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Summary

Sweden is one of the countries in Europe which experiences the lowest concentrations of air
pollutants in urban are®@espite thishealth impasbf exposure to ambient air pollution is still an
important issue in the country ahd concentration levels, especially of nitrogen dioxidg¢ (NO

and particles (Pivland PMy), exceed the air quality standaatstreet levé manyurban areas

IVL Swalish Environmental Research Institute and the Department of Public Health and Clinical
Medicine at Umed University have, on behalf of the Swedish EPA, performed a health impact
assessment (HIA) for the yeal@®@Q0The population exposure to annual mearentnations of

NO,, PMip and PM;sin ambient air has been quantified and the health and associated economic
consequences have been calculated based on these results.

Environmental standards as well as environmental objectives are to be met everyahtre, als
most exposelterb sides. However, for exposure calculations it is more relevant to used urban
background data, on which afsostavailable exposuresponse functions are based. The results
show that in 20 most of the country had rather 10D, urban background concentratiams
compaison to the environmentajuality standard for the annual mean (40 @Fy/and the
population weighted average exposure toWd&6.2j1g/m3. Likewise th®M;ourban background
concentrationompared to the envinmentalqualitystandard for the annual mean (40 @/m

were also low in most parts of the courdigwever, in some parts, mainly in southern Swvieslen
concentration levels were of the samgnitude as the environmemtajective (20 pg/fmas an
annualmean) for the year 2010. The majority of people, 90%, were exposed to annual mean
concentrations of PMless than 20 pgfinLess tha®% of the Swedish inhabitants experienced
exposure levels of RMibove 25 pg/m

The modelling resultsr PM, s show hat the urban background concentration levelsliwgie

of the same order of magnitude as the environmental objective (32s@/mannual mean for

the year 2010) in a quite large part of the country. Abfaubf the population was exposed to
PM.s annual mean concentratiolosverthan 10 pg/my while less tmal3% experienced levels

above 2 pg/ms.

There is currently within the research community a focus on the different types of particles and
more and more indications that their impact on healtmartality differ. Yet a common view is

still that current knowledge does not allow precise quantification of the health effects of PM
emissions from different sources. However, when the impact on mortality fiidsgeédlicted,
exposurgesponse funcths obtained using BMare usually reduced using the; #RM 1o
concentration ratio.

Assessment of health impacts of particle pollutibngslifficult. Even ifWHO in HRAPIE and
others assessmestdl choose toecommendhe same relative risk particle mass concentration
regardless of source and compositiem find thisa too conservative approach. Therefore we
appled different exposureesponse functions for primary combustion generated particles (from
motor vehicles and residential woochimgy), for road dust and for other particles (the regional
background of mainly secondary particles)



Quantification of population expd€urEM, and Pl in Swed2010 IVL reporB 2197

For primary combustion particles we have in this study applieghakareresponse coefficient
176 per 10 pg/rifor mortality For otherPM; ssourcesandfor PM; stotally weappledthe 6.2%
per 10 pg/m as was recently recommended by WH®.road dust we here assdnoaly a
0shtoenrmbé eff ect beemdomofdPtharl genergl. as has

We estimatk approxmately3 500 preterm deaths peeay from PMs without any division
between sourceend using thexposurgesponse coefficie® 26 per 10 pg/i Assuming a
division between soussge estimated thabnlocal sourcesausegust over 00 preterm deaths
per yeakexposurgesponse cdficient 6.26 per 10 pg/rdl, and residential wood burning caused
just over 000 preterm deaths per yéaxposurgesponse coefficiedi®o per 10 pg/rd). In
addition, we estimateghproximately 1 300 preterm deaths perfrggarlocally generated vehicle
exhaust usingNO» as an indicatofexposurgesponse coefficierf@o per 10 pg/rh and a

5 pg/ms3 cutoff). Pretermmortality related to shetdrm exposure to road dust PM, estimated to
over 200 deaths per yéexposurgesponse coefficietf7% per 10 ugh?), should probably be
added to the impact of lotadfficin Svedenln summary, the total number of preterm dezths

be estimated to approximately0® per yeawhen taking into account differences in exposure
response for differe®M sourcesNote that the groundevel ozone has not been taken into
account in this study, bzan stillcause premature deaths and other hissiltées.

For morbidity we have in this study included only some of the potentially available health endpoints
to be selectedOnly a fewimportant and commonly used endpointse included tallow
comparisons with other health impact assessments and health cost studies.

The estimated respiratory and cardiovascular hospital admissions due teténe sftects of

air polution may seem to be low in comparison with the estimated number of deaths, new chronic
bronchitis cases and restricted activity days. However, for hospital admissions we can only estimate
the shortterm effect(acute effectpn admissions, not the wholeet on hospital admisgs

following morbiditynduced by the air pollution exposure

The socieeconomic costs (welfare losses) relatgubpolation exposure tair pollutants as
indicated byNO, were calculated both with and without a threshold |@f/m3. The results
suggest that the health effects related to annual mean levelsarf N®valued to between 7 and
25 billion Swedish crowns (Skj9 during 2010 depending on if a threshold of abqugd? is
included or not.

Moreovey welfare lossegesulting from exposure #M pollutantsfrom road dust, domestic
heatingand other sourcear be valued to annual sest@nomic costs of about 35 billlBBKz10
during 2010. Approximatedysof these 3Billion SEKxi0arefrom productivity losses society.
Furthermore, the amount of working and studying days lost constitutes.3%6ooft the total
amount of working and studying days in Sweden duringUxi@.the division between PM
sources and NQwith a 5 pg/m cutoff) as an indicator of tfad combustion the total soeio
economic cost would be approximately 42 billiongEK

In a counterfactual analysispacts of a hypothetical large scale introduction of electric passenger
vehicles in the Stockholm, Goéteborg, and Malmé regionsstwdeel The results from this
analysis indicated that the health benefits from introducing ~10% electricinghie$esregions
wouldmotivatel3d 18% of the investment.
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Sammanfattning

IVL reporB 2197

Befolkningens exponeringbade for partiklaPM) och kvavedioxidNO>) har minskat mellah

2005, dalen foregdende berakningemomfordes, och 20Knhappt 10% av Sveriges befolkni
utsatts fobakgrundsalter av PM (partiklar mindre an 10 um) hogre an 20 pigden allmann
utomhusluften. Denna halt motsvarar mi§tet for &r 2010, men nivan skall dven klaras
belastade omraden sasom gaturum. For mindre partikigr gBiklar mindre an®2pm) visat
motsvarande jamforelse med miljomalet (12 3fifmar 2010) pa aknapptl5 % av landets
invanare exponas for halter éver denna niva.

Om man utgar fran att Bvhar samma farlighet oavsett ursprung sa uppskattecinka3 500
fortida dodsfall arligen intrafisgBverje pa grund av den totala exponering@tigtvis ar det intg
tillrackligt att g@ berakningar utifran den totala halten, eftersom partiklar av olika urspry
ha olika farligheMed separata bedomningar for olika kallor tilipddkattar vi att det arligen

sig om cirka B00 fortida dodsfaftan partiklar som inte genetsrikalt Forbranningspartikla
fran vedeldning uppskattas orsgharligaredrygt 1000 fortida dodsfall per ddtéver dessa
dodsfall uppskattar ,viitifrdn exponeringen faNO,, att lokalt genereradavgasr leder till
ytterligare minst 300 fortidadddsfall per ar, samt vagdamm till ytterligare drygt 200 d
orsakade av kortvarigp@nering Sammanfattningsvis kan antalet fortida dodsfall uppska
cirka 5500 per ar pa grund alessaexponeringarnar berdkningarna tar hansyn till d
exponeringresponsvarden for olika kallor

fo

De samhdllsekonomiska kostnaderna (valfardsforlustkferade till exponering

luftfororeningar matt soMlO, berakadesbadefor effekter dver Hug/m3 och utan troskel.

Resultaten tyder pa att de halsoeffektrelaterade till arsmeldaltenav NO,, kan varderas ti
mellan 7 och 25 miljarder kronor under 2010, beroende pa om en troskel pa ganGngr
eller gj.

Resultaten fran var studie visar att negativa halsoeffekter relatédadiernitid uft medhoga
nivder av PMkan varderas till arliga samhallsekonomiska kostnader (valfardsforluster)
miljarder svenska kronor underl1@O0 Ungefar & av dessa 35 miljarder utgors
produktivitetsforluster i samhallet. Detta motsvarar en foraughlet arbetsoch studiedagad
motsvaranddrygt0,3 % av den totala méngden tsbmch studiedagar undz10.
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Haltnivaerna av partiklar (PM) i omgivningsluften har fortfarande en betydande halsopaverkan,

trots att det under de senaste artiondena féarsiett flertal atgarder for att minska utslap
Miljokvalitetsnormerna for utomhusluft eéskrids pd manga hall, otitligare studie har
uppskattaatt hoga partikelhalter orsakap till 5000 fortida dodsfall i Sverige pe(Farsberg
etal., 208; Sjoberg et al., 2009

Pa uppdrag av Naturvardsverket har IVL Svenska Miljdinstitutétkeshoch miljomedicivid
Umea universitet kvantifierat den svenska befolkningens exponering for haltekvishagdaxid

pen.

(NO2), PMps och PMo for &r 200 beraknat som arsmedelkoncentrationer. Aven de

samhallsekonomiska konsekvenserna av de uppskattade halsoeffekterna har beraknats.

Angivna miljokvalitetsnormer och miljomal skall klaras overallt, aven i de mest

belastade

gaturummen. For exponeringsberédknirdya det dock mest relevant att anvanda urbana

bakgrundshalter, som &ven tillgangliga exponerings/rsspanasnd baseras pa. Resultaten

visar

att den urbana bakgrundshaltenN&% i merparten av landet var relativt 1&g i forhallande till
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miljokvalitetsnanen for arsmedelvarde (40 p@iniikasa var dearbana bakgrundshaltem

PM relativt 1ag i forhallande till miljokvalitetsnormen for arsmedelvarde (4Dijsgéra delar

av landetl vissa omraden, huvudsakligen i sédra Sverige, var haltnivéemastedeksordning

som miljomalet (20 ugAsom arsmedelvarde) for ar 2010. Merparten av befolkningen, 90 %,
exponerades for arsmedelhalter avofidre an 20 pg/inMindre anb % av landets invanare
utsattes for exponeringsnivaer avdeMer 25 pg/ra

Betraffande PM var den urbana bakgrundskoncentrationenl&i 3amma storleksordning som
miljomalet (12 pg/msom arsmedelvarde for ar 2010) i en stor del av landet. Uogéfan
befolkningen exponerades for arsmedelhalter ay IRe an 10 pg/tn medan knappd %
utsattes for halter 6ved fig/ms.

Eftersom forskningsresultat tyder pa att de relativa riskfaktorerna for halsoeffekter ar hogre for
forbranningsrelaterade partiklar an for partiklar fran andra kallor sd separerades ocksa den totala
PMc-halten pé olika kallbidrag med hjalp av en multivariat analyshvetocim projektsom

HRAPIE fortfarande véljeatt rekommenderatt samma relativa risihvands foallapartikehr

oavsett kallamch sammansattningnservi att detta ar en alltfor koservativ strategi. Darfor
anvandevi olikadosrespongunktioner for primara forbrannigmrtiklar (fran motorfordon och
vedeldningyaglammsamt dvriggartiklar (regional bakgrundfeamst sekundara partiklar). For
priméara forbranningsirtiklar hawi i denna studie tillampdosresponsambandel? % 6kad
dodlighetper 10 ug/m arsmedelhalFor andra Phkkallor, tillampat vidosrespons sambandet

6,2% per 10 pg/msomnyligen rekommenderate WHO. FOr vAdanm har vi har antagit endast

en "korwarig' effekt pa dodlighetrsakad aPMo

Vi uppskattar attirka3 500 fortida dodsfall arligen intraffa®verge pa grund av den totala
exponeringen for PMuppskattad medosresponskefficientpa 6,2 % per 10 pg/m Troligtvis

ar det inte tillradigt att gora berakningaw halsopaverkauntifran den totala halten, eftersom
partiklar av olika ursprung tycks ha olika farlighet. Om vi begransar berakningen till partiklar som
inte genererats lokalt, uppskattar vi att det arligen ror sig om €@kaf@Btida dodsfall.
Forbranningspartiklar fran vedeldning uppskattas orsaka @o@gtottida dodsfall per &ftdver

dessa dddsfall uppskattar vi utifran exponeringen for kvavedioxid att lokalt genererade avgaser leder
till ytterligare minst 300 fortich dodsfall per ar, samt vagdamm till ytterligare drygt 200 dodsfall
orsakade av kortvarig exponertBgmmanfattningsvis kan antalet fortida doédsfall uppskattas till
cirka 5500 per ar pa grund av dessa exponerMgtra att marknara ozamte har beakats i

denna studie, men orsakar ocksa fortida dodsfall och andra halsokonsekvenser.

Bade halsoeffekter, orsakade av hoga halter av luftféroreningar, och atgarder for att minska dessa
halter ar oundvikligen kopplade till samhallskostnader. Eftersomikigggt&ior beslutsfattare att

anvanda skattepengar och andra finansiella resurser effekiett aven viktigt att gora
bedomningar av vardet for samhélieatt bland annatundvikahalsoeffekter orsakade av hdga

halter av luftféroreningar. |1 den ekorigka delen adenna rapport har genomforts separata
ekonomiskvarderingrav de halsoeffekter sarsakas awdga halter aMO, ochPM i luft.

Internationellt har det skett mycket arbete kring vardering av halsoeffekter och vi har i denna studie
valt attanvanda de varderingar sgjortsi tidigare internationella studier som grund for vardering

av svenska samhallskostnader kopplade till hdga haki€.sach PM. Detta gynnar jamforelse

med andra resultat inom omradet kring ekonomisk vardering aveidtsoeff

De samhallsekonomiska kostnaderna (valfardsforluster) relaterade idrak@ads badefor
effekter 6ver 5 pgmd och utan troskel. Resultaten tyder pa att de halsoeffetatatmmade till
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arsmedélaltenav NO,, kan varderas till mellan 7 oéhriljarder kronor under 2010, beroende pa
om en troskepd over 5 pghd ingar eller e;j.

Resultaten fran var studie visar att negativa halsoeffekter relaterade till héga nivaer av PM kan
varderas till arliga samhallsekonomiska kostnader (valfardsf@dusrs miljarder swia

kronor under 2005. Ungefdb Gv dessa 35 miljarder utgors av produktivitetsforluster i samhallet.
Detta motsvarar en forlust i antalet arbmth studiedagar motsvaraddggt0,3 % av den totala

mangden arbet®ch studieday under 2010Anvands kallférdelningen av PM och N@ed
troskelvardet 5 pg/tnsom en indikator for trafikavgaser blir de totala samhallsekonomiska
kosthaderna cirka #dljarderSEKz010

| en alternativanalysstuderadegffekter av en hypotetisk stotgkantroduktion av elbilar i
Stockholms Goteborgs och Malmoéregionerna. Resultaten indikerade att kostnaderna for att
introducera ungefar 10 % elbilar skulle till ungefér1B3%kunna motiveras endast av denna
atgards paverkan pa luftfororeningsnelde halsoeffekter ar 2010.
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1 Introduction

Desjite the successful work to improve the outdoor air quality situation in SSw@de20(1:34;
Naturvardsverke2014 by reducing emissions from both stationary and mobile sthebes]th
impacts of exposute ambient air pollution is still an important isBgeshown in many studies
during recent years, the concentration levels, especially of nitrogen diogidadNsarticles
(PMw and PMys), in many areas exceed the air qu#dindards and healtlieets of exposure to
air pollutants@rennfelt et al2013; Persson et, 2013WHO, 20133.

The concentrationf particulate mattgPM) in ambient air still hagnificant impact on human
health,even though a number of measures to reduce theoamisave been implemented during
recent decades (Sjoberg et al.9;2d0jomalsradet, 2008; Perssbral, 20L3. The air quality
standards are exceeded in many areas, @edi@usstudy estimated that more than 5 000
premature deaths in Sweden parweee due to PM exposure (Forsberg et al., 2005).

Within the framework of the heafiated environmental monitoring programme, conducted by
the Swedish Environmental Protection Agency, a number of different activities are performed to
monitor helh effects that may be related to environmental factors.

On behalf of the Swedish Environmental Protection Agency, IVL Swedish Environmental
Research Institute and the Department of Public Health and Clinical Medicine at Umea University
have quantified the pdption exposure to annual mean concentratidd® gfP Mo and PMsin

ambient air for the year 12D Based on these results the health and assciateaimic
consequences haween calculated.

2 Background and aims

The highest concentrations of nitrogiioxide (NQ) andparticles (PM and PMys) in a city are

normally found in street canyons. However, for studies of population exposure to air pollution it is
customary to use the urban background air concentrations, since these data are used in dose
respnse relationship studies ardlth consequence calculations.

Environmental conditions and trends have been monitored for a long time in Sinegtinin

199/91 (winter half year, Octobbtarch) a study was performedthin the Swedish EPA’s
investigdon of the environmental status in the country, concerning the number oEgpopzl

to the ambient air concentrations of nitrogen dioxide)(M®@xcess ofthe ambient air quality
guidelines valid at thant (Steen and Cooper, 1992). Similaratédaid have later been made for

the conditions during the winter half years 1995/96 and 1999/2000 using the same technique
(Steen and Svasg, 1997; Persson et al., 2001 results indicated a slight decrieatbe excess
exposure (hourly N{Zoncentations above 110 pg#ras a 98 percentile)1if899/2000 compared

to the earlier years, from roughly 3% of the population in 1990/91 to about 0.3% in 1999/2000.

