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Executive Summary

Thisresearch is tgrovide an update tesimilaranalysis undertaken in 2013, published recently by

the GLA Air quality in London has improved in recent years as a result of policies to reduce
emissions, primarily from road transport. However, recently updatadaps of pollution
concentrations for 2013 still show significant areas of exceedances aintigal mean NOEU Limit
Values.L YLINE @SYSyGa FINB LXIFYyySR (2 | RRNBRaa GKSaS:
of air quality measures.The research described in this report considers pollution exposure in
London in 2013 and considelhew expasure varieshy indicators of relative deprivatioand ethnic
groupsin London.

Through the research described in this report, the GLA is seeking to understand inequalities in access
to clean air in London and to consider how this will be improved by planned air pollution controls.
The previous Analysing Air Pollution Exposure in daondport found that populations living in the

most deprived areaw/ere on average more exposed to poor air quality than those in less deprived
areas. Exposure to air pollution at schools was also assessed. It was found that in 2010, there were
1777 primay schools in London of which 433 were in locations where average concentrations
exceed the N@EU limit value.Of these 433 primary schools, 82% were deprived schddys.
contrast, of the 1344 primary schools that were not exposed to above EU limésvafuNG, 39%

were deprived.

Annual average air quality concentrations of NPMand PM s across London in 2013 have been
modelled at a 20m resolution bythe Environment Research Group (ERGKiags College London
using recently updated dataof the London Atmospheric Emissions Inventory (LAEI). These
concentration maps were summarised by Transport for London, calculating average air pollution
concentrations within small geographical areas (Output Areas, OAs and Lower Super Output Areas,
LSOAs) These estimates of concentrations were then combined with Census data on resident
population (totals ethnic groupand by age group), Index of Multiple Deprivation scores for each
LSOA and the ethnic profile of each LS®@#.pollution levels athe loations ofschools have also

been considered, by calculating the average concentration within 150m of the school. Pollution
concentrations in 2020, 2025 and 2030 have also been considered.

This study has found thah 2013 there was stiignificant expeure of the London population to

levels of N@above the EU limit value and that this exposure is predicted to decline significantly
(96%) by 2020. However, current modelling results show that in 2020 there will stiiooe than

72,000 people living inoktations with average NGabove the EU limit value. In contrast, average
concentrations ofparticles (PMo and PM ) were by 2013, already within EU Limit Values for the

annual average concentrationsThese estimates of future exposure are preliminary. This is due to
pendingupdates expected this year to account for methodology developments such as new COPERT
SYAaarzy FlLOG2NR 6KAOK (1 1S Of2aSNJ I O02dzyi 27
However, the geographic distribution of predicted air pollution is not expected to change
significantly following the update so the patterns described in this report will remain valid.

I Analysing Air Pollution Exposure in LondAether, produced 19/09/2013
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1 Introduction

The aim of the work described in this report was to build on the findings in the previous Analysing
Air Pollution Exposure in London repoproduced in 2013which was based on data on 2010 air
pollution concentrations. This report providesalysisbasedon 2013 air pollution concentrations
specifically for Londomsingthe latest version of the London Atmospheric Emissions Invehtory

The data presented hergrovides the GLA with an evidence base of quantified exposure to air
pollution across the whole population and the level of inequalities that exist within this pattern of
exposure. Understanding in detail the spatial nature of such inequalities is important in the
development of policies to reduce inequalities and in the wider candésustainable development.
This report includes new analysis which considers the air pollution exposure of different ethnic
groups within London for the first timdét also presents results from the consideration of exposure in
the context of age distibution to assess whether the elderly and young populations are
disproportionately exposed to high levels of pollution. The young arparticularlysusceptible to

air pollution, and this study also considers exposure at school locatidms. report provides
baseline data for future analysis of likely impacts of planned improvements.

Air quality in London has improwkin recent yearsas a result of policies to reduce emissipns
primarily from road transport. Howevergeegently updated mps of pollution concentratiors for
2013showexceedancesf the annual mean NLEU Limit Value@-igurel).

