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ABSTRACT 
In this paper, the optical properties of continental polluted aerosols were extracted from optical properties of Aerosols 

and cloud (OPAC) software at a spectral range of (0.24-0.80)µm ultraviolet to visible region and at eight relative 

humidity (0%,50%,70%,80%,90%,95%,98% &99%) to determine the effect of water insoluble component. The data 

were obtained by varying default concentration number of water insoluble component in the simulation software 

(OPAC). The optical parameters extracted were used to calculate the radiative forcing by the approach of Chylek and 

Wong, the Angstrom exponent (α), turbidity (β) and curvature (α2) using regression analysis. From the results obtained 

it was observed that α which determined the particle size distribution is greater than 1.0 at (0%-95%) RHs and it 

signifies that fine accumulation mode is the most dominant but at deliquescence points (98%-99%) RHs α is less than 

1.0 and this show the present of coarse mode. The curvature α2 which gives additional information of particle mode 

distributions was negative at all RHs indicating the dominance of fine mode particles. The optical depth of the 

atmospheric aerosols were determined for each model and analyzed graphically, the results have shown the clear 

decrease in size with increase in wavelength, but increases with increase in RHs. The turbidity β increase with 

increases in concentration number of water insoluble signifies the increases in aerosol loading which show decrease 

in visibility of the atmosphere. The analysis further shows that these aerosols have monomodal type of particle 

distributions. 
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1.0 INTRODUCTION 

Aerosol science returned to prominence in the 

last decade due to clear evidence of 

anthropogenic impacts and the important role of 

aerosols in the radiative forcing of climate. (Pan 

et al., 2009).  

 

The climatic and environmental effects of 

atmospheric aerosols are the critical issues in 

global science community because aerosols, 

derived from natural and anthropogenic emission 

sources, are well known to affect the air quality, 

human health, and radiation budget (IPCC, 

2007).  

 

Uncertainty in quantifying the climatic impacts of 

aerosols continues to be greater than that of 

greenhouse gases due to variety of their sources, 

varying trends in aerosol loading and extreme 

heterogeneity in the spatial and temporal 

variability of their optical and microphysical 

properties (Smirnov et al. 2002). The interplay 

between water vapor and aerosol particles has 

gained great attention over recent decades due to 

the key roles it plays in air quality and climate 

change. To date, some scientific issues, such as 

particle hygroscopicity and its effect on the 

optical properties of aerosol and CCN activation, 

are relatively well recognized (Zhijun et al., 

2018). 

 

Therefore, the accurate assessment of the aerosol 

impact on radiative transfer is a complex task, 

since various aerosol types cause different effects 

on the solar radiation spectral distribution. Thus, 

detailed knowledge of the optical properties of 

the key aerosol types is highly essential (Kumar 

et al.2014).  
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Aerosols directly affect the Earth’s radiation 

balance by scattering and absorbing radiation 

within the atmosphere. Enhanced backscattering 

of solar radiation due to increasing aerosol 

concentrations has an atmospheric cooling effect 

that can rival atmospheric warming due to 

greenhouse gases. Aerosols, acting as cloud 

condensation nuclei, indirectly alter the 

microphysical and optical properties of clouds, 

enhancing cloud albedo, increasing cloud lifetime 

and thereby suppressing precipitation (Mulcahy 

et al., 2009). 

 

The water insoluble part of aerosol particles 

consists mostly of soil particles with a certain 

amount of organic material (Hess et al., 1998). 

Numerous studies have investigated the 

relationship between aerosol scattering and 

relative humidity RH in terms of Radiative 

forcing and Angstrom coefficients.  

 The effective hygroscopic growths and effective 

radii were parameterized and the modified Kholer 

equation was used to determine water activities, 

kelvin effects and humidification factors. It was 

observed that the data fitted the models very well. 

The results show that the growth factor and 

effective radii increases with increase in RH and 

are more pronounced at 90-99% RHs, the water 

activities is more dominant than the kelvin effect 

in all types of models (Muhammad, 2017). The 

Angstrom exponent and turbidity of water soluble 

components in the radiative forcing of urban 

aerosols was performed and the analysis of RF, 

AOD and g verify that the water soluble 

components of urban aerosols reflect cooling 

effect, the α and α show that earth’s atmosphere 

is composed of both fine and coarse mode 

particles in which fine mode particles in 

dominant in the urban region (Bala, 2017). The 

aim of this paper is to model the effect of varying 

concentration number of water insoluble 

components on the radiative forcing of 

Continental polluted aerosols on three 

components of aerosols extracted from OPAC 4.0 

software package at eight relative humidities of 

(0%, 50%,70%,80%,90%, 95%,98% and 99%), 

and at spectral range of (0.25 - 0.80µm) to 

determine radiative forcing as well as Angstrom 

coefficients. 

