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Abstract: The comparative study of aerosol optical properties at different tourist places in Nepal has been performed.
Lumbini, Pokhara and Langtang-Base Camp (BC) were the places chosen for observation. Aerosols are made

up of a variety of airborne particles both fine and coarse and are most prevalent in urban industrial Areas.

The data was collected from AERONET websites between 2017 and 2019 for each of the locations. The
ranges of AOD over Pokhara and Langtang-BC were discovered to be lower (0.1 and 0.01) and the maximum

and minimum values of AOD (675 nm) in Lumbini occurred predominantly in winter and summer monsoon

respectively. The causes of the highest AOD levels were land clearing for crop cultivation and vegetation fires
which were then followed by biomass burning for heating purposes and pollution from brick kilns, industry

and vehicles. AOD, angstrom exponent (α and β) and Visibility are distinct from typical seasonal variations.
The total AE fluctuations show that a combination of fine and coarse mode particles as well as anthropogenic

aerosols made up the majority of the aerosol loading during the research period. Visibility was inversely related

to the turbidity coefficient (β). Three times as much visibility was discovered over Langtang-BC as compared
to Lumbini and Pokhara. Over these three locations, precipitable water peaked in the summer and dropped

in the winter. These three sites seasonal changes are found to be distinct for each parameter.

Keywords: Aerosol optical depth (AOD) • Angstrom exponent (α) • Turbidity Coefficient (β) • Visibility

I. Introduction

Aerosols are mixtures of solid or liquid particles that combine with gas to generate a mixture whose features

are mostly unknowable and play a significant influence in predicting the global climate. Anthropogenic factors

(burning fossil fuels, biomass, transportation, etc.) or natural factors can both produce aerosols (volcanic, sea

salt, desert, etc.). Aerosols range in size and shape from a few macromolecules to 100 µm, but depending on the

level of pollution, they can reach a size of 10,000 microns.

Despite having significant uncertainties, Aerosol is one of the key variables in today’s projection of global

climate change. Studying atmospheric physics is important for understanding phenomena like precipitation and

∗ Corresponding Author: sabin.gtmk3k@gmail.com
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the radiative transport of light waves in the atmosphere [1]. Complex aerosol optical and microphysical properties

over a wide range of both temporal and spatial scales are major reasons why scientific understanding of aerosols

is still limited. Aerosols have the potential of absorbing and scattering solar energy which ultimately influences

the climate system of the earth [2]. Aerosols loading in the atmosphere has a major effect on the climate system,

reducing visibility and crop productivity, and deteriorating human health mainly related respiratory system due

to sub-micron aerosols [3, 4]. The major challenge in the current climatic study is to characterize the variation

of concentration, composition and size of aerosols at regional scale with sufficiently high temporal and spatial

resolution [5] Anthropogenic emissions from industry, transport and incomplete fossil fuel combustion are rapidly

rising in China and India [6] which are known as Indo-Gangetic Plains (IGP). Lumbini also lies in the IGP

region and is also affected by pollution [7]. Because of their large populations, closeness to the IGP region [8] and

anthropogenic activities like burning biomass during the winter and burning fossil fuels. Lumbini and Pokhara

experience higher aerosol loading Whereas in Langtang aerosol loading is due to the burning of biomass (e.g.,

cow dung, wood, fuel) to cook food [4]. The Himalaya Mountain located along the southern edge of the Tibetan

plateau (TP) acts as a natural barrier for the transport of atmospheric aerosols [8]. Our data span three years

from 2017 to 2019 and were taken from the AERONET website at 2.0 version. AERONET is a network of

ground-based Sun photometers that measure atmospheric aerosol properties which are installed in around 400

stations all around the globe [9]. AERONET has also deployed a device that monitors aerosol loading at various

wavelengths. Parameters such as Aerosol Optical Depth (AOD), Angstrom Exponent (α), Turbidity Coefficient

(β), Precipitable Water (PW) and visibility have been studied in this paper. The Turbidity Coefficient (β)

reflects the amount of aerosol rich in the given location whereas the Angstrom exponent (α) denotes aerosol size

distribution. The amount of solar radiation absorbed about the amount of solar energy transmitted is known

as the aerosol optical depth (AOD). 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 [10] additionally it provides a figure

for the amount of direct sunlight that aerosol particles block from reaching the earth’s surface [11]. The amount

of precipitation on the earth’s surface when the cloud condenses is known as precipitable water (PW). It is also

one of the main components of a greenhouse because it is capable of absorbing and re-emitting infrared radiation.