In 2007 a study of NQOexposure in Sweden was conducted usingtdtistical model for air
gudity assessment, theaaled URBAN modgelhich can be usedastimate urban air pollution
levels in Swedaand quantifpopulation exposure tonaient air pollutant@ersson et al., 1999;
Pesson and Haeg&ugensson, 200aegefEugensson et al.,@) Sjéberg et al., 2084bberg
et al, 2007) The results from the urban modelling stubtliat in 2005 most of the country had
low NO, urban background concentrations compared to the environmental standaahfarghe
mean (40 pg/R). In most of thesmall to medium sized cities theNOncentration was less than
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15 pg/nd in the city centre. In the largdties and along the Skawestcoast the concentration
were higher, up to Zb pg/n®, which is of the same magnitude as thetésngenvironmeal
objective (20 pg/mas a annuaimean).Almost 50%of the populatiorwasexposed t@annual
mean NQ concentrations of less than 5 ug/é further 30%of the populatiowasexposed to
conceatration levels betweenlb ugm3 NO,, and only about 5% of@hSwedish inhabitants
experienced exposure levels above 153Mfn. The concentratiomof NO; in urban aimwere
estimated to resulh more han 3200 excess deaths per yeahe 2005 studysjoberg et al.,
2007. In addition theyestimated more tharO@ excess hospital admissions for all respiratory
diseaseand almost 300 excess hospital admissions for cardiovascularddisgasthe short
term effect of levels above 10 ug/hhe total annual soegronomic costrelated tohealth
effectsassoci@d withmean levels of N©Ohigher than 10 pg# werevalued tol8.5 billion
Swedish crownSEKzoo9.

The trend analysis between 1990 and 2005 cleamry ahancreasing number of people exposed
to lower NQ concentration leve(§joberg et al2007) During the same period the popolat
weidted annual mean of N@ecreased by almost 40%, accordingly to the 35% reduction of total
NOx emissions in Swedemw.naturvardsverkefise

In contrast to NQ, measirements of PA haveonly been carried owver the past decadehe
available datan PMsin urban areas is even more limifemiay themonitoringof NO2, PMyo

and PMsin smallemunicipaliesis undertaken within the framework of the urban alityqua
network, a ceperation between local authorities and IVL Swedish EnvironmerdatcRes
Institute (Persson et,&013). In larger municipalities the local authorities conduct their own air
quality monitoring.

A study, using the URBAN model, wasdtmted in 2009 to estimate the population exposure to
PMio and PMsin 2005 (Sjoberg et,&009).The results from the urban modelling stwbtlat

the majority of peoplén 2005 90%, were exposed to annual mean concentrations,0E &V
than 20 pg/m Less tharl% of the Swedish inhabitants experienced exposure levels, of PM
above 25 pg/m The modelling results regarding ;PMhoved that the urban background
concentration levels in 2005 were in the same order of magnitude as the environmigrgal obje
(12 pg/mt as an annual mean for the year 2010) in a quite large part of the countrg¥bbut 5
the population was exposed tozRBEinnual mean concentrations less than 103pgimie less

than 2% experienced levels above 1531g/m

In the 2005tsidy he calculated concentrations ofiPMereestimateao lead toapproximatel
400 premature deaths per yebogether with BO0- 1 400 new cases of chronic bronchitis,
around 1 400 hospitatimissions and some-8./illionreduces activity daygADSs), the societal
coss for health impactavae estimatedo approximately 2Billion SEkos per year. For PM
somewhat lower numbesgre estimatedor example approximat@yl00 prematurgeaths per
year.

Even though emission reducBargardindpboth NO, and particlehave been on the agenda for

the past few decades and progress have been made, urban areas are growing and more people are
moving to city areashere air quality is poofhe purpose of this studyasto calculate the

exposure d yealy mean concentrations &fO, PMy (total as well gsdifferent source
contributions) and PMon a national scaknd to assess the associatedtkmng health impact as

well as the related economic consequenhesresults are alsompared to eal studiego

assess possible existing trends.
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3 Methods

The method applied for calculation of ambient air concendratidrexposure to aiollutantshas

been described earlier (Sjoberg et al. 2007). The empirical statistical URBAN model is used as a
bass. Urban background monitoring data and a local ventilation index (calculated from mixing
height and wind speed) are required as input information for calculating the air polluiion levels
urban backgroundo calculate the exposure across Swedemaldggakground concentration of

the NO,, PMic and PMas well as population distribution are needed in addition to the calculated
urban backgroundir concentratiost The concentration patterof NO2, PMi and PMsover

Sweden erecalculated with a 1)km gridresolution

The quantification of thennual meaaf population exposure 8O, PMyoand PM s (PMy and
PM:swas calculatednnual meanas well as separated for different source contributi@ss

based on a comparison between the pollutinceatrabn and the population density. Like the
calculated air pollutant concentrations the population density datgidadsolution of Iixkm.

By overlaying the population grid to the air pollution grid the population exposure to a specific
polluantwas estimated for each gcell

To estimate the health consequences, exgespanse functions for the letegm health effects

were used, together with the calculi®d andPM exposurer-or calculation of soceconomic

costs, results from econ valuation studies and other cost calculations were used. These cost
estimates were combined with the estimated quantity of health consequences performed in this
study to give the total so@conomiccoss of NO2 and PM concentratiorin ambient aiduring

2010

3.1 NO , concentration calculations

The NO; concentratiorwascalculated based on i) regional background levels, and ii) local source
contributions to the urban background concentrati@nseach urban arélae contribution from
regional backgrourdO, concentration wasalculated from the background grid, and subtracted
from the urban N@ concentration to avoid double counting. Hence only the additional NO
concentration (on top of the background levels) in urban areas was distributed.

3.1.1 Regional ba ckground

A national grid (1 x 1 km) representihg regional backgrouncbncentratios of NO> was
calculated by interpolating measurements riggianal backgroursites For 201017 sites with
monthly backgroundatawere usedThe background grid waalaulated for -Bnonth periods
during the year taccount for seasonal variations in the ddcentratiorDividing the year up in
2-month periods as deemedan appropriatgime resolutiorasit gave a representation of the
seasons without increasing tbmputational time too muchinally the annual background map
was calculated from the 6 interpol@iedonthlymaps see Figure 1
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Figure 1 Annual mean ofegional background concentrations of Ni® Swedenin 201Q unit
pg/ne.

3.1.2 Urban background

The urban background concentraiof NO, were calculated using the URBAN model, the
method is described in Sjoberg et al. (20@@).concentration distributiaf air pollutantsn

urban background air within cities was esimassuming a decreasing graffiemt the town
centertowards the regional background areas. The calagdatsshtrations of air pollutants are

valid for the similaneight above ground level as the input deBanf$ inorder to describe the

relevant cocentrations for exposufeor the larger cities10 000 inhabitantshe area of the city

was defined and the grid cell within this area with the highest number of inhabitants was assigned
the highest concentration of W@ach grid cell within the clipundaries was then given a;NO
concentration proportional to the numbeinbiabitantsn each respective grid cell.

3.2 PM o, concentration calculations

3.2.1 Regional background

Monitoring of PMo and PMssin regional background airciarried out at four sités Sweden,

within the national environmental monitoring programme financed by the Swedish Environmental
Protection Agencydétahosted by www.ivl.se). Thasis for calculating a reasonable realistic
geographical distribution of RMNnd PM sconcentratins over Sweden is thus limited. Therefore,
calculated distribution patterns by the mesoscale dispersion model EMEP on a yearly basis were
used, in combination Withe existing monitorirdata(EMEP, 2012).
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As for NO,, to separate the regional and I&ddo contributions it was necessary to divide the
regional background concentrations interiveath periods. This waslone by using data for the
four monitoring sites, and applying sintitarditiors between the annual and monthly distribution
of the calclated PMo concentrations from the EMEP mod€he annual background map
PMiowas calculated from théiémonthlyinterpolated mapsee Figure 2

® 22
2-4
46
68
8-10
10-12
12-14
14-16

® 15-18

® 15-20

Figure 2 Annual meanegional background concentrations of 8wt Swederin 2010(the EMEP
modelin combination with monitoring datanit pg/m=.

3.2.2  Urban background

The urban backgroundraentratiorof PMiowas calculated by using the relationshig Mo

in urbanbackground air for the year 2Qd€e further Sjéberg et 20®; Chapter 3.1.2J0 reflect

the seasonal variation in the particle load the calculated yearly means were based on concentrations
calculated with a resolution of 2 months.

Two-month means were calculated for the urban areas where data were available feahdth PM
NO; for the years 20010 The regional estimated background concentrations .ciidaP Mo

were subtracted, and seasonal ratios af/NRM, for the remaining local contribution were
derived anénalyzedvith respect to the latitude, $égure 3Thus, diferent equations for each
season were derived for the graphs preserfiegline 3It was not statistically relevant to calculate
a standard deviation of the ratios for each season since there were not enough data.

13



Quantification of population expd€ureM, ;and P} in Sweden 2010 IVL report B 2197

South North

Q12 X\

._Z_é -\ —4—Jan-Feb

E 1 == Mar-Apr
:é: os May-Aug
£ 0.

= X\V \( Sep-Oct

o
o

|
f%

o
]

: ta === Nov-Dec
0

6100000 6300000 6500000 6700000 6900000 7100000 7300000 7500000

Latitude (local coordinates)

Figure 3 Latitudinal and seasahvariation of the functions based on the locally developed ratios
(PM1¢/NOy) in urban background air.

According to the calculated functions of the ratio{RR ;) there are large seasonal differences
both in the northern and southern part of Swedarthé southern part the largest difference was
found in MayJune and the smallest in Jankaetyuary. In the north the differences were very
small comparetb the situation in the soutBue to a limited number of data in dalygust, the
function for MgJune was also applied for those months.

When comparing the national annual means of calculated and monitored urban background
concentrations of Piit becomes clear that the calculated concentrations are overestimated by
about5%. Variations between amurements and the calculated concentrationtavgeie a few

placs, for example in Kiruna where the calculated concentration was almost 60% lower than the
measured annual mean. This variation most likely depends on that the URBAN model is based on
population data and does not inclggdecifidocal emission sour¢esch as in the case of Kiruna a

large open mine located close to the \é#yiations in other parts of the country are most likely
associated witthe interpolation of the regional backga concentrations. Since the urban
background concentration constitutes betweét0%0of regional background concentration an

error in this calculation can cause rather large overall lrrgmte of this uncertainty the
validation shows a reasonaugd agreement between measured and calculated urban background
concentrations.

3.2.3 Separation of particle source contributions

Since it imssumed that the relative risk factors for health impact are higher for combustion related
particles(WHO, 2@3b the total PMo concentration was also separated into different source
contributions by using a multivariatethod (sefurther Chapter 3.3.4)In the following sections
differentcalculated contribution$ particles are described.
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3.23.1 Small scale domestic heati  ng

Small scale domestiood fuel burnings an important contributor to particle emisgioB8weden
(Naturvardsverket, 241 Specific information on the use of wood dmemunicipality levelas

not available for 2010. Thereforepider to evaluate éhproportion of Pk from small scale
domestiovood fuelburning a relationship was established betwsahbiofuel (of which wood
fuel makes up a significant partyl woa fuel consumptioen municipality leveising data from
2003(SCB, 2007 his elationship wakenapplied to the biofuel consumption data from 2010 to
derive the wood fuel consumptiwaww.scb.seigure 49 Figure Spresent the distribution of
energy consumption on a county level. The proportgovésned by the air temperatanel the
supply of wood.

The energy consumption from wood burning for each of the densely launédts in Swedems
drawn from the information presentedrigure 6

m Total biofuel

consumption
N
o

m Wood fuel

% biofuel and wood fuel of total energy
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Figure 4 Percentage of total energy consumption fimofuelsincluding wood fue(blue bar}, the
percentage from wood fuéled bars) and per county in BD
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Figure 5 Energy consumption from wood burninig {Vh) perinhabitantin eachcountyin 2010
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Figure 6 Energy consumption from wood burning{Vh)/inhabitant in each munizality in Sweden
in 201Q

The outdoor air temperature is also an important parameter governing the use of wood for
domesticheating. A method for describing tegquirement of indoor heating is to calculate an
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energy indelde). The index is based on granciple that the indoor heating system should heat up

the building to +17C, while the remaining part is generated by radiation from the sun and passive
heating from people and electrical equipri@et.calculation ot is thus the difference between

+17 °C and the outdoor air temperature. For exanfiphes outdoor temperature-&C the k. will

be 22 During spring, summer and autumn the requirement of indoor heating is ldssirigan
wintertime (Novembe&y March). Thus, during those months, thtel@or temperature is calculated

with a baseline specifiedTinble 1 The energy index calculations are based on monitored (by
SMHI) outdoor temperature as means for 30 years at 535 sites located all over Sweden and result in
monthly national distributiaf the energy indices, $égure 7

Table 1 The base line for the outdoor temperature for calculatiopdiring April - October.
Months Baseline outdoor temperature (°C)
April +12
May-July +10
August +11
September +12
October + 13

January April July October

l.

<100

100 - 200

200 - 300
T 300 - 400
[ 400 - 500
I 500 - 600
I 500 - 700
I 700 - 800

I > 800

Figure 7 The calculated energy index)(for Sweden i January, April, July, October.

Based on these interpolated maps;ntenth means of.lwere extracted for each of the51
towns in Sweden. Based on ftbd seasonalariationin wood fuel consumptiowvere calculated.

3.2.3.2 Traffic induced particles

Traffic contributes to the total concentration ofiftidth directly through exhaust emissions from
vehicles and secondarily throughsuspended dust fromoads. Traffic related particle
concentrations are asmted with the N@concentration in urbaareas, why the earlier calculated
NO; concentrations for all densely budtareas (Sjoberg et al., 2007) were used in the multivariate
analysis to determine this source.
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Road dust arises mainly from wearhef toad surfacérom brakes and tyreandin particular
studded tyrest has been shown thtéte number of cars using studded tiwegparameter that
regulates the amount of road dust (Gustafsson et a)., R@f¥&fore evaluation of the use of
studded tyresvas also included as a parameter (see below) analysed with the multivariate method.

Re-suspensionf road dusbccursmainlyduring late winter and sprirg a result of the drying of
theroad surfaces. The accumulated road dust goes irgnssoispn the air, as a result of traffic
induced turbulence as well as wind. Suspension of dust and soil fkagetated land surfaces

also occurs in springtime when soil surfaces dries up and before vegetation season starts, mainly in
the southern papf Sweden.

The Swedish Transpofdministration (Trafikverket, 2010) siggpinformation on the use of
studded tyres in January/Februzdg0in the seven different road administration regkigares

8 and 9% Unfortunately, therés no such infornt@gon available with a monthly resolution
throughout the yeaA monthly based usage of studded tyrate sevenroad administration
regionsvereestablished usitige distributionpattern derived b§joberg et al. (2009

From this information twmonth means of the percentage use of studded tyres were calculated for
eachdensely buitip arean Sweden to be further used in the multivariate analysis.

Summer tyres
m Winter tyres
m Studded tyres

Type of tyres in January/Febuary (%)

Figure 8 The usage of different types of tyresl@nuaryebruary within the seven road
administation regions in Sweden (visualizedRigure 9.
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The different road administration
regions:
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Stockholm
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North

o
NogorwNE

Figure 9 The sevemoad administratiomegions ofSweden.

3.2.3.3 Dispersion parameters

Meteorology also influences the air pollution concentrations. This can be defined in many ways, but

a so called mixing index;)(Yias been shown to capture both local (such as topographical and
coastal effects) and regional variations (such as locatgimlofihpressures).;i6 determined by

multiplying the mixing height and the wind spegdsV have been calcul ated
Sweden by using an advanced meteorological dispersion model, TAPM (see further Haeger
Eugensson et. a2002).The mean Vaes of V havein Figure D been calculated in groups of

every 1000 steps of the local coordinates.
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Figure 10 Two-month means of Malculated in groups of every 1000 steps of the local coordinates
(from south to north) in all towns in Sweden.

According to results presented in Chen et. al (2000) the calculation of the mixing height and wind
speed by the TAPM model is well in accordance with measurements. During déntensés

with latitude from Vabout1500in the south tabout 700@t thelevel of about Gavle (between
6838000 and 6938000Figure 1§ indicating better dispersion facilities in the south. In Sweden
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different weather systems are dominant in the northern and southern parts during winter,
influencing the y and thus the disggon of air pollutants, differently. However, this latitudinal
pattern is very much levelled out during spring and summer, whereas other local differences, such
as topographical effects, become more tanmdo the dispersion pattdeee Sjoberg et, &007).

3.2.34 Multivariate data analysis

In this projectMultivariate data analysis (MVD¥gsbeen used to separdiferentcontribution

of the total PN concentration based on six parameters which represent different sources. The six
parameters are presahin Chapter 2.3. The data has been evaluated88dcommunities in
Sweden.

Typical examples of MVDA methods are principal component analysis (PCA) and partial least
squares (PLS) (Martens and Naes, 1989; Wold et al., 1987; Geladi and Kowydiski flidigér
description of MVDA and evaluation of model performseesSjoberg et al. (2009).

In this project, the data was divided into six different time periods (two months per period), based
on the fact that the use of studded tyres and the fwebdurning contribute less to the .M
content during the summer and more during the wiriereforepne generic model representing

a whole year, would not give a good prediction of thedBMent. This redield in six different

PLS models, one feach Z2nonth periodpredicting the PMcontent based on

urban background N@oncentration
usage of studded tyres

wood fuel burning

energy index

mixing index

latitude for each community.

