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THE INFLUENCE OF BACKGROUND AEROSOL ON SPECTRAL
TRANSPARENCY OF URBAN AIR

F. L. ISMAYILOV
Institute of Ecology of ANAS, 3123, S.S. Akhundov str., 1, corpus 2, Baku

The relations between distribution of city aerosol particles on dimensions and spectral transparency of aerosol layer of atmospheric air
pollution in Baku city conditions. The power and logarithmically-normal functions are used for city aerosol modeling.

INTRODUCTION

The urban air transparency essentially depends on
background aerosol pollution layer which forms during many
decades [1-3]. The optically active particles of submicron
dimension range with particle dimensions from r=0,1um up
to »=1um having the atmospheric nature origin are the main
components of background aerosol [1,4].

The spectral transparency method is the important
investigation one of polydisperse structure (distribution on
dimensions) of aerosol particles in natural conditions of their
existence and influence evaluation of aerosol on optical
thickness of atmospheric air. This method is connected with
use of natural data on spectral transparency of aerosol
medium with the purpose of practical problem solving of
light diffusion theory of aerosol particles [4,5].

In the present paper the big massive actinophotometric
measurement data of Sun direct radiation carried out in Baku
is used with the purpose of parameterization of spectral
transparency dependence of urban background aerosol and its
microstructural parameters. The measurements are carried out
with the help of apparatus with accuracy not more than 3%
considered in [6].

CALCULATION TECHNIQUE

Initial relations. The aerosol particle
distribution is its important characteristics.

1. Yung’s power law is often used for the description of
spectrum of aerosol particle dimensions [4]:

dN/digr = Cr ",
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where C constant of L”? dimensionality depends on N
particle concentration and b exponent defines the distribution
curve inclination.

2. The asymmetry of observable aerosol dimension
distributions is more satisfactory approximated by
logarithmically normal function [1]:
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where r,, is particle modal radius, v is distribution half-width
which is close to 0,7 for submicron particles [1].

The estimations of N, aerosol particle cumulative
concentration are often used for comparison of different
models of their dimension distribution (polydisperse
structure) [4]:
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where 7y is given particle radius value.

The (1) and (2) distributions will be used for calculation
of polydisperse characteristics of light diffusion: z;is optical
thickness and transparency T=exp(-z;) of urban background
aerosol. These characteristics are defined by measurement
data of S, brightness in dependence on m atmosphere optic
mass to Sun direction by Buger-Lambert method [2,3]. Let’s
suppose that polydisperse composition of aerosol particles in
limits of urban background aerosol layer is homogeneous one
the height of which achieves 1km [1,4]. Then according with
Mie light diffusion theory we obtain [4]:

T, = N]%Q(P,n)ﬂzf(lnr)d Inr. @)
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Here we will use Van den Hulst approximation [4] for
calculation of Q(p, n) diffusion efficiency factor:

Q(p,n):2—isinl//+iz(1—c0s1//). ®)
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Here y=2p(n-1); p =2m/A is Mie parameter, n is real
refraction index.

Calculation formulas. To find (1) and (2) distribution
parameters the integral equation (4) is solved by inverse
problem method [4].

After substitution » by p the formula [4] is easily
transformed to following form [4]:

7, =04342C(%, )K, ©)

where

P2
K= [0(p,n)a"dp. (7)
P

As calculations show integral (7) in visible spectral region
practically doesn’t depend on A light wavelength and (6)
formula coincides with known Angstrem formula [4]:

n=CA" (8)

where b; = b-2, C coefficient doesn’t depend on A.