 

2.0 MATERIALS AND METHOD 

The data used for continental polluted aerosols 

shown in Table 1: were extracted from the optical 

properties of aerosols and clouds (OPAC) 4.0 

dataset. Mixtures of three components were used 

to describe continental average. They are:  water  

 

 

soluble components, consist of scattering 

aerosols, which are hygroscopic in nature, such as 

sulfates and nitrates present in anthropogenic 

pollution, while water insoluble and soot are 

considered not soluble in water and therefore the 

particles are assumed not to grow with increasing 

relative humidity. 

 

 

Table 1; given describes the concentrations of continental polluted aerosols simulated with varying water insoluble 

concentrations Ni(1/cm3) (Hess et al., 1998). 

Components Model 1 Model 2 Model 3 Model 4 Model 5 

Water soluble (WASO) 15700 15700 15700 15700 15700 

Water insoluble (INSO) 0.6 0.8 1.0 1.2 1.4 

Soot 34300 34300 34300 34300 34300 

 

2.1 Radiative Forcing Model 
To estimate the radiative forcing using simple 

model, we adopt the approach used by 

Chylek and Wong (1995) from which the global 

averaged direct aerosol radiative forcing ΔFR is 

given by:  

                       ∆𝐹𝑅 = −
𝑆𝑂

4
𝑇𝑎𝑡𝑚

2 ( 1 − 𝑁){(1 − 𝐴)22βτsca − 4Aτabs}           1 

where S0 is the solar constant, Tatm is the 

transmittance of the atmosphere above the 

aerosol layer, Ncloud is the fraction of the sky 

covered by clouds, 𝜏 is the aerosol optical depth, 

A is the average single scattering albedo of the 

aerosol layer, and β is the fraction of radiation 

scattered by aerosol into the atmosphere while 

τsca and τabs are the aerosol layer scattering and 

absorption optical thickness respectively. The 

above expression gives the radiative forcing due 
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to the change of reflectance of the earth-aerosol 

system.  

The up-scattering fraction is calculated using an 

approximate relation (Sagan and Pollack,1967)           

         𝛽 =
1

2
(1 − 𝑔)                  2    

                                   

Where g is the asymmetry parameter of the 

aerosol layer. The model parameters are assigned 

the following values: So=1368 Wm-2, Tatm= 0.79, 

(Penner et al., 1992) and cloudness N=0.6. The 

global averaged albedo A=0.22 over land and 

A=0.06 over the ocean with 80% of aerosols 

being over the land. 

2.2 Estimation of Angstrom Coefficients 
The spectral behavior of the aerosols optical 

depth (τ) that expresses the spectral dependence 

of any of the optical parameters with the 

wavelength of light (λ) as inverse power law 

(Angstrom, 1961; Angstrom, 1929): 

                     

      (𝜆)=𝛽𝜆−𝛼                                                       3 

The wavelength dependence of (𝜆)  can be 

characterized by the Ångström parameter, which 

is a coefficient of the following regression:  

lnτ(λ) = -αln(λ) + lnβ     4 

Where 𝛽and α are the turbidity coefficient and 

Ångström exponent (Liou, 2002; O’Neill and 

Roer,1993) α is related to the size distribution. 

The Angstrom exponent itself varies with 

wavelength, and a more precise empirical 

relationship between aerosol extinction and 

wavelength is obtained with a 2nd-order 

polynomial (King and Byrne, 1976) as: 

lnτ(λ) = α2(lnλ)2 + α1lnλ + lnβ                  5 

 

The coefficient α2 accounts for “curvature” often 

observed in Sun photometry measurements. In 

case of negative curvature (α2<0, convex type 

curves) the rate of change of α is more significant 

at the longer wavelengths, while positive 

curvature (α2>0, concave type curves) the rate of 

change of α is more significant at the shorter 

wavelengths. Eck et al., (1999) reported the 

existence of negative curvatures for fine mode 

and positive curvatures for significant 

contribution by coarse mode particles in the size 

distribution. 