=A =4 =4 =8 -8 -4

Threeof the models (month-Bb, 78 and 910) do not have anymribution from the usage of
studded tyres since these types of tyres are not used during the summer in any part of Sweden. This
variable is therefore excluded in these three models.

All six models give good predictions of thes@bhtent. The maximunogsible performance of a
model is 100%, which is unrealistic to receive for a model since there are atibagisrtotd
the model that caet be explained, the air does not belexaetly the same at all timBEse
model performance is here assesserbbgvalidatioh, see Sjoberg et al. (2009)

The result presentedTiable Zshows the performance?€of the models for each time period.

1 Cross validation:Parameters are estimated on one part of a data magixdtbses) and the
goodness of the parameters tested in terms of its success in the prediction of the rest of the data
matrix (observations)

2 Q2: Goodness of prediction, describes the fraction of the total variation of the Y:s that can be
predicted bytte model according to cross validation (max 1) (in thisZcage@ormance)
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Table 2 The performance of the models, measured as cross validated explained variancg.for PM
Model Performance (%)
Month 12 949
Month 34 82.1
Month 56 84.5
Month 78 84.6
Month 910 80.2
Month 1312 88.3

Based on the prediction of RMhe proportional contribution from each parameter to the PM
content was also calculated. The resukmsss inTable3 shows the average contribution (in
percent) from each parameter to theoRidntent for each specific time period, and have been
further used for calculating the different source contrisygee further Chapte8.4).

Table 3 Average contribution (%) to the PM content for each variable and time period
normalised to sum up to 100. Other variables, not measured and not presented here, are
also affecting the PM content.

Time period Wood fuel | Energy | Studded | Traffic | Meteorological | Latitude

[Variable burning index tyres content index

Month 1-2 17 6 15 29 17 16

Month 3-4 10 4 40 32 12 2

Month 5-6 20 20 0 30 24 6

Month 7-8 4 4 0 46 40 6

Month 9-10 8 22 0 38 27 5

Month 1112 4 19 20 25 21 11

3.3 PM,5 concentration calculations

Simila to PMiothe PM sconcentrations were calculated basdiiregional background levestsi

i) local source contributions to the urban background concentrations. For each urban area the
contribution from the regional backgroundif¥dncentration waslcalated, and subtracted from

the urban P concentration to avoid double counting.

3.3.1 Regionaland  urban background

The estimation of the PMconcentrations in Sweden was performed by using a ratio relation
between monitored PMPM 10 0n a yearly bas(data from www.ivl.se). This is somewhat rough,
since the ratio is likely to vary with season, but as the available monitoring data was very limited it
wasnot possible to adjust for this.

The ratio varies with type of site location, from lower valwgty sentersto higher values in
regional background, where a large proportion of thecBiMentration consists of PMThree
different ratios were calatéd based on monitoring ddita;regional backgroundentral urban
background and suburbaakground(a mean between the two others) conditiatsl€ 4.
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Table 4 Calculated ratios applied for different types of surroundings, based on monitoring data.
Type of area Ratio (PM2.5PM 19
Central urban background 0.6
Suburban background 0.7
Regobnalbackground 0.8

The different ratios iTable 4were allocated to different city areas based on the population
distribution pattern of citieBor the three major cities (Malmo, Géteborg and Stock6@¥ndf

the population was estimated to liveantral urban areas add6 in suburban areas. For the
smaller cities§5% of the population was estimated to live in central urban ares&/mim

suburban areas. These population distribution relations are based on information from cities in the
easten part of USA Kigure 1), as no similar distribution pattern vi@msnd for European
conditions.

O USA % central
B USA % suburban
O East % central
East % suburban

Percentage distribution

>1000 500-999 250-499  100-249 <100
City size (in thousand)

Figure 11  Relations between distribution of population in central parts and suburban parts of cities,
both for all cities in the USA and for cities locdtén the eastern part of the USA
(developed in USA by Demographia, 20@8vw.demographia.coj/

The GISmethodology applied to allocate the grid cells within each city into the different classes in
Figure 1lconsists of several steps: At first, the pdpolaize estimated to the central areas
[pop_catral] was identified (40 or%5of the population depending on the size of the city).
Secondly, the grid cell with the largest population [pop_large] in the city was identified and
allocated to the centralea. The population of that grid cell was then subtracted from the
population size of the central areas, i.e. [pop_cénfpalp_large]. Then the grid cell with the

second largest population was identified. This loop was continued until the poputiation in
central areas [pop_central] had been allocated to grid cells. The remaining grid cells were allocated
to the suburban class, corresponding to the remaining 60 or 45% of the population.

When all grid cells had been allocated to the three classe$ (demtr, suburban and rural
background), the ratio (P¥PM 1) in Table 4was applied to the RMmap to calculate the PM
map.

3.4 Population distribution

The current population data applied for exposure calculations in thisvesteidyupplied by
Statstics Swedemvivw.scb.9e The population dataset was based on 2010 consensurstotal,
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9546 546inhabitants were rectsd within the Swedish bordeffie population data had a
resolution of 100 x 100 m, but for fheapose of this study it was aggregated into a 1 x 1 km grid
resolution.

3.5 Exposure calculation

The distribution othe NO,, PMio and PM.:concentratios in the urban areass added to the

maps of thdackground concentration levels to arrive at tHecfineentration mapThe number

of people exposed to different levels of,N@/ho and PM s concentratioawere then calculated.

By overlaying the population grid to the air pollution grid the population exposure to a specific
pollutantwas estimated faeach grigell

3.6 Health impact assessment (HIA)

Health impact assessments (HIA) are built on epidemiological findings; -eeposose

functions and population relevant rates. A typical health impact function has four components: an
effect estimaterdm a particular epidemiological study, a baseline rate for the health effect, the
affected number of persons and the estimated

The excess number of cases per year may be calculated as:

q=A pop¥-1)(e

where yis the badme rate, pop is the affected number of persons; 3 is the expspanse
function (relative risk per change in concentration), and x is the estimated excess exposure.

The number offears of Life LostY(oLL) and decrease of life expectameg calculad using

"life-tables" methodology, where the hypothetical life expectancgmpared with the life
expectancy affected by air pollutiime calculation of ®_.L and changes in life expectameye

facilitated by a WHO Centre for Environment &tehlth deelopedsoftwareAirQ 2.2.3 (Air

Quality Healthmpact Assessment To@lyHO, 2004)

3.6.1 Exposure -response function s (ERF s) for mortality

It has long been recognized that particle concentrations correlate with mortality, both temporally
(shortterm fluctuatins) and spatially based on mortality and survival (WHO, 2003; WHO, 2006a).

The recenWHO Review of evidence on health aspects of air pollREWIHAAP, (WHO,

2013), concludes that recent letegm studies ahowing associations betweendril morality

at levels well below the current annual WHO air quality guideline [®\i6r1 0 3D ghe m
WHO expert panel thus concluded that for Europe it is reasonable to use linearresposise
functions, at least for particles andalise mortality, and to assume that any reduction in exposure
will have benefits. The findings fr&dBVIHAAP are used as a basis for the WHO Project Health
risks of air pollution in EurogeHRAPIE (WHO, 2013b).

The REVIHAAP report also concludes that more studies have now been published showing

associations between ldagm exposure to NOand mortaty (WHO, 20138). This observation
makes the situation a bit more complicated when it comes to impact assessments for vehicle
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exhaust particles, where the close correlation betwederiongoncentrations of NCand
exhaust particles mhg confounding(bath pollutants cause similar disease and overestimation
might appeaih epidemiological studies.

The potential confounding problem in studies of effects fromald® PMs on mortality was
dealt with in a recent review paper focusing on 19 epidemidtogitarm studies of mortality
using both pollutants as exposure variable (Faustini et al,li2Qady. analysis, studies with
bipollutant analyses (RPMnd NQ) in the same models showledreasi the effect estimates of
NO., but stillsuggestg partly hdependent effect8he greatest effect on natural or total mortality
was observed in Europe for both Nénhd PMs In Europe, therevas a 7% increase in total
mortality for both NQ and fine particleghe relative riskRR) for NO, was 1.066 86 Cl 1.029
1.104) pet 0 QGgnd RR for PMswas 1.071 (95% Cl 1.02124per 1® OQg/ m

One relevant study of NGnd mortality not included in the marelysis followed up 52 061
participants in a Danish cohort for mortality from enroliment in51993 through 2009 atred
their residential addresses from 1971 onwards and used dispmieited concentration of
nitrogen dioxide (N€) since 19710 estimate mortality rate ratios with adjustment for potential
confoundersRaaschoWielsenet al, 2012). The mean Nnentration at the residences of all
participants af t(eme dli97nl 3vbaeshodakgl NBroqcgntration at
home was associated with a RR of 1.08 (95% GL.14% higher alcause mortalitper 10

Qg Am

For the WHO HRAPIE impactsaessment (WHO, 2013b) it was for-lengn exposure to P

and all cause (natural) mortality in ages 30+ recommended to use theregposseefunction

from a metanalysis of 13 cohort studies (Hoek.ef@l3). The RR for BMfrom this meta

andysis was 1.062 (95% CIl 1040 0 8 3 )  ps3eThis id @coeBigiehtraery close to ltrer

term effect on mortality of PMfrom the AmericanCancerSociety Cohort StudyPg@pe et a)

1995) reported tbe 1.06per 10 pg/nd increment othe annual avage PMs This assumption

6% per 10 pg/m, has been used in many health impact assessments including our previous report
(Sjbberg et al, 2007).

There is now within the research community a focus on the different types of particles and a
reasoning thait is likely that their impacts on mortality differ (WHO, 2007, WHO 2013a).
However, a common view is that current knowledge does not allow precise quantification of the
health effects of PM emissions fr ormraciced f er ent
should consider particles of different sizes, from different sources and with different composition

as equally hazardous to healthdé (WHOpan2 007) . T
the fine fraction PMk (quite often considered be more detrimental to health than the coarse

fraction of PMg) as being equally toxic by mass, irrespective of the origin. dingstinae it has

been common toonvert exposunesponse functions obtained using urban backgrounshBM

the exposure incktor to be used for RMThe factor used has often been their mass relation, but

in the new impact assessment HRAPIE no such conversion is recommendeg) fordPM

mortality.

Usually the shoterm associations are seen as included in thedongfects when the number

of excess deaths is estimated. In addition, the potential years of life lost (PYLL or YoLL) due to
excess mortality can only dieectly calculated from the lostgrm (cohort) studiesiowever,

because of the different sources ik&ylithat there in addition to the effects of background PM

is a shorterm effect on mortality of road dust and coarse wear particles measureMVesisteA

et al, 2012). In this study from Stockholm, ésématedhortterm (lag01) RR was I/(er 10

Qg B imcreas€95% C 1.0@-1.(82), with a somewhat smaller effect fon PR was 1.015

(95% CI 1.007,028p e r 1 Bincréagé Fivbs
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However, for example Exterh005) includes assumptions about the toxicity of other different
types 6 PM, which reflect results that indicates a higher toxicity of combustion particles and
especially of particles from internal combustion engines. ExternE treats nitrates as equivalent to
half the toxicity of PN, sulfates as equivalent to.EMrimary prticles from power stations as
equivalent to PM primary particles from vehicles as equivalent to 1.5 times the toxicity of PM

The effects of combustigelated particles have also been studied using black smoke, black carbon
or elemental carbon #se exposure variable. The WHO Project RAAR (WHO 2013a)
recommeneldthat black carbon should be used as exposure variable in more studies, but did not
recommend it to be used for the HRAPIE impact calculations (WHO 2013b).

A recent review collectedformation on studies of mortality and lbeign exposure to the
combustiorrelated particle indicators (Hoek et 2013). The included studies used different
methods, and their relation and conversion factors have been described before (Ja28%é&h et al
All-cause mortality was significantly associated with elemental carbon;ahalysetaesulted in

a RR of 1. 6BCLO5% €Ir1.049.073)y witmhighly nesignificant heterogeneity of
effect estimates. Most of the included studiessadsBEC exposure without accounting for small
scale variation related to proximity to major roads.

The conversion frofBMexnausto EC iscomplicatedThe vehicle emission model HBEFA gives the
emissions of N@andPMenausfrom the vehicle fleet anddiway alsmeasuremesiperformed
2013 by Stockholm City Environment Administration in the tunnel Soderledguggests that

EC represent80% of exhaust PMgas Other studies have indicated similar results, and confirm
that the RR for background RMbecomes too low for PMaust With the RR for ECL(061 per 1

Q g A)rand the assumption that 30% of-RMsis EC, the RR for PMhaustwould become 1.183

per 100 g 2. m

Thecalculate®RR for PMunausof 1 . 1 8 3 p & comds Oery@Igse tm a RRind for a subset

of ACS subjects all from Los Angeles Cofdetrett et ab005). The authors extracted health data
from the ACS survey for metropolitan LA on a zip-eode scale. Using kriging and multiquadric
models and data from 23 state andlldistrict monitoring stations in the LA basin they then
assigad exposure estimates to 267 zip code areas with a total of 22 905 subjectmuBer all
mortality with adjustments for 44 individual confounders the RR was 1.17 (95% €1.30}).05
per 10Q g /3. Mhese results suggest that the chronic health effects associBiel-\frim local
sources, mainly traffic and heatimgnuch larger than reported for metropolitan areas. The direct
comparison witlthe ACS main results show effects d¢inatnarly 3 times larger than in models
relying on intecommunity exposure contrasts.

Coarse (PM2s and crustal particles have not been associated witerfongortality in the
cohort studies, and have often shown less evidenteshoreffects on maality (Brunekreef &
Forsberg, 2005; WHO, 2@)8/HO 2013a).

Selected exposurgesponse functions

3 The ExternE project (www.externe.info, ExternE 2005) is a long lasting research project funded
by the European Commission's Directe@daeral Xll (Science, Research antg@pment)

initiated in 1991. The main purpose of the project was to provide knowledge concerning the
external costs of energy production in Europe. The first series of reports were published in 1995,
with updates in 1998 and 2005.

25



Quantification of population expd€ureM, ;and P} in Sweden 2010 IVL report B 2197

Despite the fact that usually, as in HRAPIE (WHO, 2013b), all PM regardless of source had to be
considered as having the same effect per mass concemtatiawe in this study for Pdand

mortality used a less conservative approach. We have chosen to assume that road dust, as mainly
coarse crustal particles have a smaller effect than the typical, total bulk of particles in the cohort
studies, that waarbely built up by secondary particles. We also assume that primary combustion
PM has a larger effect than the typical, total mix of particles.

For PMs in general we have adopted the expassponse coefficient froMRAPIE (WHO,
2013b) coming from thmetaanalysis by Hoek et @013), assuming the RR to be 1.062 (95% CI
10401 . 083) per 10 Og/ m3.

Primary combustion particles from motor vehicles and domestic heating are found in the fine
fraction (PMsg). Acknowledging the indications of a stroeffect of such particles, we have in

this study applied theposureresponse coefficient%7per 10 pg/ifrom the intraurban Los
Angeles analysis of ACS data (deatetl, 2005). This RR is also supported by the calculations
using results for EC.

More than half ofoad dust PM is in the coarse fraction. Since there is in principle no evidence

from the cohort studies for an effect of coarse particless{fPn mortality, and weak support

for any effect of the crustal fraction, road dusther# be assumed to only have a daort

effect on mortality on the scale that:fPMas in general. Since the study of coarse PM and road

dust from StockholniMeister et al., 201R)dicated very similar effects for the coarse and fine

fraction, we willdr road dust (PA) use the RR for the cé8arse fr
increase (95% CI 1.002D32).

It is not clear if the association betweenteng concentrations of N@nd mortality are driven
by NO:; itself, or partly related to correlated exposure to exjatistes. When we estimate the
effects on mortality from NOexposure, we select thesults from Denmark presented by
RaaschoiNielsenet al (2012) with a RBf 1.08p e r 1 ®(95% &V 1r0d1.14%)for allcause
mortality

3.6.2 Exposure -response functio ns (ERF s) for morbidity

In the recent work othe Thematic Strategy on Air Pollution of European Union about 50
different strategy options are compared, each requiring substantial model({WgH&fo2013b).

For practical reasons the number of recordatexposurgesponse functions must be kept to a
minimum. For a national health impact assessment, as fberwfit analyses, the set of
exposurgesponse functions selected should be more complete. For morbidity we have in this
study included only senof the potentially available health endpoints to be selected. We have
decided to include some important and commonly used endpoints that allow comparisons with
other health impact assessments and health cost studies.

3.6.2.1 ERF for hospital admissions

The me#-coefficients for PM and hospital admissions have been described for the European
APHEIS and APHEKOM Projects, and asedn the APHEKOM HIA (Pascal et.aR013)The
exposurgesponse function (ERF) for the skHerm effect of PN on total respitary hospital

admi ssions has been esi(b5Halll 2.@12.0167) 4&nd Ot6ta& per 1
cardiovascular hospitalizatidns 0 0 3 p & (95%100 1.0Q04y009N
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In the HRAPIE Project, the sheadrm effects are described for BMased b a metaanalysis
performed using the UK APED database (WHO, 2013b). For all respiratory hospital admissions
the RR was 1.0190e r 1 ©@PME@PBIYMCI 0.9987.0402), and for cardiovascular hospital
admissions the RRwas 1.00%.r 1 9PMQRE@I¥C 1.00161.0166).

The HRAPIE Projecalso givethe shoriterm effect®n respiratory hospital admissiarsNO-
based on a metmalysis performed using the UK APED database (WHO, 20#3IRR was
1.018p e r 1 ONOgrgHh nrmean (95% CI 1.0815024%

3.6.2.2  Exposure -response function for chronic bronchitis

There is very limited data regarding new cases of chronic bronchitis-tamthlergosure to PM.

