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SOME RESULTS FROM AN INVESTIGATION OF SPECTRAL ATTENUATION OF IR-
RADIATION BY THE SURFACE ATMOSPHERE

V. L. Filippov, S. O. Mirumyants, L. M. Artem'yeva

At the present time a large number of works are known which

deal with the lnvestigation of aerosol attenuation of visible light,

but data of similar measurements 1ln the IR-range of the spectrum

WA e PR

whlch are suitable for the solution of practical problems are

lackling. The use of computers opens wlde possibilities for the

g AT

direct calculation of the spectral coefficlients of aerosol atten-

uation a(A) on the basls of Mie theory relationships, but only if 1
the microphysical parameters of the particles which are responsible

for the fogglng of the atmosphere are known.

Unfortunately, Informatlon concerning microstructure, although

SR R

numerous, works [1,2] for example, are not rellable for use in

calculations which characterilze specific meteorological conditions

| [3]. These clrcumstances Indicate that one of the effective methods
’ for studying the optilcal propertles of aerosols at the present time
1s their direct and systematic measurement. Statlstical processing
of the results of such measurements makes 1t possible to obtain
data on the connectlon between coefflclents al()) and the meteoro-
loglical parameters of the environment and on the possibility of
prediction of aerosol attenuation.
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Figure (a)

The curves which are shown 1n Flgure (a) are the result of
Investigations [4-7] of aerosol attenuation in the "atmospheric
windows" (OP) 1In the area of A=10-0.59 um. They characterize the
spectral dependences of a(l), averaged on many realizations of
spectra, which were recorded in ll types of aerosol situations
selected by us. In this article we will not dwell in detail on
the characteristics of situations of each type, we will note only
that the probabllity of realization of spectral curves 1-11 in
the corresponding meteorological conditlions was substantiated by
statlistical analysls of experimental material (more than 1500
spectra), and the correlation coefficlents obtained, connecting
the change of optical density of fogs for two wavelengths of the
Investigated area of the spectrum, Just as in [5], turned out to
be high., Curves 4 and 10 in the drawing depict the course of the
spectral dependence of a(\), typlcal for light hazes, when the
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pressure of water vapors 1in the atmosphere was greater than 4 and
less than 10 levels of thelr saturation relative to 1ce. Curves
1, 2 and 3 are characteristic for situations of light haze with
fine sparse snow, drizzle (rain with snow) and light rain respec-
tively. Under conditions of foggy haze [3] in the spring and in
the fall the spectral dependence of the a()) coefficients was
similar to spectrum 5. An extremely finely-dispersed composition
of aerosol was observed in summer hazes of a radiation origin
(curve 11). However, the form of the curves a(A) for hazes which
were preserved for 24 hours and longer testified to the redistri-
bution in the spectrum of the dlmensions of the particles to the
slde of an increase in the concentration of the large fraction.
Curve 8 corresponds to the persistant summer hazes, curve 7 -

to spring-fall situatilons, in which the duration of existence of
hazes in them 1ncreases significantly [9].

A form of dependence of type 6 in the drawing was noted under
conditions of spring and fall following light rain precipitation.
Finally, the spectral dependence of aerosol attenuation (curve 9)
was recorded for several autumn days. Without drawing on the cor-
responding microphysical measurements 1t was not possible to iden-
tify the reason for the appearance of a similar optical situatlon.

Also Interesting 1s the experimental study under natural
conditions of the attenuation of IR-radiation in areas of the
spectrum which coincide with the position of the absorption bands
of liquid water - 2.9, 6.3 and 10-14 uym [7]. For obtaining similar
information the spectra of transmittance (SP)-—-TaTM(A) were des-
cribed in a light haze directly by wavelength for a time of
4~5 min. On the basls of measurements of transmlttance of an aero-
sol in OP——Taap(x) and SP of clear atmosphere-—-Tmon(A) (with the
same absolute and relative humlidity on the path) the optical den-
sitles were found
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One of the spectra o, (\) for the conditions 04,591 and

A=2-14 ym is shown 1in drawing (b) by solid line 1 (dots denote the

TR T R i

areas In which T = < 5% and the curve was extrapolated). Here
the broken line shows the spectrum B o (A) based on the data !
of work (8]. Selectlon of this spectrum 1s analogous to expression