 

3.0 RESULTS AND DISCUSSION 

The results of Angstrom exponent and radiative 

forcing for water insoluble component of 

atmospheric aerosols models extracted from 

optical properties of aerosols and cloud (OPAC) 

4.0. The effect of water insoluble component on  

optical depth, scattering coefficient, absorption 

coefficient and asymmetry parameter at spectral 

range of 0.25 to 0.80µm near Ultraviolet to 

Visible region for eight relative humidities (RHs) 

(0%,50%,70%,80%,90%,95%,98%&99%) of 

continental polluted aerosols were obtained and 

shown on the tables and figures below. 
 

Table 2a: Linear results of the regression analysis for model 1 of table 1 

RH(%)   R2   Sig    Α   Sig     β   Sig 

0 0.9910 1.44E-11 1.2213 1.44E-11 0.1607 2.49E-14 

50 0.9900 2.45E-11 1.2191 2.45E-11 0.2313 3.82E-13 

70 0.9892 3.61E-11 1.2033 3.61E-11 0.2781 1.90E-12 

80 0.9885 4.97E-11 1.1825 4.97E-11 0.3305 9.26E-12 

90 0.9867 1.03E-10 1.1293 1.03E-10 0.4664 4.86E-10 

95 0.9840 2.60E-10 1.0526 2.60E-10 0.6979 8.36E-07 

98 0.9791 9.78E-10 0.9321 9.78E-10 1.2138 1.98E-04 

99 0.9745 2.66E-09 0.8450 2.66E-09 1.7566 1.39E-08 

 

Based on the content of Table 2a and by observing the 

values R2 and the significance of all coefficients, it can 

be said that the data fitted the equation model very 

well. The value α increases with the RHs and this 

signifies the increase in the dominance of 

fine/accumulation particles, but at deliquescence point 

(98-99%) RH it is less than 1 signifies the presence of 

coarse mode particles as fine mode are act as cloud 

condensation nuclei. But β(turbidity coefficient) 
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increase with the increase in RHs indicating that the 

aerosol loading also increases with the increase in RH. 

Table 2b: Quadratic result of the regression analysis for model 1 of table 1 

RH(%)   R2   Sig    𝛼1   Sig    𝛼2    Sig    β   Sig 

0 0.9998 2.47E-17 -1.7674 3.56E-13 -0.3493 1.05E-08 0.1360 7.35E-18 

50 0.9999 6.01E-19 -1.7982 7.36E-15 -0.3703 1.57E-10 0.1938 1.03E-18 

70 0.9999 1.51E-19 -1.7986 1.65E-15 -0.3807 2.79E-11 0.2319 6.54E-19 

80 1.0000 2.97E-20 -1.7874 2.95E-16 -0.3869 4.10E-12 0.2748 3.34E-19 

90 1.0000 2.45E-21 -1.7520 1.94E-17 -0.3982 1.76E-13 0.3857 2.85E-19 

95 1.0000 1.48E-22 -1.6903 8.69E-19 -0.4078 4.61E-15 0.5745 1.21E-18 

98 1.0000 2.14E-23 -1.5785 8.00E-20 -0.4133 2.03E-16 0.9965 5.41E-02 

99 1.0000 5.89E-23 -1.4940 1.52E-19 -0.4151 2.27E-16 1.4410 2.96E-18 

 

From Table 2b and by observing the values R2 

and the significance of all coefficients, it can be 

said that the data fitted the equation model very 

well. The increase of 𝛼2 with RHs signifies the 

increase in the dominance of fine/accumulation 

modes particles. The negative sign of 𝛼2, shows 

that this is monomodal and is dominated by fine 

mode particles. But β (turbidity coefficient) 

increases with the increase in RHs, indicating a 

relatively hazy and atmosphere. 
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Figure 2(a). A graph of optical depth against wavelength 

for model 1 of table 1 

From the plots of figure 2a, it can seen that the 

optical depth follow a relatively smooth decrease 

with the increase in wavelength though some are 

steeper than others and the steepness increases 

with the increase in relative humidities. 
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Figure 2(b). A graph of RF against wavelength for model 

