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ABSTRACT - This paper presents the results of the Analysis of the Impact of relative humidity and mineral (accumulation mode, 
nonspherical) MIAN aerosol particles concentrations 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 mm, the concentrations of mineral (accumulation mode, nonspherical) MIAN were varied to obtain five different models. The 
Angstrom exponent (α), the turbidity (β), the curvature (α2), humidification factor (𝛾), the mean exponent of aerosol growth curve (µ) and the 
mean exponent of aerosol size distributions (u) were determined from the regression analysis of some standard equations. It was observed 
that the values of (α) are less than 1 throughout the five models at all RHs which signifies the dominance of coarse mode particles over fine 
mode particles. But the increase in the magnitude of (α) across the five models signifies the emergence of fine mode particles over the 
coarse mode particles. It was observed that the curvature (α2) has both negative signs (monomodal) and positive signs (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 
across the individual models. 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) increases across the five models, the magnitudes of (g) and (u) 
decreased, but the magnitude of both (g) and (u) decreased with the increase in wavelength for a given (µ) across the individual models). 
The mean exponent of aerosol size distribution (u) being less than 3 indicate foggy condition of the desert atmosphere. 

Index Terms: Extinction coefficient, Visibility Enhancement parameter, Hygroscopic growth, mean exponent of the aerosol size distribution, 
humidification factor, mean exponent of the aerosol growth curve 

——————————   u   —————————— 
 

1 INTRODUCTION 
tmospheric aerosols are known to change the climate 
transformation but they still constitute one of the largest 
uncertainties in climate change studies [1]. Aerosols 

change the Earth's climate directly by scattering or absorbing 
solar radiation and indirectly by modifying the cloud 
characteristics [2]. Mineral dust are mainly obtained from 
Desert which spread across the desert atmosphere [3]. There 
particles have serious effect on both regional and global 
climate through their interaction with solar and terrestrial 
radiation [4]. Desert aerosols particles exhibit hygroscopic 
growth due to chemical transformations and water uptake 
which occurred during long-range transport [1]. 
Atmospheric aerosols, which are defined as liquid or solid 
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particles suspended in a gas [5], are very tiny and usually 
can’t be seen by our eyes. Nevertheless, they have a serious 
influence on our health and global climate at large. Aerosols 
directly influence the Earth’s radiation budget by scattering 
and absorbing solar radiation [6]. In addition, anthropogenic 
aerosol particles modify cloud properties and changed 
precipitation behavior [7].  
Aerosol particles absorb water, as such they change in size 
and chemical composition depending on the ambient 
relative humidity (RH) and subsequently these affect the 
visibility[8], as such proper studies of the effects of varying 
the RHs on aerosols optical and microphysical properties are 
usually performed at standardized conditions to avoid 
under estimating the RH effect when characterizing the main 
aerosol properties [9]. However, knowledge of the impact of 
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varying the concentration of mineral accumulation mode 
and relative humidity on visibility is very crucial. 
Particles in the atmosphere arise from natural sources, such 
as windborne dust, sea spray, volcanoes, and from 
anthropogenic activities, such as combustion of fuels. 
Whereas an aerosol is technically defined as a suspension of 
fine solid or liquid particles in a gas [6], Mineral dust 
particles can travel long distances and coagulate with 
soluble sulphates, nitrates and other electrolytes transported 
over polluted desert atmosphere [10].  
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 00-99%. In OPAC 4.0, 
the desert aerosols are modeled using four compositions of 
aerosols as water soluble (WASO), Mineral transported 
(nuclei mode, nonspherical) MINN, mineral (coarse mode, 
nonspherical) MICN and mineral (accumulation mode, 
nonspherical) MIAN. From the four components of the 
aerosols, the MIAN concentration was varied. The data were 
analyzed using excel, SPSS, Origin and uses some standard 
formulae. 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 were determined.         

2.0 METHODOLOGY 
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 [11]. 
𝑉𝑖𝑠(𝜆) = !.#$%

&!"#(()
                                        (1) 

Meteorological range refers to the visual range of a black 
object seen against its surrounding [12]. The visual extinction 
coefficient 𝜎!"#(𝜆) is the measure of light scattering and 
absorbing properties of the atmosphere along the line of 
sight [13]. 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*+,(𝜆) = 𝛽𝜆-.     (2) 

where a and b are known as Angstrom parameters. The 
index α is the wavelength exponent or Angstrom coefficient 
and  b 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 [14],[15].  
Substituting equation (2) into (1), the following equation is 
obtained which is the variation of the visibility with 
wavelength. 
𝑉𝑖𝑠(𝜆) = !.#$%

/
𝜆.     (3) 

Equation (3) can also be written as 
𝑙𝑛 , 012$

!.#$%
- = −𝑙𝑛(𝛽) + 	𝛼	𝑙𝑛(	𝜆)    (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 [16]. 
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 [17],[21] 
𝑙𝑛 , 012$

