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Abstract

Population growth, industrialization and other natural processes effects on air-pollution levels and
climatic change. Atmospheric turbidity factors are an important parameter for assessing the air pollution. The
main objective of this research is to study atmospheric turbidity factors on Pokhara (28.18° N, 83.97° E and
800 m asl), Nepal for a period of one year (2017). The daily data of aerosol optical depth (AOD) are derived
from Aerosol Robotic Network (AERONET) of NASA. Daily, monthly and seasonal variation of atmospheric
turbidity index are analyzed. The annual average of Angstrom exponential (o), Angstrom coefficient of
turbidity (B) and Linke turbidity (Ly) are found 1.2 + 0.2, 0.19 + 0.17 and 6.7 £ 3.4 respectively. The annual
average of visibility is found 3.2 + 2.5 km. Result of this research work is beneficial for the further
identification, impact and analysis of atmospheric turbidity at different places with same geographical
condition.
Keywords: Angstrom exponential, Angstrom coefficient of turbidity, Linke turbidity factor, visibility.

1. Introduction

The Sun is closed star from us. The Sun radiates 4x 10°® W energy in form of
electromagnetic wave of wavelength range 300 nm to 3000 nm by thermonuclear fusion
reaction [1]. About 1367 W of the solar energy incidents on one square meter area of outer
layer of the atmosphere when the Sun and the Earth is energy interacts with components like
aerosol, cloud etc. of the atmosphere. The solar energy passing through the atmosphere is
scattered and absorbed. According to Beer Lambert's law, the solar energy decreases
exponentially in the atmosphere [2]. Aerosols are suspension solid and liquid particle with
size 0.001um to 10 um. Both natural and anthropogenic aerosols influence on attenuation of
solar energy [3]. The attenuation of solar energy through a real atmosphere verse that
through a clean, dry atmosphere gives atmospheric turbidity. 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.

Nepal is a land-locked South East Asian mountainous country with a large area of
beautiful landscape situated between latitudes of 26.36° N to 30.45° N and longitudes of
80.06° E to 88.2° E. The elevation of the country ranges from 60 m to 8848 m within a span
of 200 km from south to north and about 800 km from east to west [4]. In developing

162



Patan Prospective Journal Volume: 3~ Number: 1 June 2023 Suresh Prasad Gupta

countries like Nepal, the most of energy consumption is fuel wood, agriculture residue, cow
dung, coal and petroleum product. There is only 2.4 % [5] of energy consumption is
alternative energy line hydroelectricity and solar. Petroleum fuel based vehicle emits huge
amount of carbon dioxide and other harmful gases such as Sulphur Dioxide, nitrous oxide,
methane, carbon mono oxide etc. Due to the vehicle increase air pollution. Nepal is situated
between two giant industrial countries India and China and their industrial byproduct can
directly effects concentration of atmospheric components above Nepal. Therefore, detail
study of the atmospheric turbidity factors is very important. Its dependence on different
meteorological parameters is used in agriculture, Hydrology, Climate change, energy
harvesting [6].

2. Materials and Methods

The solar energy passing through the atmosphere is scattered and absorbed by
components of the atmosphere. The solar radiation decreases in the atmosphere. The opacity
of atmosphere for the solar energy gives atmospheric turbidity. There is large number of
atmospheric turbidity factors. Angstrom turbidity coefficient (), Angstrom exponential (o)
and Linke tubidity factor (Lt) are mostly used [7].

According to angstrom model | 8]
AQD = FA™F (1)

Here A is wavelength. Angstrom exponent (o) is an important indicator of the
foremost aerosol size [9]. 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 coefficient (L) [ 10]. 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. Then, using the
Kasten Pyrheliometric formula (1996), the Linke turbidity can be written [ 11]

T, m (S + 08m) (& 0+ &, +4&;) (2)
Where m is optical air mass, Acqa, Aw and A, are optical depth due to Rayleigh scattering,

water vapor and aerosol respectively
& . ==—0101 + 0.235m™"

caE
&, = G11Zm* & ut*
& o= D.2750aedp, + 0.35aodyg
101825 cord, + 0.15(98.865 — ¢,)=1432