1 of table 3.6 

From the plots of figure 2b, it can be seen that the 

radiative forcing decreases with increase in 

relative humidities. Also, at 0% to 80% RHs the 

radiative forcing indicate warming effect while 

from 90% to 99% indicate cooling effect and both 

effects increase from 0.25 to 0.30µm and increase 

with increase in wavelength and decrease in 

relative humidities and this show that adding 

water insoluble reflects warming on the earth 

atmosphere. 
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Table 3a: Linear results of the regression analysis for model 2 of table 1 

RH(%)   R2   Sig    α   Sig     β   Sig 

0 0.9917 9.90E-12 1.1988 9.90E-12 0.1664 1.72E-14 

50 0.9905 1.92E-11 1.2031 1.92E-11 0.2371 3.12E-13 

70 0.9897 2.88E-11 1.1901 2.88E-11 0.2839 1.59E-12 

80 0.9888 4.35E-11 1.1715 4.35E-11 0.3362 8.63E-12 

90 0.9869 9.54E-11 1.1218 9.54E-11 0.4723 4.94E-10 

95 0.9842 2.47E-10 1.0477 2.47E-10 0.7038 9.50E-07 

98 0.9793 9.51E-10 0.9291 9.51E-10 1.2201 1.53E-04 

99 0.9747 2.60E-09 0.8432 2.60E-09 1.7627 1.25E-08 

From Table 3a and by observing the values R2 

and the significance of all coefficients, it can be 

said that the data fitted the equation model very 

well. The value α increases with the RHs and this 

signifies the increase in the dominance of  

fine/accumulation particles, but at deliquescence 

point (98-99%) RH it is less than 1 signifies the 

presence of coarse mode particles as fine mode 

are act as cloud condensation nuclei. But 

β(turbidity coefficient) increase with the increase 

in RHs indicating that the aerosol loading also 

increases with the increase in RH. 

 
Table 3b: Quadratic result of the regression analysis for model 2 of table 1 

RH(%)   R2   Sig     𝛼1   Sig     𝛼2   Sig    β   Sig 

0 0.9998 4.67E-17 -1.7135 7.49E-13 -0.3292 2.78E-08 0.1422 1.43E-17 

50 0.9999 1.14E-18 -1.7604 1.50E-14 -0.3564 3.72E-10 0.2000 2.06E-18 

70 0.9999 1.82E-19 -1.7655 2.12E-15 -0.3680 4.10E-11 0.2382 8.37E-19 

80 0.9999 5.17E-20 -1.7626 5.34E-16 -0.3780 8.06E-12 0.2807 6.21E-19 

90 1.0000 5.55E-21 -1.7352 4.51E-17 -0.3923 4.26E-13 0.3916 7.00E-19 

95 1.0000 2.36E-22 -1.6789 1.41E-18 -0.4037 7.72E-15 0.5805 2.19E-18 

98 1.0000 1.86E-23 -1.5714 7.03E-20 -0.4108 1.81E-16 1.0030 8.81E-02 

99 1.0000 2.48E-23 -1.4892 6.47E-20 -0.4132 9.77E-17 1.4473 1.10E-18 

From Table 3b and by observing the values R2 

and the significance of all coefficients, it can be 

said that the data fitted the equation model very 

well. The negative sign of 𝛼2, shows that this is 

monomodal and is dominated by fine mode 

particles. The increase in the values of 𝛼2, with 

RH shows the increase in the concentrations of 

fine particles. But β (turbidity coefficient) 

increase with the increase in RH indicating that 

the aerosol loading also increases with the 

increase in RH. 
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Figure 3(a). A graph of optical depth against wavelength 

for model 2 of table 1 

From the plots of figure 3a, it can seen that the 

optical depth follow a relatively smooth decrease 

with the increase in wavelength though some are 

steeper than others and the steepness increases 

with the increase in relative humidities. 
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Figure 3(b). A graph of RF against wavelength for model 

2 of table 1 

From the plots of figure 3b, it can be seen that the 

radiative forcing decreases with increase in 

relative humidities. Also, at 0% to 80% RHs the 

radiative forcing indicate warming effect while 

from 90% to 99% indicate cooling effect and both 

effects increase from 0.25 to 0.30µm and increase 

with increase in wavelength and decrease in 

relative humidities and this show that adding 

water insoluble reflects warming on the earth 

atmosphere.

