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The basics - 0

¸Definitions

¸The Radiative Transfer Equation (RTE)

¸The relevant laws

ËPlanckôs

ËWiensôs

ËStefan-Boltzmann

ËKirchhoffôs

¸A bit of useful spectroscopy

ËLine width (Lorentz, Doppler)

ËLine intensity
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The basics - 1

¸Units

Ëwavelength (m), frequency (Hz), wavenumber (m-1)

¸F flux density  W m-2 flux per unit area,      flux or irradiance

¸L specific intensity W m-2 sr-1 flux per unit area into unit solid, radiance

¸Solar / Shortwave spectrum

Ëultraviolet: 0.2 - 0.4 m

Ëvisible: 0.4 - 0.7 m

Ënear-infrared: 0.7 - 4.0 m

I̧nfrared / Longwave spectrum

Ë4 - 100 m

vc /1/ C = 2.99793 x 108 m s-1

v
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The basics - 2

¸The Radiative Transfer Equation (RTE)

¸For GCM applications, 

Ëno polarization effect

Ëstationarity (no explicit dependence on time)

Ëplane-parallel (no sphericity effect)

¸Sources and sinks:

ËExtinction

ËEmission

ËScattering
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The basics - RTE 1

¸Extinction

ËRadiance L (z, entering the cylinder at one end is extinguished 

within the volume (negative increment)

Ë ,ext is the monochromatic extinction coefficient (m-1)

Ëd is the solid angle differential

Ëdl the length

Ëda the area differential
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The basics - RTE 2

¸Emission

Ë ,abs is the monochromatic absorption coefficient (m-1)

ËB (T) is the monochromatic Planck function

dadldzTBzdQ absemis )]([),,( ,,
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The basics - RTE 3

¸Scattering

Ëchange of radiative energy in the volume caused by scattering of 

radiation from direction ( ô,ô) into direction (, ) 

Ë ,scat is the monochromatic scattering coefficient

Ëd ô is the solid angle differential of the incoming beam

ËP (z, ôô) is the normalized phase function, I.e., the probability 

for a photon incoming from direction ( ô,ô) to be scattered in 

direction ( , ), with 
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The basics - RTE 4

¸Since scattered radiation may originate from any direction, need to 

integration over all possible ( ô,ô)

¸The direct unscattered solar beam is generally considered separately

ËE is the specific intensity of the incident solar radiation

Ë( o, o) is the direction of incidence at ToA

Ë o is the cosine of the solar zenith angle

Ë is the optical thickness of the air above z
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The basics - RTE 5

¸The optical thickness is given by

¸The total change in radiative energy in the cylinder is the sum, and after 

replacing dl by the geometrical relation                                

Ë considering that 

Ëand introducing the single scattering albedo


