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Cambridge Environmental Research Consultants

CERC

ωSME based in 
Cambridge

ωExperts in air quality 
since 1985

ωManaging Director is Dr 
David Carruthers, 
previous member of 
AQEG

ωAround 20 technical 
staff with science / 
maths / engineering 
backgrounds

Activities

ωADMS model 
development

ωADMS model licensing, 
support and training

ωAir quality consultancy 
(EIA, AQM, Permitting)

ωResearch projects

ωAir quality forecasting 
(London, Manchester, 
York, Riga (Latvia) and 
Klang(Malaysia))

Clients

ωAcademic institutions

ωLocal authorities

ωNational government 
and agencies (e.g. 
Defra, Met Office, EA, 
ADMLC)

ωCommercial air quality 
consultancies

ωIndustry operators

ωNGOs
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Background

Lƴ ǘƘŜ ΨbŜǘǿƻǊƪ ŀǎ ŀ {ŜƴǎƻǊΩ ǇǊƻƧŜŎǘΣ /9w/ ŘŜǾŜƭƻǇŜŘ ŀ ǎȅǎǘŜƳ ǘƘŀǘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ 
ŀǎǎƛƳƛƭŀǘŜǎ ǎŜƴǎƻǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴ Řŀǘŀ ǿƛǘƘ /9w/Ωǎ !5a{-Urban dispersion model to 
deliver 10 metre resolution, calibrated, pollution maps for Glasgow City Centre, and 
updated emissions based on measurements  

High-resolution AQ 
maps and forecasts

+
Updated emissions

Thibault I, Jones R, Mills J, Popoola O and Stidworthy A, 2023: The suitability 
of a mobile communications network to deliver high-resolution air quality 
measurements. Envirotech Online, September 2023.

This presentation

Updated high-
resolution AQ maps
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ADMS-¦ǊōŀƴΥ /9w/Ωǎ !ǘƳƻǎǇƘŜǊƛŎ 5ƛǎǇŜǊǎƛƻƴ aƻŘŜƭƭƛƴƎ {ȅǎǘŜƳ
Hundreds of ADMS licences worldwide
Organisations using ADMS per country

ωCompanies

ωRegulatory bodies

ωLocal government

ωNational government

ωResearch organisations

²ƛŘŜƭȅ ǳǎŜŘ ōȅΧ

ωProfessional Helpdesk Service

ωTraining (online available)

ωDetailed user documentation

tǊƻǾƛŘŜŘ ǿƛǘƘΧ

www.cerc.co.uk/ADMS-Urban

http://www.cerc.co.uk/ADMS-Urban
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Example ADMS-Urban pollution maps

NO2 PM2.5

Area coloured yellow, orange and red exceeds UK annual 
objective of 40 µg/m3 for NO2

Area coloured yellow, orange and red exceeds WHO 
guideline of 10 µg/m3 for PM2.5

Modelled air pollution in London in 2019 with a resolution of 10 metres
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CERC Inversion System: Overview

ADMS-
Urban

Monitor location 
and height data

Meteorological 
data

Source 
characteristics 

(location, 
dimensions, 

buoyancy, street 
canyons etc)

Modelled concentration
per source at each 

monitor

Initial time-varying 
emissionsdata + 

uncertainty

A priori background
concentration+ 

uncertainty

Monitored
concentrationdata + 

uncertainty

Inversion 
System

Revised 
modelled 

concentration at 
each monitor 
every hour

Revised emission 
rate for each 

source for every 
hour

The inversion scheme uses monitoring data from a network of monitors/sensors to adjust emissions to reduce error in the 
model predictions:

Carruthers DJ, Stidworthy AL, Clarke D, Dicks KJ, Jones RL, Leslie I, Popoola OAM, Billingsley A and Seaton M, 2018: Urban emission 
inventory optimisation using sensor data, an urban air quality model and inversion techniques. International Journal of 
Environment and Pollution, vol. 66, issue 4, pp. 252-266

Minimises the cost 
function 

ὐ ὐ ὐ
subject to prescribed 
uncertainty info,
where 
ὐ is emissions error 
ὐ is mod concerror

+ Time covariance: 
ÅHours on the same weekday and at the same time of day over a 3-week period are treated as co-varying
ÅMeans that for each calculation hour, modelled concentrations and measurements from 3 hours are included: the 

calculation hour, 1 week before and 2 weeks before. 
Å{ȅǎǘŜƳ ŀƭƭƻǿǎ ŦƻǊ ΨōǊŜŀƪ ŘŀǘŜǎΩ ŀƴŘ Ψǳƴǳǎǳŀƭ ŘŀǘŜǎΩΥ ŜǾŜƴǘǎ ǘƘŀǘ ŘƛǎǊǳǇǘ ǘƘŜ ŎƻǾŀǊƛŀƴŎŜΣ ǎǳŎƘ ŀǎ ōŀƴƪ ƘƻƭƛŘŀȅǎ
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Example inversion results from other projects

London ςCOVID impact on NOX

Glasgow CO2 (previous project ςpresented at AQE 2022)

