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Absfract

A nondetailing account cf limitations and approximations invsived in the formulition of the theory
«f temperature measurements by satellite exploitiag the use of iafrared terrestrial cmission spectra IS
presented. Sterting from spectrcscopic considerations the concept ¢f Lozl Thermodynamic Eqilibrium
(LTE). which poses altitude limitation in remote temperature me surements, is mtrodvced towards
eqiating the self-emission functic n to Planck s black body function. S:urveying the eMission spectra
of various at ncspheric gases the reasons in favour of chcice for 4:2 um and 154 @ CO, bands are
dicussed. Theoretical and experiment.| attempts, citing the main uncertainities and limitations, for
computing absorption in band/sub-bands demanded for sclution of radiative transfer equation including
the validity of various line shapes, the effect of time variation of CO, concentration and the contri-
bution of averaging over radiometer/speCtrometer filter-transmittance function/slit function towards
approxumations have been discussed. Estimation Of sea surfaCe te.rp=rature using 3-7and 11 ym channels
towards its estimation in cloudy conditions and the effects of e-type absorption arising due to dimeric
Water molecule formations ¢n window region measurements and the recently reported classical statistical
“chnique to get clear column radiance from cloudy areas have been discussed.

Key words . Physics of remote temperature measurements, Remote se1 surface temperatire

Tesurements, Remote temperature measiurements and clouds.

L. Tntroduction

- - ot ' jons
The Capability of space platform towards providing data over non mhal[cnt;bilzt ::EL -
"‘"Id. s tnormous potential for giving data coverage on gIOba,l st licSl-l i‘iared remote
feumg interests to undertake a critical study of the physics of the mand N eresiril
t:iperalure measurements and the retrieval of Surfadce :ﬂ:f: rizg:fxssed the basic

Perature profi ' ements. Rodgers o -

mEﬂ’IOds i faliangs measu;t is proposed to prcscnt a critical I'CVIC.W of

= gu'?ject Without undertaking much amplification as
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Remote temperature measurcments could be made using actjye

a .
Accuracy in aztive methods to some extent could be commande nd pasgiy.,

: .y . . d controy b
dent signal power while in case of passive sensing, mostly exploited f, ing the . .
feasibility reasons in satellite-basec observations, the physica] [ eCongpy,

limitations gy, ,
hes 0 Submij gy, pﬁh-m
‘ch are ﬂlt:'ﬂitly)':l:‘l
Tadianses i o %
pts of physics im,ﬂhmuled
SPectroscopic aspec ﬁfa::
On and simplicity of o .
the formulation of fﬁdiaﬁo;

volved in addition to engineering limitations. Here author wis
limitation aspe-ts of satellite-based temperature measurements wh
puted rather inferred from the basic information input of infrared
intervals. With an inclination to look into various conce
various assumptions effected to simplify the problem, the
radiative transfer problem havc been attended with precisi
tion to acknowledge the intricacies and uncertainties in

transfer egquation.

2. Spectroscopic considerations

The interaction of infrared emission from the lower terrestrial boundary, the ¢z
surface, with atmosphere leads to collisional relaxation process as the SCattering v
be negligible exzept in case of shower type precipitation. Assuming linear relationst
between induced emission-absorption process and density, the probability (p,,) q

molecule undergoing transition from m; to m, state after absorbing quantum of energ
AVmm, 1S given by

Pm;m: s P (vm;m:) Bl':m: (l]

where P (Vpym:)s Bmm, correspond to density and Einstein absorption coeﬁciqn
respectively and B, ,, = B,,n, (Pauling and Wilson?), In case of spontaneous ems
sion, its Einstein’s coefficient A4,,,, is given by

8 nhvd
C3

Am;mz i

=" Bym; b

The radiative interaction with electric quadrupoles and magnetic_ digoles, whcﬁe;i:
respactive transition probabilities 10~2 and 10-® timss that of electric dipoles, 3:: P
ted. According to Heitler?, By, and in turn A, could be related
moment matrix gy, by

{3
8 4
.Bm;m: g 380 kz‘ l Homims I w
| __647:4 v3 mima 2
Aiﬂﬂl: ol 380 hcg | ﬂ-u-u I
where g, is the dielectric constant. ” i

can jon 10
Problem is further simplified by bifurcating Schrodinger wav; eil}l;a;; <olated ok
the electronic and nuzlei motions independently. The Pnergy (E)
cule is further assumed to be given by the linear relation

E=E¢+E5+Er+E‘+Ei
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here Ee, Ev» Er, Ev and Eq refer to electronic, vibrational, rotational, translational and

teraction energies. Here the interaction component is further assumed small enough
o permit separate treatment of electronic, vibrational and rotational spectra. Terres-

ial radiations by virtu2> of encrgy considerations (Table I) can have vibrational and
rotational spectra.  The low energy requirement for rotational lines as compared
to that for vibrational lines (Table I) leads to vibration-rotation bands. In satellite-
‘basecl measurements, involving wide slit spectroscopy, band averaging is done by theo-
retical models because of difficulties with experimental methods and this aspect has
been discussed elsewhere. Out of natural broadening, Doppler broadening, shortening
of life time by collisions and molecular-molecular interactions distorting molecular
energy levels (Goody?), the last onc is unimportant under terrestrial pressure condition
(Goody and Worm:11°) while the natural broadening (Av) using Heisenberg’s uncertainty
principle where Af = 1/4,,,, Will be
IR ¥

3e, hC3 "‘u'“"“’ la . (3)

Ay =

and as A vav®,, .., natural broadening will be unimportait in IR region. The self-
damping is also unimportant in /R region.

By virtue of intramolecular forces and the time spent during collisions (~ 10-2 sec
at S.T.P.) the phase coherence of the emitted wave trairs gets destroyed as a conse-
quence of random distribution of position (x) and velocity (X). Based on Fourier analysis
under the assumption that the average values of x and x after collision are zero,
Lorentz arrived at the following expression for the absorption coeﬁicien_t for a singlz j*"

line

_S;_ di(T,p) (6)
k) = p(v— )P+ a?

Table I

Spectral characteristics associated with various transitions.

—

— - - —-— == =

pl—

Classification

Class of Energy in terms Wave length
A . ctral
transition of wave number HOEE t:la]:g;;r;pe r
‘ _ - icrowave-far-
Rotationa] 1-500 cm™! ] cm-20 pm il:'ldf!:;red
Vibrationaj 500-2000 cm—! 20 pm-5 pm S
EICCtronic 10.000 to 1 ym 10 loweE v;ﬂgﬁoﬁt
fu;ther higher wavelengths "
wave number in
cm™!

s e ———

—— e —
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where S, , a; and v, correspond to line intensity, half width g half he;
at peak intensity for the j“‘ line. Equation (6) is valid whan |v . ‘ght ang §
M = 27-8 (C/v)*® b'®, C is the velocity of light, v is R, qmrs i Vo | < Iy

the colliding molecule, and b is the constant of frequency Perturbatigy C Vely,: E
Here
p T\
oy (T:P) = 0y (Tﬂa pﬂ) (;"u) ('T?)
while S;(T) is given by (Deutschman and Calfee?)
- Tn " El Tﬂ Eais T
S(T)—-S{.(T) exp[ A ] |
where E' corresponds to upper level and the values of o, §,, » and m age o

mentally determined for each linc. Due to translational thermal motjgp of molege
the Doppler broadening, assuming equilibrium conditions and Maxwe "

- - . Ilian distripys..

of velocities, give rise to line shape given by (White? and Penne ) IStribuyg
' S = |

k (V) — o (T) \/‘R € ap?(T) !

where oy (T'), the Doppler half width is given by

2kT 112
m )

v
&p (T) == ( {WJ
c
where k, m and v, correspond to Bolizmann constant, mass of the molecule and w
number of the center line respectively.

