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Abstract. The aim of this project is to study Atmospheric Linke turbidity index over Deukhuri Valley, Dang (27o50’32.2" N,
82o45’41.9" E and 445 m a. s. l.). The atmospheric Linke Turbidity index is calculated from solar radiation measurements of
NASA satellite for period of 4 years (2015, 2016, 2017, 2018). The annual average clearness index (KT ), Linke turbidity index
(LT ) and visibility are 0.55 ± 0.12, 2.5 ± 1.1 and 10.4 ± 3.8 km respectively. Atmospheric Linke turbidity index is used on
agriculture, hydrology, climate change and energy harvesting. In study period, number of good days (visibility > 15 km) and
number of bad days (visibility < 5 km) are found to be 188 and 94 respectively. This research work is beneficial for the further
identification, impact and analysis of atmospheric turbidity at different places.
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INTRODUCTION

The Sun is the nearest star from the Earth. Solar energy
is a clean, renewable and sustainable energy for solar en-
ergy applications around the world [1]. 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 radi-
ation is usually influenced by three groups of dynamic
factors: position of Sun and Earth position, terrain and
atmospheric affects [2].

The geo-structure of Nepal is complex and for every
200m altitude there exist different climatic zones. This
country is situated in the lap of the Himalaya and is land-
locked situated between India and China with latitudes
of 26.36o N to 30.45o N and longitudes of 80.06o E to
88.2o E. The elevation of the country ranges from 60 m to
8848 m above sea level all within the distance of 185 km
wide [3]. Nepal lies in solar belt (15o N to 35o N ). The
annual average sunshine hour and solar energy are about

6.8 hours per day and 4.7 kWh/m2/day in Nepal respec-
tively [4]. In fiscal year 2018/19, 68.5 %, 29.4 % and 2.1
% of total energy consumption were conventional, com-
mercial and renewable energy respectively. Total annual
energy availability was 7,551.23 gigawatt hours. About
10.0 % of the total population have access to electricity
from renewable energy sources [5]. Nepal is situated be-
tween two giant industrial countries India and China and
their industrial byproduct can directly effect on the atmo-
sphere. The atmospheric turbidity on Dang is needed to
study.

Solar irradiance at ground level is highly dependent on
the Earth’s atmospheric turbidity. Atmospheric turbidity
is a dimensionless measure of the opacity of a vertical col-
umn of the atmosphere. Atmospheric transparency can be
affected both by natural phenomena within the Earth’s at-
mosphere like clouds, dust, etc. and by human activity
like factories, vehicles and many more [6]. Different pa-
rameters have been defined to evaluate the atmospheric
turbidity to the attenuation of solar radiation reaching the
Earth’s surface and aerosols in the atmosphere [7]. The
most common parameters used are Angstrom turbidity
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(β ) and Linke turbidity (LT ) [8]. Linke (1922) proposed
to express the total optical thickness of a cloudless atmo-
sphere as the product of two terms, the optical thickness
of a water and aerosol free atmosphere and the Linke tur-
bidity coefficient (LT ) [? ]. These turbidity indices 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 vis-
ibility and reducing the amount of solar radiation reaching
the ground.

In this research, we studied Atmospheric Linke tur-
bidity index over Deukhuri Valley, Dang. Study of the
atmospheric turbidity index are used on agriculture, hy-
drology, climate change, energy harvesting.

MATERIALS AND METHODS

By Beer Lambert’s law, direct normal solar irradiance on
outer layer atmosphere (Io) is decreased in the atmosphere
due to absorption and scattering [9]. Then direct normal
solar irradiance on ground(In) is [10] .

In = Ioe−km (1)

Ratio of In to Io is clearness index(KT ). It is function of
optical air mass (m, ma) and extinction coefficient (k).
Linke (1922) defined Linke turbidity factor (LT ) as the
number of clean dry atmospheres required to reproduce
the attenuation of extra-terrestrial radiation caused by the
real atmosphere [11]. Linke turbidity factor (LT ) is ratio
of total extinction coefficient(k) to extinction coefficient
due to Rayleigh scattering(δr) [12].

