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Overview

·Context(Dave Pettitt, Westminster City Council)

ÁClean Air Routes London (CARL) motivation

ÁTool demonstration

·Forecasting and API (Molly Harrison, CERC)

ÁairTEXToverview

ÁForecasting system & API

ÁExposure calculation and results

·Data Fusion(Victoria Hamilton, CERC)

ÁMethodology

ÁCase study and testing 

ÁResults for Westminster and Greater London
Image by JannoNivergallfrom https://pixabay.com



Clear Air Routes London

The problem we are trying 
to solve...

People's health can be impacted by their exposure 
to poor air quality as they walk or cycle through 
Westminster. 

This can lead to less healthy/more polluting 
transport choices or in some cases can prevent 
them from making a journey.



Clear Air Routes London

The Vision

A web based accessible tool that enables users to 
discover walking and cycling routes that can reduce 
their exposure to poor air quality

Incorporate hyperlocal AQ monitoring data

Covers all of London and not just Westminster

Be shared and re-used across other London 
boroughs



Demo

https://cleanairroutes.org/

https://cleanairroutes.org/
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/9w/Ωǎ ƭƻŎŀƭ ŀƛǊ ǉǳŀƭƛǘȅ ŦƻǊŜŎŀǎǘƛƴƎ ŀƴŘ ŀƭŜǊǘ ǎŜǊǾƛŎŜǎ
· London airTEXT (since 2007)

Á www.airtext.info

Á Stakeholders are local authorities in London, Essex and 
Surrey (expanded in 2024)

· Riga airTEXT(since 2018)

Á www.rigaairtext.lv

Á Stakeholder is Riga City Council

·Manchester (since 2019)

Á www.cleanairgm.com

Á Stakeholder is Transport for Greater Manchester

· York (since May 2024)

Á airqualityalerts.york.gov.uk

Á Stakeholder is City of York Council

·Malaysia (since July 2024)

Á RESPIRE-2 project (with health researchers, includes app)

·West Midlands (since November 2025)   New!

Á{ŜŜ WŜƴƴȅΩǎ ǘŀƭƪ ƭŀǘŜǊ ǘƘƛǎ ŀŦǘŜǊƴƻƻƴ

http://www.airtext.info/
http://www.rigaairtext.lv/
http://www.cleanairgm.com/
https://airqualityalerts.york.gov.uk/
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/9w/Ωǎ airTEXTsystem for London

3-day pollution forecasts expressed using 
UK Daily Air Quality Index (DAQI)

NO2 O3 PM10 PM2.5

9¦Ωǎ /ƻǇŜǊƴƛŎǳǎ !ǘƳƻǎǇƘŜǊŜ aƻƴƛǘƻǊƛƴƎ {ŜǊǾƛŎŜ ό/!a{ύ

Emissions 
Inventory (LAEI)

Measurements 
(AURN)

Weather 
forecast (DTN)
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Generation of hourly high resolution concentration data

·ADMS-Urban uses CAMS background data, DTN 
met data and HFC airport runway data

·The ADMS-Urban runs twice a day to provide 
high-resolution hourly forecasts of NO2  and PM2.5

·ADMS-Urban spatial splits are run in parallel on 
cloud infrastructure, delivering results quickly and 
efficiently 

·Generates ADMS-Urban Comprehensive Output 
Files in netCDFformat 

·Combines the data from the spatial splits and 
adds interpolated grid points to create gridded 
data with 10m resolution
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Generation of composite pollution dataset for route ranking

·Gridded NO2 and PM2.5 datasets are used for hourly exposure calculations

·A composite pollution dataset is generated by normalising gridded NO2 and PM2.5

datasets using WHO guidelines. Normalisation is applied to each 10m x 10m grid cell

·GDAL crops the plots to the modelled area and converts them to GeoTIFFformat

·Plots are created for each dataset, for each hour, for the next three days (216 plots)

·Plots are uploaded to GeoServerand then accessed by the Calculation Engine
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·The API accepts multiple Google routes (up to 3), 
complete with geometry and associated data 
(e.g. start time and journey duration)

API Calculation Engine
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·The API accepts multiple Google routes (up to 3), 
complete with geometry and associated data 
(e.g. start time and journey duration)

·Splits the routes into hourly segments

API Calculation Engine
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·The API accepts multiple Google routes (up to 3), 
complete with geometry and associated data 
(e.g. start time and journey duration)

·Splits the routes into hourly segments

·Uses the PM2.5, NO2 and composite plots in 
GeoServeralong with the route segments for 
each hour