The shape of the Doppler line (Fig. 1) is much narrow as compared 10 thalf{‘
the Lorentz linz as it falls of exponentially while in the case of Lorentz line the fals
inversely proportional to (v — v,)? at wave numbers many half widths away from &
centre. In case of low pressures, as in upper stratosphere, where due t0 Iargf“r’;
free path the number of collisions are less the collision broadening willbe sn_Jall ﬁs‘fﬂ;
in the increased importance for Doppler broadening while in the case of high pres ’
the Lorentz broadening will be dominating, due to large number of cnlll?loﬁorﬂ
considering both Lorentz and Doppler broadening the absorption coe?f;:euuﬂ
obtained Voigt lines, whose shape is obtained by convolution [BIC:CW‘?t ¢
Doppler shapes (Goody* and Penner®) could be written as (Drayson )

(In2)2 S (T) et it

KOo=v)="2m o ) Fre -0

where

=L@ T O T @

- —— B
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Doppler ~

o

Fe. 1, Doppler and Lorentz line shapes.

d 7 is a dimensionless variable permitting integration oves al] the possitle mole-
cular velocities in ths gas. - The function

o0
S(T) = DJ' k (v,T)dv
Which is independent of » will be same for Lorentz and Voigt line shapes.

fr Radiative transfer equation for the terrestrial atmosphere including tht: emlﬁﬁz
pl?em atmOSphere, by virtue of nearly same tcmperature range for earth and 1;-5 :ILC e
lere, based on the linear assumption of proportionality of the number O

di ;
Poles to Interacting mass, ic given by

~dl,={—1, + f(v,T)] ky pa ds
o nsity of incident radiation,
| sum of change in iptf:n-
, T) is a functioR

velocity

Py 15 th, 'S the mass absorption co=fficient, 1,19 the nte
sty due density of the absorbing gas, dl, 18 the infinitesim3
€ 10 extinction and emission, ds is the

Tacteriy; L
. fzIng emission and js a function of frequency Vs
0. radiation ¢¢°
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3. Concept of local thermodynamic equilibrium (LTE)

Under terrestrial condition, the function f(v, T) could be equated
body function Blv, T(S)] provided LTE holds good even for unen%: dPIaan's by
unlike Kirchoff’s law case. The statistical mechanics approac (G;}dele %
that energy transfer among different spectral modes is only due ¢, y‘)’}ﬂsumh,'
considering that the Planck function could represent the unengj Culhsmnm‘l
provided Maxwellian distribution and Boltzmann’s law hold good (Milnelﬁ;tmem“‘
used to find out the altitude limit for the validity of LTE assumption. itz’erlflad bm
the validity of Maxwell’s distribution uptil stratopause while the BOItzman?rs . ﬂpm_;-
tion was reduced by Milne'® to the condition that the rate of deexgitatinn:c

taneous and radiation-induced transitions should be small as compareq to thﬁ“lm-
deexcitation by collisions. According to Zener'® 3 the rate of deexcitation of rom?‘{
levels is small as compared to that of the vibrational level reducing the Pfﬂm
compare the rate of deexcitation of vibrational level with that of due to colliig
According to Kaplan'* the value for the life time of CO, 15 yum band is aoy s
10-! second resulting in the value of rate of deexcitation equal to about 3 per sy
par molecule. Due to low atmospheric temperatures the effect of induced transijy
in increasing the rate of deexcitation of vibrational level will not be much, The ny
of deex itation due to spontaneous transitions is near about 10 per second per m
cule. Henry®® has found the value for collision efficiency in case of diatomic mokm
(0,) and it is equal to 5 X 10-® which will be little more in case of polyatomic mok
cules. Assuming the value of collision efficiency to be 5 X 10-® and same for ik
whole neutral atmosphere the rate of d=excitation could be calculated. Table Il depes

the rate of deexcitation using the value of collision frequency as given in ARN
atmosphere’,

While looking at Table II, it could easily be concluded that it is quit 5.3[“”
assume that the rate of deexcitation by collision is higher than the rate of deexcran®
due to spontaneous and radiation-induced transitions and hence at least up Sl
pause the function f (v, T) could be approximated by Planck function B [v, T(s)) P&
altitude limitation to temperature measurements, where

;
B [V, T(S)] - 2hv3 _ 1 _ (

c* [ex (E —1].
P\&T

Here symbols have their usual meanings. Hence the rad
could be written as

dl(v,s) ={— 1(v,5) + B[v, T(5)]} k (v, 5) pads.

1ative transfer EQ“’"‘”

U

4. Theoretical considerations

r €O
The radiative transfer equation for a plane parallel a.tlnofsph‘ﬂ;]le a;'t; weel
slant height ds in terms of vertical length dz and the angle (V);
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Table Il

Calculation of rate of deexcitation due to collision using U.S. Standard Atmosphere'®

——

gl. Altitude quliSiOI} frequency Rate of deexcitation
No. (in km) (in Sec~) due to collision (in per sec.
per mol-cule) ~

1

| 10 2-0559 % 10° 10-2 X 103
¢ 20 4-3546 X 10° 21-7 X 102
3 30 9-2197 %X 107 - 46-10 X 10
4, 40 2-1037 X 107 10-52 X 10
5. 50 5-6214 X 108 28-1

6. 60 1-6280 % 108 8-14

1. 70 4-3174 X 10° 215

8. 80 8:94 x 104 4-5x 1071

I

wing mixing ratio for the gas (g) under the assumption p > p, (where p is the density
of ambient air and p, is the density of absorbing gas) which is valid in casc of CO,,
and under the hydrostatic assumption could be written as -

& (,0) = {~ 1(3,0) + BL», TP} kv pysect | =L | ap (14)

The integration of this equation for finding out the total radiance reaching satellite
I a spectral line is a matter of mathematical clegance and the equatior (14) is thus
Normally physically integrated. As depicted in Fig. 2, the points 4 and C represent
the position of the earth and satellite respectively while B corresponds to a'pam(:t'xlar
altitude in the earth atmosphere. Let 1,,], + dl, and zero be the corres;)_ondmg optical
Path lengths between the satellite and the viewed radiances being emitted from the

Pints 4, B and C respectively. According to Beer’s law

— | ‘ 5
A1(3,0) = ~ k (v, p) 1 (v, 0) [ =L | sec 0ap (1)
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FiG. 2. Pnysical integration of radiative transfer equation.

where

:{I (v:e)} _q

{I(v,0)},

is the transmittance for frequency v from pressure level p to saellite level poF
which is assumed to be zero. On multiplying equation (16) by

T(v,p,0) =

exp[—é f k (v, p)q (p) sectdp |

ol
integrating the equation so obtained from surface pressure ps 10 2600 ws.urﬂ‘
radiances from earth surface and the whole column of atmosphere be::rw?"

level, equating the transmittance function at p = 0 to unity based on cor of &8
zero path length between satellite level and p = 0, and on the 355“‘“"“0"

%l
‘surface emitting as blackbody (discussed in detail by author elsewherek ik

8
[(v,6) = B[v, T(po)] 7 (¥, po, 6) — f B[y, T(p)]"‘(" 223 gp
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where I[v, (118 the radiance received at satellite. On the right-hand side first
ISt term

resents the contribution from the lower boundary mod; |
functon defined. for, from lower boundary to atelits level whily d i
speaks of the contribution from atmospheric gases participating in the Pmcessco?d term
tion and emission modified by weighting function dz (v, p,(')/dp. Instead ofo abs:orP-
p any other coordinate which 1s a single valued function of p could be lfsozrdmm
emission and absorption by the participating gas besides its - charaitt .T_he
would be a function of its concentration and temperature only. Derr'” and f erllsncs
of al*® have reviewed the molecular spectra of important atmospheric gases a;ldai{nifson
ing them a table conveying brief molecular-spectral characteristics of these ase: D}vt}:
particular reference to infrared spectra has been prepared (Table III). Basged Onwtlhe

Table III

Table depicting infrared-microwave absorption (emission) characteristics of important
atmospheric gases

- E— —

-;L Participat- Molecular-spectral contributing Form of spectra (with reference
0. Ing gas characteristics of the gas to information im column 3)
l 2 3 4
LN, No permanent electric dipole No infrared and microwave
moment, thus no rotational spectrum
and vibrational spectrum
2, : j
0, (@) No permanent electric No infrared and microwave
dipole moment spectrum.

