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Source – Ella Roberts Foundation (http://ellaroberta.org/about-ella/ )

http://ellaroberta.org/about-ella/


Air pollution has negative impacts on nearly all major organs and systems of the body

Source – European Environment Agency (https://www.eea.europa.eu/themes/air/health-impacts-of-air-pollution) 

https://www.eea.europa.eu/themes/air/health-impacts-of-air-pollution


Air pollution is major public health burden in the UK

Source – BBC and UK HSA (https://www.bbc.co.uk/news/health-35629034 ) 

Percentage of deaths attributable to air pollution

Highest mortality rates in polluted 
and populated regions (e.g. London) 

Annual mortality rates…
• UK = 30,000-40,000
• Europe = ~400,000
• Globally = 2-8 million

Most important pollutant are Fine 
Particles (PM2.5)
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https://www.bbc.co.uk/news/health-35629034


Fine Particles 

Source – US Environmental Protection Agency (EPA)



Particles are a mix of components that persist for days
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of PM2.5
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PM2.5 includes a mix of components
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PM2.5 includes local and distant sources (long atmospheric lifetime)



Regulatory Framework for Air Pollution in the UK 
Setting Air Quality Standards and 

Guideline concentrations
• WHO – 5 µg m-3

• UK – 25 µg m-3

Setting of National Total Emission 
Ceilings

Monitoring Compliance with Standards 

Designation of Local Air Quality 
Management Areas (LAQMAs)

• Develop and enforce air quality plan
• Often targets fossil fuel combustion
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International Maritime 
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Setting of Sulfur (S) and Nitrogen (N) 
content of ship fuel
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Sources of UK PM2.5

Background map source: EEA
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Vieno et al. (2014); Vieno et al. (2016); Harrison et al. (2021), Fuller et al. (2014); Graham et al. (2020); Jiang et al. (2020); Wang et al. (2020).
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RQ) What regions and sectors are the 
biggest contributors to PM2.5?

Method #1 – Atmospheric modelling (UK-wide)

Method #2 – Low cost sensors (Leicester)



Simulate PM2.5 with the 3D Model GEOS-Chem

NASA Meteorology

Chemistry, transport, and loss 
processes

3D Atmospheric Chemistry Transport 
Model

GEOS-Chem manual: http://acmg.seas.harvard.edu/geos/

Comprehensive 
emissions

http://acmg.seas.harvard.edu/geos/


Assess Validity of Model using Reference Monitors

WHO (2021) WHO (2005)

74% of UK exceeds updated WHO guideline

[µg m-3]

Comparison of annual mean surface concentrations of PM2.5 for 2019

Use total PM2.5 observations from the Automatic Urban and Rural Network (AURN) to assess model

Consistent spatial pattern (R = 0.66) and variance 
(slope = 1.0). Model 16% less than observations



Simulate PM2.5 with the 3D Model GEOS-Chem

NASA Meteorology

Chemistry, transport loss, processes

3D Atmospheric Chemistry Transport Model

GEOS-Chem manual: http://acmg.seas.harvard.edu/geos/

Comprehensive 
emissions

PM2.5 from all sourcesPM2.5 from all but one source

http://acmg.seas.harvard.edu/geos/


Simulate PM2.5 with the 3D Model GEOS-Chem

NASA Meteorology

Chemistry, transport loss, processes

3D Atmospheric Chemistry Transport Model

GEOS-Chem manual: http://acmg.seas.harvard.edu/geos/

Comprehensive 
emissions

PM2.5 from all sourcesPM2.5 from all but one location

http://acmg.seas.harvard.edu/geos/


Contribution of Sources to UK PM2.5

Strong seasonal cycle – peaks in 
Spring

Accounts for over 80 % of UK NH3
emissions. 
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Q1) What sectors are the biggest contributors to 
PM2.5?

Q2) To what extent is PM2.5 controlled by local 
emissions, versus transboundary emissions?

Method #1 – Atmospheric modelling (UK-wide)

Method #2 – Low cost sensors (Leicester)
London 

Leicester 



Corroborating Evidence from Low-Cost Sensors
Low-cost network of Zephyr sensors distributed throughout Leicester since November 2020



Corroborating Evidence from Low-Cost Sensors

According to low-cost sensors, local sources contribute 5-11%. Similar to the model (3-5%)

7.2 ± 1.0 µg m-3 9.2 ± 1.4 µg m-3 8.7 ± 0.8 µg m-3

December 2020 January 2021 February 2021

Mean ± std dev:



Broad applicability to 
other cities

Only in London is 
local PM2.5 similar to 
agriculture

London: 1,600 km2

Birmingham: 270 km2

Leicester: 70 km2

City

internationallocal national

Results for Large Cities like London and Birmingham

London

Birmingham



Regulatory Framework for Air Pollution in the UK 

Setting of National Total Emission 
Ceilings

Monitoring Compliance with Standards 

Designation of Local Air Quality 
Management Areas (LAQMAs)

• Develop and enforce air quality plan
• Often targets fossil fuel combustion

International Bodies

Gothenburg 
Protocol

National Government

Department for Environment, 
Food, and Rural Affairs (DEFRA)

Local Authorities

City 
Councils

UK’s emission reduction commitments…
• SO2 =  59 %
• NOX = 55 %
• NH3 = 5 %



Conclusions and Acknowledgements
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• Unregulated agriculture dominates PM2.5 year-round

• Mainland Europe makes large seasonal contribution to PM2.5 in November to April.

• Policies targeting local sources only effective for cities as large as London

• Results reinforce the need for continued and strengthened international agreements 
and measures to control ammonia emissions from agriculture

• Anthropogenic dust is a large source of uncertainty due to challenges representing 
emissions and evaluating the model

Thanks for 
listening!


