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Abstract.  The main aim of this project is to study atmospheric turbidity of solar radiation over Langtang National Park
(28.2112° N, 85.5663° E and altitude 3862 m a.s.l.). The daily aerosol optical depth (AOD) data are derived from Aerosol robotic
network (AERONET) for a period of one year 2018. Annual mean of Angstrom exponential(o.), Angstrom turbidity coefficient ()
and curvature of AOD (ay) are found 1.04 £ 0.29, 0.03+£ 0.02 and 4.1 = 0.9 respectively. The average value of and Linke turbidity
(Lt) is 2.5 £ 0.6. Result of this research work is beneficial for the further identification, impact and analysis of atmospheric

turbidity factors at different places.
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INTRODUCTION

Sun radiates 4 x 10%0 J energy per second. Out of that en-
ergy, 1367 W/m? (solar constant) incidents on outer layer
of atmosphere when Earth is at distance 1.49x10% km
from The Sun [1]. The Solar radiation interacts with
large particle of atmosphere such as water droplets, dust
and aerosol. According to Beer Lambert’s law, the solar
radiation decreases exponentially with extinction coeffi-
cient (k) and optical air mass (m) in atmosphere [2]. The
extinction of solar radiation is sum of extinction due to
gas mixture, water vapor, ozone, aerosol and Rayleigh
scattering. Aerosols are suspension solid and liquid par-
ticle with size 1 nm to 10 ¢ m. Atmospheric aerosols
are a minor constituent of the Earth’s atmosphere, but
they play an important role in the energy balance of the
earth—atmosphere system [3]. Both natural and anthro-
pogenic aerosols influence on the solar radiation on three
ways: directly by affecting the scattering and absorp-

tion of solar radiation, indirectly by altering cloud micro
physics and lifetime and semi-directly by affecting cloud
formation or evaporation [4, 5]. One of anthropogenic
aerosols, black carbon are emitted by vehicles and kilns,
produces green house effect. It melts ice on moun-
tain. Vehicle also emits particular matter (such as PM10,
PM2.5), are responsible for respiratory illness. The opac-
ity of atmosphere for the solar energy gives atmospheric
turbidity.The measurement of atmospheric aerosol phys-
ical and optical properties can provide knowledge of un-
derstanding the role of aerosols in the climate system.
There are large number of atmospheric turbidity index.
Angstrom turbidity coefficient(f), Angstrom exponential
() and Linke tubidity (Lr) are used mostly used [6]. The
spectral variation of aerosol optical depth (AOD) gives
a picture of aerosol size distribution. The variability of
aerosol size distribution is a good indicator for the sources
of aerosols.
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Nepal is a south east mountainous Asian country with
beautiful landscape. Within this area ,there are diversity
in biosphere and variation of climate [7]. In developing
countries like Nepal, the most of energy consumption
is fuel wood, agriculture residue, cow dung, coal and
petroleum product. There is only 2.1% [8] of clean en-
ergy hydro-power, is used through the country. It means
that rest of energy is conventional energy. About 0.4 mil-
lions vehicle register in Nepal in 2018 [9]. So it emits
large amount of carbon dioxide and other harmful gases
such as nitrous oxide, methane, carbon mono oxide etc.
Large foreign currency is used to export petroleum prod-
uct. Due to petroleum fuel based vehicle, air pollution
increases. Study of atmospheric turbidity and its depen-
dence on different meteorological parameters are used
agriculture, Hydrology, Climate change, energy harvest-
ing. Angstrom exponent (), Angstrom turbidity coef-
ficient (B) in Kathmandu on 1999 are 0.6247 + 0.023
and 0.2997 £ 0.009 respectively [10]. Linke turbidity is
1.974+ 0.47 on Jumla on 2012 [11]. Linke turbidity is
5.53+ 0.23 on Kathmandu Valley on 2012 [12]. Linke
turbidity is 5.7 4+ 2.5 on Bhaktpur on 2013 [13]. Aver-
age seasonal value of Angstrom exponential () are 1.14
4 0.01 in winter, 1.17 £ 0.07 in the pre monsoon sea-
son, 1.10 &£ 0.08 in monsoon and 1.22 + 0.08 in the post
monsoon season on Pokhara between 2010 and 2018 [14].

