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ABSTRACT

The comparative study of aerosol optical properties at different tourist places of
Nepal has been performed. Langtang BC, Lumbini, Pokhara, Kathmandu-bode,
EVK2-CNR, Jomsom and Kyanjin_Gompa were the places chosen for
observation. We have analyzed the monthly and seasonal variation of aerosol
optical properties for a different year of the above-mentioned places. AOD was
found to be maximum in spring due to vegetation fire and land clearing for crop
cultivation and, then in winter due to biomass burning, heating needs, pollution
from bricks kilns, factories, and vehicles that contribute to winter haze. It
consequently decreases in summer and was found to be minimum in autumn as
summer constituent both dry and wet days and autumn starts with the ending of
monsoon. But it was quite different in the case of Pokhara where it was minimum
in summer than in autumn as Pokhara is the only city where maximum rainfall
occurs in summer. We have also studied the relation between AOD and
corresponding wavelength. It was acclaimed that the AOD of shorter wavelength
is more than the longer one which is because of angstrom exponent. The relation
between AOD and precipitated water has been observed and noticed one to one
correspondence except July and August. The cross-correlation between these two
factors found to be very high indicating a time lag of approximately 2 months
with the presence of aerosol on cloud condensation nuclei (CCN).
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1.

Nanomaterials are considered as intermediate The
degrading air quality, particularly in population-
dense areas, is associated with high aerosol levels

Introduction

(both anthropogenic and natural [1]. System of
solid or liquid particles suspended by a mixture of
gases [2], called aerosols, cover a wide spectrum
dominated by dust, sulfate, carbon, sea salt, or
mixtures of these particles [3] It is considered one
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of the important factors in the current prediction of
global climate change but associated with large
uncertainties. It is a key component to study
atmospheric physics such as radiative transfer of
light waves in atmosphere and precipitation[4].
They directly affect the earth's solar radiation
budget by scattering and absorbing solar and
thermal radiation[5]. On the other hand, aerosols
can also act as cloud condensation nuclei (CCN),
impacting cloud cover, cloud properties, and
precipitation, ultimately influencing the
hydrological cycle [6]. An increase in aerosol
concentration generally results in more numerous,
but smaller, droplets for a given liquid water
content, which ends up in a rise of the cloud
albedo, known as the first indirect effect. Further, a
decrease in cloud droplet size delays and reduces
precipitation processes, which is referred to as the
second indirect effect. However, numerous
feedbacks and interactions with the ice phase and
other aspects of cloud dynamics make it difficult to
tease out exactly how cloud microphysical changes
due to aerosol changes affect the radiative balance,
precipitation, and dynamics systematically and
quantitatively [7].

Moreover, Aerosol plays a significant role in
reducing visibility and implication in human health
hazard because sub-micron aerosols can irritate the
respiratory system [8]. Even Epidemiological and
toxicological studies have shown associations
between aerosols and adverse health effects [9].
The Tibetan Plateau (TP), the largest and highest
plateau on earth, usually acts as a receptor of
natural and anthropogenic aerosols from the
surrounding regions, and its environment is highly
sensitive to climate change and human activities
[6]. The Himalaya Mountain located along the
southern edge of the TP acts as a natural barrier for
the transport of atmospheric aerosols [6]. Aerosol
Optical Depth (AOD), defined as the ratio of solar
radiation absorbed to the ratio of total solar
radiation transmitted, determines how much direct
sunlight is prevented from reaching the ground by
the aerosol particles[10]. This work mainly focuses

on the understanding of AOD behavior concerning
wavelength and precipitated water on monthly
variation and also describes the seasonal variation
of AOD of different stations.