The Seventh Day Adventist Study (AHSMOG: Adventist Health Smog; Abbey, 1999) conducted in
the US examéd people on two occasions approximately 10 years apart, in 1977 and again in 1987
88. In this study chronic bronchitis was defined with the common definition of reporting chronic
cough or sputum on most days, for at least three months of the yedeastrtato years. New

cases were defined as those which met the criteria at the follow up88& h@8not when

included in 1977. Assuming the RR from Abbey at al. (1995) and a background incidence rate
(adjusted for remission of chronic bronchitis symgitaf 0.378% estimated from Abbey et al.
(1993, 1995), Hurley et al. (20ob)Ythe CAFEprogramme has derived an estimated exposure
response function for new cases of chronic bronchitis pothuation aged 27 years or older of

26.5 (95% Cl1.954.1p e r 1 ®PM@puer year per 100 000 adults, or 0.0000265 new cases for

a change of 1 pgAtpersonandyear Airport visibility data was used to estimatesRAbbey et

al , 1995) resulti my6.i %)l 4 aOPHe%n iCl 3oFPMisOC. adsSe s  p
The HRAPIE (WHO, 2013b) preferred this second calculation finding it much more uncertain to
estimate PM in multiple cities from total suspended particles than in directly estimating PM
from airport visibility in each city where good modelétre obtained.

A Swiss study examined relationships between chronic bronchitis and the change in modelled
concentrations of PMin the residence in about 7000 adults ag#8D hars, at first survey
residing in eight communities in Switzerl&otiGdér et 312009) This study estimated an odds

ratio of 0.78 (95% CI = 0.82.98), equivalent to a decrease of risk of new reports of chronic
bronchitis by 22% (95% CI ©2 8 %) p e rdedrdase dPM m

In HRAPIE (WHO, 2013b) the results of the Abbeple(1995) studwasconverted to PM
units (assuming RMPM 10 = 0.65) and using an inversgiance weighted average of that study
with the results of the Schindler et al. (2009) s#adiged iran RR for chronic bronchitis of 1.117
(95%CI=1040 1. 189) :RMar 10 Qg/ m

3.6.2.3  Exposure -response function for restricted activity
days

Six consecutive years (B81) of the US Health Interview Study (HIS) were used to study
restricted activity days (RADs) in adults ag## I®stro, 1987; Ostro and Rexthild, 1989). In

the multistage probability sample of 50,000 households from metropolitan areas of all sizes and
regions throughout severity was classified as (i) bed disability days; (ii) work or school loss days and
(iif) minor restricted activity @aMRADs), which do not involve work loss or bed disability but do
include some noticeable I imitation on 6normal

The weighted mean pollutant coefficient for RADs was linked to estimated background rates of, on
average, 19 RADs per person par.yaom this studyamean exposureesponse function of 902
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RADs (95% ClI 7 9 23PMdperll 800 adults at agd@h ocD@UORADSs for a
c hange #&dersabandyenr. Imthis age group we may see this as work loss days.

In HRAPIE WHO, 2013Db) tis RR is expressed as 1.p46 r 1 @PMg,givimg almost the

same number of RADOsor a c¢ h a §*gesonanflyeatf o@g /am ¢ h a ffgessonof 1 Qg
andyear According to the experts in HRARSEnilar or greater effectskRi¥ shouldbe expected

in older ad younger persorf§VHO, 2013h)

For PMy the relation used in APHEIS (Medina £28i04) for longerm effects on mortality was
RR for PMoa 0. 7 2 R4 thdt means PoMPMclose to 0.065 RADs for a change of 1
Q g /**personandyear.

3.6.3 Selected base -line rates for mortality and morbidity

In order to estimate how many deaths and hospital admissions that depend on elevated air
pollution exposure weeed to use a bagee rate.We collected the bakee rates 2010 for
Swelen fromthe SwedisNational Board of Health and Welfare

For mortality we calculated the following rates: total mortality (all causes) @H5atyay:
100000 persons; external causes, all 4@g&guer 10000 persons; total mortality in age group
30+:1489.8external causes in age group 89#4

For hospital admissions all ages we calculated for cardiovascular diseaser 251D.Q00
personsand for respiratory disease 106612100 000 persarnd/e adjusted these for planned
admissions thave the rates for emergency hospital admissions for cardiovascul20d#sase
100 000 persons, and for respiratory di®8ager 100 000 persons.

As we have no countspecific baseline rates for chronic bronchitis, wWeHIB&PIE experts

(WHO, 2A.3b) recommended estimates based on AHSMOG, SAPALDIA and Schindler et al.

(2009) studies. We applied 3.9 incident cases annually per 1000 adults at risk who reported
symptoms at the second survey but not at bageim®ADs wealsohave no relevant Sweldli

dataand rely orthe commonly use@l. 0 92 RADs f or 3personandyeagPdbsof 1 Qg /
(for PMygcorrespondingtd. 06 5 RADs f or 3persotaadyegfe of 1 0Qg/ m

3.6.4 Health impact scenarios and applied Exposure -response
function s (ERF)

1. NO;and allcause mortality

a NO: (possibf as an indicator also of pollutants)keng effet on allcause mortality in ages
30+ as distributed 201with 2010 baseline mortalltye apply thRisk RatioRR) from Denmark
(RaaschoWlielsen et gl2012) of 1.08 pdr 0 G PBHNCI 1.0d1.14%) ér alkcause mortality.
Since the smooth risk slope is steep at low concentratioss Wweth a low & g /3 timreshold
and a no threshold scenario
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b) As a comparison over time for all ages we use the relative concentration distribution estimated
for 20® but with the 2010 population and baseline mortality.

2. PMysand alicause mortality
a) PMzslongterm effect on attause mortalityn ages 30-as distributed 2010 with 2010 baseline
mortality. We assume the same effect (same RR) for all sources aad us o wthréshol@.g / m
We apply the RR from HRAPIE (WHO, 2018962 (95% CI 1.040. 08 3) p3er 10 OQg/ m
b) As a comparison over time for all ages we use the relative concentration distribution estimated
for 2005 but with the 2010 population and lmeseiortality.

3. Impacts of particulate matter from specific sources

Mortality
For a more detailed assessment ofp,HNtluding the fine fraction (P§l we assume that the
effects on alkause mortality are different for different types of particles.

For combustion generated particles, modelled as vehicle exhaust and wood smoke, we assume the
total mass to be in the fine fraction, and apply the RR 1.17 (95% Cd1=3D)0per 10 pg/tn

from the intraurban Los Angeles analysis of ACS data (Jerre2065)h the age group 30+

years This RR is for PMhaus@also supported by our calculations using results for EC. We assume

no threshold.

For road dust PN dominated by the coarse fraction, we assume aeshoeffect on daily
number of deathsinallges, and apply the RR fordindrdhse coar se
(95% CI 1.002.032) observed in Stockholm (Meister, &@ll2)We assume no threshadahd as

the study included all ages we assunassbeiatioto occurfor all ages.

For the rest of PMs (not originating from vehicle exhaust, wood smoke or road dust) we apply the
RR from HRAPIE (WHO, 2013b) 1.062 (95% CI :D400 8 3 )  p3énrthe 4gé grad 30-M
yearsFor thes@aon-localsources wassume a low threshold2qig/m3 of PM; s

Morbidity

We assume Pito have an impact on RADs both in the age grouiid ears, and in the rest of

the population, but have to assume the same effect from all sources. The effect is assumed to be
902 RADs (95% CI 7920 1 3 ) p e3PM:dper 1,009 Adults at age6ss or 0.092 RADs

for a c¢haé@mgesonandyeal Og/ m

We assume PM PMesand NG to have an effect on hospital admissions and chronic bronchitis
30+, but have to assume the same effect from all sources. From HRARE 2013b) we
appled the followingRRs: for all respiratory hospital admissions the RRs were 1.0190 per 10
Q@/m3 PM,5(95% CI 0.9987.0402) and 1.0180 perCdm3 NO: (95% CI 1.01%8.0245), and

for cardiovascular hospital admissions the RR was ped0BAQy/m3 PM, s (95% Cl 1.00%v
1.0166)RR for chronic bronchitis of 1.117 (95% CI = 1.040, 1.189) pay/rh® PMo For
chronic bronchitis and Rylweassume a low threshold3gig/m3.

3.7 Socio -economic valuation

The method used for soa@geonomic vaktion in this study is identical to the method used in
Sjbberg et a(2007. In this report, relevant updates on health end points are presented. There are
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two additions to the valuation performed in Sjoberg (@0alj, valuation of Chronic Bronchitis
(CB) and Restricted Activity Days (RAD).

In Sj6berg et a2007), most central estimates are based on the central values from the 2005 update
of the ExternE projecEstimates in this report d&rem New Energy Externalities Developments

for Sustainalily (NEEDS, 2007, which is a follow up to ExternE. However, in NEEDS (2007)
most central estimates are the same as in ExternEa28@%)om the update of life [08$(JLY)

and Chronic bronchitis.

3.7.1 Morbidity

In the ExternE update from 2005 (www.exterfo).it is recognisé that the suitable valuation of
health related effects corsisf three components; Resource costs (costs for medical aid),
Opportunity costs (loss in productivity) and Disutility (costs for discomfort etc).

These costs correspondaelfare parameters of relevance for valuation of health effects related to

air pollution. They allow for consideration of all economic decision makers in society; individuals
(households), firms and government. Ideally, all these costs should beléaksmsideration

during the valuation of health effects, but it is sometimes difficult to measure and calculate reliable
estimates of these cost parameters. It can also be that some methods of valuation aggregate the
above mentioned parameters therebynmailkdifficult to distinguish between the different types

of costs.

The health effects related to high concentratioméOofthat is of interest for the economic
valuation performed in this studyChronic Bronchitis (CB).

The health effects relateéd high concentrationsf PM. s that are of interegor the economic
valuation areChronic Bronchitiszardiovascular Hospital Admissions (CVA), Respiratory Hospital
Admissions (RHA) and Restricted Activity Days (RAD). The methods for valuation ofdCVA an
RHA are discussed in Sjoberg €2@07j and will not be further covered in this report.

3.7.2 Quantified results from the literature

OECD (2006) summarises the recent developments in the area of Cost Benefit Analysis (CBA) and
valuation and presents thesults from several studies including NEEDS (2007) within the
ExternE project and European Commission (2014). Results on valuation of mortality expressed as
the measure Value of Statistical Life (VSL) of relevance for our study are summakited in

below.

Table5 VSL estimates of mortality from previous studies (OECD, 2006).

VSL [$ million] Currency year
Hammit 2000 307 1990
Alberini et a.2004 1.58 48 (small risk reductior 2000

0.90 3.7 (large risk reductior
Krupnick et al.1999 02004 1998
Markandya et aR004 1.202.8 2002

0.760.8

0.9019
Chilton et a).2004 0.3015 2002
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The values in the table are used mainly for illustration of the most common ranges of VSL in the
literature on the subject. Valuations that are lasersk contexts such as occupational risks
(accidents when at work), road traffic and fires are excluded from this table. The column indicating
the currency year is necessary for a potential transfer of the results to other valuatibhestudies.
resultsfrom Alberini et al. (2004), Krupnick et al. (1999) and Markandy@@24jl.are all results

from studies on risk reductions for persons in the age cB3y&ars.

Other values of interest for our study are the valuation of mortality expretbsedhaasure

(Value Of Life Year) VOLY estimates comparing Chilton et al (2004) with Markandya et al. (2004),
Table 6

Table 6 VOLY estimates on mortality from previous studies (OECD, 2006).

VOLY [E] Currency Year
Chilton et a).2004 27630 2002
Markamlya et al2004 41975 2002

The VOLY given by Markandya et al. (2004) is an indirect estimate derived from the VSL estimate
in the study while the VOLY from Chilton et al. 2004 is a direct estimate.

Furthermore, OECD (2006) also indicates morbidity iaisidor several different health effects
given in the available literature. The values of interest for our study arél gislei. in

Table 7 Morbidity valuation estimates (OECD, 2006).

Study quoted
Type of lliness (morbidity) | Ready et al.2004| ExternE, 1999 | Maddison, 2000
Hospital admission for a 490 a 7870 n.a.
treatment of respiratory
disease
3 days spent in bed with a 155 a 75 a 195
respiratory illness (3 RAD)

In OECD there is no suggiest asto why the ExternE values for hospital admissions is so much
higher than in Ready et al. (2004). On the other hand, these EXtersaanesthen updated in the
following update of the ExternE project, Eable 9

The followingTable8 lists the central estimates of monetary viduéealth effectthat areof
relevancéo our study as they are valued in the latest update oteéheEproject, NEEDS.
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Table 8 Economic values of health effects ( NEEDS, 2007)

Mortality Value Unit

Value of a statistical life 1052000 (booo/Case

Value of Life year lost 40000 Cooo/ year

Morbidity

Chronic Bronchitis 200000 (booo/Case
Cardiovascular Hospital admission, Health ¢ 620" Cbooo/ day in Hospital
resource costs

Respiratory Hospital admission, Health care| 323 (hooo/ day in Hospital
resouce costs

Hospital admission, cost for absenteeism frq 82 Upooo/ day

work

Hospital admission, WTP for avoided 437 U000/ OCcCUIrence
hospitalisation

Restricted Activity Day (RAD) 46 CUpooo/ day

*) Updated estimabes NEEDS, (2007)
**) The value for Cardiovascular health care resource costs is derived through multiplying the RHA&diti ExagrrgEaagtiplier provid

***) Hospital treatment for respiratotggiigetsee days, followeddysfigehome in bed. The value is based da(Rdduiy eiftdrs from
the same value given by OECD (2006) due to exchange rates and currency year used.

Thevalues inrable9 are fromthe European Commission (20aAj)iserve as best availableada
and are used to enable a comparisorthvétbost estimates from NEEDS (2007).

Table 9 Economic values of health effectEuropean Commission valuation d&28,14

Mortality Value Unit

Value of a statistical life 2 220 000 (boos/Case

Value of Lifeyear lost 57700* COpo0s/ year

Morbidity

Chronic Bronchitis 27+ 53 600* (boos/Case
Cardiovascular Hospital admission, Health ¢ 2 220 (bos / day in Hospital
resource costs

Respiratory Hospital admission, Health care| 2 220 (hoos/ day in Hospital
resource costs

Restricted Activity Day (RAD) 92 (boos/ day

The valuation estimates used in our project to calculatecmionic costs of high levels of
PM:sare presented Chapter 4.5 andlable 24
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4 Results

4.1  Calculation of air pollutant concentr ations

41.1 National distribution of NO », concentrations

The annuaineanconcentration of N@for 2010, calculated with the URBAN modegirésented
in Figure 2. The result is based on calculdétestmonth means in order toapture the seasonal
variation whee higher concentratisasually occur during winter.

® 0.5
® 0,51
1-1.5
1.5-2
2,5-3
3-3.5
3.5-4
4-4.5
4.5-5
5-10

10-15
15-20
20-25
=25

LI I B N

Figure 12 NO, concentratioras annual mean for 2010 Sweden, unit ug/th

In Figure 2 it can be seethat most of the country Wrarelativelylow NO, urban background
concentrations calculatest 2AL0, compared tdéhe environmental standard fbe annual mean
value (40 pg/®). Most of the small to medium sized citie® N&, concentrations of less than

15 pg/n# in the citycenter In the large cities and along sethern part of the egtcoast the
concentratiofevels are higheeachingip to 2025 pg/n® in the major citiesvhich is of the same
magnitude as the lotgym environmental objecti(0 pg/n® asan annual meanjhe highest
calculated urban background concentration of d@ured in the central parts of Gothenburg
with concentrations approachingm3. The highest calculated annual concentrations in Malmé
and Stockholm were in the regio3@fig/ms.

There is an observable partition of Sweden north of Stockholm, possiblydiln a decreasing

density of cities and metelmgical factors. Thiecationof citiesdetermineshe pattern of the
concentrations, while the city size and the meteorological mixing parameters determine the
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concentrationtevels. Thus, even in a dn@alvn high NQ concentrations can occur dagpoor
ventilation irthearea.

According to the calculated results, tisspaly one 1 x 1 km grid (central Gothenburg) cell in all
of Sweden whetbe annual air quality standfmdNO: is exceededHowevey since the standards
are also valid for concentrations in street canyons mdritiallyare 1.5 times higher than the
urban background (Persson and Haeggensson, 200@hereare likelyadditionalexceedances
at s ome cefieoted inghp Ait @lity Plans submitted by municipalities with violation of
the limit values

41.2 National distribution of PM 10 concentrations

The annual mean concentrations of :Pkr 2010 calculated with ¢hURBAN model, are
presented in Figure Ihe result is basem calculated two months means in order to capture the
seasonal variations, where higher concentrations;@t$stMlly appear during late whsianing
depending on the location in the country.

In Figure 13t can be seen that the RMoncentrations oa yearly basis to a large extent are
governed by the regional background concentrations. There is a large latitudinal decrease to the
north of the regionddackground concentration, due to the strong influence from the long range
transport The urban backgund concentrations in the largestns inthe southen andwestern

parts ofSwederarecalculated te about 2428 ug/n#, while the concentration Stockholm is
estimatedo about 19 pg/m Compared to the environmental standard for the annual rhesan va

(40 pg/n®) there are no eredancesn urban background in Swedish towns.
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Figure 13 PM,, concentratioras annual mean for 2019 Sweden, unit pg/f
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4.1.3 National distribution of PM 25 concentrations

The annual mean concentrations of Piek 2QL0 are presented Figure 4. The result is based
on the earlier calculated BMoncentrations in combination with calculated ratios based on
empirical relationships of RAPM 25

* 22

& 24
46
-3
3-10
10-12
12-14
14-16

® =15

Figure 4 PM sconcentratioms annual mean for 2010 Swedenunt pg/ms.

