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Fbrord

Rapporten for Swedish Clean Air and Climate Research Programme, SCAC-
fas 2 presenterar forskningresultat som stodjer Naturvardsverkets arbete
med miljomalen Frisk luft samt Begransad klimatpaverkan och svarar pa
ett stort behov av vetenskaplig kunskapsbas i nationella och internationella
diskussioner och férhandlingar och utveckling av ny politik for luftférorenin-
gar. Forskningen inriktar sig pa hemisfarisk transport av luftféroreningar och
atgardsstrategier i Europa.

Programmet har finansierats med medel fran Naturvardsverkets miljo-
forskningsanslag vilket syftar till att finansiera forskning till stod for Natur-
vardsverkets och Havs- och vattenmyndighetens kunskapsbehov.

Denna rapport ar forfattad av forskningsprogrammets konsortium i
vilket ingdr IVL Svenska Miljoinstitutet, SMHI, Umea Universitet, Karolinska
Institutet, Goteborg Universitet, Goteborg Botaniska Tradgard, Chalmers,
och International Institute for Applied Systems Analysis (ITASA).

Forfattarna ansvarar for rapportens innehall.
Naturvardsverket september 2020

Preface

The final report for the phase two of the Swedish Clean Air and Climate
Research Program (SCAC) presents research results that support the Swedish
Environmental Protection Agency’s (Swedish EPA) work with the environ-
mental quality goals of Fresh Air and Limited Climate Impact. The research
responds to the need for scientific basis in national and international negoti-
ations and to development of new science-based policies on air pollution. The
research focuses on hemispheric transport of air pollutants and action strate-
gies in Europe.

The research program has been funded by the Swedish EPA’s environmental
research grant, which aims to fund research in support of the Swedish EPA
and the Swedish Marine and Water Authority’s knowledge needs.

This report is written by the consortium of the research program which
includes IVL Swedish Environmental Research Institute, SMHI, Ume3 Uni-
versity, Karolinska Institute, University of Goteborg, Goteborg Botanical
Garden, Chalmers, and International Institute for Applied Systems Analysis
(ITASA).

The authors are responsible for the content.
Swedish EPA, September 2020
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1 Sammanfattning

Fas 2 av forskningsprogrammet SCAC startades for att fortsatta utveckla den
vetenskaplig kunskapsbasen kring luftféroreningar som ligger till grund for
nationellt dtgirdsarbete och internationella forhandlingar om utslappsminsk-
ningar. Specifikt inriktades programmet pa fyra huvudomraden dir kunskap
behovdes for att stodja utveckling av ytterligare dtgardsstrategier: interak-
tioner mellan luftféroreningar och klimat samt hemisfarisk transport; luft-
fororeningar och hilsa med fokus pa partiklar fran transport och vedeldning;
ekosystemeffekter (och samverkan mellan luftfororeningar - klimatforand-
ring) av ozon och kvive, det senare med tonvikt pa nationella kviavebudgetar
och biologisk mangfald. Slutligen ingick utveckling av integrerad bedomnings-
modellering for identifiering av effektiva atgardsstrategier.

1.1 Samverkan luftféroreningar och klimat

Forskningen om samverkan mellan luftfororeningar och klimat i SCAC-2 har
gett resultat som dr relevanta for utveckling av kostnadseffektiva dtgards-
strategier for luftféroreningar och klimat. Inriktningen har varit att utvardera
hur foérandringar i utslippen av svavel och partiklar i Europa och andra
regioner pa norra halvklotet har paverkat klimatet.

Modellering med en avancerad jordsystemmodell och med emissions-
scenarier for svavel och sot har visat att minskade utslapp av svavel vid
medel-breddgrader orsakar okade temperaturer och virmetransport i atmos-
faren och en 6kad uppvarmning i Arktis. Minskade utslapp av sot leder i
stillet till minskad varmetransport och en kylande effekt. Nar det giller
klimatpaverkan per massenhet leder utslippsminskningar av sot (minskad
uppviarmning) till en 3—-5 ganger storre temperaturforandring i Arktis jamfort
med svavel (minskad kylning). Temperaturforandringen som en funktion av
forandringen i partikelutslapp ar icke-linjar med storre temperaturforandring
vid lagre utslappsnivaer.

Tillsammans med resultat fran andra liknande studier har en grund for kli-
mat-neutrala dtgardsstrategier utvecklats inom ramen for LRTAP-konventionen
och i EU. Resultaten kommer dven att inga i en kommande rapport frin AMAP
om klimatpaverkande luftféroreningar som syftar till att ta fram vetenskapliga
bevis till stod for ytterligare atgarder i linderna inom Arktiska Radet.

Modellberakningar med en hemisfarisk kemi- och transportmodell
med ITASAs senaste utslippsscenarier for gallande lagstiftning (Current
Legislation) visar att det arliga medelvirdet av PM2.5 i bakgrundsluft i sodra
Sverige kommer att minska med 10% till 2030 jamfort med 2020, och med
15% till 2040. Om ett scenario for ytterligare atgarder (Maximum Feasible
Reduction) modelleras blir minskningarna 35 och 40% fér 2030 och 2040.
Minskningarna beror i forsta hand pa emissionsminskningar i Europa. For
ozon kommer medelvirdet av det hogsta dygnsvardet for perioden april till



september att minska med ca 6% till 2030 och till 9% till 2040, jamfort med
2020 och enligt scenariot med dagens lagstiftning. For scenariot med ytter-
ligare atgiarder minskar halterna for samma tidsperioder med 20 och 30%.
Andringarna i ozonhalt paverkas i storre utstrickning av hemisfirisk trans-
port dn for PM.

1.2 Halsoeffekter av luftféroreningar

Resultaten fran SCAC stoder de senaste rapporterna att nir man anvander
partikelmatt som bestims av koncentrationerna som hirror fran lokala kallor
som trafik, kommer den relativa riskokningen per 6kad koncentration att vara
hogre dan annars. Detta giller till exempel forhallandet mellan avgaspartiklar
och dodlighet och forhallandet mellan sot fran avgaser och stroke. En storre
betydelse av lokala partikelkallor for 6kad risk innebar att hilsoeffekter upp-
star pa nivaer inte bara under miljokvalitetsnormerna fér PM10 och PM2.5
utan dven under de svenska preciseringarna av miljokvalitetsmalen. Den nya
kunskapen om exponerings-responsforhallanden visar att berakningar av halso-
effekter baserade pa dldre antaganden signifikant underskattar potentiella hilso-
fordelar med minskad exponering for lokala killor som stadsbiltrafik.

