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1 EXECUTIVE SUMMARY

Il n t hi s sColiedeyLondan msgpdtbe most recent air quality modelling data

available at the time and developed a new high-resolution air quality map for Camden,

showing modelled annual mean concentrations of NOx, NO2, PM1o and PMzs for the
year2030.The purpose of this modelling exercise
Action Plan 2019-2022 (CAAP) and Camden Transport Strategy (CTS) by
investigating whether existing and proposed air quality policies would be capable of
bringing air gual ity i n Camden i nto compl
Organization targets for NO2 and particulate matter.

The 2030 modelled data was based on the London Atmospheric Emissions Inventory
(LAEI) 2013 dataset, which was the most recent at the time, and included the latest
set of existing and imminent policies to be introduced in London including those of the
London Environment Strategy. Key air quality and transport policy interventions
proposed by Camden Council were then introduced to the 2030 model to explore the
extent to which Camden could meet its World Health Organization air quality targets.

The model includes an interactive online analytical map tool displaying high-resolution
overall concentrations of NOx, NOz, PM1o and PMzs plotted on a five-by-five metre
grid, and the contribution of different emissions sources as separate layers. The
individual emissions sources which were mapped were:

Road transport

Commercial and domestic gas heating

Commercial catering

Domestic wood burning

Out-of-London background contribution ( compr i sed of a Orur al
contribution from UK-b as e d sources out si de of Lond

backgr ounddé contri bution from outside of the

= =42 =4 -4 -9

This tool can be used to visualise and interrogate the data at any given location, and
enables Camden to analyse the relative significance of different activities in different
parts of the borough. This facilitates a more geographically targeted approach in the
delivery of air quality policy meas-@022s in C

The tool has been used to establish the anticipated impact of existing air quality

policies in London, to identify the key pollution sources in Camden in 2030, and to
investigatet he 6gap6é bet ween mode2zdHMedndPM:pic2030t r at i o
and the limit values and WHO targets for these pollutant species. Thi s 2030 -06busin
as-u s u anbdél scenario indicates that the 40 pg/m?3 limit values for NO2 will be

achieved by 2030 throughout Camden, while the WHO targets for PM1o (20 pg/m?3)

and PM2s (10 pg/m3) will be more difficult to reach, with all areas experiencing
concentrations above these objectives under the current limitations of London-wide

powers and existing interventions to improve air quality.



Camden then defined a set of overarchingp o | i ¢
to rerun the model fori 0 30 Camden S
assumptions:

y interventions and
c e nsing theofolloming set2ob 3 0

1 5% reduction in road transport traffic levels for all vehicle types (except Transport
for London buses) on all roads within Camden

i Removal of all domestic wood burning within Camden

1 Electrification of the Chiltern Main Line passenger railway route within London

Predicted 2030 concentrations of NOx, NO2, PMio and PMzs are reduced at all
locations under the 2030 Camden Scenario. However, the model still suggests that
the WHO guideline objectives for PM1o (20 pg/m?3) and PMzs (10 pg/m?) would still not
be achieved by 2030, with PM1o concentrations 25% above the target and PM2z.5 39%
above the target according to the average annual mean concentrations at 166 distinct
locations in the model. It should be noted that only those policy interventions from the
CAAP and CTS which were quantifiable as model inputs were able to be introduced
to the 2030 Camden Scenario.

The study also finds that the significant majority of modelled PM1o and PMz5 present
in Camden in 2030 originates from the out-of-London background contribution, under
both the business-as-usual scenario and the 2030 Camden Scenario, with 65-75% of
PM1o and 70-75% of PM2.s coming from this source under the latter scenario.

Since completing this modelling study for Camden, K i n das sindertaken a new
research project which uses current PM data from monitoring sites within London and
surrounding areas to produce amended forecast assumptions for the updated LAEI
2016 dataset!. This research finds that measured PM concentrations are lower than
had previously been predicted, and suggests that reaching the WHO guideline
objectives for PMio and PMzs in London by 2030 is now within a range of possible
outcomes.

The Camden-specific modelling results which are presented in this study can therefore

be considered to-cransge serethnaa i 6wormMsite over al
study and Kingbébs new research both indicate
but that additional support is required from Government.

Despite the uncertainty surrounding the achievement of the WHO guidelines, this work
confirms the importance and the need for Camden to implement the best set of policies
to reduce air pollution locally, whilst putting pressure on relevant legislative bodies to
reduce the contribution of external emission sources to pollution in the borough.