Visibility is affected by the physical and chemical properties of the particulate matter and the ambient relative

humidity (RH). An increase in atmospheric particulate pollution results in a decrease in visibility [12–14]. This

work mainly focuses on the understanding of AOD behavior concerning wavelength and the relation between the

Angstrom exponent, precipitable water, and the Visibility of different stations over Nepal.

II. Data Set and Methodology

AERONET websites provided three levels of data as level 1.0 (unscreened), level 1.5 (cloud screened), and

level 2.0 (quality-assured data). The data for Lumbini, Pokhara and Langtang-BC were collected at level 2.0 from

59



Aerosol optical properties

January 2017 to December 2019. The aerosol Robotic Network is a ground-based network of standardized camel

sun sensors that measure AOD from 340nm to 1640nm and other parameters. For over a decade, AERONET

has been providing high-quality retrievals of aerosol optical characteristics from the surface at global locations.

Seasons in the South Asia region are divided into four categories: Winter (December to February), Pre-monsoon

(March to May) Summer (June to September) and Post-Monsoon (October to November). The Table 1 gives the

details about the selected region for our study.

Table 1. Details about the study area

Sites Site Coordinates Site Description

Lumbini Latitude: 27.49000° North
The location lies in Nepal’s Southern Plain,

which is part of the Indo-Gangetic plainLongitude: 83.28000° East

Elevation: 110.0 m

Pokhara Latitude: 28.18664° North East ALA The instrument can be found on the roof of
the Shangrila Village resort on the outskirts of

Pokhara, Nepal
Longitude: 83.97518°

Elevation: 800.0 m

Langtang BC Latitude: 28.21443° North The instrument is positioned in the enclosed area
of the ICMOD met station in Langtang valley,

near the Yala glacier
Longitude: 85.60978°

East Elevation: 4901.0 m

The relationship between AOD and angstrom exponent (α) is given by the power-law equation [15],

τ = βλ−α (1)

The wavelength in microns associated with AOD values is denoted by λ. Angstrom’s turbidity coefficient is

denoted by β. Equation (1) can be written in the logarithmic format as:

lnτ(λ) = lnβ − αlnλ (2)

Ångström parameters α and β were obtained from equation (2). From the spectral AOD(λ), the angström

exponent α can be further defined as:

α = −dlnτAOD(λ)

dlnλ
= −

ln
(

τAODλ2
τAODλ1

)

ln(λ2
λ1

)
(3)

The visibility (V) of the air in km is given by the following formula [16]

β = 0.5α

(
3.912

V
− 0.01162

)
× [0.02472(V − 5) + 1.132] (4)

Where V denotes the visibility in the atmosphere which is inversely proportional to the extinction coefficient [17].
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III. Results and Discussion

Monthly and seasonal variation of aerosol optical properties

We addressed the average value of the monthly and seasonal fluctuations of AOD, Angstrom exponent (AE),

Visibility, and Precipitable Water over three tourism stations in Nepal. The monthly mean AOD (675 nm) in

Langtang BC, Lumbini, and Pokhara From 2017 to 2019 (Fig. 1). The monthly means are computed using daily

averaged data and averaged across three years.

Figure 1. Demonstrates that the monthly mean AOD in (a) Lumbini, (b) Pokhara, and (c) Langtang BC peaks
throughout the pre-monsoon

AOD above Lumbini is greatest in the winter (0.70) and pre-monsoon seasons (0.65). Winter haze in

places like Pokhara and Lumbini is caused by an increase in heating needs, vehicle traffic, and industry. The

highest and lowest values of AOD have been found over Pokhara, with the highest in pre-monsoon (0.45) and

the lowest in monsoon (0.10). Pokhara is also located in an area of Nepal where there is a substantial amount

of biomass burning and the proximity of the Indo-Gangetic plains contributes to haze throughout the winter

and pre-monsoon seasons. During the study period, the monsoon season (0.25) had the lowest AOD value over

Lumbini and Pokhara. The dramatic decrease in the AOD value during July is caused by the washout of aerosols

caused by strong monsoon precipitation. As a result of this, AOD at Pokhara and Lumbini were significantly

greater than at Langtang each month [8].