 
Table 4a: Linear results of the regression analysis for model 3 of table 1 

RH(%)   R2   Sig    Α   Sig     β   Sig 

0 0.9922 6.91E-12 1.1773 6.91E-12 0.1721 1.21E-14 

50 0.9910 1.47E-11 1.1882 1.47E-11 0.2428 2.48E-13 

70 0.9900 2.41E-11 1.1773 2.41E-11 0.2897 1.40E-12 

80 0.9892 3.66E-11 1.1606 3.66E-11 0.3421 7.74E-12 

90 0.9872 8.52E-11 1.1137 8.52E-11 0.4782 4.86E-10 

95 0.9843 2.34E-10 1.0425 2.34E-10 0.7099 1.09E-06 

98 0.9794 9.30E-10 0.9262 9.30E-10 1.2263 1.20E-04 

99 0.9747 2.57E-09 0.8411 2.57E-09 1.7691 1.14E-08 

 

Considering Table 4a and by observing the values 

R2 and the significance of all coefficients, it can 

be said that the data fitted the equation model 

very well. The value α increases with the RHs and 

this signifies the increase in the dominance of 

fine/accumulation particles, but at deliquescence 

point (98-99%) RH it is less than 1 signifies the 

presence of coarse mode particles as fine mode 

are act as cloud condensation nuclei. But β 

(turbidity coefficient) increase with the increases 

in RHs indicating that the aerosol loading also 

increases with the increase in RH. 
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Table 4b: Quadratic result of the regression analysis for model 3 of table 1 

RH(%)   R2   Sig   𝛼1   Sig    𝛼2   Sig     β   Sig 

0 0.9997 8.08E-17 -1.6633 1.43E-12 -0.3108 6.66E-08 0.1484 2.57E-17 

50 0.9999 1.92E-18 -1.7234 2.73E-14 -0.3422 7.98E-10 0.2062 3.67E-18 

70 0.9999 3.57E-19 -1.7360 4.39E-15 -0.3573 9.46E-11 0.2443 1.75E-18 

80 0.9999 9.82E-20 -1.7357 1.07E-15 -0.3678 1.79E-11 0.2870 1.27E-18 

90 1.0000 6.83E-21 -1.7158 5.75E-17 -0.3850 5.81E-13 0.3979 9.43E-19 

95 1.0000 1.91E-22 -1.6673 1.16E-18 -0.3995 6.56E-15 0.5867 2.02E-18 

98 1.0000 2.40E-23 -1.5651 9.12E-20 -0.4086 2.38E-16 1.0091 2.80E-04 

99 1.0000 2.51E-23 -1.4849 6.57E-20 -0.4117 9.98E-17 1.4536 9.79E-19 

 

From Table 4b and by observing the values R2 

and the significance of all coefficients, it can be 

said that the data fitted the equation model very 

well. The negative sign of 𝛼2, shows that this is 

monomodal and is dominated by fine mode 

particles. The increase in the values of𝛼2, with 

RH shows the increase in the concentrations of 

fine particles. But β(turbidity coefficient) 

increase with the increase in RH indicating that 

the aerosol loading also increases with the 

increase in RH. 
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Figure 4(a). A graph of optical depth against wavelength 

for model 3 of table 1 

From the plots of figure 4a, it can seen that the 

optical depth follow a relatively smooth decrease 

with the increase in wavelength though some are 

steeper than others and the steepness increases 

with the increase in relative humidities. 
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Figure 4(b). A graph of radiative forcing against 

wavelength for model 3 of table 1 

From the plots of figure 4b, it can be seen that the 

radiative forcing decreases with increase in 

relative humidities. Also, at 0% to 80% RHs the 

radiative forcing indicate warming effect while 

from 90% to 99% indicate cooling effect and both 

effects increase from 0.25 to 0.30µm and increase 

with increase in wavelength and decrease in 

relative humidities and this show that adding 

water insoluble reflects warming on the earth 

atmosphere.
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Table 5a: Linear results of the regression analysis for model 4 of table 1 