Datasets

In this section, we have discussed the site's
location, sources of data collection, and
methodology which have been implemented on this
work. We have observed AOD from Langtang BC,
Lumbini, Pokhara, Kathmandu-bode, EVK2-CNR,
Jomsom, and Kyanjin_Gompa. Langtang BC,
EVK2-CNR, and Jomsom are in the Himalayan
region of Nepal, Pokhara. Kathmandu-bode lies in
the Hilly region and Lumbini is in the Terai region
of Nepal. These places are considered as the major
tourist places where Lumbini, Kathmandu-bode,
and Pokhara are densely populated cities, while the
population of Langtang BC, EVK2-CNR, and
Jomsom are comparatively slim. Pokhara is a
lower-elevation suburban site with much higher
aerosol load due to both the influence of local
anthropogenic activities and its proximity to the
Indo-Gangetic Plains [6] Over 125 brick Kilns are
in Kathmandu-Bode, which contribute significantly
to atmospheric aerosols, particularly during
winters. In the Himalayan regions, people hugely
rely on the traditional way of cooking by burning
biomass (e.g. cow-dung, wood, fuel), which
releases a large amount of aerosol in the
atmosphere. The detailed description of the sites is
given below in the table [11].The satellite data are
considered as one of the main sources to describe
the nature of aerosol optical properties. The data for
the research was extracted from the AERONET site
and this paper has used 2.0 version of data which is
quality assured. AERONET uses ASCII text format
for data transfer to improve data transfer between
systems. The Aerosol Robotic Network is a
ground-based network of standardized Cimel Sun
and sky scanning radiometers measuring AOD at
multiple wavelengths from 340 to 1640 nm and
retrieving other columnar optically effective
aerosol properties [3] like volume, size distribution,
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aerosol optical depth (AOD), total optical depth
(TOD), etc. The development of the Aerosol
Robotic Network (AERONET) for monitoring
aerosol optical depth provides measurements of
natural and anthropogenic aerosol loading, which is
important in many local and regional studies as
well as global change research investigation [12].
AERONET is the ground-based sun-photometer
network with over 400 stations globally. The
AERONET AOD is derived from direct beams of
solar measurements. This study is dedicated to

presenting a trend analysis at selected stations. The
monthly mean as well as daily averages of AOD
are available at AERONET. AERONET has been
providing high-quality retrievals of aerosol optical
properties from the surface at worldwide locations
for quite a decade. Many sites have continuous and
consistent records for over 10 years, which enables
the investigation of long-term trends in aerosol
properties at these locations:

Langtang BC

Kathmandu-bode

Kyanjin_Gompa

Sites coordinates and elevation

Latitude: 28.21443° North
Longitude: 85.60978° East
Elevation: 4901.0 Meters

Lumbini Latitude: 27.49000° North
Longitude: 83.28000° East
Elevation: 110.0 Meters

Pokhara Latitude: 28.18664° North

Longitude: 83.97518° East
Elevation: 800.0 Meters

Latitude: 27.68000° North
Longitude: 85.39000° East
Elevation: 1297.0 Meters

EVK2-CNR Latitude: 27.95775° North
Longitude: 86.81494° East
Elevation: 5079.0 Meters

Jomsom Latitude: 28.77821° North

Longitude: 83.71420° East
Elevation: 2825.0 Meters

Latitude: 28.21126° North
Longitude: 85.56630° East
Elevation: 3862.0 Meters

Site description

The Instrument located in Langtang valley near Yala
glacier in the fenced area of the ICMOD met station[13].

The site is in the Southern plain of Nepal, which is a part
of the Indo-Gangetic plain [14].

The instrument is located on the roof of Shangrila Village
Resort, on the south-western outskirts of Pokhara City,
Nepal[15].

The site is in agricultural-residential setting downwind of
the Kathmandu city, near the village of Bode, Bhaktapur
District[16].

The Cimel sun photometer is operated at the Nepal Climate
Observatory at Pyramid (NCO-P), at 5079 m asl, in the
Khumbu valley, Nepal, close to the Pyramid International
Laboratory[17].

On the roof of a single-story laboratory building at the
southern corner of a plateau sticking into the wind blowing
up the Kali Gandaki Valley[18].

