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Introduction: This method bases on spectral phase 

dependence analysis of the cloudless sky degree of 

linear polarization (DoLP). Some algorithms was been 

modified for this aim which were in use for giant plan-

ets atmospheres cloud particles parameters determina-

tion. One can recover the probable particles micro-

physical parameters for detected aerosol modes as well 

a specific weighting coefficients of every mode in the 

aerosol mixture. Test processing by proposed method 

the spectral polarimetric measurements data of sky in 

zenith over the Kyiv (Ukraine) was performed.  

Main part: The majority researches of altitudinal 

distribution and parameters of Earth atmospheric aero-

sol component are performed with photometric meas-

urements by lidars and solar photometers [1-5]. At the 

same time, the spectral photo-polarimetric measure-

ments data for Solar system planets are used success-

fully for aerosol parameters estimation in upper atmos-

pheric layers of celestial bodies [6-9]. Therefore, one 

may use the methods of skylight polarization analysis  

for the Earth atmospheric aerosols parameters recover-

ing [9-12]. 

Observed spectral DoLP value of solar light it pen-

etrated to the Earth atmosphere is determined by scat-

tering at gas molecules and on aerosol particles [13]. 

The dependence of molecular (Rayleigh) single scat-

tering DoLP )(' RP  
on phase angle   

 
is well known 

(blue stroke line at Fig.2). The DoLP of sunlight scat-

tered by aerosol particles ),,,( mPa   has a com-

plex phase dependence (the yellow stroke line and 

the green dotted line at Fig.2). It depends much on 

the wavelength  ; on the particles shape and nature 

(the value 
ir innm 
 
is the particle complex refrac-

tive index (CRI) and 
ir nn ,  are the real and the imagi-

nary components of CRI); on the kind and parameters 

of particles size distribution function (the effective  

radius a  and the dispersion 
2  as well as the Mie-

parameter  /2 a ) [13-15]. 

Spectral and phase DoLP dependence for the light 

scattered in atmosphere is given by formula: 

),( ))(1()()(),( '  aR PPP  ,           (1) 

where )(  is the spectral value of molecular scatter-

ing relative contribution: 

 )(/[)()]()(/[)()(  RRaRR  

              
)],( a          (2) 

where )( R
,
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 and )( a

,
 

)( a
 are the vol-

ume scattering coefficients and optical thicknesses of 

gas and aerosol components at the wavelength  [7]. 

One can calculate the value of )(calc
 at wavelength 

  by expression from [7,15] which was been modified 

to consider a multimode aerosol component of the 

atmosphere: 
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where )( ai  
is  the volume aerosol scattering coeffi-

cient at the wavelength   and 
ik  is  the weighting 

coefficient for i-th aerosol mode; N  is  the total num-

ber of aerosol modes in the mixture; )( 0 ai
, )( 0

 
are the corresponding values at wavelength 

0 . 

 One may calculate the ),( aP  value of two-mode 

aerosol component for atmospheric model by formula: 

 ),,,(),( 1111 raa nPkP 
 

              ),,,,( )1( 2221 ra nPk                        (4) 

where ),,,(
1101 ra nP   is the DoLP of aerosol mode 

1; ),,,(
2202 ra nP 

 
is the same for aerosol mode 2 and  

1k  is the mode 1 weighting coefficient. 

 Note that aerosol constituent ),( aP
 
in sky DoLP 

includes both the single scattering component and the 

fraction generated by multiple scattering. Value of the 

last is insignificant at long wavelengths, however it in-

creases noticeably at short wavelengths range [13,16]. 

Model limitations and assumptions: 

- The log-normal particle size distribution function is a 

most common for aerosols particles size distributions 

in the Earth atmosphere [17].  

- We assume a zero light absorption by the aerosols 

particles ( 0in ) and we neglect the dispersion of 
rn  

at the analyzed visual spectral band [16, 18, 19]. 

- We employ the homogeneous spherical aerosol parti-

cles model with using of Lorenz-Mie theory. 

- Thanks to numerous remote and contact soundings of 

aerosol particles properties in the Earth’s troposphere 

the ranges of most widespread values of their parame-

ters are well known [19]. So, we can perform the fit-

ting of the model aerosol parameters within these mar-

gins. 

The analysis method features: The main highlight 

of proposed method is the way for determining the 

)( values and the weighting coefficients of aerosol 

modes in total mixture. Also, criterias for assessing the 

additional aerosol fractions possible presence in the 
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studied atmospheric column were formulated. 

Set of special computer program codes to simulate 

the DoLP of light scattered by Earth's atmosphere in a 

physically acceptable range of aerosol parameters was 

been created in accordance to above mentioned atmos-

phere model limitations and assumptions .  

Calculations the DoLP values of model gas-aerosol 

mixture were performed using formulas (1) and (4). A 

closeness of agreement is determined by comparison 

sums of square deviations (SDS) between the model 

and measured DoLP dependences for all the phase 

angles. This algorithm was employed for aerosol pa-

rameters ))(ln(  , 
rn  

and 2  recovering as well as 

for )( and 
1k  values. The tabular spectral values of 

)( ' R  
and )( ' a

 for the Earth atmosphere (see e.g. 

[18]) one can use for calculate the value of )( 'tab  
by (2). The value of )( ' may be calculated by (3). 

Then the values of )( 'tab  
and )( ' may be com-

pared. 

The testing results: Trial testing of the method's 

algorithms was carried out when analyzing the 

measurements data of the sky DoLP at zenith above 

Kyiv [20]. Fig.1 shows the coarse-grained aerosol 

mode  parameters recovering. The aerosol fine-grained 

mode parameters were recovered analogously. 

 

  

  
Fig. 1. Dependences the SDS at all phase angles for 

model and experimental DoLP values on aerosol 

coarse-grained mode parameters changes (at λ = 578 

nm): a) )ln( ; b) rn ; c) 2 ; d)  . 

 

Fig. 2 shows the curves of DoLP phase dependenc-

es at wavelengths λ = 578 nm and λ = 390 nm. The 

dependences were constructed according to the meas-

urement data [20] and calculated separately for the gas 

component and for the two modes of aerosol compo-

nent as well as for the model atmospheric medium.  

Here are the aerosol parameters determined for a 

logarithmic-normal particles size distribution function 

with dispersion 1.02  : the coarse-mode with  

weighting coefficient 22.01 k , 45.11 rn  and the 

average geometric radius 7.601 r μm; the fine-mode  

with 45.12 rn  and 11.002 r μm.  

 
Fig. 2. Spectral phase dependences of skylight DoLP 

value (P) for the two-mode model of atmospheric 

aerosol component: 1 – measurements data [20]; 2 – 

Rayleigh component; 3– aerosol coarse-mode; 4 – 

aerosol fine-mode; 5 – model gas-aerosol mixture. 

Wavelength: a) λ = 578 nm; b) λ= 390 nm. 

 

Conclusion: An efficient practical method pro-

posed for feasible atmospheric aerosol parameters 

determination averaged over the whole atmospheric 

column.
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