Welell¢:!
‘ ) Air Quality

Quantifying the impact of low- and zero-
emission zones in six European cities

for the Clean Cities Campaignd Transport &
Ervironment

03 May2023




f\ Noise

Quantifying the impactof LEZSZEZ&in 6 EuropearCities e
DocumentControl

Client Clean Cities Campaign (hosted by Principal Contact Jens Mueller
Transport & Environmehand
Transport& Environment

Project Number 10-12009D-10

Prepared By: Ben Marner Tim WilliamsonKate WilkinsAdam Dawson,ucy Hodgins,
Martin Parce,and Wale Abiye

Document Status and Review Schedule

Document No. Date Status Reviewed by

10-12009D-10-FO1 03 May 2023 Final Stephen Moorcroft (Director)

Logika Group is a trading name of Air Qua&ipnsultants Limited (Companies House Registration No: 02814570), Noise Consultants Limited (Companies

House Registration No: 10853764) and Logika Consultants Limited (Companies House Registration No: 12381912).

This document has been prepared based on itifermation provided by the client. Air Quality Consultants Ltd, Noise Consultants Ltd or Logika

Consultants Ltd do not accept liability for any changes that may be required due to omissions in this information. befesseoagreed, this

document andall other Intellectual Property Rights remain the property of Air Quality Consultants Ltd, Noise Consultants Ltd andi@drogikants

Ltd. When issued in electronic format, Air Quality Consultants Ltd, Noise Consultants Ltd or Logika Consutamist laccept any responsibility for
any unauthorised changes made by others.

Air Quality Consultants Ltd operates a formal Quality Management System, which is certified to ISO 9001:2015, and a\icomakiial
Management System, certified to ISO 14(MM15.

When printed by any of the three companies, this report will be on Evolve Office, 100% Recycled paper.

Registered Office: 23oldharbour Road, Bristol BS6 7JT Tel: 0117 974 1086
24 Greville Street, Farringdon, London, EC1N 8SS Tel: 020 3873 4780
6 Bankside, Crosfield Street, Warrington WA1 1UD Tel: 01925 937 195



('\ Noise

Quantifying the impaatof LEZSZEZin 6 EuropearCities

R [ 011 0T [§Tox (o] o H PP P PP PP PRPRPPP 3
1.1 REPOI SITUCTUIE....ceeeiiitiiies ettt e e e e e et e s e e e e e e e e e ae bt e s s e e e eaaeeeenaensaaanaeeeeaeeeeeenned 4

2 MENOAOIOQY ...ttt 5
N R O aTet=T o (N F= U @ =T YT 5
2.2 Defining Existing Baseline Local Road INCrEMENLS.........cccccciiiiiiiiiiiiiiiiiiieeiieeeeeeeeseeeeeeeeaeeen 6
2.3 Defining the Contribution from Other SOUICES........cccoiiiiiiiieiee e 7
2.4 Prediting Local Road Increments in the FULULE.............uvviiiiiiiiieeieiiiecieeciceeeeeeeeeeeeeeeee e d.
2.5 Calculating the Total Future CONCENIIAtIQNS.......uuviiiiiiieiiiei e, 15
2.6 LIMITATIONS ...ce ittt e et e e e e et e e e e e e e e et e e e e e e e nbb e e e e e e e e nnrr e e e e e e e e aanne 15

3 Existing Baseline Concentrations at Wotsdse Fixed Monitors and the Contributions from

OtNEBI SOUICES....eiiiieiiei ittt emr et et e e e e e e e bbbt et e e e amre e e e e e e e e e aans 18

I A |V o [ o [P OP OTPPPP PP PP PPPPRN 18

I C] =T 1T gl o |1 PP P PP PPPPPPPI 25

3.3 BIUSSEIS ...ttt r e 31

G | 11 F- 1 o PP PSP O PR PPPPRPO 36

35 WWBIISAIW . .ttt ettt e e e e e e e e e e e e e e e e e e e aaaeaanaaa A3

GG I o 1 To [0 o PO TP PP PP PPPPOUPPPPRPUPPPY” |

A RESUITS ....ceieiiiieeee et e et e e e e e e e e e e e eeeees 57
ot O | = o | o 57

A €1 (=T =T g o= TP PPPPPP PP 61

4.3 BIUSSEIS ... eeeieiiieie ettt et e e arne e e e nnned 64
V1 =T o T PP PO PPPPPPPPPPN 68

I = 147 O 71

G e 5 To (o] o PP PP PP PPPPRPON 74

5  Summary and CONCIUSIONS........ccooiiiiiiiiiiiii ittt e e e e e e e e e e e e e e e e e e e e e e e eeeeenes 77

10-12009¢10 2 May 2023



f\ Noise

Quantifying the impaatof LEZSZEZin 6 EuropearCities

The European Commission has been undertaéireyiew of the Ambient Air Quality Directive
2008/50/EC, abbreviated a#8sAQD The purpose oftis reportis to provide realvorld contextand
analysigo inform this process The Europan Commission has also recently set out proposals for
regulating the type approval @missions from motor vehicles under the Euro 7 standard; a
separateelement of research has been commissioned wiscturrently being finalised anaill be
reported on in due courseThe currentreport quantifiesthe benefits thatfuture Low Emissions
Zones (LEZ9)and Zero Emissions Zon@EZsS)might have on air quality in major European Cities.
It takesa generallycautious approach regardingir quality improvements in the futurgarticularly
with respect to thosewhich might be delivered by netmansport sectors

The work ha®een carried out by Air Quality Consultants Ltd (AQC), on behalf of the Clean Cities
Campaign (CCC) and Transport and Environment (R&Igjtional data has been kindly provided

by the International Council on Clean Transportation (ICCT) and The ReaBuonissions (TRUE)
Initiative.

The AAQD requires that limit value compliance must be achiaved relevant locationsvithin
eachmember stateand theCourt of Justice of the European Union kksifiedthat compliance

mustbe assessed 2 Y AG2NA Yy 3 &Gl GSa 6KSNB LIS2L) SQa SELR
average across an area

Within each member statehe location with the maximumeported concentratiorthus defines
when and if dimit valueisachieved.l2 O f WK 2 §inefitaify @icate thaliinaie date of
compliance.Measures to improve air quality in theserst-caselocationsusually combine
international, national, and local actiontocal actionsuch as LEZs©xdmeasures to encourage
modal shiftcan be particularly effectiveas showrby AQGn acompanion reporto this oné.

Despite thisit is understood that th® dzNR LIS | y / Bnpadtassessmznf tO dccompany the
proposals for a revised Directive eknot take the potential impacts of further Lewand Zero
Emission Zones into accourt. K S/ 2 YY A & & this yhiQskes alkey [febmwnishamight
assistmember statesachie\e future limit values.