However, the AOD value in Langtang BC is lower than in Pokhara and Lumbini. The value was highest

during the pre-monsoon season (0.03) and lowest during the post-monsoon season (0.01). The high Himalayas

are dominated by higher concentrations during the winter and pre-monsoon, lower concentrations during the

post-monsoon season, and rising levels during the winter to pre-monsoon. The value of AOD is greater than

0.02 during the pre-monsoon and monsoon seasons and less than 0.02 during the post-monsoon and pre-monsoon

seasons. The accumulation of high-speed dust particles may be responsible for the rising value of AOD during

the pre-monsoon season. The lower winter levels are attributed to a reduction in larger particles. The presence
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of anthropogenic sources at Himalayan sites is responsible for the high AOD in pre-monsoon when the carried

dust is at its peak. Monsoon begins with sporadic showers and pollution has contributed to monsoon haze, fog,

and so on. Most residents in Langtang rely on biomass burning, a traditional fuel source that emits massive

volumes of aerosol into our environment. AOD was observed to be increasing in the pre-monsoon season because

the pre-monsoon season begins with low rain, making days hazy and land clearing adds significantly more aerosol

to those hazy days. Because of the wet days of summer, AOD was found to be diminishing in Post-Monsoon and

Post-Monsoon begins with the end of the monsoon when the sky is seen clearly with significantly less aerosol.

Monthly and seasonal variation of Angstrom Exponent (AE) and Visibility

Monthly means of Angstrom exponent (α (440-870 nm), Turbidity Coefficient (β), precipitable water (PW),

and Visibility estimated from multiyear monitoring at AERONET locations in Lumbini, Pokhara, and Langtang-

BC Nepal from 2017 to 2019 respectively are shown in Fig. 2.

Figure 2. Comparison Angstrom exponent (α), Turbidity Coefficient (β), precipitable water (PW), and Visibility
over Lumbini, Pokhara, and Langtang-BC.

The turbidity coefficient (β) represents aerosol loading, while the Angstrom exponent (α) represents aerosol

size. The value of (α) ranges from 0.66 to 1.5 indicating that several forms of aerosols exist in the atmosphere

over Lumbini, Pokhara, and Langtang BC. At Lumbini (Fig. 2), the Angstrom Exponent has a maximum value in

the winter and post-monsoon months (November and December) exceeding 1.24 and a minimum value in the pre-

monsoon and monsoon months of April-June (less than 1.1), which agrees with [18]. This dramatic seasonal shift is

the result of fine-mode pollution aerosol hegemony in the winter and post-monsoon months and coarse-mode dust

aerosol dominance in the pre-monsoon months. The amount of aerosol loading is observed to be greatest during

the winter and pre-monsoon seasons with values surpassing 0.30 and lowest during the summer monsoon season

(July and August) with values less than 0.15. Diurnal variations of precipitable water are reported to be minimal

throughout the pre-monsoon, winter, and post-monsoon seasons, but the highest diurnal variation of precipitable
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water is found during the monsoon season. The seasonality of monsoon precipitation is connected with the strong

cycle in total column water vapour, with values reaching 4 cm from June to September. Summer is Lumbini

rainy season, accounting for roughly 74% of yearly Precipitation. We observed a substantial adverse connection

between visibility and turbidity coefficient (β). Fig. 2(a) illustrates that the values of alpha (α) and beta (β) are

nearly opposite during coarse mode particles. Because of particle light extinction, atmospheric visibility is the

most intuitive metric of air pollution.

In Pokhara however, we found that the average seasonal Angstrom Exponent was highest in the post-

monsoon and winter with values surpassing 1.36, and lowest in the summer monsoon with values less than 1.2. A

higher value (α > 1) in all seasons implies a columnar aerosol size distribution with a significant contribution from

fine mode particles arising mostly from humans, biomass burning, and urban and industrial sources. It shows

that aerosol loading is high in March and May with significant fine particles. The seasonal turbidity parameters

were highest before the monsoon with values over 0.24 and lowest after the monsoon, with values around 0.06.

