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ABSTRACT

The monthly variability of Aerosol Optical Depth at 0.50 um (AODo.50) and
Angstrom exponents (AE) based on spectral AODs over an Aerosol Robotic
Network (AERONET) site Pokhara, are analyzed by using aerosol data of the
year 2017. The AODq.5 are characterized by low average values (0.21+ 0.12) in
monsoon, and highest values in pre- monsoon (0.67+ 0.14) followed by winter
(0.46+ 0.28) and post- monsoon (0.33£.02) with an overall mean of 0.43 £ 0.02.
The average AE obtained by using AODs at 0.44 um and 0.87 pm are 1.20+ 0.04
in pre- monsoon, 1.37+0.05 in monsoon, 1.41+.01 in post- monsoon, and
1.37+ 0.07 in winter with an annual average value of 1.35 + 0.08. These overall
variations of AE indicate that the majority of aerosol loading during the study
period was mixture of fine and coarse mode aerosols and the influence of
anthropogenic aerosols. The monthly average AOD suggest low aerosol
loading in the months of the monsoon season (June to September) than other
months of pre-monsoon season (March to May) and post-monsoon season
(October and November).
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1.

Introduction

anthropogenic and natural processes, have a strong
contribution to perturb the overall solar radiative

Aerosols are fine solid or liquid particles suspended forcing [1-3]. Hence, the sources, nature of
in the atmosphere, which are embedded by aerosols, and its climatic impact are a topic of
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significant interest in the climate. Commonly
known natural aerosols are dust, sea salt, forest
exudates, while anthropogenic aerosols are
particulate air pollutants produced from human
activities [4]. The importance of studying and
measurement of aerosol physical, optical, and
chemical properties have increased dramatically
since the last few decades as aerosol loading is
significantly growing due to urbanization and
industrialization, high population density, or
biomass burning.

The atmosphere over the urban areas contains a
concentration of particles with diameters from a
few nanometers to around 100 micrometers
produced mainly from a combination of primary
particulate  emissions  from  transportations,
industries, power generation, and natural sources,
and gases to particles conversion [5, 6]. Aerosol
particles from combustion sources, such as
automobiles, wood burning, and power generation,
can be small and are considered up to the size range
of 1 micrometer (um). The variability of climate is
associated directly with aerosols by scattering and
absorbing solar radiation and indirectly by
modifying cloud properties [7]. Most of the
aerosols are scattering type and cause a cooling
effect but some aerosols like black carbon, mineral
dust and few organic carbons are absorber of
radiation which causes warming effect in the
atmosphere [8]. The aerosol produced by human
activities has also contributed significantly to
climate change [9, 10]. The analysis of aerosol
optical properties along with meteorological
parameters such as precipitation, relative humidity
will give a picture of aerosol types over the aerosol
observation sites [11-13]. Ground-based
measurement and analysis of aerosol optical
properties are important for the quantitative
measure of the extinction of solar radiation by
aerosol scattering and absorption. Since the last two
decades, the direct measurement of aerosol optical
properties from ground-based is increasing
worldwide. The Aerosol Robotic Network
(AERONET) is one of the network which provides

long-term aerosol optical data in many different
areas of the world, and it has also established in
Pokhara. This site is one of the fast urbanizing
cities of Nepal with a lot of construction works,
growing industrialization and rapid increase in
population[14][2]. It causes to  deposit
anthropogenic aerosols in the atmosphere which
requires a systematic, continuous and long term
analysis of physical and chemical properties[15].
But there are very few studies in this region to
address the impact of aerosol on climate change,
crop productivity, visibility and human health. This
work provides an overview of aerosol type by the
analysis of Aerosol Optical Depth (AOD) and
Angstrom Exponents (AE). A number of previous
studies have classified aerosol types from ground
based observations and remote sensing from
satellites[16,17]. The spectral variation of AOD
which can be characterized by Angstrom's
parameters gives an idea of particle size and
aerosol loading in the atmosphere [18, 19].

