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Shortwave and long-wave radiation 
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Solar Spectrum vs. Terrestrial Spectrum 
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Terrestrial vs. solar radiation 



Emission and absorption 

From: Liou (2002) Water vapor (H2O)  
Carbon dioxide (CO2) 
Ozone (O3) 
Methane (CH4) 
Nitrous oxide (N2O) 
Halocarbons (e.g., CFCl3, CF2Cl2) 

Source: Andrews (2000) 



                              Vertical structure of the atmosphere                                

From: Liou (2002) 



Scattering 
• Rayleigh scattering 
• Mie scattering 
• Geometrical optics 

Multiple scattering 
From: Liou (2002) 

Single scattering 



Scattering 
• Rayleigh scattering 
• Mie scattering 
• Geometrical optics 

m10 4 µ− m1.0 µ

m0.1 µ

m5.0 µ

From: Liou (2002) 



http://home.comcast.net/~vinelandrobotics/bluesky.gif 

Scattering 
• Rayleigh scattering 

molecules d=10-4µm  
• Mie scattering 
• Geometrical optics 



Scattering 
• Rayleigh scattering 
• Mie scattering 

aerosols, droplets, 
ice crystals d~1-
10µm 

• Geometrical optics 



Scattering 

• Rayleigh scattering 
• Mie scattering 
• Geometrical optics 

raindrops 
d~100µm 

http://upload.wikimedia.org/wikipedia/commons/thumb/7/70/Rainbow1.svg/572px-Rainbow1.svg.png 

http://eo.ucar.edu/rainbows/RNBW5.GIF 



Radiative Transfer 
Four processes can modify 
the beam of radiation that 
travels a distance, ds through 
the volume 
• radiation from the beam 

can be absorbed 
• radiation can be scattered 

out of the volume into 
other directions 

• radiation can be emitted 
• radiation from other 

directions can be 
scattered into the beam 
 



Example of spatial optical depth 
variations 

From: http://earthobservatory.nasa.gov/Features/Aerosols/images/ 



http://calipsooutreach.hamptonu.edu/aeroclouds-graphics/ 
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