Instrument located in Langtang valley near
Kyanjin_Gompa village in the fenced area of the ICMOD
met station[19].

2. Methodology

The cross-correlation  between AOD and
precipitable water has been observed. Cross-
correlation: the measurement that tracks the

movements of two variables or sets of knowledge
relative to every other[20] and most importantly it
is use to find the lag/lead/time of maximum
correlation. Here the cross-correlation between
precipitated water and AOD at 1020nm, 870nm,
and 675nm has been observed. The term cross-
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correlations are used for referring to the
correlations between the entries of two random
vectors X and Y, while the correlation of a random
vector X is considered to be correlations between
the entries of X itself, those forming the correlation
of X [21]. The definition of correlation always
includes a standardizing factor in such a way that
correlations have values between —1 and +1 [22].
The period for this study was from Jan 1% to Dec
31%, 2018 of Langtang BC, Lumbini and Pokhara,
also, Jan 1% to Dec 31%, 2013 of Kathmandu-bode
and the same period of EVK2-CNR and Jomsom in
the year 2012.

A contour plotis a graphical form to depict a 3-
dimensional surface by plotting constant z slices,
called contours, on a 2-dimensional configuration.
That is, given a value for z, lines are drawn for
connecting the (x y) coordinates where that z value
occurs [23]. The contour has been used to observe
the seasonal variation of AOD in the above
stations. Four seasons are defined as spring
(March-May), summer (June-August), autumn
(September-November), and winter (December-
February) to investigate the seasonal variation of
aerosol optical properties of various tourist places
of Nepal.

3. Results and Discussion

In this section, we have discussed the result of
monthly and seasonal variation of AOD to various
wavelengths and precipitated water.

Relation of AOD with wavelengths and

precipitated water

First, three panels of Figure 1 to Figure 6 show the
variation of AOD to three wavelengths, 1020nm,
870nm, and 675 nm, respectively. The AOD of
shorter wavelength is greater than the longer
wavelength and vice-versa. The Angstrom
exponent of AOD of shorter wavelength is greater
than the longer one as the wavelength dependence
of aerosols is strongly influenced by their chemical
and size composition as a result show by[24]. The

comparison between the first three panels of AOD
at three different wavelengths with the precipitated
water (figure 1 to figure 6) shows similar trends
except in July and August (i.e., July and august
mainly includes wet days of months). For a better
understanding, we have implemented the cross-
correlation analysis between them. Figure 7 to
figure 12 represent the cross-correlation between
precipitated water and AOD at wavelengths of
1020nm, 870nm, and 675nm from different
stations. In the figure, the blue curve represents the
cross-correlation between precipitated water and
AOD at 1020nm, the red curve represents the cross-
correlation precipitated water and AOD at 870nm
and the green curve shows the cross-correlation of
precipitated water and AOD at 675nm. In each
figure, cross-correlation coefficients are on the y-
axis, and time is kept at the x-axis. The cross-
correlation coefficient of AOD of wavelengths
1020nm, 870nm, 675nm and precipitated water was
found to be very high i.e., ~0.9 of Langtang BC in
year 2018A.D, ~0.87 of Lumbini in year 2018A.D,
~0.88 of Pokhara in year 2018A.D, ~0.9 of
Kathmandu-Bode in year 2013A.D, ~0.93 of
EVK2-CNR in year 2012A.D, ~0.95 of Jomsom in
year 2012A.D. These results show that the AOD
and precipitated water are highly correlated on all
stations. As much of the removal of atmospheric
aerosols occurs in the vicinity of large weather
systems and high-altitude jet streams, where the
stratosphere and the lower atmosphere become
intertwined and exchange air with each other,
mentioned by [25]. In such regions, many pollutant
gases within the troposphere are often injected
within the stratosphere, affecting the chemistry of
the stratosphere. Likewise, in such regions, the
ozone within the stratosphere is brought right down
to the lower atmosphere where it reacts with the
pollutant rich air, possibly forming new kinds of
pollution aerosols. So, for the removal of a large
amount of aerosol there must occur enduring and a
battery of natural calamities similar as the result of
[26].
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Fig. 1: The first three panel shows the variation of AOD with respect to three different wavelengths i.e. 1020nm,

