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ABSTRACT

Jaipur is a key site to study Aerosol Optical Depth (AOD) due to unpredictable variation of atmospheric Aerosols particles in the recent years.
Aerosols Optical Depth (AOD) and Angstrom Exponent (AE) were investigated over the semi-arid region, Jaipur (26.9124° N, 75.7873° E) Northwestern
India during the April-2009 to December-2017 utilizing AERONET CIMEL sun-photometer level-2 data for aerosols spatial and temporal
characteristics. The Aerosols Optical Depth AODsy nm, AODyy nm, and AODj3 nm were observed maximum in July-2011 and minimum
observed in March-2013. The monthly mean Angstrom Exponent (AE) was maximum (1.53 + 0.43) for 500-870 nm, (1.49 = 0.4) for 440-870
nm, and (1.19 * 0.32) for 340-440 nm in September 2011, while the lowest value recorded (0.26 = 0.12) for 340-440 nm, (0.16 = 0.08) for
440-870 nm and (0.15 = 0.07) for 500-870 nm during June 2014. The backward trajectories analysis was performed using the Hybrid Single-Particle
Lagrangian Integrated Trajectories (HYSPLIT) model to determine the sources of large aerosol loadings over the Jaipur region, and air mass
simulations from the back trajectory, suggest that the Thar desert northwestern part of India is the source of highest aerosols dust particle
over the study area during the pre-monsoon season.
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1. Introduction

Aerosol is a multi-phase system consisting of solid or liquid particles
suspended in the atmosphere. An aerosol is a crucial component
of atmosphere, directly impacting the Earth's atmospheric system
by absorbing and scattering solar radiation and helps to maintain
energy budget by absorbing and scattering solar radiation. However,
it also has an indirect or semi-direct impact on the regional and
global atmospheric environment, human health, and visibility [1-4].
Aerosols have significant climatic and environmental con-
sequences around the globe. The impacts of aerosol optical charac-
teristics on the Earth's climate have been significantly studied
[5]. Certain meteorological parameters as Temperature (T), Relative
Humidity (RH), and Wind Speed (WS) cause significant variation
on the optical characteristics of aerosols.

Aerosol optical characteristics are exclusively investigated due
to its large impact on global climate and plays significant role
in atmospheric forecast [6-9]. Ground-based and satellite remote
sensing are two primary approaches to measuring atmospheric
aerosols. To evaluate the optical characteristics of aerosols,
long-term ground-based monitoring is the essential [10-15]. For
ground-based measurement, the AERONET network is used to
investigate the properties of aerosols [16]. The ground-based radio-
metric observations over south Asia provided an insight into the
strong seasonal variation of aerosol loading. Also, the changes
in aerosol properties over the Indo Gangetic Plains (IGP) over
India can be observed by in situ approach [17-28].

IGP is a significant area for aerosol study due to their impact
on the Earth’s atmosphere. The Thar Desert is the primary source
of aerosols in the east, while the highly populated industrial area
is in situated at the west. Many abiding research demonstrates
that radiative impacts of the aerosol during high pollution episodes
[29, 30]. Mineral dust and other anthropogenic carbonaceous and
sulfate aerosol components have been added to the pre-monsoon
aerosol load. Western Indian region shows frequent dust storms
yearly during the pre-monsoon season (April to June). Due to sig-
nificant aerosol loading in the pre-monsoon and early monsoon,
Western Indian region is strongly impacted by frequent and intense
dust storms. This may lead to an impact on monsoon activity
over the IGP region drastically [23, 31]. It is vital to characterize
the aerosol characteristics above Jaipur in north-west India because
it is close to the Thar desert, a significant source of dust for both
Asia and India. Systematic investigation over Jaipur region was
primarily concerned for the seasonal fluctuations in aerosol charac-
teristics under specific occurrences, such as dust transport, in-
dustrial pollution, domestic activities, etc. [32, 33]. Long-term ob-
servation of aerosol characteristics in as numerous locations as
feasible all over India is needed to produce representative ob-
servations and a greater sense of such vast occurrences.

