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Abstract –This paper presents the results of the Analysis of the Impact of relative humidity and Mineral Coarse Mode Aerosols Particle Concentration on 

the visibility and particle size distribution of desert aerosols based on microphysical properties of desert aerosols. The microphysical properties (the 

extinction coefficients, volume mix ratios, dry mode radii and wet mode radii) were extracted from Optical Properties of Aerosols and Clouds (OPAC 4.0) 

at eight relative humidities (00 to 99%RH) and at the spectral range of 0.4-0.8 m. the concentrations of mineral coarse component (MINC) were varied 

to obtain five different models. The angstrom exponent (), the turbidity (), the curvature (2), humidification factor (), the mean exponent of aerosol 

growth curve (µ) and the mean exponent of aerosol size distributions (𝑣�) were determined from the regression analysis of some standard equations. It 

was observed that the values of () are less than 1 throughout the five models which signifies the dominance of coarse mode particles over fine mode 

particles. It was observed that the curvature (2) has both monomodal and bimodal types of distributions all through the five models and this signifies the 

dominance of coarse mode particles with some traces of fine mode particles. The visibility was observed to decrease with the increase in RH and 

increased with wavelength. The analysis further found that there is an inverse power law relationship between humidification factor, the mean exponent 

of the aerosol size distribution with the mean exponent of the aerosol growth curve (as the magnitude of (µ) decreases across the five models, the 

magnitudes of () and (𝑣�) increase, but the magnitude of both () and (𝑣�) increases for a given (µ) across the individual models). The mean exponent of 

aerosol size distribution (µ) being less than 3 indicate hazy condition of the desert atmosphere. 
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1 INTRODUCTION 

ropagation of mineral dust, electromagnetic radiation 
at infrared frequencies through the atmosphere is 
affected by absorption and scattering caused mostly by 

particulate matter (haze. dust, fog, and cloud droplets) 
suspended in the air [1]. Scattering and absorption by haze 
particles or aerosols becomes the dominant factor in the 
boundary layer near the earth's surface, especially under 
low visibility conditions [2]. Mineral dust particles in the 
atmosphere vary greatly in their size, concentration, 
formation, and also in their impact on climate at regional or 
global scale [3].  

Visibility is one of the most important parameter in the 
study of climate and air quality; it is one of the most 
efficient way to study the level of air pollution in the world 
[4]. visibility in climate study is defined as maximum 
distance at which a dark object can be seen against a light 
sky [5]. also, visibility is defined as the greatest horizontal 
distance at which a large object can be seen and recognized 
against its surrounding [6]. Change in visibility is related to 
significant scattering and absorption of solar radiation by 
suspended particles in the atmosphere [7]. The mineral 
coarse mode particles are emitted by both natural and 
anthropogenic sources such as dust storm, biomass 
burning, digging of soil through farming and irrigation, 
forest fire, vegetation, secondary inorganic salts, sea spray 
and the rising harmattan dust [8]. The aerosols produce 
may include mineral dust, smoke, organic matter, gas 
pollutant and airborne particles at different quantity in the 
atmosphere. Visibility can also be influenced by 
meteorological conditions such the relative humidity of an 
area.  

It is well know that one of the most critical challenges 
facing desert atmospheric research has to do with 
understanding the intricate links between the highly 
variable climate patterns and the increasing atmospheric 
aerosol loading trends being reported in many parts of the 
world [4]. Varying concentrations and composition of 
atmospheric aerosol particles immensely influence the 
global climate system in a number of ways especially due to 
aerosol radiative and microphysical properties [6]. 
However, the potential impact of varying the mineral 
coarse mode aerosols concentrations and change in relative 
humidity on the visibility of the desert atmosphere have 
been understudied.   

Mineral dust can greatly affect visibility, climate, 
biogeochemical processes, atmospheric process and 
possibly human health [9]. The magnitude of the impact of 
dust depends on particle size [7]. other studies [5], [9], [10], 
said that dust aerosol is recognized as the principle 
pollutant that causes low visibility in many parts of the 
world [11]. This is due to the position of the regions where 

dust aerosols are being transported regularly from Sahara 
desert [12]. 

