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Develop Representation 
of PM2.5 Composition



Estimation Process for PM2.5 Composition
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Aerosol Optical Depth (AOD) From Multiple Sources
Use AERONET AOD to Assess Relative Accuracy & Combine

van Donkelaar et al., 2019

AERONET



Apply Chemical Transport Model (GEOS-Chem) to Calculate 
Solution to PM2.5 Composition = f(x,y,t,AOD)

www.geos-chem.org Aaron van Donkelaar & Melanie Hammer



Surface Particulate Matter Network (SPARTAN) to Evaluate 
and Enhance Satellite-Based Estimates of PM2.5

Semi-autonomous PM2.5 & 
PM10 Impaction Sampling 
Station (AirPhoton)

AOD from 
Sunphotometer
(e.g. AERONET)

www.spartan-network.org
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bsp = nephelometer measurements of aerosol scatter

overpass = satellite overpass time

Surface/Column Diurnal      Mass Scattering EfficiencyMeasured:



Statistical Fusion (Geographic Weighted Regression) with 
Ground-Based Monitors Tied to Geophysical Surfaces

van Donkelaar et al., ES&T, 2015



Geophysical Emphasis of Approach is Robust to Limited 
Ground-based Monitors

van Donkelaar et al., ES&T, 2015

Performance remains high (R2 decreases by 4%) even when most (70%) sites withheld for     
cross-validation 

Implies promise for regions with few monitors (e.g. low PM, Canada), and for PM composition



PM2.5 Chemical Composition

van Donkelaar et al., ES&T, 2019



Within-Region Differences in Population-Weighted 
PM2.5 Composition (µg/m3)

van Donkelaar et al., ES&T, 2019



Seasonal Differences in PM2.5 Composition

van Donkelaar et al., ES&T, 2019
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What About Sources?



Apply GEOS-Chem to Attribute PM2.5 Mass to Sources



Sectoral Sources of PM2.5

Meng et al., ES&T, 2019
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Sectoral Sources of PM2.5: Dominated by 
Anthropogenic Sources

Canada 

Meng et al., ES&T, 2019

US

Residential



Population-weighted Sectoral Contribution to PM2.5
Anthropogenic Fraction Increases with PM2.5 Loading

Meng et al. 2019



Seasonal Variation in Source Contributions
Dominant Sources Shown For Each Season
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Meng et al. 2019
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Primarily Anthropogenic Sources of Outdoor PM2.5
Residential Energy, Industry, and Power are Major Anthropogenic Sectors

Inset shows global population-weighted PM2.5- Weagle et al., ES&T, 2018



Progress on Metals: Initial GEOS-Chem Simulation 

Xu et al., AE, 2019



Forthcoming Satellite Observations on PM2.5
Composition and Sources

Diner et al., JARS, 2018

Information on Aerosol 
Type and Composition

Information on Sources

Chance et al., 2019



Development of New Methods to Jointly Estimate 
Mortality Risk



Conclusions

• Targeted ground-based measurements, networks, statistical 
modeling, and chemical transport modeling, and satellite remote 
sensing all offer information to develop surfaces of PM2.5 chemical 
composition

• Opportunities remain to further develop those estimates for 
application to epidemiological studies
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