API Calculation Engine
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·The API accepts multiple Google routes (up to 3), 
complete with geometry and associated data 
(e.g. start time and journey duration)
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GeoServeralong with the route segments for 
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·The API accepts multiple Google routes (up to 3), 
complete with geometry and associated data 
(e.g. start time and journey duration)

·Splits the routes into hourly segments

·Uses the PM2.5, NO2 and composite plots in 
GeoServeralong with the route segments for 
each hour

·Calculates statistics from the plot data within 
each route segment for each hourly interval

·Calculates overall journey exposure levels by 
ŀŘŘƛƴƎ ŜŀŎƘ ǊƻǳǘŜΩǎ ǎŜƎƳŜƴǘǎΣ ǿŜƛƎƘǘŜŘ ōȅ ǘƘŜ 
time spent in each hourly interval

API Calculation Engine
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API Results

·The results are returned in 
JSON format containing:

ÁThe original route information

ÁThe ranking for each route 
from the exposure calculation

ÁThe NO2 and PM2.5 exposure 
values (µg h/m3)

·The results are used to show 
the route rankings and 
exposure on the website
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API Results

·The results are returned in 
JSON format containing:

ÁThe original route information

ÁThe ranking for each route 
from the exposure calculation

ÁThe NO2 and PM2.5 exposure 
values (µg h/m3)

·The results are used to show 
the route rankings and 
exposure on the website
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What is data fusion and why do we want to do it?

·Alongside traditional reference air quality monitors, there is now 

an increased availability of small sensors (particularly across 

London).

·This provides an opportunity to enhance modelling with 

additional measurements & to account for activity not captured 

in annual emissions inventory.

·It is important to consider the relative measurement data quality.

·Other techniques using observations in air quality modelling:

ÁData assimilation ςdynamically nudge the model state towards 

observations during the modelling.

Á Inverse modelling ςuse observations to infer unknown inputs (e.g. 

emissions).
https://www.aqmesh.com/news/breathe-london-air-
quality-data-now-available-in-3d/

Data Fusionςcombine model outputs and observations to produce the best estimate of concentrations

https://londonair.org.uk/
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Data Fusion Methodology

·Challenges in performing data fusion on 
hourly air quality forecasts:

Á¸ƻǳ ŎŀƴΩǘ ǇŜǊŦƻǊƳ Řŀǘŀ Ŧǳǎƛƻƴ ǳǎƛƴƎ 
observed data from the hour being 
modelled.

Á You must use historic differences between 
measured and modelled data to estimate 
the likely difference for current or future 
hours.

Á¸ƻǳ ŎŀƴΩǘ ǎƛƳǇƭȅ ŀǇǇƭȅ ȅŜǎǘŜǊŘŀȅΩǎ ƘƻǳǊƭȅ 
bias due to weekdayςweekend differences

·Solution: 

Á Calculate concentration bias correction 
from previous day 

Á Apply temporal variation from last week

Calculate overall 
bias

Calculate proportionate 
split of bias 
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Data Fusion 2024 case study: Westminster monitors

Monitoring networks 
active in 2024:

·Breathe London (BL)

Á Clarity sensors

Á 22 sensors

· Earthsense (ES)

Á Zephyr sensors

Á 22 sensors

·London Air Quality 
Network (LAQN) 

Á reference monitor

Á 20 monitors

Base map data from OpenStreetMap

Monitors and sensors may be 
clustered at important locations

LAQN monitors from 
beyond the 
Westminster borough 
are included so that 
the data fusion method 
can interpolate across 
all of Westminster.
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Data Fusion 2024 case study: testing

Parameter Variables Testing

Network Å LAQN
Å ES
Å BL

Include/ exclude 
for particular 
pollutants

Location Å Roadside 
Å Background

Include /
exclude roadside

Weighting 
by type

Å Reference 
monitor 
weighting

Å Small sensor 
weighting

Weighting 
(reference:sensor)
equal (1:1) / 
unequal (1:0.5)

Adjustment 
limits

Å Min limit
Å Max limits

Limit adjustment 
of model more / 
less

Conclusions: 
Å Best to use all 

available data
Å Better to limit how 

much model can be 
adjusted

Case Study
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Data Fusion 2025 results: Westminster PM2.5

Data Fusion results selected for the 
9th October 2025 at 11:00

Note: Network BL (2025) is the new Greater London Authority (GLA) network 
(Airlysensors);  Network BL (2024) has become BLC (2025) (Clarity sensors)
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Data Fusion 2025 results: Westminster NO2

Data Fusion results selected for the 
9th October 2025 at 11:00
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Data Fusion 2025 results: Greater London PM2.5

9th October 2025 at 11:00