RH(%) R2 Sig     Α Sig      β Sig 

0 0.9928 4.90E-12 1.1566 4.90E-12 0.1779 8.68E-15 

50 0.9914 1.17E-11 1.1731 1.17E-11 0.2486 2.04E-13 

70 0.9904 1.99E-11 1.1647 1.99E-11 0.2955 1.22E-12 

80 0.9895 3.12E-11 1.1503 3.12E-11 0.3478 7.06E-12 

90 0.9875 7.60E-11 1.1063 7.60E-11 0.4841 4.78E-10 

95 0.9846 2.17E-10 1.0374 2.17E-10 0.7159 1.21E-06 

98 0.9796 8.83E-10 0.9233  8.83E-10 1.2325 9.22E-05 

99 0.9748 2.51E-09 0.8391 2.51E-09 1.7755 1.02E-08 

 

From Table 5a and by observing the values R2 

and the significance of all coefficients, it can be 

said that the data fitted the equation model very 

well. The value α increases with the RHs and this 

signifies the increase in the dominance of 

fine/accumulation particles, but at deliquescence 

point (98-99%) RH it is less than 1 indicating the 

presence of coarse mode particles as fine mode 

are act as cloud condensation nuclei. But 

β(turbidity coefficient) increase with the increase 

in RHs indicating that the aerosol loading also 

increases with the increase in RH. 

Table 5b: Quadratic result of the regression analysis for model 4 of table 1 

RH(%)   R2   Sig    𝛼1   Sig     𝛼2     Sig   β   Sig 

0 0.9997 1.34E-16 -1.6163 2.61E-12 -0.2939 1.51E-07 0.1546 4.40E-17 

50 0.9999 3.32E-18 -1.6885 5.04E-14 -0.3296 1.70E-09 0.2124 6.68E-18 

70 0.9999 6.73E-19 -1.7063 8.75E-15 -0.3464 2.13E-10 0.2505 3.51E-18 

80 0.9999 1.50E-19 -1.7111 1.71E-15 -0.3586 3.15E-11 0.2931 2.08E-18 

90 1.0000 8.21E-21 -1.6974 7.16E-17 -0.3780 7.75E-13 0.4042 1.24E-18 

95 1.0000 3.45E-22 -1.6542 2.16E-18 -0.3945 1.27E-14 0.5931 4.20E-18 

98 1.0000 2.82E-23 -1.5569 1.09E-19 -0.4052 2.93E-16 1.0158 4.23E-06 

99 1.0000 2.35E-23 -1.4797 6.21E-20 -0.4096 9.55E-17 1.4603 8.03E-19 

 

From Table 5b and by observing the values R2 

and the significance of all coefficients, it can be 

said that the data fitted the equation model very 

well. The negative sign of 𝛼2, show that this is 

monomodal and is dominated by fine mode 

particles. The increase in the values of 𝛼2, with 

RH shows the increase in the concentrations of 

fine particles. But β(turbidity coefficient) 

increase with the increase in RH indicating that 

the aerosol loading also increases with the 

increase in RH. 
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Figure 5(a). A graph of optical depth against wavelength 

for model 4 of table 1 

From the plots of figure 5a, it can seen that the 

optical depth follow a relatively smooth decrease 

with the increase in wavelength though some are 

steeper than others and the steepness increases 

with the increase in relative humidities. 
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Figure 5(b). A graph of radiative forcing against 

wavelength for model 4 of table 1 

From the plots of figure 5b, it can be seen that the 

radiative forcing decreases with increase in 

relative humidities. Also, at 0% to 80% RHs the 

radiative forcing indicate warming effect while 

from 90% to 99% indicate cooling effect and both 

effects increase from 0.25 to 0.30µm and increase 

with increase in wavelength and decrease in 

relative humidities and this show that adding 

water insoluble reflects warming on the earth 

atmosphere.

 

Table 6a: Linear results of the regression analysis for model 5 of table 1 

RH(%)   R2   Sig    Α   Sig    β   Sig 

0 0.9933 3.38E-12 1.1365 3.38E-12 0.1837 6.06E-15 

50 0.9918 9.34E-12 1.1583 9.34E-12 0.2544 1.71E-13 

70 0.9908 1.61E-11 1.1527 1.61E-11 0.3013 1.04E-12 

80 0.9899 2.63E-11 1.1397 2.63E-11 0.3537 6.36E-12 

90 0.9877 6.82E-11 1.0988 6.82E-11 0.4899 4.74E-10 

95 0.9847 2.06E-10 1.0324 2.06E-10 0.7219 1.40E-06 

98 0.9797 8.63E-10 0.9204 8.63E-10 1.2388 7.24E-05 

99 0.9749 2.46E-09 0.8372 2.46E-09 1.7818 9.22E-09 

 