The overarching outcome of this study places increased emphasis on the importance
of setting a good example of best practice in air quality management, whilst adopting
strong lobbying positions to influence national Government to implement more
stringent air quality legislation, including setting ambitious targets for air quality, to
tackle pollution sources at a regional, sectoral or national scale.

1LAEI 2016 data can be viewed on the London Datastotettps://data.london.gov.uk/dataset/london -
atmospheric-emissionsinventory --laei--2016
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2 ABBREVIATIONS AND GLOSSARY

BAU:
CAAP:
GLA:

HGV:

LAEIL:
LES:

LCV:

pg/ms:
NAEI:
NOx:

NRMM:

Business-as-usual

Camdends Clean Ai-P02Acti on Pl an 2019

Greater London Authority

Heavy goods vehicle 7 vehicles with a gross weight more than 3.5
tonnes

London Atmospheric Emissions Inventory
London Environment Strategy

Light commercial vehicle i vehicles with a gross weight up to 3.5
tonnes

Micrograms (one-thousandth of a gram) per cubic metre of air
National Atmospheric Emissions Inventory
Nitrogen oxides i collective term for NO and NOz2

Non-road mobile machinery i construction machinery used in
demolition and construction, such as excavators and generators

Part A and B processes:

PM:

TfL:

ULEZ:

WHO:

Industrial processes which have the potential to cause air pollution T in
urban areas these typically include premises such as petrol stations,
cement plants, vehicle resprayers, etc.

Particulate matter i airborne particles of which those with a diameter of
less than 10 micrometres (um i one-thousandth of a millimetre) are
referred to as PMaio and those with a diameter of less than 2.5 um are
referred to as PMzs

Transport for London

Ultra Low Emissions Zone

World Health Organization
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INTRODUCTION

3.1 World Health Organization air quality guidelines

Camden has been in breach of the national air quality objective for NO2, but has met
the objective for PM1o at all PM1io monitoring locations since 1998. Figures 1 and 2
show annual mean PMio and PM2.s concentrations at Camden monitoring sites since
2010, as well as the national objectives and the World Health Organization guideline
objectives.
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Figure 1: Annual mean PMs, concentration 2010-2017, in micrograms per cubic metre of air (ug/m3)
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Figure 2: Annual mean PM; s concentration 2010-2017, pg/m3



The WHO has campaigned worldwide for strict targets for air quality, which are based
upon scientific evidence of the health impacts of air pollution. The WHO air quality
guidelines are intended to support and drive actions in a local or regional context.

Although all PM monitoring sites comply with the UK national air quality objectives,
two of three sites recorded annual mean PMio concentrations above the WHO
guideline objective (20 € g /*)nm 2017, and all three were at least 35% above the
objective for PM2s (10 & g #)m

Exposure to PM is associated with a range of health impacts and the PM2.s component
(fine particulate matter) is classed as carcinogenic. Epidemiological evidence shows
that there is likely to be no threshold for PM below which adverse health impacts,
including mortality, do not occur. These impacts are statistically associated with
elevated outdoor @mbientd concentrations of air pollutants, and are still seen at
concentrations below the limit values.

The WHO air quality guidelines take account of the fact that a portion of PM comes
from natural sources, and that any reduction in PM concentrations will achieve a
reduction in the prevalence of adverse health impacts. Therefore whilst the WHO air
quality guidelines for PM do not target zero exposure, they are much more stringent
than UK national air quality objectives.

In 2018 Camden became the first local authority in London to formally adopt the WHO
guideline objectives for air quality. Camden is aiming to meet the WHO guideline
values of 40 ¢ g /° for NO2, 20 ¢ g /° for PM1o and 10 € g /° for PM2s (fine particulate
matter) by 2030. The WHO guideline objectives are much more stringent for
particulate matter than the EU air quality objectives which form the UK national targets.

Tackling pollutant emissions sources is therefore essential to improve air quality to
meet both the UK limit values and the WHO guidelines, and ultimately to achieve the
lowest possible levels of pollution.

3.2 Camden 2030 air quality model
Camden Council commissioned Ki ngdés Col |l ege London (King?o:
whether measures introduced in Ca md s @léan Air Action Plan 2019-2022 and
Camdenos Tr ans p o r-2041 Svoutd alikely gog suffidedt Sto achieve
Camdend ®Vorld Health Organization (WHO) air quality objectives for PM1o and PMzs
by 2030.