F. 1. ISMAILOV

From formula (6) one can estimate the power distribution
parameters (1). Index b is found from the ratio of 7; values
simultaneously measured on two wavelengths:
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C sedate distribution coefficient is obtained by formula:
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In case of distribution (2) the formula (4) is reduced to the
form:

(10)

7,=7NK(ML), (11)
where
P2
k()= [ 0lp.n) k.
P
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Here for n given refractive indexes 7; reversion is carried
out by optimal parameterization method [5] from following
minimization condition at different
A ; wavelengths:
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where 7, is measured characteristics and 7 *; is model one.
As optimization criteria the following functional is used:
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where A, corresponds to maximal 7. It is obvious that
value of this difference doesn’t depend on N and it is only 7,
function. The N value is estimated on formula:

NziTﬂK(rn:,ﬂ,i) iKz(r,;,/li). (15)
i=1 i=1

CALCULATION RESULTS

The initial data of measurements of z; optical thickness
(also 7} which is transparency) of urban background aerosol
are defined by inclination of Burger curve (InS, dependence
on m) [ 4] (fig.1). Firstly the values of constants b and C of
power distribution are calculated according to these data by
formulas (9) and (10) and the parameter values, r, modal
radius, N nominal concentration of aerosol particles are found
by reversion of 7; by formulas (14), (15).
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Fig.1. Burger mean curves: 1 is 1=0,45 um; 2 is 1=0,5 um ;
3is 0,55 um; 4 is A =0,65um; 5 is 1=0,7 um;
6 is 1=0,85 pm (Baku, 2006-2007 r., August, before
afternoon).

The numerical values of b, C and N parameters are given
in table 1. As it is seen from this table at different A the
estimations of b degree of distribution (1) are very close
between each other and it shows the homogeneity of
polydysperse ~ composition  of  aerosol  particles.
Simultaneously C coefficient connected with particle
concentration slowly decreases at the transition into IR
spectral region. It is obvious that this is connected with
decrease of Mia parameter; the aerosol is more active in
visible spectral region.

Table 1.
The estimations of b, C, (um)"-cm™ and N(cm™)parameters.
A, um 0,45 0,50 0,55 0,65 0,70 0,85 Aver.
B 3,011 3,105 3,008 3,015 3,022 3,032
C+10E-11 3,889 3,475 3,188 2,591 2,460 2,021 2,937
N*10° 9 8 8 5 4 3 7

The particle power distribution
satisfactory described by following function.

dN/Inr = 2,947+, (16)

Here 5,=4,03 degree takes the value attached to urban
aerosol [4]. The curve of logarithmically-normal distribution
(2) for different model aerosol particle sizes is given on fig.3.
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constructed on fig.2 is [Let's compare the influence of choice of two most different

aerosol models (1) and (2) by N. (fig.4) concentration value
and 1,, 75 (puc.5) light diffusion characteristics. The N,
cumulative concentrations of aerosol particles for these
aerosol models defined by data of figures 2 and 3 are given
on fig.4. From this figure it is seen that the main contribution
to concentration give the small particles. In the comparison
with (2) distribution in case of distribution (1) N,
concentration is decreased one and it strongly decreases with
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particle dimension growth. Simultaneously as it follows from
fig.5 in the comparison with measurement values, 7
calculation values become increased ones but 7
transparency  calculation values become decreased.
According to results of other works [4] the power distribution
can be used for description of narrow interval of aerosol
particle dimensions. This distribution for strong increase of
big particle concentrations with their dimension growth is
used with high accuracy. From comparison of measured and
calculated data of t,, 7, characteristics it follows that
distribution of urban background aerosol best of all is
approximated by logarithmically normal curve.
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Fig.2.Power dimension distribution of aerosol particles on
table 1 data.
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Fig.3.Logarithmically normal dimension distribution of
aerosol particles: 1is #=0,30.2 is =0,389; 3 is = 0,530.
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Fig.4. Aerosol cumulative concentration: lis on (1) model; 2-4 is
on (2) model at v=0,7; 2 is r,=0,30 um,
3 is ,=0,389 um, 4-is r,,=0,530 pm.