(1), 1.e., the spectra of the coefflclents of aerosol attenuation

which were presented in [8] were considered conditionally in the

e T

form of the sum of two curves - the OP envelope and that corres- -

ponding to attenuation in the area of absorption bands of liquid {

|

water, Attentlion 1s called to the significant difference in the
results which are being compared. This makes it possible to assume
the validity of the report that the atmosphere contains minute

water particles with dimenslons,& 0.1 um, which absorb IR-radlation |

in the same manner &as water vapor. The results of the change in

O a (\) were obtalned in measurements when the temperature of the !
bt 3 H
environment t> 0 C. Curve 3 on the drawing (b) characterizes the ]

preliminary data on the spectral coeffilclents of Fia (A) in the

~ 3 ()
area A=2-4 um for conditions te -207C.
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Figure (t)
Key: (1) Optical density of haze.
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In conclusion it 1s necessary to note that when considering
the applicabllity of the results of the investigations which were
discussed for the probable calculation of attenuation of IR-rad-
fation in other geographical points (the authors made their meas-

T

urements in the vicinity of Moscow) it 1is very important to have
avallable data similar to that expounded in work [9]. Actually,

3

when analyzling the many years of measurements of meteorological

ranges of visibility SM in different regions of the USSR [9],

compared with other meteorological parameters, it 1s possible

to 1solate the probable zones In which one should expect uniform

_—
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optical properties for an aerosol.
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! SUMMARY

In spite of the varviations of the spectral hehaviour of 1R
radintion attenuation coeffictents «(X) in haze, a possihility

8y of the statistically based prediction of them and extreme
§ approxumity of the calculation results «() according to the

\Mie theory in terms of available representations on the mic-
rostructure aerosol characteristics is noted.
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STATISTICAL STRUCTURE OF AEROSOL TRANSMITTANCE IN THE CASE OF A
CONSTANT MASS

" ‘ K. S. Shifrin, G. L. Shubova

In an analysis of materials of observations, made with the
help of fllters, of direct solar radlation in Karadag during the
perlod 1936-1949 and in Vladivostok during the period 1938-1947,
we discovered that the transmittance of the atmosphere in the
spectral sector of around 0.577 um has a great dally variation [1].
Since in the spectral interval under study attenuation is caused
mainly by the aerosol, thls means that in a vertical column of the
atmosphere a noticeable dally variation is observed in the content
of the atmospheric aeroscl. In order to eliminate the daily vari-

transmittance of the atmosphere at a constant mass and consider the

‘7 statistical structure of this variable. This will make it possible
| for us to 1solate in a pure form the characteristic types of atmos-

pheric turbidity, caused by different states of the atmosphere

?‘ above the observation point.

) ation of transmittance, we will investigate the values of aerosol
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Statistical Structure of Transmittance

Table 1 shows the number of cases of observations which we
used for constructing the curves for Karadag and Vliadivostok for
the entire period of observations. In the table m - mass of the
atmosphere, at which the cbservations were made, N - number of
cases of observations.

For a given m (individually by each point) the values of the
function

are calculated and its graphs are constructed.
Table 1

% : ®< I\,'m@

&I‘.ﬂlr BOCTOR
m - —t— ————— N
N N
oa 1063 |81
4n it 673
RE 1ar Q54
2a 1370 1hn
1.0n o7 U8
1.5p 04 215
2p e {08
ap 1639 T
4p IRERY LA

bp 1160 879

Key: (1) Karadag; (2) Vladivostok.

In contrast to works [2, 3], where the curves of distribution
were constructed for the intervals At=0.02, in this article At
is accepted equal to 0.04. This 1s done for increasing the statis-
tlcal guarantee of the curves of distribution, since the number of
cases of observatlions which belong to a given mass, needless to
say, 1s considerably less than theilr total number.
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Figure 1. Curves of distribution f(tr) in the case of a constant
mass of atmosphere for Karadag.

Key: (1) Karadag 1936-1949. Masses 2a and 2p. Total curves
N=1370 and N=1176; (2) Karadag 1936-1949. Masses 4a and bp.
Total curves N=1411 and N=1319.
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Filgure 2. Curves of distribution f(t) in the case of a constant
mass of atmosphere for Vladivostok.

