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Data of observation of the day cloudless sky brightness in solar almucantar in the south-east of
Kazakhstan within 30—60° scattering angles have been analyzed. Spectral dependence of the coefficients
entering into relations for determination of the scattering optical thickness by the nephelometric method
is found. The obtained results can be used in separation of the vertical thickness of light extinction into
the absorption and scattering components at high positions of the sun above the horizon.

One of the wurgent problems of modern
atmospheric physics is separation of the aerosol optical
thickness t1,, determined by the Bouguer method from
observations of the spectral fluxes of direct solar
radiation, into absorption T,, and scattering T,
components. The problem can be solved only by means
of attracting additional data on scattering properties of
the atmosphere obtained from parallel measurements of
the absolute brightness phase function f(¢) in the solar
almucantar.!™3 The following numerically determined
integral is commonly used when solving the problem on

reconstruction of the thickness T, :
Tt

T, = 2m j £(¢) sind d¢. (1)
0

Since the scattering angle ¢ is related to the zenith
distance Z; and azimuth of the observed sky point
counted from the solar vertical by

cosd = cos?Zg + sin2Z; cos\, (2)

then the value of the maximum angle ¢, is equal to
2Zy at Y =180°. The experience of numerical
integration of experimental functions in different
spectral ranges suggests that such a procedure can be
more or less reliably performed if the values f(¢)sind
for ¢p.x not less than 120—130° are available.
Therefore, series of observations obtained at
atmospheric masses m < 2 remain outside the analysis
of the value 1, for absorptivity. The range 1 <m < 2
covers the principal part of daytime in summer in
midlatitudes and, especially, south latitudes. Just in
the period the photochemical reactions, forming aerosol
from the gas phase, proceed most actively, the greatest
amount of pollutants come into the urban atmosphere,
etc. Therefore, a search for the ways for determining
the thickness T, ¢ from observations of f($) at Zy < 60°
is somewhat reasonable. In this paper we study a
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possibility of determining T, by nephelometric method
using the relationships of the form

T, = k() f(d) 3

for scattering angles 30° < ¢; < 60° in the wavelength
range 0.34 < A < 1.01 pm, using the observational data
for f(¢) obtained in different years at the Astrophysical
Institute of the Academy of Sciences of Kazakhstan and
in Kirbaltabai village of Almaty Region (the south-east
Kazakhstan) in summer and autumn seasons.

First the possibility of using the relationship (3)
for determining T,, and then, after correction, the
coefficient of spectral transparency of the atmosphere
by the  “short  method” was noted by
E.V. Pyaskovskaya-Fesenkova.4 She revealed that
minimum variations of k(¢;) from day to day in the
visible spectral range at high transparency occur near
the scattering angle ¢;= 60°. The coefficient k(60°)
turned to be equal to 13.1. It should be noted here that
measurements of f(¢), made by E.V. Pyaskovskaya-
Fesenkova, were limited below by the angle ¢ = 10°,
i.e., the solar aureole was not taken into account. Even
first measurements of the brightness phase function
f(¢) at small angles ¢ = 2° have shown that taking into
account of the aureole in the red wavelength range
increases the value 1, by 10%, in average.® Further
investigations of the sky brightness in IR spectral range
have led the authors of Ref. 6 to the conclusion that in
practice the angle ¢; = 60° is more preferable than
¢, = 30° in the IR range due to minimum scatter of
values k(d;). When measuring the light scattering
coefficients in some local atmospheric layer, in
particular, near-ground layer, using an artificial light
source, one usually takes the angle ¢;=45° as
nephelometric. Therefore, spectral dependence of the
coefficients k(¢;) in this wavelength range must be
studied more carefully.
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First, we consider, at which scattering angle ¢ the
observed function f(¢) crosses the absolute spherical
brightness phase function f =1, /4T The values of ¢ in
10 spectral intervals from 0.34 to 1.01 um were
determined, using the expanded series of published
datal37 and the results of our observations of f(¢) in
Kirbaltabai village, by means of graphical interpolation.
More than 350 brightness phase functions f(¢) measured
in the range of scattering angles 2 < ¢ < 150—160° were
analyzed. The results are shown in Fig. 1.
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Fig. 1. Dependence of the angle ¢ on the wavelength A.

