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Applied  Remote Sensing Training (ARSET) 

http://arset.gsfc.nasa.gov 
 GOAL:  Increase utilization of NASA 

observational and model data for decision-
support through training activities for 
environmental professionals. 
 
Online training (free): Live and recorded, 
4-6 weeks in length. Include demos on data 
access, GIS and NASA webtools 
 
In person training: In a computer lab, 2- 4 
days, partnering with 1 or more 
stakeholders. 
 
Train the Trainers: Learn how to design 
and conduct your own remote sensing 
training course  
 
 
 
 
 
	
  
	
  
	
  
	
  

 
Accomplishments (2008 – 2015) 
 
•  52 trainings completed 
•  4000+ participants worldwide 
•  1480+ organizations    
•  132 countries 
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Air Quality   
 

Land Cover 

Pollution over China 



Gradual Learning Approach 

Basic Training 
Webinars 
Hands-on 

Assume no prior knowledge of RS 

Advanced Training 
Hands-on 

Webinar course generally required 
Focused on a specific application/
problem/Data: for example dust or 

smoke monitoring in a specific 
country or region 

 

Online Training 

In-Person Training 



ARSET Website 
http://arset.gsfc.nasa.gov/ 



Request a Training 
http://arset.gsfc.nasa.gov 



ARSET ListServ 

For information on upcoming trainings and 
program updates sign up to the listserv  

  
https://lists.nasa.gov/mailman/listinfo/arset 

 



This Webinar Series 

•  Week 1 – Introduction to Aerosol Products 
•  Week 2 – AOD – PM Methods, Tools 
•  Week 3 – Statistical Modeling of AOD-PM 
•  Week 4 – Combining satellite and model outputs 
•  Mini Project – Read the document - more next week 



Quiz # 1 



Remote Sensing 



Remote Sensing 

 Collecting information about an object 
without being in direct physical contact 

with it.  



Remote 
Sensing … 



Remote Sensing: Platforms 

• Platform depends on the application 

• What information do we want? 

• How much detail? 

• What type of detail? 

• How frequent? 



What does a satellite measure? 

Reference: 
CCRS/CCT 



(A)  
Energy Source or 

Illumination  

(B) 
Radiation and the 

Atmosphere 

(C) 
 Interaction with the Target   

Transmission, Reception, 
and Processing (E)  

Interpretation 
and Analysis (F) 

Application (G)  

Reference: 
CCRS/CCT 

Remote Sensing Process 

(D) 
Recording of 
Energy by the 

Sensor  



Suggested Tasks 
 
•  Fundamentals of Remote Sensing 
http://arset.gsfc.nasa.gov/sites/default/files/airquality/webinars/Fundamentals/Fundamentals
%20of%20Remote%20Sensing%20-%20Session%201_final.pdf 

•  Watch basic webinar recordings 
http://arset/airquality/webinars/introduction-remote-sensing-air-quality-
applications-indian-sub-continent-and 
 

•  Install Python 3 with pyhdf package 
http://arset.gsfc.nasa.gov/airquality/python-scripts-aerosol-data-sets-merra-
modis-and-omi 
 

•  Read the following article 
– Hoff & Christopher, 2009 



Particle Pollution 

Particulate Matter 

Atmospheric Aerosols 



• AOD - Aerosol Optical Depth 
• AOT - Aerosol Optical Thickness 
 
 

 
 
These optical measurements of light extinction 
are used to represent the amount of aerosols in 
the entire column of the atmosphere. 
 

Aerosol Optical Depth 



Optical Depth 

Optical depth expresses the 
quantity of light removed from 
a beam by scattering or 
absorption during its path 
through a medium.  
 
optical depth τ as 
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Moderate AOD  ~0.40 
Near Mt. Abu, India 

Photo courtesy of Brent Holben 

Visibility and Aerosols  



Visibility and PM2.5 

Both AOD and PM2.5 represent the presence of 
aerosols and its impact on visibility or haziness of 

the atmosphere.  



Aerosols from Satellites 



Start with aerosol 
detection … 

Aerosol Retrieval 



MODIS-Terra, May 08, 2007  

Satellite 
Observations & 
Pollution 

Land 

Water 

Smoke 

Clouds 



Radiance -to- Aerosol Products 

MODIS-Terra, May 2, 2007  

High 

Low 

No 
Retrievals 



Remer et al., 2005, Levy et al., 2013 

An Aerosol 
retrieval algorithm 
is a complex 
inversion scheme 
where assumptions 
are made in 
simulating satellite 
observations with 
advance radiative 
transfer 
calculations to 
retrieve 
atmospheric 
aerosol properties 



Data Levels 



Levels of Data 

High 

Low 
No 
Retrievals Aerosol 

Retrieval 
Algorithm 

April 12, 2014 

Level 1B Level 2 Level 3 
Spatial & 
Temporal 
Averaging 

Calibration to 
Radiance 



Level 1 Products   - Raw data with and without applied 
calibration.  