The LEZ/ZEZ studhows the additional benefits thatEZsZEZsand their tighteningmight haveon
air qualityin the following six cities:

Madrid;

1 LEZs regulate access to urban areas based on the emissions of motorised %ehicles

2 https://cleancitiescampaign.org/wqeontent/uploads/2022/07/Thedevelopmenttrends-of-low-emissionand-zero-
emissionzonesin-Europel.pdf

3 ZEZsestrictthe use of vehicles with internal combustion engifies

4 https://www.clientearth.org/latest/latestupdates/news/clearair-closerfor-brusselsafter-top-eu-court-ruling/

5> Meeting the siting requirements othe AAQD

8 https://www.aqconsultants.co.uk/CMSPages/GetFile.aspx?guid=61d3074d4{7{-896£3915c7bce75e
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Paris
Brussels
Milan;
Warsaw and
Londor.

While a range of assessment methods mighimately be required,lhe most common approach in
reporting compliance with the AAQD limit valuesasisemeasurements made at fixed monitoring
sites. As noted above, the monitoring Sitehich measures the highest concentration ultimately
dictates when and if the limit value is exceeded withiroae or agglomerationThs study has thus
focused on thdixed monitorwithin each citymeasuringhe highest concentration However,
sincevery local actions (e.@pdividualroad closurad) O2 dzf R a A Y LJ @asedY 2 @S Q
measurement in a citygnd becausehe existingfixed nonitoring sies are unlikely to repent
uniqué® air quality conditions withireach city the worst-casemeasurements are takemore
broadlyto represent worstcase aiiquality across the citgs a whole The potential future benefits
on these concentrations from three alternative LEZ/ZEZs in eachasigythenbeenquantified,
including expected effects on traffic redimh and modal shift as already observed in the most
stringent lowemission zones (e.g. London's ULEZ)

Section2 outlinesthe methodologyfor this study. Section3 describes theneasurements from
each of the six cities on which this stuays been based. Sectidrsets out the result$or each
city. Finally, Sectiob provides a brief summary armbnclusions

”While London isutside of the EU27, it is still of interest to consider the potential effects of future tightenitigeof
[2YR2Y Wt 4GNIQ [ 9%o

8 or even the worstcase location Locations with fixed monitors are unlikely tcapturethe worst air qualityacrossall
hotspotsin a city(https:// www.aqgconsultants.co.uk/CMSPages/GetFile.aspx?guid=2b5463ta482a930a
d0d99ee52b8)%

10-12009G10 4 May 2023

i K



f\ Noise

Quantifying the impaatof LEZSZEZin 6 EuropearCities

Air quality modelling can often be complexgmbinng multiple threads ohighly detailed
assumptions The relative uncertainty aroundifferent assumptions is not always the same ahd i
is notalways obvioushat the additionalcomplexity gives more accurate result

The approach taken here seeks to cut throughch of the complexity often associated with
predictive air quality modelling. fbrecasts ambientoncentrations without recourse to dispersion
algorithms or multisource emissions inventorie$t usesrecentmeasured concentrations
combined withthe relative changes tpredicted futuretransport emissiongo estimate future
ambientconcentrations. While such aimplified approactioeshave clear limitations, which are
identified inSection2.6and are intended to be fully transparenhe outcomes aresuitable to
demonstrae the effecsthat local trafficinterventions might have oworst-case concentrations
within eachcity. Whie more complexnodellingmightadd detail, it would not necessarily result in
more accurate futureyear predictionor change the outcomes of this study

The approactiaken can be summarised as:

1) Define theroad increment to measured annual mean NDdPM s concentrationsg in
most cases this is taken as the maximum measgmettentration minushe measured
concentration from a representative local background monitoring site;

2) Predictthe change in traffigelated NOx and PM emissionswithin LEZ areayver time and
associated with each LEZ/Z&fhis was done using simpleemissions modelvith fleet
projections derived with assistance of CCC a%#;and

3) Assume that the relativehange tdocaltraffic-related NOx and Pl¥ls emissions will
translate directlyas a relative change to the local increment of NOx and M
concentrations

It has also been necessary to make some broad assumptions regarding chaeeggse to the
concentration increment from other sources (i.betlocal background), but this is not the focus of
the study and so these assumptions are coarse and intended to be conservative.

The approachtaken heredoes not require, or define, a specific geographical extent of any of the
LEZ/ZEZs. It simply assumes thatltG&/ZEZ will act on the entire local traffic increment to
concentrations.In practice, this is usually dominated by roads within 200 @nohsessment

point, but while theassessment points are based on the fixed monitoring sites, they are not
intended to solely represent these locationhe principal limitatioawith this approacharethat it
assumes direct linear relationslsipetween totaltraffic emissions within each LEZ/ZEZ and those
which drive concentrations at each monitor, abetween NOx and N{zoncentrations. The
implications of these, and other limitations, are discussed further in Se2t@rut

10-12009G10 5 May 2023
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notwithstanding these limitations, the approach is sufficientrtdicatethe potential benefits
achievable within a city from LEZs and ZEZs.

Further details of the approach are provided in thext subsections.

Asexplained in Sectiof.1, this studycuts throughmodel complexity by relying on ambient
measurements. However, thegpproach is constrained by the availability of ratified measurements,
and by recent temporary effects of the COMI®Pandemié. Ratifiedmeasurementgor 2022

were not availabléo inform the study, and it was considered that measurements during both 2020
and 2021 riskedinderreporting longterm concentrations owing to the COVID Pandemic. The
base year for thetudy was thus defined as 201While usingconcentrationsaggregated wer

multiple years might provide a more robust dataset, it would also have added signémapiexity

to the approach and was not considered necessary

For each citythe fixedroadsidemonitoring site with the highesneasuredannual mearNG
concentration in 2019 was identifiedlhe nearest representative background monitor \adso

defined. The difference between tleoncentratiors measured at the roadside and background
wastaken to represent the local road increment. Further details of this process, and a description
of the measurements used, is provided in SecBon

The same apprach was taken foPMy.s where suitable data existed. However, in several cases,
direct reliance on the reported measurements was the numsisidered to beppropriate(see
Section3). This was because either the available roadside measurements were not considered to
representaworst-caselocationwithin the city, or because the available background measurements
did not appear to sufficiently represettte contribuion from other sources at the roadside
monitoring site For Brussels, Madrid and Warsdacal roadPM. s was calculatedrom measured
road-NOx concentrations, while for Milan it was calculated from measwad-NO;

concentrations. Details of this approach are given in Se&ion

An alternative appsach which was considered was using the changes to concentrations measured
during the COND-19 pandemic as an indicator of the local traffic component. Previous wotkeor
CCC has gquantified thedfect of lockdowns and mobility restrictions on roadsiI€,

concentration§. However, even during the most stringent lockdowns, appreciable traffiones
remained on roads and so this approach would underestintaetotal road component. As a

check on the approactsed heretheroad component of N@concentrations in Brussels, Madrid,

Pars and London calculated in this current study has been compared with the reduction in roadside
NQ: concentrations measureith these citiesluring thepandemié. The road components of NO
calculated here are consistently higharich is agexpected.

