Lecture 11
IR radiation: analysis of fluxes and heating/cooling rates. Concepts of

IR remote sensing.

Objectives:

1. Andysis of IR upward and downward fluxes and IR hegting/cooling rates in the
gaseous atmospheres.

2. Concepts of IR remote sensing.

Required reading:

L80: 7.3

Additional/Advanced reading:

Le93:22/G&Y: 6.5

1. Analysis of IR upward and downward fluxes, and IR heating/cooling rates

in the gaseous atmospheres.

To calculate the IR downward and upward fluxes one needs to know:

i) Meteorologica characterigtics: T, P and air dengity as afunction of dtitude (caled a
vertical profile)

i) The verticd profile of IR radiatively active gases, clouds and aerosols.

NOTE: Ingenerd, T, P and air density decreases with atitude (see lecture 4).

To calculate the | R heating/cooling rates one needs to know:
i) Profiles of IR upwelling and downwdling fluxes (to caculate the profile of the IR net
fluxes);
i) Using the profile of net fluxes and air dengity, one cdculates the IR radiative
hesting/cooling rates (see Lecture 8)
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> Effect of thevarying amount of agason IR radiation under the same
atmospheric condition
Consider the standard tropical atmosphere and “dry” tropical atmosphere:
same atmospheric characterigtics, except the amount of H,O
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IR fluxesfor tropical (dotted lines) and dry tropical atmospheres (solid lines)
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H,O incressesin alayer => F  increases because more IR rediation emitted in
alayer => F (surface) increases

H.Oincreasesinalayer => F~ decreases because more IR radiation absorbed
but reemitted at the lower temperature => F (TOA) decreases

Increase of an IR absorbing gas contributes to the greenhouse effect.



IR net fluxesfor tropical (dotted lines) and dry tropical atmospheres (solid lines)
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The larger changes of net flux from one leve to another (i.e, the larger dope of F(Z)
vs Z), the larger hesting/cooling rates

IR cooling ratesfor tropical (dotted lines) and dry tropical atmospheres (solid lines)
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NOTE: Thelargest IR cooling rates for the standard tropical atmosphere are in the

surface layer.



2. Concepts of IR remote sensing.
Recdl Labl where we have discussed the ground-based and satdllite radiometric
ingrumentation.

Three major types of IR remote sensing:
1) Ground-based platforms (recal Lecture 10);
2) Air-borne platforms (airplanes, baloons)
3) Space-borne platforms (satellites)

Condder asatdlite sensor measuring the monochromeatic upwelling intengity (narrow

viewing angle in nadir (mis about 1)). From Eq.[6.2], we have

In- (t): |n'(t1)eXp(-(t1-t))

+t(i)exli’('(“rft)) B (T (t@)dt¢

Note that d[ exp(-(t’-t))] = - exp(-(t’-t))dt’

Then we have

In-(t)zln-(tl)exp(_(tl_t))
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Recdl that optica depth is defined as
¥
t =¥, (29r (z§azt
V4

where ky, is the mass absorption coefficient and r isthe dengty.



Thus we can expressed the monochromeatic transmission as

T.(2) =exp(t) =expt ¢k, (29r (z9dz9

Usngtha t = O at the top of the atmosphere (TOA) andt =t at the surface z=0, the
TOA monochromatic intensity can be written as

Z=¥

h (¥) = 1, ()T, (0) + § B, (T (2) HelZ g
z=0

where the dTn(2)/dz is cdled the weighting function. [11.1]

NOT E: Weghting function when multiplied by the Planck function gives the upwelling
monochromatic radiance contribution from a given height.

NOTE: Somewhat Smilar weighting functions d T (2)/dz were introduced for fluxesin
Lecture 8.

| n (0)in Eq.[11.1] represents the surface radiance enBn(Ts), where ey, isthe surface
emissvity (recal Lecture 3).

Because an indrument measures an intengity in afinite spectrd interva from ny to n,, the

integration of Eq.[11.1] over this spectrd interva is required. Thus we have

rz‘j: (n,n)l,(0)dn
17(0) = K n
J- (O,n)dn

where F istheinstrumental responsefunction (or dit).




Therefore, Eq.[11.1] can be re-written as (assuming e, =1)
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[11.2]
If the spectrd interva isnarrow that B, (T) can bereplaced B-(T) and taken out of the

integra over n.
We can dso introduce the spectra transmission as
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Thus Eq.[11.2] can be re-written in aform to give a measured TOA spectrd intengty ina

given channel [11.3]
z=¥ T
F(¥) = B (T)T(0) + § B(T (2) Nl g
z=0 ﬂZ
Eq.[11.3] can be dso expressed in the pressure coordinates: [11.39]
0
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Eq.[11.3] shows that the measured spectrd intendty contains information about
the temperature profile and the profile of asorbing gases. Thus the multichanndl
measurements of TOA spectrd intendties can be used to retrieve these profiles
(cdled inversion problem).
NOT E: modern satellite sensors are capable of measuring the TOA intensity in about
2000 spectra bands (for instance, see Lab 1, NASA missons)

Measurementsin the 15 nm CO, are often used because CO, iswdl mixed inthe

lower atmosphere.

How to retrieve the temperature profile:

For amplicity, let’'sassumethat T (p,) = O (to drop the surface contribution)

Thus
0
T
12(0) » § Bu (T (p) 1w lP) g
Ps ﬂp

Because B- (T (p)) variesfrom spectral channd to channd, it is common to gpproximate

the Planck function in alinear form as

B (T(P)=6B:(T(p)+d;

where ni” denotes a fixed reference spectrd interval, and ¢ and d- arethe empiricaly

derived congtants.
Substituting this approximation for the Planck function into the above equetion for the
TOA spectra radiances, we have

9() = ¢ (PK@, p)dp

Ps

[11.4]

where

.- d
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g(m) =



f (IO) - Bn- (T( IO)) isthe function to beretrievedfrom g(n, ), 1 =1,...m, where
m isthe tota number of the spectrd radiance observations.

K, p)= % is called the kerndl of the Eq.[11.4]

Eq. [11.4] isaFredholm equation of thefirst kind.

The solution of Eq.[11.4] isan ill-posed problem, since the unknown profile f(p) isa

continuous function of pressure but there is a finite number of observations.

NOTE: Severd techniques have been proposed to retrieve the temperature profile usng
the multichannd measurements of TOA spectrd intensities from Eq.[11.4]: direct linear
inverson methods, gtatisticad methods, numerica methods (see detailsin L80:7.3.3-
7.3.4).