In this paper the extinction coefficients, volume mix ratios, 
dry mode radii and wet mode radii of desert aerosols were 
extracted from OPAC (4.0) at the spectral wavelength of 0.4 
to 0.8μm, and at relative humidities of 0, 50, 70, 80, 90, 95, 
98 and 99%. From the four components of the aerosols, 
(WASO, MINN, MIAN MICN) the mineral (coarse mode, 
nonspherical) MICN was varied. The parameters were 
analyzed using excel, SPSS, Origin and some standard 
formulae and determined the effective hygroscopic growth, 
humidification factor, visibility enhancement parameter, 
visibility, the mean exponent of aerosol growth curve and 
the mean exponent of aerosol size distribution.  

2 METHODOLOGY 

The table 1 shows the models components of the 
compositions of the desert aerosols used to determine the 
extinction coefficients of the mixture. 

Table1:  The models used in the simulations of the desert 
aerosols. 

An objective measure of visibility is the standard visual range or 

meteorological range [13]. 

   ( )  
     

    ( )
                                               (1) 

Meteorological range refers to the visual range of a black 
object seen against its surrounding [14]. The visual 
extinction coefficient 𝜎   ( ) is the measure of light 
scattering and absorbing properties of the atmosphere 
along the line of sight [15]. To determine the visibility using 
the extracted extinction coefficient, the variation of the 
extinction coefficient with wavelength was determined 
using the inverse power law of extinction coefficient as; 

𝜎   ( )    
       (2) 

where  and  are known as Angstrom parameters. The 
index α is the wavelength exponent or Angstrom coefficient 

and   is the turbidity coefficient representing the amount 
of aerosols present in the atmosphere in the vertical 
direction or the total aerosol loading in the atmosphere 
[13,14].  

P 
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Substituting equation (2) into (1), the following equation is 
obtained which is the variation of the visibility with 
wavelength. 

   ( )  
     

 
                  (3) 

Equation (3) can also be written as 

  (
    

     
)     ( )  � �  (� )    (4) 

To obtain α (slope) and β (intercept) a regression analysis 
was performed using an expression derived from the 
Kaufman (1993) representation of the equation [18]. 

However, The Angstrom exponent itself varies with 
wavelength, and a more precise empirical relationship 
between visibility and wavelength is obtained with a 2nd-
order polynomial [9,16,19] 

  (
    

     
)     ( )  �    (� )  ��  (  (� ))

 
  (5) 

Here, the coefficient 2 accounts for a ―curvature‖ often 
observed in the sun photometry measurements. Some 
authors have noted that the curvature is also an indicator of 
the aerosol particle size, with negative curvature indicating 
aerosol size distributions dominated by the fine mode and 
positive curvature indicating size distributions with a 
significant coarse mode contribution [20,23]. 

Now, to determine the relationship between visibility and 
relative humidity, enhancement parameter is defined as 
[28]. 

 (    )  
   (    )

   (      )
 *

  (  )

  (    )
+
  

   (6) 

Now taking the natural log of both side we have 

  (
   (    )

   (   )
)   �   (    )   (7) 

Also,  is given as (Tijjani, 2013) 

  
(   )

 
           (8) 

Where   is the humidification factor representing the 
dependence of visibility on RH, It arises from the change in 
the particle size and refractive indices upon humidification 
[9,24]. The use of   has an advantage of describing the 
hygroscopic behavior of visibility in a linear manner over a 
broad range of RH values, and also implies that particles 
are deliquesced [30], the   parameter is dimensionless, and 
it increases with increase in particle water uptake [9]. µ is 
defined as the mean exponent of the aerosol growth curve 

constant,���𝜐���as the mean exponent of the aerosol size 
distribution [28]. 