9 https://www.aqconsultants.co.uk/CMSPages/GetFile.aspx?guid=61d3074d4f7{-896£3915c7bce75e
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The contribution to concentrations from all other sources in the existing basetisgtakenfrom
the background measuremen#nd existing background calculatiotsscribed above in Section
2.2. In practice, even background mitors which are well away from roads will be affected by
emissions from road traffic, and $lois cntribution does not represent concentrations in the
absence of any traffic emissions.

There is significant uncertainty in predicting background concentrations in the future. They will be
affected bylocal, regional, and national trends and policies retfleg nontransport emissions as

well as bynon-local transport emissionsTheywill also be affected by natural eventH.is not

within the scope of this study to predict these effects in any detail. A simple and pragmatic
approach was thus taken ofgecting future trends in background concentrations based on recent
historic trajectories.This hagalculatedthe average rate of declineetween 2009 and 2019
(inclusive) as explained further for each city in Sect@rand projecéd the same rate of changgn
nmg/m?3 per year)into the future. However recognising that emissions from many sources will be
almost impossible to remove entirely, the background concentrations were restricted to fall no
lower thanthe lowest concentration measured anywhere within a city in any recent yeamost
cases, this limits thbackground concentrations to fall no low#hanthose measured during the
COVIBL9 pandemic. Details of these calculations, in each city, are given in Se8tion

In practice, it is considerdikely that the predicted contributions from other sources in the future
might be much lower than predicted her Also, because reductions to road traffic emissions would
also be expected to reduce the road traffic component of background concentratiengredicted
effects of future transport intervendnsare also likely to err on the side of caution.

For each cityan emissions model has been generatasl described below

For exhaust emissiondyis has used the COPERSI6Vhot emissions functionsith an average
speed of 30 kphPM.s emissions from road abrasion, tyre wear and brake wear have been
estimated using the Tier 2 appach in the 2019 Inventory Guidebdkas set out iTable2-1.

Emissions from resuspension of previously deposited material are not required to be reported in
national inventories, since this would doulteunt national total emissions. No method is
therefore provided in the GuideboolRkesuspension emission rates will vary by region, with the
moisture content of air and road surface being important, as well as the use of road salts and
winter tyres in some parts of Euroffe Resuspension is, howeveffigent only for particles with a

10 https://www.eea.europa.eu/publications/emegeaguidebak-2019
11 https://www.sciencedirect.com/science/article/abs/pii/S1352231021004143
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diameter greater than m, which limits its contribution to P concentration3?. Most studies
which have quantified resuspension have thus focused om Pa¢ther than PMs!l. AQEG, 2019
used measurements made in London to show that the contribution of resuspension was mostly
the coarse (PMs-PMo) fraction of concentrations. The same report also combined modelling and
measurements to soureapportion PM.sand PMo concentrations at monitoring sites across
London, using the assumption that resuspension contributed significantly te ¢dvicentrations

but contributed nothingo PM; 5.

Two-wheel vehicles 0.00162 0.002685 0.00241 0.00672
Passenger cars ICE 0.00405 0.006247 0.007946 0.01824
Passenger carsHybrid 0.004293 0.00648 0.006318 0.01709
Passenger carsPHEV 0.004347 0.006539 0.004299 0.01518
Passenger carsBEV 0.004563 0.006772 0.002214 0.01355
Light duty trucks (N4) 0.00405 0.009866 0.007946 0.02186
Light duty trucks (N4,11) 0.00405 0.009866 0.011267 0.02518
Rigid Heavy Duty Trucks 0.02052 0.015198 0.0204 0.05612
Articulated Heavy Duty Trucks 0.02052 0.031603 0.0204 0.07252
Buses 0.02052 0.014954 0.021438 0.05691

aThe number of significant figurdigks to thesource data and is not intended to indicatataaccuracy.
bTaken from Tables 3.8 and 3.9 of 1.A.3b.vi(i) (Z019)

¢ Taken from Tables 3.4 and 3.58 of 1.A.3b.vi(i) (Z0¥8)h speed correction for <40kph. For trucks and buses, values based on
fleet assumptions published in the UK NAEI

dTaken from Tables 3.6 and 3.7 of 1.A.3b.vi(i) (29¥@)h speed correction for <40kph. For trucks and buses, values based on fleet
assumptions published in the UK NIKEI

While resuspension may contribute to B¥toncentrations, it is of principal coarn for PMo.

Furthermore, there is no accepted and universal approach to estimatg; BMissions from

resuspension. This study has not, therefore, included emissions from resuspension. This may mean
that the contributions from other sources will etfevely have been ovepredicted to compensate

for the absence of a resuspension emissions source, but the extent of this is expected to be very
small.

2 https://uk-
air.defra.gov.uk/assets/documents/reports/cat09/1907101151_20190709_Non_Exhaust_Emissions_typeset_Final.pdf
13 https://naei.beis.gov.uk/
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A separate sensitivity test has also been carried out using NOx emissions factors derived by
Mulholland et al, 20224 (Figure2-1). Thesewvere derived from remote sensing campaigns across
Europe, andhie values were provided for use in this studyibit S NI LJ2 NEofdiesel dzii K 2 NB&
calculations, the COPERT functions have been replacgm$g from Mulholland et al 2022 For
vehicle types not covered in the Mulholland et al. study, the COPERT emissions functions were
retained. For the main anabis(i.e. not the separate sensitivity testtOPERT emissions functions
were used for all vehicle types.
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Figure2-1: Mean distancespecific NOx emissions from all passenger cars measured in four European

cities (Brussels, Krakow, London, and Paris) between 2017 and 2020. The laboratory type
approval limits for emission standards are indicated in re@opied from Mulholland et al., 2022

Baseline Fleet Data for Madrid, Paris, Brussels, Milan and Warsaw

For Madrid, ParisBrusselsind Milan, theexisting fleet composition was taken fratme national

urban average fleet compositidor each countryin 2018 providedy emisia® for previous work
carried out for CCC Where necessary, the vehicle categonesre remapped onto thdatest
COPERT V5vehicle descriptorsFor Warsawthe existing fleet composition was taken from local
surveys carried ouin 2020by Leeet al.,, 20226 and provided by those authorsvith additional

vehicle siz&omposition dataaken, where necessary, from the average urban composition across
the four other cities listed aboveThe2018 and 2020 data have both been taken to represent 2019
without any adjustment.