870nm and 675nm respectively and, the fourth panel shows the variation of AOD to precipitated water of Langtang
BC in the Year 2018 A.D.
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Fig. 2: The first three panel shows the variation of AOD with respect to three different wavelength i.e. 1020nm,

870nm and 675nm respectively and, the fourth panel shows the variation of AOD to precipitated water of Lumbini
in Year 2018 A.D.
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Fig. 3: The first three panel shows the variation of AOD with respect to three different wavelength i.e. 1020nm,

870nm and 675nm respectively and, the fourth panel shows the variation of AOD to precipitated water of Pokhara in
Year 2018 A.D
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Fig. 4: The first three panel shows the variation of AOD with respect to three different wavelength i.e. 1020nm,
870nm and 675nm respectively and, the fourth panel shows the variation of AOD to precipitated water of

Kathmandu-Bode in Year 2013 A.D.
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Fig. 6: The first three panel shows the variation of AOD with respect to three different wavelength i.e. 1020nm,
870nm and 675nm respectively and, the fourth panel shows the variation of AOD to precipitated water of Jomsom in
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Fig. 10: Represents the cross-correlation between Precipitated water and AOD at three different wavelength i.e.
1020nm, 870nm and 675nm of Kathmandu-Bode in year 2013 A.D.
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Monthly variation of AOD

The monthly variation shows that: AOD was in
increasing order from January to February at
Langtang, EVK2-CNR, and Jomsom. It was
however comparatively less from August to
December. This is because, these places are
situated in the Himalayan region: in January and
February, winter biomass burning plays an
important role and the significant portion of the
population relies on traditional fuels such as wood,
straw, and dung for cooking and heating homes too.
These organic fuels deliver a heavy load of
particles to the atmosphere [27] because people
tend to burn them at relatively cool temperatures;
this leads to incomplete combustion also stated by
[28]. As winter starts with December, days are less
hazy compared to January and February due to
which AOD is less in these months compared to
January and February. August recorded decreasing
AOD: as of August mainly includes wet days of
months. September begins with the ending of
monsoon, due to which the sky is clear and AOD is
reduced. In figure2 and figure3, it was observed
that AOD is soaring in January, February, and
December. This is the result of traffic and pollution
from factories which also contributes to the winter
haze in Lumbini and Pokhara [29]. Figure 4 AOD
is observed to be increasing in January and
December, this is because the maximum of brick
kilns are situated in Kathmandu-Bode [30]. It is
also in these months, the meteorological parameters
showed significant fluctuations. The relative
humidity was normally greater than 97%, as shown
by[31]. A similar pattern is followed in Lumbini.
Figurel, figure2, figure3, and figure4 AOD are in
increasing order from February to April due to land
clearing and agricultural fires in various regions of
Nepal[6]. In figure 1-6, AOD was observed to be
decreasing in July due to wet days of summer [32].
Nepal’s summer season comprises both wet and dry
days, while in wet days aerosol is detached due to
precipitation and in dry days the maximum number
of aerosol goes to the atmosphere due to dry wind

and pollution caused by various human
activities[33]. Sometimes, this maximum amount of
aerosol with some amount of water molecules form
a group of large clouds resulting in catastrophic
rainfall. In Figure5: AOD is not significantly less in
July, because EVK2-CNR does not follow the trend
of wet days or only a few amounts of rain may
occur during this time. The AOD can be seen
increasing in Figurel, Figure2, Figure4, Figure5,
and Figure6 in May and June because these are the
dry months of summer as similar result of [34] with
no significant rainfall and most of the pollutants are
drifted to the atmosphere by this dry wind.
However, in figure3 AOD can be seen to be
decreased in June because Pokhara is the only city
all over Nepal where the monsoon starts early and
it lasts for long, so in Pokhara, June comes into the
wet days of summer.

