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Abstract

The main objective of this research is to study of impact of meteorological parameters on
atmospheric turbidity index on Lumbini (27.49° N, 83.28° E, 110 m asl), Nepal for a period of one
year (2018). The ground based data of spectral aerosol optical depth (AOD) are derived from
Aerosol Robotic Network (AERONET) of NASA. Satellite based data of meteorological parameter
(maximum temperature, minimum temperature, dew point, relative humidity, water contend and
rainfall) are downloaded from NASA website. Daily, monthly and seasonal variation of atmospheric
turbidity is analyzed. The annual average of Angstrom exponential ( o), Angstrom coefficient of
turbidity ( f) and Linke turbidity factor (Lt) are found 1.0 + 0.2, 0.36 = 0.20 and 83 %= 2.5
respectively. Correlation coefficient of meteorological parameters with atmospheric turbidity is
analyzed. No significant effect of maximum temperature, minimum temperature, dew point and water
contend on atmospheric turbidity. There is positive effect of rainfall on o, but negative effects of
relative humidity and rainfall on  and L7. Atmospheric turbidity index is an important for the air
pollution. Result of this research work is beneficial for the further identification, impact and analysis
of atmospheric turbidity index on meteorological parameters at different places with same
geographical condition.

Keywords: Angstrom exponential, Angstrom coefficient of turbidity, Linke turbidity factor,
meteorological parameter.

1. Introduction

The Sun radiates 4 x 10%® W energy [1]. About 1367 W of the solar energy incidents on one
square meter area of the atmosphere when the Sun and the Earth are at 1 AU distance. Solar
energy is a clean, renewable and sustainable energy for solar energy applications around the
world [2]. Accurate estimation of solar radiation at given locations are required for radiation
conversion device and photovoltaic cells [3]. The utilization of solar energy is a promising
outlook for energy crisis and climate change. Many engineers, energy experts, policymakers
and climate advocates have paid great attentions to the utilization of solar energy [4], which
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has been applied to our lives, such as the design for agriculture, water resources and passive
heating of buildings. The adoption of solar technologies is growing quickly [5]. The quality
and amount of solar radiation passing through the atmosphere is altered by atoms molecules
like ozone, water vapor, carbon dioxide as well as by liquid and solid aerosols that are
present along the propagation path. Solar radiation is usually influenced by three groups of
dynamic factors: Sun- Earth position, terrain, and atmospheric effects. Solar irradiance at
ground level is highly dependent on the Earth’s atmospheric turbidity [6]. Atmospheric
Turbidity is a dimensionless measure of the opacity of a vertical column of the atmosphere.
Both natural and anthropogenic aerosols influence on attenuation of solar energy [7].
Anthropogenic aerosols, black carbon are emitted by vehicles and kilns produces
greenhouse effect. Black carbon melts ice on mountain. Particular matter (such as PM1.0,
PM2.5, PM10) are responsible for respiratory illness. Atmospheric transparency can be
affected both by natural phenomena within the Earth’s atmosphere like clouds, dust, etc.
and by human activity like factories, cars and many more. These atmospheric turbidity
factors have been widely used at several places around the world based on solar irradiance
measurements to quantify the effects of aerosols and air pollutants on degrading horizontal
visibility and reducing the amount of solar radiation reaching the ground. The Linke
turbidity factor have been studied by Cucumo et al.[8] at two locations in Italy and several
other studies the Linke turbidity factor like Chile [9], and in Brazil [10]. The correlation
between atmospheric turbidity and the local weather conditions shows that this increase is
essentially due to the heavy water vapor content of maritime air masses, carried by the
north-eastern winds prevalent during the afternoon [11]. This article deals with e deals with
the estimation of atmospheric turbidity index. Solar irradiance is attenuated exclusively by
perpetual atmospheric constituents under a clear and dry atmosphere. Atmospheric turbidity
is function of optical depth. In recent decades, the estimate atmosphere turbidity index have
been calculated based on spectral irradiance data [12]. In this research, we studied the
impact of meteorological parameters on atmospheric turbidity over Lumbini, Nepal.

