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THE SCATTERING OF LIGHT IN THE SURFACE. LAYER AND ATMOSPHERIC
AEROSOL ;

T. P. Toropova

The results of measurements of the
extinction and Indicatrices of scattering
in the surface layer of the atmosphere are
glven, The observatlions have been made at %
the Mountaln Ubscﬁhtory of the Astrophysical
Institute near Alma-Ata (the helight above the
sea level 1450 m).

The spectra of aerosol particles and
refractive index are determined.

The baslic reason for the instability of optical properties

;J of the Earth's atmosphere 1s the presence of atmospheric aerosols
in it ~ fine solid and liquid particles suspended in the air
(dust, droplets). Thelr mass 1s infinitesimally small in
comparison with the mass of the gas component of atmospheric alr,
! but as a result of the extreme optical activity they have a

{ substantlial influence on the optical properties of the atmosphere
[1]. The number, properties, and dimensions of the particles vary
with time. This 1s caused by a change in the brightness of the
sky, the size of the solar aureole, and the transparency of the
atmosphere. The processes of cloud formation and so forth are
linked wlth the presence of aerosols. An explanatlon of the
Interconnection between the optical properties of the atmosphere




and the physical properties in dimensions of aerosol particles is

one of the baslc and rather complex problems of atmospheric optics.
It 1s connected with the solution of the inverse problems on light

scattering. With the appropriate formulation of a complex experi-

ment which consists of the simultaneous measurement of several
optical characterilistics of the atmosphere, we can obtaln valuable
information on the propertlies of the scattering particles, for
example, about their distribution by sizes. For this, it 1is
necessary that one portion of the optical characteristics being
determined experimentally be sensltive to the presence of large

particles and the other part - to the presence of small particles.

For a number of years, the AFI (Astrophysical Institute) of
the Academy of Sclences, Kazakh SSR, has conducted measurements of
a complex of optical characterlstics of the atmosphere, accomplished
theoretical calculations of the same values, and made attempts to
utilize data from observation and calculations to disclose the
tlies between the dlmensions, quantity, and physie2l properties of
aerosols and the optical characteristics - the course of the

transparency, type of scatter indlcatrix, and so forth.
Transparency

The transparency of the atmosphere's surface layer 1s measured
in the visual region of the spectrum (400 nm < A ¢ 700 nm) on a
course of 300 and 600 m [3], partially in the daytime and partially
in the evening. Some difference in the mean spectral course of
light attenuation was discovered for autumn observations in 1903
(45 days) and winter observations in 1904 (90 days) and summer-
autumn night observatlions 1n 1967 (26 evenings). The mean attenu-
ation attained in the winter period of 19064 was virtually indepen-
dent of wavelength (a small bulge on the middle curve D\(\) is
observed which, however, 1s within the limits of monsuvvﬁvnt errors
for A = 522 mu). The attenuation which was calculated from the
observatlion data In the autumn of 1963 did not depend on A for

A > 522 mp, but in the short-wave region of the spectrum a sharp
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increase in optical density was noted. Observatlons accomplished
in the night time in the summer-autumn period of 1967 testify to

the small increase in attenuation with a decrease 1In wavelength.

The mean dependence of Dx on A 1s represented well here by the

expression

D {L. (1)

Scatter Indicatrices

Scatter indicatrices of the atimosphere's surface layer were
obtalned using both a thermal source of light -~ a searchlight with
filters (1957-1961) as well as a searchlight and laser (1967-
1969). In the latter case, a special photoelectric unit was used
with three photometers which permit measuring the indicatrices 1in
the region 2° < 0 ¢ 170° with angular resolution A0 = 6' for
O < 10° and AO = 40' for O > 10°, When a gas laser (HeNel = 6328 x)
was used as the light source, it was placed so that the light's
polarization plane was oriented at an angle of 45° to the plane
of vision. The flux asymmetry coefficlents were determined for

all the scatter indlcatrices which were obtalned

9
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and the correlation ties were establlshed for a number of measured
values. Thus, the results of the measurements of scatter

indicatrices are reduced to the followling:




l. The mean scatter indicatrices in the region 10° < © < 170°
which were obtailned 1n the evening in the absence of fog and
preclplitation in 1957-1960 (57 days) and in 1968 (45 days) are
extremely close as is evident from Table 1.