Langtang National Park (28.2112° N, 85.5663° E and al-
titude 3862 m a.s.l.) is Nepal’s first Himalayan national
park. It is the country’s fourth-largest national park and
spreads over 1.7 square km of land. The national park
lies in the districts of Nuwakot, Sindhupalchowk and Ra-
suwa in the central Himalayan region of Nepal [15]. The
conservation area is recorded to have over 70 glaciers of
different sizes, the Ganesh Himal and Langtang mountain
ranges.The place is known for lakes lying at very high
altitudes like the Gosaikunda, Suryakunda, Dudhkunda,
Bhairavkunda, and Parvatikunda. Gosaikunde lake is said
to have been created by Shiva who struck the mountain
with his Trishul to draw water so that he could his quench
his thirst after drinking the Kalkut Bish (poison). Thou-
sands of pilgrim goers from Nepal and India visit this
place during Janai Purnima and Gangadashahara. The
Langtang National Park is home to several high moun-
tain peals like the Langtang Lirung, Langtang Ri, Dorje
Lakpa, Changbu, Loenpo Gang, Yansa Tsenji [16]. The
wildlife area experiences a wide variety of climatic zones
ranging from subtropical to alpine.The Langtang Valley
mostly experiences the southwest summer monsoon. The
national park receives its annual rainfall between June and
September. However, the days are warm and sunny dur-
ing April, May, October, and November [17]. The grass-
lands of the area are natural grazing grounds for animals
like Himalayan tahr and musk deer. Other animals like
the Himalayan Black bear, red panda, wild dog, ghoral,

snow leopard, and Assam macaque are also found in the
wildlife reserve. The national park is also known to have
recorded the flight of 250 different species of birds. Thai
Airways, Airbus A310 carrying 113 people crashed into
the park on 31 July 1992. The Langtang village was de-
stroyed by an avalanche which was followed by the earth-
quake of April 2015. Map od Langtang National park is
shown in figure 1.

Map of Nepal

>

FIGURE 1: Map of Langtang National
park[source:department of survey,2020]

MATERIALS AND METHOD

The opacity of atmosphere for solar energy gives atmo-
spheric turbidity. There various type of atmospheric tur-
bidity index. Angstrom turbidity is one of index. Accord-
ing to Angstrom relation [18], AOD is
AOD = BA™¢ 1)
Angstrom exponential (a)gives particle size distribu-
tion and Angstrom turbidity coefficient (§)measures the
aerosol concentration and accounts for all scattering con-
stituents other than Rayleigh. Values of o < 1 indicate
size distributions dominated by coarse mode aerosols
(radii > 0.5 um) that are typically associated with dust
and sea salt, and values of & > 2 indicate size distri-
butions dominated by fine mode aerosols (radii < 0.5
Hm) that are usually associated with urban pollution and
biomass burning [19]. « and 8 are calculated by linear
regression method.
Angstrom turbidity coefficient (8) measures the aerosol
concentration and accounts for all scattering constituents
other than Rayleigh.Angstrom exponential (¢t) is parti-
cle size distribution. @ and B are calculated by linear
regression method
log(AOD) = log(B) — alog(A) ()
In Angstrom’s formula, the errors in & and 8 arises due to
error in AOD and the choice of wavelength (1). Then sec-
ond order polynomial equation between log(AOD) and
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log(A) can be used to get precise information of aerosol
size distribution [20].

log(AOD) = ay+ aj log(A) +as log(A)? 3)
Here coefficients ag, a; and a; are constant. a, gives cur-
vature of AOD. It gives information about the domination
of fine mode aerosols and coarse mode aerosols in the air.

Another atmospheric turbidity is Linke turbidity(Lr). Ac-
cording to Dogniaux (1974) [21], Linke turbidity factor is

85+7

Lp=(—n 1V
T (39.56*"’4-47.4

+0.1)+(164+0.22w)B (4
Here 7 is solar height(90 - 6,) and w is water con-
tend in cm. Solar zenith angle (6;) is function of solar
declination(d), latitude (¢)of the place, solar hour angle
(@) and day number of year(ny) [22]

&)

6, = cos ! (sind sin¢ +cos§ cos cos )

. 360
0 =23.45 sm(%(284+nd)) (6)

where optical air mass is

P 1
"~ 101325 (cos 6, +0.15(93.885 — 6,)~1253)

(N

mg

P is atmospheric pressure at the place.