Figurel Annual mean N@concentrations in 2013 in Greater Londdn
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! Analysing Air Pollution Exposure in LongdArther, produced 19/09/2013

2 LAEhttps://data.london.gov.uk/dataset/londoratmospherieemissionsinventory-2013

3 Available from the London Datastore:https://data.london.gov.uk/dataset/llagrbespokeboroughby-
boroughair-quality-modellingand-data/resource/e770d5241d30-46db-bc2ee8c4da8902a4
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Air pollutionposes a risk to healtrand this is particularly significant for susceptible groups such as
those who are already experiencing health problems which can be exacerbated by pooaldy. g

Age is an important factor in susceptibility to health effects of air pollution, key impacts being
asthma in children and chronic obstructive pulmonary disease and coronary heart disease in older
adults. However, whole life exposure may be importan the development of such conditions i

later life. EU limit valueseeTablel) have been set in order to minimighe impact of air pollution

on public health

Tablel Air pollution EUAIr Quality DirectiveLimit Values and health impacts of NOCPMwoand PMs

Pollutant Concentration EU Limit Value Health Impacts
measured as
NitrogenDioxide (NQ Annual mean 40 pg/m?® NGC: irritates the airways of the
24 hourmean lungs, increasing the
symptoms of those suffering
200ug/m? not to be from lung diseasesThere is
exceeded more than 18  increasing evidence linking
times a year chronic exposure to elevated
levels of N@to premature
mortality*.
PMuo Annual mean 40 pg/m? Fine particles can be carried
24 hour mean 50 ug/m?3 not to be deep into the lungs where the!
exceeded more than 35  can cause inflammation and a
times a year worsening of heart and lung
PMe.s Annual mean diseasesThere is emerging

evidence suggestingrale in
other, systemic inflammatory
25ug/m?3 responses. There is strong
evidence linking chronic
exposure to fine particles with
premature mortality.

Theimpacts of the followingommittedmeasuresare included in the new predicted air quality maps
for 2015:
w Retrofit of 900 Euro Il buses with Selective Catalyst Reduction (SCR) to redumedNGD
emissions
1,150 Hybrid buses by 2016;
A15yearage linit for Taxis; and
Further phases of the Low Emission Zone introduced in 2012 to cover larger vans and tighten
standards for heavy vehicles.

€ EE

For 2020 the LAEI baseline includes:

w The introduction of ULEZ in central London for all vehicles in 2020;

w Arequirement for all newly licenced taxis to meet zero emission capable (ZEC) standards
from 2018, with 9,000 taxis on streets in 2020;

w All double decker buses (c.3000) in central London meeting Euro VI hybrid standards and all
single decker buses (c.300)Liondon being electric or hydrogen; and

w An additional 400 Euro V buses outside central London retrofitted to meet Euro VI
standards.

4 Royal College of Physicians, 20l#ps://www.rcplondon.ac.uk/projects/outputs/everpreath-we-take-lifelongimpact
air-pollution
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Further plans have recently been announdeyl the Major of London to improve air quality in
London, focusing actions on the most polluted vehicldgese measures have not been included in
the air quality mapsThese measuresicluded

1 Implementing a £10 Emissions Surcharge on the most pollutinglesleotering central
Londonduring congestion charging hours from OctoB@d.7. The chargevould apply to all
vehicles with preEuro IV emission standards and will cost an extra £10 per day on top of
the existing Congestion Charge.

9 Bringing forward the introduction dhe central London Ultrd.ow Emission Zone (ULEZ)
zoneto 2019.

1 Extending the ULEZ beyond central Lortdésr motorcycles, cars and vans, to the North
and South Circular; and for lorries, buses and coaches Leniiten

1 Developing a detailed proposal for a national diesel scrappage scheme for Government to
implement.

9 Bringing forward the requirement for all doulg@eck buses to be ULE@mpliant(Euro VI
hybrid)in central London from 2020 to 203 well as other meases to transform
emissions from the London bus fleet

1 Implementing clean bus corridoggtackling the worst pollution hotspots by delivering
cleaner buses on the dirtiest routes.