Junge, (1958) have demonstrated the need for using 
logarithmic range for the interpretation of the mean 
exponent of the aerosol size distributions [31]. Based on 
experimental observations, he proposed a power law size 
distribution function of the form;  

  ( )

 (    )
          (9) 

Where dn(r) is the number of particles with radii between r 
and r+dr, C is constant depending on the number of 
particles in one cubic centimeter and the exponent 𝜐 
determines the mean exponent of aerosol size distribution. 
As 𝜐 values decrease the number of larger particles 
increases compared to smaller particles [24]. 

Now, the hygroscopic growth g(RH) experienced by a 
single aerosol particle according to  [28] is given by 

 (  )  �
 (  )

 (    )
     (10) 

where r(RH) is the radius at RH% and r(RH=o) is the radius 
at 0%RH. 

Now, the effective hygroscopic growth of the four 
components of the aerosols is given as: 

    (  )  �(∑    
 (  )

 

)

 
 

�����������������������������������������������������(  ) 

where the summation is performed over all compounds 
present in the particles and   ������represents the respective 
volume fraction  of single aerosol particle concentration 
and    is the hygroscopic growth of the     aerosol particles 
using the Zdanovskii-Stokes-Robinson relation [32], and i= 
1,2,3,4.   

Now, expressing the effective hygroscopic growth in terms 
of relative humidity we have: 

    (  )  *
  (  )

  (    )
+
 
 

 
                               (12) 

where µ is defined as the mean exponent of the aerosol 
growth curve constant as defined in equation (8) 

taking the natural log of both side we have: 

lngeff (RH)= -
 

 
  �(    )             (13) 
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Now, expressing 𝜐 (the mean exponent of the aerosol size 
distribution) in terms of µ and   (the humidification factor) 
using equations (8) and (12) we have: 

                 (14) 

3 RESULTS AND DISCUSSION 
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Figure 1 a graph of visibility against wavelength for micn 
model 1 

From fig. 1, it can be observed that the visibility increased 
with the increase in wavelength, and decreases with the 
increase in relative humidity (RH). It can also be observed 
that the visibility is lower at shorter wavelengths with 
maximum and minimum values of 28.1km and 15.89km 
respectively. This shows the dominance of coarse mode 
particles with some traces of fine mode particles. It should 
also be noted that fine mode particles scatter and absorb 
more solar radiation than the coarse mode particles [33]. 
Since from equation (3) the visibility is the inverse of 
extinction, this implies that the visibility will be lower at 
shorter wavelengths. The change in visibility is more 
pronounced from 80%RH to 99%RH and at higher 
wavelengths. 

 

 

 

 

 

 

Table 2 Results of the regression analysis of equations (4) 
and (5) for visibility using SPSS. 

By observing the R2 values from both the linear and 
quadratic part of Table 2, it can be seen that the data fitted 
the equation models very well. From the linear part, since α 
is less than 1, this signifies the dominance of coarse mode 
particles over fine mode particles. The increase of α with 
RH shows that coarse mode particles are being reduced 
from the atmosphere more than fine mode particles due to 
coagulation and sedimentation. Considering the quadratic 
part, it can be seen that α2 is negative from 00% to 98%RH, 
and this shows monomodal distribution of coarse mode 
particles with very large traces of fine mode particles. It can 
also be observed from the quadratic part that α2 is positive 
at 99%RH, which signifies bimodal type of distribution 
with coarse mode particles as dominance over coarse mode 
particles. The fluctuation in the magnitude of α2 with RH 
shows the non-linearity relation between particles size 
distribution, RH and also with the physically mixed 
aerosols. the increase in turbidity coefficient β with RH also 
signifies decrease in visibility with increase in RH.  