Microwave spectrum near 60

() Magnetic moment due to
GHz with one transition near

interaction of electron
spin and molecular 118 GHz
angular momentum

(¢) Combination of transitions Submillimeter range extending
between molecular-rotational to infrared
and electron spin states

Complex infrared, microwave
and millimeter wavelength

spectrum

*HO Asymmetric top, light, highly
anharmonic with large centri-
fugal distortion type of molecule
having much complicated
spectra

= - i — atasm—ye ———— g Y —




144 ;. RAJENORA KUMAR GUPTA

Table Il (Contd.)

l 2 3 | ——
) = - — = e 4
4, CO, Linear molecule arranged Have ‘\\

symmetrically as O C-O has in im-““’“! 30rricy
no permanent dipole moment, fared
so no pure dipole rotational

spectrum
VIbra' v - :
tional IMBM‘“WE%
Modcs %
Electric O C O Mode Frequency
change
w.T. 10
molecular
symmetry
axis
None 0-0 «0 y 1388
i1 @ () @ Va 667
in oul {n
I «~0 02«0 v, 2349
-1 CH, Spherical top molccule with no Complicated infrared vibras
permanent dipolc moment, spectra
thus no rotational spectra.
Coriolis interactions with
overtones complicat¢ the
infrared vibration spectra
6. H . Homonuclear molecule with no Vibration-rotation infrared
dipole moment leading 10 no spectra
rotational spectrum, Infrared
spectrum due to vibraton-
rotation spactrum
1 N,O Unsymmetrical (N-N-O) linear Infrared and microwave st
polyatomic molecule
8. CO Dipole moment exists giving Infrared and microwai
rise to rotational mrowave spectra
spectrum and infrared spectrum
9. O Complex rotational spevtrum in Infrared spectra
infrared region -

.strong, not very complex, infrared ahsorpoon characteristics Pf COy, amrcmfﬂs““’
exploiting absorption-emission characterstws for remote terrestial 1€MPET © g
ments goes for CO, gas. It is due to i Ning a linear symmetricall o fact 5
due to very less overlapping of absorptiva spectrum of other gases, o/ thus 1Ak
its number density variations up to stranyause does not exceed 17
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adiance output very much less effected due to variations in mixing ratio and more or less
exclusively a function of temperature. Smith® has discussed the energy content (relative
planck radiance), temperature sensitivity and cloud transmission characteristics in case of
4-3um and 15 ym bands and _Smm band of oxygen which are given in Table IV By
looking at the energy content in a band the choice goes for 15 um band but 15 um
pand is not as sensitive as 4-3 ym band is for temperature changes in higher atmospheric
temperature range which could be inferred by taking the ratio of energy emitted for
300°K and 200° K temperatures and it comes out to be 240 and 3 for 4-3 um and
15um bands respectively. Looking from temperature sensitivity angle, the signal
to noise ratio is good for 4:3 um band only for temperatures near about 300°K
while that for 15 um band is satisfactory for the whole range of temperatures from
200°K to 300° K. Since the lower and upper limits of atmospheric temperature range
could be considered near about 200° K and 300° K respectively, the lower temperature
arising in the regions fro‘m upper troposphere to lower stratosphere could be satis-
factorily recorded using 15 um band instead of 4-3 um band while the regions of lower
troposphere and upper stratosphere could be satisfactorily recorded using 4-3 um band
instead of 15 um band. It has been observed that using both 4:3 ym and 15 um
radiance data it is possible to construct the satellite derived temperature profile having
close resemblance to temperature profile derived using radiosonde and rocketsonde
data and using both channels it had been possible to resolve sharp tropopause, small
vertical structures and frontal zones in the lower troposphere. A look at the last
column of Table IV gives the impression that 5mm oxygen channel is far superior
o 43 pum and 15 um bands in transmission through clouds but besides the technical
hmitations of weight and power requirements which have been overcome to some
extent, the physical limitation arises because the lower boundary (Earth’s surface) does
not radiate as black body in 5 mm spectral region and also the emissivity of the unde.r-
lying surface in case of land varies with surface structure, composition and soil mois-
ture and in case of ocean with the height of oceanic waves. Thus the independent use

Table TV

g“'f"?,?ff"’” of characteristics of 43 pm and 15 pm and 5 mm spectral regions (after
mit

Energy (relative Temperature

planck radiance) sensitivity
(relative tO

detector noise) L

Cloud transmission

Sp2ctral ————

g

tgion F;Oli temperature i“ te’flpffn" ©  water I‘ie ds
. ok 300°K  clouds  clov

— 200° K 300°K 200 _ .

43 ym 1-25 300 . . :"A

'S 5,000 15000 10 6 > gt

Smm ! L 4 : 6% PR%

L]
\"ﬁ\.__‘__r . -F—_—_'P

—_—

T T - p—
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of 5 mm band is much limited but could be complementar
f .
15 um radiance data. ¥ 10T use wigh 43 g

During the process of emission and absorption taking place at ajj |

spectral lines at the lower level (in troposphere) will be broader a:\*els, the My
absorption lines at the next higher level (in troposphere) due to deﬂmcof“pa"’d 10 g
temperature leading to the absorption in the centre of the line thuse l:“ Amospper
information of lower levels will be contained in the wings of ;PeCtralt l? temper,
increasing temperature and greater absorption towards line centre in strat;“cs. .Durh
the radiance in the central parts of spectral lines will be carrying info Sth_-'rtc level
these levels. As the radiance emitted from lower layers will be mrf;lallon aboy
while the emission from upper levels will be little due to low density Of-th atteruaye
of the radiance received at satellite level will correspond to intermediateelﬂelw

under such varying amount of energy the information is to be retrieved i
O-1 —

Q-3

e g 2w @ =. & @ = s & -

O 0 4 08
~drrsd (enp) o ision U7
FiG. 3. Weighting functions for A, a monochromatic frequency in the wing ija(aftﬁf Maso0'

line; B, radiation received from the wings of several lines in a carbon dioxide ban
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Fig. 3 depicts weighting functlf:m — dfl (v, p, 8)/d (Inp) versus pjp, (ordinate) where
p, rers 10 the pressure 2t which a given frequency (in case 4) or a given spectral
erval(in case B) will bave maximum value of —di(v,p,0)/d(Inp) and thus Fig, 3
deals with normalised curves. | It is seen that weighting function for a single collisio;ml
broadened 1ine has less half width as lcampared to that for a spectral interval Consisting
of several lines leading 10 2 lowc:r vertical res_olution in case of a spectral interval, As
ihe pressure value Po wﬂi' be dlﬁ‘ert?nt for.dtfferent spectral intervals in a band due to
rapid variation of absorption coeffizient with frequency the plotting of weighting func-
fons against pressure will have peaks at different altitudes as shown in Fig. 4