Hog korrelation mellan flera typer av fororeningar, inklusive avgaspar-
tiklar, kvavedioxid och vigdamm, komplicerar tolkningen av resultaten i
studier fran en enda miljo och motiverar vidare forskning dar effekten av
olika fororeningar studeras i flera olika miljoer med olika korrelationer
mellan nivier.

En specifik fraga inom SCAC gillde hur effektiviteten av olika dtgirder
for att minska partiklarnas hilsokonsekvenser beror pa vilka matt pa expo-
nerings- och exponeringsrespons som anvints i hilsokonsekvensberikningar.
Flera forhdllanden motiverar utvirdering av hilsoeffekter av partikelexpon-
ering i Sverige, trots att vi har 1dga nivder av féroreningar i en internationell
jamforelse. Studier under senare ar indikerar att skillnader i exponering vid
laga nivder inte bara ir betydelsefulla ur hilsosynpunkt utan ocksd kan ge
storre relativa forandringar i risk per koncentrationsforandring an vid hogre
koncentrationer. Partikelfraktionernas sammansattning skiljer sig ocksa
mellan lander.

SCAC har inkluderat studier av sambandet mellan exponering for olika
typer av partiklar och risken for specifika halsoeffekter, och litteraturover-
sikter med fokus pa partiklar fran vigslitage och vedeldning, problem som
ar av storre relativ betydelse i Sverige an i manga andra lander. Halsokonse-
kvensbedomningar har ocksa utforts for att belysa hur avgorande for slutsat-
serna det dr att anvdnda relevanta antaganden om exponeringssvar for olika
typer av partiklar. Eftersom hilsoeffekterna av luftféroreningar domineras
starkt av dodsfall, oavsett om hilsokostnader eller forlust av funktionellt
vagda liv berdknas, ar kanslighet i berdkningarna av dodsfallseffekter central.
Vidare styrks betydelsen och motiveringen av att tillimpa hoga koefficienter
som dterspeglar den ”innerstadsvariationen” som nyligen rapporterats for
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ACS av flera nya studier. Dodlighetsanalyserna som sammanstallts for SCAC-
kohorterna ger ocksa hoga koefficienter i forhdllande till lokala trafikrela-
terade partiklar, vilket tyder pa att det ar olampligt att anvanda WHO: s
rekommendation nar man bedomer inverkan av lokala trafikrelaterade par-
tiklar pa dodligheten. Under 2019 reviderade Trafikverket darfor sin modell
(ASEK) for effekter och hilsokostnader.

1.3 Ozon

Forskningen inom SCAC har fokuserat pa att bedoma geografiska och tids-
massiga trender for ozonkoncentrationer i forhallande till klimataspekter och
risker for skador pa vegetationen. Resultaten har rapporterats som bidrag
till LRTAP-konventionen, sirskilt till ICP-Vegetation och Task Force on
Measurements and Modeling (TFMM).

Nir det giller klimatfaktorer resulterade den varma och torra sommaren
2018 i hogre ozonnivdaer i sodra Sverige jamfort med vad som annars hade
varit fallet, allt annat konstant. Ett varmare klimat orsakar en tidigare start
av vaxtsisongen, om dn med starka arliga variationer. En utvirdering av kun-
skapslaget visade att risken for signifikant och bestdende negativ inverkan pa
vegetationen i nordliga ekosystem dr begransad och i alla fall inte storre dn i
sodra Fennoscandia. I genomsnitt har ozonkoncentrationerna i Sverige minskat
under sommaren, men halterna pa varen har 6kat och 6kningen sker tidigare
pa aret i nordliga delar av landet. Detta utvecklingsmonster beror pa 1/
minskande utslapp av ozonbildande dmnen i Sverige och Europa, 2 / 6kade
utslapp i Asien som paverkar interkontinental transport och 3 / ett forandrat
klimat. Det sista resulterar i ett 6kat ozonupptag till vegetation i maj manad,
vilket kan resultera i en storre negativ paverkan pa grund av den tidigare
borjan av vixtsasongen. Sammantaget har forandringarna lett till ett minskat
overlapp mellan varens hogsta ozonhalter och vixtsiasongen i Sverige, men det ar
fortfarande en fraga om den faktiska paverkan pa vegetationen under viren
har férandrats 6ver tiden.

Mitningar och utvirdering av stamtillviaxtdata fran granskogar i sodra
Sverige tillsammans med miljo- och klimatdata visar att stamtillvaxt ar signi-
fikant forknippad med antalet dagar med torka under vixtsdsongen, medan
det finns en indikation pa positiv koppling till hogt kvavenedfall och temp-
eratur. Studien visade ingen koppling mellan stamtillvaxt och ozonexponering
eller vaxtsdsongens borjan och det drogs slutsatsen att en betydligt storre
datamingd skulle kravas for att detektera effekterna av ozon och kvive pa
tradtillvaxt i Sverige med statistisk signifikans.
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1.4 Kvave

SCAC-forskning om kviave har utforts inom ramen for flera aktiviteter inom
LRTAP-konventionen: utveckling av nationella kvivebudgetar (NNB), TFMM,
Task Force on Reactive Nitrogen (TFRN) och Joint Expert Group on Dynamic
Modeling.

SCAC har bidragit till en svensk NNB genom att kartligga de atmosfar-
iska mingderna. Svenska utsldpp av reaktivt kvive (Nr), nedfallsdata samt
bidrag fran import och export genom langviga transporter sammanstalldes
for 2015. Kvdvet som deponerats 6ver Sverige (160 tusen ton, kt) 2015
harstammar framst fran andra lander (139 kt) medan tre fjardedelar av
de svenska kviveutslappen (49 kt av de totala utslappen pa 70 kt) trans-
porterades till andra linder. Den arliga Nr-omsittningen i atmosfiren ovan-
for Sverige ar cirka 210 k Nr, med tillskott (import + svenska utslapp)
pa 209 kt och bortforsel pa 213 kt (total deposition + export). Budgeten
ar balanserad inom 1% vilket dven bor ses som ett matt pa osikerhets-
marginalen for de enskilda budgetposterna.