A review of observational and modeling research over South
Asia also sheds light on the Asian pollution outflow and its
large-scale consequences [34]. Mineral dust is one of the principal
natural aerosol species over the Continental Tropical Convergence
Zone (CTCZ) region during spring and summer. The dust is trans-
ported by winds and convective motion over large dry regions
as well as deserts of western Asia and Eastern Africa [35, 36].

During the pre-monsoon season over the Gangetic basin in India,
remote sensing data revealed high aerosol loading due to dust
effect [18-35]. The Thar Desert, located in northwestern India
(440-500 km from Jaipur) and eastern Pakistan, is one of the most
essential dust-producing areas on the Indian subcontinent [38-40].
Jaipur the capital state of Rajasthan India, by its geographical
and climatological condition in northwestern India near Thar
Desert, is a key site for investigation of Aerosol Optical Depth
(AOD) due to unpredictable variation of atmospheric Aerosols
particles in the recent years. It experiences seasonal dust storms
every year. Dust storms are widespread and play a profound impact
on the climate area.

Additionally, the radiative effects of Aerosol over northern India
and the foothills and slopes of the Himalayas are a possible source
of aerosol-monsoon climate disruption [41-44]. The Aerosol activ-
ity at the IGP region is considerably affected by burning of crops
every year, primarily in the post-monsoon season over Punjab,
Haryana, and western Uttar Pradesh regions. These regions are
known as India's “bread basket” since they generate over two-thirds
of the country's food grains [45-47]. Several studies have con-
sistently reported the rise in aerosol loading during two seasons
(pre-monsoon and post-monsoon seasons) in the IGP region. The
major cause of the increment in observed aerosol may be the
different pollution sources like dust and biomass burning [18,
21, 30, 48-54]. Hence, the considerable trends in AOD (Aerosol
Optical Depth) are not yet analyzed. In order to understand the
long-term trends between the atmospheric parameters, a consistent
study over Jaipur region is essential.

Aerosol optical depth (AOD) is a measure of the degree up
to which the aerosols prevent solar radiation. It is also known
as Aerosol Optical Thickness (AOT) and is defined as integrated
extinction coefficient over a vertical column of atmosphere of
unit cross section. The phenomena such as dust storms, forest
fires and biomass burning can be monitored utilizing the dis-
tribution of this parameter. It is an exponent expressing the spectral
dependence of aerosol optical depth with wavelength of the in-
cident light. Angstrom exponent is often used to indicate the size
of the aerosol particles. The values greater than two represent
small particles associated with combustion by products and values
less than one indicating large particles like sea-salt and dust. It
also gives information on the aerosol phase function and the relative
magnitude of aerosol radiances at different wavelengths. The pa-
rameter is applied in characterization of aerosol types, Earth radia-
tion budget study, radiation transfer models etc. A number of
investigations have been noticed during last two decade that the
aerosols along with their impact on environmental quality and
local climate [48-53] Aerosol optical depth (AOD) estimation at
various wavelength is curtail, easier and suitable parameters for
aerosol characteristics. Angstrom Exponent AE is also key indicator
of the foremost size [54-56] due to its spectral shape of the extinction
is related to the particle size.

The present study consists of the AERONET sun-photometer
data to depict fluctuations in aerosol optical characteristics on
annual and seasonal time scales during the study periods
(2009-2017). This study investigated regional aerosol properties
and origins using the AERONET data and air mass back trajectory
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(HYSPLIT). Backward trajectories analysis was performed using
the Hybrid Single-Particle Lagrangian Integrated Trajectories
(HYSPLIT) model which is the most widely used atmospheric
transport and dispersion models in the atmospheric research com-
munity, to determine the sources of significant high aerosol loadings
over Jaipur region during the study period. According to Wang
et al., the HYSPLIT model is an effective tool for understanding
dust emission, transport, and deposition and complementary for
analyzing and interpreting ground-based and satellite-based ob-
servations [57].