-0l
ol

PRESSURE (MB)
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resulting in the overlapping of weighting functions and thus tpe amoy

received in one spectral interval will not only correspond to ra diationm O.f
the level where its weighting function is peaking but will also pe COnsis:ﬂmtt Ion
tion emitted from other levels making the problem of retrieva| of informg of rag
difficult. The weighting function could either be determined in laboratory ::la tion

tic atmosphere or by theoretical methods using detailed spectra) informati::ﬂg Sy
position, widths, intensities and shapes of the emitted spectral Jineg and ﬁ:eg%{
charateristics of the radiometer/spectrometer. OPticy

As infrared temperature measurement Spectroscopy is essentially a wide
scopy, the determination of absorption in a band and its sub-bangs by exper
methods is diffizult because of difficulties encountcred in simulating, within rea;:s;al
space, the continuous variation of pressure, temperature and the fractiona] ¢ .
tion of the absorbing gas (in general) along a path in atmosphere. Experimeng
only a few cells could be used in parallel for measuring absorption along the homi
gen=ous path (constant temperature and pressure) through these cells and further gif
culty is encouiaterad in cooling of bulky synthetic atmospheric cells to atmospher
temperatures.  Extrapolation of experimzntally determined absorption data in a g
quency interval, obtained under physical conditions (temperature, pressure, etc.) differey
from conditions encountered along long paths in the atmosphere, to atmospheric pas
is very difficult because of complexity involved in the theoretical representation of bad
absorptions due to arrangemants of spectral lines and their intensity distribution i
a band/sub-band. This also depends on the value of frequency interval used. Avers
ing over a sub-band, etc. is done using theoretical models involving a good numbs
of approximations. Except in case of very low pressures and small path lengths
there are overlappings of spectral lines in a band making absorption over the ban
function of spacing betwezn the spectral lin's and their intensity variatjons, absor
tion being more with the increasing spacing and also more in case of equally sput
lines than in case of randomly placed lines as latter may involve much interferi
among lines. There are four basic models to deal with the problem under differeat
approximations namely, Elsasser model (Elsasser??), Statistical model (Mayer®, Good’)
Random Elsasser model (Plass®), and Quasi-random model (Waytt ef a.%);

oncenm

The estimation of absorption by a band involves the knowledge of overlapziﬂlgn:sf
spectral lines which in turn need information on spacing between the Spe:;ro Lon
and their intensities. Obviously, other physical factors remaining the same, the -‘; gﬂ
by a system of equally spaced spectral lines will be more than u}at " Eim with
randomly spaced spectral lines. The very rapid variation of absorption co*;’1 eading ©
wavelength results in the impracticability of numerical integration metho eqult
the choice of models involving different less realistic assumptions. Els?wid e
band model assumes that all spectral lines have same intensity and hal cy cen
are uniformly spaced. In the statistical model random relationship of f ;:equf;fel ssumed
to éach other and some probability distribution function for line intensitics 2 cition of 8
Spectrum in the random Elsasser model is represented by random P rf::l the [i0*
number of Elsasser bands having different lihe intensity and spacing bet¥
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q may Bowever be noted that spacing between the spectral Jines is in general neither
guiform 1O rapdom- There had been difficulty in accommodating farge number of weak
' . which contribute 10 absorpiion in these models. Since intensity usually decreases

] s’ = - -
hoe dly from line to hne at frequencies away from the center of the band and

jirly Tapi . . -
[heeaﬂiﬂ' three modzls were not abls to take care of it another model namely quasi-

qadomn model was developed which co‘uld represent properly the spacing among
ectral fines thar may occur .am:l c:‘ould S{mulate In a better way the intensity distri-
sution Of spectral lmes including “fﬂkﬁ'l‘ lm?s besides representing the distribution of
| spectral lines in a given ff"-‘qu‘f'-"_‘c)' interval i an improved way. It also included in
olcutation the effect of absorption due to wings of spectral lines in the neighbouring
aervals. A good account of quasi-random model is available in Wyatt?4, Elsasser
nodel could take care of strong lines of CO, absorption spectrum ignoring weak
iines which contribute much to the absorption over long paths while the random
Bisasser model could picturise for absorption over moderate paths. In quasi-random
nodel the absorption is first calculated over a frequency interval which is much smalier
han the interval size of interest and while calculating for many spectral lines over
lrge path length it requires muzh computer time. Statistical model could represent
H,0 absorption over a good range of path lengths. Quasi-random model in general
sves better results out of all the four models.

Kyle® has published an atlas of computed infrared atmospheric absorption spctra
smg basically McClatchey er al®® line parameter and McClatchey et al* optical
properties of mid-latitude summer profile for the vertical path through the atmosphere
thove altitudes of 4, 14, 30, 40, 45 and 54 km and expects that it could predict the
orect atmospheric absorption within 10-20%. The basic limijtations for this work
bad been the following :

() The accuracy is of 0-01-0-05cm=! in spectral line frequency inputs.
2) The accuracy is of the order of 0-01 cm= in line position shifts due to pressure.

3) The effects of pressure induced bands and dimerization have been excluded.

@) Variations in and temperature dependence of Lorentz half width from one

Spectral line to another have been approximated using mean half width value
and inverse square-root dependence respectively. Computational procedures
USed lead to further approximation of Lorentz half width.

in the vicinity of the absorp-

() The eff !
efraction and anomalous dispe eric paths have been

tion ines arising out of inhomogeneity in the atmosph
Neglected.

6 Ky o2
. Voigt lins shape which is a convolution of Lorentz and Doppler shapes has been

imation
l;:ed, Asymmetrical VanVleck-Weisskopf shape could bea better ggprg;::::u;e
3 ' low wave number region. Many lines in 4-3 and 15 pm Vs e
ub-Lurenuiaﬂ. Above tropopause the effect of collisional narrowing O opp
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half width could be significant. Rodger™ has discusseq {pe -

sional narrowing in determining the equivalent width of s Portance o
estimation of continuum absorption in the 8-10 um wip dowPeCtral lingg
due to uncertainties of spzsctral representation in the far wings
author does not intend to deal with remote temperature

microwave region, it may be mentioned that Waters® paq reviem Xl
atmospheric absorption and emission processes in this region Wed L

Of lings, 7 Mg
Measureme hoy

Kunde and Maguire® have developed a direct integration transmittance mode ;
the computation of the monochromatic absorption spectrum by “umericane Invg
the contributions of the individual spzctral lines and have reported a disaysuﬂm‘-
5-10% in homogeneous path cases while in slant path Steeten,

! ; Cases an agreement of 5y
in 200-2000cm™! region of emergent radiances have been reported. /

Braun3! has discussed the effect of spectral line shape and its strength ang alsg 4,
effect of variation of CO, concentration on the radiance and transmittance profils
U.S. Standard Atmosphere Supplements®? temperature profile for 15° N (annual) sy
60° N (Winter), to represent cases of stecper and shallow lapse rates, with referens

to 15 um CO, band channels of Vertical Temperature Profile Radiometer (VIPR) expes;
ment. Putting Lorentz half width as

ar (T, p) = A (T, po) (%) (%)’

where A and y are arbitraty factors to do adjustments with % (7, p) and its temp
rature depencence and giving A = 1-0 and 7 = 0-5 values as per Driyson® whe
line by-linz integration program has been used by Braun®!, and usirg Lorentz line shape
for p 2100 mb and Voigt line shape for p < 100 mb it was found that the uncertaims
involved in transmittance profiles do not exceed the uncertainties involved in .the olﬁ'!
vation process. Referring to recent Aronson ef al.3* measurements for few lines in th
“Q” branch of v, band of CO, mixed with N, over the temparature rang Of?w !
300° K where they got the value of y = 052 to 1-05 and assuming the underesgmﬂ;l:‘;
by 10 to 20% for y values in Drayson’s program, Braun expects al l?aSI an joct
in the value of A by 10%. Braun has calculated changes in spectral radaanceII;OI i
channels as a function of y (0-5 to 1:25) for 15°N as well as 60"5 [gmboﬂl
keeping A =1-0 and as a function of A (1-0 to 1-8) keeping 3’,::0' l;i by
the cases carbon concentration was taken as 320 ppmv. From thﬁsf it Cou]atepd oS
be concluded that for Aronson values of y and A the uncertainty It Caliutos o
will exceed that of observations. Knowledge of correct values of y and
accuracy is the basic limitation. |