For Baku conditions the background concentration of
atmospheric aerosol achieves to N =7- 10°cm™ value in the
mean. For pure atmosphere the acrosol concentration doesn’t

exceed N=3,5 - 10° cm™ value in the mean [1,4]. From this it
follows that Baku urban air is always characterized by higher
concentration of background aerosol.
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Fig. 5. The influence of aerosol model choice on T} transparency
and T, optical thickness in visible region:
experimental data; aerosol model --by formula (2); ---by
formula (1) (Baku, August, before afternoon).

COMPARISON OF EXPERIMENTAL AND
CALCULATED DATA

The comparison of calculated and empirical data of
spectral transparency of aerosol layer over Baku is given in
table 2. For chosen aerosol models the accuracy of calculated
data is least one from violet spectral region.

The difference between empirical and calculated data
decreases with wave length increase at the transition into red
spectral region. It is obvious that this is connected with
revealing of Forbs effects which are amplification of
absorption effects for more short waves of light radiation.

In aerosol particle dimension interval r=(0,1 — 1) um
under consideration the best correspondence of calculated
and empirical data takes place for logarithmically normal
distribution. The accuracy of calculated data for power
distribution doesn’t exceed the accuracy of empirical data.
However, in this case as it follows from fig.4 at calculations
the values of small aerosol particle concentrations increase
and concentration values of more big particles decrease.
From this it follows that power distribution according to
formula (16) is really used for simplifying of calculations of
spectral transparency of urban background aerosol.

Table 2.

Comparison of theoretical and empirical values of spectral transparency of background atmospheric acrosol over Baku

(n=15; N=7-10°cm™; b=3,03)

A um Empirical Calculated (aerosol Difference, % Calculated (aerosol Difference, %
model by (1) formula) model by (2) formula)
0,45 0,623 0,605 2,9 0,641 2,8
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0,50 0,651 0,638 2,0 0,664 2,0
0,55 0,679 0,665 2,1 0,685 1.0
0, 65 0,721 0,709 1,7 0,713 1,0
0,70 0,739 0,728 1,5 0,745 0,08
0,85 0,780 0,770 1,3 0,775 0.06

concentration achieves N =7- 10° ¢cm™ and approximately

exceeds the background concentrations of aerosol particles
CONCLUSION out of city condition in 2 times.
3. The background aerosol of Baku atmospheric air is
1. The background aerosol pollution significantly satisfactory approximated by logarithmically normal
influences on Baku atmospheric air transparency the spectral  fynction. The power function with exponent 5=3,03 can be

transparency of which decreases and changes in interval 0,6-  yged to simplify the calculations of background aerosol
0,8 at transition from visible region into neighbor IR spectral  transparency

region.
2. The background level of Baku atmospheric aerosol
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SOHOR HAVASININ SPEKTRAL SOFFAFLIGINA AEROZOL FONUNUN
TOSIiRi HAQQINDA

Baki gohorinin soraitindo atmosfer havasiin aerozol Ortiiyiliniin spektral soffafligi vo sohor aerozolu zarraciklorinin 6lgiilorine goéroa
paylanmas arasinda slagolar tadqiq edilir. Sohar aerozolunun modellagdirilmasi ti¢iin iistlii vo logarifmik normal funksiyadan istifads edilir.
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O BJINAHUUN @OHOHOBOTI'O A9P030JI51 HA CIIEKTPAJIBHYIO ITPO3PAYHOCTD
IrorPOACKOI'O BO3YXA

V3y4aroTcs COOTHOIICHUSI MEXIY PACIpPEASICHHEM YacTUIl TOPOJCKOro a’po3oiis MO pa3MepaM M CHEKTPAIbHOW IPO3PauHOCTHIO
a3pO30JIBHOTO CJIOS 3arpsi3HeHUs aTrMoc(epHOro BO3AyXa B YCIOBHAX ropoia baky. Jlins MonenupoBaHHs — TOPOACKOTO a3po30iis
UCIIONIB3YETCS CTENEHHAas M JIOrapu(MUUECKH - HOpMallbHas QyHKIHUS.
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