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GROUND REMOTE SENSING OF BACKGROUND AIR POLLUTION LAYER ON THE
CITY OF BAKU BY THE DAY SKY BRIGHTNESS

F.l. ISMAILOV
Azerbaijan National Aerospace Agency Institute of Ecology
370106 Baku, Azerbaijan, 159

Remote sounding of air pollution by scattered sun light has proved to be useful for analysis background level in conditions of the city
smoke. This paper deals with the investigation of the space characteristics of altitude air pollution layer on Baku from the day sky light

measurements.

Introduction

The background air pollution layer in conditions of Baku
smoke has been formed during many years. Study of modern
state of this layer is one of the cardinal problems of
ecological monitoring of background level of anthropogenic
impact on all Absheron Peninsula.

It is known that the intensity of background air pollutions
is determined by the number of background aerosol particles
which are very optically active at effective wavelength
A=0.55um of solar radiation [1-3]. Ground remote sensing of
air pollution by incoming solar radiation is of great interest.
This method is very informative and technically simple [2,
3]

The present work includes the information about the
results of research of space situated and different
characteristics of background air pollution layer on Baku
from the day sky light measurements which carried out with
actinophotometric device [4].

Methods of the research and results

The day sky light brightness depends on changes of
optical depth z and scattering functions f(6) of background
aerosol particles; where @ is the scattering angle [2, 3]. The
determination of these parameters is based on measurements
of illumination of direct radiation S and the sky brightness
B(6) in solar almucantar for any time:
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where Sy is the solar constant, P is the atmosphere
transmittance, my is the optic mass of atmosphere.
The scattering angle is determined according to formula

[2]:
C0S#=C0SZ COSZ,+SIiNZ-sinZ,-coS® ®)

where Z, is the solar zenith angle, Z is the sensing zenith
angle, ¢ is the sensing azimuth angle.

The background level of air pollution can be estimated
from the following empirical expression [3]

v=2210"c (4)

where v is the volume concentration of background aerosol,
ois the scattering coefficient at wavelength =0.55um.

Experiment has been carried out on the
actinophotometer [4] which were constructed specially for
research of atmospheric transparency. Figure 1 shows the
medium Bouger curves for the west and east of Baku. These
curves derived from observations data by Bouger — Lambert
long method [2] and averaged over the period from the
sunrise to the afternoon (curve 1) or from the afternoon to the
sunset (curve 2).
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Fig.1. Medium Bouger curves for observed points:
1 - Mushvigabad settlement; 2 - Ahmadli settlement.
7 - optical thickness in directions to the pollution layer
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Fig.2 a) medium isophots of day sky (August, 2002) 1 - in
region (3) of pollution layer, 2 - out of this region, M —
Mushvigabad, A - Ahmadli, Z - zenith, O - center of
pollution layer, B - Baku. b) h, - upper and h; - low
altitude of boundaries of pollution layer.
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As seen from figure 1 the Bouger curves in the region
my=10+29 have been observed the “anomaly” which
apparently is connected with the background pollution layer.
Therefore, dependence of optic thickness from relative air
mass can apply to study background air pollution on city in
detail.

The angular dependence of the scattered sky light are
shown on the figure 2. This dependence is represented by day
sky light measurements in different almucantars and verticals
on territory o the institute of Ecology.

The results of measurements were graphed in the form of
maps of the radiance on sky sphere. Figure 2a show high
values for the forward scattering directions from zenith to
horizon, a minimum at the scattering angle about

(Z2=20",#=180") and slightly increasing values towards
|

the backscatter azimuth angle of 180°. This behavior is
typical for background aerosol scattering.

Angular dependence of diffuse light from the day sky
contains information about the geometry of distribution of
background air pollution layer. For estimate space size of this
layer we determine relative values of the scattered solar
radiation in different angles region (ei 0, —72/6 as follows:
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In table 1 there have been presented values of ratio the (5)
for 49=x/6 and j=1:6 .
Values of quantity (5) in per cent (%)

Table 1
@, indegrees | 30 60 90 120 150 180 -30 -60 -90 -120 -150 -180
1
ino% |13 10 9 7 5 13 11 10 6 6 4
Ii ,

As it is seen from table 1 isophots have very asymmetric
structure on direction perpendicular to the solar vertical.
Figure 2a shows that the center of pollution layer is observed
at point O with the spherical coordinates about

72=225" ,@=-5".

It was impossible to evaluate altitude propagation of
air pollution layer. In the following figure 2b it has been
found altitudes of upper and low boundary of pollution layer
for angles of view (figure 1) and distances on the earth
(figure 2a) from observed point M.

Values of average parameters of air pollution layer on
Baku are given in table 2.

Conclusion

1. The day sky brightness and direct solar radiation
measurements were carried out with actinophotometric
device [4] in conditions of Baku smoke. It is found that the
strongly background air pollution layer on Baku have place.

2. The results of calculations of mean characteristics of
background air pollution layer are given.

3. It is shown that the method of ground remote sensing
of air pollution layer by the incoming solar radiation may be

used to receive the most capacious information in conditions
of the city smoke in view of their regularity.

Characteristics of background air pollution layer on Baku.

Table 2
Parameter Value
Thickness Ah=h, —h, =2 km
Radius of cross section R=17 km

Space volume V:;sz-Ahzl,8~103 km?3

Optical thickness Ar=1,-1 :012

Optical density (scattering Az
coefficient) p=—=01 km™
Ah
Volume concentration v=2.2-10 -11
Mass concentration mg
(density of particles [ M =p-V :44—3
p=2g/sm* [3)) m
Mass of layer’s pollution m=M -v=80t
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BAKI $9HORI UZBRIND® HAVANIN FON CIRKLONM3Si QATININ SOSMANIN GUNDUZ PARLAQLIGINA
OSASON YER USTU MOSAFODON TaDQIQi

Boyuk senaye soheri seraitinde fon seviyyesinin analizi Ug¢lin Gunesin sepslenan slalanmasina ssasen havanin
girklonmasinin masafali Oyranilmasi faydall oldugu askar edilir. Isde Baki sehaeri lizerinde semanin giindiz igiina asasan

havanin girklenmasinin ylksak gatinin faza xususiyyatleri dyranilir.
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HA3EMHOE JUCTAHIIUOHHOE UCCJIEJOBAHUE ®OHOBOI'O CJIOA 3AT'PA3HEHUSA
BO3JYXA HAJI TOPOJIOM BAKY 110 APKOCTU JTHEBHOI'O HEBA

ﬂI/ICTaHHI/IOHHOC 30HAUPOBAHUC 3arpA3HEHUSA BO3yXa 10 paCCEIHHOMY H3IIYyUYCHUIO ComnHIa sSIBISICTCS BAXKHBIM JUJI aHaJIu3a (bOHOBOI‘O
YPOBHA B YCJIOBHUAX KPYIHOI'O IMPOMBIINIJICHHOI'O ropoja. B pa60Te UcCIeayeTcsa NMPOCTPAHCTBECHHBIC XAPAKTCPUCTUKU BBICOTHOI'O CJIOA
3arpsi3HEHUA BO3yXa HaJl rOpoaoM EaKy 110 UBMEPECHUAM CBETAa ATHEBHOI'O Heba.
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