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Observations on direct solar radiation within the visible and the near
infra-red ranges make it possible to obtajn series of quantities which charac-
terize the atmospheric {ransparency in given spectral zones. The juxtaposition
of the actual atmospheric response with the ideal optic atmospheric properties
{pure and dry atmosphere) together with the chemical analysis of the air in
the friction layer could result in some conclusion on the aimospheric aerozol
component [1,2].

Taking all that into consideration, the direct solar radiation was observed
and the aerozols of the friction layer were chemically analysed on October 23,
1977 at the reference area (Belozem) of the Plovdiv research field with “Ra-
diometer Metrologie” 60-530, equipped with Karl-Zeiss Jena filters. The fil-
ters are consistent with the spectral intervals within which the payload is
operating.

Table 1 shows the main specifics of the filters we used. As the spectrum
of the direct solar radiation {s taken af separate discrete points, it is assumed
that the solar radiation varies within a linear regularity between two adjacent

oinis.
? In the most generalized case, the fotal solar emergy flux, falling to the
earih surface [;{?) can be represented as a sum

(h Lo{ Ay = H{A) - Lo )+ Lom(2),

where X7} is the flux intensity attenuated by the atmospheric layer, (2}, Lwm(d)
are the intensities of the Reileigh scattered and Mie scattered radiations, re-
spectively,

Upon direct solar radiation observations we assume that the extinction of
the solar radiation when passing through the atmosphere follows Bouguer’s
law, which is valid for a given meteorclogical situation: clear and stable wea-
ther with visibility distance — S,;>20km, 1. e.

2) (== 8(1) .e—=7 == S{2) . PB(1),

where 5(1) is the solar speciral irradiance curve, P(1) is the transparency
spectral function, m(z) is the atmospheric mass and r is the optical atmos-



Tabiel
Principal Data on the Filters Ued in Ground-Based Observations of Direct Solar Radiation

| Se
Neo. of the flter ‘ Tnap (Am) 4 A4 {nm} : z % b;ﬂ:?ﬁc?féf‘f@a?f;f”
|
1 ‘ 461 7.5 21 0.8
2 480 8.0 24 | 101
3 _ 492 8.5 14 : 1.03
4 ' S0 o 18 1.02
5 I 523 55 37 1.035
6 538 4.0 22 1.036
7 590 4.5 18 1.04
8 574 7.8 40 1.3
g 597 8.0 44 1.015
1y 502 8.0 1 1.01
11 618 5.5 18 1.0
12 628 8.0 15 0.98
13 648 7.5 32 0.97
13 658 8.5 22 0.98
15 872 7.0 23 1.01
16 680 7.5 44 1.06
17 708 8.5 26 LIt
18 | 729 4.5 10 1.1
19 | 168 10 21 1.02
20 ! 781 8 21 168
21 | 800 7.0 20 1.06
22 834 12 30 1.04
23 930 i1 24 1.07
24 975 9.0 20 R
25 1055 15 17 .83

pheric thickness. Those were the conditions on Oct, 23, 1977 at the reference
areg of Belozem.

We assume that the transparency function can De represenied as a pro-
duct of different muliplicands characterizing the transparency function of the
different atmospheric substances. Such assumption could be true if the whole
atmosphere were considered to be composed of [ [ayers, taking into account
the ammount of attenuated components, and the variation of their optical pro-
perties with the height {1].

Accordingly, expression (2) can be represented as

i
3) Lay=sm [ 124, m,

=i

where [ is the number of atmospheric layers with determined optical pro-
perties.

Within the considered speciral range (460-1,060 nm) such basic compo-
nents could be ozone, water vapours, aerozol particles. As a result expres-
sion (3) will become

(4) To{A, my=S(4) . Pasl2, m) . Pesoliy 1) . Pual2, m1). P&, m).

Figute 1| shows the standard curve of spectral irradiance S(2) from [3],
ihe spectral sequence of the solar radiation to the Earth surface in case of
Rayleigh scaitering and ihe variation range of the recorded direct solar ra-
diation io the 'Earth surface Af{2)=Lloma(d) — foma(Dior Oct. 23, 1977 from
10: 24h to 14; 50h. Figure 1shows that the Rayleigh scatter contributes
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Fig, 1. Solar radiation spectral run; S() stondard curve
of spectral irradiance ; fop(2) spectral curve in case of Rayleigh
scatter. Topivs Tomax-— Minimal and maximal values of the
recorded solar radiation on Oct. 23,1977
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Fig. 2. Transparency speciral urves



Table 2

Composition of Some Eiements in Ae-
rosols of the Friction Layer (ugim®),
Measured at Belozem, Plovdiv ~Dis-
trict, in November 1977

ci— 503 |] NO,
6.04 1.87 ! 2.5
4.85 3.38 24
.40 2.23 2.0
4.40 4.63 2.8

Table 3

Results from Neutrom-Activation Analysis of the Content of Some Microelemenis in the At-
mospheric Friction Layer