: mv (B P
The global mole fraction of atmospheric CO;(Ceo,) 8 32 + 2PP e of ineRs
Bolin and Bischof®, and Woodwell et @/.3) with an average annual 1
(Machta and Telegdas®) of

é(;;:g: = 0-7 £ 0-1 ppmv/year
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ydditionally it also has altitudjna], la‘titudi‘nal, longitudiljtal, secular and seasona] changes,
sice the increase in CO, con -entration will amount to increased absorption, the transmit-
aice function peak Proﬁ[e will move upward with the increased concentration as in
e case Of increase in A amfl y. Because of- steeper lapse rate at 15° N as compared
o 60°N the cal-ulated radiance changesuwﬂl be more sensitive to the variations in
g, yand Ceo, 2 I5°N as r._::omp‘ared to 60 N To have an assessment of the consis-
ency of transmittances, using direct integration method of Kunde and Maguire® and
e observed radiance in Nimbus 4 Infrared Spectroscopy experiment, Kunde ef 4/
Jhile examining the 550-750 cm™ region, having 667 cm= CO, band complex as a major
Jbsorber (701 cm™ Oy band and 589cm™ N,O band are also there in this region),
for observations made over Guam and Wallops Islands, found that theoretical
ndiances were larger by 5-109; for 667cm™ CO, band. The largest deviations were
abserved between the 625-725cm™ region which has most of the radiation input from
apper troposphere and lower stratosphere characterized by small temperaturc lapse
ats. In their opinion due to small temperature lapse rates the calculated radiances
wil be insensitive to transmittance and would not be a major contributor to the

observed difference.

Since satellite-based radiomsters/spectrometers observe over finite band-width it
becomes essential to integrate eqn. (17) over the spectral response of the instrument
(Wark and Fleming?®, Fritz et al4!), to get normalised measured radiance, as follows:

J o(v¥ —v) I(v,0) ‘{‘*’ (18)

I(v¥,,0)="2 . s
J o(v¥ —v)dy

::}r Pectrometer where  (v* — v) is the slit function and v* 1S the mcan frequency
the frequency interval v, to v,

« &)

I 1(v, 0) £ (v;) dv | L (19)

S —

I(vho)_'_n m
| GI t(vy) dv

for rag: : ~ * filter and
:'.'i:fl:iljometer where ¢(v,) is the filter transmittance function for the J
® mean frequency corresponding to the centroid of #(Vy):

T g implify it is

assﬁ,;qn' (I8) or (19), as the case may be, is complicated On : ?‘Sn::(:i;rll tlI:c lflanck
ety 2t over narrow spectral intervals of slit/filter m.ms.mlttanc roximate the inte-
Ef&tionno?-e aviour in y could be considered linear .aUOWlT_‘.glt;f(;%Pand B#* T(P)]
Planck funstion in the spectral interval with B I © o %o e frequency

Wiere ; :
1 and * have to be properly defined frequencics depe

-
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response of transmittance/slit function. Additionally mean transm;
weighting functions are also to be defined as follows - Mittance anq ey
Va

J (v, p,0) @ (v* — v) dy
T (v¥, p,0)="

jzw (v —v)dv i

Vi

dt(v, p, ()
dp

w (v* — v)dy
dt(v*‘)p! 0) — ¥y
dp

v W
| o (v¥ —v)dy

for spectrometer and similarly for radiometer. There may be many  gases, say
participating in the process of emission and absorption in a spectral interyaj, Under
vertical viewing conditions the transmittance functions used are approximated, assyp
no systematic relation in absorption by any two gases, by

N
‘1'(1’, P 9) =Hti (V, P 9)
i=]

Taking into considerations all these theoretical and physical limitations/approximatios

involved the equation for radiance observed at satellite could be written deleting suffss
from v for general discussion, as

I(v, 0) = B[v, T(x)] (v, x,, 0)

— [ By, 701 Ele % ) gy i
- X
where x is a single valued function of p. Though eqn. (22) appears similar 0 €4 ()
this contains more physically realiseable quantities and various approximations.
Since carbon dioxide and oxygen are among well mixed atmospheric gases h:;zf
0-031 to 0-033% and 21% mixture by volums respectively these are used 10 det;{m y
atmospheric temperature structures as the emission from these will be 3 mﬂ: whic
temperature only while emission bands pertaining to water vapour and ozgﬂo.mi%
are having variable mixture by volume (0-2% in case of water vapour & 1y i
in case of ozone) could be used to construct respective concentratiop pmﬁles'mission by
tion to this, atmosphere is having window regions, where absorption and fo 308
atmospheric constituents are negligible, in 35 to 4-18 ym and 10:0 the windo¥
regions which are used for surface and cloud temperature mappings o for surfa®
regions from 7 mm to 11 mm and greater than 15 um could be u'sed onlyregions- In
temperature measurements as clouds will be mostly tiansparent I the;eg_ 6 yum 020%
between 3-7 and 11 um windows we have 6-3 um water vapour bzfnd an o 13 s
band. In 15um carbon dioxide band there is little overlapping e
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4 ym 0207€ pand which imposes variable absorption in the 15 pm carbon dioxide
lS-dﬂ i experieﬂCEd that an estimate of ozone profile is satisfactory for determining
z:mﬁon arising out of this overlapping.

¢ Determination of surface temperature

he first and second terms on the r.h.s.. of eqn. (22) denots contiibution from lower
!'bound‘w (Earth surface) and underlying atmosphere respectively. In the presence
| of cloud the lower boundary will be cloud while the above referred secord term will re-
present mostly the contributions from cloud level to satellite level. Since nearly 85%
o the energy contributior is from the first term its estimation becomes essential while
iermining temperature profile as the subtracting of lower boundary radiance contri-
hution from the total radiance will also take care of any discontinuity which may exist
p between ground temperature and air temperature at ground level. The estimation
of sea surface temperature data has much importance as most of the weather takes its

btk over sea. Rearranging eqn. (22) we get
By, T(x)l T (v, xo, () =1(v,0)

+ [ By, (o)) H22 D g (23)

Tie contribution of second term on r.h.s. of eqn. (23) in the window region will be
"y less. However it could be estimated using climatic profile or forecast profile.
e limitations arising due to water vapour absorption and presence of clouds will be

iscussed at a |ater stage. As Plank function B [v, T (x)] will be
Blv, T(x,)] = il @4)
"2 [exp (cpv/To)— 11

t(y = 2hje* and ¢, = h/k and symbols have their usual meanings. Knowing
' ¥ 0) one can find out the surface temperature by

T

Were ¢,

o CoV
Log [, ¥B [v, TG} + 11

*Sl:mh?g the negligible contribution from atmosphere and unity value for (¥, X, 0)
Hivalent black body temperature (Ip) could be obtained by

TB = CaV (25)
Log [{c, T T(v, 6)} + 1]

: ' ) due
" absorpy; Absence of clouds there will be 2 significant error in assuming (ht ];r:ogeans
o O water vapour, a highly variable quantity particularly over

Whare - :
it wi _ Vi se to a
Wil be Increasing with the increase in surface temperature, giving Il

s | d surface tempe-
e (T,) deficit (AT) in the observed value of T so-that the correcis

¥ ¥l be given by
‘STa+ AT

Bven the
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Ty will be statistically related to-AT to a high degree due ¢ physi
cussed above. Smith and Rao%* have depicted the relationship betfval rmﬁm"gﬁf
the brightness temperature derived from radiance received at ®n AT

atellite (F:, e M01
pum and 11 um window channels, lte (Fig, ) far g.

