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INTRODUCT ION

The remote sounding of atmospheric temperature profiles from satellite
measurements of spectral radiance data has become a technique of con-
siderable practical importance. During the past decade a large number
of papers have appeared in the meteorological literature addressing
various facets of the problem of deriving temperature profiles from
the radiance measurements. A recent paper by Rogers [1] reviews and
analyzes many of the algorithms which have been developed for tempera-
ture retrieval .

For a given wavenumber v the outgoing radiance , 1(v) is given by the
radiative transfer equation

1(v) = B[v,T(P0)]t(v,x) - f  B[v,T(P)] ~~(V sx) dx (1)

where B is Plancks function , T(P) is the temperature at pressure P.
and t (v,x) is the transmission from height x to space. Height is often
measured by the variable x = ln P.

For monochromatic radiation passing through a gas of mixing ratio q(x),
the transmittance from height x to space at a zenith angle o is given
by

T(v,T,O ,x) = exp(- sec ~ f  k(v,T,x~)q(x~)dx~) (2)

where k(v,t,x) is the absorption coefficient and g is the gravita-
tional acceleration. (Actual instruments have a finite spectral re-
sponse, and one must consider the average transmittance over the interval
appropriately weighted by the instrument response functions.) Eq. (2)
appears deceptively simple; however , lengthy calculations [2] are re-
quired for its evaluation for a given set of conditions. This is primarily
due to the number of factors which must be considered in determining the
absorption coefficient.

Because of the impracticability of calculating transmittances for the
mirad of atmospheric and parametric conditions which one can reasonably
expect to encounter , various methods of approximations have been devel-
oped. Some of the more widely used are the polynomial model of Smith
[3] and the temperature correction model of McMillian and Fleming [4].

3
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The variation of transmittance with viewing ang le can produce si gnificdnt
changes in the outgoing radiance. An example of this is shown in Figure
1 which presents calculated values for the DMSP SSH sensor using the 1962
US Standard Atmosphere. To account for this variation in the retrieval
process , one can either use transmittances which have been corrected for
zenith angle [5] or normal i ze the observations to those whi ch would have
been obta ined at zero zenith angle [6]. This report presents a simp le
technique for performing the latter operation.

DISCUSSION

The results shown in Figure 1 indicate a smooth change in radiance as a
function of zenith angle. These results suggest that, perhaps , this
change with angle can be expressed as a relatively simple function of 0 .
After some trial and error it was discovered that good results were given
by the function

~I(v ,0) = sec 2e f (v )  (3)

The data presepted in Figure 1 is replotted in Figure 2 with the abscissa
changed to sec~o. The excellence of the linear fit is somewhat surprising.
Deviations from a straight line fit to the data are shown in Table 1.
Calculations were performed for zenith angles 0, 10, 20, 30, 35, and 40
degrees for three atmospheric conditions , the US 62 Standard and the 15
N annual and 60 N annual atmospheres. A straight line was fit through 0
and the results for 35 degrees zenith. The mean absolute deviation and
the maximum deviation for each channel are shown . These values are quite
small and well wi thin the measurement accuracy of the instrument.

APPLICATION

The results shown in Figure 2 and Table 1 lead to the devel opment of a
simpl e procedure for normalizing observations at zenith ang le 0 to equiv-
alent observations at zero zenith provided transmittance functions for
two different zenith angles , say 0i  and 02, are available. (It can be
assumed with no loss of generality that 02 = 0.) From Eq. (3) it is easy
to see that

AI (v,0) = L~I ( v ,0 1) sec½oisec’~e i . (4)

Eq. (4) provides the required normalization.
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TABLE 1
1~_

DEVIATION OF I(v ,Q) FROM LINEAR FIT AS FUNCTIOON OF SEC~

62 Standard 15 N Annual 60 N Annual
Channel Mean Max Mean Max Mean Max

1 .008 .029 .012 .042 .012 .040

2 .002 .005 .009 .015 .003 .005

3 .022 .053 .036 .094 .017 .028

4 .047 .129 .057 .159 .051 .128

5 .023 .075 .029 .097 .023 .074

6 .010 .036 .012 .047 .010 .039

CONCLUDING REMARKS

A simple yet accurate method has been uncovered which allows for the nor—
malization of satellite measurements of spectral radiance observed at
zenith angle 0 to equivalent observations at zero zenith. The errors
introduced by this procedure are considerably less than the accepted
values for instrumental errors.
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