1 https://www.sciencedirect.com/science/article/pii/S2666691X22000318
15 https://www.emisia.com/utilities/copertdata/
16 Evaluation of realorld vehicle emissions Warsaw (theicct.org)
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CONSULTANTS

It has been assumed that totbhselinetraffic volumes within eat LEZZEZ will not change
between the existing base year atite 2030baseline

Future vehicle fleet composition data wederived with the assistance of CCC and T&fie
baseline assumptions provided by CCC and T&E are summarislle@-2. For cars and vans,
they are based on a cautious projection of the uptak@efo ExhausEmission VehicleZEEV)s

driven only by existing regulations. For trucks, where no similar regulations currently exist, market
forecasts were usedit should be noted that in the case of the bus fleet, this does not represent a
position which will bechieved without considerableiture effort but is one which is considered to

be achievable given sufficient will.

Madrid

Paris

Brussels

Milan

10-12009G10
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CONSULTANTS

Medium Trucks 0% 2% 4%
Cars 0.6% 0.8% 2.2%
41% (replacing 63% (replacing
Buses oldest) oldest) 95%
Vans 0% 0% 2%
Light Trucks 2% 4% 12%
Warsaw Medium Trucks 0% 1% 4%

* Source: modelling datarovided by T&E and the CCC
aAssumed to be <=7.5te

bAssumed to be 7.§14 te.

Other evolution of the baseline vehidleet was assumed based on the following basic rules:

the fleet structure in terms of vehicle size (e.g. % of passenger%eaos$ ryid 1214 te
trucks,etc.) will not change over time;

for passenger cars:

o the proportions of each model of p#euro 6 passenger car will reduce at 10% per
year(from 2019 rather than 2018, to account for both the combined 2018/2019
baseline and the effectsf the COVIEL9 pandemic)

o non-electric and norhybrid Euro & cars will make up 15% of the base year fleet of
petrol and diesel cars respectively in 2025 rising to 16.5% in 2030;

o older vehicles removed from the fleet which are replaced with neiffieEY nor
Euro 6d conventional models will be replaced with Euro 6d pdtybkid vehicles, at
a ratio 0f50% plugin hybrid and 50%onventionahybrid. 50% of the plum
models willrun on electricity at any tim;

for Light Commercial Vehicles (LCVs) and trucks, the proportions of each modekafrpre
6/VI vehicle will reduce at 5% per year with the remainder, which is not ZEEV in the CCC
projections being replaced by Euro 6d/Vbdels; and

the fleet composition of {Category vehicles has been assumed not to change over time.

In practice, a more complex model would undoubtedly give subtly different future vehicle fleet
composition projections, but the simple assumptions abovecargsidered to be fit for purpose in
the current study. It is never possible to predict future fleet composition with a high degree of
certainty.

The assumed vehicle fleet compositions are setiodppendixl.

7 This is slightly higher than has been observed in the existing fttps://theicct.org/publication/reatlworld-usage
of-plug-in-hybrid-electricvehiclesfuel-consumptionelectricdriving-and-co2-emissions/
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Data availability for London was different than for the other citi€ansequently, a different

approach has been takerkor London, the 2018eet compositionfor all traffic in central London
boroughshas been taken from the London Atmospheric Emissions InvefitoBmissions in 2019

and 2030 have then been calculated using the Emissions Factors Toolkit (EFT V11.0, published by
the UK Governmen), focusing orcentral London As withother cities, total traffic volumes have

been assumed not to change over this period.

EFT V11.0 hasbuilt projections of future vehicle fleet compositiopsovided by the UK
Department for Transport, Transport for London, and theGdiernment. It usethe exhaust
emissions functionfom COPERT5Yand the norexhaustemissions factors from COPERT V4. In
particular,it assumes no reduction in brake wear emissions from passengeusaggregenerative
braking. There is, therefor@a small mismatch between the emissions data used for London and
those for other cities, but themissions data used here are consistent with those used by the UK
Government for its own inventory.

The central London fleet composition data built into tBET have been adjusted to align with the
assumptions provided by CCC and T&E, as set dahie2-3, andthe nonexhaust component
from ZEEV vans and trucks has been include@tmpving the exhaust component of Rifor
these vehicles.

Cars 21%
Buses 95%
Vans 7%

Light Trucks 18%
Medium Truck$ 10%

* Source: modelling data provided by T&E and the CCC
aAssumed to be <=7.5 te.

b Assumed to be 7.6 14 te.

CCdalefined the LEZ scenarios definedreble2-4 and Table2-5. The scenarios reflect three
different time horizons and levels of stringencyhviegardto LEZs and ZEZshich have been
definedbased on each city's policies and plafR®r 2025, a tightening of existing or planned {ow

18 https://data.london.gov.uk/dataset/londoratmospherieemissionsinventory--lae-2019
19 https:/llagm.defra.gov.uk/airquality/air-quality-assessment/emissioractorstoolkit/
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emission zones has been assumé&ar 2027, a further tightening of these zones has been
assumed.For 2030, a zeremission zone has been modelled for all citigsshould be noted that
the scenarios set for London differ from théher cities because of th&tringencyof the Ultra Low
Emission Zone as well as the fact that the city is no longer in th&Hgfuture baseline fleets for
each city were thus adjusted implement these changes. This was dtwyesharing the non
compliant vehicles evenly among the compliaategories of the same vehidigpe; for examplen
Madrid Scenario Ahe removed Euro 1 diesel cars were apportioned equally adtass 5 and
each Euro 6 category of diesel caf$he proportions of nortcompliantvehicles were all reduced
linearly untilthe overall norcompliant car fleet reached 5%

In addition,the followingsensitivity tests werearried out

For Madrid sensitivity tests haveeen run assuming only 60% compliance with the LEZ
rules. In practicehe 2025 baseline fleet is alreadgsumed to achievalmost 80%
compliance with_LEZ Scenario A, meaning that this WBild nolonger have a direct effect
on the fleet composition, butvould stillaffect modal shift®>. Compliancevith the proposed
2027 and 2030 LEZseigpected to bdess than 60% in the 2027 and 2030 basel{@8%6
and 11% respectivelyfeaning that thee LEZwill continue toinfluencefleet composition
even with only 60%ompliance

For Brusselg 2027 Scenarid Sensitivity Test (ST4dnly Euro 6d petrol camllowedin the
LEZ (95% compliance); afsegparately)ST2¢ only 5% modal shift. 2030 Scenario & Siily
10% modal shift.

For Londorg 2030 Scenario C3T¢ all nonrcompliant cars are replaced with AEE

All of the derived vehicle fleets are summarisedppendixl.