Nepal ( 26°22' N to 30°27' N and longitude of 80°04' E to 88°12' E) is situated at the
complex terrain of the Trans-Himalaya region and is landlocked between India and China. It
is about 800 km long and 200 km wide with an area of 147,516 km?. Ecologically, Nepal is
divided into three regions: Low-land, Mid-land, and High-land [13]. The elevation of the
country ranges from 60 m to 8848 m above sea level. In this vast variation of its altitude,
there is range from sub - tropical to Arctic region which is unique and complex climatic
zone in the world [14]. Lumbini (27.49° N, 83.28° E, 110 m asl) is a Buddhist pilgrimage
site in the Rupandehi District of Lumbini Province in Nepal. It is birthplace of Siddhartha
Gautama (Budhha) at around 563 BCE. Lumbini has a number of older temples including
the Mayadevi Temple and Ashok Stambha. Lumbini was made a World Heritage Site by
UNESCO in 1997. The maximum and minimum temperature of Lumbini are 31.8°C and
18.7° C respectively. Annual rainfall is 1369.5 mm [15]. Area of Rupandehi district is 1,360
square km. The population and population density of the district are 880,196 and 647 per
square km respectively in 2011 national census [16].
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2. Materials and Methods

The solar energy is ultimate sources of all kinds of energy on the Earth through the
atmosphere. Some part of radiated energy gets diffused, scattered, and absorbed by water
droplets, gas molecules and aerosols [17]. Factors influencing a correct estimation of the
incoming solar radiation include atmospheric conditions (e.g. air turbidity, cloudiness,
aerosol, water vapor) and topography (e.g. shadowing by hills, mountains, nearby buildings,
vegetation, etc.)[5]. Therefore, global solar radiation reaching to the earth is reduced due to
atmospheric turbidity. In developing countries like Nepal, most of energy consumption is
from wood, agriculture residue, cow dung, coal. It means that rest of energy is conventional
energy. So, it emits huge amount of carbon dioxide and other harmful gases such as nitrous
oxide, methane, carbon mono oxide etc. Study of atmospheric turbidity and its impact on
solar radiation is essential for agriculture, Hydrology, climate change and energy harvesting
[18]. In this study, the comparative influences of atmospheric air pollutant concentrations
and meteorological parameters on atmospheric visibility, clearness index and turbidity were
investigated. The critical relationship between atmospheric visibility, turbidity values and
atmospheric air pollutants could be determined under different meteorological parameters.
Figure 1 depict the map of Lumbini.
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Figure 1: Map of Lumbini [source:Department of survey, Gov. of Nepal,2020]

The solar energy passing through the atmosphere is scattered and absorbed by the
atmosphere due to interacts with components like aerosol, cloud etc. According to Beer
Lambert's law, the solar energy decreases exponentially in the atmosphere [19]. The
attenuation of solar energy through a real atmosphere verse that through a clean, dry
atmosphere gives atmospheric turbidity. There are large number of atmospheric turbidity
factors. Angstrom turbidity coefficient ( ), Angstrom exponential (o) and Linke tubidity
factor (Lt) are mostly used [20]. According to angstrom model [21]
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AOD = gA~® (1)

Here A is wavelength. Angstrom exponent (a) is an important indicator of the foremost
aerosol size [22]. a greater than two indicates small particles associated with combustion
byproducts, and values less than one indicates large particles like sea salt and dust.

Linke (1922) proposed to express the total optical thickness of a cloudless atmosphere as
the product of two terms, the optical thickness of water and aerosol free atmosphere and the
Linke turbidity factor (Lt) [23]. According to Dogniaux,1974, Linke turbidity factor is [24]

L= (4 0.1)(16 + 0.22w)8 )

3557V 44T A
Here vy is solar height (90 - 6;) and w is water contend in cm. Solar zenith angle (6,) depends
on solar declination (0), latitude(¢) of the place , solar hour angle (o) and day number of
year (ng) [25].

g = cﬂs_l{sfﬂﬁ sing + cosd cosg cosw)

360
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Daily ground based data of spectral aerosol optical depth (AOD) are collected from
AERONET for Lumbini on 2018 of wavelength 675, 500, 440, 380 and 340 nm. Satellite
based daily data of meteorological parameters (maximum temperature, minimum
temperature, dew point, relative humidity water contend and rainfall) are downloaded from
NASA website. Open source software Python 3.7 is used to analysis and to plot graph. The
quartiles (Q1, Q2, Q3), skewness (yi1) and kurtosis (y.) are used to analyzed nature of
distribution of data [26]. Standard error (SE) is used as error bar in graph. Data presented in
forms of 'mean (x) standard deviation (c)".

1E

SE =

(3)

Here n is number of data. Correlation coefficient (r) is used to find relation between two
data x and y. Its value range from -1 to +1.