1.1 Theoretical background

The aerosol characteristics are commonly
determined by using the Angstrom's parameters, o
and P [20] and are related to AOD as;

(D) = A~ )

where a is the wavelength exponent that represents
columnar aerosol size distribution in the
atmosphere and used as a qualitative indicator of
aerosol particle size and chemical composition.
Angstrom exponent values greater than 2 indicate
small particles associated with combustion
byproducts, and values less than 1 indicate large
particles [21, 22] like sea salt and soil dust. The
detection of high values of a is always associated
with the small anthropogenic particles [23]. 8 is the
turbidity coefficient that shows the aerosol number
concentration in the vertical column of the
atmosphere. The value of B generally varies from
0.0 to 0.5. The atmosphere is clean when  is less
than 0.1 and turbid when it is greater than this. a at
wavelengths 0.34, 0.38, 0.44, 0.5, 0.67, 0.87, and
1.02 um are sensitive to the volume fraction of
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aerosols with radii less than 0.6 mm but not to the
fine mode effective radius. Long wavelengths
0.67 um and, 0.87 um are sensitive to fine mode
volume fraction of aerosols, but not fine mode
effective radius, while short wavelengths 0.38 um
and, 0.44 um are sensitive to the fine mode
effective radius but not the fine mode volume
fraction [24].

At a wavelength, A = 1 pm, we have T (A) = B,
which is related to the aerosol column burden.

The linear equation in logarithmic format is given
by

IntT(d) =InB—alnA (2)

Equation 2 gives the values of Angstrom's
parameters o and B by least square analysis.

2. Experiments and Discussion

Research Site and Instrumentation

The observation site Pokhara is one of the
important geophysical cities and an important
tourist destination of Nepal. It is situated at an
altitude of 800.0 m above the sea level and about
200 km, by road, west of the capital city,
Kathmandu. The valley is surrounded by hills about
1000-2000 m high. The elevation rises from 800.0
m to over 7500.0 m over an aerial span of 25.0 km.
Pokhara is the region of highest precipitation rates
in the country (3350 mm/year to 5000 mm/year).
Due to this sharp rise in altitude, the climate of the
city is sub-tropical; however, the elevation keeps
the temperatures moderate [25]. Summers are
humid and mild, and most precipitation occurs
during the monsoon season (July - September),
winter and spring skies are generally clear and
sunny. The mixing of dry westerly air masses with
heated moist air masses from the Bay of Bengal
produces strong convection over the Pokhara
Valley, and thus results in strong updrafts. These
strong convective activities are frequent in the pre-
monsoon and monsoon seasons but do not occur
during the winter season [26].

AErosol RObotic NETwork (AERONET), a
federation of ground-based remote sensing aerosol
networks established by NASA and PHOTONS,
site in Pokhara is situated on the rooftop of hotel
Sangrila, which is near to Pokhara Airport and uses
(https://aeronet.gsfc.nasa.gov/cgi-
bin/draw_map_display_inv_v3).CIMEL
Sunphotometer, which is a ground-based device to
measure vertical profiles, as shown in the figure 1.

Pokhara

Fig. 1: Map of Nepal showing the location of
Pokhara (Red icon) (obtained from
https://www.google.com/url:

). The Sunphotometer used
for the study is shown in inset. (Photo: Arnico
Panday)

CIMEL sun and sky radiometer operate in two
modes, direct sun measurements at 0.34 um, 0.38
pum, 0.44 pm, 0.50 um, 0.675 pum, 0.87 um, 1.02
um, 1.64 um wavelengths and sky measurements at
0.44 um, 0.675 pm, 0.87 pm, 1.02 pm [3, 26]. This
radiometer makes direct Sun measurements with a
1.2° full field of view every 15 min. These solar
extinction measurements were used to compute
aerosol optical depth (AOD), which were
automatically computed by using software and are
available in the AERONET website. 0.94 um
channel is used to retrieve total precipitable water
in centimeters. A study has reported the estimated
uncertainty in computed AOD approximately +0.01
to £0.02, which is spectrally dependent with higher
errors in the UV region [12]. These data are
available on the AERONET website, and since
now, we name it as AERONET data. Level 2
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AERONET aerosol optical data are cloud-screened
and are used in this study. Since the data are cloud
screened and quality assured, data will not be
available during cloudy days and when the sensor
is wet. For this reason it is very difficult to obtain
data during monsoon season.
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Fig. 2: Accumulated Rainfall during Monsoon
2017 as monitored by DHM, Nepal. The plot is
retrived from website of DHM weather on
7/21/2020.
http://www.dhm.gov.np/uploads/getforecast/17972
20298sep%202017 final.docx