Air quality andaccess tayreen spacesvere identified as aone of the signitant factors in health
inequalities by the Marmot reviealongside other factors in addition to deprivation such as
housing, fuel poverty, transport andiet. Deprivation and healtlinequalitiesare closely linked but

this current study seeks to consider if exposut@ poor air qualityalso varies across the social
gradient within London, and therefore whether therdilely to bea compound effect on the health

of these groups. The relationship between exposure and social gtadda&nbeen investigated
before, butthis study provides more upto-date evidence base for Londam. addition for the first

time this report considers the inequalities linked between ethnic groups and exposure to poor air
quality.

The analysis descridan this report follows similar work undertaken at the national scale in 2006,
funded by Defrg and follows on from the first Analysis of Air Pollution in London report published
in 2013.

1.1 Main findings

1 1.9 million people in London in 2013 were ex@d40 annual average N@oncentrations
above the EU limit value of 4@/m?®. In contrast, average concentrations of particles (PM
and PMs) were, by 2013 already within EU Limit Values for the annual average
concentrations

1 There are stiltonsiderable differences in average levels of exposure in 2013 between more
deprived and less deprived communities, with more deprived communities experiencing
higher NG and PMo concentrations than less deprived communities.

5 At the time of writing this report, the extension of the ULEZ was wunder consultation:
https://consultations.tfl.gov.uk/environment/akquality-consultationrphase2/?intcmp=42947

6 http://www.instituteofhealthequity.org/projects/fairsocietyhealthylivesthe-marmotreview

7 Air Quality and Social Deprivation in the UK: anremmental inequalities analysis. Report to Defra, June 20@6://uk -
air.defra.gov.uk/reports/cat09/0701110944 AQinequalitiesFNL_AEAT_0506.pdf

8 Analysng Air Pollution Exposure in LonddReport to the GLA, September 2013. Prepared by Aether Ltd.
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1 The pattern is less pronogad when considering variations in exposure between different
ethnic groups, because of the very mixed ethnic geography of London. However, people
living inplaces with high proportions of Black, AVE S ROth2NJ & (i K v A(@efinddN® dzLJ&
Table 2) are more likely to be exposed to above EU;NM@it value concentrations than
those in areas with a high proportion of white people. This effect is not sgearéas with a
high proportion of Asian groups.

9 In 2013,802 schoolsin Londonwere in locations with N@concentrations above the EU
limit value.

1.2 Report outline

This report presents estimates of current and future population exposurgotar air quality and

how this exposure varies across the social gradient of deprivatiarying proportions of ethnic
groupsas well as by ageSection 2describes the data and methods of analysis that have been used.
Section 3presents estimates of total popuian exposure.Section 4presents data on levels of
exposurecomparedto levels ofdeprivationand how this varies across different areas of London
Section 5presents data on how air pollution concentrations vary with the proportion of different
ethnic goups Section 6briefly considers the levels of air pollution exposureyofing andolder
people. Section 7analyses changes in pollution levels predidbetdwveen 2013 and 203t consider

if the inequality in exposure will change with time and what #re significant components of
change causing these reductiorSection 8resents conclusions of this study.
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2 Data andMethods

2.1 Air quality pollutant concentrations

Annual average air quality concentrations of NPMigand PM s across Londoin 2013 at a 20m
resolution were obtained fromthe Environment Research Group (ERGKiags College Londdbn
Theseconcentration data are in the form atcently updaéd maps based on the latest 2012 El
emissions estimaté$and were aggregated to Output Areé®As) and Lower Super Output Areas
(LSOAsA range of improvementshave been im@mented in the latest LAEI emission estimates,
these include:significant improvements in road transport emissions estimatggsdating the
methodology for estimatingion-road mobile machineryrail and shipping emissions, more complete
estimates for electric trains, deriving London specific emission factors for domestic heating

Maps of predicted pollutiortoncentrations for2020, 2025 and 203@vere also obtained from ERG.
These are based on estimated future emissions levels using data in the latest HABvarbeen

used to make estimates of future exposurelt should be noted that there aresignificant
uncertainties associated withfuture emission estimates, primarily due to the sensitivity of the
concentration estimates to changes in base year meteorology and the uncertainty in COPERT road
transport emission factorsyhich have since been updatethe future year emissions modelling will

be updated this year to take these changes into account and to consider the impact of planned
policies.