The daily spectral aerosol optical depth data of Langtang
National Park for one year 2018 measured by CIMEL-318
sun photometer are available in the AERONET home-
page of NASA. Spectral bands are 675, 500, 440, 380
and 340nm are used for calculation.

Open source software Python 3.7 software is used to anal-
ysis data and plot graph. Mean(¥) standard deviation (o),
coefficient variance (CV), quartiles (Q1, Q2, Q3), skew-
ness (sk) and kurtosis (ku) are used as statistical tool.
Standard error (SE) is used as error bar in graph. Data
are presented in form of mean =+ standard deviation.

cv=2x100 8)
X
2
sk= /5 ©
13
=243 (10)
My

where muy, muz and muy are fourth, third and second mo-
ments about mean.

RESULTS AND DISCUSSION

Figure 2(a) indicates daily variation of Angstrom exponential(c).

The Maximum value of ¢ is 2.34 in 167 of day number
of year(DOY). Atmosphere contains fine mode aerosols.
The minimum value of « is 0.15 in 158 of DOY. At-
mosphere contains coarse mode aerosols. The annual
average of o is 1.04 £ 0.29. The coefficient of vari-
ance(CV) is 26%. Figure 2(b) shows daily variation of
Angstrom turbidity coefficient (). The Maximum value
of B is 0.284 in 86 of DOY. The minimum value of f3 is
0.001 in 167 of DOY. The annual average of  is 0.030
+ 0.029. The coefficient of variance is 97%. [ varies
large. Figure 2(c) shows daily variation of curvature of
AOD (ap). The Maximum value of a; is 8.4 in 167 of
DOY. The minimum value of a; is 1.1 in 87 of DOY. The
annual average of as is 4.1 = 0.9. The coefficient of vari-
ance is 21%. Figure 2(d) shows daily variation of Linke
turbidity(L7). The Maximum value of Ly is 6.9 in 86 of
DOY. The minimum value of Ly is 1.8 in 226 of DOY.
The annual average of Ly is 2.5 &£ 0.6. The coefficient of
variance is 25%. Statistics of those parameters are shown
in Table 1.

TABLE I: Statistics of parameters

Parameters| o | B |ap |Lr
Maximum |2.34(0.284 8.4 (6.8
Minimum [0.15[0.001{1.2|1.8
Mean |1.04/0.030{4.1|2.5
sd 0.2910.029]0.9]0.6

Q1 0.92{0.0133.5(2.1
Q2 1.08/0.021(4.0(2.3
Q3 1.22]0.036(4.5(2.8

sk -0.3| 3.6 [0.5|2.0

ku 2.3|21.7 [2.3]7.9

Histogram of Angstrom exponential(¢) is shown in fig-
ure 2(a). The first quartile (Q1), median (Q2) and third
quartile(Q3) of o are 0.92, 1.08 and 1.22 respectively.
The skewness of & (sk) is -0.3. The kurtosis of o (ku)
is 2.3. The distribution is negative tailed and leptokur-
tic. Ly lies between 1.0 to 1.5 in 168 days. Histogram
of Angstrom turbidity coefficient () is shown in Fig-
ure 2(b). The first quartile, median and third quartile of
are 0.013, 0.021 and 0.036 respectively.The skewness of
B is 3. The kurtosis of f is 21.7. The distribution is pos-
itive tailed and leptokurtic. f lies between 0.2 to 0.3 in
243 days. Histogram of curvature of AOD (a) is shown
in Figure 2(c). The first quartile, median and third quartile
of ap are 3.5, 4.0 and 4.5 respectively. The skewness of
ay is 0.5. The kurtosis of a,(ku) is 2.3. The distribution is
positive tailed and leptokurtic. a; lies between 3.0 to 4.0
in 112 days. Histogram of Linke turbidity(L7) is shown
in Figure 2(d). The first quartile, median and third quar-
tile of L7 are 2.1, 2.3 and 2.8 respectively. The skewness
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Langtang, 2018
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FIGURE 2: Daily Variation of parameters