Where P is the atmospheric pressure at the place, 0, is solar zenith angle, w is water
contained, aodsgy and aodssy are the aerosol optical depth (AOD) at 380 nm and 550 nm
respectively.

im
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Visibility in kmis [12]

Tl
VLR B — 3
Pext )

where by 1s AOD at 550 nm.
Daily spectral aerosol optical depth (AOD) data are collected from AERONET
website for Pokhara on 2017 for spectral band 675, 500, 440, 380 and 340nm. Open source

software Python 3.7 is used to analysis and to plot graph. Mean (), standard deviation (G),

quartiles (Q;, Q2, Qs), skewness (y;) and kurtosis (y,) are used as statistical tools [13].
Standard error (SE) is used as error bar in graph. Data presented in forms of 'mean =+
standard deviation'.

Pokhara (28.18° N, 83.97° E and 800 m asl) lies in Kaski district of Gandaki Province as
shown in Figure 1. Pokhara is capital of Gandaki Province and headquarter of Kaski district.
Pokhara is the city of lakes ( like Phewa, Begnas, Rupa ). Three peaks Dhaulagiri,
Annapurna, Manaslu with more than 8000~m height can be seen from the city. The
Machhapuchchhre (Fishtail) with an elevation of 6,993 metres is the closest to the city.
Pokhara covers 464.24 sq. km. and 4.4 sq.km water. It has population 599,504 and
population density is 1,300 per sq.km [ 14]. The average temperatures is between 25 and 35°
C in summer and -2 to 15° C in winter. Pokhara receives a high amount of precipitation in
the country 3,350 mm/year. Yearly mean daily solar radiation is 16.499 MJ/m*/day from
2007 to 2012 in Pokhara [15]. The maximum solar radiation is 23.21 MJ/mz/day in June and
minimum is 12.04 MJ/m?/day in December from 2009 to 2010 in Pokhara [ 16].

Map of Nepal

88 E

Figure 1: Map of Pokhara [source:Department of survey,Gov. of Nepal,2020]
a

3. Results and Discussion

Daily data of spectral aerosol optical depth (AOD) are downloaded from AERONET
website for Pokhara on 2017. By using wavelength (L) of 675, 500, 440, 380 and 340 nm
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 (Lt) and visibility are calculated by using equation (1), (2) and
(3) respectively.

Figure 2 and 3 show respectively daily variation and corresponding histogram of a,
B, Lt and visibility. Figure 2(a) and 3(a) show respectively daily variation and histogram of
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a. During study period of 2017, the maximum value of a is found 1.8 on July 18. As a is
less than one, atmosphere of that day contains large aerosol. The minimum value of o is 0.6
on April 7. As a is greater than one, atmosphere of that day contains fine mode aerosol. The
annual mean and standard deviation are found 1.2 and 0.2 respectively. The first quartile
(Q1), second quartile (Q,, median) and third quartile (Qs) are found 1.1, 1.2 and 1.3
respectively. Skewness (y;) and the kurtosis (y,) are found 0.38 and 0.91 respectively. The
distribution of a is positively tailed and is not Gaussian. Out of 313 study days, 142 days has
a between 1.2 to 1.5. Figure 2(b) and 3(b) show respectively daily variation and histogram
of B. During study period, the maximum value of B is found B is 0.01 on July 22,
atmosphere of that day is clear. The annual mean and standard deviation are found 0.19 and
0.17 respectively. The first quartile (Q;), second quartile (Q,, median) and third quartile
(Q3) are found 0.08, 0.13 and 0.23 respectively. Skewness (y;) and kurtosis (y,) are found
2.11 and 5.51 respectively. The distribution of B is positively tailed and is not Gaussian. Out
of 313 study days, 215 days has 3 between 0 to 0.2.