I. L]

1O I

260 270 280 290 300
Tsfc( K )

FiG.5. Average atmospheric correction (AT), which must be applied to 3:7 pum and 11 gm brigis
temperatures (after Smith and Rao*?).

Following inferences could be drawn from Fig. 5.

(i) The correction (AT) increases with the increase in the angle of view will o
vertical arising due to increased path length through water vapour.

(i) At a given temperature, correction for 3-7 um channel is less as compﬂ;}i‘”
that for 11 um channel the reason being due to exponential variation f;f i
radiance function B [v, T (p)] with temperature leading to a higher rate &

in radiance with temperature in 3-7 zm band as compared to that for [l pm e

. . : . - mear *
This results in maximum radiance contribution from the surface and . teresd

(7¢. layers in 3-7 um channel due to decrease of temperature With altitude
atmosphere.
* a1 pe f100
—_—— will be
It may however be noted that the radiance contribution from sea surface onver

25 to 50 um thick skin layer while the ship measurements used 10 bihﬁsgllﬂcmm
tional bucket method representing the bulk temperature up to the dep atively cook!
more. During night due to radiational cooling skin layer will be Compi; only 10% o
by 0-5 to 1-5°K (McAlister and McLeisch®, Ewing and McAlister'®).
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. oming solar encray is absorbed in the top 0-5 mm thick sea layer, McAlister ang
McLeisch®® also assumed an error of thei same magnitude during day. Buettner and Kern#
ap:rimema"Y studied the vertical emussivities of various materials

i ; in the 8-12
indow region and found that in case of pure water it was 0-993 while it S a;:z:

0966 in cases of water plus thin ﬁl.m ot? petroleum oil and water plus thin film of corn
oarespecti"d% Thus the approximation of sea.surface emission by Planck function
pay cause a serious error Wh&fl water sgrface 15 covercd with oil and due to this
nason an error could arise while comparing sea surface temperatures measured over
ship with the satellite derived sea surface temperatures. Ganett ef gl reported the
presence of thin films of oil over some lakes and oceans. Based on McSwain and
grastein” work Buettner and Kern®® have presented the reflectivity and cmissivity of
ssmooth water surface as a function of inclination angle for 8:0, 11-0 and 12-5 ym
wavelengths (Fig. 6) and from this it could be inferred that the deviation from black
body assumption for angle of incidences <<48° for observations near 11 um region
uld possibly cause an error of 0-2° K in the sea surface temperature estimation by
atellites (Cogan?®),

The absorption by water vapour is a function of its amount and partial vapour
pessure (Pg,o). The direct proportionality of absorption by water vapour to atmospheric
mmidity at the same water vapour amount were experimentally observed by Taylor
@ Yates®, Streete® for horizontal paths and by Bignell er al* for slant paths.
McCoy er al*2 measured the water vapour absorption at 25°C at the 9-5 um and
10 pm CO, laser wavelengths and found that the absorption was proportional to the
‘quare of partial pressure of H,O which in turn physically meant its proportionality to

amount of water vapour and its partial pressure. Dependence of this absorption
™ tMperature have been discussed by Burch®® in the form of Exp. (1745/T) and by

Bell® as — 297 per degree. Absorption dependence on vapour pressure and tempe-

e pives a thinking of a weakly bonded absorption system and the idea of absorp-

. i . The for-
nmiu: ulfm'nc water molecules [(H,0),] was born out of these dependences

dimeric molecules could be explained by the following chemical equation:

2H,0 = (H;0), + Binding cnergy

f window region which

The way
. ° Vapour absorption coefficient (kp) for the parts me dependence, could

. 20S0rption lin ! urch®® tempera
Written 45 Ines, taking account of B -

ssi®) IS taken I

6 reating the dl
mation for a s

Rare fi Jorption band but usually n = 0-5 (Gra
:h - " refers to 0° C. Braun and Leidecke _
rical oblate ton molecuie. 4 £00a approxi
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'2‘5},“11
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¥ 'Op,l'hl
70—1 ||'0}.|m._30
3 80 1203
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T | 7 r -
30 40 50 60 70 80 90
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T fot
FiG. 6. Reflectivity and emissivity of a smooth water surface as a function of incloation angk
8-0, 11-0, and 12+5 um wavelengths (after McSwajn and Bernstein®?).

: i 0 imated
bonding case because of far heavier O-atoms which are at a distance of 3 A, estil?
the binding energy of dimer molecule in the range (approximately)

0-1 ev<Binding energy < 0-3 ev

. equal ©
and for the window region of 8-13 um the binding energy IS found to be -

¢
- = crs

O-16ev. The difference of absorption coefficient values in case of po IY:loeﬁcicﬂf W

pared to these values for monomers is significant when the absorp tlQnthat the m4¥

liquid and vapour phases are very different. It may however be noted rs in the inf®
mum difference between absorptions for liquid and vapour phases oces
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o : To study the k3™° d d i

vindow region. 10 y A ¢pendent absorption

Grassl®' conducted series of measurements at Maijnz,

 eciol ) .
rcglst o of airmasses over the Central Europe there is nearly no correlation

hetweeh relative humidity, particle density and water vapour pressure and based on this

Grassl® separated the contribution of k\™°, Fig. 7 depicts the variation of ky"°
yith wavelength in 8 to 13 um range for the temperature value of 296° K. It also depicts
ihe values of other workers and the full curve corresponds to laboratory measurements
of Burch®s. Tt could be inferred that for A > 10 um there is good agreement of
wults of Grassl»®, Burch® and Tomasi et a/® On the lower wavelength
sde the large difference appearing in Tomasi et al.® observations could arise due to
comparable strong bands of N, CO, and CH, in the 8-9 um region. By virtue of
xcurrence of peak value of terrestrial transmission in the 8-13 um water vapour spec-
ral window the low noise radiometric temperature measurements could be made in
[1ym channel in addition to 1its utility in both day and night times (discussed else-
where). However 1t may be worth to mention here that the utility of this window region
s estricted by the presence of strong 9-6 um ozone band and by the Reststrahlen effect
wising over deserts around 9 um. Buettner and Kern® have observed a strong devia-
tion of spectral emissivity from unity in 8-12 um window region for all silicone
materials 7., Quartz (SiO,), Feldspar (KAISi;Og) and Dunite (Mg,SiO,) which arises
due to “Reststrahlen’ (residual rays) for silicon containing samples and are the effect
of harmonic vibrations of the silicone oxygen bands. The desert sand is rich in

in the 8-13 4 mwindow
As there used to be fre-

I8 . _ | . r
g-l sz gtm’ i ;
I+
Gb 416
4 ¢
‘;‘ <14
| X
| 412
L
1 " 110
&
B'|- i
1
5"‘.-_.-____ | |
’ ® TOMAS! etoatl. 1974 (Tronsmission] -6
v . 0 GRASSL 1973 (Emission) MoinZ
) ® GRASSL 1975 { Emission] GATE -4
r full curve BURCH 1970 1,
&?0 - 800 Crn'l J
B - —— - | ’000 L l : I
13 }.u'n
g 10 T 12

with wavelength in 8 to 13 ym

range (after Grassi™)
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quartz (SiO,) which have the strongest molecular Vibrations ;.