4.2  Population exposure

The population exposure to differdi@. andparticle concentrations has been calculated based on
the calculated air concentrations.

4.2.1 Exposure to NO

As mentioned above, the highest ;N®@ncentration levelwill normallybe found in street
canyons. However, for studies of population exposure to air pollution it is custom to use the urban
background air concentration levels or a relatively low geographic resolution, since this type of air
quality data is used in the studiesviding doseesponse relationship for health impact
calculations.

The number of people in Sweden exposed to certain levels of 20is shownn Table 12
The largesgroup of people, 45%, wagposed to annual mean concentrations ofl&k3 tharb
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png/m3. Another 3% were exposed to concentration levels betw&enu§ NQ/m3, and about
6% of the Swedish inhabitaetgerienced exposure levelS©f above 15 pg/M se Figure 15
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Number of people

Figure 15 Number of inhabitants exposed to differ&d, annualmeanconcentrationgn Swecdenin
201(Q divided into two age categories B0 (light blue) and 30+ years of age (dark blue).

In 2010 37% of the population was of the ag@ Pears leaving 63% in the 30+ year category.
However, Figure 15 show that at lo@ncentrations-B ug/m3 over 75% of the population
belonged to the 30+ age class, whereas in the higher concentration almost half of the population
were under 30 years of age.

4.2.2 Exposure to PM 10

The estimatedumber of people in Sweden exposed to differtervals of the total Riyannual
mean concentrations 2010 isshown inFigure 160nly 3.5% of thgpopulation wasxposed to
concentrations below [pg/m3. Approximately7® of the population wasxposed to PM
concentrationbetween 5 antb pg/ms3. About 186 of Swedish inhabitants were exposed t@ PM
levels higher than 20 pgimis for NO, the 30+ age class made up eetapgrcentage of the
populationincluded inow PMg concentrationntervalsindicating that younger people are more
often exposd to high concentration than the old.
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Figure 16  Number of inhabitants exposed to differ&M,, annual meaconcentrations in Sweden in
2010, divided into two age categories 80 (light blue) and 30+ years of age (dark blue).

The number of peopkxposed to the Plyiconcentration contribution frothe separate sourges
regional background, road dust and other sourceseaented irFigure 1719. As mentioned
before particles from traffic exhaust and domestic heating were assumed to allthelBihgto
fraction and is therefore presented in sectioB 4.

Almost 40% of the Swedish population were exposed to regional background concentéation of 4
pHg/m3, in contrast to N@and the total PM exposurgherewere no difference between age
graups.Both road dust and other RMources resulted in approximately 90% of the population
being exposed to less thapgdms, and almost 29% of the total populatiasaccording to our
modelnot exposed toegligible concentrationsrofd dusbr othersources (Figure 118)
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Figure 17  Number of inhabitants exposed to differ@i,;, annual meaconcentrations fromegional
backgroundn Sweden in 2010, divided into two age categoriés30 (light blue) and 30+
years of age (dark blue).
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Figure 18 Number of inhabitants exposed to differdhl;; annual mearconcentrations frommoad
dust in Sweden in 2010, divided into two age categoriés30 (light blue) and 30+ years
of age (dark blue).
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Figure 19 Number of inhabitants exposed tdfeient PM,, annual meartoncentrations fronother
sourcesin Sweden in 2010, divided into two age categorigs 3D (light blue) and 30+
years of age (dark blue).
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4.2.3 ExposuretoP Mjs

The estimated exposure of the total annual mean concentrations f $fddwn irFigure 20

The majomart of the population, almoa®b6, wasexposed to Pbs annual mean concentrations
betweert and 10 pg/rdc About26% of the people in Sweden were exposed to levels between 10
and20ug/m3 and less thah 3% wasexposd to PM sconcentrations abo2€ ug/ms.
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Figure 20  Number of inhabitants exposed to differ&M, s annual meagoncentrations in Sweden in
2010, divided into two age categories 80 (light blue) and 30+ years of age (dark blue).

Figure 21 and 2haew the population exposure to Blffom traffic exhaust and domestic heating.
According to the calculated contribution from traffic exhaust over 90% of the population was
exposed to less than @gm3. As this does seem unrealistically low é¢@centrion may be a

better indicator of traffic exhaust pollution.
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Figure 21  Number of inhabitants exposed to differéil, s annual meartoncentrations frontraffic
exhaustin Sweden in 2010, divided into two age categorigs 3D (light blue) and 30+
yeas of age (dark blue).
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Figure 22  Distribution ofexposure levels to PMannual mean concentratiofiem wood related
domestic heatingn the Swedish population in 2010

4.3 Trends in population exposure

431 NO;,

The NQO, concentrations and the corresgogdexposure situation have also been calculated for

the calendar years 1990, 1995 and 199fuiftirs of monitoring sites available for the different

years argiven inTable D. Since there were only a few sites of rediagkgroungneasurements

for 1990 new estimated concentrations, based on the geographical distribution in 1999, were
developed. Theelation between 1990 and 1999 at the five sites ddfeesvhat between the
yearsand thereforédwo-month means of the relation have been used. Thaated regional
background concentrations have been evaluated with the two existing months of measurements
(November and December), and the result sttt the differensein concentrations were *

10%. However, the calculated concentratiensoverestimaedmore ofterthan underestimated.

Table 10 The number of monitoring sites available for the different years.

Year Regional background sites| Urban background sites
1990 5 62

1995 20 40

1999 73 45

2005 73 41

2010 17 41 (18)*

*18 stations wlhtdata for a complete year.

For calculation of exposure the same population density was used for Biljyea&Presents
the extent of population exposure in different exposure classes for 1990, 1995, 1999 and 2005.
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Figure 23llustrateghe perceratge of the population exposed toN@ivided into concentration

classes of 5 pgfinin the four studied years. An obvious trend of an increasing part of the
population exposed to lower concentration levels can be observed. Compared to the situation in
199 in 2005 about 15% less people were exposed to annual mdanelGbove 15 pg*m

while almost 20% more people were exposed to annual meatevdl® in the lowest
concentration classbQug/ms.

60%

50%

= 1990
m 1995

1999
m 2005
= 2010

percentage of people exposed

005 5010 10-15 15-20 20-25 25-30 30-35 =>35
NO , concentration (jg/m?3)

Figure 23  Percentage of the population exposedl@, (pg/nt) in differentannual mean
concentrathn groups in 1990, 1995, 199805 and 2010.

4.3.2 Particles

Comparing the resultoin this study with the exposure data fitvn previous2005 report
(Sjoberg et al2009)a slightchangen distributioncan k& seenwith more people exposed to
concentrationsf PMyg above25 pg/ms3 in 2010 than 200%-igure 24)There was almost twice as
high a percentage of the population exposed-20 Lg§/n#® in 2005 than 2010. The comparison
for PMesyielded similar ressito PMg, see Figures2
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Figure 24 Percentage of the population exposed to,PKug/n’) in different annual mean
concentration groups in 2005 and 2010.
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Figure 25 Percentage of the population exposed to, Pdg/n?) in differentannual mean
concentration group 2005 and 2010.
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4.4 Estimated health impacts
4.4.1 Mortality

44.1.1 Effects associated with exposure to NO

We have estimated the excess morabiyciated wittxposure to N@with two different cuoff
values: effects starting abbygy/m3andwithout any threshol@he more conservative scenaio
assuming that all NOs coming from combustion sourcasd is representing also other
combustion productsith no thresholeffects Without and with the threshold, we estimated that
NO. exposurenvould be associated with 491and 1 299pretermdeatls in the Swedisladult

population(30+)in 201Q respectively (Tablé)1l

Altogether(assuming no thresholP, would cause annuafly 759Years of Life Lost (YoLL)
that would decrease on average fipeaancy (LE) by.4l years amonthe adults at age 30+.
Amongmoresusceptible peopleho die because air pollution, the averagedper excess death
case would be3years.

Table 11 Estimated excess mortality dueexposure to total NgOn the Swedish adult population
(age 30+) in 2010
NO; MeanNO; | Number | Percentage Excess number of deaths
concentration [ng/m3] of people of Effects above| Effects from
[ug/m3| population 5ug/m3 0 g mé
0-<5 2.7 3253108 534 1018
5-<10 72 1675225 275 432 1429
10- <15 118 839468 138 677 1194
15- <20 172 193595 32 190 408
20-<25 226 62483 10 0 177
25-<30 279 54706 0.9 0 195
30-<35 319 7435 01 0 31
>35 407 0 0.0 0 40
Total 6.2 6 086 020 100 1299 4491
4.4.1.2 Effects due t o exposure to particles (PM 10 and PM ,5)

We have estimated the excess mortality due to expdstaeRd4 s above 321g/m3 among adults
at age 30 yearsaind olderlt appeared to totdPM.s would caus® 534 excess dealin the
Swedish populatiddD+in 2010, respectively (TabR®. Aswe assume effects star@igyeryiow
levels, due to relatively low exposure, most of the effects also appear at. laltolgetbisr fine
particles would cause annually 34 523 Years of Life Lost (YoLL) that wealsedec average
life expectancy (LE) by 0.34 years among the Swedish population.
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Table 12 Estimated excess mortality due to expogarttal PM sin the Swedistadult
population(age 30+)n 2010.

PM2sconcent Mean PM; s Num ber of Percentage of | Excess number
ration [ug/m 3] [ng/m3 people population of deaths
0-<2 0 0 0
2-<4 34 329191 54 40
4-<6 51 1353155 222 384
6-<8 6.9 1587504 261 714
8-<10 9.0 1269257 208 811
10-<12 109 817579 134 667
12-<14 129 360094 59 363
14-<16 150 128159 21 155
16-<18 167 119037 20 164
18- <20 192 58719 10 95
20-<22 206 36553 0.6 65
22-<24 227 22017 04 34
>24 270 17380 03 42

Total 8.3 6093373 100 3534

Regarding the different sources, the largegomion from specified sources would according to

the model result be associated with domestic heating (1 047 excess deaths), followed by road dust
(218 cases) and traffic combustion (180 cases) (Tabigs TtBese estimates are not in line with
the results for NQ, see comments in th2i scussi on. thehseurces fdargelg or vy
secondary PMesulted irB 015 excess deaths (Table 16). Regarding the conouisfioating

from traffic and domestic heatireg)d road dust, the effects were asswhady concentration

and regarding other sources effects statioge 21g/m3. As we have assumed higher expesure
response function for combustion particles than for totad B total effect comes considerably
larger: altogether 4 460 egadsaths.

Table 13

0o

Estimated excess mortality due to expogsarEM,o from road dustin the Swedish
population in2010(all ages)

PMjoconcentration | Mean PMio| Number of Percentage of | Excess number
[ug/m3) [ng/m3) people population of deaths
0 0.0 2765281 290 0
0-<1 05 2167907 227 18
1-<2 15 1788399 187 40
2-<3 25 1396215 146 53
3-<4 34 687938 7.2 36
4-<5 44 325286 34 22
5-<6 54 100042 10 8
6-<7 6.4 89022 09 9
7-<8 75 61277 0.6 7
8-<9 8.2 92440 10 12
9-<10 95 25357 0.3 4
10-<11 100 13804 0.1 2
11-<12 116 15509 0.2 3
12-<13 12.5 0 0.0 0
13-<14 132 18069 0.2 4
Total 1.3 9 546 546 100 218
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Table 14 Estimated excess mortality due to expogarBM, s from traffic combustiorin the
Swedishadults (30+)population in 2010.
PM2s Mean PM; s Number of Percentage of | Excess number
concentration [ng/m3] people population of deaths
[pg/m3|
0 0.0 2096798 344 0
0-<0.5 01 3595347 590 111
0.5-<1 06 320144 53 46
1-<15 11 73731 12 20
1.5-<2 17 7353 01 3
Total 0.1 6093 373 100 180
Table 15 Estimated excess mortality due to exposarEM, s from wood relatedlomestic heatingn
the Swedish populatiofage 30+)Jn 201Q
PM2s Mean PM; s Number of Percentage of | Excess number
concentration [ng/m3] people population of deaths
[pg/m 3|
0 0.0 2 096 798 344 0
0-<1 04 2273593 373 218
1-<2 14 1150677 189 386
2-<3 24 331 692 54 187
3-<4 34 107 678 18 89
4-<5 46 88 890 15 99
5-<6 56 26 665 04 36
6-<7 0.0 0 00 0
7-<8 74 17 380 03 32
Total 0.7 6 093 373 100 1047
Table 16 Estimated excess mortality due to expogsarBM, s from other sources than those specified
above in the Swedighopulation(age 30+)in 2010.
PM2s Mean PM; s Number of Percentage of | Excess number
concentration [ng/m3) people population of deaths
[ng/m3]
0-<2 0 0 0
2-<4 34 386210 6.3 48
4-<6 52 1769465 290 508
6-<8 6.9 1700991 279 755
8-<10 9.0 1190795 195 761
10-<12 108 707088 116 570
12-<14 129 205608 34 208
14-<16 148 106896 18 128
16-<18 170 18967 0.3 27
>24 182 7353 01 11
Total 74 6093373 100 3015
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4.4.2 Morbidity effects

44.2.1 Effects due to exposure to NO

We have estimateiat the total exposure tiNO,, without assuming any thresholbuld cause
1168 respiratory hospitalisatiomghe Swedish population in 2qT@blel17). Around 80% of
these effectsccursat very low levels <Jfg/m3. If we compare this estimate wiitle results for
the 2005 exposure ldgdkeeping other factors as population and mortality ddesg®i0) there
is a3.P0 decrease respirator hospitalizations iB010

Table 17 Estimated respiratory hospitalizatiothse to exposurt total NG in the Swedish
population in 2010.

NO: Mean NO ; Number of Percentage of Respiratory
concentration [ng/m3] people population hospitalizations
[ng/m?]
0-<5 15 4306 557 45.0 211
5-<10 7.4 3042 142 32.0 397
10-<15 11 1632355 17.0 343
15-<20 17 318 205 3.3 99
20- <25 23 118 828 1.3 49
25-<30 27 96 586 1.1 49
30- <35 32 13 804 0.1 8
>35 41 18 069 0.2 13
Total 6.2 9546 546 100 1168
4.4.2.2 Effects due to exposure to particles (PM 10 and PM;5)

Assuming no thresholdné particlesvould causaltogether 3 044 hospitalizationab(€ 18).

Little more than half of them (1 540 cases) appear due to respiratory calnseshandhalf due
to cardiovascular causes (1 504 cdfesg compare this estimate witie results for2005
exposure levels (keeping other factors as popuatibomortality constant to 2010) therea
12.5% decrease in hospitalizations.

46



Quantification of population expd€ureM, ;and P} in Sweden 2010

IVL report B 2197

Table 18 Estimated respiratory and cardiovascular hospitalizatiomsto exposurto total PM sin
the Swedish population in 2010.
PM2s Mean Number | Percentage Hospitalizations
concentration | PMzs | of people of Respiratory | Cardiovascular
[ng/m3] [ng/m3) population
0-<2 0 0.0 0 0
2-<4 34 440902 4.6 28 27
4-<6 52 1893640 198 182 178
6-<8 7.0 2469830 259 322 315
8-<10 9.0 2064335 21.6 347 339
10- <12 109 1322759 139 270 263
12-<14 129 668704 7.0 162 159
14- <16 149 235331 25 66 65
16- <18 167 214313 22 67 66
18- <20 193 101134 11 37 36
>20 228 135598 14 59 57
Total 8.6 9 546 546 100 1540 1504

Furthermore, particlesiould causealtogethed 576041 RADs (restricted activity dayshong
people in working age (68) Table19) using PMsand no threshold’helamest total effect can

herebe seen in levels aroundut@ms.

If we compare thitotal estimate wittthe results foR005 exposure levels (keeping other factors as
population and mortality cagient to 2010) thergs alittle more thari0% decreasi the number

of RADs
Table 19 Estimated RADs due texposure to total Pk in the Swedish gpulation(16-64)in 2010.
PM2s Mean PM: s Number of Percentage of RADs
concentration [ng/m3) people population
[png/m3|
0-<2 0 0.0 0
2-<4 34 292773 49 90488
4-<6 51 1309525 220 620292
6-<8 6.9 1557601 261 995076
8-<10 9.0 1236564 207 1021588
10-<12 109 813448 136 812750
12-<14 129 371598 6.2 440838
14- <16 150 135245 2.3 186560
16- <18 167 133504 2.2 205082
18- <20 192 71060 12 125599
>20 206 40960 0.7 77769
Total 8.3 5962 278 100 4 576041

We havealso estimatedhat total PMyo at levels abov8 pg/m3 would caus€ 155 chronic
bronchitis incidencea the Swedish adult population in 2010 (T&b)e Most of these effects
appear at levels-20 pug/ms. If we compare this estimate vl reslis for the2005 exposure
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levels (keeping other factors as population and mortality constant to 2018) dHi2r2%
decrease.

Table 20 Estimated chronic bronchitis incidence cades to exposurt total PMg in the Swedish
adultpopulation(30+) in 2010.