In order to combine the pollution concentration data with populatistatistics the pollution maps
were aggregated t@As and_.SOAby calculating an arage air pollution concentration within each

OA and LSOAased on the 20m grid squares that it coverhis analysis was undertaken by the Air
Quality team at TfL.The inclusion of OA averages has been included in order to take into account
concentrationpeaks at roadside locations. This data has been used to determine the air pollution
exposure of the total population (seBection 3. However, average concentrations for LSO®Reha
been used to compare air quality concentrations with the selected inequdliticabrs (see
Sections 2.Z; 2.5) as some of indicatswere only available at an LSOA level. To remain consistent,
all inequality indicators have been compared against LSOA air quality concentrhtiadslition, air
pollution exposure of the tal population was also considered at LSOA le&elthe LSOA level, i

was found that a greater number of exceedances are reported in 2013, but Bsweedances were
reported in future years compared to the OA results. Further information is provid&driex |.

In common with the previous report,the approach undertaken hereonsidered pollutant
concentratiors within groups of LSOAs defined as deciles i.e. a ranked list of LSOAs divided into ten
groups containing an equal number of LSOAsgerage concenation data for LSOAs within deciles
KIS 6SSy &dzYYFINRASR &4 Go02E |yR 6K IS5RE LI 204
and 97.%' percentiles and the maximum values within the distribution of valiesach decile. This
provides a very usefwisual representation of the variation in pollution levels across the population
variable (seeFigure 5). Statisticalanalysis, specificallfPrincipal Factor walysis (PFA) has been
implemented for initial data exploration. This type of analysis assumes the existence of underlying
factors, ornon-observed variables, that explain the structure in data (correlation among observed
variables).However, basean the preliminary results it has been decided that there is no added
benefit on conducting statistical analysis on the data.

9 ERGair pollution mapshttp://www.londonair.org.uk/london/asp/annualmaps.asp
10 https://data.london.gov.uk/dataset/londoratmospherieemissionsinventory-2013
11 TfL personal communications
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2.2 Index of Multiple Deprivation

TheOffice of National StatisticONSJ hasdeveloped an established measure of deprivation known
as the Index of Multiple Deprivation (IMD). IMD data across London fds @@te obtained, 20%
data being available at LSOA stal&’he IMOs made up of 7 domains of deprivation, each of which
is compiled from a number of indicators. These indicators and domains are then given a weighting
according to their perceived contribution to overall deprivation. These include:

Income deprivation

Empgoyment deprivation

Health deprivation

Disability, education, skills and training deprivation

Barriers to housing and services

Crime and living environment deprivation.

= =4 =4 48 - =9

The living environment includes air quality, houses without central heating andraifid accidents
involving pedestrians and cyclistair quality is included in the IMD, but it only makes up 1.5% of the
total index and therefore it is not enough to bias the results. The overall scores for each domain are
combined using the weightisgo provide an overall IMD score.

For our analysis the LSOAs were ranked by IMD score and the rankings have been used to divide the
LSOAs into decile (10%) ranges within which avepatietion exposureand exceedances of thBO,

limit value have been casidered using the air concentration mapa addition, analysis of income

has been completed separately.

2.3 Population dataand projections

Populationdata was obtained from the London Datastofefor the population within each OA and
LSOAIn 2013, 2016, 2020, 2025 and 2030. Dfxtan the 2011 Census at LS®KBave be used to
calculate the percentage of children and young people (under 19) and percentage of elderly people
(over 65) within ealec LSOA. LSOAs were ranked twice and split idexiles according to the
percentage of the population in these two group3his approachrovided two separate indicators

of concentration of the age groups within the population of the LSgMnga metric similar to that
availablefrom the IMD and therafre allowsthe analysis techniques to be consistent.

2.4 Ethnicity Data

Datafrom the 2011 Census at @Aasbeen used to calculat¢he total population of the following
ethnic groups within eachSA: White, Asian/ Asian BritisBlack/African/ CaribbeanBlack British
Mixed/ Multiple, and Otherethnic groupsas defined ifTable2.

