources appears to have a stronger correlation 

with mortality, as shown in figure 4-4. Thus, local reduction of PM2.5 is suggested to have a stronger 

effect on reducing mortality than diminishing secondary fine particulate matter, primarily originating 

from long-distance transportation.  

4.4  Abnormalities and uncertainties in the data 

The computed trendlines are optimistic and demonstrate a collective decrease in concentration since 

the implementation of the directive, which agrees with the conclusions of the fitness check. However, 

the numbers from 2018, displaying an increase in concentration throughout all statistics, raise the 

question whether an exponential trend flattening with time is more likely in reality compared to the 

linear one estimated mathematically. Further, the shape of the downward trend may be dominated by 

the fast decrease during the first years after the initiation of the AAQ directives.  

 

Fine particle concentrations cannot be diminished infinitely, not only because it becomes more 

complicated for lower amounts due to difficulties in locating the sources of particles and due to 

formation of secondary particles during long-distance transportation but also based on the fact that, up 

to a certain amount, PM2.5 concentrations originate from non-anthropogenic sources and some 

components of these particles such as in sea spray signify no health risk (Cochran et al 2017). Though, 

it needs to be mentioned that according to the WHO it is not differentiated between different sources 

when measuring fine particulate matter due to the lack of evidence (see section 1.1.2). Particles that 

descend from coniferous forests in northern Scandinavia are, according to Tunved et al. (2008), 

estimated to contribute to 12-50% of the rural background, which is a wide range. Estimates on the 

size of this fraction vary, Forsberg et al. (2005) conclude in their study that a natural background of 3 

μg/m3 can be assumed. On the contrary, Gustafsson et al. (2018) use 2 μg/m3, additionally stating that 

Figure 4-4. Hazard ratio for mortality per 10µg/m3 
increase of PM2.5 for different spatially decomposed sources 
of fine particulate matter (Lefler et al. 2019). 
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“we do not exactly know the natural background levels […]”, which demonstrates once more that 

discussions concerning fine particulate matter lack research to ensure solid conclusions on health 

consequences.   

 

Further, the statistics from 2018 show that fine particulate matter cannot merely be influenced by 

humane activity and invariably be expected to follow the trend from the years before, because 

measures to reduce fine particulate matter in ambient air are limited by other factors. As Andersson et 

al. (2007) state, the annual average PM2.5 concentration can differ up to 9 percent merely due to 

changes in meteorology. The summer season of 2018 was unusually dry, lacking wet deposition, 

which is an efficient removal mechanism for particles, and causing numerous forest fires which not 

only occurred throughout the country producing big amounts of particles from combustion but also 

transporting and distributing those further. “The year 2018 was in many ways an unusual 

meteorological year in Sweden. The weather was coined by numerous midsummer days, droughts, 

forest fires and a month of May with the greatest number of sunny days recorded since 1908 in 

Stockholm,” according to SLB’s yearly report (2019)10. Moreover, the average wind speed was slower 

in 2018 than in 2017 which results into less mixture of air and therefore a longer lifetime for particles 

(SLB 2019). These events are clearly displayed in the data showing an overall increase and probably 

even intensified by long-distance transportation from central Europe which dealt with the same 

phenomena. 

4.5  Conclusions 

Concerning the AAQ directives, Sweden could currently replace all stations through modelling since 

no transgressions of the annual limit value of 25 μg/m3 or the upper and lower threshold recently 

occurred. If the limit were decreased to 15 μg/m3 the country would be required to maintain status quo, 

while the current WHO recommendation (10 μg/m3) or below would imply the need of additional 

monitoring stations. The same applies to revised legislation including a daily limit of 25 μg/m3 which 

is also based on WHO’s suggestions. Average urban exposure levels are expected to be located 

between 4 and 6 μg/m3, however with considerable local variation between the cities. Sweden is 

therefore not required to take further actions beyond maintaining current exposure levels. Here, it is 

difficult to foresee how revised EU legislation may look like.  

In summary, a constant reduction in PM2.5 levels over the period studied can be seen throughout the 

data agreeing with the conclusions of the fitness check. The rural and urban concentrations show an 

exponentially decreasing trend from southern to northern Sweden demonstrating the dominating 

contribution of long-distance transportation of PM2.5 to Sweden. These emission reductions are 

concluded to occur on a regional level and are expected to be primarily international since urban 

contributions remain approximately constant since the implementation of the directive in 2008. Thus, 

the urban fraction, mainly consisting of primary particles, increases proportionally over time. This 

leaves potential for improved reduction measures of local emissions (combustion, industry, traffic). 

Further, lower concentrations and emissions from local sources are stated to have a stronger effect on 

mortality, supporting the importance of reducing fine particulate matter in Sweden.  

There is no evidence for a threshold below which fine particulate matter has no detrimental impact on 

health and concentrations in Sweden, especially in the southern parts, are above the natural 

background. Therefore, it is worthwhile to decrease concentrations thoroughly, not only to be prepared 

for prospective negotiations with the European Union but also to provide a beneficial living 

environment from a health perspective.   

 
10 Translated from SLB (2019): “År 2018 blev på många sätt ett ovanligt meteorologiskt år i Sverige. 

Väderåret präglades av många högsommardagar, torka, skogsbränder och den soligaste majmånad som 

observerats sedan 1908 i Stockholm.”  
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