PMzs Mean PM; s Number of Percentage of Chronic
concentration [Hg/m3) people population bronchitis
[ug/m3] incidence cases
0-<3 0 0.0 0
3-<5 42 254347 42 14
5-<10 7.8 2393027 393 508
10-<15 122 2112356 347 886
15- <20 170 797975 131 441
20- <25 221 332113 55 158
25-<30 270 98636 16 60
30-<35 326 60874 10 46
35- <40 37.3 26665 04 24
>40 448 17380 0.3 19
Total 12.0 6 093 373 100 2 155

45 Socio -economiccost s

45.1 Results of socio -economic valua tion

Central Estimate, NO,

The social costs in Sweden caused by health effects linked to air concentration levate of NO
estimated by adapting the sagonomic values from available literaftinese values are applied

to the number of occurrencestbé consideredhealth effects as estimated in this siivdyhave
estimated the soegconomic costom exposure to N@for effects starting aboveug/ms and
without any threshol@able 2).

Table 21 Annual Socieeconomic costs of high long term MN@velswithout cutoff levels in
Sweden, 2010 Central Estimate

Socioeconomic Health effects from | Socioeconomic cost
cost of health oug/m3 [million SEKz014
Effect [million
SEK2010/ case]
Total Sweden 24637
Out of which:
Value of prevented
fatality (VSL/VPF) 5.48 4 491 24 607
(11 years of prolonge
life)
Hospl_tallzatlo_n, _ 0.03 1168 30
generic (respiration)
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As shown the total annual see@mnomic costs related to N@ithout a threshold amount to
approximately 45 billion SEKzx10 and an absolute mejg of these costs relate to loss of life
years.

In these calculations all the estimates from the literature are recalculteld antthe value in

2010. This is done by adjusting the currencies with respect to €dPsoenindices (CPI) and
Purchase Power Parity (PPP). CPI is used to adjust the values from 2005 to 2010 values while PPP
is used to adjust for national differences.

The updated VSL value (NEEDS, 2007) is lower than the former (ExternE, 2005) dubitd is
different valuation techniques. NEEDS based the valuation on loss of life expectancy (LE) whereas
ExternE on the number of premature death¥SA value ob 500000 SEKzo10is used for the
valuationin this report; whicls lower than other commastimates of VSIThis is mainhan

effect of the adjustment of the VSL vdioen the expected life loe$ 11 years, as is the estimate

in our study. The normal number of years lost eftenating a VSL valueareund4O.

The VSL estimate in our ceitestimate (i.e.390000) is not corrected for the respondents’ time
preferences (i.e. a present bias where future costs are valued less than costs taken today) since the
origin of the value specifically indicates that annual payments should beema@eyeurs,

thereby inducing discounted values given by the respondents.

Table 2 presents the soeezonomic costs of health effects from the European Commission
(2014). These values serve asaagtablé&uropean Commissi@stimateand are used &nable
a comparison with the costs from NEEDS 2007.

The total annual socieconomic costs related to BOwithout a threshold, amount to
approximately 3phillion SEK1q¢ when valued with the economic values used by the European
CommissioriThe diffeence in estimated sogiconomic cosbof health effects between the socio
economic costs from NEEDS and the European Commission data can to a high extent be
explained by the use of different data.

Table22 European Commission Valuation data (201fhigh long term NQlevelswithout cutoff,
20107 CentralEstimate.

Socio-economic Health effects from | 5ocioeconomic cost
cost of health oug/m3 [million SEK 2014
Effect [million
SEKzo10/ case]
Total Sweden 35528
Out of which:
Value of prevented
fatality (VSL/VPF) 7.90 4 491 35 496
(11 years of prolonge
life)
Hospitalisation, 0.03 1168 32
generic (respiration)

When we assume that there are no effects bgigimn the socieeconomic costs related to NO

is approximate 7 billion SEK010(Table 23)This is less than a third of the s@donomic cost
compared to N@without a thresholdlhis value corresponds to the health effects from local
vehicle exhaust emissions in Sweden.
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Table23  Annual Socioeconomic casbf high long term N@levels with cut-off valuesabove 5
pg/m levels in Sweden, 2010Central EstimateThe values correspond to the contribution
from locally generated vehicle exhaust emissions.

Socioeconomic Health effects Socioeconomic cost
cost of health aboves5 ug/ms3 [million SEK201d
Effect [million
SEKzo10/ case]
Total Sweden 7 149
Out of which:
Value of prevented
fatality (VSL/VPF) 548 1299 7118
(11 years of prolonge
life)
Hospitalisation,
generic (respiiah) 0.03 1168 32

As shown the socieconomic data from the European commission is slightly higher than the
estimates from NEED&nd thus alsode to higher socieconomic costs. The seeiconomic

costs due to exposure to Nfor effects starting abe 5ug/m3are estimated to abdl@5 billion
SEKz10(Table 2) when using the same valuation data as the European Commission

Table24  European Commission Valuation dg2®14)of high long term N@levels with cut-off
values above fig/m®, 2010 - Central EstimateThe values correspond to the contribution
from locally generated vehicle exhaust emissions.

Socioeconomic cost of | Health Socio-economic
health Effect [million effects cost [million
SEK010/ case] above SEKz014
5ug/m3

Total Swede 10 299

Out of which:

Value of prevented fatality

(VSL/VPF) (11 years of 7.90 1299 10 267

prolonged life)

Hospitalisation, generic

(respiration) 0.03 1168 32

Central Estimate, PMsources (Road dust, domestic combustiomther sources)

The social costs in Sweden caused by health effects linked to high annual ambient air concentration
levels of PMsare estimated by adapting the secamomic values from available literature. These

are applied to the number of occurrenédise considered health effects as estimated in this study,
seeTable25. In the central estimate on seeamnomic costs calculated in this profesa/th

effects are included for the sources: road dust; domestic combustion; and other sources. Health
effects from locally generated vehicle exhaust emissions are best associated with the health effects
from NOz-exposure above 5ug#mas presented abovihe calculatian are made foexcess

deaths in the Swedish population in 2010 among adults at agd0afmare, due to exposure to

PMz.s

50



Quantification of population expd€ureM, ;and P} in Sweden 2010 IVL report B 2197

The total annual soesxonomic costs related to hayhissions of PM from road dust, domestic
combustion and other souréesome &5 hillion SEKy1q and the absolute majority of these costs
relate to loss of lifeegrslf we compare this estimate with the estimation from 2@85 billion
SEKx09, there is an increase in total annual-egoiwomic costs. The reason for that is, in the
2005 report, a cuatff valueof 4 pg/m-3was used since there was less iicientpport for effects
below these levels, whereas in this studytoff of 2 pg/m3 wasused.This lower cudff is
primarily due to better classification of sespeeific exposure in 2010

Table 25 Annual Socioeconomic costs BM emissions from rad dust, domestic combustion and
other sourcem Sweden, 2010 Central Estimate

Socioceconomic cost of | Health Socioc-economic
health Effect [million effects in cost [million
SEKz014 case] 2010 SEKz014
Total Sweden 34711
Out of whid:
Value of prevented fatality
(VSL/VPF) (11 years of 5.48 4 280 23 451
prolonged life)
Chronic Bronchitis 2.13 2 155 4 586
Hospitalisation, cardiology 0.05 1504 70
Hosp_ltall_satlon, generic 0.03 1540 42
(respiration)
RAD (age group 164) 1.88E-03 4576 041 6 562

The results from the European commission stadav that theéotal annual socieconomic costs

related toPM-emissions from road dust, domestic combustion and other sewabag 405

billion SEK10(see Tabl@6). This value isigher than our estimates. As mentioned above there

are differences in estimates between NEEDS and the data from the European Commission. For
instance, the lower VSL value in the European Commission data is 5.5 miligni. 8E#e

same as the centeatimate in NEEDS. This difference between VSLs can explain the difference in
the total annual soegzonomic cost.

Further, the value for chronic bronchitis is 2.1 million ,8EKK NEEDS whereas the
corresponding cost by the European Commissianngillion SEKyo10 In an earlier study by the
European commission in 2005 the estimated value for chronic bronchitis was approximately 2.5
million SEkeo1o( 280s208000), which is more in line with the NEEDS v#dogever, due to new
recommended values for chronic bronchitis from the HEIMSTA study (2011) the European
Commission in discussion with the HRAPIE team decided to reduce the valuation for chronic
bronchitis.
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Table 26 Annual Socioeconomic costs of PM emissions from road dust, domestic combustion
and other sources in Swed@910- European Commission Valuation d§2814)-

Central Estimate

Socieeconomic cos
of health Effect Health effects in 2010 | Socieeconomic cost
[million SK 2010/ [cases] [million SEKo14
case]
Total Sweden 40 591
Out of which:
Value of prevented
fatality (VSL/VPF)
(11 years of prolonge 7.90 4280 33829
life)
Chronic Bronchitis 0.67 2 155 1438
Hospitalisation, 0.03 1504 42
cardiology
Hospitalisation,
generic (respiration) 0.03 1540 43
ggD (age group 16 1.15E03 4 576 041 5 240

4.5.2 Sensitivity Analysis

In order to estimate a plausible range of-seacimomic costs relatedhigh levels of PM, some

simple sensitivity analyses are performed. Matters of interest are what the results would be if health
effect values from other studies were used and what effect a discounting of the VSL d/alue woul
have on the total soegzonanic costFirst we estimate the effect of different values on VSL as
shown in Tabl@7. These estimates &ken from NEEDS (2007).

Table 27 Low / High Estimates of VSL from NEEDS (2007)
Socio-economic cost related to PMs
[million SEKoad
Low estinate VSL 25 837
High estimate VSL 157 830

The analysis shows that our central estimate is on the lower bound of the NEEDS é&dtienates.
lower estimates from the European commission are slightly higher than the lower value from
NEEDS, whereas the higéstimate is much higher in NEEDS than the estimates from the
Europearcommission 201drable 28)Again, thixan likely be explained twg use of different

data and also that the values from NEEDS are older.

Table 28 Low / High Estimates of VSL Europe&@ommission valuation dat2014

Socio-economic cost related to PMs
[million SEK014

Low estimate VSL 30 212
Central estimate VSL 40 590
High estimate VSL 88 078
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Furthermore, time preferenca® of general interest when vadu health effects. laconomic

valuation estimates time preferences are considered by introdisciogra rate, thereby reducing

the value of future events. For the sake of comparison we discount the VSL values previously used
with a 46 discount rate, which is a common wg&d in valuation of health effects related to air
pollution, Tabl9

Table 29 Discounted Low / Central / High Estimates of NEEDS (2007).

Socioeconomic cost related to PMs
[million SEK>ad

Low estimate VSL 19 037

High estimate VSL 54 216

From the discounting it can be seen that the values are sensitive to the choice of discount rate.
However, it is our opinion that the values we use from NEEDS (2007) should remain
undiscounted in the central estimate since they are valued with a methlodshidteasurvey
respondents to discount the values themselves.

Table 30 Discounted Low / High Estimates of VSL European Commission valuation data

Socio-economic cost related to PMs
[million SEK>ad

Low estimate VSL 25 438

Central estimate VSL 33702

High estimate VSL 71523

For policy purposes, our central estimate of the annuaéson@mic costs related to high.BM
levels in Sweden seem to be fairly stobiiven if discounted with &b4discount rate, the
socioeconomic cost wowdlinoststayat 20 billion SEKgicannually

4.6 Cost -benefit analysis case  study - reduced
exposure to vehicle exhaust emissions in the
three largest cities in Sweden

Key message from the case study

The reduction of exposure to exhamissiongrom cars by a largeade introduction of modern

electric cars in the larger city regions of Stockholm, Géteborg, and Malmé could have motivated
some indicative 1818% of the additional costs required for an electric vehicle itJ&bitOthe

higher range adconomic valuen avoided fatalitiess presented in the sensitivity analysis above,
more than 60% of the costs for electric vehicles could have beataogaiically motivated by

the impacts on human health. This case study exemplifies thenmeeetitweair polluton impact

on human health fromgreenhouse ga&snission abatement measures. This chapter gives a brief
presentation of the case study; more detailed information is presépdnididA 0 Detailed
description of theBeosfit Analysis of Eleatsc

Prevailing problems with air pollution in cities

As this report has shown and reconfirmed, air pollution in Sweden is still causing severe health
problems, and exhaust gases are according to the best avaiebidg&noa of the most
important culprg The current Swedish projection on the development of car traffic is mainly
considering a rejuvenation of the car fleet implying improved emission control, and a shift from
gasoline to diesel engines. These dlrdeliver emission reductions of both NOx,:&Mnd

PM.s but given that many Swedish cities are projected to experience relatively high levels of air
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pollution in 2020 and 203@®mstedtet al, 2012; Holmin Fridekt al, 2013)it is worthwhile
exploring further options.

Given the last years technical development in electric cars these were chosen as a vehicle
technology to banalyzedh a counterfactual case study of what the air pollution situation in three
selected cities in Sweden could have been like in 2010, and what the net benefit for these cities
would have been from an air pollution perspective grédgahouse gas abatenmetasure would

have been introduced.

How did we perform this case study?

Based on regional maps over the city regions we selected 26, 7, and 10 municipalities in and around
Stockholm, Goéteborg, addalmé respectively that in this hypothetical case Wwauéd had a

larger share of electric vehicles in 20t6.geographical selection was made rather large in an
effort to include most of the cars driving in the Stockholm, Géteborg, and Malmd municipalities.
This expansion was needed in order to get a abdsoelation between changes in emissions and
changes in concentration of pollutants in the municipalities. We then used mtspeigiéitity

data on the umber of purchased cars in 2@8@henumbers of electric cars to be introduced in

this case studyrafikanalys, 20).4A comparison with data ¢ime existing car fleet in 20jéve

us the region specific percentage value of how large share of the total car fleet that would have been
electric if all cars purchased in 2010 would have been eldoise iregions. This regspecific
percentage was then used to calculate changes in emissions from road transport. Changes in
emissions from road transport were calculated based on the calculations performed and data used
for the National emission projects (Gustafsson, Sjodin et al. 2008) these data for 2010, the

national average car fleet was changed so that X% was electric cars, where X corresponded to the
regionabpeific data on purchased vehicles in 2010. This introduction was either having an impact
on the number of other newer conventional cars (minimum impact case) or an impact on the use of
older cars (maximum impact). The total number of cars, the total rtramspo (vehicle

kilometer} and the number of cars and avekdgmeterdriven in each original emission standard
category was also kept constant (identical to data for 2010). The impact on emissions from cars was
then complemented with the emissiomsnfiother road transport vehicles to provide a total
percentage change in emissions from road transport. We used the average value of the minimum
and maximum impact case as a central case for continued analysis. The value edgbeifiegion
percentagehange in road transport emissions was then used to describe how much the source
contribution from vehicle exhaust emissions would have to change for each considered
municipality. Given this change in air pollution concentration, a change in healthaindpacts
monetary health benefits was calculated following the methods described earlier in this report.

Calculating the abatement costs

In order to calculate the abatement costs we used estimates from the Swedish Consumer Agency
(2014) The abatement costis estimated as the difference in annual purchase and operating costs
for the vehicle owners (net of taxes and subsidies) buying and using an electric vehicle instead of a
conventional car. Annual purchase cost was in this case represented by tlepracmtaimcost

of the vehicle. The abatement costs were calculated for a low, mid, and high level reflecting
different comparative vehicles, ownership duration and miles driven per year.

Most important assumptions

This case st uidfydlysissof am altproative reditw im 20@10. We have therefore
allowed ourselves take a number of assumptiaviest importantly, we have assumed that the
current price of an electric car would have been available also in 2010. Furthermore, we assumed
that aY% change in vehicle exhaust emissions from a region would corresponded 1:1 with a Y%
change in source contribution to air pollution concentration in the municipalities included in the
region. Another important assumption was that relative contribupersohal cars to total road
transport emissions in the regions corresponded to the national average in 2010.
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The setting of this case implied that there would have been a large amount of used cars being sold
so that the right mileage need would bendivehe right consumer. New cars are usually used

more than old cars, but electric cars have an upper limit on mileage per full charge, for the vehicles
considered in this case stadyupper limit of ~130 kilomesgElectricPower Research Institute

2013) So the car ownens need for a car with long transport capacity would have had to buy a
used car.

What would the socieeconomic impact have been of electric cars?
The results show that a quite substantial part of the costs of electric vehicles could have been
motivated byair pollution related health concerns.

No. % reduced Total cost | Total % of cost %
ELE emissions Million monetized motivated change
cars from road SEK2014 health impact | for health in car
transport (mid | year (mid | Million reasons fuel use
case) case) SEKzo10f/ year | (mid case)
(mid case)
NOyx | PMus
Stockholm 77476| 62 | 7.2 1728 236 14 ~11
Goteborg | 31377| 6.9 | 81 700 124 18 ~13
Malmé | 21493 51 | 6.0 479 63 13 ~9

In the sensitivity analysis the impact on emissions and concentatiedias the costand

benefit estimates were varied. The sensitivity analysis showed that in the low impact/high cost case,
8, 10, or 7% of the total cost could be motivated by health concerns for the Stockholm, Goteborg,
and Malmo regions respectively. For theilmghct/low cost case, 137, 172, and 131% of the total

cost could be motivated by health concerns.

The most importantlimitations of this case study

This case study was based on the assumed relationship between emission reductions and reduced
source contibutions from vehicle exhaust emissions. In order to use a 1:1 relationship between
transport emission reductions and source contribution from vehicle exhaust emissions in the city
municipalities we expanded the amount of municipalities considered. H@i@les from other
municipalities than the ones consider also travel in the cities of Stockholm, Goteborg, and Malmo.
This would reduce the 1:1 relationship. However, the vehicles considered in this case study also
travel outside the municipalities dder®d, thereby contributing to improved air quality outside

our analysis. We therefore continued with the use of a 1:1 relationship between transport emission
reductions and source contribution from vehicle exhaust in the considered municipalities.