LT =
ln(Io/In)

mδr
(2)

where

δr = (6.6296+1.7513ma −0.1202m2
a+

0.0065m3
a −0.00013m4

a)
−1 (3)

ma =
P

101325[cosθz +0.15(93.885−θz)−1.253]
(4)

where θz is solar zenith angle, ma is absolute optical air
mass(m) and P is atmospheric pressure at the place. Solar
zenith angle depends on solar declination (δ ), latitude
(φ )of the place, solar hour angle (ω) and day number of
year(nd).

θz = cos−1(sinδ sinφ + cosδ cosφ cosω) (5)

δ = 23.45sin(
2π

365
(284+nd)) (6)

Visibility in km is [13]

vis =
3.912

k
(7)

Fourier series is used to analyze seasonal variation [14].

ys = a0 +a1 cos(
2π

365
nd)+b1 sin(

2π

365
nd) (8)

where nd is day number of year, for 1st January, it is 1
and for 31 December it is 365. ao is offset and amplitude

of seasonal component is
√

a2
1 +b2

1.
Daily data of clearness index are collected from NASA
website bluehttps://power.larc.nasa.gov/data-access-viewer/
for year 2015, 2016, 2017, 2018. Open source soft-
ware Python 3.7 software is used to analysis data and to
plot graph. Standard error (SE) is used as error bar in
graph. Data are presented in form of ’mean(x̄) ± standard
deviation(σ )’. Coefficient of variance (CV) is used to
check variability of data.

CV =
σ

x̄
×100 (9)

The first quartile (Q1), second quartile (Q2, median) and
third quartile (Q3) indicate 25%, 50% and 75% of data.
Skewness (γ1),kurtosis (γ2) are used to analyze nature of
distribution of data. When skewness and kurtosis are zero,
distribution of data is normal(Gaussian).

γ1 =

√
µ2

3

µ3
2

(10)

γ2 =
µ4

µ2
2
−3 (11)

Here µ2,µ3 and µ4 are second moment, third moment and
forth moment about mean respectively [15].

Dang is a district of Province no. 5 located in the inner
Terai of midwestern Nepal. Deukhuri Valley (27o50’32.2" N,
82o45’41.9" E) of the district is the second largest valley
of Asia surrounded by Sivalik Hills and Mahabharata
Range with altitude 88 to 445 m above sea level as
shown in Figure 1. It covers 600 km2 area. Maximum
temperature is 26.5oC in August and minimum temper-
ature is 13oC in January. The annual precipitation is
1494.4 mm according department of hydrology and mete-
orology. Population and population density of the district
are 548,141 and 190 per square km respectively [16].

2 P. M. Shrestha et al.
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FIGURE 1. Map of Deukhuri, Dang [source: Survey Depart-
ment, 2020]