Kingbds model | ed annu aofNOm&@nPMe amd @Mz in208Q@ i ons
under a @duwissu afBédd) s Scenario and produced several source
apportionment outputs to show the estimated contribution of different emissions

sources to total pollutant concentrations. These sources included road transportation,
commercial and domestic gas heating, emissions from commercial catering premises,
domestic wood burning and an out-of-London dackgroundécontribution.

The overall pollutant concentrations and the contributions from these individual
sources were mapped on an online tool which enabled Camden to visualise the



modelled distribution of pollutants throughout the borough in 2030 at five-metre spatial
resolution.

This allowed Camden to explore the relative significance of different pollution sources
throughout the borough to assist in identifying which types of policy measures could
have the most impact in different areas.

Other emissions sources which could not be mapped spatially T and which are
typically associated with an estimated uniform contribution to localised air pollution in
London as per the LAEI 2013 dataset i were included in the total pollutant
concentrations displayed on the online map tool. These sources include demolition
and construction activities and non-road mobile machinery (NRMM), aviation and
marine activities.

As a final stage of the modelling exercise, Ki ng é s i some a tthaioveeacching
policy interventions which incorporated various individual measures of the CAAP to
the modell ed BAU Scenario to produce a

the combined impact of existing and imminent GLA and TfL policies under the LES
and Camden action to improve air quality.

The BAU Scenario and the Camden 2030 Scenario were then compared in the online
tool to examine the additional i mpact
anticipate whether further interventions would be required in order to meet the WHO
targets by 2030.

6 Camd
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4 METHODOLOGY
4.1 LAEI 2013 reference air quality data

The NOx, NO2, PM10 and PM25s emissions and air quality modelling reference year
which formed the base of the Camden 2030 model was the London Atmospheric
Emissions Inventory (LAEI) 2013 dataset. This was | at e withtthe f i
inclusion of updated EU standard vehicle emissions factors (COPERT version 52),
which improved the accuracy of modelling road transport emissions.

In the LAEI 2013 data, domestic wood burning (biomass) was modelled as a single,
uniform background concentration across London, with no spatial variation, based
upon detailed measurements of the contribution of biomass to overall PM emissions.

To allow Camden to assess the spatial distribution of biomass emissions it was
necessary to replace this uniform concentration with an equivalent emissions total in
London, including correctly representing the spatial distribution of the emissions
across the city. This was achieved by spatially distributing 2,042 tonnes of PM
emissions (the equivalent London-wide emissions total) onto the LAEI 1x1km grid
using the National Atmospheric Emissions Inventory (NAEI) 2015 residential wood
burning emissions inventory? to reflect the spatial changes in emissions.

Wood burning emissions (in tonnes per annum)
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Figure 3: Distribution of domestic wood burning emissions in London (Camden borough border
outlined in blue) based upon LAEI 2013 data, with emissions in tonnes per annum

2 https://www.emisia.com/utilities/copert/

3 https://uk -
air.defra.gov.uk/assets/documents/reports/cat07/1710261436_Methodology_for NAEI_2017.pdf
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This new biomass emissions distribution has allowed Camden to model the impact of
policies to limit domestic wood burning in the borough, and to investigate the extent to
which the contribution of biomass to overall annual mean PM concentration varies
throughout Camden.

Finally, components of the updated LAEI 2013 air quality model used by the Greater
London Authority (GLA) and Transport for London (TfL) to develop the London Ultra
Low Emissions Zone (ULEZ) and the London Environment Strategy (LES) was
incorporated to further enhance the representativeness of the future projections in the
Camden 2030 model.

This forms a future 2030 Camden 6 Bu s i-as-&ds 8 a | 6 ScemAolbpsed upon
improved modelling, the original 2013 meteorology, and incorporating the impacts of
London policies forming the LES. A more detailed description of the basis of this model
can be found in the LAEI 2013 Methodology*. It should be noted that the policies
incorporated in the BAU Scenario represent the extent of the legislative powers of the
GLA and the Mayor of London at the time of modelling (2018).

4.2 2030 BAU Scenario source apportionment data and maps

The base output of the 2030 BAU Scenario is a set of interactive maps of annual mean
concentrations of NOx, NO2, PMio and PMzs, plotted at 5x5m spatial resolution. This
would have enabled analysis of the overall estimated distribution of pollution in 2030,
but could not have provided any insight into the relative contributions of difference
emission sources.