Key: (1) Vladivostok 1938-1947. Masses 2a and 2p. Total curves
N=U455 and N=398; (2) Vladivostok 1938-1947. Masses 4a and Up. $
Total curves N=879 and N=673.
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The results for different m turned out to be similar. Fig-
ure 1 glves the curves f(t) for four cases of observations at
Karadag, and in Figure 2 - the analogous curves for Vladivostok.
It 1s necessary to turn attention to the following circumstances.

/ Naoadoe 1933 - 1WaYeo (D
Cymmqourow apubar

N=e303/
al ~pav

~

0 - Y v v ~ T R """‘“"[
Q12 0t 00 024 Q28 042 QI8 Jeo G4y Q& 23 Lt deu G6E

Figure 3. Curve of distribution f(t) for the complete set of
observations for Karadag.

Key: (1) Karadag 1933-1949, Total curve N=13037. At=0.04.

The curves of distribution for the same mass before noon and
after noon have the same structure. For an example, let us con-
sider the curves of distribution for Karadag. The positions of
the maximums and minimums on curves 2a and 2p coincide. A simiiar
picture 1is noted for other m, in particular for m=4a and 4p. The
values of function f(t) in symmetric (in respect to noon) points
here are also approximately the same. However, the afternoon
values of turbidity, as a rule, were higher than those before noon.
The same picture 1s observed on the curves for Vladivostok.

Figures 3 and 4 show the graphs of the function f(1) corres-
pondingly for Karadag and Vladivostok, constructed for the entire
set of values (not separated by masses) wilth the same spacing as
the curves in Figures 1 and 2.
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Flgure 4. Curve of dilstribution f(tv) for the complete set of
observations for Vladlvostok,

,

Key: (1) Vladivostok 1938-1947. Total curve N=6212. AT1=0.04.

The curves 1n Flgures 3 and 4 differ noticeably from the

analogous curves, constructed with a spacing Ar=0.02 [2, 3]

L )

With
an Increase 1n the spacling of the average ilmportant details dis-
appear, mlnlmums are smoothed out or dilsappear, etc. In comparing

the curves, deplcted 1n Flgures 1 and 3 and correspondingly 1n

Figures 3 and 4, we see that the curves of distributlon, referred
to a speciflc mass, differ notlceably from the total curves.

Without a doubt the curves of dilstributlon at a constant mass

are a superposition of no less than two single-model curves. In

particular thils 1s clearly evident on the curves for Vladlvostok

(Figure 2). Standing out clearly here are the condlitlions of the

atmosphere with maximums at t=0.20 and 0.28 with a mass of 2 and

condltions with a maximum at t=0.16 and 0.32 with a mass of U, [t
1s Interesting that for masses m=1.5 a, p for Vladivostok (we dld
not deplecu these curves) the maln maximum lies at t=0.24., If this
result 1s confirmed, then it 18 possible that this

Vladivostok two types of dally varilatlons of

means that 1In

aerosol turbldlity are

observed. In the case of the first type a maximum 1s noted around

noon, and the second - a minimum, These posslble

types are Indl-
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cated In Table 2, where the positions of the maximums on curves
f(r) are depleted.

Table 2

T

m ba da | 3 20 | 1,80 1,0p 2 | 8p an Hn

0. e e L L " . L A |

10l |
T 0,18 0,16 | 0,20 | 0,20 ' 0,24 | 0,24 0,20, 0,20 0,16 ' 0,10

w:! i

T 0,32 | 0,28 | 0,28 | 0,24 | 0,24 | 0,28 | 0,28 | 0,32 -

Key: (1) 1lst type; (2) 2nd type.

On the total curves of distribution conditions with different ( 3
turbldity with a spacling of At=0.04 are not noted. The curves
are smooth and single-model. On the curve in Flgure 4 (for Vlad- !
Ivostok) wlthout a doubt there 1s a type of condlition with lncreased ]

turbldity concentrated around t=0.28. Thls means that even 1n the

common set (wlith a large averaged spacing) the conditions with a

high degree of turbldlity are singled out noticeably on the common
curve of distrilbution.

Seasonal Varlability of Transmittance

Data on the curves of distribution f( ), calculated at a con-
stant mass and complete, contaln valuable information on the types
of optical weather or on the types of circulation which 1s most
prevalent over the observatlon point. For an 1llustration of this
statement we will conslder Inltlally the questlion of the seasonal
varlability of transmittance over Vladlvostok and Karadae.