Table 3 the result of the analysis of equations (7), (13) and 
(14) using SPSS 

By observing the values of R2, it can be said that the data 
fitted the equation models very well. Equation (6) shows 
that the visibility satisfies the inverse power law with (1-
RH). The decrease of humidification factor with the 
increase in wavelength also shows that the visibility 
increases with the increase in wavelength. Equation (12) 
shows that the hygroscopic growth has also satisfied the 
inverse power relation with (1-RH) and the reciprocal of 
mean exponent of aerosol growth curve. It can also be said 
that for a fixed value of mean exponent of the aerosol 
growth curve µ, the humidification factor   decreases with 
the increase in wavelength, this also shows that the 
visibility increases with the increase in wavelength (as the 
particles size decreases) i.e it satisfies the inverse power law 
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of equation (6) and decreases with an increase in RH. Based 
on equation (9). the mean exponent of the aerosol size 
distribution (𝑣�) also decrease with the increase in 
wavelength which  shows that the number of larger 
particles increase compared to smaller particles and this  is 
due to major coagulation amount caused by the increase in 
number of  fine mode particles and consequently the tiny 
particles coagulate more than the larger particles as said by 
(Junge 1958) and [34]. It can also be noted from the values 
of (𝑣�) that the average atmospheric condition of the area is 
foggy [31]. 

Table 4 the results of the analysis of skewness and kurtosis 
using SPSS. 

From Table 4, the behaviors and changes of particles size 
distribution are displayed in terms of vertical behavior 
(kurtosis) and horizontal behavior (skewness). From 
skewness, it can be seen that it is negative all through, this 
implies that it is negatively skewed and this signifies that 
the particle distribution is dominated by coarse mode 
particles. From the kurtosis, it can be observed that it is also 
negative all through. Which signifies that it is platykurtic, 
and the average vertical size distribution of the particles is 
below normal size distribution. The fluctuations in the 
values of the values of skewness and kurtosis maybe due to 
the nonlinear relation between the particles size 
distribution with RH and the physically mixed aerosols.       
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Figure 2 plot of visibility against wavelength for micn model 2 

From figure 2, it can be observed that the visibility 
increases with the increase in wavelength, and decreases 
with the increase in relative humidity (RH). It can also be 
observed that the visibility is lower at shorter wavelengths 
with maximum and minimum values of 27.9km and 

16.89km respectively. This shows the dominance of coarse 
mode particles with some traces of fine mode particles. It 
should also be noted that fine mode particles scatter and 
absorb more solar radiation than the coarse mode particles 
[33]. Since from equation (3) the visibility is the inverse of 
extinction, this implies that the visibility will be lower at 
shorter wavelengths. The change in visibility is more 
pronounced from 90%RH to 99%RH. 

Table 5 Results of the regression analysis of equations (4) 
and (5) for visibility using SPSS. 

By observing the R2 values from both the linear and 
quadratic part of Table 5, it can be seen that the data fitted 
the equation models very well. From the linear part, since α 
(angstrom exponent) is less than 1, this signifies the 
dominance of coarse mode particles. The increase of α with 
RH shows that coarse mode particles are being reduced 
from the atmosphere more than fine mode particles due to 
coagulation and sedimentation. Considering the quadratic 
part, it can be seen that α2 is negative from RH of 0 to 98%, 
and this shows monomodal distribution of coarse mode 
particles. But it changed to positive at 99%RH which 
signifies that it is bimodal type of distribution with coarse 
mode particles as dominant and traces of fine mode 
particles. The fluctuations of the magnitudes of α2 with RH 
shows the non-linearity relation between particles size 
distribution, RH and also with the physically mixed 
aerosols. The increase in turbidity coefficient β with RH 
signifies decrease in visibility with increase in RH.  

Table 6 the result of the analysis of equations (8) and (12) 
using SPSS. 