No. | Litres air Element HE I1 pEfm 4 oy
|
] 4430 Al 14 3.16%10°% 17.85
2 4430 Fe 10 29651073 12.76
3 4430 | Cu 3 _ .80 10 3.84
4 4430 Mn 28 5.32% 1073 35.70
5 4430 Na 14 3161078 17.85
6 4430 | Co 15 3.40% 1074 1.80
7 4430 Mg A1 ~2.00% 1075 .11
8 4430 Ti 7.8 1.69X1073 9.5
9 4430 Sm ‘ 0.09 2.00% 1075 011
10 4430 Su 0.09 2.00% 103 0.11
1 4430 RD e 200X 1075 . 0.11
12 4430 Ce 1 2001078 | 0.11

signiticantly to the solar radiative attenuation within the speciral interval of
460-600 nm.

Figure 2 shows the transparency spectral curves of clear, molecular at-
mosphere Dy and the transparency variation range of the actual atmosphere.

The lines of oxygen absorption (684-694nm), (729-770nm) of the water
vapours (700-740nm), (790-840nm) and (926-978 nm) are clearly plotted
in Figs. 1 and 2. The same can be seen for the wide absorption line of O,
with maximum of 600nm. These results agree well with the results of [1].
The simuitaneons spectral studies and the chemical analysis of the atmospheric
aerosols provide description of the aerosol absorption lines in the visible
spectrum,

The concentration of chlorides, nitrides, sulphates, organic and inorganic
matter were derived from ihe aerosol chemical analysis of the friction layer.
It was determined that the otganic portion represents 27.779/ of the dry
aerosol, while the inorganic was 72230/, The presence of organic matter in
the friction layer defines the aerosol absorption in the visible range (Fig. 1).
Tables 2 and 3 present the results from the chemical aerosol analysis of the
friction layer. They show that the concentration of iron in the azir is 12.8 0/,
which represents the fourth place with respect to the other elements after

39



Mn, Na and Al The high concentration of Fe delermines fhe high absorption
capacity of the aerosols within the visible range from 0.46 to 0.68 um, which
is due mainly to the hematite and limonite in the air. This supports also the
results obtained in [1]. Another portion of the absorbed radiation within the
visible spectrum might be due to sulphur, to small particles of highly absorb-
able soot, as well as to organic atmospheric particles, as confirmed by the
chemical analysis carried out by laboratory techniques.

The varying range width, characterizing the actual atmospheric transparency
changes, results from atmospheric dynamic processes, which change the aerosol
composition of the friction layer. Since a considerable portion of the solar
radiation extinction is due to almospheric aerosols, small variations in their
composition and quantity would result in significant changes of the almos.
pheric transparency.

' Figure 3 shows the optical thickness variations, depending on the aimos-
pheric mass mf(z).
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Fig. 3: Opiicél thickness variatipn » in
. tependesce on. the almospheric mass on
Qet. 23, 1977

.Fignr-e 4 shows the atmospheric transparency variations orn Qct. 23, 1977
in ‘determimed wavelengths during daytime. The transparency inerease: about
noon with:the wavelength augmentation is clearly to be seen, '
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~ Based on results from deiermined meteorclogical conditions and season,
1tr1§ recommended to photograph the particular research feld aboui noon
(12:30h) when the optical depth is minimal and the {ransparency is maximal
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Fig. 4. Atmospheric transparency varfation oo QOct.
23, 1977

The resuits obtained show that the chemical analysis of the air in the
friction layer which conlributes essentially to the solar radiative attepuation,
together with the optical observations on direct solar radiatiou, provide ex-
planation for some spectral intervals of radiative absorption «ue mainly to
the aerosol component in the friction layer,
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AHanus CHEKTPAJILHOM NPO3PAYHOCTH ATMOCHRPHl C YYETOM
XUMHUECKOIO COCTaBd aTMOC(Ephl B TPH3CMHOM BOZYILIHOM CHOE

. H Muwes, B. Hxcena-Mlemposa, H. Jlansos

{Peaiome)

B paGore nokasaHnl pe3YAbTATLI SKCHEPHMEHTANbHMX UCCASHOBAHMH  CHEK-
TPAJBEOH NPO3paunoCTd arMocdeprl. [loNydeHnsie Pe3yaLTATH NPUBR3AHLI K XH-
MUYECKOMY COCTaBy armocdepbl B NPH3EMHOM BO3AYIIHOM cioOe, [lokasaHn
CHEXTPANbHLIE WHTEPBANDLL OTACUHIEHUS COMHEUHOH DAAUALMH ATMOC(EPHKIMU [a-
34MH H A3D0O30JeM B BUAMMOM H OaumxEeM uadpakpacrOM AnanasoHe.
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