Table 1. Mean scatter indicatrices of the
atmosphere's surface layer.
< ‘ S — e - e
8 £ | ‘ |
> L1070 207 300 40 60° | 80° | 90" | 100°
| Hpemn \_\; { i
o T R T T e e B
1957 1060 ve. 28,8 10,25,603,62 2,06 1,22 1,00 0,89 0,05 ' 0,07
1968 1. 24,0 12,6.7,554,60, 2,84 | 1,28 | 1,00 | 0,79 | 0,85 | 1,00

| 100° | 120° | 140°
A

|
i
\
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KEY: (1) Time.

Thus, 1t can evidently be considered that such an indicatrix
Is typlcal for the average conditions of the Mountain Observatory
of the Academy of Sciences of the Kazakh SSR (1450 m above sea
level) on days without fog.

2. The values of the asymmetry coefficient n fluctuated within
limits of 1.2 < n g 18.9. However, in the overwhelming majority

of cases (90%) the values of n varied from 2.9 to 5.5.

3. In the region of small scatter angles the indicatricesof
the surface layer had a rather gently sloping course which is

presented 1n a satisfactory manner by the expression
W) e g ],

Here, 1t should be kept in mind that the blggest particles evidently
dropped out of consideration [4].

4. 1In the reglon oi large scatter angles 0 > L7 0% s the
coefficlent of directional light scatter increases with an lnecrease
In 0. The mean scatter intensity with 0 = 178° exceeded the
corresponding intensity with 0 = 170° 1.3-fold.
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5. The scatter indicatrices of natural haze which were

measured with conventional thermal sources - a search light and
laser, coincided. (The plane of palarizatlon of the laser light
was oriented at an angle of U45° to the plane of vision.)

6. The correlation coefficient r between the attenuation of
the light o and asymmetry n of the scatter indlcatrix and between
o and p(0) were calculated. The results are presented in Table 2.

Table 2. Correlation ties between optical
characteristics of the atmosphere's surface
layer.

1

Koodpuigmenr Koppeanmn
‘ne:«;ly HUATOHCHBHOCT IO prece-
Vroa | sona CBets npit pasiix
pacce - YUALX paccenmin B ROb - |

Heponruan omudna

M, e ros ocantaen s +* 3
rpa., S eI : P | N £ =
] 10571960 rr. 1968 1069 vr. 19571080 e, 1068 1000 pp,
10 0,966 0,628 0, 0001 0,055
20 0,084 0,953 0,0115 N
30 0,957 0,952 0,0075 s 1101
40 0,001 0,901 €, 0068 0019
50 0,97h 0,978 0, 0043 s 0047
ol 0,031 0,972 0120 . !
70 0,970 0,984 0, 0053 , O08R
80 0,014 0, 4954 06,0148 0
) 0,049 { 0,917 0,089 0,
100 0,928 0,965 0,01 0, 0084
110 0,717 0,061 (3, (M 0,051
120 ! 0,774 0,043 0,08 0,01190
130 0,808 ! 0,926 0,0173 (0, 0163
140 0,910 ‘ 0,018 0,058 0,0188
150 0,810 0,877 0, 0308 0,02
160 { 0, 8O3 0,935 0,034
170 | 0,768 0,955 (), Ot 0, 0994
S 0,0/ 19 0,800 0,000 Q009

R
1 (B) sinBdo
® e -‘.'_.~.-.__..__.._
. M .

I (V) sinBdy

o
o

KEY: (1) Scatter angle, degrees; (2) Correla-
tion coefficlent between the 1lntensity of light
scatter at various scatter angles and the atten-
uation factor; (3) Probability error.
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Comparison of observed data with calculated data

The observed scatter indicatrices of the surface layer are
the consequence of molecular and aerosol scattering of the light.
With great cloudiness of the atmosphere, the aerosol scatter

considerably exceeds the molecular and the effect of the latter

can be disregarded. Under mountain conditions, however, there
are frequent cases where visibility 1is good (greater than 50 km).
Then, molecular scatterling makes & considerable contribution and !