From Table 6a and by observing the values R2 

and the significance of all coefficients, it can be 

said that the data fitted the equation model very 

well. The value α increases with the RHs and this 

signifies the increase in the dominance of 

fine/accumulation particles, but at deliquescence 

point (98-99%) RH it is less than 1 signifies 

presence of coarse mode particles as fine mode 

are act as cloud condensation nuclei. But 

β(turbidity coefficient) increase with the increase 

in RHs indicating that the aerosol loading also 

increases with the increase in RH. 
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Table 6b: Quadratic result of the regression analysis for model 5 of table 1 

RH(%)   R2   Sig    𝛼1   Sig    𝛼2      Sig    β   Sig 

0 0.9997 2.04E-16 -1.5698 4.39E-12 -0.2771 3.22E-07 0.1610 6.94E-17 

50 0.9999 5.19E-18 -1.6555 8.35E-14 -0.3179 3.24E-09 0.2186 1.10E-17 

70 0.9999 9.83E-19 -1.6772 1.36E-14 -0.3354 3.76E-10 0.2567 5.48E-18 

80 0.9999 2.56E-19 -1.6855 3.07E-15 -0.3490 6.28E-11 0.2994 3.81E-18 

90 1.0000 1.61E-20 -1.6795 1.45E-16 -0.3713 1.67E-12 0.4104 2.67E-18 

95 1.0000 6.04E-22 -1.6433 3.83E-18 -0.3906 2.32E-14 0.5991 8.39E-18 

98 1.0000 3.69E-23 -1.5504 1.44E-19 -0.4029 3.92E-16 1.0221 3.24E-07 

99 1.0000 2.31E-23 -1.4750 6.14E-20 -0.4079 9.56E-17 1.4667 6.96E-19 

 

Based on the contents of Table 6b and by 

observing the values R2 and the significance of all 

coefficients, it can be said that the data fitted the 

equation model very well. The negative sign 

of 𝛼2, shows that this is monomodal and is 

dominated by fine mode particles. The increase in 

the values of 𝛼2, with RH shows the increase in 

the concentrations of fine particles. But 

β(turbidity coefficient) increase with the increase 

in RH indicating that the aerosol loading also 

increases with the increase in RH. 
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Figure 6(a). A graph of optical depth against    Figure 6(b). A graph of radiative forcing against 
wavelength model 5 of table 1   wavelength for model 5 of table 1     
          

From the plots of figure 6a, it can seen that the 

optical depth follow a relatively smooth decrease 

with the increase in wavelength though some are 

steeper than others and the steepness increases 

with the increase in relative humidities. 

From the plots of figure 4.30b, it can be seen that 

the radiative forcing decreases with increase in 

relative humidities. Also, at 0% to 80% RHs the 

radiative forcing indicate warming effect while 

from 90% to 99% indicate cooling effect and both 

effects increase from 0.25 to 0.30µm and increase 

with increase in wavelength and decrease in 

relative humidities and this show that adding 

water insoluble reflects warming on the earth 

atmosphere.

4.0 CONCLUSION 

From the analysis of the data, it can be concluded 

that Angstrom exponent can be used to determine 

the most dominant type of aerosols. The analysis 

of Radiative forcing and Optical depth verify that 

the water-insoluble component of Continental 

polluted aerosols reflects cooling effect, 

therefore, has a relatively high scattering 

coefficient. The α and 𝛼2 shows that Earth’s 

atmosphere is composed of dominant 

Fine/accumulation mode particles in the 

continental region, the turbidity, β , increases with 
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increase in RHs indicating that the aerosol loading also 

increases with the increase in RH and visibility of 

atmosphere reduces. The data clearly demonstrates 

that an extremely large fraction of fine/accumulation 

modes aerosols in turbid atmosphere mainly caused by 

local anthropogenic pollution or biomass aerosols 

transport from forest fire. The analysis showed that the 

inclusion of the curvature (polynomial fit  

 

of lnτ with respect to lnλ) significantly improve the 

aerosol type discrimination whether monomodal or 

bimodal as found by (Eck et al., 1999; Reid et al., 

1999; Schuster et al., 2006). In our case the α2 

(curvature) is negative at all RHs, this shows that 

Earth’s atmosphere is composed of dominant 

Fine/accumulation mode particles in the continental 

polluted aerosols. 
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