20 Albeit recognizing that additional actions would be requireghtomote modal shift if the LEZ itself has no effect.
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Madrid

Paris

Brussels

Milan

Warsaw

10-12009G10

95%compliance rate with the

LEZ rules

5% traffic reduction/modal shift

Diesel cars: at least Euro 5

(currently Euro 4)

Petrol cars: at least Euro 4

(currently Euro 3)

95% compliance rate with the

LEZ rules

5% traffic reduction/modal shift

Diesel cars: at least Euro 6

(currently Euro 5)

Petrol cars: at least Euro 6

(currently Eurd)

95% compliance rate with the

LEZ rules

5% traffic reduction/modal shift

Diesel cars: at least Euro 6d(

temp) (currently Euro 5)

Petrol cars: at least Euro 4

(currently Euro 2)

95% compliance rate with the

LEZ rules

5% traffic reduction/modal shift

Diesel cars: deast Euro 6d(

temp) (currently Euro 6)

Petrol cars: at least Euro 4

(currently Euro 3)

95% compliance rate with the

LEZ rules

5% traffic reduction/modal shift

Diesel cars: at least Euro 4

(currently no LEZ)

Petrol cars: at least Euro 2

(currently no LE)

95% compliance rate
with the LEZ rules

10% traffic
reduction/modal sfift

Only Euro 6d{emp) cars

95% compliance rate
with the LEZ rules

10% traffic
reduction/modal shift

Only Euro 6d{emp) cars

Compliance rate 95%
OnlyEuro 6dftemp) cars

10% traffic
reduction/modal shift

95% compliance rate
Only Euro 6d{emp) cars

10% traffic
reduction/modal shift

95% compliance rate
Only Euro 6d{emp) cars

10% traffic
reduction/modal shift
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OnlyZEK cars, vans,
buses and trucks, 95%
compliance rate,

20% traffic reduction &
modal shift

OnlyZEE\ars, vans,
buses and trucks, 95%
compliance rate,

20% traffic reduction &
modal shift

OnlyZEE\ars, vans,
buses and trucks, 95%
compliance rate,

20% traffic reduction &
modal shift

OnlyZEE\ars, vans,
buses and trucks, 95%
compliance rate,

20% traffic reduction &
modal shift

OnlyZEE\ars, vans,
buses and trucks, 95%
compliance rate,

20% traffic reduction &
modal shift

May 2023



f\ Noise

Quantifying the impaatof LEZSZEZin 6 EuropearCities

No more diesel cars, vans and No more diesel aa, replaced

Only zereemission vehicles .
buses, natural turnover, with natural turnover

(cars, vans, buses and trucks),
95% compliance rate, All petrol cars are Euro 6d, All petrol cars are Euro 6d,

27% traffic reduction & modal  27% traffic reduction & modal 27% traffic reduction & modal
shift shift shift

The fleet data for each city and scenario described above were used @mtisgsions model to
predid total emissions of NOx and BN expressegber 100 vehicles in each citfhe
measured/calculated local road increments to concentrations were then scaled lieesdg on
these calculated emissions. For examghe, measured local road increment &amnual mean N®
concentrationsn 2019at the worstcase fixed monitoring site in Madrid was 268'm3. The 2018
baseline NOx emissions in Madrid were calculated(a2 g/km/100 vehicles. The 2028 baseline
NOx emissions in Madrid were calculateddass g/km/100 vehicles. The 2025 baseloeal road
increment to NQconcentrations was thus predicted to be 26.8 x 45.5 / 7012 3ng/m?.

For eacHuture assessment yeathe future local road increment has been added to the future
increment fromall other sources. This has been done separately fordd@® PM s.

This assessment has a number of limitatievisich may affect theverall results.An important

limitation relates toan assumption that the local road concentration increment at the fixed

monitoring site is apportioned directly in line with the edyerage emissions profile. In practice

this isunlikely to becorrect. The concentration at each monitoring site will be driven mainly by
emissions from those roads which are closest to it, and the precise fleet composition on these
roads will often differ from the city average. For example, monitoring sites wigcblase to bus

lanes are likely to have a stronger response to changes in bus emissions than this approach infers.
However, each worstase fixed monitor is not the only location in a city where air quality must
improve. Furthermore, it is very oftenalcase that similar concentrations could be measured
elsewhere within a city if a nemonitoringsite were established there. The measured roadside
concentrations are thus used to represent a more general position of veaist elevated roadside
levels acoss the city which might be affected by the LEZ or ZEZ. The LEZs and ZEZs have not been
designed solely to target the single worsise monitoring site.
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Anotherimplicit assumption is thathe relationship between N£and NOx is linear. This is also
incorrect. Because the N@ NOx relationship is curvilineargaven percentageeduction in the

local road NOx concentration increment will cause a smaller relative change in the local rpad NO
concentrationincrement The precise relationship depends local oxidant (including ozone)
concentrations and on primary N@roportions, both of which will change in the future. It has not
been possible to include this level of detaithe study Given the overall intention to broadly
demonstrate the potentl effects of future LEZs and ZEZs, the assumptiotirega NOX:N©@
relationshipis considered suitable.

The study also assumdsat the LEZ/ZEZ measures, and the forecast changes to baseline traffic
fleet composition, will not affect the contributioto concentrations from other sources. In

practice, an element of the measured background concentrations will be caused by regional and
national traffic emissions and this will change over time. Furthermore, reductions in NOx and
ammonia from road traffics also likely to reduce concentrations of PM It has not been possible

to include this detail.

It has been assumed that tothhselinetraffic volumes within each LEZ/ZEZ will not change
between the existing base year and 20&8seline(this is sepate to the assumed reductions
associated with the LEZ/ZEZ scenari@gnerally, there is an assumption that traffic volumes will
continue to increase yeawn-year for the foreseeable future, bdiows withinlarge city centres
have not all increased imk with historicpredictions. It is not known whether total traffic flows in
the centres of the sicities will increaseor indeed reducehetween 2019 and 203But many cities
have defined goals to reduerotorisedtraffic. The Brussel€apital Region, for example, aims to
reduce car traffic by 24% by 2073.

The fleet composition projections are relatively coarse and, as explained abovare complex
model wouldmost likelygive different future vehicle fleet composition projectionidowever, the
simple assumptionased hereare considered to bsuitable for the current study.

There are also limitations associated witlad traffic emissions factors used. While a sensitivity
test has been carried out using alternative raadrld emisions factors for NOrp similar test is
possible for PMs. The level of uncertainty associated with rexhaust PMs emissions factors is
considered to be appreciable.

Only basicassumptiondave been madeegarding thefuture trajectory inthe contributions from
other sources (i.e. the trajectory for local background concentratioi#)ere reductions have
been assumed;oncentrations have been set to remain no lower than recent observations
(including during the COWI® pandemic). In practice, it imnticipatedthat coordinated action to
reduce emissions from netmaffic sectors wilkesult in substantial reductions in concentrations of
both NOQ and PMs. These futurections are not included in the current studydaras a result, the
future background concentratioprojectionsare likely to be ovepredicted

2L https://mobilite -mobiliteit.brussels/en/good -move
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¢KS NBadz Ga LINBaSyidSR Ay (KA&a NBLRNI R2 y2i
Euro 7type approval standardsA separate studyyhich is currently being finalisetias considered
the effects of the Euro 7 proposals on the conclusions presentéus report. This has shown that
the overall conclusions regarding the additional benefits of BBA<ZEZs are likely to be unaffected

if the Euro 7 proposals are adopted.