region and the spectral emissivity of it is a function of ;!ﬂ 9 im g
packing, background temperature and pressure. Prabhakara asdrtll)de Size, g
sand particle size greater than 50 um, which makes the EMIsSivity j aJyso oy
qualitatively similar without perceptible changes in band shape haLn, 8 to !] i bmj
Nimbus 4 Infrared Interferromster Sp:actromecter (IRIS) me&s;lremi €Xplaj iy
emissivity over deserts which results in reduced infrared loss to - ,n};, the oo
effects due to mafic and ultramafic rocks in the 11 ym window rt;gio:ecRestst

detected by them by virtue of those being much weaker than that of qu
to large field of view (100 km diameter) of IRIS. quartz ang ¢,

To improve the estimate of sea surface temperature the correction in
water vapour window region arising out of absorption by water vapour could ke
determined using local vertical distribution of temperature and water vapour inbsm
of their climatological values which may introduce an error of + 2°K. Bmttad
the laboratory findings about the primary dependence of water vapour "
on its partial pressure ‘ e’ (discussed earlier) Prabhakara es al®! have developed a trag
mittance model for the 775-960cm™ (12-9-10-5 um) spectral region using Nimbs }
and 4 Infrared Interferrometer Spectrometer (IRIS) measurements and a simple schen
which does not demand for temperature and humidity soundings but takes advamas
of the differential absorption properties of water vapour in 775-960 cm™ spectral regin.
They have modelled water vapour absorption in three spectral regions 775-831, 818
and 887-960cm™ to simulate the broad-band radiometer channels for the estimation of
sea surface temperaturc and have expressed the total water vapour transmission io i
11 um window region by

(v, =101, v, (v, T)

where 7, (v, T) and 1, (v, T) refer to transmission in the water vapour continoun Wi
7, (v, T) refers to transmission due to water vapour lines. While dealing with wa
vapour lines they have assumsd a statistical band model consisting of non-overlappit
lines with an exponential line intensity distribution. During calculations for 7,(» T)

following assumptions have been made.

1m0 13,

with altitude with 8
pour pressuff
UL

(1) Assumption of exponential decrease of water vapour
constant scale height implying the proportionality of mean Water va
(e) in an atmospheric column to the total amount of precipitab!e water
that column i.e., e = SW, where S is constant of proportionality.

: : columﬂ"[
(2) Assumption rather hypothesis that for e =3 mb in an :'sltmosphe"c § hecom?
1 cm? cross-section the value of W will be 1 gm. Thus using
equal to 3 mb/gm.

e =M,

on
_ depends
The 7,(v, T) component assumes importance for W< ] gmcm $ and W (the

o ajnst
the total pressure. Plotting total transmission at 280°K and 300 K n':ﬁip, as 8 it
path length of water vapour in gm/cm?) they have found a linear relatio
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approxjumtion, among these gp to 4 gm of precipitable water at both the temperatures and
for all the three channels. o.rt.s:demtg. that these temperatures and path lengths cover
de wide variety of athSpherlc_ COTEd:ltIOI".S from tropical to high latitudcs, this linear
gpproximation could have appllcaPlht}' over .the whole globe. Examining six cloud
free Nimbus IRIS measurements in one orbit from 8°N to 14°N along 55°E (over
ihe Arabian Sea) of May !01 1970, the tropical region being chosen for the reasons of
large correction and its time and space variability, they found-using the most trans-
parent 10-3 to 11+ 3 um channel an increase of sea surface temperature by 3°K from
©N to 14°N. If one uses correction based on climatological information then one
may consider the information to be true while using this new scheme one finds de-
crease in temperature by 1 K which is in agreement with seasonal pattern. They feel also
that only two of the three channels are sufficient for the measurement of sea surface
emperature and have shown that in.cloud free regions the sea surface temperature
gerived through their method over 60° N to 60°S region are in agreement with the
corresponding ship data, ship data being available within + 1° of latitude and longitude,
with an r.m.s. difference of 1:3° C which could also result from the error in the measure-
ments of sea surface temperature by ships. In connection with sea surface tempera.
wre determination under Mid-Ocean Dynamic Experiment (MODE) centering near
BN, 69°40' W utilizing McClatchey er @/.*" transmission valtes and computing using
LOWTRAN-2 program developed by McClatchey ez al.* and Selby and McClatchey®?,
Cogan and Willand®3, for cloud free conditions using NOAA-2 scanning radiomeier
ata, have developed a parameteric formula for the deficit (AT) in terms of integrated
water vapour content and concluded that using it the sea surface temperature could
be estimated with an accuracy of about + 1°K in the MODE region within about
Wkm of the subsatellite track. For the measurements in the 7-7 to 1315 yum window
rgion of Defence Meteorological Satellite Program (DMSP) Radiometer, having
instantaneous fields-of-view of 4 and 0-6 km respectively for high and very high
esolution sensors, Cogan®®1® has developed a parameteric formula for.tf:mperatflre
‘_Ief‘cit (AT) in the MODE region under cloud free vertical viewing conditions _w}uch
I addition to parameterisation of the effect of absorption by water vapour contimmuum

2so Parameterically takes care of absorption by water vapour lines and ozone. Using
McClatchey er a1 distributions, the extinction contribution of aerosols had been found

0 be slightly less than 0-4° K while extinction contribution due tO C:O: had been
merically computed to be about 1°K and these extinction contributions had been
ded as constant in the final p irameteric relation of AT with integrated water vapour
¢ntent and total ozone content. With this parameteric formula, based oOn COH'IE?I'ISOII
Mth the limited observations, an accuracy of <1-3°Kis expected by Cogan™ over

DE regjon,

—.

T .
aris_here had been attempts to estimate the error In su_rfacg ‘  ssphieric. const
cmg Out of absorption and reemission of surface radiance by }he i 'al‘sp did this for
' n;smfor cloud-fiee conditions in the window region 211:;!:) ?5 1':2 ey
regj '
“-‘81011. using model atmosphere water va 5 ;ively to account
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the effect of CO, and H,O and studied the variation of this errop With san:

variations for 0 to 80 degree range of zenith angle in case of polar la:em angle \
to range from 0-5 to 2° K while the variations were in the ranges fr:"dts Ve
and 2-7 to 11-7°K for midlatitudes and tropical latitudes respecti? l1 e "
angles exceeding 45° the model calculations depictcd a considerable ;3’ A‘hﬁ
midlatitude and tropical latitude cases. Anding and Kath““using rads'e N ey
model (Anding ‘and Kauth®) have calculated the effect of mmmphﬂ;anm. |
concentration of gaseous constituents as constant while the water vapour ;;ream;g.
and temperature profiles were taken from model atmospheres, for fiye mo':elntm&ﬁ
pheres (Summer wet, Summer dry, Winter wzt, Winter dry a ©

5 5 nd mean gyg o
three zenith angles (0°, 60° and 75°) and five ocean temperatures (280, 285, t

. . . 290: 295,3,{‘
300° K). Fig. 8 depicts the upward spectral radiance at 100 km with se, temperag
as a parameter for summer wet atmospheric model for the window region frop s

it could be inferred that atmosphere attenuates considerably in both theg--!
and 11 um channels. The attenuation is much in 9-1 um channel while the attsnug
in the intense absorbing regions is nearly the same for all the surface temperature yix
a: the atmosphere is opaque in these regions. The 0°K surface temperature o
in the figure tells about the emission of the atmosphere alone.
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Fic. 8. Upward spectral radiancs at 100 km with sea temperatures as d paramet

Kauth®?),

i

. : ature profi€ >

Maul and Sidran®® studied the effect of varying atmospheric te:;lnleefh ynidity proﬁﬁ
the effect of random noise presence in atmospheric 'tf:nlli”f’f"““r‘:CM:lr 30°, 45° and 601
Using U.S. Standard Atmosphere®2 for January and July profiles 7. whett!

and annual profile over 15° N the tempzraturc departures AT (AT = 1s
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«ea surface temperature wl'ﬁle Tf is'the Calculated equivalent black body tempera-
l: ore), Under cloud free and vemcalnvzen{mg co'nditions, were found to be < 2-5°K ip
'dn‘ wnter atmosphere and > 10.-5 K in _mo_lst_sub-tropical sSummer conditions, The
| su;df of the effect of random .n01..se prisence In temperature and humidity profiles by
aroducing  White random noise in 30° N July model atmospheric profiles, yielde:j an
gerage variation in T, within 0-1° K for the introduction of + 3% relative humidity
eror and standard deviation of * 0-7° K for the introduction of + 10°K temperature
aror. o case of introduction of error in both relative humidity and temperature jt
ws found that the standard deviations were larger by 30% in case of using the same
eries of random numbers for generating errors in both the parameters when compared
o that using two independent series of random numbers.