I SCAC har potentiella effekter av kvdavenedfall pa ekosystem utvarderats
genom analys av information fran tidigare experiment med kvavegodsel
i svenska skogsekosystem. Det begransade antalet experiment har gjort
det svart att dra slutsatser om langsiktiga effekter pa biologisk mangfald.
Godslingsforsoket i Gardsjon tyder pa hog stabilitet i sammansattningen av
vegetationsarter med relativt blygsamma och lingsamma forandringar pa en
tidsskala av artionden.

1.5 Hur vélja ratt atgarder for att sakerstalla
fordelar mellan klimat- och luftféroreningar?

Strategier for att minska utslappen av luftféroreningar och vixthusgaser tas
fram som en del av internationella avtal, vanligtvis baserade pa resultat fran
integrerade bedomningsmodeller (IAM). I SCAC har forskningen bidragit till
den fortsatta utvecklingen av en sidan modell (GAINS-modellen) och dess
rutin for optimering av atgardskostnader sa att den nu, i en skandinavisk ver-
sion, kan identifiera kostnadsminimerande satt att minska effekterna pa man-
niskors halsa, miljo och klimat fran utslapp av SLCF beaktande osikerheter i
atgardskostnadsdata.

SCAC-forskning har ocksa mojliggjort en gemensam analys av kostnads-
effektivitet av utslippsminskningar till sjoss och till lands och att utvirdera
effekterna pa koldioxidutslapp vid implementering av teknik for emissions-
minskning av luftféroreningar. Vidare har SCAC-forskning bidragit till beskriv-
ning av skadekostnader for tre halsoeffekter kopplade till dalig luftkvalitet

En specifik studie har visat att anviandningen av olika klimatmatvirden
som indikatorer pa klimatforandringseffekter fran utslapp till atmosfaren inte
paverkar resultaten nar det galler vilka atgarder som modellen prioriterar for
att minska utslappen. Sa den forvirring som orsakas av alla de olika klimat-

10
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matvardena som finns i litteraturen 4r av mindre betydelse for arbetet med
prioritering av dtgirder for att kontrollera luftféroreningar och klimateffekter.

SCAC-resultat visar ocksa att effektivitetsforbattringar, anviandning av
energikallor utan forbranning och beteendeforandringar alla bidrar till fordelar
for bade klimat och luftféroreningar, 4ven om vissa risker for avvagningar
kan identifieras. Forst och framst kan anviandningen av fasta biobrinslen for
el och uppvarmning minska koldioxidutslippen men riskerar att 6ka utslappen
av vissa luftféroreningar. For det andra riskerar anvandningen av flexibla
mekanismer som EU:s system for handel med utslappsritter att geografiskt
placera utslappsminskningar i omraden dar fordelarna med luftkvaliteten dr
lagre an vad som kunde ha uppndtts om man dven beaktar effekterna pa luft-
kvaliteten. Beteendeférandringar, aven sma och stegvisa, har bade betydande
effekter pa utslapp av luftféroreningar och innebar samfordelar mellan klimat-
forandringar och luftféroreningar.

11
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2 Summary

The SCAC-2 program was initiated to provide an extended scientific know-
ledge base in national and international discussions and negotiations on the
development of new air pollution policies and measures. Specifically, the
program was focused on four main areas where additional knowledge was
needed to support further actions: air pollution and climate interactions and
hemispheric transport; air pollution and human health with focus on particles
from transport and domestic wood burning; ecosystem effects (and air pollu-
tion — climate interactions) of ozone and nitrogen, the latter with emphasis
on national nitrogen budgets and biodiversity. Finally, integrated assessment
modelling and identification of the most efficient abatement strategies was
included.

2.1 Air pollution and climate interactions

SCAC 2 research on air pollution and climate interactions has yielded results
relevant for the development of cost effective and co-beneficial mitigation
strategies for air pollution and climate change with focus on how changes
in sulphur and particulate emissions in Europe and other major emission
regions in the northern hemisphere affect climate.

Modelling using an advanced Earth System Model and emission scenarios
for sulphur and back carbon has shown that reduced emissions of sulphur at
mid-latitudes cause increased temperatures and heat transport in the atmos-
phere and an increased warming of the Arctic. Reduced emissions of black
carbon lead instead to reduced heat transport and a cooling effect. In terms
of climate impact per unit mass, emission reductions of soot (reduced warm-
ing) result in a 3-5 times larger Arctic temperature change compared to sul-
phur (reduced cooling). The temperature change as a function of the change
in particle or precursor emissions is non-linear with a greater temperature
change at lower emission levels.

Along with similar studies with other climate models, a scientific basis for
climate neutral air pollution measures is created within the framework of the
LRTAP Convention and the EU. Similarly, the results will be included in the
forthcoming AMARP report on SLCF and climate, which aims to provide scien-
tific evidence for continued action in the countries of the Arctic Council.

Model calculations using a hemispheric chemistry transport model show
that the annual average level of PM, . in background air in southern Sweden
may decrease by about 10% in 2030 and about 15% in 2040 compared to
2020 based on ITASA’s latest “current legislation” (CLE) emission scenario.
The corresponding numbers for the “maximum feasible reduction® (SDS_MFR)
scenario are 35 and 40% respectively. These changes are primarily due to
emission reductions in Europe. For ozone, the level of the April-September
mean of the daily maximum ground-level ozone in background air in Sweden

12
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may decrease by about 6% in 2030 and about 9% in 2040 compared to 2020
based on ITASA’s latest CLE emission scenario. The corresponding numbers
for the SDS_MFR scenario are 20 and 30% respectively. For these changes
hemispheric transport is more important than for PM.

2.2 Human health impacts from air pollution

The results from SCAC support recent reports that when using particle matri-
ces that are determined by the concentrations resulting from local sources
such as traffic, the relative risk increase per increased concentration will be
higher than otherwise. This applies, for example, to the relation of exhaust
particles with mortality and to the relationship between soot from exhaust
gases and stroke. The importance of local particle sources for the increase
in risk means that health effects occur at levels not only below the environ-
mental quality standards for PM,  and PM, , but even under the Swedish
specifications of the environmental quality targets. The new knowledge on
exposure-response relationships shows that health impact calculations based
on older assumptions significantly underestimate potential health benefits
with reduced exposure to local sources such as urban car traffic.

High correlation between several types of pollutants, including exhaust
particles, nitrogen dioxide and road dust, complicates the interpretation of the
results in studies from a single environment and motivates further research
where the effect of different pollutants is studied in several different environ-
ments with different correlations between levels.