By observing the values of R2, it can be said that the data fitted the 

equation models very well. Equation (6) shows that the 
visibility satisfies the inverse power law with (1-RH). The 
decrease of humidification factor with wavelength also 
shows that the visibility increases with the increase in 
wavelength. Equation (12) shows that the hygroscopic 
growth has satisfied the inverse power relation also with (1-
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RH) and the reciprocal of mean exponent of aerosol growth 
curve. It can also be said that for a fixed value of mean 
exponent of the aerosol growth curve µ, the humidification 
factor   decreases with the increase in wavelength, this also 
shows that the visibility increases with the increase in 
wavelength (as the particles size decreases) i.e it satisfies 
the inverse power law of equation (6) and decreases with 
an increase in RH. Based on equation (9), the mean 
exponent of the aerosol size distribution (𝑣�) decrease with 
wavelength which  shows that the number of larger 
particles increase compared to smaller particles and this  is 
due to major coagulation amount caused by the increase in 
number of  fine mode particles and consequently the tiny 
particles coagulate more than the larger particles as said by 
[29,32]. It can also be noted from the values of (𝑣�) that the 
average atmospheric condition of the area is foggy [31]. 

Table 7 the results of the analysis of skewness and kurtosis 
using SPSS. 

From Table 4, the behaviors and changes of particles size 
distribution are displayed in terms of vertical behavior 
(kurtosis) and horizontal behavior (skewness). From 
skewness, it can be seen that it is negative all through, this 
implies that it is negatively skewed and this signifies that 
the particle distribution is dominated by coarse mode 
particles. From the kurtosis, it can be observed that it is also 
negative all through, and this shows that it is platykurtic, 
and the average vertical size distribution of the particles is 
below normal size distribution. The fluctuations in the 
values of the values of skewness and kurtosis maybe due to 
the nonlinear relation between the particles size 
distribution with RH and the physically mixed aerosols.       
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Figure 3 a graph of visibility against wavelength for micn 
model 3 

From figure 3, it can be observed that the visibility 
increases with the increase in wavelength, and decreases 
with the increase in relative humidity (RH). It can also be 
observed that the visibility is lower at shorter wavelengths 
with maximum and minimum values of 26.5km and 14.3km 
respectively. This shows the dominance of coarse mode 
particles with some traces of fine mode particles. It should 
also be noted that fine mode particles scatter and absorb 
more solar radiation than the coarse mode particles [33]. 
Since from equation (3) the visibility is the inverse of 
extinction, this implies that the visibility will be lower at 
shorter wavelengths. The change in visibility is more 
pronounced from 80%RH to 99%RH. 

Table 8 Results of the regression analysis of equations (4) 
and (5) for visibility using SPSS. 

By observing the R2 values from both the linear and 
quadratic part of Table 8, it can be seen that the data fitted 
the equation models very well. From the linear part, since α 
(angstrom exponent) is less than 1, this signifies the 
dominance of coarse mode particles over fine mode 
particles. The increase of α with RH shows that coarse 
mode particles are being reduced from the atmosphere 
more than fine mode particles as a result of the increase in 
RH due to coagulation and sedimentation. Considering the 
quadratic part, it can be seen that α2 is negative from RH of 
00 to 95%, and this shows monomodal distribution of 
coarse mode particles. But from the RH of 98% to 99% it 
changed to positive and this indicates bimodal type of 
distribution with coarse mode particles as dominant with 
some traces of fine mode particles. The fluctuations of the 
magnitudes of α2 with RH shows the non-linearity relation 
between particles size distribution, RH and the physically 
mixed aerosols. The increase in turbidity coefficient β with 
RH signifies decrease in visibility with increase in RH.  

Table 9 the result of the analysis of equations (8) and (12) 
using SPSS. 