2.0 1.5

Wmﬂ i WVMMMW I

e R T

th
=3

& (unitless)
B (unitless)

=)

=

[
g

0.5

1 73 146 219 202 365 1 73 146 219 202 365
Day number of of year Day number of of year
a) Daily variation of o b) Daily variation of
20 § 16
15 12
E10 3 Z 38
: ‘
= Ml ,Mﬂh J\u\. > 4]
RRLITASY W LVITAR VAT SN Vo ]
01— ‘ 0 : ‘
1 73 146 219 292 365 1 73 146 219 292 365
Day number of of year Day number of of year
¢) Daily variation of Lt d) Daily variation of visibility

Figure.2: Daily Variation of Angstrom exponential (o) , Angstrom coefficient of turbidity f),
Linke turbidity factor (Lt) and visibility

Figure 2(c) and 3(c) show respectively daily variation and histogram of Lt. During study

period, the maximum value of Ly is found 17.8 on April 24, atmosphere of that day highly

polluted. The minimum value of Lt is 3.4 on September 6, atmosphere of that day is clear.

The annual mean and standard deviation are found 0.19 and 0.17 respectively. The first
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quartile (Q;), second quartile (Q,, median) and third quartile (Qs) are found 4.2, 5.2 and 6.6
respectively. Skewness (y;) and kurtosis (y;) are found 1.90 and 4.32 respectively. The
distribution of Lt is positively tailed and is not Gaussian. Out of 313 study days, 206 days
has Lt between 3 to 6. Figure 2(d) and 3(d) show respectively daily variation and histogram
of visibility. During study period, the maximum value of visibility is found 15 km on July
22. The minimum value of visibility is 0.4 km on March 28. The annual mean and standard
deviation are found 3.2 km and 2.5 km respectively. The first quartile (Q;), second quartile
(Q2, median) and third quartile (Qs3) are found 1.5, 2.4 and 4.1 respectively. Skewness (y;)
and kurtosis (y;) are found 1.73 and 3.28 respectively. The distribution of visibility is
positively tailed and is not Gaussian. Out of 313 study days, 118 days has visibility between

0 to 2 km.
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Figure.3: histogram of Angstrom exponential (o) , Angstrom coefficient of turbidity f5),
Linke turbidity factor (L) and visibility
Figure 4 show monthly variation of a, B, Lt and visibility. Figure 4(a) shows mont
hly
variation of a. During study period of one year 2017, the maximum and minimum value of
month average of a is found 1.5 + 0.2 in July and 1.0 &+ 0.1 in February respectively. Variati
on is large in March due to large standard deviation and is less in January due to small stan
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dard deviation. Figure 4(b) shows monthly variation of B. During study period of one year 2
017, the maximum and minimum value of month average of f§ are found 0.49 = 0.17 in Febr
uary and 0.06+0.04 in July respectively. Variation is large in March due to large standard de
viation and is less in July due to small standard deviation. Figure 4(c) show monthly variatio
n of Lt. During study period of one year 2017, the maximum and minimum value of month

average of Lt are found 8.7 + 3.1 in April and 4.1 + 0.4 in July respectively. Variation is lar
ge in March due to large standard deviation and is less in July due to small standard deviatio
n. Figure 4(d) shows monthly variation of visibility. During study period of one year 2017, t
he maximum and minimum value of month average of visibility are found 7.9 + 3.1 km in J
uly and 1.2 + 0.5 km in February respectively. Variation is large in July due to large standar
d deviation and is less in February due to small standard deviation.
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Figure.4: Monthly variation of Angstrom exponential (a), Angstrom coefficient of turbidity