LSOAs werassigned a rank for each ethnic groapd split intodecilesaccording to the percentage
of the population in these five groups each LSQAThis approachrovided five separate indicators

12 http://data.london.gov.uk/datastore/package/indicesdeprivaion-2010

13 2014 Round of Demographic ProjectioBblLAfdased ethnic group projections, Capped Household Size, -tdront

migration scenario Available from:https:/ffiles.datapress.com/london/dataset/gkaopulationprojectionscustomage
tables/201512-01T13:10:48/20140und-shlaacappedegppcustomagerangecreator.xIs

14 Table PP04 2011 Census: Usual resident population by five year age group, Middle Layer Super Output Areas (MSOAS)
and Lower Layer Super Output Areas (LSOAs) iarithghd Wales

15Table LC2101EW Censhthnic group by sex by aglutput Areas (OA#®) London.
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of proportion of the population of each ethnic growythin the LSOAgivinga metric similar to that
availablefrom the IMD and therefore allogthe analysis techniques to be consistent.

Table2 The ethnic groups used and their corresponding syioups, taken from the 2011 census

Ethnic Group Subgroups
White: English/Welsh/Scottish/Northern Irish/British
. White: Irish
White

White: Gypsy or Irish Traveller
White: Other White

Asian/Asian British: Indian
Asian/Asian British: Pakistani
Asian/Asian British Asian/Asian British: Bangladeshi
Asian/Asian British: Chinese
Asian/Asian British: Other Asian

Black/African/Caribbean/Black British: African
Black/African/Caribbean/Black British ~ Black/African/Caribbean/Black British: Caribbean
Black/African/Caribbean/Black British: Other Black

Mixed/multiple ethnicgroup: White and Black Caribbean
Mixed/multiple ethnic group: White and Black African
Mixed/multiple ethnic group: White and Asian
Mixed/multiple ethnic group: Other Mixed

Mixed/multiple

Other ethnic group: Arab

Otherethnic groups Other ethnic group: Any other ethngroup

2.5 Schools

The Air Quality team afransport for London have updated the analysis of pollution concentrations
within 150m of schools using the 2013 air pollution mapke average N{xoncentrations witin a

150 m buffer around each school was used to assess air pollution expdhiseanalysis now
includes all schools in London.

Access to free school meals was considered in the previous Analysing Air Pollution in London as a
proxy measure of deprivatiofhis analysis has not beespeated forthis report.
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3 Air Pollution Exposureof Total Population

The updated pollution maps for 2013 and projected pollution maps for 2020, 2025 and 2030 have
beenused tocalculatenew estimatesof the populationexpo®d to levels of polluion that exceed

the EU Air Quality Directivémit value of 40ug/m® for NG. Figure 2 shows that in 203
approximately 19 million people in London, the majority efhomare ininner London, were living in
areas with average NQ@oncentrations above the EU limit valu&he gaph shows that exposurie
expected tosignificantly declineafter 2013 andit is predicted that no exceedances of the Ninit

value will occur by 2030.

Figure 2 Edimate of population exposed to N@ concentrations inexceedanceof the EU Air Quality
Objective (40ug/m?3) for 2013, 2025, 2025 and 2030

2500
N Outer London

N Inner London

2000

1500

47.2%

1000

Population Exposed (thousands of people)

500

74% . 015 0.0%
0.4% 0.0%
0 [ 0.0%
2013 2020 2025 2030

PopulationExposed to Exceedances Percentage of Total
Year Inner London  Outer London  London Total  London Population
2013 1,562,000 369,000 1,931,000 23.2%
2020 53,000 19,000 72,000 0.8%
2025 2,000 300 3,000 0.0%
2030 0 0 0 0.0%

The estimates presented above are calculated by summing the populations within OAs that have an
average concentration above the EU limit value (average across the 20m resolution modelled
locations within the OA).There is geographical variability in thelfution level withn each OA and

therefore not all dwellings will be directly exposed to concentrations above the limit value.
However, these OAs are small areas (with a population of ar@2&d | YR @A GKAY LIS2 LI
activities it is assumed that &y will be in close proximity to concentrations above the limitigaf

the average exceeds it.
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Reductions in emissions of particles over recent years have resulted in annual average
concentrations of P in London now complying with BRMg limit values. This is shown ifrigure

3 below. Slight further reductions in annual average fMoncentrations are expected between
2013 and 2030with slightly higher concentrations occurring in Inner compared to Outer London.
Whilst there are no exceedances of the BNhmit value in London, the World Health Organisation
(WHO) sets an Air Quality Guideline concentratiér20 pg/n? as an annual meams shown in
Figure3, all OAs in London are predicted to still be in exceedance of the WHO guidance by 2030.