!.#$%
- = −𝑙𝑛(𝛽) +	𝛼$𝑙𝑛(	𝜆) +		𝛼%2𝑙𝑛(	𝜆)3

%
 (5) 

Here, the coefficient a2 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 [22], [25]. 
Now, to determine the relationship between visibility and 
relative humidity, enhancement parameter is defined as [26]. 
𝑓(𝑅𝐻, 𝜆) = 012(34,()

012(3467,()
= 8 $-(34)

$-(3467)
9
-8

   (6) 

Now taking the natural log of both side we have 
𝑙𝑛 ,012(34,()

012(7,()
- = −	𝛾𝑙𝑛(1 − 𝑅𝐻)    (7) 

Also, g is given as (Tijjani, 2013) 
𝛾 = (9-$)

:
                                                                  (8) 

where 𝛾 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 
[18,28]. The use of 𝛾 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 [28], the 𝛾 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 [26]. 
Junge have demonstrated the need for using logarithmic 
range for the interpretation of the mean exponent of the 
aerosol size distributions [29]. Based on experimental obser-
vations, he proposed a power law size distribution function 
of the form;  

;<(=)
;(>?@=)

= 𝐶𝑟-A     (9) 
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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  [26] is given by 
𝑔(𝑅𝐻) = 	 =(34)

=(3467)
                 (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: 

𝑔*BB(𝑅𝐻) = 	?@𝑥1𝑔1!(𝑅𝐻)
1

B

$
!

																																						(11) 

where the summation is performed over all compounds 
present in the particles and 𝑥$						represents the respective 
volume fraction  of single aerosol particle concentration and 
𝑔$ is the hygroscopic growth of the 𝑖#& aerosol particles using 
the Zdanovskii-Stokes-Robinson relation [30], and i= 1,2,3,4.   
Now, the relationship between effective hygroscopic growth 
and RH is expressed as: 

𝑔*BB(𝑅𝐻) = 8 $-(34)
$-(3467)

9
-%&           (12) 

where µ is defined as the mean exponent of the aerosol 
growth curve constant as defined in equation (8) 
equation (12) can be written as: 
ln𝑔*BB(𝑅𝐻)= -$

:
ln	(1 − 𝑅𝐻)                 (13) 

Now, expressing 𝜐 (the mean exponent of the aerosol size 
distribution) in terms of µ and 𝛾 (the humidification factor) 
using equations (8) and (11) we have: 
n = gµ + 1              (14) 

3.0 Results and Discussions 

This section presents the results of the analyzed data 
extracted from OPAC 4.0 based on the models presented in 
table1 

 

Fig. 1 a graph of visibility against wavelength for Mian 
model 1 

From Fig. 1, 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 23.4km and 13.9km 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 [31]. 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 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 
(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 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 0 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 
and traces of fine mode particles. The fluctuations of the 
magnitudes of α2 with RH shows the non-linearity relation 
between particles size distribution and 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 3 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 
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visibility enhancement factor 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 𝛾 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 [29]. 

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, 
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.       

 

Fig. 2 a graph of visibility against wavelength for mian 
model 2 

From Fig. 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 the maximum and 
minimum values of 19.9km and 12.8km which 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 [31]. Since from equation (3) the visibility is the 
inverse of extinction, this implies that the visibility will be 
lower at shorter wavelengths. It can also be noted that the 
variation in the visibility at lower RHs (00-80) and higher 
wavelengths is very sharp but it is more pronounced at the 
higher RHs. 

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 50%RH to 99%RH but weakly 
correlated at 00%RH. 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 
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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 at 
RH of 99% it changed to positive and this indicates bimodal 
type of distribution with coarse mode particles as dominant and 
traces of fine mode particles. The fluctuations in α2 with RH 
shows the non-linearity relation between particles size 
distribution and 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 enhancement factor 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 𝛾 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 [29]. 

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 from the RHs of 00 to 99%, this 
implies that it is negatively skewed and this signifies that the 
particle size 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.       

 

Fig. 3 a graph of visibility against wavelength for mian 
model 3 

From Fig. 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 the maximum and 
minimum values of 17.2km and 11.75km which 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 [31]. Since from equation (3) the visibility is the 
inverse of extinction, this implies that the visibility will be 
lower at shorter wavelengths. It can also be noted that the 
variation in the visibility at lower RHs (00-80) and higher 
wavelengths is very sharp but it is more pronounced at the 
higher RHs.  