   – NO AEROSOL DATA 
 
 
 
Level 2 Products  -  Geophysical Products 
                            - AEROSOL DATA 
 
 
 
Level 3 Products  -  Globally gridded geophysical  
                               products 

   - AEROSOL DATA 
 

Data Product Hierarchy 



Satellites for air quality data 

• MODIS (Terra and Aqua) 
• AOD: columnar aerosol loading – can be used to get 
particulate matter mass concentration  
 

• MISR (Terra) 
• Columnar aerosol loading in different particle size bins 
•  in some cases aerosol heights 
 

• OMI (Aura) 
• Absorbing aerosols 
• Trace gases  
 

•  VIIRS (NPP) 
• Aerosol Optical Depth, Aerosol Type 32 



Instrument Capabilities for Air Quality 

 
MODIS –    250m-1 KM 
 
MISR-   275m- 1.1 KM 
 
OMI –   13 x 24 KM 
 
VIIRS –   750 m 
 

33 

Sensor Measurement Resolution 



MODIS 



Newer Earth-observing 
satellite remote 
sensing instruments 
typically make 
observations at many 
discrete wavelengths 
or wavelength bands. 

36 wavelength bands 
covering the 

wavelength range of  
405 nm (blue) to 

14.385 µm (infrared) 

MODIS	
  –	
  MODerate	
  resolu0on	
  
Imaging	
  Spectroradiometer	
  



(MOD for Terra/MYD for Aqua) 



 MOD - Terra product 
 MYD - Aqua product 
    
 
 
 
 
 

A few more things to know about 
MODIS DATA 

• All MODIS products come in HDF format 
   
• Each HDF file contains both data and metadata 
 

• SDS - Each parameter within a HDF file is referred 
to as an SDS (Scientific Data Set) 



•  Calibration accuracy. 
 

•  Quality Assurance – quality of the data. 
 

•  Data formats. 
 

•  Product Resolutions. 
 

•  How level 3 products are created from level 2 
products 

(temporally and spatially averaging). 
 

•  Current release of the data and data history. 

And you therefore need to learn! 

Things that change with each instrument 



MODIS Aerosol Products 

Land	
  
 

Ocean	
  
 

Dark Target Deep Blue – Used over bright land surfaces 

Three Separate Algorithms 

The dark target and deep blue products are separate. 
When both are available the user must select which one to use 

In collection 6 there is a joint product that uses an automated 
procedure to select the appropriate product. 



August 2015, 
MODIS-AQUA 

Deep_Dark_
Combined 

Dark Target 



MODIS 10 KM 
 

        vs 
 

3 KM Products 
(3 km product is only available from dark 

target algorithm) 

3 km AOD product is 
available in Collection 

6 Data Release 

10 km 

3 km 



Quality Assurance (QA) is Extremely Important!! 

Quality_Assurance_Ocean 
Scale is 0 - 3 
 
Recommend Ocean QA 
above 1, 2, 3 
 
Factors: 
Number of pixels 
Error fitting 
How close to glint 

QA indicates the confidence in the quality of the retrieval.  

Quality_Assurance_Land 
Scale is 0 - 3 
 
Recommend Land QA of 3 
 
Factors: 
Number of pixels 
Error fitting 
Surface reflectance 
 



Understanding a MODIS File Name 

MOD04_L2.A2001079.0255.006.2006289012028.hdf 

Product 
Name 

Date - year, Julian 
day 

Time Collection 

File processing 
information 

Terra - MOD04 
Aqua - MYD04 

HDFLook, Panoply, IDL, Python, Fortran, Mat Lab, etc. can be used to 
read the data 

3 km Product Name 
MOD04_3K 



MODIS Aerosol Parameters (SDS) 

Optical_Depth_Land_And_Ocean 
(with recommended quality flags over land and ocean) 
Over Land QA = 3, Over Ocean QA = 1, 2, 3 
 
Dark_Target_Deep_Blue_Optical_Depth_550_Combined 
(Deep Blue & Dark Target Algorithm merged product) 
 
Dark_Target_Deep_Blue_Optical_Depth_550_Combined_QA 
(Quality Flag associated with DD product) 

http://www.atmos-meas-tech.net/6/2989/2013/amt-6-2989-2013.html 

Reference: 



Satellite Aerosol Products 
InInI MODIS MISR OMI VIIRS	
  
Strengths Coverage 

Resolution 

Calibration 

Accuracy 

Calibration 

Accuracy 

Particle shape 
Aerosol height for 
thick layer or 
plume 

 

Indication of 
absorbing or 
scattering particles 

Coverage 

Resolution 

Calibration 

Smaller bow-tie 
effect 

Weaknesses Bright Surfaces* 

Ocean glint 

Non-spherical 
particles 

Coverage Resolution 

Cloud contamination 

Bright Surfaces* 

Ocean glint 

Main Products AOD  

Ocean – 5 
wavelengths 

Land – 3 
wavelengths 
Fine Fraction* 
   *Ocean only 

AOD 

4 wavelengths 

Spherical/ 
Non-spherical ratio 
Particle Size 
(3 Bins) 

AOD 

AAOD 

Aerosol Index 

AOD	
  
Aerosol	
  Type	
  
	
  

Product 
Resolution (level 
2 and at Nadir) 

10 Km 

3 Km 

17.6 Km 13 X 24 Km 0.75	
  km	
  
6	
  km	
  

Product Levels 2 2 2 2	
  	
  

Global Level 3 
Aggregates  

Daily 

 8 Day 

30 Day  

Monthly 

3 Month 

Annual 

Daily  

Monthly 

Daily	
  
Monthly	
  



Live Demo of MODIS Level 2 Aerosol Data 
Download 

https://ladsweb.nascom.nasa.gov/ 
 



Week 1 Homework 

47 

http://goo.gl/forms/EEuLOKjsb3 
 

(Due on October 07, 2015) 
 

Objective: This exercise aims to provide 
hands-on experience with downloading 

MODIS Level 2 aerosols data sets. 


