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THE DIFFERENTIAL METHOD FOR DETERMINATION OF BASIC OPTICAL
PARAMETERS OF ATMOSPHERIC AEROSOL IN UV BAND

H.H. ASADOV, M.M. ALIYEV, E.S. ABBASZADEH
159, Azadlig ave. ANASA, Baku, AZ1106, Azerbaijan

In the article “The differential method for determination of basic optical parameters of atmospheric aerosol” the new approach to
calculation of optical depth and Junge index is proposed. This approach is based on proposed differential method and previously proposed

three-wavelength method of measurements in UV band.

It is well known, that the aerosol is one of main parts of
the Earth’s Atmosphere. The basic optical parameter of the
atmospheric aerosol is optical depth of aerosol and some
other parameters, including Junge index [1]. Also it is well-
known, that main and widely used method for determination
of aerosol optical depth is Langley method [2].

The essence of this method is that we should take
logarithm from both sides of equation of extinction of optical
irradiation in atmosphere and bring this equation to the linear
type, where slope of which will be equal to linear sum of
separate optical depths:
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where 7,7, 7T are accordingly optical depths of
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aerosol, total ozone, gas molecules and Reyleigh scattering.

In Langley method in order to calculate 7., we should

use known, computed, or measured outside of UV band
parameters 7, , 7, and 7, for some fixed wavelengths.

Therefore problems related with direct measurements of
optical depth of aerosol in UV band leads to necessity to
carry out non-direct measurements and then to calculate the
optical depth using parameters determined outside of UV
band. Here we also should note that well — known
ozonometrical method of Dobson envisages in some cases
removal of aerosol error using two pair of wavelength
method for linear approximation of wavelength dependence
of aerosol optical depth, but this method doesn’t allow us to
carry out aerosol measurements removing influence of
atmospheric ozone.

As a result the Dobson method cannot be considered as
universal and accurate method for research of optical
parameters of components of the atmosphere in UV band.
Such a universal property is possessed according to our view
point by three-wavelength method of atmospheric
measurements in UV band that was described in [3].

In this article we shall describe the variant of application
of this method for determination of main optical parameters
of aerosol. First of all we should describe the differential
method that will be also used. As it is well known [1], the

optical depth of aerosol 7, is determined by Ongstrem

formula

Ti0er =C A%, (2

where C- parameter of Ongstrem; « - parameter related with
Junge index n as follows:
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a=n-3.

Taking derivative of equation (2) on A we have following
equation

dr,
aer _ C i—(ml) 3
A 1 (3)
or
At
Aaer — Cl,(au) (4)
AL

The foregoing formula (4) is the basis of proposed
differential method. The formula (4) is the transcendental
equation in relation to parameter ¢, and this equation may be
solved using graphic method.

The essence of the graphic method includes plotting of set
of curves of function
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for given discrete values of A, for given continuous interval
0= Cfmin~Cfmax- ) ) )
The crossing points of above curves with the horizontal

. AT .
line y:ﬂ will give us needed values of a4, ..., a.
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This process of solution of equation (5) is illustrated
conditionally in fig. 1.
It is obvious, that solution of equation (5) envisage
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order to calculate this parameter we use abovementioned
three-wavelength method.
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Fig. 1. Schematic illustration of proposed method.
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Now we describe in brief the basics of this method and For further description of the method we use the Bouger —
the variant of its application for considered task. According  Beer formula, which in general may be written as
to three-wavelength method we should carry out
measurements in three—\{vavelength A1, Ao, A3 Where A1< A, < =44 -w- So .10_l”‘x +TReym+TaermlJ’ @
As. As a result we obtain parameters 11(4,); 1.(42) and 13(4s)
which accord to intensities of Solar irradiation at the Earth
level in appropriate wavelengths. Then we should calculate
following relative parameter Z

where Sy- the solar irradiation flux at the level of upper
border of the atmosphere; y - optical absorption of ozone; y -
optical mass of ozone; X - total content of ozone; 7., - optical

d depth of Reyleigh scattering; m - optical mass of Reyleigh

7= \/ | 1(21 ) |3 (13) ©) scattering; zner - Optical depth of aerosol; m; - optical mass of
- ' aerosol.