During the winter and pre-monsoon seasons significant fire spots are found throughout this area increasing the

emission of aerosols from biomass burning which flows into Pokhara and affects air quality and increases the

Turbidity Coefficient (β) which can reduce visibility. The monthly mean precipitable water vapor exceeds 3.5 cm

from June to September accounting for 83% of total annual precipitation. PW rises during the summer monsoon

and declines during the post-monsoon season according to seasonal variations. We discovered a significant inverse

relationship between visibility and the turbidity coefficient (β). This finding suggests that higher values associated

with visibility were related to aerosol loading which was dominated mostly by fine-mode particles.

Furthermore, when compared to Pokhara and Lumbini the annual cycle on monthly mean Angstrom Expo-

nent in Langtang BC is smaller. Fine-mode aerosols dominate the winter, summer-monsoon, and post-monsoon

seasons for the majority of the year due to hygroscopic rise and biomass burning (Fig. 2(c)). The highest value

of the Angstrom wavelength exponent (α) is larger than 1.07 during the post-monsoon and pre-monsoon seasons,

and the minimum value is less than 0.79 during the winter monsoon season (December). The amount of aerosol

loading is indicated by the turbidity coefficient (β). The pre-monsoon (April and May) and summer monsoon

(August) seasons had the highest aerosol loading with values over 0.0275 while the post-monsoon (October and

November) and winter seasons had the lowest with values less than 0.0125. The best visibility was reported to

be over 230 km in the post-monsoon and winter seasons and the lowest visibility occurred in the pre-monsoon

month of May, with a value of around 170 km. Aerosol loading is lower in Langtang-BC than it is in Pokhara

and Lumbini. Because Langtang-BC is located in the Himalayas, it is unaffected by industrial pollutants, ve-

hicular pollution, or other activities. Because biomass burning increases aerosol loading during the pre-monsoon

season the populace cooks and heats their homes using traditional fuels such as wood, straw, and dung. These

organic fuels cause a high quantity of particles to be released into the atmosphere. The monthly average From

June through September, precipitable water vapour surpasses 0.3 cm when 67% of the yearly total precipitation

falls. The seasonal fluctuation demonstrates that PW increases during the summer monsoon (July-August) and
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decreases throughout the post-monsoon and early pre-monsoon seasons. The winter season had the lowest value

of detectable water which was less than 0.1. These findings indicate that the AOD and precipitated water are sub-

stantially associated at all locations. As described, much of the removal of atmospheric aerosols happens around

big weather systems and high-altitude jet streams, where the stratosphere and lower atmosphere get intertwined

and interchange air with each other [17].

IV. Conclusions

For Lumbini monthly averaged AOD (675 nm) showed that the highest and lowest values occurred during

the pre-monsoon (0.65) and summer (0.20) respectively but the ranges of AOD in Pokhara and Langtang- BC

were lowest. The contribution of pollution particles released from local sources as well as dust particles from

long-range transport contributes to the maximum value of AOD (675 nm) in Lumbini during the Pre-monsoon.

For Langtang, vegetation burning contributes to spring haze and increases AOD in the pre-monsoon season. As

a result of this, AOD at Pokhara and Lumbini were significantly greater than at Langtang each month. The

monthly average Angstrom exponent(α) (440-870 nm) in Lumbini ranged from 1.04 to 1.39 with the lowest value

occurring in the monsoon season due to frequent dust occurrences. The monthly average Angstrom exponent

(440-870 nm) in Pokhara ranged from 1.20 to 1.40. The monthly average Angstrom exponent (440-870 nm)

in Langtang-BC ranged from 0.65 to 1.25 with the minimum and maximum values occurring in winter and

Post-monsoon. During the post-monsoon household heating activities resulted in the highest values of Angstrom

exponent. Precipitation water over Lumbini, Pokhara, and Langtang-BC peaked in summer and lower in the

winter season. It is found that visibility and the turbidity coefficient (β) have an inverse relationship. Thus, the

turbidity coefficient considerably impacts Visibility. The visibility over Langtang-BC is at the maximum range

(170-260 km). Pokhara and Lumbini on the other hand have ranges from 10 to 60 km and 5 to 21 km respectively.

In Lumbini, the value of AOD is also higher indicating the possibility of the hygroscopic growth of aerosols and

the dust storm from the IGP region. Langtang-BC has the maximum visibility of any other region due to its low

population, lack of industrial areas, and its location far from the IGP region.
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