One specific issue within SCAC concerned how the effectiveness of various
measures to reduce the health consequences of the particles depends on the
measures of exposure and exposure response functions adopted in health
consequence calculations. Several conditions justify the investigation of par-
ticle health effects in Sweden, despite the fact that we have low levels of pol-
lution in an international comparison. Studies in recent years indicate that
differences in exposure at low levels are not only significant from a health
point of view but may also give greater relative changes in risk per concentra-
tion change than at higher concentrations. The composition of the particle
fractions also differs between countries.

SCAC has included studies of the relationship between exposure to diffe-
rent types of particles and the risk of specific health effects, and literature
reviews focusing on road wear dust and wood smoke, problems that are of
greater relative importance in Sweden than in many other countries. Health
impact assessments have also been performed to elucidate how crucial for the
conclusions it is to use relevant exposure-response assumptions for different
types of particles. Since the health impacts of air pollution are strongly domi-
nated by deaths, regardless of whether health costs or loss of disability adjusted
life years are calculated, sensitivity in the calculations of mortality effects is
central. Furthermore, the significance and rationale of applying high coef-
ficients reflecting the “inner city variation” recently reported for ACS is

13
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substantiated by several recent studies. The mortality analyses compiled for
the SCAC cohorts also give high coefficients in relation to local traffic-related
particles, which indicates that it is inappropriate to use the WHO recommen-
dation when assessing the impact of local traffic-related particles on mortality.
In 2019 The Swedish Transport Administration accordingly revised their
model (ASEK) for impacts and health costs.

2.3 Ozone

SCAC research has focused on assessing geographical and temporal trends
of ozone concentrations in relation to climate aspects and risks for damage
on vegetation. The results have been reported and provided as input to the
LRTAP Convention, in particular to the ICP-Vegetation and the Task Force
on Measurements and Modelling (TEFMM).

In terms of climate factors, the hot and dry summer in 2018, resulted in
higher ozone levels in southern Sweden compared to what would otherwise
have been the case, all else constant. A warmer climate causes an earlier start
of the thermal growing season, albeit with strong interannual variations. An
evaluation of the state of knowledge indicated that the risk of significant and
lasting negative impact on the vegetation in northern ecosystems is limited
and, in any case, not greater than in southern Fennoscandia. On average,
ozone concentrations in Sweden have decreased in summer, but springtime
concentrations have risen and occur earlier in the year in northern parts of
the country. This pattern of development is due to 1/ decreasing precursor
emissions in Sweden and Europe, 2/ increased Asian emissions impacting
though inter-continental transport, and 3/ a changed climate. The last includes
increasing ozone uptake to vegetation in May, which could result in larger
impacts, due to the earlier start of the growing season. In total, this has led
to a decreased overlap between spring peak ozone and the growing season in
Sweden, but it remains a question whether the actual springtime impact on
vegetation has changed over time.

Measurements and evaluation of stem growth data from spruce forests
in southern Sweden together with environmental and climate data show that
stem growth is significantly negatively associated with the number of days of
drought during the growing season, while there is an indication of positive
association with high nitrogen deposition and temperature. The study showed
no association of stem growth with ozone exposure or growing season onset
and it was concluded that a substantially larger data set would be required
in order to detect the effects of ozone and nitrogen on tree growth in Sweden
with statistical significance.
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2.4 Nitrogen

SCAC research on nitrogen has been performed within the framework of the
several activities under the LRTAP Convention: the development of national
nitrogen budgets (NNB), TFMM, the Task Force on Reactive Nitrogen (TFRN)
and the Joint Expert Group on Dynamic Modeling.

SCAC has contributed to a Swedish NNB by mapping of the Atmosphere
pool. Swedish emissions of reactive nitrogen (Nr), deposition data, contribu-
tions from import and export through long-range transport were compiled
for 2015. The nitrogen deposited over Sweden (160 thousand tonnes, kt) in
2015 originated mainly from other countries (139 kt), while three quarters
of the Swedish nitrogen emissions (49 kt of the total emissions of 70 kt) were
transported to other countries. The annual Nr turnover in the atmosphere
above Sweden is about 210 k Nr, with inputs (import + Swedish emissions)
of 209 kt and output of 213 kt (total deposition + export). The fact that the
budget is balanced within 1% should be seen as well within the margin of
uncertainty for the individual budget items.

In SCAC, potential effects of nitrogen deposition have been assessed by
analysis of information from earlier nitrogen fertilization experiments in
Swedish forest ecosystems. The limited number of experiments have made it
difficult to draw conclusions on long-term impacts on biodiversity. The ferti-
lization experiment in Gardsjon indicate high stability in the composition of
vegetation species with relatively modest and slow changes at decadal time
scale.

2.5 How to choose the right measures to
ensure co-benefits between climate
and air pollution solutions?

Strategies to reduce emissions of air pollution and greenhouse gases are within
international agreements usually based on results from integrated assessment
models (IAM). In SCAC, research has contributed to the continued develop-
ment of the GAINS model control cost optimization routine so that it now,
in a Scandinavian setting, can find cost-minimizing ways to reduce effects on
human health, environment and climate from emissions of SLCFs and allow
for consideration of uncertainty in control cost data. SCAC research has also
enabled the joint cost-effectiveness analysis of emission reductions at sea and
at land, and to check for effects on CO, emissions of implementing air pollu-
tion control technologies. Furthermore, SCAC research has contributed to
monetization of damage costs for three health effects attributable to poor
air quality.

A specific study has shown that the use of different climate metrics as
indicators of climate change effects from emissions to the atmosphere does
not significantly affect the results in terms of prioritised measures to reduce
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emissions. So the confusion induced by all the various climate metrics found
in the literature is of little concern for prioritization of measures to control
air pollutants with climate effects.

SCAC results also show that efficiency improvements, use of non-combus-
tion energy sources and behavioural changes all ensure co-benefits between
climate change and air pollution although some risks for trade-offs can be
identified. First and foremost, the use of solid biofuels for electricity and
heating can decrease CO, emissions but is at risk of increasing emissions of
some air pollutants. Secondly, the use of flexible mechanisms such as the EU
emissions trading system is at risk of geographically placing emission reduc-
tions in areas where air quality benefits are lower than what could have been
achieved if considering also effects on air quality. Behavioural changes, even
incremental ones, have both significant effects on emissions of air pollutants
and imply co-benefits between climate change and air pollution.
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3 Introduction

Collaborative and multi-disciplinary research on air pollution combined with
extensive international collaboration and engagement in expert groups under
international conventions has since many years been a successful approach to
ensure the continuous development of the scientific basis as well as influence
on the development of international agreements and policies. The Swedish
Clean Air and Climate research program (SCAC) is the latest in a series of
initiatives which have run more or less continuously since the end of the last
millennium, most of them funded by the Swedish Environmental Protection
Agency.