Currently, there is no limit valuebjective in England for PM Figure 4 compares the Plk

concentrationsin London in 2013 to 2030 to the curreM/HO Air Quality Guidelinevalue (D
ug/md). In 2030, PMis concentrations are predicted to remain above the Wgl@delinevalue.

Figure3 Pollution concentrations of Plbin 2013, 2020, 2025 and 2030 in Inner and Outer London

40
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X === PMio Concentration Inner London®
R

¥ Max value

====EUlimit
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20

* Boxes in the graphs represe®s-75%ile. Whiskers are 2.5 and 97. 5%ile

Figure4 Pollution concentrations of PMs in London in 2013, 2020, 2025 and 2030 compared to WWElO
guidelinevalue
25

=== PM,.; Concentration*

X X Maxvalue
20

S WHO guidance value
% X X
15 é % #

10

Annual PMa.s Concentration (pg/m?)
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* Boxes in the graphs represent-Z5%ile. Whiskers are 2.5 afd. 5%ile
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Other metrics for particulate matter are available, such as the Exposure Concentration Obligation
and exposure reduction target set in the EU Clean Air Directive. However, these are not suitable for
this form of analysis, for example, the targetbased on averaged concentrations across Member
Statesusing a threeyear average and so is not useful for analysis of differences between small
areas.

One of the features of the analysis used in this researtieisieed to show and analyse differences

in exposure. It is clear from the discussion above that exceedances on th&ili® Value, and
potentially other thresholds, is a suitable metric, given that some areas are in exceedance and some
are not. Howeverthe available PM metrics are not suitalftar threshold type analysjsas there is

either almost total compliance, or total exceedanddoreover, therelatively small change in
concentration between areaswhile present, follows the same pattern as for AN@Ithough less
pronounced Thus, while evidence shows that the health effects of exposure to PM are more severe,
annual average NQconcentrations provide a better metric for the assessment of differences in
exposure to air pollution.
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4 Air Pollution Exposire in Areasof Deprivation

Each LSOA in London has been allocated to a deprivation decile, daid@dpercent groups of
LSOAsankedby theirindex of Multiple DeprivatiofiMD)scores Each decile contairen average of
483 LSOA$4829 LSOAs in todakithin which the air pollution concentration has been calculated by
averaging air pollution in each modelled 20grid squareAir pollution data for eachleprivation
decile has been summarised to show the trend in pollution across the social gradegprofation.
These are shown iRigureb. In addition, air pollution concentrations within each deprivation decile
where the NQlimit value is exceededre shown irfFigure6.

Figure5 LSOA pllution concentrations by deprivabn decile groups in Londo 2013(a) NQ, (b) PMo, (c)
PM:z.s. Note the differingy axisscales used for each figure.
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Figure5 illustrates both the trend ofiverageNG; concentration levels across the deprivation deciles
whilst also showing the variability that exists within each deprivation deéierage concenttion

levels of NQ(i.e. thedecile averagdine) are highest in decile, the most deprivedwith an average

NQ; concentration level 089.0 ug/m?, whichis just within the EUIlimit value 46% of LSOAs within
decile 1 have average concentrations above the EU Ilimit valuend the highest average
concentration is60.0 pg/m?. As the level of deprivation declines so does the average level of NO
concentration and the lowest average concentration level of KB21 ug/m?®) occurs indecie 10,

the least deprived. 2% ofLSOAs in decile 10 have an average concentration above the EU limit
value. In areas poor air quality, where the annual mean Ni@it value is exceeded, 32% of people
are from the most deprived groups, whereas only 7%fiame the least deprived.