In order to allow Camden to develop action plan measures more specifically targeted

towards different emission sources i n di fferent parts of t hi
disaggregated the pollutant concentrations attributable to some of the main emission

sources and added these as separate map layers on the interactive online map tool.

This modelled 6 sour ce apporti on me&0B0 was praducedaar the qual i f
following emission sources:

1 Road transport i the combined contribution of all road vehicles of all categories
moving on roads in Camden

1 Commercial and domestic gas heating 1 the contribution of boiler and other
heating system exhaust gases from commercial and domestic premises with
natural gas heating systems

1  Commercial catering 7 the contribution of emissions from commercial catering
facilities (not including mobile premises such as food stalls)

i Domestic wood burning 1 the contribution of wood-burning (biomass)
emissions from domestic premises

i Out-of-London dackgroundécontribution i emissions imported into Camden,
comprised of a o6rur al b aebksgdsoutcesdudsidecd nt r i b u
London and a O6r egi obutenfrom souréegautside ofdhé UK o n't r i

4 https://data.lon don.gov.uk/dataset/london-atmospheric-emissionsinventory-2013
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As with the overall pollutant concentrations under the 2030 BAU Scenatrio, the source
apportionment map layers are displayed at high spatial resolution (5x5m).

In addition to the visual representation of air quality in 2030, the online map tool is
supplemented with a data table showing modelled pollutant concentrations at specific
postcodes or latitude-longitude locations in Camden. This enabled a more detailed
guantitative comparison of modelled air qual

Figure 4 shows a screenshot of the online map tool, which in this case is displaying
modelled total annual NO2 concentration under the 2030 BAU Scenatrio.

Air Quality In Camden 2030

Find air quality by location
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Figure 4: Total modelled annual mean NO; concentration in Camden in 2030, according to the 2030
BAU Scenario model. Areas coloured yellow through to purple are in breach of the WHO guidelines
objective for NO2, 40 pg/m?3
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Figure 5 shows the accompanying data table which presents the modelled pollutant
concentrations in 2030 at the location marked in Figure 4. All concentrations are in

ug/m3. The col umns OLES Baseb and 6Scenario
concentrations under the different model l in
060GadlBookingd and 6Biomassd columns note the
attributable to that particular emission source. The remainder (left by the total minus

the sum of the individual modelled sources) represents the unmodelled emission

sources within Camden and the contribution of emission sources from other London

boroughs.

g

It should be noted that whilst the concentration values shown in the data table in Figure
5 are given to two decimal places, this does not represent the precision of the
modelling; rather, the values are the centre of the range of projected pollutant
concentration.

Lat Lng Search Current Location (NW1 7THG- Camden)
Click on the map, drag the Latitude: 51.54000

marker, or enter a lat Ing that Longitude: -0.14423

location

LES  Scenario

Pollutant Base 1 Diff Background Road Gas Cooking Biomass

NO2 20.26 20.02 0.23 - 156 119 -

NOX 24.46 24.06 0.40 8.5 3.01 220 -

(ng/m?)

PM10 23.38 23.16 0.23 1741 1.20 0.03 039 0.18
Postcode Search (ng/m?)

PM2.5 13.52 13.32 0.20 10.18 031 0.03 039 0.18

(ng/m?)

Click on the map, drag the
marker, or enter a postcode to see
the pollutant concentrations at

that location

Find

Figure 5: Data table accompanying online map tool

Figure 6 shows total NO2 concentration, NO2 concentration under the 2030 BAU
Scenario, the NO2 concentration attributable to road transport, and the NO:
concentration attributable to commercial and domestic gas heating systems. For the
map showing total NO2 concentration, areas coloured yellow through to purple are
those where the 40 pg/m3 UK legal limit and WHO guidelines objective are estimated
to be breached.
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Figure 6 shows that NO2 concentration is anticipated to meet the UK legal limit and
WHO guideline objective by 2030 under the 2030 BAU Scenario, including in those
areas which at present experience annual mean NO: far in exceedance of the target.

It is clear that the contribution of road transport to 2030 NO2 concentrations is highly
localised around key arterial roads in Camden, whilst the impact of commercial and
domestic gas heating systems is more widely distributed, albeit with a distinct
geographical stratification with higher concentrations of NO2 from this source in the
south of the borough.

Figures 7 and 8 show that all areas of Camden are below the UK legal limit for PM1o
and PMzs, however all areas are predicted to experience concentrations above the
WHO objectives for these pollutants.