The constitution of the vehicle fleet in the city regions is not identical to the Swedish average
vehicle fleet. Comparisons with regional data show however that the national average traffic work is
a reasonable indicator of the traffic work in the regiongh&aity of Stockholm in 2008 the

traffic work was similar to the national average traffic work in Sweden 2010 used in this analysis
(Burman and Johanss@009)

The average mileage per vehicle in Sweden ranged bet&v&érkiBinetersper day as a fleet
average in 2010, dependent on ownership and n&iéteys of the year or only work days were
consideredT{afikanalys, 2014Thevintagevehiclewith the highest number kilomeers driven

in 2010 corresponded to some®87 kilometersper day. These averages are well below the
considered daily baty capacity in this analysis.
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The vehicle costs considered in this analysis is based on vehicles available in 2014. The prices for
these electric vehicles have decreased sharply in the years after 2010. However, given that this case
study is counterfaal one could consider an alternative reality where investments in electric
vehicles would have been made earlier, thereby pushing down prices in 2010. Also, the cost
methodology used in this case study was based on the assumed value depreciatiocies’. the ve

If costs would have been calculated based on socioeconomic annualisation of investment costs over
the lifetime of the vehicle, costs would have been lower. This latter method is the method most
often use when calculating emission abatement oostdtionary sources.

Can we draw any conclusions?

Sharp conclusions are not suitable due to the cfactigal nature and the necessary assumptions
made in this case study. It is however worth repeating that theceacimic benefits related to
human health impacts from air pollution is quite often not considered when comparing different
greenhouse gas emission abatement optioth&s we have shown, in 201@ould have been a
relatively good idea to push for a faster introduction of electdesehhe indicative results from

our analysis showed a range betweerBB0% of the costs being covered by the socioeconomic
impacts on air pollution (83L8% in the central case). The most important factors determining the
size of this chenefit wee the costs for electric vehicles, and which economic value that should be
assigned to an avoided fatality. What is happening today is a very fast shift to diesel vehicles
(Trafikanalys2011 BilSweden2014) These have relatively high emissions of & PMs
compard to other types of vehicles, andyht not be on par with other cars until 2017 at the
earliest. This shift risk missing out on an opportunity to ensbeaefits between greenhouse gas
emission abatement and air pollution emission control.

5 Discussio n

The methodology of using an empirical model on a national basis, combined with advanced
meteorological parameters, but still generating the results in a good geographical resolution, have
not been used before Sjobergle{2004). However, a similarrapph as been used focusing on

greater city areas (Amann, 2007). The great advantage with the URBAN model, compared to
ordinarydispersiormodels, is that an emission database is not needed, and thus eliminating its
uncertainties and limitgubssibilitieto capture unknown changes. The URBAN model reflects
changes both in large and local scale concentrations, through monitoring data, as well as in
meteorology, through the input from the TAPM model.

The method used to estimate i:Pbbncentrations in urbareas, based on the relation to the
levels of NQ, has earlier been applied by i.a. UK (M8€8). The relationship was adjusted to
Swedish conditions, reflecting bothudinal and seasonal variatigh€omparison between the
calculated PM concentations based on the PMNO ; ratio, and monitomng daa in urban
background hashowngoodagreemen(Sjoberg et aR009) However sources of N@and PMo

are not always the same, for instasrog ftange transport is the dominating source to thé actua
particle level®bservedin Swedenwhereas the main sources of,Nfde traffic and energy
production Sincehere ar@nly four sites in Sweden where PM is measured in regional background
it is difficult tq with certaintyestimatehe contributionfrom long range particle transport. This
does impose sonuacertainty ito theparticle modelling.

The assumption that tihNO, and PMconcentratiosmareproportional to the number of people in
a grid cell fails to capture the spatial patterns of roads, RWeeenissions are significant.
However, acomparison between this approach and modelling with a higher spatial resolution
shovedsimilr population exposure res@gberg et aR009;SLB, 2007). Thus, the assumption
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is therefore considered approprigien calculating the PM exposure at a national level and in the
resolution of 1*1 km grid cells. Future development of the modelling methodology would be
possible by incorporating an improved spatial pattern of emissions. It might also be possible to use
concentration maps available in larger cities, and apply the dispersion pattern to the URBAN
model.

Environmental standards as well as environmental objectives are to be met everywhere, also at the
most exposedteb sites. However, for exposure calcuiatib is more relevant to used urban
background data, on which also available expespmnse functions are based. The results from
the urban modelling show that id@fhost of the country had rather 1M, urban background
concentrationsompared tohe environmental standard for the annual mean (46)ugikewise

the PMy urban background concentraticospared to the environmental standard for the annual
mean (40 ug/f were also low in most parts of the courttgwever, in some parts, mainly in
southern Swedetthe concentration levels were of the same magnitude as the environmental
objective (20 pg/fhas an annual mean) for the year 2010. The majority of people, 90%, were
exposed to annual mean concentrations of [B84 than 20 pgfnLess tha5% of the Swedish
inhabitants experienced exposure levels gfdPlve 25 pg/m

The modelling results regardingB8how that the urban background concentration levels in 2010
werebelowthe environmental objective (12 pgas an annual mean for trear 2010) in a quite
large part of the countrilore than75% of the population was exposed to;Plhnual mean
concentrations less thahpg/ms3, while less tmal5% experienced levels abovedis.

Updates to the population data used in this studparedwith the oneused for the exposure
calculations for 2005 (Sjoberg et2807; Sjoberg et,&009) showed a population increase of
nearly 64000 individuals over a 9 year period as the study 2005 used population data from 2001.
The averagexpsure haslecreasedlightlybetween 2005 and 20f@m 6.3 to 6.21g/ms3 for

NO,, 12.7 to 12.5g/m3 for PMigand 9.8 to 8.gg/m3for PMxs However, th@umber of people

living in the highly polluted areas hageasedwhich at least partially is assed with the

increase in the total population siklke population in these polluted areas teéadse skewed
towardsyoung people, whereas areas with low concentration,@d®M tend to have an older
population.

To assesthechange ithenumberdeaths associated with N@® the Swedish total population (all
ages)between2005 and 201Ghe number of preterm deaths was recalculated using the NO
concentratiordistributionfor 2005 but for the 2010 population. Using the ERBthere is a
2.0% dexase in preterm deathetween 2005 and 2010tfoe no threshold scenario, bui3.4%
increase with a|tg/ms3 cutoff (Table31). The differences betwetre two cutoff scenarios are

due toa larger proportion othe populationexposed tchigher concetrations in 2010The
estimateceffects are also relatividygerin 2010 because of increased population in RO1®.

that in this comparison we used the total popul@ibagesys was done in the 2005 study.

Table 31 Comparison of estimatetumberof excess deattdue toexposure to total N&in the
Swedishtotal population &ll age$ in 2005 and2010with corresponding mortality rate

applying the different ERF armlit-offs that have been used in this and previd085

study.
2005 cutoff 201C0cut-off 2010cut-off
(10pg/m3) and (5ug/m3) and (0 pg/m3) and
ERF (113) ERF (1.08) ERF (1.08)
2005 NG and 2005 population 828 1736 4541
2010 NQ and 2010 population 1002 2018 4564
2005 NG and 2010 population 849 1780 4655
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If we compare the estimated number of desgbciated withM.sin the Swedish total population

(all ages) in 2005 and 2010 with corresponding mortajigppdging the two cutffs that have

been sedthere is a 15.7% decrease in effects of tota) flBMhe whole populatioméble32).

Note that in this comparison we used the total population as was done in the 2005 study.
Nevertheless, the sensitivity analyses with different populatiesfés, d&RFs shows that the
calculation are highly se¢insi to these factors and chose of those can crucially affect the total
calculagd effects.

Table 32 Comparison of estimatatumber ofexcessleathsdue toexposure to total Py in the
Swedishtotal population &ll age$ in 2005 and2010with corresponihg mortality rate
applying the differentut-offs that have beensed in this and previous 2005 study

2005 cubff (4pg/m3) and| 2010 cubff (2ug/m3) and
ERF (1062) ERF (1062)
2005PM2s and 2005 population 3243 4379
2010PM2s and 2010 populéon 2624 3754
2005PM2s and 2010 population 3296 4451

In contrast to the 2005 evaluation of PM exposure (Sjoberg@%3Ithe separation between PM
sources were done somewhat differently due toerposurgesponse functionsThe new
exposurgegponse functiongor PM focus on PMsand therefore a separation betweensPM
sources were made with particle emissions from traffic exdérstm domestic heating assumed

to only contribute to the PMfraction. Ideally other Pidsources should lecluded, but due to

gaps in the current knowledge there were not enough sound information to define these sources.
Additionally the calculated exposure te #/dm traffic exhaust seems unrealistically low and we
therefore would recommend caution whegrpreting this result. We suggest that Wauld be a

better indicator of traffic exhaust pollution.

Assessment of health impacts of particle pollution is difficult since PM is a complex mixture where
different components very likely have differencitgpx However, WHGn HRAPIE (WHO,

2013b)and otherassessmentkacking evidence enough for differential quantificatiochetibe

to assume the same relative risk per particle mass concentration regardless of source and
composition. This may be a wanservative approach and unwise with respect to the implications

for actionsFor this reason we apply different expemsponse functions for primary combustion
generated particles (from motor vehicles and residential wood burning), for roadatusthand

particles (the regional background of mainly secondary particles)

The recent WHO review REVIHAAP (WHO, 2@j8tates that recent letegm studies show
associationsbetweenPd nd mort al ity at 3laedihsslconcludahdtfor bel ow
Europe it is reasonable to use linear exposspense functions and to assume that any reduction

in exposure will have benefitsisTbonclusiorirom REVIHAAP is also incorpratedas a basic
assumption iHRAPIE (WHO, 2013b).

Regarding lontgrm exposure and mortalityet REVIHAAP report also concludes that more

studies have now been published showing associations betwésml@xgosure to NOand

mortality (WHO, 201. This dservation makes the situation a bit more complicated when it
comes to impact assessments for vehicle exhaust particles, where the close correlation between
longterm concentrations of N@nd exhaust particles may cause confounding in epidemiological
studes.
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The potential confounding problem in studies of effects fromad® PMs on mortality was
dealt with in a recent review paper focusing on 19 epidemiologitatnostudies of mortality
using both pollutants as exposure variable. ey studies withwo-pollutant model§PM s

and NG in the same modethowed decrease in the effect estimates of hnWeverstill
suggesting partly independent eff@ne. problem with such analyses is that the associations with
mortality could partly maused bgxhaust particles having arelaton with both NQ and PM:s

In such a situation it would cause a problem of double counting if mortality effects of.lgoth PM
and NG are added.

We believe that the effect on mortality of vehicle exhawsiuexpn this national study is better
described by N@evels than by PN and have in our calculations decided to lasgeaDanish
cohortstudy of NQ and mortality not included in the matalysis mortality (Raascihealsen et
al, 2012).

Which,if any,cut off levelto use ina studylike this israther arbitrary, since we do not exactly
know the natural background levels nor the shape of the expsporese associationtire
lowestconcentration intervals. There is no evidence of a spexiicldgical threshold level
shown to support a specific cut off le¥r the assessment of different policies, especially in
countries with a high backgrodadel of air pollutantshis question is not so relevant. When the
total burden is estimateke assumption of a lower threshold or not becomes relevant and makes a
difference. Thus, weelieve that for the total particle expasasefor PMs from other sources

than traffic and wood burning, a low thresimid 2 3 RMys/ carresponding to theatural
background imorthern Swederis motivatedFor PMso the corresponding threshold i©% /2. m

For the longerm effectof NO, on mortality as a general traffic pollution indicateg, use 5

Q g 2 asthresholdjn addition to having no thresholda#i. Without the threshold the regional
background concentration is fully included, which likely results in double counting if added to the
estimated impact of total PM

The assessment of health impacts using &Mexposure indicator is modidveor the regional
background particle pollution. At first, urban background PM is largely built up by secondary
particles, where a large part originates from remote sources. Secondly, the most often applied
exposurgesponse relations for letegm effets on mortality come from studies where such
particles were important for the contrasts in exposure. Recent research has shownhgt within
gradients in air pollution seem to be very important for health effects (Jerret et al, 2005; WHO,
2006a). Howey, as suggested in this stpdyticle mass concentration (asd@VIPM:.9 is not a

good indicator of vehicle exhaust levels. Street levelsqah&Mbe a good indicator for traffic

when there is a lot of road dust, in particular during winter amglwpere studded tires are used.

NO: is on the other hand in most areas a good indicator of air pollution from the transport sector
(cars, trucks, shipping). This does not mean thatstii® definitemaincausal agent behind the

health effects related air pollution. Even if the exhaust padiale thought t@ontribute most

to the health impacts, the health effects from-leganal gradients in vehicle exhaust are likely
much better studied using NG NOx asan indicatgrrather than using pate mass as RM

Thus, thecalculatiorusing NQ is therefore a better indication of the magnitude of the mortality
effects from traffic in Sweden than the estimates for exhaust PM and road dust PM in this
assessment.

The estimation of respiratory aaidiovascular hospital admissions due to thetsimréffect of

PM:sand NG may seem tgivea low number ohdmissiongn comparison with the estimated
number of deaths, new chronic bronchitis cases and restricted activity days. However, for hospital
admissions only the shegtm effect on admissions can be estimated, and thus not the whole
effect on hospital admisss following morbidity due to PM. The total yearly number of hospital
admissions in persons that developed their disease due tatain gejposure may well be2lD

times higher. It would be valuable to have morbidity indicators also for othembioefjects of
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air pollution exposure than chronic bronchitis. Most of the excess cases are related to large
numbers exposed to lemoderate urban background levels, why current EU targets will have a
minor effect.

All in all,a total of approximately3®0premature fatalitiend anumber of other health effects

were estimated for 2010 assuming division bef®Wesources and MO, cutoff of 5 pg/me.

Our comparison with the corresponding previous health impact calculations shows that the
changes in calculatedal PM2.5opulation exposure resultaibitsmaller health impacts all else
(incudingpopulation)eing the sam@&zone hasot been included in this study, but has also an
impact on preterm deaths and causes also other adverse health effects.

It is important to put the socioeconomic costspatepective ano discuss solutions that would
ensure cost efficient measures @ieahealth effects froexhaust emissions apliks. All in all,
socieeconomic costs 0f35 billionSEKz10can be associated witigh levels of PM in 2010.
Furthermorey and 25 itlion SEkKxioare related to high NQevelsUsing the division betee
PM sources and NQvith a 5 pg/mas an indicator of traffic combustion the total secimomic
cost would be approximately 42 billion &K

The high levels of PM will put som&% of the Swedish working force out of their daily
occupation. As aomparison, the Swedish Gross Domestic Product (GDP) was 3 338 bhillion
SEK010 in 2010and the number of lost employment eqgaalsroximatelyl2 500 full time
employmentsHowever, which type of abatement measures that will provide most net benefit for
socety needs further analysis. As presented earlier in this report, the health impasieeniaV

to be sourcelependent. So even though the total smmoomic cost associated with.Pd

higher than the soeezonomic cost associated with.NiDmigtt still be the case that abatement
measures focusing on WWill provide a preferable net benefit. The issues of dmuligng will
however be of key concern when exploring suitable abatement measures.

The number of RADs affecting the Swedish 'workiree'f (age group 1664 years) linked to
PM:s concentrations are abodts million which equals approximatelyy 500 full time
employmentqgiven 251 working days per yead an unemployment rate &fR0). As a
comparison, Volvo ABadapproximately2000 employees in Sweden duriri) 2thenumber

of lost employment equals more than hati@fmount of employees at the V@&®in Sweden.
The number of full time occup@&@xin Sweden during 20Einounts3.33 million full time
employmentswivw.sclse 2014. A comparison of these numbers gives that a8 Of the
Swedish working force with an occupation in the age gred He impeded from participating
in their occupation due to high levels ot Pdédncentrations

The countefactual anadjs indicated soni&-18% of the electric vehicles to be motivated just by
monetized health impacts in the three largest Swedish city regions. These percentages were
especially sensitive to the costs of electric vehicles as well as the economicStatiiséaat d.ife

(VSL) In this study, a comparatively low VSL was used, indicating that the percentage could be
even higher. However, given the future decrease in vehicle emissiomsodeestiingenEuro

standards the relative impacts of electricleshwill decreas€his reduction in relative impacts

might however be counteracted by the reduction in costs for electric vehiclesySsiilit be
reasonable thatl318% share of the costs for electric vehicles could be motivated by air pollution
health impacts in the future.
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Appendix A T Detailed description of
the Cost -Benefit Analysis of Electric
cars

Introduction

As this report has shown and reconfirmed, air pollution in Sweden is still causing severe health
problems, andxhaust gasé®m road transpowire according to the best available knowledge on

of the most important culprit. The current Swedish projection on the development of car traffic is
mainly considering a rejuvenation of the car fleet implying improgsiberdntrol, and a shift

from gasoline to diesel engines. These cars will deliver emission reductions of Bdiy, N@d

PM:s but given that many Swedish cities are projected to experience relatively high levels of air
pollution in 2020 and 2080mstedt, Andersson et, 2012 Holmin Fridell, Jones et,&013)it is
worthwhile exploring further options.

Given the last years teatali development in electric cars these were chosen as a vehicle
technology to be analysed in a counterfactual analysis of what the air pollution situation in three
selected cities in Sweden could have been likeOjnaB@1what the net benefit for theges

would have been from an air pollution perspective gréEahouse gas abatement measure would
have been introduced.