As reported by DHM Nepal, the average rainfall
during monsoon season (June, July, August and
September) are 670 mm, 932.5 mm, 767 mm and
714.2 mm respectively. The average maximum and
minimum temperature during the monsoon season
were 30.97 and 22.57 respectively. The annual
rainfall in the year 2017 was 3743.3 mm. It means
a significant amount of rainfall takes place in the
monsoon season that can easily flush out larger
aerosol particles from the atmosphere causing a
larger drop in the value of AOD.

Angstrom exponents, which were obtained by two
pairs of wavelengths 0.44 ym and 0.87 um are
analyzed. Daily averaged aerosol optical depth at
0.50 um, AODy.50 and angstrom exponents based
on wavelengths ranges, 0.40 um to 0.87 pm are

downloaded from AERONET Pokhara site and
analyzed for different months.

3. Results

3.1. Variability of AODo.50, AE coefficients and
Precipitable Water

The time series of daily averaged aerosol optical
properties, namely AOD at 0.50 um (AODy.50),
calculated Angstrém exponents (AE) in a
broadband (0.44 um-0.87um) and precipitable
water (PW) in cm, from January to December of
2017 are presented in figure 2 (a, b and c). The
monthly averages of AODgso, AE, and PW (in cm)
along with monthly standard deviation are
presented in Table 1. It shows that aerosol loading
is strong in the months from March to May with
significant fine particles. Angstrom exponent data
indicate the approximation of the dominant size of
fine particles in aerosol loading in all seasons. For
our general reference we considered the threshold
value of AOD and AE for nearby region (Delhi) for
anthropogenic, mixed type, biomass burning and
dust were taken as 0.3-1.3 and > 0.9, 0.4-0.7 and <
09, > 13 and > 0.8, and > 0.7 and < 0.6
respectively [27,28]. The significant standard
deviation in the AOD and AE represents for the
different types of particulate components loading
into the atmosphere [19, 29]. As expected in the
monsoon period (June to September), the air is
clean with low and stable AOD. In the rainy
season, in which we find a large amount of PW in
the atmosphere (Table 1), the monsoon period, the
reduced values of AOD may have been caused by
differences in the production and flushing of
aerosol from the atmosphere due to rain between
dry and rainy seasons.

Both AOD and AE exhibit a distinct seasonal trend,
mainly in the months of pre and post- monsoon
seasons. From the end of winter towards pre-
monsoon season (March to May), the AOD has an
increasing trend and may be mainly due to the
buildup of anthropogenic aerosols, burning of crop
residue such as wheat in the regions as this season
is the time of harvesting. PW is an essential
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parameter of the atmosphere for the overall climate change. Monthly mean values, along with standard
deviations (Table 1), show that PW is decreasing from post- monsoon seasons to the early stage of pre-
monsoon.
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Fig. 2: Time series of daily averaged columnar (a) AOD values at a wavelength 500 nm (0.50 pm),
AODg50(b) Angstrom exponent (AE) with broad band 0.44 um /0.87 um and (c) Precipitable water in cm,
measured over Pokhara from Jan to December of 2017. The bottom scale is in Julian day with 1 for
January first and 365 for last day of December.
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Table 1. Monthly average of AOD, AE and Precipitable water (PW) and standard deviation in
parenthesis for each month. The standard deviation is significant due to daily variability of aerosol

optical properties and PW.