The presence of clouds will modify the received radiance as given by eqn. (26)
I(v,0)= Ny (v, 0) F(v, 0) + Ne(v, 0) B[v, T(p,)] + Nt(v, 0) B[v, T(p,)]
+(1=N) By, T(po)] | (26)

were N is the fraction cloud cover, y, ¢ and ¢ are the reflectivity, emissivity and trans-
mssvity of the cloud, suffixes ‘C’ and ‘O’ refer to cloud and surface levels and

F(v,6) is the amount of solar radiation energy incident on cloud. As depicted in
Tible V the cloud reflectivity in 11 um and 3-7 um regions are zero and 0-25 respec-

Table V

fier Smith and Rao%?)

—

o N r & t B, B, I, Te
[200° K] [300° K]

! jm 05 0 1 0 13-413 117-46 65438 265K

37 ym 0-:5 0-25 0-75 0 0-0009 0-5579 0-2793 285°K

e

tive] ~ .
o redu,mg the contribution of solar radiation en

n || :

e #M channel while jn 3-7 um channel where radiar .. —uch useful only

1 r~"=?'Tlf!tj:reu-abIe to terrestrial radiation, the reason Whlc]:l makes l; muming clouds to

be op ttime, its contribution to observed radiance is significant. dsson the assump-

lon ;_ql;cbuSmith and Rao!? have estimated surface temperature b;szooa K and 300°K
/o cloud cover, cloud and surface temperatures being g5° K for surface

tiv A and 2
‘mpe,.at::i (Table V) and have arrived at the figures of 265" KTh ough 37 um channel

¥ O tively. :
giv a1 11 ym and 37 um channels respecin n discussed
esbetter eslimate, it could be n::ed only for night time for the reaso

ergy to observed radiance zero
nce due to solar radiation 1S
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earlier. Utilizing same values .for cloud characteristics (as showy ;

using 250° K and 290° K as cloud and surface temperatyres vy n Tabl”)zﬁ
derived the variation of AT with cloud amount for both channejs - ;ltml they kn
Since the rate of variation of Planck radiance with temperature g \P\‘m i}} Fis
3.7 um and 11 um bands, measurements of both could be used to dEtermie:y dlﬂq%
temperature in the presence of clouds. Maul and Sidranss studying the . f;
cover and cloud height on sea surface temperature measurements using 30§;t 0
Standard Atmosphere®? temperature profiles found that for the same e Jll!y U
and cloud coverage percentage the errors were large for large vapye - Pheric gy,

temperatures. For a given cloud coverage, the error due to cloug heightm Uy

to be more for increasing cloud heights in the field of view. A towering q::;l;
cloud occupying 10%; field of view at 8 km altitude introduced an error of 4’-’1(:&

for the same par cent of cloud coverage at 1 km the error would be of §-5° K. hne
of < 1°K had bzen anticipated for fracto-cumulus clouds at < 2km altjyge I{ITE
classical standard technique (Cohen®:7° and Halperin™) Crosby™ has d“’f'%;

50( | 7 VIR I CRN St s o

L A0k Teg = €20 K

i

'- 1

' 29 _|

K

1" :'

= 20 1

=

< |
10 |

' | » I I I -
o1 02 03 04 05 06 07 08 09/

CLOUD AMOUNT

temperatue &'
FiG. 9. Difference between 3-7 ym and 11 ym brightness temperature and surface

function of cloud amount (after Smith and Rao®?),

| , . . - e tfmpfmm
a statistical technique for getting clear column radiances for hsel;zfaacreanu ‘
measurement from cloudy areas under the assumptions that (H1 would be tF° s
neighbouring m=asurements where radiances in the absence of CIO:Ed]sds of view & w:
(2) The presence of clouds lowers the radiance, (3) Som¢ of the dlefref fields of Ly
free, and (4) The difference between radiances from two_clou

std
» - - . - . mal 'ﬁlt
due only to instrument noise whose distribution is assumed 10r
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The probability density function /i (y) for the large number of neighbouring

w’a[iOil. i . 3 :
de arements under the earlier mentioned assumptions could be modelled as

cadiance meas
) =L =) g1 +af(¥)

where g () and f(y) refer to pmba_bility density for cloudy and clear areas respectively
while ‘a’ refers to the proportion of clear fields of view. f (¥) as per assumption

(4) is given by

l N2 A2
fM=s5=cxpl——un [20°]
where u corresponds to radiance from cloud free field of view in the abserce of noise
y the observed radiances ard o the stardard deviation. The I{(y) expression could be
simplified taking a value I such that g(y) -0 for y>T and assuming a value of
1 >m/n where m refers to the number of the largest measured radiances out of tota
number of 7 measured radiances and under such conditions the estimate of clear column
radiance contained in the tail of % (y) could be obtained from the maximum likelihood

estimate of x from the normalized tail of A (y) by
A g p- 2
poy=-2 =l —pr+20] .,
| exp—[(+ — p)*/2¢*] dr
T

where P (y) refers to the tail of /(y). By changing the variable y and u by

y—T
o

v —(£2)

and solving the above equation for the maximum likelihood estimate of W, i.e., W
One gets

X =

and

— 4 (= W32)  _ ¢
J exp (— V?/2) dy
w
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Calculating X, for this group u,, could be estimated. Simijar}
m, (say 200) values again Xa, and un, could be calculated. To dec
of pa, as a good estimate of clear radiance the following ¢o

satisfied.

(ms — T) > 10 and (pm — pm,) < 0-20

y SelﬁClin
: & May;

]
ldf; about ¢, & n

lﬂht

If (4., — T) > lo then the process of selecting highest my (say 300)
lations as referred above are continued till the above written cong
If (tm, —7T)>10 and (Um, — tm;) >0-20 then it is concluded that ¢
contamirated with clouds and the set is rejected. Applying the te
measurements in 10-5-12-5 um scanning radiometer data, Crosby ang DePriecia
opine that by virtue of the requirement of much smaller percentage of clear g -
compared to that for o_ther operational methods this new technique provides at&'1s le:
a 109 more yield of retrieved clear column surface radiances. Using the nightti‘m:
scanning radiometer visible data as pure noise, Crosby and DePriest have show
that new technique could have more than 999 yield with a bias of 0- (2 counts and 3
standard deviation of 0-39 counts while the yield of operational technique has beeg
75% with a bias of 0-21 counts and a standard deviation of 0- 89 counts.

: .and dDip_g ey
l‘[lons dare 53115

he field js t00 myg)
chnique 1o ragyy,

6. Conclusion

Tne author has attempted to present a cohesive picture of the wider details of the
subject of passive remote temperature measurement physics and of the surface tempe
rature estimation aspect specifically over the oceans where it is difficult to get data by
conventional methods. Recantly attempts are being made to ascertain the nor-LTE
temperature using coupled v,v, modes of CO, vibrational temperature in 15 pm band
(Kumer™) which may be useful in overcoming the altitude limitatior. in satellite-basd
remote temperature measurements.
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