Method and data

Data on road transport emissions of,N@d PMswere taken from the analysis performed by the
Swedish Road Adnistration and used in the Swedish projection of emissions as reported in
March 2013Gustafsson, Sjodin et, 2013) Data on 2010 vehicle usage and vehicle purchases in
the regions were taken from Trafikanalys (2014).

Table A 1: National NO, and PM, s emissions from road transport in 2010

Vehicle type NO (ton) Share PM_ s (ton) Share
All vehicles 64657 100% 1567 100%
Gasoline cars 15034 23% 115 7%
Ethanol/gasoline cars 351 1% 3 0%
Gas/gasbne cars 16 0% 0 0%
Diesel cars 6926 11% 384 24%
Diesel heavy duty truck 30355 47% 556 35%
Gasoline light duty truck 725 1% 7 0%
Diesel light duty trucks 5713 9% 380 24%
Diesel bus 5536 9% 122 8%

As is seen in the table above, passenger carsimzhsome 35% of the total road transport NO
emissions in 2010 (31% for M

In order to derive the number of cars that should be considered for analysis we selected a number
of municipalities surrounding the city regions of Stockholm, Gotedavpbmo. At this stage it

was important to select a sufficiently large amount of municipalities so that it would be fairly
reasonable to assume a 1:1 correlation between changes in road transport emissions in the city
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municipalities and changes in airugiolh concentration from exhaust gases in the city
municipalities. The key issue was that the source contribution of exhaust gases in the city
municipalities origin not only from cars bought and owned within that municipality. Other cars are
also contribumhg significantlyTable A2 indicates the municipalities considered for health impacts

and vehicle purchase in this analysis.

Table A 2: Swedish municipalities considered in the CBA case

Stockholm region

Goteborg region

Malmo region

UPPLANDS VASBY

HARRYDA

STAFFANSTORP

VALLENTUNA

PARTILLE

BURLOV

OSTERAKER

ALE

VELLINGE

VARMDO

LERUM

KAVLINGE

JARFALLA

GOTEBORG

LOMMA

EKERO

MOLNDAL

SVEDALA

HUDDINGE

KUNGALV

MALMO

BOTKYRKA

LUND

SALEM

LANDSKRONA

HANINGE

ESLOV

TYRESO

UPPLANDSBRO

NYKVARN

TABY

DANDERYD

SOLLENTUNA

STOCKHOLM

SODERTALJE

NACKA

SUNDBYBERG

SOLNA

LIDINGO

VAXHOLM

NORRTALJE

SIGTUNA

NYNASHAMN

In these municipalities, TrafikandB@14) provides information on the number of cars used in
these municipalities and the number of newly purchased vehicles in 2010. This information was
used as an indicator on how much goms should change in the CBA ciable A3 shows the

number of vehicles and the potential number of electric vehicles to be considered in the analysis.

Table A 3: Number of vehicles onsidered in the regions

Stockholm region Goteborg region Malmo region
Cars in traffic 2010 800534 285290 263936
New ele cars /
Corresponding to new
purchase of cars in 2010 | 77476 31377 21493
% ele vehicles 9.7% 11% 8.1%

The impact on emissi®im the regions was analysed based on the Swedish average vehicle fleet for
2010. In this case, the regspecific percentage of electric vehicles was introduced into the vehicle
fleet, where they either replaced old cars or new cars. The total nuwebered and vehicle
kilometres were kept constant as in the original data for 2010. This analysis then produced max and
min impacts on emissions, which were then averaged in the central case analysis.
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In order to calculate the abatement costs we stedtes from the Swedish Consumer Agency

(2014. The abatement cost was estimated as the difference in annual purchase and operating costs
for the vehicle owners (net of taxes and subsidies) buying and using an electric vehicle instead of a
conventionalar. Annual purchase cost was in this case represented by the annual depreciation cost
of the vehicle. The abatement costs were calculated for a low, mid, and high level reflecting
different comparative vehicles, ownership duration and miles driven. per year

Assumptions

1
1

= =

We assumed that the vintage of the national average car fleet was identical to the vintage in
the city regions.

We assumed that the relative contribution of different vehicle types to total road transport
emissions in the city regions cqroesled to the national average. The two assumptions
above can at least partly be justified by the similarity in average traffic work in Sweden
2010, and traffic work in Stockholm 2008Tabée A4.

We assumed dh electric vehicles would replace gasoline, diesel, gas, and ethanol cars in
proportion to their share of the total passenger car fleet (maximum impact case), or in
proportion to their share of total newly purchased cars in 2010 (minimum impact case).

The setting of this case implied that there would have been a large amount of used cars
being sold so that the right mileage need would be given to the right consumer. New cars
are usually used more than old cars, but electric cars have an upper liynindead.

So the car owners in need for a car with long transport capacity would have had to buy a
used car.

We assumed that a % change in vehicle exhaust emissions from a municipality would
correspond 1:1 with a % change in source contribution tollatiop concentration in

these and other included municipalities.

We assumed that X% change inyN@issions would correspond in an X% change in

NO; concentrations.

We assumed that electric vehicles have zero tailpipe emissions.

We assume that the éfimity used for these cars would origin from renewable non
combustion sources.

We assume that the price difference between average and electric cars observed in 2014
could have been observed in 2010 (given earlier investments in technology development).

Comparison with 2008 data for Stockholm shows a decent fit between the national average
transport work in 2010 and the Stockholm region transport work in 20G#)lee%!.

Table A 4: Transport work share per vehicle category in Sweden 20 Gustafsson, Sjodin et al.

2013) and Stockholm 2008Burman and Johansson 2009)

Sweden 2010 | Stockholm 2008
All vehicles 100% 100%
gasoline cars 58% 58%
E85/gasoline car 4% 9%
Gas/gasoline car 0% 1%
Diesel car 20% 126
Diesel heavy duty truck 6% 3%
Gasoline light duty truck 1% 5%
Diesel light duty truck 9% 11%
Diesel bus 1% 1%
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Results

The regiorspecific increase in number of electric vehicles would in this analysis have an impact on

IVL report B 2197

vehicle usage and vehicle agige The impact shownTiable A5 andTable A6 represent a 10 %

introduction of electric vehicles in 2010 on the national average passenger car fleet. The impact per

fuelcategory depends on the share of the fuel categories of the total cars saof@rafik@adalys

2011)

Table A 5: The number of vehicles, average km, and vehicle km in 201®nsidered in the CBA

(minimum impact on emissions since electric vehicles replace new vehicles)

National estimate 2010

CBA case 2010

Emission | Number | average| vehicle | Number | average| vehicle
Fuel class | vehicles| km/yr km/yr vehicles | km/yr km/yr
E85/gasoline PreEuro
E85/gasoline Euro 1
E85/gasoline Euro 2
E85/gasoline Euro 3
E85/gasoline Euro 4 199 729 14 340 | 2864 026 040 162 526 14 340 2 330 562 046
E85/gasoline Euro 5 4763 8 553 40 736 696 0 0 0
E85/gasoline Electric 0 0 0 41 965 13 683 574 200 689
Sub-total E85 204 492 14205 | 2904 762 73§ 204 492 14205 | 2904 762 736
Gas/gasolia PreEuro
Gas/gasoline Euro 1
Gas/gasoline Euro 2
Gas/gasoline Euro 3 1060 11 053 11712 717 1 060 11 053 11712 717
Gas/gasoline Euro 4 23 089 14534 | 335586 390 2 968 14 534 43 144 019
Gas/gasoline Euro 5 862 9 54 7973 831 0 0 0
Gas/gasoline Electric 0 0 0 20 983 14 317 300 416 202
Sub-total Gas 25011 14205 | 355272938| 25011 14 205 355 272 938
Gasoline PreEuro 358 407 6715 | 2406777789 358407 6 715 2 406 777 788
Gasoline Euro 1 336807 | 10279 | 346202435| 336807 | 10279 | 3462092 435
Gasoline Euro 2 917821 | 12237 | 1123147981 917821 | 12237 | 11231479 813
Gasoline Euro 3 400 587 13717 | 5495011643 400587 13 717 5495 011 643
Gasoline Euro 4 1456 082| 15294 | 22268996 98| 1338960| 15294 | 20477 772 223
Gasoline Euro 5 29 757 8 920 265 437 974 0 0 0
Gasoline Electric 0 0 0 146 878 14 003 2 056 662 732
Sub-total gasoline 3499461 12896 | 45129796 63| 3499461| 12896 | 45129 796 634
Diesel PreEuro 6 035 4776 28 824 818 6 035 4776 28824 818
Diesel Euro 1 13 460 11733 | 157931371| 13460 11733 157 931 371
Diesel Euro 2 49 324 16797 | 828497241| 49324 16 797 828 497 241
Diesel Euro 3 72718 23682 | 1722112169 72718 23682 | 1722112169
Diesel Euro 4 443 639 27759 | 1231486630 | 255 798 27 759 7 100 638 771
Diesel Euro 5 21 985 17 938 | 394362 875 0 0 0
Diesel Electric 0 0 0 209826 | 26730 | 5608590234
Subtotal diesel 607 162 | 25441 | 15446594 60] 607 162 | 25441 | 15 446 594 604
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As is seen iffable A5, in the minimum impact, the electric vehicdplace the newest cars
available in each fuel category.

Table A 6: The number of vehicles, average km, and vehicle km in 2010 considered in the CBA
(maximum impact on emissions since electric vehicles replace old vehicles).

National estimate 2010 CBA case 2010
Emission | Number | average| vehicle Number | average| vehicle
Fuel class | vehicles| km/yr km/yr vehicles | km/yr km/yr
E85/gasoline PreEuro
E85/gasahe Euro 1
E85/gasoline Euro 2
E85/gasoline Euro 3
E85/gasoline Euro 4 199 729 14340 | 2864026040 179938 14 340 2580 234 418
E85/gasoline Euro 5 4763 8 553 40 736 696 4763 14 340 68 299 352
E85/gasoline Electic 0 0 0 19 791 12 947 256 228 965
Sub-total E85 204492 | 14205 | 2904762736 204492 | 14205 | 2904 762 736
Gas/gasoline PreEuro
Gas/gasoline Euro 1
Gas/gasoline Euro 2
Gas/gasoline Euro 3 1 060 11 053 11712 717 0 0 0
Gas/gasoline Euro 4 23 089 14 534 335 586 390 21729 14 364 312 118 304
Gas/gasoline Euro 5 862 9 254 7 973 831 862 14 534 12 522 949
Gas/gasoline Electric 0 0 0 2421 12 655 30 631 686
Sub-total Gas 25011 14 205 355 272 938 25011 14 205 355 72 938
Gasoline PreEuro 358 407 6715 | 2406777789 19728 6715 132 476 906
Gasoline Euro 1 336807 | 10279 | 3462092435 336 807 6715 2 261 726 305
Gasoline Euro 2 917821 | 12237 | 1123147981] 917821 | 11507 | 10561 691 794
Gasoline Euro 3 400587 | 13717 | 5495011643 400587 | 12466 | 4993670 062
Gasoline Euro 4 1456 082| 15294 | 22268 996 98| 1456 082| 14927 | 21 735 107 17(
Gasoline Euro 5 29 757 8 920 265437974 | 29 757 15 294 455 098 001
Gasoline Electric 0 0 0 338 679 14 734 4990 026 395
Sub-total gasoline 3499461 12896 | 4512979663 3499461| 12896 | 45129 796 634
Diesel PreEuro 6 035 4776 28 824 818 0 0 0
Diesel Euro 1 13 460 11733 | 157931371 0 0 0
Diesel Euro 2 49 324 16797 | 828497241| 10058 7 559 76 027 691
Diesel Euro 3 72718 23682 | 1722112169 72718 17 461 | 1269 755 880
Diesel Euro 4 443 639 27 759 | 12314 866 13| 443 639 27 219 | 12075 306 074
Diesel Euro 5 21 985 17 938 394 362 875 21 985 27 759 610 281 015
Diesel Electric 0 0 0 58 761 24084 | 1415223940
Subtotaldiesel 607 162 | 25441 | 15446594 60] 607 162 | 25441 | 15 446 594 604

NOyx and PMs emission changes were then calculated based on the differences between the
national estimate for 2010 and the CBA case vehicles and vehicle usage. The sharp increase in
purchase and usage of electric vehicles, followed by a decline in purchase and usage of other
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conventional fuel cars would in this analysis imply changes in emissions and air pollution
concentration as presentedrable A7 andError! Reference source not found.The resulting
percentage impact on emissions in 2010 is shovable A7, with the following 1:1 impact on

NO2 and PM:; concentration from vehicle exhaust emissioisror! Reference source not

ound..

Table A 7: Potential reduction in regional transport emissions if all newly purchased passenger cars
in 2010 were electricValues in paranthesis represent the values for the minimum and
maximum impact calculations.

Reduced emissions Stockholm region Goteborg region Malmo region
NOx (%) 6.2 (4.98.2) 6.9 (4.39.2) 5.1 (3.86.9)
PM..5(%) 7.2 (6.88.2) 8.1(7.199.1) 6.0 (5.67.0)
Fuel use (~ % C9 ~11-12 ~130614 ~9410

Again, this 1:1 ratio between changes in road transport emissions and contrid@ioanth

PM.s concentrations from road transport is a case specific relationship that we onsider a
reasonable given the number of municipalities included in the analysis for each region. There are of
course passenger cars from other municipalities and regions that enter the city municipalities
(thereby reducing the 1:1 ratio assumed in this anbiysibg cars in the studied municipalities

would likewise affect municipalities outside the regions considered in this analysis (thereby implying
health impacts not considered in this analysis).

The health impacts and economic benefits calculated frometction in air pollution
concentrations followed the methodology presented in the main report and will not be further
presented here. These emission reductions would come with an average annual cost per vehicle, as
presented iffable A8.

Table A 8: Electric car abatement costs, based on three electric vehicles.

Car Make Years of Mileage cost per Total annual cost | Annual abaement
ownership year cost per ELE car
(SEKz019
Low | Mid | High Low Mid High Low Mid High Low Mid High
Nissan LEAF EL| 5 3 1 4500 [ 3000 | 1500 | 66300| 69300 85000( 10 000| 22 300| 38 700
Visia 2014
Chevrolet Volt | 5 3 1 5100 | 3400 | 1700 | 80500| 82300| 80 000| 25500 35300| 33 700
1.4
Opel Ampera | 5 3 1 5100 | 3400 [ 1700 | 72300| 72000| 68 800| 16 000| 25 000| 22 500
Volkswagen Golf 5 3 1 21200 14100 | 7100 | 55000| 47 000| 44 000 - - -
21.4T7Sl
Volvo V40 5 3 1 22200( 15000 7500 | 56 300| 46 300| 46 300| - - -

The annual abatement costs highlighted in bold were usednmintheax, and average CBA
estimatesThe other vehicles were included for comparisons of possible price ranges.

The impact on human health that would be associated with a large scale introduction of electric
vehicles is presentedTiable A9, as well as the final G&stnefit analysis of the introduction.
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Table A 9: Avoided health impacts and cost benefit analysis of a potential use of electric vehicles in

2010

IVL report B 2197

‘ Stockholm region

Goteborg region

Malmo region

Mortality (cases)

Mid case 42 22 11

Min cass 28 15 7

Max case 57 29 15
Chronic Bronchitis (cases)

Mid case 1 1 1

Min case 1 1 1

Max case 2 1 1
CHA - Hospitalisation, cardiology (cases)

Mid case 1 0 0

Min case 1 0 0

Maxcase 1 0 0
RHA hospitalisation (cases)

Mid case 17 9 4

Min casse 11 6 3

Max case 22 12 6
RAD (cases)

Mid case 1819 1077 1013

Min case 1238 964 871

Max case 2333 1203 1362
Abatement Cost (million Sk

Mid case 1728 700 479

Min case 2998 1214 832

Max case 775 314 215
Economic Benefits (million Sk

Mid cass 265 138 71

Min cass 152 85 40

Max case 1060 538 282
Economic values fror 305 159 81
European Commissig
% of cost motivated for health reasons

Mid case 15 20 15

Min case 8 10 7

Max case 137 172 131
Economic values fror 18 23 17

European Commissiag

As is seen in the table above, the @Alltsshow a large variation in the net benefit associated
with human health benefits in 2010. The CBA results are mostly dependerisis #ssaciated

with electric cars and the economic value assigned to avoided fatalities.
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Discussion

Sharp conclusions from this CBA are not suitable due to the -dacnter nature and the
necessary assumptions made. It is however worth repeatitige thatieeconomic benefits

related to human health impacts from air pollution is quite often not considered when comparing
different greenhouse gas emission abatement options. And as we hava 20@@nijtcould

have been a relatively good idea $h fpor a faster introduction of electric vehicles. The indicative
results from our analysis showed a range betweeB08% of the costs being covered by the
socioeconomic impacts on air pollutiond18% in the central case). The most important factors
determining the size of this-loenefit were the costs for electric vehicles, and which economic
value that should be assigned to an avoided fatality. What is happening today is a very fast shift to
diesel vehiclgFrafikanalys2011 BilSwedeyi2014) These have relaly high emissions of NO

and PMscompared to other types of vehicles, and will not be on par with other cars until 2017 at
the earliest. This shift risk missing out on an opportunity to ensigeafits between greenhouse

gas emission abatement ang@llution emission control. Considering the impact of electric cars,

a final note is that while emissions of newer cars is expected to go down in the future, thereby
reducing the benefits on human health from introduction of electric vehicles, rsbatily phe

costs of electric vehicles, which would increase thbeoesdit of an introduction of electric
vehicles.
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