Lecture?
Terrestrial infrared radiative processes. Part 3:

Gaseous absor ption/emission: Concept of an absor ption band.

Absor ption-band models. Curtis-Godson Approximation.

Objectives:

1. Concept of an absorption band. Absorption-band models:
> Regular (Elsasser) band model
» Statigicd (Goody) band mode

2. Curtis-Godson Approximeation.

Required reading:

L80: 4.5; 4.6
Additional/Advanced reading:
L€93:9.3-9.6; 10/ G&Y89: 4.5; 4.6

1. Concept of an absorption band. Absor ption-band models.

Band isaspectrd intervd of awidth Dn which issmdl enough to utilize amean vaue of

the Plank function B (T ) , but large enough so it consists of severd absor ption lines.

Absorption band models are introduced to smplify the computation of the
spectrd transmittance (recal Lecture 6).

First, let’s consder a homogeneous atmospheric layer (i.e., the spectral absorption
coefficient k,, does not depend on path length).
Recdl Lecture 6 where we have defined the spectral transmission function for aband

of awidth Dn as
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Spectral absor ptance can be defined as

A (u) =1- T-(u)

Thus

As(W) =1- To(u) = = L~ exp( - k,u)dn

Dn

A—(u)Dn iscaled the equivalent width W(u).

Equivalent widthis
¥
W (u) = A;Dn = dl- exp( - knu)]dn
- ¥

wheare W isin units of wavenumber.

Let’sconsder aband with a singleisolated line of the L orentz profile.

Usngk, = Sf(n — ng)) and the profile of Lorentz ling, we have

Sau
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_l e ® 0
A(u) = 5 - e g FDdr

Thisintegral can be expressed in term of the Ladendurg and Reiche function, L(x), as

W = A_Dn = 2palL(x)

where x = Su/2pa



NOTE: The Ladendurg and Reiche function L (x) is given by the modified Bessd
functions of the first kind of order n: L(x) =1,(x) +1,(x), where 1 (x) =i "J,(ix) and

-n p
|

J.(¥) =— ¢ros(ng) exp(ix cos(ndp))dq
0
For amal x, L(X) islinear with its asymptotic expanson: L(X)= x[1-...]
For large x, L(X) is proportiond to asquare root of x: L(x) = (2x/p)Y?[1-...]

Case of weak line absor ption: éther kpor uissmdl =>  kpu <<1
Using the asymptotic of L(x) for smal x, we have

W U U
—(U) =——=2palL(x)/Dn = 2pa =
As(U) Dn PaL(x) P 2paDn  Dn

Thus

_Q
A (u) = D |iscalled Linear absorption .

Case of strong line absor ption: Su/pa >>1
Using the asymptotic of L(x) for large X, we have

W 2X
(U)=——=2palL(x)/Dn =2pa .[—— / Dn =
Av(u) = 5= 2pa L(x) Pa 5

= 2pa 1/ﬁ/Dn = 2+/Sua /Dn
p 2pa

Thus
AT (U ) =2 ﬁ is caled Square root absorption law
Dn '

Thewesk and strong line absorption limits derived above are very helpful in
developing the gpproximation of IR radiative trandfer.



If lines in the various bands are uncorrelated, the multiplication law (see Lecture 6)

works for average transmittance:

T-,, =TT

n,12 nal'n,2

Let’sconsider a band with several lines. Two cases can be identified: 1) lines have

regular positions and 2) lines have random postions.

Regular Elsasser band model conggts of aninfinite array of Lorentz lines of equa
intengity, spaced at equd intervals:

Thistype of bandsis smilar to P and Q branches of linear molecules. For
example, the spectrum of N2O in 7.78 mm band; the spectrum of CO, in 15 nm
band.

The absor ption coefficient of the Elsasser bands with the line spacing d is

¥
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whered istheline spacing (i.e, the distance in wavenumber domain (cm't) between the

centers of two nearest lines).

Integrating the above expresson for ki, it can be shown that the spectral absor ption of
the Elsasser band modd is given as:

)
A IR

where erf (x) = %p(‘pxp(- x*)dx



Principle of statistical (random) modéls:

Many spectra bands have random line positions. To approximate this type of bands,
various gatistical models have been devel oped.

H>0O 6.3 mm vibrationd-rotational band and H,O rotational band are characterized
by random line postions.

Statigtical (Goody) band mode:
Randomly digtributed Lorentz lines
Assuming that the probability digtribution of intengitiesis the Poisson digtribution

p(S) = S texp(- S/S)
it can be shown (see the textbook) that the spectra transmittance can be expressed as
= U2x
Sug 2
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TrT (U) = expg' +
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wherethe S in the mean intensity and d is the mean line spacing.

Malkmus modd:
assumes that the probability digribution of intengtiesis

p(S) = m—[exp( SIS, - exp(-Sr/S,)]

where S, isthe maximum vaue of S and r isthe ratio of maximum and minimum vaues
of S.
For this case the spectra transmittance can be expressed as

T (u) = exp(- G;[(1+d;u)"'* - 1)



2. Curtis-Godson Approximation

All discussion above was for homogeneous path. In red amosphere of varying T and P
some adjustments of the band models are needed to account for inhomogeneous path

when

t = (pT)du

Strategy: reduce the radiative transfer problem to that of homogeneous path with some
sort of averaged vaues of u*, T* and p*, so that optical depth can be computed
accurately.

One-parameter scaling appr oximation:
Congder T, and p; are congtant reference temperature and pressure and u* isvariable
scaled amount of absorber (scaled path length) such that

u = ‘ae—pgRT(T,Tr, p,)du
ePr g

where
1
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and for the Lorentz line
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Therefore

t, =k (p. T)u




Two-parameter scaling approximation (or Curtis-Godson approximation):
introduces scaded mean intendity and line haf-width (two adjustable parameters) as

S = 5(T)du/u
0

&= S(Ma(p,T)du/ 3S(T)du

Therefore

t =g (pT)du=k (5, T")u

Using the gtatistical band modd introduced above, the spectral transmittance for two-
parameter approximation can be expressed as

T+ (u) =eXp[8? §9 u*891+(§/d)ru* 9.-1/2
d a é(pa/d)r p*/pr B

]

The two- parameter gpproximation for pressure and temperature correctionsin
connection with random band modd has been widely used in IR radiative transfer

cdculations.