The SCAC research programmes” first phase ended in March 2017. Well
before the end of the first phase, a clear need for continued research on air
pollution and climate was defined by the Swedish EPA. The main driver was
the need for an extended scientific knowledge base in national and interna-
tional discussions and negotiations on a development of new air pollution
policies and measures. Specifically, the Swedish EPA identified the areas: air
pollution and climate interactions and hemispheric transport; air pollution
and human health with focus on particles from transport and domestic wood
burning; ecosystem effects (and air pollution — climate interactions) of ozone
and nitrogen, the latter with emphasis on national nitrogen budgets and bio-
diversity. Finally, integrated assessment modelling and identification of the
most efficient abatement strategies was included.

These priorities formed the basis of the SCAC - Phase 2 program. SCAC 2
was launched as a smaller and more compact research program than SCAC
phase 1, starting in April 2017 and ending in mid-2020.

The research performed in SCAC 2 has made it possible for the involved
scientists to engage in many of the expert groups under the LRTAP
Convention and also to interact cooperate with scientists from the climate
and Arctic research communities.
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4 Air pollution and climate
Interactions

Work package 1, WP1, in SCAC had three important goals: the first was
to increase knowledge about hemispheric transport of air pollutants with
emphasis on tropospheric ozone and particles. The second goal was to evaluate
how regional emissions of air pollutants in Europe, and in other parts of the
northern hemisphere, affect climate locally and remotely. The third goal was
to ensure that information related to the first two goals is taken into account
in the development of international agreements on air pollution emission
reductions.

The first and second goals of WP1 are closely linked to the international
evaluation of the impact of Short-Lived Climate Forcers (SLCFs) on climate
in the Arctic organised by AMAP (The Arctic Monitoring and Assessment
Program). AMAP’s expert group for SLCE, in which researchers from WP1
participate, is working on a report to be published in 2021. As a part of the
report, and related to the first goal of WP1, an evaluation of the performance
of various models is carried out concerning the simulation of air pollution
transport across the Arctic and the northern hemisphere. Here, scientists from
WP1 contribute with model simulations using the atmospheric chemistry
model MATCH, Multi-scale Atmospheric Transport and Chemistry model
(Robertson et al., 1999; Andersson et al., 2007). Cloud properties simulated
by climate models are also evaluated against satellite data. This will provide an
updated picture of our ability to describe long-range transport of air pollution
and climate in the Arctic. Most of the results linked to the AMAP report will
be finalized in the end of 2020 and are therefore not reported here. However,
we can present some results from new scenarios for future levels of ground-
level ozone and PM, ; over the northern hemisphere based on state-of-the-art
emission scenarios. Another important part of the AMAP report, and related
to the second goal of WP1, is to evaluate simulations of how future global
emission scenarios of air pollutants affect climate in the Arctic and in other
parts of the world. Researchers from WP1 contribute to this work through
coupled Earth system simulations with the Norwegian Earth System Model
NorESM (Seland et al., 2020). Using NorESM we have within SCAC-2 also
evaluated how altered emissions of sulphur and soot in major geographical
regions affect climate. This work is a collaboration with CICERO in Norway
and a continuation of studies initiated during SCAC-1. It has led to three
scientific publications addressing the effect on the climate of sulphur and
soot emissions and the resulting heat transport to the Arctic (Krishnan et al.,
2020; Lewinschal et al., 2019; Sand et al., 2020).

The third goal of WP1 has been achieved by contributing to the work of
different working groups within the LRTAP Convention. Researchers from
WP1 have participated in a number of meetings within HTAP (Task Force
for Interhemispheric Transport), TEMM (Task Force for Measurements and

18



SWEDISH ENVIRONMENTAL PROTECTION AGENCY REPORT 6936
Swedish Clean Air and Climate Research Programme — SCAC. Final report second phase.

Modelling) and TFIAM (Task Force for Integrated Assessment Modelling)
during the period of SCAC and contributed with presentations of results from
SCAC. Researchers in WP1 have also participated in the Eurodelta group and
its activity EDTRENDS. The work there has been aimed at understanding
uncertainties in models and their inputs and the results are described in a
number of scientific publications (Ciarelli et al., 2019ab; Colette et al., 2017;
Otero et al., 2018; Theobald et al., 2019; Vivanco et al., 2018).

4.1 Highlights from the research

The most important results from WP1 are the following. Further results
linked to the AMAP report on SLCF will be finalized later in 2020.

Reduced emissions of sulphur at mid-latitudes lead to increased heat
transport in the atmosphere to the Arctic and an increased warming,
while reduced emissions of black carbon lead to reduced heat transport
and a cooling (Lewinschal et al., 2019; Sand et al., 2020; Krishnan et al.,
2020).

The impact on climate from emission changes of soot and sulphur in

five different regions of the Northern Hemisphere has been quantified.
The results indicate that in terms of their climate impact per unit mass,
emission reductions of soot (reduced warming) result in a 3-5 times
larger Arctic temperature change compared to sulphur (reduced cooling)
(Lewinschal et al., 2019; Sand et al., 2020).

The temperature change as a function of the change in particle or precur-
sor emissions is non-linear. There is a greater temperature change at lower
emission levels (Lewinschal et al., 2019; Sand et al., 2020).

The annual average level of PM2.5 in background air in southern Sweden
may decrease by about 10% in 2030 and about 15% in 2040 compared
to 2020 based on ITASA’s latest “current legislation” (CLE) emission sce-
nario. The corresponding numbers for the “maximum feasible reduction®
(SDS_MFR) scenario are 35 and 40% respectively. These changes are pri-
marily due to emission reductions in Europe.

The level of the April-September mean of the daily maximum ground-
level ozone in background air in Sweden may decrease by about 6% in
2030 and about 9% in 2040 compared to 2020 based on ITASA’s latest
CLE emission scenario. The corresponding numbers for the SDS_MFR
scenario are 20 and 30% respectively. For these changes hemispheric
transport is more important than for PM.

19



SWEDISH ENVIRONMENTAL PROTECTION AGENCY REPORT 6936
Swedish Clean Air and Climate Research Programme — SCAC. Final report second phase.