b,

Linke turbidity factor (L) and visibility
Figure 5 show seasonal variation of a, B, Ly and visibility. Figure 4(a) shows seasonal
variation of a. During study period of one year 2017, the maximum and minimum value of
average of a is found 1.4 £ 0.2 in summer and 1.1 £ 0.2 in spring respectively. Variation is
large in summer due to large standard deviation and is less in winter due to small standard
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deviation. Figure 4(b) shows seasonal variation of . During study period of one year 2017,
the maximum and the minimum value of average of 3 are found 0.30 + 0.20 in spring and
0.09+0.05 in summer respectively. Variation is large in spring due to large standard
deviation and is less in summer due to small standard deviation. Figure 4(c) shows seasonal
variation of Lt. During study period, the maximum and minimum value of average of Lr is
found 7.8 £ 2.9 in spring and 4.8 + 0.9 in summer respectively. Variation is large in spring
due to large standard deviation and is less in summer due to small standard deviation. Figure
4(d) shows seasonal variation of visibility. During study period, the maximum and
minimum value of average of visibility are found 5.5 + 2.8 km in summer and 1.7 + 1.0 km
in spring respectively. The variation is large in summer due to large standard deviation and
is less in spring due to small standard deviation.
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Figure.5: Seasonal variation of Angstrom exponential (o), Angstrom coefficient of turbidity
p), Linke turbidity factor (Ly) and visibility

Fourier series is used to analysis season variation of time series data [ 17].
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Here ng is day number of year (DOY), ap and «fag + bf are offset and amplitude of

seasonal components respectively. Figure 6 show Fourier analysis of a, 8, Lt and visibility.
In figure 6(a), offset and amplitude of seasonal components of a are 1.2 and 0.1
respectively. In figure 6(b), offset and amplitude of seasonal components of 3 are 0.19 and
0.12 respectively. In figure 6(c), offset and amplitude of seasonal components of Lt are 5.9

and 1.7 respectively. In figure 6(d), offset and amplitude of seasonal components of
visibility are 3.3 km and 1.9 km respectively.
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Figure.6: Fourier analysis of Angstrom exponential (o) , Angstrom coefficient of turbidity
p), Linke turbidity factor (L1) and visibility

Figure 7 show relation between a,  with L. Figure 7(a) shows relation between a with Lr.

The correlation coefficient (r) between o and Lt is -0.55. They are negatively correlated

with moderate value. Figure 7(b) shows relation between [ with Lt. The correlation

coefficient between  and Lt is 0.97. They are positively correlated with high value. They

are fitted in straight line (y = mx + ¢) by least square method. The straight line obtained is

Lewm B4 + 1257

The straight line is fitted with 94% of coefficient of determination (R?).
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4. Conclusion

Datasets on atmospheric turbidity is of great importance to the detection of global warming
and climate change. The atmospheric turbidity factors calculated from AERONET network
data on basis of atmospheric turbidity model is therefore important to propose solar
radiation potential of the location, the sustainable development of ecological environments
and agriculture based productivity. In study period of one year (2017), the annual mean of
Angstrom exponential a)), Angstrom coefficient of turbidity ) and Linke turbidity (Lt) are
found 1.2 £ 0.2, 0.19 £0.17 and 6.7 + 3.4 respectively. The annual average of visibility is
found 3.2 + 2.5 km. Angstrom turbidity coefficient () in Kathmandu on 1999 are 0.6247 +
0.023 and 0.2997 £ 0.009 respectively | 18]. Linke turbidity is 1.97+ 0.47 on Jumla on 2012
[19]. Linke turbidity is 5.53+0.23 on Kathmandu Valley on 2012 [20] . Linke turbidity is 5.7
+ 2.5 on Bode, Bhaktpur on 2013 [21]. The annual average of Linke turbidity index (Lr)
and visibility are 2.5 +1.1 and 10.4 £3.8 km respectively on over Deukhuri Valley, Dang
period of 4 years (2015, 2016, 2017, 2018) [22]. Linke turbidity is 3.3 to 7.7 in Wuhan,
Central China from 2010 to 2011[23]. On eight years(1993 to 2000) study, Linke turbidity
for four cities of India are 7.5 for Kolkata, 4.6 for Poona, 6.4 for Jaipur and 6.8 for New
Delhi [24]. At Qena, Egypt, Linke turbidity index was 5.5 + 0.26 in hot season and was
4.45 £ 0.44 in cold season from 2001 to 2004 [25]. A comparison of observed values of
turbidity parameter with other major cities of the world shows that Pokhara is not polluted
as cities like New Delhi, Qena, Kolkota, Jaipur etc.
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