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Estimation of PM2.5 mass concentration at surface  
(µgm-3) while utilizing satellite derived Aerosol 

Optical Depth (AOD – unitless quantity) at visible 
wavelength 
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What Satellite Provides? 



Measurement 
Technique 

AOD – Column integrated value 
(top of the atmosphere to 
surface) - Optical measurement 
of aerosol loading – unitless. 
AOD is function of shape, size, 
type and number concentration 
of aerosols  

PM2.5 – Mass per unit 
volume of aerosol 
particles less than 2.5 
µm in aerodynamic 
diameter at surface 
(measurement height) 
level 



AOD – PM Relation  

o  ρ – particle density 
o  Q – extinction 

coefficient 
o  re – effective radius  
o  fPBL – % AOD in PBL 
o  HPBL – mixing height  
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PM2.5 Estimation: Popular Methods 
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and Empirical Methods, Data Assimilation etc. are under utilized  

Difficulty Level 



Simple Models from Early Days 
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Chu et al., 2003 

Wang et al., 2003 
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Gupta, 2008 

AOT-PM2.5 Relationship 
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TVM 

Predictor:  AOD + Meteorology 

Multi Variable Method 

Predictor: AOD  

Linear Correlation Coefficient between 
observed and estimated PM2.5 Gupta, 2008 
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Time Series Examples of Results from ANN 

Gupta et al., 2009 



PM2.5 Mass Concentration (µgm-3) 

Gupta et al., 2009 
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Questions to Ask: Issues 

ü How accurate are these estimates? 

ü Is the PM2.5-AOD relationship always  linear? 

ü How does AOD retrieval uncertainty affect 
estimation of air quality? 

ü Does this relationship change in space and time? 

ü Does this relationship change with  aerosol type? 

ü How does meteorology drive this relationship? 

ü How does the vertical distribution of aerosols in 
the atmosphere affect these estimates?  



The Use of Satellite Data 
o  Currently for research 

n  Spatial trends of PM2.5 at regional to national 
level 

n  Interannual variability of PM2.5 

n  Model calibration / validation 
n  Exposure assessment for health effect studies 

o  In the near future for research 
n  Spatial trends at urban scale 
n  Improved coverage and accuracy 
n  Fused statistical – deterministic models 

o  For regulation? 20 



Tradeoffs and Limitations 

o Spatial resolution – varies from sensor 
to sensor and parameter to parameter 

o Temporal resolution – depends on 
satellite orbits (polar vs 
geostationary), swath width etc. 

o Retrieval accuracies – varies with 
sensors and regions 

o Calibration  
o Data Format, Data version 
o Etc. 

No textbook solution!  



Suggested Reading 



NASA’s Worldview 
(https://earthdata.nasa.gov/labs/worldview/) 

Visualization tool for near real time 
satellite observations  



http://giovanni.sci.gsfc.nasa.gov/ 

GIOVANNI 
(Visualization and Analysis of Level 3 Satellite 

Products) 



Python Tools 



Some online tools 

http://alg.umbc.edu/usaq/ 



 
http://www.star.nesdis.noaa.gov/smcd/spb/aq/ 

 

Data are only available for US region 



airnowtech.org 
 

AIRNow Satellite Data Processor 

Data are only available for US region 



Air Quality Mini Project  

Important Dates: 

o  October 15, 2015: Project Title, Team Members, and 
other Details are Due. Enter Your Project Information 
(Information can be entered before the deadline) 

 
o  November 10, 2015: Project Presentation (not more 

than 5 slides) due. 
 
o  More information on the project submission will be 

available close to the deadline. 
 
o  November 20, 2015: Project Presentation – more 

details will follow soon. 

(http://arset.gsfc.nasa.gov/sites/default/files/airquality/webinars/AOD_PM/
Webinar_MiniProject_Guidelines_forwebpage.pdf) 



Air Quality Mini Project  
o  Disclaimer: All projects suggested or completed as 

part of this webinar series are exclusively for the 
purpose of learning and may not be used for 
publications, reports or any kind of official document, 
presentation, or paper. NASA ARSET is not 
responsible for providing any kind of formal review of 
the research conducted as part of this webinar 
project.  

 
o  Participants are encouraged to work on this project 

as a team of 2-10 people but it is not mandatory and 
you can work individually as well. NASA-ARSET 
program will not assist in forming and managing 
project teams.  



Air Quality Mini Project  

o  All projects must have a satellite component. 
Participants are highly encouraged to use data, tools, 
and methods covered during this webinar series. 
Previously done projects and research cannot be 
submitted. 



Air Quality Mini Project – Suggested Topics 
 
o  PM2.5 Estimation using Satellite Data: Estimate PM2.5 over a certain region or place 

using satellite, surface and model data sets. You can use any method (or methods) to make 
your estimations, and can use your own PM2.5 data or download some from SPARTAN/
AirNow networks or other sources. Please see the suggested resources and tools section for 
further details.  

o  Long Term Trend Analysis:  Perform long-term air quality trend analysis over a certain 
region or place using satellite observations, while supporting results with surface 
measurements. Regional trends can be performed using level 3 satellite data sets as long as 
errors and uncertainties involved are known and discussed. 

 
o  Transport of smoke, dust, and/or volcanic emissions: Perform a case study analysis of 

certain air quality event in the region of interest. Analyze the impact of smoke or dust 
transport on the local and regional air quality using multiple data sets, tools and models. 

o  Your own project: This air quality project is not limited to topics suggested above. If you 
have other ideas, you are more than welcome to define your own project.  



Home Work – Week 2 

Perform time series analysis of aerosol 
optical depth using MODIS L3 monthly 
mean data over selected region of 5x5 

degree. Analysis is performed using 
GIOVANNI and EXCEL. 

http://goo.gl/forms/KUzkGollso 
 