10-12009¢10 17 May 2023
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Figure3-1 summarises the measured annual meanz@ncentrations in 2019 at the fixed
monitoring sites as reported to the European Commission. The locations of four sites are
highlighted. These arehe two sites which recorded the highest concentrations, and two nearby
sites recording low concentrationgigure3-2 shows the annual mean concentrations measuaed
all sitessince 2013highlightingthe four sites labelled ifrigure3-1.

Since 2019, the highest annual mean concentrations have been recorded at the Plaza Eliptica site.
The location of this monitor is shown in more detaiFigure3-3. While itmight be inferred that

higher concentrations could be measured if this site were closd#rdamearbyroads Plaza Eliptica
remainsthe monitor reporting the highedG, concentrations in the city as reported to the

European Commission.
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Figure3-3: Plaza Eliptica Monitoring Station, Madrid
Imagery ©2023CNES/Airbus, Maxar Technologies, Map data ©2023 Google.

Table3-1 summarises the measured annual mean2id@ncentrations in 201¢he four sites
labelled above and slws how the local road increment has been calculat€éde Casa De Campo
site isoutside of the main urban area anslunlikely to have the same ndraffic urban influences
on concentrations (e.g. emissions from heating and cooldedhePlaza Eliptiasite. Taking the
background directly from Casa De Campo thus risks upiaelicting the influence of notraffic
sources.The Retiro site is1 a dense urban area, but is likely to haveoaponent oflocal traffic
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emissions within its measured concentratiorigaking the background directly from Retiro thus
risks ovepredicting the influence of notraffic sources.The contribution fronother sources has
thusbeen taken as the average concentratioeasured at the Casa De Campo and Retiro sites.
This suggests that local roads contributfo to the total measurednnual mearconcentration at
Plaza Eliptic&.

The road incremenshown inTable3-1 has been taken to represent the local road contribution to
NQ:concentrations, whileth&’. | O1 ANRBdzy R (2 | aSQ @I ftdzS KIFa o
contribution from all other sources.

Roadside Total

Plaza Eliptica 52.5
Escuelas Aguirre 51.5
Background

Casa De Campo 204
Retiro 24.8
(Background to Use) (22.6)

Road Increment (Roadside total minus background)

Plaza Eliptica 30.8

The averagannual mean N&concentrationmeasured in each year 2009 to 2019 (inclusive) at the
background sites shown ifable3-1 has been used to determine an overall recent trend, which
suggests that concgrations have been declining at a rate of @&'m? per yeafs. For the purpose

of this study, tihas been assumed théte contribution to NQ concentrations from other sources

will continue to follow this trajectory until iteaches equivalence with the lowest recent NO
concentration measured at any of the Madrid sigg®wn inFigure3-2, which is a concentration of
12.9ng/m3. Thecontribution from other sources has not been allowed to go below this level in any
future year.

Figure3-4 summarises the measured annual meanzBibncentrations in 2019 at the fixed
monitoring sites as reported to the European Commission. The locatiadhe sdme four sites

22\Which is in broad agreement witrstimates made i2016(Urban NO2 AtlasPublications Office of the EU
(europa.eu) regarding the relative contributions offterent sources to average NOx concentrations in Inner Madrid.
2 Derived using Ordinary Least Squai@&Syegression of thennual mean background concentrations averaged
across the sites (i.e. thennual means values at the different sites in each yezre used to calculate an average
background value for each year. TBES regression line was then fitted through these avedages

10-12009G10 21 May 2023
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highlighted for NQare labelled PMps was not measured at Retird=igure3-5 shows the annual
mean concentrations measured at all sites since 2013, highlighting the three sitegahidth
measurements that are labelled Figure3-4.

The likely influene of local, possibly natural, PM emissian€asa De Campo, and the difficulty in
reliably meauring PM s concentrations at these levels, means thaking the difference between
these measurementdoes notprovide the optimum approach to determine the local road
component of PMs. Instead, the 2019 local road component of NlOwrcentrations has been
derived using the same sites and method as described above for N@ traffic emissions model
for Madrid described in Sectidhhas thenbeen used to calculate the average ratio between traffic
emissions of NOx and BM The local road component of NOx has then been multiplied by this
ratio, as shown iffable3-2. Since the total measured BMconcentration at the Plaza Eliptica site
is known, the unknown variable is the contribution from other sources at this location. This has
been calculated by subtracting the local road contribution from thaltateasurement, aalso
shown inTable3-2. This indicatethat local roads contributed 36% to the total measured
concentration whichis similar to the values dered for other cities directly from measurements
(e.g. for Paris the value is 37% and for London38%). It was not possible to infer any trends over
GAYS Ay (GKAA WolFO13INRdzyRQ O2YLRYSyYyd FyR &z

Annual Mean NOx from Local Roaday(m?) 80.9
PM.sto NOX ratio inExisting BaselineTraffic Emissions 0.0525
Annual MeanPM, s from Local Roadsnfg/m?3) 4.2
Total Measured PMs (mg/m?3) 11.9
Assumed Contribution from Other Sourcésg/m?3) 7.6
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Legend

(ug/m3)
| Madrid PM2.5

Figure3-4: 2019 Annual Mean PM Concentrationsat Fixed Monitoring Sites iMadrid (Labelling the
four sites highlighted for N@¢ one of which does not measure PM)

Map data ©2023 Google.
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Figure3-6 summarises the measured annual meanx@ncentrations in 2019 at the fixed
monitoring sites irGreaterParis as reported to the European Commission. The locatidnseof
sites are highlighted. Thesepresentthe site which recorded the highest concentrations, &oalr
nearby sites recordimlow concentrationsFigure3-7 shows the annual mean concentrations
measured at all sites since 2013, highlightingftlae sites labelled irFigure3-6.

Since 203, the highest annual mean concentrations have been recorded afthAuto Saint Denis
site. The location of this monitor is shown in more detaiigure3-8.
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Figure3-8: Auto Al- Saint Denis Monitoring Station, Paris

Imagery ©2023 Aerodata International Surveys, CNES/Airbus, Maxar Technologi€gglifermation Group InterAtlas, Map data
©2023 Google.
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Table3-3 summarises the measured annual mean2i@ncentrations in 2014t the five sites
labelled aboveand shows how the local road increment has been calculatéxt proximity of the
Sant Denis lackground monitor to the Auto Al site, and its general siting, make it appropriate for
defining local backgroundoncentrations The contribution from other sources has been taleen
the concentration measured at the Saint Denis background manitbissuggests that local roads
contributed61% to the total measured concentration thite A1 Auto Saint Denis site

The road increment shown ifable3-3 has been takemo represent the local road contribution to
NRO2Yy OSYiGNI dA2yas gKAES GKS W. I O1l3INRBdzyR (2 ! &
contribution from all other sources.

