R.G. Grainger

An Atmospheric Radiative
Transfer Primer

CRC PRESS
Boca Raton  Ann Arbor  London  Tokyo






Acknowledgements






Preface

The aim of this text is to provide an initial introduction ttmeospheric radiative
transfer. | have attempted to link the undergraduate @eegnetic wave description
of light to the radiometric methods used in more advancedsasu | have ignored or
cursorily dealt with many aspects of this very broad topitryoand give the reader
a vade mecum of the most relevant formula and techniques.

The mkgs system of unit8[PM, 2006] is used in this book. | have occasionally
appended to equations the dimensions in mkgs units to makedult of a formula
more apparent.

The following mathematical conventions have been adofBedler variables are
given in italic lower-case type. Scaler constants are gimdtalic upper-case type.
Vectors are given in bold type using lower case symbols exebpre they represent
fields in which case they are capitalised. The magnitude @&fcéov uses the same
symbol but in italic type. Matrices are given in bold uppese type.
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Nomenclature
Constants

o Stephan-Boltzmann constant
¢ velocity of light

h Planck’s constant

kg Boltzmann’s constant

po standard pressure

Ay Avogardro’s number

To standard temperature

Variables

p mass density (mass per unit volume)
o85S absorption cross section

o™ backscatter cross section

ot extinction cross section

7 optical depth

@ single scatter albedo

dw elemental solid angle

@ radiant flux

@, spectral radiant flux

dQ elemental solid angle projection

ac collision (or pressure) broadening half-

width

ap Doppler broadening!-width

af, Doppler broadening half-width

2S volume absorption cdgcient
B2 volume extinction coicient
55°@ volume scattering cdgcient
€ emissivity

6 zenith angle

A wavelength

u cosine of the zenith angle

v wavenumber

v frequency

vo line centre

¢ azimuth angle

k complex part of refractive index

k3PS mass absorption céicient

k® mass extinction cdcient

k5¢@ mass scattering cfiicient

m mass of a body or air parcel

my, mass of a single atom or molecule
m complex refractive index

n number density of atoms or molecules,
particles per unit volume

n real part of refractive index
Nnm mole

r radius

p pressure

t time



Nomenclature

v velocity

A area

B, spectral radiance from a blackbody

E irradiance

F shape factor

Fc shape factor for collision broaden-
ing

Fp shape factor for Doppler broaden-
ing

| radiant intensity

| average radiant intensity

L radiance

LP radiance from a blackbody

M mass of a mole of a substance

M radiant exitance

MP radiant exitance from a blackbody

N number of atoms or molecules

P phase function

Q radiant energy

Q5°@ scattering ficiency factor

Qs absorption iciency factor

Q¢ extinction dficiency factor

S line strength

T temperature

Tg brightness temperature
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Some Comments on Notation

The notation adopted here attempts to make the variousidins of energy clear
by ordering the function dependence on angular terms as dhigaction(s) followed
by out going direction(s). Multiple terms are ordered sorédirection of radiation
should be apparent by reading the combination of terms fedtid right. The sub-
scripts ‘i, ‘r and ‘t" are used to denote incident, refledtand transmitted terms.
In additionw is used to refer to a specific direction while & used to note a hemi-
sphere. For example the incident irradiance from a spedrfciion is denoted(w;)
while irradiance from the hemisphere is denoted=(%r). It follows that in this case
E(27) = costE(w)).

Terms describing the transfer of energy are spectral inrediowever to save
space this dependence has not been explicitly shown exdeewhe term is not
monochromatic.