4.2 Contribution to development of policies
and measures

Researchers in WP1 have numerous links to international networks within the
research community tasked with producing scientific evidence to support the
development of useful and cost effective co-beneficial mitigation strategies for
air pollution and climate change. The results from NorESM show how changes
in particulate emissions in Europe affect climate with both warming and cool-
ing. Along with similar studies with other climate models, a scientific basis for
climate neutral air pollution measures is created within the framework of the
LRTAP Convention and the EU. Similarly, the forthcoming AMAP report on
SLCF and climate aims to provide scientific evidence for continued action in
the countries of the Arctic Council. WP1 provides important contributions
both with model simulations and model quality evaluation for reducing cli-
mate change in the Arctic but still with strong air quality improvements in
the emission regions. The completion of the synthesis work within AMAP
lies after the end of SCAC, but the work within SCAC has been crucial to
our ability to make a significant contribution to the AMAP report.

When it comes to air quality in Europe, the work within TEMM and
Eurodelta has shown that emission data for particles, and in particular con-
densable particles, need to be improved. Emission reductions over the past
25 years have had an effect on air concentrations and deposition in Europe
and our national modelling tool MATCH for nitrogen, particle and ozone
stands very well in comparison with other similar models in Europe (Colette
et al., 2017; Theobald et al., 2019).

4.3 Results

4.3.1 Climate impact of sulphur and soot emissions

We used the Earth System Model NorESM (Seland et al., 2020), to calculate
emission-to-temperature-response metrics for sulphur dioxide (SO,) and soot
emission changes in four different policy-relevant regions: Europe (EU), North
America (NA), East Asia (EA) and South Asia (SA) (Lewinschal et al., 2019;
Sand et al, 2020). The emissions in each individual region were increased to
give approximately the same absolute global average radiative forcing change
(~-0.45Wm™ for SO, and below 1Wmfor soot). We found that changes of
sulphur and soot emissions in different areas of the Northern Hemisphere
(EU, NA, EA and SA) give similar temperature response per kilogram of
emission change in different latitude bands (Southern Hemisphere, Tropics,
Northern Hemisphere Mid-latitudes and Arctic) (see Figure 4.1).
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Figure 4.1. Left columns: Temperature change [K] per sulphur emission (Tg S) per year for the
latitude bands (x-axis) of the southern hemisphere extra-tropics (SHext), the tropics (Tropics), the
northern hemisphere mid-latitudes (NHmI) and the Arctic (ARCT). The four sub-figures show the
effect of emissions in Tg/yr in the regions, EU a), North America (NA) b), East Asia (EA)e) and
South Asia (SA) f). The reference year is 2000 and sulphur emissions were increased 7 times over
Europe, 5 times over North America, 5 times over East Asia and 10 times over South Asia (from
Lewinschal et al., 2019). Right columns (c, d, g, h): same as in the left columns but for soot
(Sand et al., 2020). Soot emissions have been multiplied by a factor of ten for all areas except
East Asia where a factor of 5 has been used.

A very important result is that the temperature response in the Arctic is
always largest, usually twice as large as in the emission region itself. It is
also evident that the temperature response per unit emission in the Arctic is
about a factor three to five higher for soot compared to sulphur. This result
implies that even though the global average sulphur emissions are about ten
times greater than soot emissions, a large part of the climate effect (warming)
caused by a reduction in sulphur emissions, e.g. to improve air quality, can
be compensated by a corresponding reduction in soot emissions (cooling).
Preliminary (and yet unpublished) results also show that the temperature
response from emission reductions in sulphur and soot are additive.

The temperature response for soot is non-linear in the Arctic, i.e. the temp-
erature change per kilogram of soot becomes smaller if a large emission change
is made - regardless of the emission region. For the mid-latitudes, the tempera-
ture change per unit emission over Europe is also non-linear. The same quali-
tative result is obtained for European sulphur emissions: the temperature
change per kilogram of sulphur becomes smaller at high sulphur concen-
trations. This is because the indirect climate effect of the particles on clouds
reaches a saturation effect at high particle concentrations.

Simulations reported in Krishnan et al. (2020) show that an increase in
heat transport in the atmosphere from the middle latitudes to the Arctic is
driving the higher temperature change in the Arctic compared to other areas.

21



SWEDISH ENVIRONMENTAL PROTECTION AGENCY REPORT 6936
Swedish Clean Air and Climate Research Programme — SCAC. Final report second phase.

The increased heat transport in the atmosphere initiates changes in the distri-
bution of the Arctic sea ice and results in increased heat exchange between
the sea and the atmosphere. Changes in heat transport in the ocean play a
minor role and generally dampen the temperature response. The results show
that it is important that models represent the heat exchange between sea and
atmosphere correctly and it is especially important that sea ice changes and
turbulent heat exchange are described as accurately as possible.

4.3.2 Interhemispheric transport of ozone and PM,,

Several new emission scenarios from IIASA based on the GAINS model
(https://iiasa.ac.at/web/home/research/researchPrograms/air/Global_emis-
sions.html) have been made available within the work on the AMAP report
on SLCE Here we analyse two of these scenarios, CLE and SDS_MFR and
what they could mean for the air quality in background air in Europe and
Sweden. CLE refers to ECLIPSE_V6b_CLE_base where CLE (Current
LEgislation) represents a successful global implementation of the latest legi-
slation and technology to reduce emissions of air pollution. CLE includes
current and planned environmental laws, considering known delays and fail-
ures up to now but assuming full enforcement in the future. In addition, the
MFR_SDS scenario (ECLIPSE_Vé6b_SDS_MFR) adopts a strict policy requir-
ing the introduction of best available technology for all economic activities
that generate emissions of air pollution combined with measures to achieve
the global sustainability goals and the Paris Agreement. The measures are based
on the information available in GAINS today, which can be seen as a con-
servative scenario where no further technological development is assumed.
On the other hand, it is an optimistic scenario because it assumes that all
technologies deliver the emission reduction for which they are designed and
that they are fully implemented without regard to costs. However, technical
life is taken into account, i.e. no early scrapping of equipment has been
assumed.