Roadside Total

Auto Alc Saint Denis 73.3
Background

GENNEVILLIERS 28.3
BOBIGNY 28.0
SAINTDENIS 28.5
AUBERVILLIERS 30.0
(Background to Use) (28.5)
Road Incremen{Roadside total minus background)

Auto Al¢ Saint Denis 44.8

The average annual mean hi€dncentration measureth each year 2009 to 2019 (inclusia)the
baclground sitesshown inTable3-3 has beerused to determine an overall recent trefigdwhich
suggests that concentrations have been declining at an avera@& of/m? per year It has been
assumed that the contribution to N@oncentrations from other sources will continteefollow

this trajectory until it reaches equivalence with the lowest recent M@hcentration measured at
any of theParis sites showim Figure3-7, which is 14.6yg/m®. The contribution from other sources
has not been allowed to go below this level in any future year.

Figure3-9 summarises the measured annual meanJBbncentrations in 2019 at the fixed

monitoring sites in Paris as reported to the European Commission. The locations of three sites are
highlighted. These represent the site which recorded the highest concentrations, and two nearby
sites recording low concentrationgigure3-10 shows the annual mean concentrais measured

at all sites since 2013, highlighting the three sites labdHigadire3-9.
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As with NQ, since 2013, the highest annual mean concentrations have beendettat the Al
Auto Saint Denis site.
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Table3-4 summarises the measured annual meanzBbncentrations in 2014t the three sites
labelled above and shows how the local road increment has been calculBbedSaihDenis
background mortor does not measure Pp4, but measurements from the Bobigny site are
considered suitable to define the background componehte contribution from other sources has
been taken as the concentration measured at Bebignybackground monitor.This suggsts that
local roads contribute@7% to the total measured concentration at the A1 Auto Saint Denis site.

Theroad increment shown iffable3-4 has been taken to represent the local road contribution to

PWsO2y OSY(iNI GA2Yyas ¢6KAES GKS W. | O13INRdzyR (2
contribution from all other sources.
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The average annual mean Rptoncentration measured ieach year 2009 to 2019 (inclusiat)
the background siteshown inTable3-4 has beerused to determine an overall recent trefil
which suggests that concentrations have been decliningrateaof 0.9 ng/m?3 per year. It has been
assumed that the contribution t8M.5 concentrations from other sources will continue to follow
this trajectory until it reaches equivalence with the lowest recBM.s concentration measured at
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any of the sites shown iRigure3-10, which is9.0ng/m3. The contribution from other sources has
not been allowed to go below this level in any future year.

Roadside Total

Auto Al¢ Saint Denis 16.2
Background

GENNEVILLIERS 12.1
BOBIGNY 10.2
(Background to Use) (10.2)
Road Increment (Roadside total minus background)

Auto Alc Saint Denis 6.0

Figure3-11 summarises the measured annual meanzi@ncentrations in 2019 at the fixed

monitoring sites in Brussels as reported to the European Commission. The locations of five sites are
highlighted. These represent the two sites which have recorded the highest concentrations, and
three nearby sites recording low concentratiorfgure3-12 shows the annual mean

concentrations measured at all sites since 2013, highlightinditbesites labelled ifFigure3-11.

In 2019 the highest annual mean concentratiamsrecorded at he KunstWet site.
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Figure3-11. 2019 Annual Mean N©Concentrationsat Fixed Monitoring Sites in Brussels
Map data ©2023 Google.
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Table3-5 summarises the measured annual mean2id@ncentrations in 2018t the five sites
labelled above and shows how the local road increment has been calculated. The contribution
from other sources has been taken as the concentration measured &dheEuropdackground
monitor, owing to its greater proximity to the Kurg¥et site While there will inevitably be an
appreciable contribution from local road traffic to concentrations measured at Parl Europepboth
the other background monitoring sites aceitside of the central urban area and ace unlikely to
fully capture the norroad contributionsof concentrationsat KunstWet. This suggests that local
roads contributedb8% to the total measured concentian at theKunstWet site which is similar

to the worstcase sites in other cities considered in this section
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The road increment shown ifable3-5 has been taken to represent the local road contribution to

NRO2Y OSYGNI GA2yas gKAES GKS W. I O1l3aINRdzyR (2
contribution from all other sources.

Roadside Total

KunstWet 51.5
Beliardstraat 48.7
Background

Uccle 15.9
Berchem S.A 18.3
Parl Europe 24.8
(Background to Use) (24.8)

Road Incremen{Roadside total minus background)

KunstWet 26.8

The Parl Erope monitor does not have sufficient data capture to consider f@mng trends in
concentrations, but the average concentrations measureglach year 2009 to 2019 (inclusia)
the other background siteshown inTable3-5 has beerused to determine an overall recent
trend?3; this suggests that concentratiohave keen declining at aate of 1.1 ng/m? per year. It

has been assumed that the contribution to p€@ncentrations from other sources will continue to
follow this trajectory until it reaches equivalence with the lowest recent Blhcentration
measured at angf the sites shown ifrigure3-12, which is10.5 ng/m?3. The contribution from
other sources has not been allowed to go below this level in any future year.

Figure3-13 summarises the measured annual meanzBbncentrations in 2019 at the fixed
monitoring sites in Brussels as reported to the European Commis$tom highest concentrations
were measured ithe vicinity of an industrial area outside of the city centfégure3-14 shows the
annual mean concentrations measured at all sites since 2013, highlightingdieabeek site,

which is the only monitor labelled as roadsi@mother roadside site has been commissioned since

2019)
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Taking the difference between any of these measuremelass notprovide the optimum

approach to determine the local road component of RMInstead, the 2019 local road component
of NOx concatrationsat the KunstWet sitehas been derived using the same sites and method as
described above for NO The traffic emissions model fBrusselslescribed in Sectiof has then
been used to calculate the average ratio between traffic emissions of NOx angl Hle local

road component of NOx has then been multiplied by this ratio, as showabte3-6. This

estimates the local road component of Bbthat would be measured at the Kurgtet site if PMs
were measured there.

Theaverage PMs concentration measured at the Uccle and Berchem S.A sites has been used to
estimate the contribution from other sources$n 2019, this 10.8g/m?3. Thissuggests that local
roads contributed 23% to the total roadside concentration.

The average annuale@anPM s concentration measured ieach year 2009 to 2019 (inclusiat)

the Uccle and Berchem S.A sitess beerused to determine an overall recent trefigwhich

suggests that concentrations have been declining at an averag8® ofjm? per year. It has been
assumed that the contribution t& M5 concentrations from other sources will continue to follow

this trajectory until it reaches equivalence with the lowest recent concentration measured at any of
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the sites shown irfrigure3-14, which is8.5ng/m3. The contribution from other sources has not
been allowed to go below this level in any future year.