D = e [4 (@)

T (D7 L n-TR

o

=1

\‘::
3. Results and Discussion

Daily data of spectral aerosol optical depth (AOD) for wavelength 675, 500, 440, 380 and
340~nm are downloaded from AERONET website for Lumbini on 2018. By using and
aerosol optical depth (AOD), daily data of Angstrom exponential (o) and Angstrom
coefficient of turbidity (B) are calculated by linear regression method for equation (1). Daily
data of Linke turbidity factor (L) is calculated by using equation (2). Correlation coefficient
(r) of meteorological parameter with atmospheric turbidity is calculated by using equation

(4).
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3.1 Variation of Atmospheric turbidity
3.1.1 Variation of Angstrom exponential (a)

Figure 2(a) indicates daily variation of Angstrom exponential (o). During one year (2018)
period, the greatest value of a is found 1.5 on August 15. As a is more than one, atmosphere
of that day contains fine aerosol. The lower value of a is 0.1 on June 15. As a is smaller than
one, atmosphere of that day contains coarse mode aerosol. The annual mean and standard
deviation are found 1.0 and 0.2 respectively. Figure 2(b) shows histogram of a. The first
quartile (Q1), median (Q2) and third quartile (Qs3) are observed 1.01, 1.0 and 1.1
individually. The skewness (y1) and the kurtosis (y2) are observed as -1.17 and 5.00
respectively. The distribution of a is negatively tailed and is not symmetric. Out of 365
study days, 224 days has a in between 1.0 to 1.2. Figure 2(c) shows monthly variation of a.
The largest and smallest value of monthly average of a is calculated as 1.1+0.2 in August
and 0.9 £ 0.3 in June respectively. Variation of a is greater in March due to large standard
deviation and is less in January due to small standard deviation. Figure 2(d) shows seasonal
variation of a.The largest and smallest value of a is found 1.1 £ 0.1 in autumn and 0.9 £+ 0.1
in winter respectively. Variation of a is grater in summer due to large standard deviation and
is less in winter due to small standard deviation
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Figure.2: Variation of Angstrom exponential (o)
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3.1.2 Variation of Angstrom turbidity coefficient ()

Figure 3(a) indicates daily variation of Angstrom turbidity coefficient (B). During study
period, the greatest value of 3 is found 2.07 on June 15, atmosphere of that day very turbid.
The smallest value of B is 0.04 on August 16, atmosphere of that day is clear. The annual
mean and standard deviation are calculated as 0.36 and 0.20 respectively. Figure 3(b)
indicated histogram of . The first quartile, second quartile and third quartile are calculated
as 0.25, 0.36 and 0.42 respectively. The skewness and kurtosis are calculated as 2.28 and
13.98 respectively. The distribution of f is positively tailed and is not symmetric. Out of 365
study days, 297 days has B in between 0 to 0.5. Figure 3(c) indicates monthly variation of f3.
The largest and smallest value of monthly average of B is observed as 0.47 + 0.18 in
November and smaller 0.22 + 0.14 in August respectively. Variation of B is large in March
due to large standard deviation and is smaller in July due to small standard deviation. Figure
3(d) shows seasonal variation of . During study period of one year 2018, the greatest and
smallest value of average of B is calculated as 0.40+0.16 in winter and 0.30 £ 0.25 in
summer respectively. Variation of B is greater in spring due to large standard deviation and
is smaller in summer due to small standard deviation.
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Figure.3: Variation of Angstrom coefficient of turbidity ( p)

In Kathmandu, Nepal on1999, Angstrom turbidity coefficient was found 0.6247 + 0.023 and
0.2997 + 0.009 respectively [27]. In Jomsom (Nepal) in year 2012, the annual mean of
Angstrom exponential and Angstrom turbidity coefficient were found 1.24 £+ 0.54 and 0.05
+ 0.04 respectively [28]. On Bhaktapur (Nepal) in year 2013, the annual average of
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Angstrom exponential, Angstrom turbidity coefficient was found 1.13 + 0.21 and 0.18 +
0.14 respectively [29].