It is well seen that the value of the angle ¢
systematically and linearly decreases with the
wavelength A. The dotted line shows the result
obtained by E.V. Pyaskovskaya-Fesenkova: ¢ = 57°
independently of A. The deviation can be easily
explained by taking into account the aureole when
calculating 1, and by considering the cases of great
turbidity of the atmosphere in present research. Only in
the UV range, when the molecular and multiple
scattering prevail over the aerosol one, and contribution
of the aureole into calculations of T, is insignificant,
the angle ¢ is equal to 57°.

Spectral dependences of the mean coefficients k(¢;)
with corresponding rms deviations at the scattering
angles of 30, 40, and 60° obtained from the data of the
same measurements are shown in Fig. 2. The scatter of
k(0;) increases with wavelength from 3—4% in UV range
to 9-10% in IR range. As the error in measurement &f(¢)
is 3—4%, and the error in determining &1, by numerical
integration does not exceed 1.5%,% the values of the
scatter dk(¢) are principally caused by variations of the
aerosol scattering phase function from day to day, which
are the most well pronounced in the longwave range on
the background of molecular component. So, in order to
increase the accuracy of determination of T, it seems to
be expedient to use three (or more) values of the
coefficients k(¢;). The histogram of deviations of T, from

T, = 1,/3 [k(30°) £(30°) +
+ k(40°) f(40°) + k(60°) f(60°)], (4)

where the values k(¢;) correspond to the data shown in
Fig. 2, is shown in Fig. 3. The results in visible and IR
wavelength ranges are presented. The step of the
histogram is accepted to be equal to 4% according to
the accuracy of determination of f(¢). The result is
obvious: the rms deviations of T from T, decrease from
10 to 5%.
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Fig. 2. Spectral dependence of the coefficients k(d;).

90 1
80
70 1
60

501
401
301
20 1

10
—— | 3, %
-20 -16 -12 -8 4 0 4 8 12 16 20

Fig. 3. Histogram of the deviations of T, from .
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Thus, instead of calculating the value T, by
formula (3) one can use the nephelometric method and
determine it by means of the relationship (4) with the
accuracy of 81, 05%. Then the possibility is provided
of dividing the optical thickness T, of light extinction
into components of absorption T, , and scattering T, ¢ at
the Sun zenith angles of 30° < Z; < 60°. To do it, it is
necessary to attract the numerical data of solving the
radiation transfer equation. As for the question, to
what extent the values of the coefficients k(¢$;) have
regional character, it requires a special study.

References

1. A.L. Ivanov, G.Sh. Livshits, et al., Light Scattering in the
Atmosphere (Nauka, Alma-Ata, 1968), Part 2, 116 pp.

2. M.A. Nazaraliev and V.E. Pavlov, Izv. Akad. Nauk SSSR,
Ser. Fiz. Atmos. Okeana 15, No. 6, 619—626 (1979).

3. A.I. Ivanov, L.M. Karimova, and V.N. Korovchenko, Izv.
Akad. Nauk SSSR, Ser. Fiz. Atmos. Okeana 16, No. 8, 869—
871 (1980).

4. E.V. Pyaskovskaya-Fesenkova, The Study of Light
Scattering in the Earth Atmosphere (Academy of Sciences
Publishing House, Moscow, 1957), 219 pp.

5. V.E. Pavlov, Astron. Zh. 41, No. 1, 122—-127 (1964).

6. V.N. Glushko, A.L Ivanov, et al., in: Scattering and
Absorption of Light in the Atmosphere (Nauka, Alma-Ata,
1971), pp. 18-21.

7. V.N. Glushko, A.L. Ivanov, et al., Brightness and
Polarization of the Cloudless Atmosphere (Nauka, Alma-Ata,
1971) 201 pp.