By observing the values of R2, it can be said that the data 
fitted the equation models very well. Equation (6) shows 
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that the visibility satisfies the inverse power law with (1-
RH). The decrease of humidification factor with 
wavelength also shows that the visibility increases with the 
increase in wavelength. Equation (12) shows that the 
hygroscopic growth has satisfied the inverse power relation 
also with (1-RH) and the reciprocal of mean exponent of 
aerosol growth curve. It can also be said that for a fixed 
value of mean exponent of the aerosol growth curve µ, the 
humidification factor   decreases with the increase in 
wavelength, this also shows that as the particles size 
decreases, the visibility increased with the increase in 
wavelength i.e it satisfies the inverse power law of equation 
(6). Based on equation (9), the mean exponent of the aerosol 
size distribution (𝑣�) decrease with the increase in 
wavelength, which  shows that the number of larger 
particles increase compared to smaller particles and this  is 
due to major coagulation amount caused by the increase in 
number of  fine mode particles and consequently the tiny 
particles coagulate more than the larger particles as said by 
[29,32]. It can also be noted from the values of (𝑣�) that the 
average atmospheric condition of the area is foggy [31]. 

Table 10 the results of the analysis of skewness and kurtosis 
using SPSS. 

From Table 10, the behaviors and changes of particles size 
distribution are displayed in terms of vertical behavior 
(kurtosis) and horizontal behavior (skewness). From 
skewness, it can be seen that it is negative all through, this 
implies that it is negatively skewed and this signifies that 
the particle distribution is dominated by coarse mode 
particles. From the kurtosis, it can be observed that it is also 
negative all through, and this shows that it is platykurtic, 
and the average vertical size distribution of the particles is 
below normal size distribution. The fluctuations in the 
values of the values of skewness and kurtosis maybe due to 
the nonlinear relation between the particles size 
distribution with RH and the physically mixed aerosols.  
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Figure 4 a graph of visibility against wavelength for micn 
model 4 

From figure 4, it can be observed that the visibility 
increases with the increase in wavelength, and decreases 
with the increase in relative humidity (RH). It can also be 
observed that the visibility is lower at shorter wavelengths 
with maximum and minimum values of 27.4km and 15.5km 
respectively. This shows the dominance of coarse mode 
particles with some traces of fine mode particles. It should 
also be noted that fine mode particles scatter and absorb 
more solar radiation than the coarse mode particles [33]. 
Since from equation (3) the visibility is the inverse of 
extinction, this implies that the visibility will be lower at 
shorter wavelengths. The change in visibility is more 
pronounced from 90%RH to 99%RH. 

Table 11 Results of the regression analysis of equations (4) 
and (5) for visibility using SPSS. 

By observing the R2 values from both the linear and 
quadratic part of Table 11, it can be seen that the data fitted 
the equation models very well. From the linear part, since α 
(angstrom exponent) is less than 1, this signifies the 
dominance of coarse mode particles with some traces of 
fine mode particles. The increase of α with RH shows that 
coarse mode particles are being reduced from the 
atmosphere more than fine mode particles as a result of the 
increase in RH due to coagulation and sedimentation. 
Considering the quadratic part, it can be seen that α2 is 
negative from RH of 80 to 95%, and this shows monomodal 
distribution of coarse mode particles. It can also be 
observed that α2 is positive from the RH of 00% to 70% and 
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98 to 99%RH which signifies bimodal type of distribution 
with coarse mode particles as dominant with some traces of 
fine mode particles. The fluctuations of the magnitudes of 
α2 with RH shows the non-linearity relation between 
particles size distribution, RH and also with the physically 
mixed aerosols. The increase in turbidity coefficient β with 
RH signifies decrease in visibility with increase in RH.  

Table 12 the result of the analysis of equations (8) and (12) 
using SPSS. 

By observing the values of R2, it can be said that the data 
fitted the equation models very well. Equation (6) shows 
that the visibility satisfies the inverse power law with (1-
RH). The decrease in the magnitude of the humidification 
factor with wavelength also shows that the visibility 
increases with the increase in wavelength. Equation (12) 
shows that the hygroscopic growth has satisfied the inverse 
power relation also with (1-RH) and the reciprocal of mean 
exponent of aerosol growth curve. It can also be said that 
for a fixed value of mean exponent of the aerosol growth 
curve µ, the humidification factor   decreases with the 
increase in wavelength, this also shows that as the particles 
size decreases, which further signifies that the visibility 
increased with the increase in wavelength, i.e it satisfies the 
inverse power law of equation (6). Based on equation (9), 
the mean exponent of the aerosol size distribution (𝑣�) 
decrease with the increase in wavelength, which  shows 
that the number of larger particles increase compared to 
smaller particles and this  is due to major coagulation 
amount caused by the increase in number of  fine mode 
particles and consequently the tiny particles coagulate more 
than the larger particles as said by [29,32]. It can also be 
noted from the values of (𝑣�) that the average atmospheric 
condition of the area is foggy [31]. 