 

 

 

 

 

 

0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80
11

12

13

14

15

16

17

 VIS00     VIS50     VIS70     VIS80
 VIS90     VIS95     VIS98     VIS99

Vi
sib

ilit
y (

km
)

Wavelength (µm)

933

IJSER © 2021 
http://www.ijser.org

IJSER



INTERNATIONAL JOURNAL OF SCIENTIFIC & ENGINEERING RESEARCH, VOLUME 12, ISSUE 4, APRIL-2021                                                                                         
ISSN 2229-5518 
  

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 RH of 70% to 99% but poorly fitted 
from 00%RH to 50%RH. 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 result of the increase in RH 
and also due to coagulation and sedimentation. Considering the 
quadratic part, it can be seen that α2 is negative at all RHs except 
at 95% and 98%, and this shows monomodal distribution of 
coarse mode particles except at 95% and 98% which is bimodal 
distribution of coarse mode particles. The fluctuations in the 
magnitude of α2 with RH shows the non-linearity relation 
between particles size distribution and 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 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 that the 
visibility enhancement factor 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 𝛾 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 [29]. 

Table 10 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 at all RHs, 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.       

  

Fig. 4 a graph of visibility against wavelength for mian 
model 4 

From Fig. 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 the maximum and 
minimum values of 15.1km and 10.8km which shows the 
dominance of coarse mode particles with some traces of fine 
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mode particles. It should also be noted that fine mode particles 
scatter and absorb more solar radiation than the coarse mode 
particles [31]. Since from equation (3) the visibility is the 
inverse of extinction, this implies that the visibility will be 
lower at shorter wavelengths. It can also be noted that the 
variation in the visibility at lower RHs (00-90) and higher 
wavelengths is very sharp but it is more pronounced at the 
higher RHs. 

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 except at 50%RH, 70%RH and 80%RH. 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 result of the increase in RH and also due to coagulation and 
sedimentation. Considering the quadratic part, it can be seen 
that α2 is negative at all RHs except at 98%RH, and this shows 
monomodal distribution of coarse mode particles except at 
98%RH which indicates bimodal type of distribution with 
coarse mode particles as dominant and traces of fine mode 
particles. The fluctuations in α2 with RH shows the non-
linearity relation between particles size distribution and 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 enhancement factor 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 𝛾 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 [29]. 

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 from the RHs of 00 to 99%, 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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Fig. 5 a graph of visibility against wavelength for mian 
model 5 

From Fig. 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 the maximum and 
minimum values of 13.7km and 9.9km which 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 [31]. Since from equation (3) the visibility is the 
inverse of extinction, this implies that the visibility will be 
lower at shorter wavelengths. From the plot, it can also be noted 
that the change in visibility at higher RHs (95-99) is more 
pronounced that at the lower RHs. 

Table 14 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 14, it can be seen that the data fitted the equation 
models very well except at 70%. From the linear part, since α 
(angstrom exponent) is less than 1, this signifies the dominance 
of coarse mode particles. The increase and fluctuations 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 

all through the 8 RHs, and this shows monomodal distribution 
of coarse mode particles. The fluctuation in α2 with RH shows 
the non-linearity relation between particles size distribution and 
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 enhancement factor 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 𝛾 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 [29]. 

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 from the natural log of visibility 
of at all RHs (00 to 99%), 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 
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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.  

 

Fig. 6 plot of Visibility against Relative Humidity (RH%) at 
0.55µm spectral wavelength (green) and varrying MIAN 

concentrartion 

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

4.Summary 

From the models considered, it was observed that: 

I. the (α) angstrom exponent values are less than 1 
throughout and increased for models 1 and 2 with 
the increase in RHs and aerosols concentrations 
while it fluctuates for models 3,4 and 5 
respectively. 

II. The curvature (α2) is be observed to be 
monomodal type of distribution from 0-95% RH 
and bimodal distribution from 98-99% for model 
1, monomodal from 00-98%RH and bimodal at 
99%RH for model 2, monomodal (00-90 and at 
99%RH) and bimodal (95% and 98%RH) for 
model 3, monomodal (00-95 and 99%RH) and 
bimodal at 98%RH, monomodal type of coarse 
mode particles distribution from 00-99%RH for 
model 5. Hence it can be said that the visibility 
decreases with the increase in RH and the increase 
in the concentration of MIAN 

III. It can be observed that the turbidity coefficients 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 
g, 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 across 
the models ). It can also be observed that as the 
magnitude of the mean exponent of aerosol 
growth curve (µ) increased with the increase in 
particles concentration and the increase of 
wavelengths across the models, the magnitudes of 
the humidification factor (g) and the mean 
exponent of aerosol size distribution (𝑣) 
decreased 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.Conclusion 

So, it can be concluded that, the visibility decreases with 
the increase in RHs, increase in MIAN (particles 
concentration) and with the increase in wavelengths. The 
decrease of visibility with the increase in MIAN 
concentration signifies that smaller particles have greater 
impact in visibility degradation. Also, the fluctuations in 
the magnitude of the values of (α) across the models and at 
all RHs implied coarse mode particles with some traces of 
fine mode particles. The increase in the magnitude of the 
curvature across the models with increase in concentration 
signifies that fine mode particles are becoming dominance 
over the coarse mode particles. 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 (g) 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 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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