RESULTS AND DISCUSSION

Daily data of clearness(KT ) are taken from NASA web-
site and plot shown in Figure 2(a). The maximum value
of clearness index is found 0.77 in 2015 March 10 due to
clear day and the minimum value is found 0.09 in 2016
July 26 to cloudy day. During study period of 4 year, an-
nual average of clearness index is 0.55 ± 0.12. Histogram
of clearness index is shown in figure 3(a). The first quar-
tile (Q1), second quartile (Q2, median) and third quartile
(Q3) of clearness index are found 0.48, 0.58 and 0.65 re-
spectively. Skewness (γ1) and kurtosis (γ2) are found -
1.08 and 1.05 respectively. Distribution of clearness in-
dex is negative tailed and is not normal. During study
period of 4060 days, 507 days have clearness index be-
tween 0.6 to 0.7. Number of cloudy days (KT < 0.34)
and number of clear days (KT > 0.65) are found 106 and
375 respectively [17]. Daily Linke turbidity (LT ) is cal-
culated by using equation (1) and (2). Figure 2(b) shows
daily variation of Linke turbidity. The maximum value
of Linke turbidity is found 11.1 in 2015 February 28 due
to large absorption and the minimum value is 1.1 in 2018
December 15 to less absorption.The during study period,
annual average of Linke turbidity is 2.5±1.1. Histogram
of Linke turbidity is shown in figure 3(b). The first quar-
tile,second quartile and third quartile of Linke turbidity
are found 1.8, 2.2 and 2.8 respectively. The skewness and
kurtosis are found 2.64 and 10.42 respectively. Distribu-
tion of Linke turbidity is positively tailed and is not Gaus-
sian. During study period of 4060 days, 829 days have
Linke turbidity between 2 to 4. Daily visibility is calcu-
lated by using equation (1) and (3). Figure 2(c) shows
daily variation of visibility (vis). The maximum value of
visibility is found 23.3 km in 2015 October 2 due to clear
day and the minimum value is 2.0 km in 2015 February
28 day due to fog. During study period, annual average
is 10.4±3.8 km. Histogram of visibility is shown in fig-
ure 3(c). The first quartile, second quartile and third quar-
tile of visibility are found 7.7 km, 10.0 km and 12.7 km
respectively. The skewness and kurtosis are 0.46 and 0.02

respectively. Distribution of visibility is positively tailed
and is not normal. During study period of 4060 days,
During study period of 4060 days, 829 days have Linke
turbidity between 2 to 4. days have Linke turbidity be-
tween 8 to 10 km. Number of bad days (visibility < 5 km)
and number of good days (visibility > 15 km) are found
94 and 188 respectively [18].

FIGURE 2. Daily variation of (a) clearness index, (b) Linke
turbidity, and (c) visibility.

Figure 4(a) shows annual variation of clearness index
(KT ). The maximum value of KT is found 0.56± 0.12 in
2017 having 104 clear days and minimum value is found
0.46± 0.12 in 2016 having 87 clear days. KT varies large
in 2015 due to 24% coefficient of variance (CV) and less
varies in 2016 due to 22% coefficient of variance. Fig-
ure 4(b) shows annual variation of Linke turbidity (LT ).
Maximum value of LT is 2.6± 1.3 in 2015 and minimum
value is 2.4± 1.0 in 2017. In 2015, CV is large 50% and
less 38% in 2018. Figure 4(c) shows annual variation of
visibility. The maximum value of visibility is 10.6± 3.6
in 2017 and minimum value is 10.2± 3.7 in 2016. Visibil-
ity varies large in 39% coefficient of variance in 2015 and
less in 34% coefficient of variance in 2017. Figure 5(a)
shows monthly variation of clearness index (KT ). The
maximum value of KT is found 0.47± 0.09 in March due
to 82 clear day and minimum value is found 0.32± 0.11
in July due to zero clear days. KT varies large in July due
to 35% coefficient of variance and less varies in Novem-
ber due to 9% coefficient of variance. Figure 5(b) shows
monthly variation of Linke turbidity (LT ).The maximum

3 P. M. Shrestha et al.
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(a)

(b)

(c)

FIGURE 3. Histogram of (a) clearness index, (b) Linke turbid-
ity, and (c) visibility.

value of LT is 3.2± 1.2 in January due to cloudy day and
minimum value is 1.8± 0.3 in November due to clear
day.LT varies large in March due to 47% coefficient of
variance and less in November due to 20% coefficient of
variance. Figure 5(c) shows monthly variation of visibil-
ity. The maximum value of visibility is 16.5± 3.4 in Oc-
tober due to 85 good days and minimum value is 7.4± 2.5
in July due to zero good day. Visibility varies large in July
due to 34% coefficient of variance and less in November
due to 16% coefficient of variance. Figure 6(a) shows
seasonal variation of clearness index (KT ).The Maximum
value of KT is 0.46± 0.09 in pre monsoon (March, April,
May) having 170 clear days and minimum value is 0.36±
0.09 in monsoon (June, July, August and September) hav-
ing 19 clear days. KT varies large in monsoon due to 25%
coefficient of variance and less in post monsoon due to
14% coefficient of variance. Figure 6(b) shows seasonal

