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West Midlands Air Quality Simulations for 2024

Nana Wei, Kate Johnson, Jian Zhong, Joe Acton, Suzanne Bartington, Jenny Stocker,
Zongbo Shi, William Bloss on behalf of the WM-NetZero Study Team

1. Introduction

This report summarises updated West Midlands air quality modelling results for annual average
concentrations of NO,, PM, s, PM, and O; for the calendar year 2024. The approach is consistent
with that previously published for the 2019 year through the WM-Air project (Zhong et al., 2024).

The modelling was undertaken using ADMS-Urban, a physics-based urban dispersion model
developed by Cambridge Environmental Research Consultants (CERC). ADMS-Urban is based on
a quasi-Gaussian plume approach and combines meteorology, emissions, background
concentrations and atmospheric chemistry to simulate both short- and long-term
concentrations. It can represent explicit point, road and diffuse sources, account for building
density, street canyons and urban canopy effects, and produce street-scale concentration maps
suitable for policy appraisal and exposure assessment (Hood et al., 2021, Zhong et al., 2026).

2. ADMS-Urban Configurations for West Midlands
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Figure 1. Overview of the ADMS-Urban modelling framework used to simulate air pollution across the West Midlands.

Figure 1 shows the ADMS-Urban model framework for air quality simulations across the West
Midlands. Meteorological data were taken from the Birmingham Airport Monitoring station,
which is a representative synoptic site to drive the atmospheric dispersion. Background



concentrations are taken from upwind rural monitoring sites outside the West Midlands
operated by DEFRA, selected based on wind direction, using only those located upwind of the
West Midlands. ADMS-Urban uses background concentrations as a baseline, then adds the
contribution from local emissions dispersed across the West Midlands under local
meteorological conditions. It also accounts for key processes such as atmospheric chemistry,
street canyon effects, urban canopy effects, and deposition, to produce concentration
estimates at selected receptor points and across high-resolution grids throughout the West
Midlands.
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Figure 2. Emissions set-up for the West Midlands model.

Emissions sources in the 2024 model include 193 explicit point sources, 16575 explicit road
sources and 1837 1x1km grid cells emissions as shown in Figure 2 to represent the main
regional and local contributors to air pollution. The point and grid source emissions were
obtained from National Atmospheric Emissions Inventory (NAEI, 2022).

The road traffic emissions were derived in four main steps. Firstly, traffic flows and speeds on
the principal network were taken from the Transport for West Midlands (TfWM) PRISM traffic
model. Secondly, the traffic flow and speeds data were reviewed and refined using observed
counts from VivaCity cameras. Thirdly, emissions were estimated using the Defra Emission
Factor Toolkit together with West Midlands fleet composition information by vehicle size, fuel
type and age. Finally, the calculated emissions were adjusted using real-world emission
evidence from Imperial College/Ricardo to improve representation of on-road performance.
This workflow is important because road traffic remains the dominant source of nitrogen oxides
in the region and a major contributor to roadside particulate concentrations; consequently, the
reliability of the traffic inventory has a strong influence on the spatial distribution of the 2024
concentration fields.
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3. Results

3.1. Modelled Annual Average NO,
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Figure 3. Annual mean NO2 model evaluation (left) and 2024 concentration map (right). Monitoring sites are colored
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Modelled annual mean NO, concentrations in 2024 show a strong traffic-related spatial
distribution, with concentrations ranging from 6.5 to 81.8 ug m across the modelling domain.
The highest concentrations (40-81.8 ug m) occur along major transport corridors and within the
main urban cores, especially around Birmingham, parts of the Black Country and key routes in
Coventry, while peripheral areas are much lower. The evaluation scatter plot indicates
reasonable agreement with measurements across airport, roadside, urban background and
urban traffic sites, although the highest roadside concentrations appear to be slightly

underpredicted.
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3.2. Modelled Annual Average PM. s
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Figure 4. Annual mean PM2s model evaluation (left) and 2024 concentration map (right).

Modelled annual mean PM;sconcentrations in 2024 range from 6.4 to 19.7 yg m™. In contrast to
NO,, the PM,; field has a stronger regional and background component, so the map is more
spatially diffused, although higher concentrations are still evident in the urban core and along
major corridors. The evaluation plot shows generally good agreement with observations, with a

tendency for the model to sit very slightly above measured values at some sites. This pattern
suggests that PM,sexposure remains a region-wide issue rather than solely a near-road or near-
source hotspot problem, even though local road traffic and urban activity continue to shape the

highest concentration areas.
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Figure 5. Annual mean PMio model evaluation (left) and 2024 concentration map (right).
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Modelled annual mean PM, concentrations for 2024 range from 10.3 to 40.2 pyg m=, with the
highest values occurring in urban areas and around major transport routes and other sources.
The PM,, map follows a similar broad spatial pattern to PM,s but with slightly stronger local
contrasts, reflecting the additionalinfluence of coarse particles from non-exhaust traffic sources
and other mechanical processes. Model performance is acceptable, with most sites lying close
to the 1:1 line, although a modest overprediction is visible at several monitoring locations.

3.4. Modelled Annual Average O;
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Figure 6. Annual mean O, model evaluation (left) and 2024 concentration map (right).

Modelled annual mean O3 concentrations for 2024 range from 33 to 57 yg m* and shows an
inverse spatial pattern to NO,, with lower concentrations in the central urban area and along the
busiest roads and higher concentrations in outer and more rural parts of the domain. This is
consistent with the (expected) titration of ozone by nitric oxide in fresh traffic plumes. Model
performance is broadly acceptable, although limited data are available and some of the highest
observed ozone concentrations are slightly underpredicted. The ozone map highlights the
importance of regional chemistry: areas that are least burdened by direct NOx emissions do not
necessarily have the lowest oxidant concentrations.

4. Conclusions

The 2024 West Midlands ADMS-Urban model evaluation plots suggest that the simulations
provide a credible basis for regional interpretation. From a policy perspective, the results
indicate substantial progress towards the relevant statutory objectives. However, the mapped
concentrations also show that pollutant levels remain above the more stringent WHO 2021
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global air quality guideline values in many parts of the West Midlands, particularly for PM,s and
along major traffic corridors for NO,. Continued action on road traffic emissions and wider
background and other PM, s sources will therefore remain important if further reductions in
population exposure are to be achieved across the West Midlands
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Appendix: PM.sbackground concentrations (surrounding rural measurement sites)

UK rural background monitoring sites

A clear decreasing trend for PMy 5

Annual Mean PM, ; pg/m?

18
United 16
@ NORTHERN Kingdamise"
"/ IRELAND, ; 14
Isle gf Man 12
10
= Dublin
8
: 6 -
ingham 4 \
Wic i Fenois 4
2
0
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Var
Yamer Wi —Ladywood —Chilbolton —Ladybower
Wickham Fen =—Narbeth =London North Kensington
—Coventry Allesley = Leamington Spa

Appendix Figure A1. Rural background monitoring sites around West Midlands boundary (left) and the declining trend
in annual mean PM2sconcentrations at surrounding rural sites and two urban sites (right).
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