of Ly is 2.0. The kurtosis of Ly (ku) is 7.9. The distri-
bution is positive tailed and leptokurtic. Lz lies between
2.0to 3.0 in 186 days. Figure 4(a) indicates monthly vari-
ation of Angstrom exponential (¢). The greatest value
of o is 1.70%+ 0.44 in August due to rainy season and
least value is 0.861+0.29 in January due to clear day. «
varies large (CV = 36%) in June whereas least varies (CV
= 15%) in October. Figure 3(b) indicates monthly varia-
tion of Angstrom turbidity coefficient (). The Maximum
value of 3 is 0.060+ 0.033 in April and minimum value
of 0.012+0.006 in July. B varies large (CV = 108%) in
March whereas varies least (CV = 35%) in September.
Figure 3(c) indicates monthly variation of curvature of
AOD(ay). The Maximum value of a; is 6.2+ 1.2 in Au-
gust and minimum value of 3.240.6 in April. a, varies
large (CV = 24%) in March whereas varies least (CV=
7%) in December. Monthly variation of Linke turbidity
(Lt) is shown in Figure 4(d). The Maximum value of
Lz is 3.3+ 0.6 in April and minimum value of 2.0£0.1 in
December. Ly varies large (CV =29%) in March whereas
varies least (CV = 2%) in August. Seasonal variation of
Angstrom exponential (&) is indicated by figure 4(a). The
Maximum value ¢ is 1.2+ 0.2 in summer and minimum
value is 1.940.1 in winter. The Maximum value coeffi-
cient of variance o is 19% in summer and minimum is
10% in autumn. Seasonal variation of Angstrom turbidity
coefficient (B) is indicated by Figure 4(b). The Maximum
value of 3 is 0.05340.040 in spring and minimum value
of 0.018+0.011 in winter. The Maximum value coeffi-
cient of variance of 8 is 75% in spring and minimum is
44% in autumn. Seasonal variation of curvature of AOD
(ay) is shown in Figure 4(c). The Maximum value of a,
is 4.540.9 in summer and minimum value of 3.440.7 in
spring. The Maximum value coefficient of variance of a;
is 21% in summer and minimum is 12% in autumn. Sea-
sonal variation of Linke turbidity (L7) is shown in Fig-
ure 4(d). The Maximum value of L7 is 3.2+ 0.6 in spring
and minimum value of 2.14+0.2 in Autumn. The Maxi-
mum value coefficient of variance of Ly is 21% in spring
and minimum is 8% in autumn. Fourier series is used to
analysis seasonal variation of parameters.

27

2
Vs = o+ aj cos(——=x) + by sin( (11)

T

365 365"
Offset is a and seasonal amplitude is |/a3 +b3. Fig-
ure 6(a) shows Fourier analysis of &. ag and seasonal am-
plitude are 1.07 and 0.14 respectively. Figure 6(b) shows
Fourier analysis of ). ag and seasonal amplitude are
0.031 and 0.019 respectively. Figure 6(c) shows Fourier
analysis of ay. ag and seasonal amplitude are 4.1 and 0.4
respectively. Figure 6(d) shows Fourier analysis of L7. ag
and seasonal amplitude are 2.6 and 0.6 respectively.
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Langtang, 2018
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FIGURE 3: Histogram of parameters

Langtang, 2018
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CONCLUSIONS

The annual average of Angstrom exponential (¢t), Angstrom -

turbidity coefficient (B), curvature of AOD(a;) and Linke
turbidity (L7) over the Langtang National Park are cal-
culated for one year(2018) study period. « gradually
increases from January to August.It varies large in June
due to rain. Summer has large value. f increases from
January to April and then decreases to July. Spring has
large value. a, decreases from January to April and then
increases to August. Summer has maximum value. Ly
is maximum in April and then decreases to December.
Spring has large value.

Linke turbidity is 3.3 to 7.7 in Wuhan (30°32’N, 114°21’E,
30 m a.s.l.), Central China from 2010 to 2011 [23]. On
eight years(1993 — 2000) study, Linke turbidity for four
cities of India are 7.5 for Kolkata (26.93° N, 88.45% E,
431 m a.s.1.), 4.6 for Poona (18.53° N, 73.85° E, 559 m
a.s.l.), 6.4 for Jaipur (26.93° N, 88.45° E, 431 m a.s.l.)
and 6.8 for New Delhi(22.65° N,88.45° E, 216 m a.s.l.)
[24]. From 2001 to 2004 at Qena (26.20° N,32.75° E, 96
m a.s.l.), Egypt, in hot season,7; was 5.5 4 0.26, in the
cold seasons, 77, was 4.45 £ 0.44 [25]. A comparison of
observed values of turbidity parameter with other major
cities of the world shows that Langtang National Park
is not polluted as cities like New Delhi, Qena, Kolkota,
Jaipur etc.
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