Figure 4.2 shows calculated annual mean concentrations of PM, . in back-
ground air from MATCH for CLE in 2020 and 2040 and SDS_MFR in 2040.
Both CLE and SDS_MFR would result in substantial reductions of PM, .. For
CLE, however, areas with increases in southern Asia and the Middle East are also
seen, whereas reductions are seen elsewhere. Reductions in China are most
evident, but also in Europe. For SDS_MEFR there are reductions throughout
and very large reductions in Asia. The bar graphs show how much the annual
average surface concentration of PM, _ in background air is reduced in south-
ern Sweden and the contribution to the reduction from different geographical
areas for every ten years between 2020 and 2050. Overall, the average con-
centration of PM, ;in background air over southern Sweden could decrease
by about 10 % in 2030 and by about 15% in 2040 compared to 2020 in
CLE and by 35 and 40% respectively in SDS_MFR. The reductions in PM, |
across Sweden are mainly a result of reduced emissions in Europe. Reduced
interhemispheric transport from North America and Asia makes a small
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contribution, up to a few percent. This is in line with previous results from
HTAP1 and HTAP2 e.g. Liang et al. (2018) that for particles, emission reduc-
tions in the nearby area are most important. The contribution from Russia is
greater because this is the closest region.
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Figure 4.2. Simulated background surface concentrations of PM2.5 over the northern hemisphere
for different emission scenarios. Top left - total annual average concentrations for CLE 2020, in
the middle change between 2020 and 2040 in the CLE scenario and to the right corresponding
change in the SDS_MFR scenario. The bar charts show relative changes in the annual mean
concentration of PM2.5 over Gétaland and Svealand for different time periods for CLE (left) and
SD_MFR (right). The bars refer to contributions from Europe except Russia (EUR), the USA and
Canada (NAM), South and East Asia (ASIA), ship traffic (SHP), Russia (RUSS) and the rest of
the world outside these areas (ROW). Note that the reductions for SDS_MFR in China and India
go beyond the scale in the figure at the top right. The attribution of the contributions to changes
from different source regions were calculated by changing all the anthropogenic emissions (SO,
NOx, CO, NMVOC, BC, OM, dust) at the same time until 2030, 2040 and 2050 for each region
individually and adjusting the methane concentration as well according to the methane emission
changes by region.

Figure 4.3 shows the corresponding results for ground-level ozone in back-
ground air. Here, results are presented for the mean of the daily maximum
concentrations (MDM) during the ozone season (April-September). As for
M, ., both CLE and SDS_MFR would mean significant reductions in ground-
level ozone. For CLE, however, areas with increases in South Asia and the
Middle East are also seen, whereas there are reductions in all other areas. For
SDS_MEFR, there are reductions throughout and very large reductions in all
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densely populated regions. The bar charts show how much MDM for ozone
is reduced on average for the whole of Sweden and the contribution from
different geographical areas. Overall, MDM in background air in Sweden
could decrease by about 6% in 2030 and by about 9% in 2040 compared
t0 2020 in CLE and by 20 and 30% in SDS_MFR, respectively. For ground-
level ozone, the reductions in Sweden are largely due to decreasing emissions
throughout the Northern Hemisphere and for SDS_MFR, the contribution
from regions other than Europe is greater than 50%. This difference in the
importance of interhemispheric transport between PM, . and ground-level
ozone is in line with previous results from HTAP1 (2010) and HTAP2
(Jonson et al., 2018).
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Figure 4.3. As Figure 4.2, but for background levels of ground-level ozone, mean of daily maximum
(MDM) for April-September. Top left total mean levels for CLE 2020, in the middle change between
2020 and 2040 in the CLE scenario and to the right corresponding change in the SDS_MFR sce-
nario. The bar charts show relative changes in MDM across Sweden for different time periods for
CLE (left) and SDS_MFR (right). Note that the reductions for SDS_MFR go beyond the scale in
the figure at the top right in several regions in Asia. The attribution of the contributions to changes
from different source regions were calculated by changing all the anthropogenic emissions (SO,
NO, CO, NMVOC, BC, OM, dust) at the same time until 2030, 2040 and 2050 for each region
individually and adjusting the methane concentration as well according to the methane emission
changes by region.
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4.4 Methods

In SCAC-WP1, two different numerical models have been used; the Earth
System Model NorESM (Seland et al, 2020) and the atmospheric chemistry
model MATCH (Robertson et al., 1999; Andersson et al., 2007). NorESM is
an Earth system model with linked descriptions of the three spatial dimensions
of the atmosphere, land, ocean and sea ice. The model also has an interactive
description of atmospheric chemistry and particle chemistry and physics.
With NorESM, time-dependent simulations are made of how different
aspects of the climate such as temperature, sea ice and rainfall are affected
by historical and future emissions of greenhouse gases and SLCFs. The con-
nection between the different sub-components is dynamic. Simulations with
NorESM require considerable computational resources and the horizontal
geographical resolution is therefore limited to about 200200 km?. MATCH
is a regional atmospheric chemistry model, CTM, which, in addition to
atmospheric chemistry for particles, also includes chemistry for ozone and
other gaseous air pollutants. MATCH simulates time-dependent concentra-
tions and deposition of various air pollutants in three spatial dimensions.
MATCH cannot dynamically simulate the climate, however, the impact on
cloudiness and radiation balance can be calculated through a one-way link
with the regional climate model RCA4 (Thomas et al., 2015). MATCH can
be run with a higher geographical resolution, 75"75 km?, and with observed
meteorology to study long-range transport of air pollution to the Arctic.
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5 Human health impacts from
air pollution

5.1 Highlights from the research

The results within SCAC support recent reports that when using particle
matrices that are determined by the concentrations resulting from local
sources such as traffic, the relative risk increase per increased concentration
will be higher than otherwise. This applies, for example, to the relation of
exhaust particles with mortality and to the relationship between soot from
exhaust gases and stroke.

The importance of local particle sources for the increase in risk means
that health effects occur at levels not only below the environmental quality
standards for PM,, and PM, , but even under the Swedish specifications of
the environmental quality targets.

The new knowledge on exposure-response relationships shows that health
impact calculations based on older assumptions significantly underestimate
potential health benefits with reduced exposure to local sources such as urban
car traffic.

High correlation between several types of pollutants, including exhaust
particles, nitrogen dioxide and road dust, complicates the interpretation of
the results in studies from a single environment and motivates further research
where the effect of different pollutants is studied in several different environ-
ments with different correlations between levels.

5.2 How can these results contribute to
development of policies and measures?

One issue within SCAC has concerned how the effectiveness of various
measures to reduce the health consequences of the particles depends on the
measures of exposure and exposure response functions adopted in health
consequence calculations. This has a huge impact on cost-benefit calculations
and rationale for decisions. For risk assessments and health impact assess-
ments, it is crucial to know all most significant health effects of pollution.
Specifically, for the particles, in contrast to gases with similar composition
everywhere, it is necessary to know whether their origin and properties affect
the health effects they cause.