3 ~ 3 - v ~ ~ o N LY i
must be considered when distingushing the aerosol scatter indica- '

trix. This requires absolute measurements connected with inevitable
errors. If we talk about interpretation of observations of the
daytime sky's brightness, then it 1s even more difficult to dis- }
{
tinguish the aerosol scatter lndicatrix due to the effect of the
repeated scatterlng and albedo of the underlyling surface on the -
|
observed brightness indicatrix. However the asymmetry of the
scatter functions of the surface layer and the indicatrix of the
sky's brightness 1s connected exclusively with the action of the
aerosol particles since, for the case of the Raylelgh scatter,
the relatlionship
() (1807 —0), ?
is valid.
In order to utilize relative measurements, we accepted the
following relationship as the optical characteristic of the aerosol
medium
. w10 w1700 |

alT0°) - p(110°) *

As 1s evident from Figs. 1 and 2, this value is extremely | d
sensitive both to the refraction coefficient of the scattering ‘
medium as well as to the parameter of particle distribution by b i
slzes. With a change In the parameter of the Junge distribution \"'a"
from 5 to 3, K ¢changes 5-fold for media with a refraction index l ;

0
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m3 = 1.25 and three-fold for media with m, = 2,50. With a mean

Junge distribution and change 1in the rofréctlon coefficlent from
1.50 to 1.25, K changes three-fold, and with a change from 2.10 to
1.25 - 9-fold [7].

According to our data, the mean value of K for the surface
layer of the atmosphere according to observations in 1957-1960
was 38.2, and for observations in 1968 — 27.9. The mean value of
K in accordance with measurements of the sky's brightness indicatrix
on the Sun's almucantar proved to be equal to 29.6. Thus, the
value of K which characterizes the mean scatter indlcatrix of
aerosols contained in the atmosphere 1s close to the value of
K which was measured from the mean scatter indicatrix of the
surface layer which was obtained at the Mountain Observatory on

fogless days.

We compared the observation data on the optlcal properties
of the surface layer (indicatrices in the region 0 < 170°,
spectral course of transparency DX = %, coefficient K, angular
course of scatter indicatrix in the region of small angles 0 < 10°)
with the theoretical calculations of the same values for media
with different distributions of particles with regard to dimensions
and with different refraction coefficients. As a result, it was
obtained that the mean optical properties of the atmosphere's
surface layer 1n the night time on days without fog and precepita-
tion agree 1in the best manner with the assumption that the
refraction coefficient of the surface layer is close to 1.50 whille
the aerosol particles on the average have a Junge distribution for
dimensions of dN/d log r = c/r3 with an admixture of large particles.
This conclusion does not contradict the concluslon which we drew
earlier that on individual days, with the encompassing of all
meteorological situations to include dense haze and fog, we can
expect various distibutions of aerosol particles by dimensions,
i.e., we cannot speak about a universal Junge's distribution. For
even with the Interpretatlon of mean values, the angular course of
the indicatrices in region 0 < 10° testifles to the additional

i
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admixture of bigger particles. How the aerosol composition
changes in the surface layer of the atmosphere from day to day

and for different points of observation can be judged from the data
of 0. D. Barten'yeva [5]. Figure 3 presents the dependence of

the coefficlient K on the class number of the gently-sloping
indicatrices of work [5] which characterizes the elongated nature
of the surface layer’s indicatrix, From Filg. 3 1t follows that

K for different meteorcloglical conditions varies from 20 to 200.
According to our data, for individual days the value K varied from
10.4 to 81 to include days with fog and dense haze. If we limit
ourselves to observations in accordance with which the mean value
of K which was used iIn our work was obtained, then the limits of
change in K for individual days are great. From this it follows
that for individual days the distribution of aerosol particles by

dimensions can fluctuate greatly.
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Fig. 1. Plg: €.

Fig. 1. Dependence of the parameter of aerosol scatter indicatrix
Kh»uoypunh

@(T0%) —n (110
m obtained from the results of theoretical calculations for the
medium with a Junge-type distribution of particles by sizes: v = 1§
(curve 1) and v = 3 (curve 2).

on the refraction coefficient of the scattering medium

Fig. 2. Dependence of the parameter of aerosol scatter indicatrix
W10 Y 1T >
S0 —a(110% on the parameter of a Junge distribution for a medium

with refractlion coefficient m; = 2.10 (curve 1), mp = 1.50 (curve 2)

“

and m3 = 1,25 (curve 3).
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