I 2 (}”2 ) Taking into considerations formulas (6) and (7) we have:

where d=2+4; A - parameter which is regulated by computer. |
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In order to obtain the aerosol part of formula (8) we should regulate the parameter d in such order that meets following
equation

Tosy T 70, TReys T TRey s,
“X{—d T Tgy, |TM d ~Treys, | =0- ©
The indication of meeting of the condition (9) is to be |
carried out by auto correlation analysis of parameter Z. The AT m-+d /S .S
computer should regulate the value of d till achievement of etk 1 | 2% (14
maximal value of ratio of high frequency component of AA AL ”J/z-S02
parameter Z, to the low frequency part because the aerosol where
has most variability among other components of atmosphere.
After meeting the condition (9) the equation (8) will be AL = A+ "y (15)
transformed to following formula d 2l
d/g .g —m[%raerhj Therefore, the considered combination of proposed
7="% "8 10 . (10) differential method and three-wavelength method allows us
0 to obtain estimates of differential parameter 47:er | which

AL
is necessary for calculation of parameter « and parameter n
using formula (4).
Summarizing the foregoing we can formulate the

Then assuming linear type of dependence of function
Toer (;t) in narrow band A4, + 4, we have

d,Sm'Soa e . | proposed method of calculation of atmospheric aerosol
7=———"10 “Vreras e/ (11)  optical parameters (optical depth and Junge index) as follows.
So 1. Carrying of three-waves measurements, in such regime,
where when ratio of high — frequency component of autocorrelation
function of parameter Z to low frequency part reaches its
Z'* _ Ta ery + z-aerﬂg (12) maximal value.
aerh s d ' 2. Calculation of differential parameter 4%mer on the
AA
From the equation (11) we obtain following formula basis of data, obtained during realization of item 1.
3. Carrying out of graphical solution of equation (5)
X m+d .S shown in fig. 1.
(rae,M ~Taers ): In Y22 % (13) In conclusion we should stress out, that the proposed
? ? NZ-Sp, differential method in comparison with the Langley method

bases on results of direct measurements in UV band, which
conditions high authenticity of results obtained using this

Taking into consideration the linear dependence of
method.

Toer (/1) in the narrow band A, + A, we have
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ATMOSFERDOKi AEROZOLUN 9SAS OPTIK PARAMETRLORININ
UB DIAPAZONDA T3YIiN EDILM3Si UGUN DIFFERENSIAL METOD

Qeyd edilmisdir ki, mévcud metodlar atmosferde aerozolun optik sixigini UB diapazonda deagiq tsyin etmays imkan
vermirlar. UB diapazonda atmosferdaki aerozolun optik sixligini tayin etmak Gg¢iin Angstrem ganununa va avvallar taklif edilmis

U¢ dalgal 6lgma metoduna asaslanan differensial metod teklif edilmigdir. Metod riyazi cehatdan asaslandiriimig, onun tatbiqi
ardiciligi sarh edilmisdir.

X.I'. AcagoB, M.M. Aimesn, J.C. Addac3ane

JIA®PEPEHIIUAJIBHBIN METO/I 1151 OIPEJAEJEHUSA OCHOBHBIX OITHYECKHUX ITIAPAMETPOB
A3PO30JI51 ATMOC®EPHI B Y® TUAITA3OHE

OTMEYEHO, YTO CYIIECTBYIOIIHE METOABI HE IO3BOJIIOT TOYHO ONPEIENHTh ONTHUYECKYIO IUIOTHOCTh a’po3oisi armocdepsl B YO
nuanasoHe. [l onpeneneHus ONTUYeCKOH IIIOTHOCTH a3po30is atMocdepsl B Y® nuamnasone npeaioxker udpdepeHuanbHblii MeTo Ha

OCHOBE 3aKOHAa AHICTpEMa M paHee MpPEUIOKCHHOTO TPEXBOJIHOBOIO MeToja M3MepeHuil. [laHo MatemaTHueckoe oOOCHOBaHHE METOJa,
HOSICHEHO MOCJIEI0BaTEIbHOCTD €0 MIPUMEHEHHUS.
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