3.1.3 Variation of Linke turbidity factor (L)

Figure 4(a) indicates daily variation of Linke turbidity factor (Lt). During study period, the

greatest value of Lt is found 18.2 on June 15, atmosphere of that day highly polluted. The
smaller value of Lt is 3.8 on September 5, atmosphere of that day is clear. The annual mean
and standard deviation are calculated as 8.3 and 2.5 respectively. Figure 4(b) indicates
histogram of Lt. The Q1, Q2 and Q3 are observed as 6.6, 8.4 and 9.2 respectively. The
skewness and kurtosis are calculated as 0.77 and 0.02 respectively. The distribution of Lt is
positively tailed and is not symmetric. Out of 365 study days, 198 days has Lt in between 8
to 12. Figure 4(c) indicates monthly variation of Lt. During study period of one year 2018,
the greatest and lowest value of monthly average of Lt is found 9.5 + 2.7 in November and
6.5 £ 1.7 in July respectively. Variation of Lt is greatest in March due to large standard
deviation and is smaller in July due to small standard deviation. Figure 4(d) indicates
seasonal variation of Lt. During study period, the largest and lowest value of average of Lt
are observed as 9.3 £ 2.3 in spring and 7.3 = 2.2 in summer respectively. Variation of Lt is
large in spring due to the greatest value of standard deviation and is less in summer due to
smallest value of standard deviation.
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Figure.4: Variation of Linke turbidity factor (Lt)
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In Wuhan (China) from 2010 to 2011,Linke turbidity is 3.3 to 7.7 [30]. In the period of 1993
to 2000 Linke turbidity are 7.5 in Kolkata, 4.6 in Poona, 6.4 in Jaipur and 6.8 in New Delhi
of India [31]. On Deukhuri Valley of Dang (Nepal) in period of 2015 to 2018, the annual
average value of of Linke turbidity factor is found 2.5 = 1.1 [32]. on Pokhara (Nepal) for
2017, the annual mean of Angstrom exponential, Angstrom coefficient of turbidity and
Linke turbidity are found 2.5+ 1.1,0.19 £ 0.17 and 6.7 * 3.4 respectively [33].

3.2 Variation of meteorological parameters and Atmospheric turbidity

Figure 5(a) indicates daily variation of maximum temperature, minimum temperature and
dew point. The highest value of maximum temperature is 42.4° C on June 16, hottest day of
the year. The annual average is 31.6 + 5.2°C. Figure 6(a) shows correlation coefficient of
atmospheric turbidity index with numerological parameters. The correlation coefficient of
maximum temperature with a, § and Lt are -0.03, 0.13 and 0.15 respectively. Those values
are not significant. The lowest value of minimum temperature is 4.7° C on January 11,
coldest day of the year. The annual average of minimum temperature is 20.2 + 6.2° C. The
correlation coefficient of minimum temperature with a, B and Lt are 0.05, -0.09 and -0.09
respectively. Those values are not significant. The annual average of dew point is 13.5 £
9.5° C. The correlation coefficient of dew point with a, B and Lt are 0.08, -0.23 and -0.35
respectively. No significant effect of dew point on atmospheric turbidity index. Figure 5(b)
shows daily variation of relative humidity (RH). The annual average of RH is 54 + 22 %.
The correlation coefficient of RH with o, B and Lt are 0.13, -0.34 and -0.36 respectively. No
significant effect of RH on o, but negative affect on B and Lt. Figure 5(c) indicates daily
variation of water contend (w). The annual average of w is 3.4 + 1.7 cm. The correlation
coefficient of w with a, § and Lt are 0.08, -0.21 and -0.21 respectively. No significant effect
of w on atmospheric turbidity index. Figure 5(d) shows monthly variation of rainfall. The
annual rainfall is 1529.4 mm. The correlation coefficient of rainfall with o, B and Lt are
0.40, -0.63 and -0.64 respectively. There is positive effect of rainfall on o, but negative
effect of rainfall on 8 and L.
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4. Conclusion
In study period of one year (2018) on Lumbini (Nepal), the annual average of Angstrom

exponential o), Angstrom coefficient of turbidity (f) and Linke turbidity factor (L) are
calculated as 1.0 £ 0.2, 0.36 + 0.20 and 8.3 = 2.5 individually. The study of atmospheric
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turbidity index has great significance to the detection of solar energy potential, global
warming and climate change of the location. A comparison of observed values of turbidity
parameter with other major cities of the world shows that Lumbini is polluted as compared
to cities like Wuhan, New Delhi, Kolkota, Jaipur etc. Correlation coefficient of
meteorological parameter with atmospheric turbidity are calculated and analyzed. No
significant effect of maximum temperature, minimum temperature, dew point and water
contains on atmospheric turbidity. There is positive effect of rainfall on o, but negative
effects of relative humidity and rainfall on 8 and L.
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