Seasonal variation

Figure13-15 represents the contour plot of seasonal
variation of AOD at 1640nm of Pokhara,
Kyanjin_Gompa, and Lumbini in the year of 2018,
respectively. In the contour plot, Season was placed
in the y-axis, an hour was in the x-axis and AOD
was placed in the z-axis. It has been noticed that
AOD is increasing in winter and is maximum in
spring and drastically decreasing in summer,
however, it was more in autumn compared to
summer in the case of Pokhara. But AOD is
minimum in autumn than in summer for
Kyanjin_Gompa and Lumbini. These three-station
i.e. Pokhara, Kyanjin_Gompa, and Lumbini were
taken under consideration for seasonal variation
which encompasses all three geographical regions
of Nepal. Lumbini lies in the Terai region, Pokhara
lies in the Hilly region and Kyanjin_Gompa lies
Himalayan region. From the above figures, it was
observed that Lumbini has the aerosol of the
highest optical depth compared to Pokhara and
Kyanjin_Gompa also, Pokhara has less AOD than
Lumbini but more than Kyanjin_Gompa.

Seasonal variation graphs of AOD concludes that:
AOD was found to be increasing in winter and was
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maximum in spring and drastically decreases in
summer and was minimum in autumn, however, it
was more in autumn compared to summer in case
of Pokhara. It is due to, increment in heating needs,
vehicle traffic, and industry which contributes to
winter haze in cities like Pokhara and Lumbini.
Pokhara also lies in such a region of Nepal where a
significant amount of biomass burning, and
downwind of the Indo-Gangetic plains contributes
to haze during winter and spring [6]. Bricks
production in winter also helps in the ejection of
aerosol to the atmosphere in Lumbini and
Kathmandu-Bode. In the case of Kyanjin_Gompa,
most of the population are dependent on traditional
fuels such as woods, straw, dried dung for cooking
and also for heating purpose in winter. These
organic fuels contribute to a heavy load of particles
in the atmosphere. Also high Himalayas is
dominated by higher concentrations during winter
and spring (pre-monsoon), minimal concentrations
during the summer wet monsoon season, and
increasing levels during the autumn (post-
monsoon) [35]. Spring season begins with
occasional shower and pollution had contributed to
spring haze, as in 2018 A.D Nepal is considered as
one of the most polluted countries added with the
most degraded air quality. So in spring, AOD was

P'okhara' 2Q18

found to be maximum in all three stations.
Vegetation fires peak in the Himalayan region in
April [6], which has a large impact on all three
sites. It was also observed that in summer, AOD of
Pokhara goes to a minimum because most of the
month of summer is wet days of monsoon and due
to heavy rainfall maximum amount of aerosol
flushes out. But in the case of Lumbini and
Kyanjin_Gompa summer includes both wet and dry
days of monsoon due to which only a minimum
amount of aerosol gets detach while in the wet
days. Autumn: the season starts with the ending of
monsoon resulting in lesser AOD compared to
other seasons in the context of Nepal [22]. Autumn
is also considered as the best season for outdoor
activities like trekking, jungle safari, rafting, etc. as
you can enjoy lots of green and blue sky

Pokhara significantly has lesser AOD than Lumbini
but more than Kyanjin_Gompa. In summary,
Kyanjin_Gompa does have relatively pristine
environments occasionally disturbed by pollution
episodes. Pokhara and Lumbini, however, are
seriously affected by human activities. AOD at
Pokhara and Lumbini is much higher than the
Kyanjin_Gompa in each month similar to the result
of [6].
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Fig. 13: Shows the Seasonal variation of AOD at 1640nm wavelength of Pokhara in year 2018.
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Fig. 14: Shows the Seasonal variation of AOD at 1640nm wavelength of Kyanjin_Gompa in year 2018
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Fig. 15: Shows the Seasonal variation of AOD at 1640nm wavelength of Lumbini in year 2018 A.D.