The variability in average N@oncentration levels in the LSOAs is lowest in the least deprived
deciles(i.e. the area of the blue box Figure5), and the whisker plots (showing the range of 2.5 to
97.5 percentiles), however there is no discernible tram@ariabilityacross decileshere is no trend

in the maximumaveragevalues wih deprivation levels because there are peak concentrations
occurring in locations across the social gradiénpossible explanation fahe general trend may be

the link between lower house pricesnd hence poorer householdand proximity tomain roads

such as the M4, inner ring roads and radial roads (see the mdfigune7). Roads are a significant
source of N@emissions in Londonlt is clea from Figure6 that whilst exceedances of the NGmit

value occurred in every deprivation decile in 2013, the number of people exposed increases with
deprivation.

Figure5 also showshat average concentrations of bofAMicand PM s vary considerably less than
for NQ concentrations across the deprivation deciles in Londiecause there is generallgss
variation inparticle concentrations across the cityrurthermore there is less variation within the
deprivation deciles for botiPMio and PMs and neither exceed the EU limit value for the annual
average
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Figure6 NO: concentrations by deprivabn decile groups in London 2018here the limit value (> 4Qg/m?
annual averaggis exceeded
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[ 2YR2y Q& ¢2NRG | Adudtifipdias theitdpg0% of NFDIASIIn térhsydf adeBage NO
concentration. Table 3 shows thenumber of people living ithese areasof worst air qualy and

their distribution across the deprivation deciles. It can be seen that in general there are more
peoplein thesepoor air qualityareasin the mostdeprived deciles than the least deprivedciles

and this is clearer in Inner London than Outer dam

Table 4 shows the distribution of the populatiomf these worst air quality areas across the
deprivation deciles by Local Authoritydarking and Dagenham, Croydon, Newham, Tower Hamlets
and Hackneyhave thehighest proportions of most deprived populatioiop 30% deprived)n

[ 2 Y R®&ofsQair qualityareas. Tower Hamlets, SouthwaHackney/slington and_ambethhave

the highesttotal numbers of people livinin [ 2 Yy R &ofsQair qualityareas. Figure7 showsthe
locations ofthe most deprived LSOAacross London overlaid on maps of N§dncentrations in
2013.
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Figure7 Locations of the30%most deprived LSOAs 2013compared to the locations of exceedances to Niinit value
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Table3 Populations by deprivation decile in th80% most pollutedNG;) LSOAS 2013

Population

Deprivation Decile Inner Outer Total

Decile 1- most deprived 422,737 72,717 495,454
Decile 2 341,736 44,784 386,520
Decile 3 276,124 75,289 351,413
Decile 4 249,849 50,413 300,262
Decile 5 205,206 47,540 252,745
Decile 6 165,791 51,585 217,376
Decile 7 172,990 48,782 221,772
Decile 8 131,770 43,513 175,283
Decile 9 105,809 27,836 133,645
Decile 10 least deprived 17,074 4,184 21,258

Table4 Percentof population in the 30% most polluted(NG:) LSOAshy deprivation deciles in 202 by
Borough

Deprivation Decilg§% of population) Population

a LessDeprived More DeprivedA in deciles 1
Borough 10 9 8 7 6 5 4 5 2 1 to 3
Inner London 1 5 6 8 8 10 12 13 16 20
Camden 3 8 10 12 10 10 10 12 15 12 78,665
City of London 39 32 18 11 0
Hackney 3 8 4 17 17 24 27 112,896
Hammersmith and Fulham 1 8 9 14 11 12 11 10 10 13 53,939
Haringey 4 8 11 13 20 38 54,280
Islington 2 4 13 15 16 22 22 111,773
Kensington and Chelsea 1 19 19 9 9 10 4 8 13 40,270
Lambeth 1 7 12 17 12 15 20 16 103,481
Lewisham 3 12 15 21 13 13 23 31,139
Newham 2 6 6 25 20 41 59,011
Southwark 4 14 20 29 14 139,338
Tower Hamlets 1 2 3 4 5 6 6 15 14 43 159,259
Wandsworth 1 17 16 20 10 10 14 3 5 3 15,862
Westminster 5 1 17 8 9 1 11 9 17 80,684
Outer London 1 6 9 10 11 10 11 16 10 15
Barking and Dagenham 19 44 36 12,305
Barnet 6 21 25 17 10 3 14 3 8,811
Bexley 44 56 0
Brent 3 3 7 18 15 16 37 69,283
Croydon 58 42 9,744
Ealing 2 5 12 15 19 15 17 3 12 22,163
Enfield 13 36 6 6 39 12,357
Greenwich 2 9 15 18 14 13 24 6 26,182
Hillingdon 100 0
Hounslow 3 17 15 17 10 7 12 16 4 11,395
Kingston upon Thames 17 56 27 0
Merton 22 27 25 26 1,726
Redbridge 23 29 14 6 9 10 9 4,420
Richmond upon Thames 14 57 28 0
Waltham Forest 6 12 23 34 7 18 18,325
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4.1 Air Pollution Exposure by Income