According to the data from [7], fror Viadivostok, where a mon-
soon c¢llimate prevalls, a conslderable seasonal variability In the
types of clrculatlion 1s characteristic. In the winter (from Decem-

ber through February) clear days are observed there and the wlinds
are predominantly north and northwest. The recurrence of these

wind directions 1s 82%. The recurrence of south and southeast

L




winds, opposite to the main direction of the winter monsoon, com-
prises all told 1-11%. In the summer (July - August) the direc-
tion of the monsoon winds 1s mainly south and southeast and their
recurrence 1s 71%. The recurrence of north and northwest winds

is 9-17%.

Figure 5. Average seasonal values of the curve of distribution
f(tr) for Vladivostok. a - winter, b - summer.

Key: (1) Vliadivostok 1938-1947. Seasonal curve. Winter. N=2211,
At=0.04, ?=0.240; (2) Vladivostok 1938-1947. Seasonal curve.
Summer. N=802, Ar=0.04,rcp=0297

According to the data in [8], in Karadag such a clear division
of recurrence of wind direction by seasons 1s not observed.

The difference 1n the types of circulation 1s manifested dis-
tinctly on the curves f(r). In Figure 5 the curves f(T) are com-
pared for winter and summer in the case of Vliadivostok. Since it
is cloudy in Vladilvostok in the summer, then for obtaining a
statistically controlled curve we had to examine the weighted mean

dy
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values of all the masses. It 1s natural that for the comparison
we used the analogous data for wlnter, although there were not
sufficlent winter observatlons. It 1s evident from Flgure 5 that
the winter curves differ sharply from summer. In the winter ob-
servations primarily clear days with high transmittance are en-
countered. In summer the curve of distribution 1s wide, there
are many conditlions with low transmittance.

We add that the analogous seasonal curves for values (1)
with a constant mass docubtlessly confirm what was stated. We will
not deplct these curves due to thelr low frequency.
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Figure 6. Average seasonal values of the curve of distribution
f(t) for Karadag. a - winter, b - summner.

Key: (1) Karadag 1933-1949, Seasonal curve. Winter. N=818,
At=0.04; (2) Karadag 1933~1949. Seasonal curve. Summer.
N=6314, At=0.04.

In Figure 6 the analogous curves are glven for Karadag.
Curves f(t) in both cases turn out to be more simllar, since there
are no significant differences 1n the seasonal types of circulation
here., However, nowhere are these curves ldentical. The winter

130




% . ey - S

curve 1s narrower. This indicates the high degree of homogeneity
of the cloudless atmosphere over Karadag in the winter. 1In the
summer the dispersion of conditions 1is considerably greater,
which testifies to the great variety of conditions of the atmos-
phere over Karadag in the summer.

The connection between turbidity and the type of circulation
was Investigated by a number of authors [4, 5, 6] on the basis of
an analysis of data on the total factor of turbidity. This
factor 1s influenced both by absorption in the bands of gases
(water vapor and C02) and by attenuation on the aerosol. Our
analysis 1s based on the study of variablility only of the aerosol
portion of turbidity. Without a doubt it is not excluded that
water vapor has a specific value here, since 1t can influence the
swelling or drying of the aerosol particles. However, 1t still
doesn't exert a direct action. Therefore it 1s very important to
Investigate the statistical structure of the aerosol factor.

Based on the data of dally variability of transmittance as
related to a constant mass it is possible to present the rearrange-
ment of an atmospheric aerosol as the result of the action of two
mechanisms. The first - a macroscale process - 1s connected with
the establishment over the observation point of an atmospheric
condition with a specific type of circulation. The second - a
local process - determines the daily variability within a given
type of transmittance. It 1s characteristic for each point and is
connected with intermedlate-scale or local phenomena, typical for
the particular observations point. The real variability of trans-
mittance of the atmosphere 1is the result of the superposition of

both processes.
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SUMMARY

The direct Solar radiation filter measurements in Kara-
dag (1986—1949 years) and Viadivostok (1938--1047 years)
are analysed. 1t is found that the aecroso!l quantity variations
invertical dirvection during a day have place. The statistica!
structure ol acrosol transparvence for these places has been
found,
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