4. Conclusion and general remarks

We have investigated the aerosol optical properties
at various tourist places in Nepal concerning
wavelength and precipitated water. Besides that, we
have also observed the monthly and seasonal
variation of AOD. We conclude our results as
follows :
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An inverse relationship between wavelength
and AOD was established because of Angstrom
Exponent. Angstrom exponent is inversely
related to the standard size of the particles
within the aerosol: the smaller the particles, the
larger the exponent [36]. Thus, it is a useful
quantity to assess the particle size of
atmospheric aerosols or clouds, and the
wavelength dependencies of the aerosol/cloud
optical properties[37]. The angstrom exponent
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states that the optical thickness of an aerosol
depends on the wavelength of light, as
mentioned by [38].

From the above result, it was clear that aerosol
plays an important role in precipitation, or also
we can say that they are inversely related to
each other in July and August as these months
include a massive rainfall in case of Nepal.
This result is like the result produced by [7]
where they suggest that changes in
precipitation were likely due to aerosol
interactions. The amount of aerosol plays an
important role in precipitation. If there are a
large number of aerosols, then water molecules
will have more options for condensation
because of which small clouds are formed with
no or very few precipitations as water droplets
in the cloud need to reach in critical size for a
downpour. However, if there are fewer aerosols
in our atmosphere then more water molecules
get attached to those few aerosol-forming large
as well as grey clouds resulting in rainfall,
hence the maximum number of aerosol flush
out due to rainfall because precipitation is
directly correlated with AOD given by the
study of [26].

From above result it was inferred that,
maximum increase in AOD is in April due to
vegetation fire which helps to contribute in
spring haze, in different regions of Nepal.
Adding up, acceleration of AOD in January,
February and December is the outcome of the
bio-mass burning, wood and dung for cooking,
heating needs in the stations like
Kyanjin_Gompa, Langtang BC, EVK2-CNR,
Jomsom which is situated in Himalayan region.
Likewise, bricks kiln, vehicle traffic, heating
needs, pollution from factories are main source
of AOD in the stations like Kathmandu-Bode,
Pokhara and Lumbini.

From the above result i.e. the reduction of
AOD in July in all the station except EVK2-
CNR concludes that, all the other stations
except EVK2-CNR follow the trend of wet

days of summer while wet days of summer
include precipitation and due to which aerosol
get detached from atmosphere. However,
EVK2-CNR do not follow the trend of wet
days. Also, all the stations except Pokhara
shows the acceleration of AOD in the month of
May and June because these two are considered
as a dry months of summer with no significant
rainfall and most of the pollutant are drifted up
by dry wind. However, Pokhara is the only city
in Nepal where monsoon starts early and last
for long so June belongs to wet days of summer
in case of Pokhara.

less AOD than
Lumbini  but more than Kyanjin_Gompa.
Kyanjin_Gompa shows relatively pristine
environments occasionally disturbed by pollution
episodes. Pokhara and Lumbini, however, are
seriously affected by human activities. AOD at
Pokhara and Lumbini was much higher than the
Kyanjin_Gompa in each month as the result of [6].
The result presented in this work may help to
enhance more knowledge about the Aerosol Optical
Properties of different tourist places as well as all
the three geographical regions of Nepal. Aerosol
monthly, seasonal variation at different stations as
well as geographical regions are elucidated based
on the objective phenomenon of precipitation,
wavelengths, and source emission variations. To
improve knowledge about the study of its effect
and control measure, more direct evidence, such as
chemical sampling at different atmospheric layers,
micro-pulse LIDAR observations from the surface,
or LIDAR remote-sensing measurements have to
be used in future studies.

In summary, Pokhara shows
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