Table 13 the results of the analysis of skewness and kurtosis 
using SPSS. 

From Table 13, the behaviors and changes of particles size 
distribution are displayed in terms of vertical behavior 
(kurtosis) and horizontal behavior (skewness). From 
skewness, it can be seen that it is negative all through, this 
implies that it is negatively skewed and this signifies that 
the particle distribution is dominated by coarse mode 
particles. From the kurtosis, it can be observed that it is also 
negative all through, and this shows that it is platykurtic, 

and the average vertical size distribution of the particles is 
below normal size distribution. The fluctuations in the 
values of the values of skewness and kurtosis maybe due to 
the nonlinear relation between the particles size 
distribution with RH and the physically mixed aerosols.       
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Figure 5 a graph of visibility against wavelength for micn model 5 

From figure 5, it can be observed that the visibility 
increases with the increase in wavelength, and decreases 
with the increase in relative humidity (RH). It can also be 
observed that the visibility is lower at shorter wavelengths 
with maximum and minimum values of about 27.1km and 
15.2km respectively. This shows the dominance of coarse 
mode particles with some traces of fine mode particles. It 
should also be noted that fine mode particles scatter and 
absorb more solar radiation than the coarse mode particles 
[33]. Since from equation (3) the visibility is the inverse of 
extinction, this implies that the visibility will be lower at 
shorter wavelengths. The change in visibility is more 
pronounced from 80%RH to 99%RH. 

 

 

Table 14 Results of the regression analysis of equations (4) 
and (5) for visibility using SPSS. 

Observing the R2 values from both the linear and quadratic 
part of Table 14, it can be seen that the data fitted the 
equation models very well. From the linear part, since α 
(angstrom exponent) is less than 1, this signifies the 
dominance of coarse mode particles. The increase of α with 
RH shows that coarse mode particles are being reduced 
from the atmosphere more than fine mode particles as a 
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result of the increase in RH due to coagulation and 
sedimentation. Considering the quadratic part, it can be 
seen that α2 is negative (monomodal distribution of coarse 
mode particles) all through except at 95% and 99%RH 
which are positive (bimodal type of distribution with 
coarse mode particles as dominant and traces of fine mode 
particles) respectively. The fluctuations of the magnitudes 
of α2 with RH shows the non-linearity relation between 
particles size distribution, RH and also with the physically 
mixed aerosols. The increase in turbidity coefficient β with 
RH signifies decrease in visibility with increase in RH.  

Table 15 the result of the analysis of equations (8) and (12) 
using SPSS. 

By observing the values of R2, it can be said that the data 
fitted the equation models very well. Equation (6) shows 
that the visibility satisfies the inverse power law with (1-
RH). The decrease in the magnitude of the humidification 
factor with wavelength also shows that the visibility 
increases with the increase in wavelength. Equation (12) 
shows that the hygroscopic growth has satisfied the inverse 
power relation also with (1-RH) and the reciprocal of mean 
exponent of aerosol growth curve. It can also be said that 
for a fixed value of mean exponent of the aerosol growth 
curve µ, the humidification factor   decreases with the 
increase in wavelength, this also shows that as the particles 
size decreases, which further signifies that the visibility 
increased with the increase in wavelength, i.e it satisfies the 
inverse power law of equation (6). Based on equation (9), 
the mean exponent of the aerosol size distribution (𝑣�) 
decrease with the increase in wavelength, which  shows 
that the number of larger particles increase compared to 
smaller particles and this  is due to major coagulation 
amount caused by the increase in number of  fine mode 
particles and consequently the tiny particles coagulate more 
than the larger particles as said by [29,32]. It can also be 
noted from the values of (𝑣�) that the average atmospheric 
condition of the area is foggy [31]. 