Table3-6: Apportioning the Measured PMs Concentration inBrussels
Description Value
Annual Mean NOx from Local Roadm(m?3) 67.8
PM:sto NOX ratio inExisting BaselineTraffic Emissions 0.0469
Annual MeanPM. s from Local Roadsify/m?3) 3.2
MeasuredContribution from Other Sourcefrg/m3) 10.8
AssumedTotal RoadsidePM; 5 (my/m3) 14.0
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Figure3-14:  Annual Mean PMs Concentrationsat Fixed Monitoring Sites in Brussels, 2013 to 2022
3.4 Milan
NG

Figure3-15 summarises the measured annual mean2@ncentrations in 2019 at the fixed
monitoring sites in Milan as reported to the European Commission. The locatitme sites are
highlighted. These represent the site which recorded the highest concentratiorg @earby site
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which is labelled asepresenting background condition&igure3-16 shows the annual mean
concentrations measured at all sites since 2013, highlightingwibesites labelled ifFigure3-15.

In 2019 the highest annual mean concentrationsre recorded atthe Viale Marche monitoring
station. The location of this monitor is shown in more detaiFigure3-17.
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Map data ©2023Google.

Advre fromalocal CCQoordinatorwas that the Gia Studi site does not provide a good
representation of local background concentrations, and is itself likely to be significantly influenced
by local emissions sources. However, there arether suitable monitoring sites whictould

provide arobust indication of the contribution from other sourceBor Milan, an alternative

approach has been taken to apportion thencentration measured at the roadside monitdrhe

official emissions invaory for the city, provided b CCsuggests thatoad transport contributes

63% of the total NOx emissions in Milafhe total measured N{Zoncentrationin 2019has been
multiplied by0.63to estimate the traffic componentBecause the size of the required LEZs and
ZEZs has not been definetis broadly appropriate to take a flexible view the extent to which

0KS WIff gaiegof Nintais dzN® tBadisPort emissions and soapjgoach is
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considered reasonabldt might be that a larger LEZEZ would be required to achieve the
calculated reductions in Milan than in other citiesnce no transport emissions from within the city
are included inthéV 2 (i K S NJ & 2 dzNii Bis tediratb8oIssimiar to the equivalent
value for cities with moreobustmonitoring (for example the value fdhe worstcase monitoring
site in Paris is assumed to be 6340 able3-7 shows how the N@concentration measurech
2019at the Vale Marche monitoring sitéas been apportioned.

There is no reliable basis upon which to predict how the contribution from other sources in Milan
might change ovetime and so it has been assumed to remain constant at ag/81°.

Roadside Totafnmg/m?) 57.6
Contribution of Road Transport to City Total Emissions % 63

Contribution from Road Traffi¢ng/m?3) 36.3
Contribution from Other Sourcefhmy/m?) 21.3

241t is alsdn broad agreement with estimates made in 2018{an NO2 AtlasPublications Office of the EU
(europa.eu) regarding the relative contributions of different sources to average NOx concentrations in Milan.

10-12009G10 38 May 2023


https://op.europa.eu/en/publication-detail/-/publication/b97e8117-09b4-11ea-8c1f-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/b97e8117-09b4-11ea-8c1f-01aa75ed71a1/language-en

('\ Logika Noise
Quantifying the impactof LEZSZE&in 6 EuropearCities Q Air Quality

CONSULTANTS

80

30

Annual Mean NO, (pug/m?)

]
o

=
o

0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

80

S == == MILANO -V.LE MARCHE
70 ~
/ . - «= «=MILANO PASCAL CITTA STUDI

Annual Mean NO, (ug/m?)
%] W =y (9, (o]
o o o o o

|
|
~
/ /
|
/
\
\

[ERY
[=]

0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure3-16.  Annual Mean N@Concentrationsat Fixed Monitoring Sites in Milan, 2013 to 2022
Highlighting Two Sites of Particular Relevance
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Figure3-17:  Viale Marche Monitoring Station, Milan
Imagery ©2023CNES/Airbus, Maxar Trewlogies, Terra Bella Map data ©2023 Google.
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Figure3-18 summarises the measured annual meanzBkbncentrations in 2019 at the fixed
monitoring sites as reported to the European Commissibm@lso labels the two sites described in
detail for NQ. PM.swas not measured at the &le Marcle site. Figure3-19 shows the annual
mean concentrations measured at all sites since 2013, highligtiten@ita Studi site and also the
only site with longterm data which is labelled as roadsidéhe other roadsidsite islabelled as
Sesto S. Giovanni. Both roadside sites recordeglsedhcentrations in 201%hich were no higher
thanthosemeasured at the Citta Studi site.

Given the N@concentrations measured;, $eems likely thaif PMp.s were measured at Viale
Marche,the road component of concentrations would be elevatéflith other cities, roaePM 5
has been calculated from measured rell®x, but this is not possible for Milan sing¢®x
concentrations are not reported. The sinfi@d approach to estimating roa®M s at the Viale
Marche site has been to multiply the calculated radd@ concentration by the averagatio of
road-PMe s : road-NQ; used in the other five cities considered in this study. These radims the
calculationof roadPM 5, areset out inTable3-8.

In the absence of more appropriate datagtcontribution from other sources in Milan has been
taken from the measurement at the Citta Studi siteasshownin Table3-8.

road PM s : road-NQ; ratio in Madrid 0.14
road PMs: road-NQ; ratio in Paris 0.13
road PMs: road-NG; ratio in Brussels 0.12
road PMs: road-NG; ratio in Warsaw 0.16
road PMs: road-NGQ; ratio in London 0.13
Averageroad PMs: road-NG; ratio 0.14
Calculated roaeNGQ; at Viale Marche(mg/m?) 36.3
Calculated roaePM; s at Viale Marche(mg/m3) 4.9

Contributionto PM, s from other sources(ny/m?) 20.9
Estimated total PMs Concentration at Viale March@rg/m?3) 25.9

The average annual mean Rptoncentration measured ieach year 2009 to 2019 (inclusiat)
the Citta Studi, Saronng Satuario, and Monza Via Machiavelli sitesas beerused todetermine
an overall recent tren#¥, whichindicatesthat concentrations have been declining at an average
rate of 1.1ng/m? per year. It has been assumed that the contribution to,Bbbncentrations from
other sources will continue to follow this trajectory until it reaches equivalence with the lowest
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recent PM s concentration measured at any of the sites showifrigure3-19, which is16.8ng/m3.
The contribution from other sources has not been allowed to go below this level in any future year.

Using the Citta Studi site to providdocal background PM concentration has probablsesulted

in the total PM.s concentration in 201®eingover-predicted. However, the relatiWesharp
assumedate of decline means that value of 16.8rg/m3is usel in 2025 and every year

thereafter. Thisconcentrationwas measured in 2019 at the Saronno Sturario site. The Citta Studi
data, thus, have noeffect on the futureyear predictions.

Map data ©2023 Google.
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