FIGURE 4. Annual variation of (a) clearness index, (b) Linke
turbidity, and (c) visibility.

variation of (LT ). The maximum value of LT is 2.7± 1.0
in monsoon and minimum value is 1.9± 0.6 in post mon-
soon (October, November). LT varies large in winter due
to 39% coefficient of variance and less in post monsoon
due to 30% coefficient of variance. Figure 6(c) shows sea-
sonal variation of visibility.The maximum value of visi-
bility is 15.2± 2.9 in post monsoon having 135 good days
and minimum value is 8.9± 2.4 in winter(December, Jan-
uary, February) having 5 good days. Visibility varies large
in monsoon due to 27% coefficient of variance and less in
post monsoon due to 19% coefficient of variance. Daily
mean of clearness index, Linke turbidity and visibility are
fitted in Fourier series equation (8) as shown in figure 7.
In figure 7(a), offset for clearness index is 0.55 and ampli-
tude of seasonal component is 0.06. In figure 7(b), offset
of Linke turbidity is found 2.5 and amplitude of seasonal
component is found 0.2.In figure 7(c), offset of visibility
is found 10.4 km and amplitude of seasonal component
is found 2.2 km. The annual Linke turbidity is 3.3 to 7.7
in Wuhan(30o32’N, 114o21’E and 30 m a. s. l.), China
from 2010 to 2011 [19]. Linke turbidity for four cities of
India are found 7.5 for Kolkata (26.93o N, 88.45o E,431
m a. s. l.), 4.6 for Poona (18.53o N, 73.85o E,559 m a. s.
l.), 6.4 for Jaipur (26.93o N, 88.45o E, 431 m a. s. l.) and
6.8 for New Delhi (22.65o N, 88.45o E, 216 m a. s. l.) on
eight years(1993 to 2000)study [20]. The average value
of Linke turbidity factor and visibility are found 1.97±

4 P. M. Shrestha et al.
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FIGURE 5. Monthly variation of (a) clearness index, (b) Linke
turbidity, and (c) visibility.

0.47 and 28.09 ± 21.08 km on Jumla (29.28o N, 82.16o

E and 2300 m a. s. l. ) for 2012 [21]. The annual aver-
age of visibility is found 18.48 ± 1.093 km over Jomsom
(28.47oN, 83.83oE and 2,700 m a. s. l.) for 2012 [22].The
Linke turbidity and visibility were found 5.70 ± 2.46 and
2.98 ± 2.13 km over Bode, Bhaktapur (27.68o N, 85.39o

E, 1297 m a. s. l. ) for 2013 [23]. All the above results
support to verify our results of Linke turbidity which is
closer to the Asian cities. Finally, it is concluded that the
level of pollution of Deukhuri valley can be mitigate by
using clean energy resources as well as proper manage-
ment in transportation system and establishment of clean
energy based industries as well.

CONCLUSIONS

In 4 year of study period (2015, 2016, 2017, 2018) on
Deukhuri Valley of Dang, annual mean for Clearness in-
dex (KT ), Linke turbidity index (LT ) and Visibility are
observed 0.55 ± 0.12, 2.5 ± 1.1 and 10.4 ± 3.8 km
respectively. Number of cloudy days (KT < 0.34) and
number of clear days (KT > 0.65) are found 106 and 375
respectively. Number of bad days (visibility < 5 km) and
number of good days (visibility > 15 km) are found 94
and 188 respectively. About 55 percent of total solar en-

FIGURE 6. Seasonal variation of (a) clearness index, (b) Linke
turbidity, and (c) visibility.

ergy incidents on Deukhuri Valley. However Deukhuri
valley is favorable to harvest the solar energy and solar
related technology can be promoted to substitute the con-
ventional energy like other mega cities in the world.
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FIGURE 7. Fourier series of (a) clearness index, (b) Linke tur-
bidity and (c) visibility.
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