
ФИЗИКА                                                         2006                                                       ЖИЛД XЫЫ№1-2 

 30

 
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: 

 

             ylmoozaer Reτττττ +++=∑ ,                  (1) 
 
where ylmoozaer Re,,, ττττ are  accordingly optical depths of 
aerosol, total ozone, gas molecules and Reyleigh scattering. 

In Langley method in order to calculate aerτ  we should 
use known, computed, or measured outside of UV band 
parameters lmooz ττ , and yReτ  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 aerλτ  is determined by Ongstrem 
formula 

                            α
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where C- parameter of Ongstrem; α - parameter related with 
Junge index n as follows: 

 

3−=nα . 
 
Taking derivative of equation (2) on λ we have following 

equation 
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The foregoing formula (4) is the basis of proposed 

differential method. The formula (4) is the transcendental 
equation in relation to parameter α, 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  λ, for given continuous interval 
α=αmin÷αmax. 

The crossing points of above curves with the horizontal 

line 
λ∆

τ∆ λ aery =  will give us needed values of α1, α2,…, αn. 

This process of solution of equation (5) is illustrated 
conditionally in fig. 1. 

It is obvious, that solution of equation (5) envisage 

presence of estimate of differential parameter 
λ∆

τ∆ λ aer . In 

order to calculate this parameter we use abovementioned 
three-wavelength method. 

 

 
Fig. 1. Schematic illustration of proposed method. 
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Now we describe in brief the basics of this method and 
the variant of its application for considered task. According 
to three-wavelength method we should carry out 
measurements in three-wavelength λ1, λ2, λ3 where  λ1 < λ2 < 
λ3. As a result we obtain parameters I1(λ1); I2(λ2) and I3(λ3) 
which accord to intensities of Solar irradiation at the Earth 
level in appropriate wavelengths. Then we should calculate 
following relative parameter z   
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where d=2±∆; ∆ - parameter which is regulated by computer. 

For further description of the method we use the Bouger – 
Beer formula, which in general may be written as 

 

       
[ ]1Re100

mmX aerySI ττµγωλ∆ ++−⋅⋅⋅= ,       (7) 
 
where S0- the solar irradiation flux at the level of upper 
border of the atmosphere; γ - optical absorption of ozone; µ - 
optical mass of ozone; X - total content of ozone; τRey - optical 
depth of Reyleigh scattering; m - optical mass of Reyleigh 
scattering; τaer  - optical depth of aerosol; m1 - optical mass of 
aerosol. 

Taking into considerations formulas (6) and (7) we have:
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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 
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The indication of meeting of the condition (9) is to be 

carried out by auto correlation analysis of parameter Z. The 
computer should regulate the value of d till achievement of 
maximal value of ratio of high frequency component of 
parameter Z, to the low frequency part because the aerosol 
has most variability among other components of atmosphere. 
After meeting the condition (9) the equation (8) will be 
transformed to following formula 
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Then assuming linear type of dependence of function 
( )λτ rea  in narrow band 31 λλ ÷  we have 
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From the equation (11) we obtain following formula 
 

            ( )
m

dm

rearea Sz
SS

nl
02

0301*
231 ⋅

⋅
=−

+

λλλ ττ .        (13) 

 
Taking into consideration the linear dependence of 
( )λτ rea  in the narrow band 31 λλ ÷   we have 
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Therefore, the considered combination of proposed 

differential method and three-wavelength method allows us 

to obtain estimates of differential parameter 
λ∆

τ∆ λ rea , which 

is necessary for calculation of parameter α and parameter n 
using formula (4). 

Summarizing the foregoing we can formulate the 
proposed method of calculation of atmospheric aerosol 
optical parameters (optical depth and Junge index) as follows. 

1. Carrying of three-waves measurements, in such regime, 
when ratio of high – frequency component of autocorrelation 
function of parameter Z to low frequency  part reaches its 
maximal value. 

2. Calculation of differential parameter 
λ∆

τ∆ λ rea  on the 

basis of data, obtained during realization of item 1. 
3. Carrying out of graphical solution of equation (5) 

shown in fig. 1. 
In conclusion we should stress out, that the proposed 

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 
method.
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АТМОСФЕРДЯКИ АЕРОЗОЛУН ЯСАС ОПТИК ПАРАМЕТРЛЯРИНИН  
УБ ДИАПАЗОНДА ТЯЙИН ЕДИЛМЯСИ ЦЧЦН ДИФФЕРЕНСИАЛ МЕТОД 

 
Гейд едилмишдир ки, мювжуд методлар атмосфердя аерозолун оптик сыхлыьыны УБ диапазонда дягиг тяйин етмяйя имкан 

вермирляр. УБ диапазонда атмосфердяки аерозолун оптик сыхлыьыны тяйин етмяк цчцн Ангстрем ганунуна вя яввялляр тяклиф едилмиш 
цч дальалы юлчмя методуна ясасланан дифференсиал метод тяклиф едилмишдир. Метод рийази жящятдян ясасландырылмыш, онун тятбиги 
ардыжыллыьы шярщ едилмишдир. 
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ДИФФЕРЕНЦИАЛЬНЫЙ МЕТОД ДЛЯ ОПРЕДЕЛЕНИЯ ОСНОВНЫХ ОПТИЧЕСКИХ ПАРАМЕТРОВ 

АЭРОЗОЛЯ АТМОСФЕРЫ В УФ ДИАПАЗОНЕ 
 
Отмечено, что существующие методы не позволяют точно определить оптическую плотность аэрозоля атмосферы в УФ 

диапазоне. Для определения оптической плотности аэрозоля атмосферы в УФ диапазоне предложен дифференциальный метод на 
основе закона Ангстрема и ранее предложенного трехволнового метода измерений. Дано математическое обоснование метода, 
пояснено последовательность его применения. 
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