Several conditions justify the investigation of particle health effects in
Sweden, despite the fact that we have low levels of pollution in an interna-
tional comparison. The fact is that unusually low levels are a motive for the
studies, as studies in recent years indicate that differences in exposure at low
levels are not only significant from a health point of view but may also give
greater relative changes in risk per concentration change than at higher con-
centrations. The composition of the particle fractions also differs between
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countries, in Sweden studded tires are allowed which give more wear particles.
Another motive for epidemiological studies of the effects of air pollution in
Sweden is that we have exceptionally good conditions for population studies
thanks to our personal identification numbers, population registers, uniform
health care and comprehensive health registries.

SCAC has included studies of the relationship between exposure to diffe-
rent types of particles and the risk of specific health effects, and literature
reviews focusing on road wear dust and wood smoke, problems that are of
greater relative importance in Sweden than in many strong research nations
such as the United States. Within SCAC, health impact assessments have also
been performed to elucidate how crucial for the conclusions it is to use rele-
vant exposure-response assumptions for different types of particles. Since the
health impacts of air pollution are strongly dominated by deaths, regardless
of whether health costs or loss of disability adjusted life years are calculated,
sensitivity in the calculations of mortality effects is central.

For nearly 20 years, health impact calculations for PM,  and mortality
have been dominated by results from the very large American Cancer Society
Prevention Study II (ACS CPS II) cohort study, where air pollution studies
are initially based on between-city comparisons (assume same exposure for
all inhabitants). Based on that study, 6% higher mortality per 10 pg/m? higher
annual mean of PM, . has almost become a standard. This large study influ-
enced the weighted coefficient in a review (6.2% per 10 pg/m?) selected in
WHO?’s Impact Assessment Report (WHO 2013). Therefore, most calculations
have, regardless of sources and spatial resolution, assumed that PM, | gives
about 6% higher mortality per 10 pg/m?®. For at least 15 years, it has been
discussed that primary particles from local sources should lead to greater
risk increase per elevated mass concentration than the regional background
content dominated by secondary formed and aged particles. Therefore, some-
times the impacts of traffic pollution have been calculated based on NO, or
NO_ as the exposure measure. It has also been reported for almost 10 years
that soot particles give higher increase in risk per increased mass concentra-
tion. A recent study with higher spatial resolution, but based on ACS, reported
more than six times higher risk increase per levels of the local contribution
of PM, . than for the regional background levels, 26 and 4% per 10 pg/m’,
respectively. The significance of the difference for Swedish conditions has been
emphasized in the recent health impact assessment in SCAC. The rational for
applying the high coefficient of the local gradient (the “inner city variation”)
recently reported for ACS is substantiated by several recent studies. A meta-
analysis from 2018 found that 11 studies with an average exposure below
10 pg/m? gives a weighted estimate of 24% per 10 pg/m?>. A large-scale US
study published in 2019 found close to 30% increase per 10 pg/m? for the
local contribution of PM, .. A new Danish study reported 22% per 10 pg/m’
PM, . and no effect of secondary inorganic fraction, i.e. ammonium, nitrate,
sulphate etc.

The mortality analyses compiled for the SCAC cohorts also give high coeffici-
ents in relation to local traffic-related particles, which indicates that it is
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inappropriate to use the WHO recommendation (HRAPIE, WHO, 2013)
when assessing the impact of local traffic-related particles on mortality. In
2019 The Swedish Transport Administration accordingly revised their model
(ASEK) for impacts and health costs.

5.3 Results

5.3.1 Cardiovascular disease

Within SCAC, one of the aims was to study source-specific effects on the risk
of stroke and ischemic heart disease (mainly myocardial infarction) based
on modelled concentrations of exhaust gas and wear particles from traffic,
particles from residential heating etc in three Swedish regions. The included
studies have followed up a large number of people for many years in the
Stockholm, Gothenburg and Umea regions. A total of 5166 new cases of
ischemic heart disease and 3119 of stroke are included in the study com-
prising all three regions.

Already in the initial analysis based on the participants in the Gothenburg
study, a relationship was found between the total exposure level of PM, |
over the past 5 years and new cases of ischemic heart disease (Stockfelt et
al, 2017). In the aggregate analysis for all cohorts, few consistent patterns
were observed between the exposure variables and the cardiovascular out-
comes, which could be due to the fact that only the ambient concentrations
at the residential address could be taken into account. The risk of contracting
stroke was increased by 4% (95% CI 0.4-8.0%) for every increase in the same
year’s levels of soot (black carbon) at the dwelling corresponding to the inter-
quartile range of 0.3 pg/m? (Ljungman et al, 2019). The soot exposure had a
range of 0.01-4.6 pg/m?. A similar risk increase was seen for the exposures
averaged over the preceding 1-5 and 6-10 years but did not reach statistical
significance. For soot from exhaust gases, the risk increase was also significant
in relation to the previous 1-5 years of exposure. For ischemic heart disease,
the association was only significant in relation to the same year’s PM,, expo-
sure from home heating, most evident in Umed, where high quality emission
data are available based on property data from the chimney sweepers.

5.3.2 Pulmonary Disease

For over 5,000 people from the Gothenburg area who are part of a cohort
study on lung function, the exposure to air pollution at the residence has
been calculated using the modelling in SCAC. Exposure to PM, , PM, ;and
soot BC) from traffic showed small but statistically significant effects in the
form of reduced maximum exhaled flow and vital capacity (Carlsen et al, 2020).

5.3.3 Mortality

The same cohorts used to study cardiovascular disease have also been used
to investigate how mortality is affected by particle levels at the residence
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(Sommar et al, 2020). In general, the analyses showed a clear link with parti-
cles from traffic and the absence of association with particles from residential
heating. Exposure to traffic-related particles was associated with high relative
risks, for example as PM  including the wear particles 8% higher mortality
per increase of 4 pg/m? in the time window of the previous 6-10 years (Sommar
et al, 2020). For the same time window and only the exhaust particles with

a lower exposure level, the combined risk estimate was 7% (95% CI 2-12%)
per increase of 0.6 pg/m? (cohort-specific results are presented in to figure 5.1).

GM, Goteborg = 0.93 (0.78-1.11)
PPS, Géteborg Bl 1.08 (1.00-1.16)
CEANS, Stock