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 Air pollution is a public health concern
 Multiple endpoints, acute and chronic

 Generally difficult to assess exposure accurately, efficiently, 
and at high spatiotemporal resolution in epidemiological 
studies
 Air pollution is complex (chemistry/size, phases, sources, mixtures)
 Humans are complex (mobility, time-activity, behaviors)

 Goal in health studies is to estimate “true, personal” exposure 
in breathing zone 
 f(outdoor concentrations, human time-activity/mobility, building/home 

characteristics and indoor sources)
 Ideally ↓ exposure error to ↑ statistical power to detect true effects

2



DOHaD HYPOTHESIS

 Critical prenatal/early life developmental 
periods

 Order of days to weeks

LIFE COURSE FRAMEWORK

 Early environmental exposures can have a 
lifetime impact 

 Order of months to years
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https://mothertobaby.org/wp-content/uploads/2020/02/Adapted-from-Moore-1993-and-the-National-
Organization-of-Fetal-Alcohol-Syndrome-NOFAS-2009.-3.png https://echochildren.org/wp-content/uploads/2019/03/ECHO_Overview-Slides_Final.pdf



 Los Angeles pregnancy cohort, n~1,000, 
maternal and child health (2015-2025)

 Nationwide pediatric cohort, n~50,000, 
children’s health (2016-2023)

 Habre, Co-Chair Geospatial WG
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Recruitment sites

https://echochildren.org/

Pregnancy   Age 1   4 years post-birth

Prenatal
(pregnancy)

Perinatal
(birth-6 
weeks)

Infancy
(6 weeks-1 

year)

Early 
childhood
(1-5 years)

Middle 
childhood

(6-11 years)

Adolescence
(12-20 years)

https://madres.usc.edu/

Children’s
Health
Study

+

USC participating cohorts
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Spatial coverage as of March 2021
Los Angeles, CA

Residential 
timelines of 
n=713 babies 
born to date



• To investigate PM2.5 health 
effects (total and wildfire-
related) in our MADRES and 
ECHO studies

• Wildfires increasingly frequent 
and widespread 



Weekly, 1KM2 PM2.5 Model, 2008-2017, 
incorporating Wildfire Smoke Plumes

 Residual autoencoder and ensemble 
learning 
 Test R2 0.82, RMSE 2.70 µg/m3

 Measurements, remote sensing, 
M2GMI, dispersion models of 
wildfire smoke
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 MAIAC AOD (1km2)
 M2GMI Replay Simulation

 ~50km2 AOD to impute missing 
MAIAC AOD

 PBLH for AOD vertical adjustment

 Wind speeds at 2m, 10m and 50m 
to calculate indicators of vertical 
stagnation and wind 
sheer/mechanical mixing

 Gases and PM2.5 aerosol types in 
surface layer, highly important 
features
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Feature 
importance 
across 100 
ensembles 



 Drive toxicity and 
health effects

 Size distribution
 Urban sources

 Tailpipe and non-
tailpipe traffic

 Airport-related UFPs
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Hudda et al. (2014), Environmental Science & 
Technology, 48(12), 6628–6635. 

SO2 column mass density from MERRA-2 over southern 
CA, few days in 2015

Airport 
signal?

Diesel trucks/goods 
movement signal?



 Incorporating mobility 
and activity spaces into 
air pollution exposure 
assessment
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Yan Xu, PHP doctoral 
candidate

Kernel density activity space

Residential neighborhood Activity space
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Bui et al, JAMIA Open, 3(2), 2020  https://youtu.be/6y0tzsfApw4

Los Angeles PRISMS pediatric asthma study



 Air pollution exposure and health research needs
 Composition, size distribution, mixtures! 

 Remote sensing data products, especially hindcast simulations 
(gas and aerosol), incredibly useful
▪ Enhance/expedite exposure modeling work, minimize lag time

▪ Spatiotemporal coverage key (simulations)

▪ Spatiotemporal resolution
▪ Daily to hourly temporal resolution important for understanding acute effects

▪ Spatial resolution increasingly important considering human activity spaces

▪ Vertical resolution
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 habre@usc.edu

 LA DREAMERs USC ECHO 
Center
 MPIs Breton, Bastain, Farzan, 

Habre
 NIH UH3OD023287

 MADRES Center
 MPIs Breton and Bastain
 NIMHD/NIEHS P50MD015705

 Los Angeles PRISMS Center
 PI Bui
 U54EB022002
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Visit our story map to learn more about 
MADRES!    

https://arcg.is/1y8KHn
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Visit this story map to learn more!               https://arcg.is/1y8KHn
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Visit this story map to learn more!               https://arcg.is/1y8KHn

Pollution Burden (CES 3.0)                   COVID19 Case Rates 


