Unit 12

Shortwave and long-wave radiation

Nicole Molders
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Solar Spectrum vs. Terrestrial Spectrum
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Terrestrial vs. solar radiation
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Emission and absorption
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Water vapor (H,0)
Carbon dioxide (CO,)
Ozone (0O,)

Methane (CH,)
Nitrous oxide (N,O)

Halocarbons (e.g., CFCl;, CF,Cl,)



Vertical structure of the atmosphere
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Figure .1 Vertical iemperature profile after the U.S. Sundard Atmosphere and definitions of stmo-
sphenc nomencature. From: Liou (2002)



Scattering

e Rayleigh scattering
* Mie scattering
e Geometrical optics
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Scattering

e Rayleigh scattering
* Mie scattering
e Geometrical optics

From: Liou (2002)



Scattering

 Rayleigh scattering
molecules d=10"*um

* Mie scattering

e Geometrical optics

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



Scattering

e Rayleigh scattering

* Mie scattering
aerosols, droplets,
ice crystals d~1-

10pm o

. . Some light

* Geometrical optics pencraes
cloud base

White light is scattered in all directions
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Scattering

e Rayleigh scattering
* Mie scattering

e Geometrical optics
raindrops
d~100um




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

L 1 +dl,
: ' Interaction
| . with matter
L(So) | / L(sy)
Pencil of o
radiation

_..J:dS:L..._

So 3

dl, =—pp, I, ds+pp; J;, ds

p = density of the material in kg/m?

B, = mass extinction cross section in m?/kg

ds = thickness of the layer in m

[, = monochromatic intensity
in W/(m? sr)

J, = monochromatic source function (owing to
emission and/or multiple scattering) in W/(m? sr)



Example of spatial optical depth
variations

Aerosol Optical Depth
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EARTH'S RADIATION BUDGET
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