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Satellite Remote Sensing

Passive Sensors : Satellites

Active Sensors : Radar

Remote sensing is the 
measurement of an 
object by a device that is 
not in physical contact 
with the object.



Satellite Remote Sensing

● Advantages: 
Repeated reliable 
measurements

● Disadvantages:
Expensive and need 
expertise to convert 
measurements to 
geophysical values 
such as temperature.

NASA Observing Spacecraft 
for Earth System Research

Moderate Resolution 
Imaging Spectroradiometer 
(MODIS)



Orbits
Geostationary

Polar Orbiting



Polar Orbiting orbit
Sun synchronous



Scattering, 
Absorption and 
emission



Remote Sensing - Resolutions

● 4 major resolutions
• Spectral resolution

• Spatial resolution

• Temporal resolution

• Radiometric resolution

Spectral

Signatures



What does satellite “see”
I = flux per unit area 

per unit solid angle 

normal to the 
direction of 

propagation 
[Wm-2sr-1]



From pretty pictures to numbers
● Radiance is converted 

to reflectance and 
temperature

● Multi-spectral Image 
must be separated into 
various features 
(clouds, aerosols, 
ocean, land etc.)

● This must now be 
converted to 
geophysical parameter

● Examples include : 
Cloud top temperature

● Relevant Example : 
Aerosol Optical Depth



Aerosols - Introduction

● Climate

● Visibility

● Health

● Hydrology

● Nutrient source



Tiny but potent



Pollution and Breathing



Pollution and Health



Pollution Suppresses Rain

Pollution reduces size of
cloud droplets

Shuts off rain processes



Aerosol Optical Thickness :Basis
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Aerosols from Space, Example



4 day sequence showing

transport of regional

pollution event. Posts show

EPA PM2.5 ground-based

measuring site.  Color  contours

are MODIS aerosol optical depth
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From AOT to air quality

● The next 30 minutes….

● Ground-based air pollution monitors and air quality index

● Relationship of AOT to ground-based measurements

● Strengths and limitations

Sensitive groups should avoid all 
physical activity outdoors; everyone 
else should avoid prolonged or heavy 
exertion

Sensitive groups should avoid 
prolonged or heavy exertion; everyone 
else should reduce prolonged or heavy 
exertion

Sensitive groups should reduce 
prolonged or heavy exertion

Unusually sensitive people should 
consider reducing prolonged or heavy 
exertion

None

Cautionary Statements
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Air Quality Monitors 
at the Ground Level

● Air quality experts are concerned 
about human health so 
interested in air quality where 
people breath – at the ground!

● Ambient air pollution monitors for 
various pollutants:  fine particles, 
ozone, carbon monoxide…

● Satellites usually average 
vertically at specific points in 
time, so…

● Important to understand 
relationship of satellite column

data to ground monitor data



Example Quantitative Analysis for U.S.:  
PM2.5 Concentrations vs. MODIS AOD

Eastern U.S., April-September 2002
N=14,000
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Engel-Cox, J. et.al. 2004. Atmospheric Environment. 



Engel-Cox, J. et al. 

2004. Atmospheric 

Environment. 



Important Applications of Satellite 
Data for Monitoring Air Quality

●Visualizing extent of pollution

●Understanding transport of pollutants

●Forecasting pollution events



Visualizing Extent 
of Pollution:

MODIS True Color 
Image of 
Eastern China
10 September 2005



MODIS Image, Processed by Battelle



Eastern China
True Color vs. AOD – 10 September 2005
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Engel-Cox, J. et al. 2004. Journal of 

Air and Waste Management. 

Understanding 
Transport of 
Pollutants
MODIS True Color & AOD:

United States



Forecasting:  NASA/EPA Infusing satellite Data 
into Environmental Applications (IDEA) site

http://idea.ssec.wisc.edu/

*

Hourly PM2.5 concentration

24-Hour average PM2.5 concentration

1-hour average PM2.5 concentration

MODIS AOD

Baltimore, Maryland



Forecasting Support
U.S. Air Quality (The Smog Blog), http://alg.umbc.edu/usaq

Daily posts 

Satellite images, EPA data, etc.
Index & Links 

Image Interpretation
Help Files 



Potential and Limitations of 
Satellites and Air Pollution

● Limitations
• Lack of specificity about some pollutants (best for fine particles, but 

other pollutants are possible)

• Resolution and temporal scales sometimes too large

• Vertical layer sometimes not clear (sum over column of air)

• Large complex datasets difficult to acquire and use

● Advantages 
• Greater detail over regions especially those with no ground monitors

• Synoptic and transboundary view (time and space)

• Adds value when combined with other data and models

• Visual appeal 

New satellite sensors and tools will help address some limitations, 
especially if the air quality community stays involved.



Global Applications

● Hemispheric, regional, country, and urban scales

● Improved qualitative and quantitative air quality monitoring
• Remote areas without monitors

• Ground-based network supplementation & validation

• Data for evaluation of modeling tools

• Characterization of large-scale sources and intercontinental & regional 
transport 

● Air quality visualization
• Eye-catching for policymakers 

• Near-real time displays (support for forecasts and public use)

● Support Multilateral Treaties
• e.g., Convention on Long-range Transboundary Air Pollution (LRTAP)



Questions?

MODIS Aqua, 25 August 2007
Image courtesy of Rapid Response System, NASA GSFC