Precipitable_Water (PW) in

Months AOD_0.50pm AE (0.44/0.87) it
Jan 0.30(+0.12) 1.43(+0.05) 1.21(20.22)
Feb 0.79(0.33) 1.30(:0.09) 1.56(+0.25)
March 0.72(0.49) 1.27(+0.18) 1.95(0.59)
April 0.79(20.45) 1.21(+0.22) 2.31(0.67)
May 0.52(0.31) 1.25(+0.19) 3.06(0.45)
June 0.34(0.18) 1.31(+0.14) 3.91(0.46)
July 0.12(0.05) 1.41(+0.18) 4.63(+0.19)
Aug 0.16(0.08) 1.39(+0.18) 4.70(+0.30)
Sep 0.31(20.15) 1.41(+0.09) 3.98(0.28)
Oct 0.36(0.21) 1.40(+0.06) 2.83(+0.57)
Nov 0.31(0.20) 1.41(+0.06) 1.81(0.23)
Dec 0.30(0.14) 1.37(+0.08) 1.31(20.36)

3.2. Spectral dependence of AOD

The spectral values of AOD decrease with an
increased value of wavelength of light. The figure 3
shows the strong dependence of AOD at a shorter
wavelength and gradually decreases towards the
longer wavelengths indicating the presence of fine
to coarse aerosol particles. The fine mode particles
are responsible for enhancing scattering that causes
to make the values of AOD high at a shorter
wavelength, whereas coarse mode particles are
responsible for lower values of AOD at longer
wavelength [19].

It can also be observed from the graph that the
variation of AOD with wavelength follows a
similar trend for different seasons, as indicated in
figure 3. The average value of AOD is highest at

pre-monsoon season followed by winter, post-
monsoon, and monsoon season.

The change in curvature in spectral AOD in figure
3 could be due to the presence of more than one
type of aerosol in the atmosphere, so characterizing
them using a single value of a is only an
approximation [30]. The variation of averaged
AOD based on different seasons with wavelength
in logarithmic scale is investigated by using first
order linear fit, given by equation, and calculated
angstrom exponents and turbidity parameters.

The Angstrém exponent and turbidity parameters
for these different seasons based on a single year
data are found as = 0.19+ 0.01 and o= 1.16 £ 0.07
(winter season), § =0.29 = 0.01 and o= 1.13 + 0.04
(pre-monsoon season), § =0.09 = 0.03 and a = 1.25
+ 0.03 (monsoon season), and f =0.13+ 0.01 and a
=1.22 £ 0.07 (post-monsoon season). The variation
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of turbidity parameters indicates for the aerosol
loadings, and the order of [ values perfectly
matches the variation of AOD values. The
Angstrom exponents indicate for a significant
contribution of fine mode particles. These a values
were calculated using the mean spectral aerosol
optical depth (AOD) at wavelengths, A, from 0. 34
um to 1.64 um. On the other hand, the seasonal o

HANA 18 (1) (2021) 118-127

based on the spectral AOD at wavelengths ranges
0.44 um to 0.87 um were found as o= 1.36 + 0.06
(winter season), 1.24+ 0.03 (pre-monsoon season),
1.37 + 0.05 (monsoon season), and 1.40 + 0.01
(post-monsoon season). In our study, a calculated
using two different wavelength ranges of AOD
shows very little differences, with slightly higher a
obtained in the ranges 0. 34 um to 1.64 pm.
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4. Conclusions

The monthly averaged AOD over the Pokhara
AERONET device data shows that aerosol
concentration is lower in the months from July to
September than in the pre and post-monsoon
season. It is associated with the regular rainfall in
the region during this period. This study shows that
the lower AOD on these months is due to the heavy
rainfall, as indicated by higher precipitable water
levels during the monsoon season. The lowest
columnar AOD at 0.50 um (AODo.s50) characterize
the lowest aerosol loading in monsoon, and highest
average values in pre-monsoon followed by winter
and post-monsoon. Previous studies suggest that
the higher value of AOD during pre-monsoon and
post-monsoon is due to the accumulation of aerosol
loading from biomass burning and trans-boundary
pollution from IGP (Indo Gangetic Plain). AE’s
Comparison obtained at two wavelength ranges,
0.44 t0 0.87 um and 0.34 to 1.64 um, indicates that
AE observed in the ultraviolet to infrared ranges
can estimate aerosol sizes and shows that the
aerosol has comparatively less impact on the
infrared region. This analysis presented only one-
year aerosol optical data to represent monthly
variation along with seasonal variation. Therefore
this study also sees the importance of further
analysis of aerosol optical properties by using
multi-year aerosol data along with back trajectory
analysis of air masses to identify trans-boundary
aerosols and source of air pollution over Pokhara.
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