Table 16 the results of the analysis of skewness and kurtosis 
using SPSS. 

From Table 16, the behaviors and changes of particles size 
distribution are displayed in terms of vertical behavior 
(kurtosis) and horizontal behavior (skewness). From 

skewness, it can be seen that it is negative all through, this 
implies that it is negatively skewed and this signifies that 
the particle distribution is dominated by coarse mode 
particles. From the kurtosis, it can be observed that it is also 
negative all through, and this shows that it is platykurtic, 
and the average vertical size distribution of the particles is 
below normal size distribution. The fluctuations in the 
values of the values of skewness and kurtosis maybe due to 
the nonlinear relation between the particles size 
distribution with RH and the physically mixed aerosols.       
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Figure 6 plot of Visibility against Relative Humidity (RH%) 
at 0.55µm spectral wavelength (green) and varrying MICN 

concentrartion 

It can be observed from fig. 6 that the visibility decrease 
with the increase in MICN concentrations and also 
decresease with the increase in RH across the five models. 

4 Summary 

From the models considered (1-5), it was observed that  

I. the (α) angstrom exponent values are less than 1 
throughout and decreased with the increase in RHs 
and aerosols concentrations except for model5. 

II. The curvature (α2) is observed to be both monomodal 
and bimodal type of distribution at all the RHs, and the 
magnitude fluctuate across the models. 

III. It can be observed that the turbidity coefficient β 
increase with the increase in RH across all the models, 
this implies that the visibility decreases with the 
increase in RH. 

IV. Based on the results of the analysis of equations (6), (9), 
(12) and the plots of visibility against the wavelengths, 
it can be observed that there is an inverse relation 

between the humidification factor , the mean exponent 
of the aerosol size distribution 𝑣� with the particles 
concentration (i.e as the magnitudes of the 
humidification factor and the mean exponent of aerosol 
size distribution increase with the increase in the 
concentration of the particles and the increase in 
wavelengths across the models, the visibility decreases 
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across the models ). It can also be observed that as the 
magnitude of the mean exponent of aerosol growth 
curve (µ) increase with the increase in particles 
concentration and the increase of wavelengths across 
the models, the magnitudes of the humidification 

factor () and the mean exponent of aerosol size 
distribution (𝑣�) also increase with the increase across 
the models. 

V. It can be observed that there are fluctuations in the 
magnitude of the skewness and kurtosis across the 
studied models. This may be due to the nonlinear 
relationship between the particle size distribution and 
the physically mixed aerosols with RH. 

5.0 Conclusion 

So, it can be concluded that, the visibility decreases with the 
increase in RHs, increase in MICN (particles concentration) 
and with the increase in wavelengths. Also, the decrease in 
the magnitude of the values of (α) across the models 
(except for model 5) and at all RHs implied coarse mode 
particles are being removed from the atmosphere due to 
major coagulation and sedimentation. the fluctuations of 
(α2) as a result of the change in RHs and particle 
concentrations signifies nonlinear relationship between 
RHs and the physically mixed aerosols. It can also be 
concluded that the visibility decreased with the increase in 

the magnitudes of both the humidification factor () and the 
mean exponent of aerosol size distribution (𝑣�). there is a 
direct relationship between the mean exponent of aerosol 
size distribution, the humidification factor and with the 
mean exponent of aerosol growth curve. Additionally, the 
fluctuations in the magnitude of skewness and kurtosis also 
signifies that there is dominance of coarse mode particles 
with some traces of fine mode particles across the models 
and that the relationship between the particles size 
distribution, RHs with the physically mixed aerosols is 
nonlinear. 
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