As with NO2 concentration, there is a clear association between the concentration of
PM from road transport and proximity to busy roads. However, from the total PM1o
and total PM2.s maps it is evident that the individual sources have a less significant
influence on overall concentration than for NO2, which indicates that a significant
proportion of modelled 2030 PM is attributabl e t o di sper sed or
sources from outside of Camden, outside of London (rural background) and from
outside of the UK (regional background).

For the rural background imported emissions, the model factors in a contribution of
8.5 pug/m?3 to NOx, 0.8 pug/m? to PM1o and 0.5 pg/m? to PM2.s concentrations in
Camden. The regional background imported emissions account for 16.6 pg/m? of
PMio and 9.7 pg/m?® of PMz:s in Camden, with no contribution to NOx as this pollutant
is typically not transported as far as particulate matter.

The PM contribution from commercial and domestic gas heating has the same
pattern as for NOz2 from this source, with the south of Camden experiencing
increased concentrations of PM from gas heating and the north comparatively little,
with the exception of residential areas around Gospel Oak and Highgate. The
contribution of commercial catering premises is even more distinctly stratified with a
clear decline in catering-derived PM with increasing distance from Central London.
The impact of domestic wood burning is clearly most pronounced around
Hampstead, Gospel Oak and Highgate.

In summary, the 2030 BAU Scenario maps suggest that Camden will achieve the UK
air quality objectives for NO2, PM1o and PMzs by 2030. However, both PM1o and
PM:2.5 modelling data suggests that Camden may fail to achieve compliance with the
WHO guidelines objectives of 20 pg/m?3 and 10 pg/m? for PM1o and PM2s,
respectively, by 2030.

13
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2030 BAU Scenario total NO;

2030 BAU Scenario road transport
NO2
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1.1396 -
0.9701 -
0.8439 -
0.7091 -
0.5303 -
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28.6900 - 31

28.6900
2.9695
1.8754
1.4229
1.1396
0.9701
0.8439
0.7091

0.5303

0- 0.3030

2030 BAU Scenario commercial
and domestic gas heating NO>

>97
76-97
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— 4043 1 Jimit and WHO
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0.8552 - 0.9695
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0.6274 - 0.7578
0.4696 - 0.6274
0 - 0.4696

Figure 6: Total NO2, road transport-derived NO, and commercial and domestic gas heating-derived
NO- under the 2030 BAU Scenario. All units are pg/m? - note different scales
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Figure 7 shows the 2030 BAU Scenario maps for total PM1o concentration and the
PMa1o attributable to road transport, commercial and domestic gas heating,
commercial catering and domestic wood burning. All units are pg/m3.
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Figure 7: Total PM1o concentration and PMio from road transport, commercial and domestic gas
heating, commercial catering and domestic wood burning. All units are pg/m? - note different scales
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Figure 8 shows the 2030 BAU Scenario maps for total PM2.5 concentration and the
PMzs attributable to road transport, commercial and domestic gas heating,
commercial catering and domestic wood burning. All units are pg/m3.

I >33
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Figure 8: Total PM2s concentration and PM; s from road transport, commercial and domestic gas
heating, commercial catering and domestic wood burning. All units are pg/m? - note different scales
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4.3 Road transport emissions and concentrations maps

In addition to the modelled 2030 pollutant concentr at i on maps, Ki ngds
another map tool to explore the emissions attributable to specific key roads in

Camden, with estimations for the contribution of specific vehicle categories and a
breakdown of whether the emissions are from the vehicle exhaust gases or from

break and tyre wear.

This map layer gives proportion data for motorcycles, taxis, petrol cars, diesel cars,
electric cars, petrol LDVs, diesel LDVs, electric LDVs, TfL buses, coaches, rigid
HGVs and articulated HGVs. Combined with the estimations for the contribution of
different components of vehicles and vehicle activity (vehicle exhaust, brake and tyre
wear and resuspension), this allows Camden to anticipate the origins of road
transport emissions of PMi1o and PMz in 2030 under the 2030 BAU Scenario.

Figure 9 shows total PM2.s concentration under the 2030 BAU Scenario overlaid with

additional road transport emissions data for a section of Mill Lane in north-west
Camden.
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Figure 9: Total modelled PM; s concentration under the 2030 BAU Scenario and modelled road
transport emissions breakdown by emissions origin for a section of Mill Lane. Concentration is in
pg/mé, and total emissions of PM s for the road link are in tonnes/year
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