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Why Use Remote Sensing Data for 
Air Quality Forecasting?

• Information about the horizontal transport of 
pollutants on the mesoscale and synoptic scale

• Advance warning of impending air quality events,
especially fires and dust storms

• Air quality information in areas where there are no 
ground-based monitors

• Information about vertical distribution and transport 
of particulates in the atmosphere

• A quick and easy way to keep track of the “big 
picture” of national air quality

• Provides visual appeal: “snapshots” of air quality



NASA Earth 
Observing 
Satellites

Moderate Resolution
Imaging Spectroradiometer

(MODIS)

Ozone Monitoring 
Instrument (OMI)



Types of Satellite Orbits

Geostationary
38,500 km

Polar Orbiting
700 – 800 km



GOES-East

GOES-West

A Satellite’s Orbit Determines 
its Temporal Resolution

Terra (MODIS)
Aqua (MODIS)

Aura (OMI)



Categories of 3D-AQS Remote Sensing 
Data for Air Quality Forecasting

• True Color Images

• Aerosol Optical Depth (AOD)

• OMI Tropospheric Column Measurements

• LIDAR (LIght Detection and Ranging)



MODIS True Color Image

Engel-Cox, J. et al. 2004. Atmospheric Environment

• A True Color Image is NOT a picture!
• Image using Red-Green-Blue bands of instrument
• Terra = ~10:30 AM local time overpass
• Aqua = ~1:30 PM local time overpass

Terra, July 6, 2002



Aerosol Optical Depth (AOD)

• AOD is a measure of the 
extinction and scattering 
of light by particles in a 
total column from the 
satellite to the ground

• AOD is proportional to 
particulate concentration

• AOD is dimensionless;
values typically range 
from 0 (clear, no haze) to 
1 (very hazy, smoky, or 
dusty) in the US

• Clouds block the 
measurement of AOD!

August 1, 2007



OMI Tropospheric Column NO2

• Daily measurement of 
NO2 at ~1:30 PM LST

• Column measurement, 
not surface – use for 
qualitative applications

• 2 products:
– KNMI “Real Time”
– NASA Standard

• Clouds block the 
measurement of OMI 
NO2!

August 1, 2007



LIDAR Aerosol Extinction Profile

April 20, 2006

• Information about the vertical distribution of particles
• 2 sources: ground-based (REALM) and satellite (CALIPSO)
• Weaknesses: interference from clouds and limited spatial coverage
• Many REALM participants do not have data on a regular basis
• CALIPSO data are not available in real time



CALIPSO Aerosol Extinction Profile

August 3, 2007
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MODIS Direct Broadcast at SSEC
http://eosdb.ssec.wisc.edu/modisdirect/



MODIS Direct Broadcast at SSEC
http://eosdb.ssec.wisc.edu/modisdirect/



MODIS Rapid Response System - Subsets
http://rapidfire.sci.gsfc.nasa.gov/subsets/



MODIS Rapid Response System - Subsets
http://rapidfire.sci.gsfc.nasa.gov/subsets/



CCMIS/SSEC MODIS Today: USA Composite
http://www.ssec.wisc.edu/modis-today/



IDEA at NOAA (Developed by NASA)
http://www.star.nesdis.noaa.gov/smcd/spb/aq/



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

MODIS AOD GASP AOD animation



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

48-Hour Aerosol Trajectory Forecast



IDEA at the University of Wisconsin
http://idea.ssec.wisc.edu/



IDEA at the University of Wisconsin
http://idea.ssec.wisc.edu/



Coming Soon: a New 3-D Visualization Tool

Tony Wimmers, SSEC



U.S. Air Quality - The Smog Blog
http://alg.umbc.edu/usaq

Index & Links 

Image Interpretation
Help Files



Wildfires in Florida: May 11, 2007

MODIS Direct Broadcast:
MODIS Terra True Color

IDEA at UW:
MODIS AOD



48-Hr Aerosol Trajectory Forecast: May 11, 2007

IDEA at UW 



24-Hr Average PM2.5 Observations



MODIS Terra True Color Time Series

5/9/07 5/10/07 5/11/07

5/12/07 5/13/07 5/14/07



MODIS AOD Time Series

5/9/07 5/10/07 5/11/07

5/12/07 5/13/07 5/14/07



Haze in the Southeast: August 5, 2007

MODIS Direct Broadcast:
MODIS Aqua True Color

IDEA at NOAA:
MODIS AOD



24-Hr Average PM2.5 Observations



Dust and Smoke in South Texas: March 18, 2008

MODIS Rapid Response System:
MODIS Terra True Color

MODIS Rapid Response System:
MODIS Aqua True Color



Dust and Smoke in South Texas: March 18, 2008

IDEA at NOAA:
MODIS AODMODIS Rapid Response System:

MODIS Aqua True Color



GASP AOD Animation: March 18, 2008

IDEA at NOAA 



48-Hr Aerosol Trajectory Forecast: March 18, 2008

IDEA at NOAA



24-Hr Average PM2.5 Observations



Tips for Using 3D-AQS Remote Sensing 
Data for Air Quality Forecasting

• Temporal resolution of polar-orbiting satellites: observations are 
made only 1-2 times per day.
Solution: use geostationary satellite images (GASP AOD)

• Time lag for processing of images: real-time data are not always 
available by forecast deadlines.
Solution: use images from the previous time period

(e.g., yesterday’s MODIS Aqua)
• Gaps in data sometimes occur: images aren’t there when you 

need them.
Solution: consult multiple internet delivery systems

• Lack of specificity about some pollutants: best for PM2.5, still 
qualitative for NO2, sketchy for O3.
Solution: become involved and provide feedback to the 3D-

AQS team! The air quality community drives continuous 
improvements to remote sensing tools!
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OMI Tropospheric Column SO2

1 DU = 2.687×1016 molecules cm-2

• Daily measurement of 
SO2 at ~1:30 PM LST

• Column measurement, 
not surface – use for 
qualitative applications

• May not be accurate at 
altitudes < 2 km

• Images only available 
for volcanic regions

• Clouds, aerosols, and 
ozone block the 
measurement of OMI 
SO2!



PM2.5 Concentrations are Proportional to AOD

Rural Monitors

Urban Monitors
Eastern U.S., April-September 2002

N=14,000

MODIS Aerosol Optical Depth
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Engel-Cox, J. et.al. 2004. Atmospheric Environment



Engel-Cox, J. et al. 
2004. Atmospheric 
Environment. 
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