Χ tƭǳǎ ǊŜŎŜƴǘ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎ ŦƻǊ ǘƘŜ 
Environment Agency using this technique to 
estimate methane emissions
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Glasgow Vodafone Network as a Sensor measurement network

Network of 16 sensors 
across 11 sites

9 existing council-
operated reference sites
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ADMS-Urban modelling for Glasgow

·aƻŘŜƭƭŜŘ ǳǎƛƴƎ /9w/Ωǎ !5a{-Urban

·2948 road sources (blue lines)

·48 point sources (red dots)

·494 1km x 1km grid sources (hatched squares)

·26 monitoring sites (reference and Vodafone 
sensors) (green squares)

·Emissions from NAEI for 2021, with real-world 
adjustments applied to NOx and PM, traffic 
flows from 2017/2019

·Street canyons

·Time varying road traffic emissions profiles

·Meteorology from the Glasgow Bishoptonmet 
site

·Background PM from AuchencorthMoss; NO2, 
NOx and O3 from Bush Estate; CO2 from 
baseline sensor data
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Inversion results: NOX

Concentrations at 
monitoring sites

Average emission 
rate changes by 
source type

Average changes:
Roads -3.0%
Grids -2.1%
Points -0.6%
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Inversion results: PM2.5

Average emission 
rate changes by 
source type

Concentrations at monitoring sites

Reference sites Vodafone sensors

Average changes:
Roads -1.0%
Grids -3.1%
Points -0.1%
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Inversion results: PM10

Average emission 
rate changes by 
source type

Concentrations at monitoring sites

Vodafone sensorsReference sites

Average changes:
Roads -1.4%
Grids -5.8%
Points -0.1%
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Inferred maps combine model and measurements: NOX

NOX

Vodafone

Reference

Initial Inferred

Mean concentrations 
for the period 1 Oct to 
30 Nov 2023
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Inferred maps combine model and measurements: PM2.5

PM2.5

Vodafone

Reference

Initial Inferred

Mean concentrations 
for the period 1 Oct to 
30 Nov 2023
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Inferred maps combine model and measurements: PM10

PM10

Vodafone

Reference

Initial Inferred

Mean concentrations 
for the period 1 Oct to 
30 Nov 2023
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Summary

·Sensor measurements from the Vodafone network and reference monitors 
have been combined with the ADMS-Urban model using advanced inversion 
techniques

·The system extracts maximum information from low cost sensors while 
accounting for higher measurement uncertainties compared with reference 
monitors

·The updated emissions inventories were fed back into ADMS-Urban to 
produce updated high resolution AQ maps

·Results for Glasgow suggest that NOX, PM10 and PM2.5 road emissions were 
around 2 - 5% lower, on average, during the 2023/4 study period than the 
input emissions inventory, which used NAEI 2021 and road traffic flows from 
2017/19. This is likely partly due to the low emissions zone introduced in 
Glasgow city centreon 1 June 2023.
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Thank you for listening
Amy.stidworthy@cerc.co.uk

bŜȄǘ ǎǘŜǇǎΧ

·Greenhouse gases project with Cambridge University:

ÁDeveloping the inversion system from an internal research tool into a practical tool 
for modellers (AQ and GHG)

ÁApplication of the tool to CO2 emissions from a farm in Cambridgeshire, using sensor 
measurements

ÁCH4: Investigative study into the trade-offs between monitoring network density and 
monitor accuracy: how many sensors is enough to quantify emissions accurately?
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Inverse Modelling Approach for Glasgow

·Road emissions uncertainty: 50%; Road emissions covariance = 5%

·Grid emissions uncertainty: 100%; Grid emissions covariance = 10%

·Point emissions uncertainty: 50%; Point emissions covariance = 0%

·Background uncertainty: 2 µg m-3

·Measurement uncertainty:

ÁNOX: Reference = 8 µg m-3; Vodafone = 24 µg m-3

ÁPM2.5: Reference = 2 µg m-3; Vodafone = 4 µg m-3

ÁPM10: Reference = 4 µg m-3; Vodafone = 8 µg m-3
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Local AQ forecasting and alert services using ADMS-Urban
London airTEXT(since 2007)

·www.airtext.info

· Stakeholders include Greater London Authority

· 2023-2024 project for Southwark and Lambeth 
councils to update airTEXTand develop 3 apps for 
the general public, schools and healthcare settings. 
Working with digital and community research 
agencies. Funded by Defra AQ grant.

Central London: Overall 
forecast (DAQI)

Riga airTEXT(since 2018)

Åwww.rigaairtext.lv

Å/!a{ ά¦ǎŜ /ŀǎŜέ

ÅStakeholder is Riga City 
Council

Central Riga: Overall 
forecast (EUAQI)

Clean Air for Greater 
Manchester (since 2019)

Åwww.cleanairgm.com

ÅStakeholder is Transport 
for Greater Manchester

Greater Manchester: 
PM2.5 forecast (DAQI)

+ New in 2024: York!
Åairqualityalerts.york.gov.uk
ÅStakeholder is City of York 

Council

http://www.airtext.info/