In addition to considering the air pollution exposure of LSOAs based on their IMD scores. Each LSOA
in London has been allocated to an income decile, defined as 10 percent groups of LSOAs ranked by
their Income scores whidimrm one component of the IMDAIr pollution data(NQ) for each income

decile has been summarised and is shownFigure 8. Whilst there is a Ight trend in NQ
concentrations incrasing as income decreases, the difference between the highest and lowest
decile is only3.6 pg/m® compared to 8.0ug/m?® for the Deprivation deciles. In addition, there is a
greater number of people exposed to exceedances of the, HO limit value in decil& (highest

income) compared to decile 10 Ql@st income). This is linked a large proportion of peoplgvith

the highestincomes living within central areas of Londanich aghe City ofWestminster which

suffer from poor air quality.

Figure8 LSOA Néxoncentrations byincome decile groups in London 2013
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4.2 Summary

It has been shown that pollution levels are on average highdodations of hghest deprivation
compared withlocations oflowest deprivation, and this is shown most clearly for,N@6% of
LSOAs within the most deprived decile have concentrations above th&MOmMIt value compared
with 2% indecile 10 (least deprived)However,there is a wide variation in pollution concentration
values across the social gradientith all deciles showing a largange between minimum and
maximum valuesThe pattern forPMi and PM:s is less pronounced showing less variation across
the social gradient because of a flatter concentration pattern across London.

The correlation between air pollution exposure and incomé complex, with no clear trend
apparent More people who have the highest income were exposed to exceedances of thEUWNO
limit value in 2013 comparei those with the lowest income.

It is important that future measures timprove air qualityare targeted to ensure that this inequality
is reducedby improving the air quality in the most deprived areakhis iconsideredn Sction 7 of
thisreport wherethe predicted changes in exposure apalysed
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5 Air Pollution Exposuref Ethnic Groups

Each LSOA in London has been allocated to an ethnicity @tmcdach of the five ethnic groups (see
Table2), defined as 10 percent groups of LSOAs rankegebgentage population of the relevant
ethnic group.Decile 1 represents the LSOAs with the lowest percentage piqrulaf the relevant

ethnic group, and decile 10 the LSOAs with the highest percentage population. The deciles have
been based on percentage populations rather than actual population to prevent a skewing effect on
LSOAs with larger populationsach LSOAal been allocated an ethnicity decile per ethnic group
within which the air pollution concentration has been calculated by averaging air pollutieacim
modelled 20n grid squareThe locations of LSOAs in decile 10 for each ethnic group are shown in
Figure9.

Figure9 Locations of areas with the highest proportions of each ethnic grouping

Air pollution data for eaclethnicity decile has been summarised to show the trend in pollutigti

an increasing proportion of each ethnic groupThese are shown igure10. Only the results for

NG are presented here. Similar, but slightly less pronounced trends are found for particulates
whose results are provided innexIll.

In 2013, igh NQ concentrationsoccutred across all ethnicitgleciles for each ethnic group. This is
highlighted by the occurrence of exceedances of M@ EU limit However Figurel10a shows that
mean NQ concentrations areon averagdowest where the proportion of the White population is
highest,with concentrations increasinigy 5pg/m?®in LSOAs ith the lowest proportion othe White
population In contrast, for the remaining four ethnic groups, N&ncentrations are lowest in
decile 1. The greatest difference between deciles is seen for the Other ethnic drigupe(10e),
where the mean annual N@oncentrations exceed the EU limit value in the highest Ethnicity Decile.
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