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4.8 M deaths ~7% of all deaths 

$5 trillion/yr welfare losses

$225 billion/yr lost labour income

World Bank. 2016. The cost of air pollution : strengthening the economic case for action

Air pollution is a major risk factor for global health 

500K deaths

2021

3.5 M deaths



https://world-heart-federation.org/global-advocacy/air-pollution/



Air pollution affects the top 8 global 
causes of death
• Ischemic Heart Disease mortality/incidence: PM

• Stroke mortality/incidence: PM

• COPD mortality: PM, ozone

• ALRI mortality/incidence: PM

• Lung Cancer mortality: PM

• Low birthweight/short gestation -> neonatal

• Type 2 Diabetes mortality / incidence: PM

• Childhood asthma: NO2;  Dementia: PM
https://vizhub.healthdata.org/gbd-compare/



Combining satellite and ground monitoring to estimate 

exposure

Spatially varying determinants of AOD-PM2.5 

relationship (from chemical transport model, 

other) + hierarchical random effects 

Ground measurements, GBD 2021

N = 18,406 unique locations, from 120 countries

𝐥𝐨𝐠 𝑷𝑴𝟐.𝟓𝒔𝒕 =  𝜷𝟎𝒔𝒕 +  𝜷𝟏𝒔𝒕 𝐥𝐨𝐠 𝑺𝑨𝑻𝒔 +  𝜷𝟑..𝑷𝑿𝒔𝒕 +  𝜺𝒔𝒕 

GBD 2021 evaluation:

Mean R2 = 0.91 (95% UI 0.87 – 0.93)

Mean Pop-weighted RMSE = 8.5 (6.2 – 12.8) µg/m3

Shaddick et al. 2018. Data integration model for air quality: a hierarchical approach to the global estimation of exposures to ambient air pollution. J. R. Stat. Soc. C, 67: 231–253. 

Shaddick et al. 2018. Data Integration for the Assessment of Population Exposure to Ambient Air Pollution for Global Burden of Disease Assessment. Environ Sci Technol. 2018 Aug

21;52(16):9069-9078. 

~11 x 11 km resolution (also 1 x 1 km) , annual average

μg/m3

5

Bayesian Hierarchical Model (DIMAQ2)



~Entire global population lives in areas > WHO AQG



Exposure level
Risks
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Disease-specific  

Burden

Estimating disease burden from environmental risks
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N=18 cohort studies

US, Canada, France, Italy, UK, Sweden, Taiwan, Hong Kong







Phase 1 Phase 2





Pappin et al., 2019; Christidis et al., 2019
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RCF Counterfactual: 
~𝑈(2.5μg/m3 , 5.0μg/m3)

CanCHEC: CanCHEC shape 
2.5 − 5.0μg/m3 range

Weichenthal et al. Science Advances 2022

Application of CanCHEC Shape → Additional 1.55 M (17% increase ) deaths/yr globally





17



Global Burden of Disease – Major Air Pollution Sources (GBD-MAPS) Project

Goal: Identify major sources of global PM2.5 pollution & quantify attributable disease burden

CEDS Emissions1 

2 

3 

Modeled PM2.5 Fractional 

Source Contribution

4 

Absolute PM2.5 Source 

Contribution

Disease Burden 

Source Contribution

5 

Approach: 
Conduct emissions sensitivity simulations with a global 

atmospheric chemistry transport model…

…integrate with PM2.5 exposure 
estimates and concentration response 
relationships from the GBD to quantify 
source-specific disease burdens



Agriculture

Energy

Industry

Road Transport

Non-Road Transport

Residential

Commercial

Other Combustion

Waste

Solvents

Agr. Waste Burning

Other Open Fires

AFCID Dust

Windblown Dust

Remaining Sources

Int’l Shipping

Sector Legend:

~8% ~5%

~16%

~9%

~3%
<1%

~5%

~1%
~2%

<1%

Global fuel combustion contributes to ~50%; fossil fuels ~27%

2017 Global Sector Contributions
2017 Global Fuel-Type Contributions

~20%

~23%

Dust + Fires

~30%

Solid Biofuel

Total Coal

Oil + Natural Gas

Fuel Legend:

Remaining Sources

~14%

~13%

Fossil-fuels contribute to 27%

~10%

~12%

<1%

6%

19%

Interactive data visualization

https://costofairpollution.shinyapps.io/gbd_map_global_source_shinyapp/


Bangladesh: 

61.9 μg m-3 | 63,500 deaths

United States: 

7.8 μg m-3 | 47,000 deaths

COPD

China: 

49.8 μg m-3 | 1,386,500 deaths

Pakistan: 

59.7 μg m-3 | 86,500 deaths

Russian Federation: 

10.9 μg m-3 | 68,500 deaths

Global Average: 

41.7 μg m-3 | 3,832,500 deaths

sector fuel disease

Relative Contributions

Indonesia: 

18.0 μg m-3 | 94,000 deaths

India: 

80.2 μg m-3 | 866,500 deaths

Nigeria: 

64.2 μg m-3 | 50,500 deaths

Egypt: 

65.8 μg m-3 | 88,000 deaths

Fuel-Type Legend:

Solid biofuel
Total coal
Liquid oil and natural gas
Total dust & fires

Disease Legend:

COPD
Type II Diabetes (DM)
Lower Respiratory Infections (LRIs)

Ischemic Heart Disease (IHD)
Lung Cancer (LC)

Stroke

Sector Legend:

Agriculture
Energy (coal; remaining)
Industry (coal; remaining)
Non-road transport
Road transport
Residential (coal; biofuel; remaining)

Commercial
Other combustion
Waste
Solvents

Agr. waste burning
Other fires
AFCID dust
Windblown dust
Remaining sourcesInt’l shipping Remaining (non-comb.) 

sources

https://gbdmaps.med.ubc.ca/

https://gbdmaps.med.ubc.ca/
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