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Key Takeaways

 Satellite remote sensing offers many unique 
advantages, and can be a powerful tool, but it is 
still relatively new to air quality and health

 There is a increasing number of successful 
applications, and more exciting capabilities are 
to come

 Resources are there to get you started and 
provide technical support



Outline

 Overview of satellite remote sensing

 Access to satellite data products

 Examples of health applications

 Emerging capabilities

 Challenges and opportunities



What do satellites measure?

Source: NASA’s Applied Remote Sensing Training (ARSET) Program 



Satellite retrieval of aerosol and 
trace gases
 Satellites detect backscattered UV, visible, near 

IR, and/or emitted thermal IR radiation 
 The intensity of reflected and/or emitted 

radiation to space is influenced by surface and 
atmosphere

 A retrieval algorithm (a model) works to infer 
physical quantities such as number density, 
partial pressure, and column amount based on 
the spectral signature for each atmospheric 
constituent



Satellite-retrieved atmospheric 
components

 Aerosols: aerosol optical depth (AOD), fine 
mode fraction, absorbing AOD, particle size and 
shape indicators, smoke mask, vertical profile 
(lidar based, sparse coverage)

 Trace gases: NO2, SO2, O3 (limited sensitivity in 
PBL), CO, CH4, NH3, HCHO, CO2

 Data availability, spatial and temporal resolution, 
and accuracy vary



Accessing satellite data: starting point

https://haqast.org



HAQAST website provides answers to 
questions from many early-stage users 



Accessing raw NASA data



If you have never heard of HDF or 
netCDF file formats



SATELLITE DATA ≠ AIR 
POLLUTANT CONCENTRATION



Quantitative air pollution exposure 
assessment with satellite data

 Overall strategy
 Identify satellite parameters strongly correlated with air 

pollutant
 Perform gap filling by CTM simulations or other means
 Include meteorology and land use as covariates to improve 

and stabilize performance
 Use ground truth for model training
 Generate pollution maps with model predictions.

 Maturity: PM2.5 > NO2 > O3 and other trace gases



Satellite-driven spatial PM2.5
modeling
 Predictors

 Satellite data：AOD，NDVI，elevation, etc.
 Met fields：weather station data, gridded reanalysis
 Land cover, population, traffic, etc.

 Generate continuous PM2.5 fields in space and time
 High spatial (1 km) and temporal (hourly to daily) 

resolution
 High accuracy, have been increasingly used in both 

acute and chronic health effects research

 Model development / performance depends 
on quality and distribution of ground PM2.5
measurements 13



Model structures

 Statistical models
 Multivariate regression
 Mixed-Effects Models
 GAM, GWR, hybrid
 Multi-stage models
 …

 Machine learning models
 Random Forests
 Gradient boosting
 Neural network
 Deep learning
 …

14
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mean NO2



In-depth reviews



Examples of health applications



Effective scales of AQ monitoring 
technology for health

Source: Cromar et al. Ann Am Thorac Soc. 2019



Off the shelf datasets to explore



Tropospheric Emissions: Monitoring 
of Pollution (TEMPO)

Level Product Major Outputs Res km2

L2 Cloud Cloud fraction, cloud 
pressure

2.0 x 4.75

O3 profile O3 profile, 
total/strat/trop/0-2 km O3 
column, errors 

8.0 x 4.75

Total O3 Total O3, AI, cloud 
fraction

2.0 x 4.75

NO2 SCD, strat./trop. VCD, 
error, shape factor, 
scattering weights

2.0 x 4.75

H2CO
SCD, VCD, error, shape 
factor, scattering weights

2.0 x 4.75
C2H2O2 2.0 x 4.75
H2O 2.0 x 4.75
BrO 2.0 x 4.75
SO2 SCD, VCD 

(PBL,TRL,TRM,TRU,STL
)

2.0 x 4.75

Aerosol AAI, AOD, SSA 8.0 x 4.75
L3 Gridded L2 Same as L2 TBD
L4 UVB UV irradiance, UVI TBD

AQ Index Air quality index TBD

Courtesy of Aaron Naeger and Xiong Liu of the TEMPO team

Frequency: hourly



Global pollution monitoring constellation
TEMPO is the North American component of an international 
GEO AQ constellation



Multi-Angle Imager for 
Aerosols  (MAIA)

 Objective: Assess linkages 
between different PM types 
and birth outcomes, 
cardiovascular and 
respiratory disease, and 
premature deaths.

 MAIA represents the first time 
NASA has partnered with 
epidemiologists and health 
organizations to study human 
health and improve lives.

 Launch expected in mid-
2020s

https://maia.jpl.nasa.gov/

https://maia.jpl.nasa.gov/


MAIA Products and Coverage

Level 2 aerosol: 
AOD and other 
properties on 
days of 
overpass

Level 2 PM: 
ground-level 

concentrations 
on days of 
overpass

Level 4 PM: 
ground-level 
concentrations, 
daily averaged, 
gap-filled, 1 km 

Level 2/4 PM parameters: Total PM10, Total PM2.5, PM2.5 
speciation (Sulfate, Nitrate, OC, EC/BC, Dust) at 1 km resolution



The field is still very young

Pub Date Web of Science Search Terms in Topic

PM2.5 + 
Mortality 

PM2.5 + 
Mortality + 
Satellite

PM2.5 + 
Mortality + 
AOD

1994 - 6284 472 149

2013 - 5120 444 137

2018 - 3566 336 93



Challenges and Opportunities
 Challenges
 Communication barriers between data producers and 

users
 Many products need “translation” for health applications
 Data structure can be more “user friendly”

 Opportunities
 Continued interactions between health researchers and 

representatives of RS community
 Integration across air quality monitoring technology 

platforms
 Characterizing the impact of exposure error on health 

effect estimates



THANK YOU!
Yang Liu

yang.liu@emory.edu
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