2. Site Description and Data Collection

2.1. Synoptic Meteorology and Method

The Jaipur site (26.91 °N, 75.78 °E) is on the eastern edge of the
Thar Desert, flanked on three sides by the Aravalli Mountains
[33,58,59]. It is India's most populous city having 3.1 million
populations. Jaipur is known for its tropical and semi-arid environ-
ment throughout the year. Additionally, it is surrounded by hills
to the north and east and is located at 431 m AMSL (Above Mean
Sea Level). Jaipur consists of many small-scale industries such
as engineering, metals, wood, transport, paper and leather, textile,
chemical and petroleum, food, etc. which are forming clusters

in the west and south regions of the city. During the pre-monsoon
(April-May) season, severe dust storms and sandstorms occur in
Jaipur region [57]. During the monsoon (July-August), winds from
the eastern half of the Ganga River basin transport precipitation,
as well as the Thar Desert deliver regular dust storms and create
a dry climate. The entire area is dominated by aerosols from anthro-
pogenic sources accumulated by local and northerly winds during
the post-monsoon (September—October) and winter (November—
February) seasons [57].

The ambient meteorological parameters obtained from the NASA
Langley Research Center (LaRC) POWER Project, Web service
(https://power.]arc.nasa.gov/) for April-2009 to December-2017
show a distinct seasonal pattern of weather. Temperature and
Relative Humidity (RH) were incorporated into the study to de-
termine how the various properties of aerosol (AOD-Aerosol Optical
Depth and AE-Angstrom Exponent) are dominantly affected by
variation in these parameters. The temperature data was down-
loaded in K (Kelvin) and then converted to °C for proper association
with Relative Humidity and optical characteristics (AOD and AE).

Fig. 1 depicts the meteorological parameters over the study
region during the study period (April-2009 to December-2017).
During the pre-monsoon months of April to May, the average
monthly temperature ranges from 31°C to 37°C (Fig. 1(A)). However,
the average maximum temperature was 39°C in June 2014(Fig.
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Fig. 1. (A) Averaged monthly temperature (°C), relative humidity (%), and (B) Averaged monthly wind speed (m/s), and wind direction (degree)
over study location.
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1(A)). The average temperature in the pre-monsoon (April-May)
is 35°C varies from 2 to 3°C, and in the winter (December-March),
it is 5 to 15°C with medium rainfall (60 cm) (Fig. 1(A)). August
2016 had the highest average Relative Humidity (RH) of 85%,
and shows high humidity in August-2010, 2011 and August-2013
(during the rainy season) near about 82-84 (Fig. 1(A)). Relative
humidity exhibits two peaks during the monsoon and the other
in January (in winter) (Fig. 1(A)). Due to the considerable diurnal
change in temperature, the most remarkable difference between
the maximum and minimum Relative Humidity (RH) occurred
during the pre-monsoon season. Wind speeds usually follow the
temperature trend over the location. The predominant wind direc-
tion is between 200 and 230 degrees (southwest) during May and
June (Fig. 1(B)).

2.2. AErosol Robotics NETwork (AERONET) AOD Data

The ground-based observation was utilized in this study to evaluate
aerosol variability for the Jaipur stations throughout a study period
(April 2009 — December 2017) from the AERONET AOD (https://
aeronet.gsfc.nasa.gov/). The CIMEL sun-photometer is part of the
AFErosol Robotics NETwork (AERONET) which is currently located
at over 500 ground sites worldwide. It is used to collect ground
based AOD data. The multi-channel CIMEL sun-photometer, auto-
matic Sun, and sky scanning radiometer, only measure direct solar
irradiance and sky radiance at the Earth's surface during daylight
hours (Sun above the horizon) after the cloud screening and quality
control and processing. The lack of data and the different number
of observations during the month is sometimes due to instruments
not working properly, and during the monsoon (July-August) the
availability of data depends on rain. Therefore, due to rain or
clouds obscuring the sun, the number of observations is reduced
during these periods.

The optical properties of aerosol particles over Jaipur have been
studied using level 2 AERONET monthly data. The AOD is available
via AERONET at numerous wavelengths between 340 and 1640
nm, with a precision of * + 0.01 at 440 nm and * +0.02 at lesser
wavelengths [16]. The prevalent aerosol type was determined using
the AERONET aerosol products, such as Angstrom Exponent (AE),
based on the 440 nm and 870 nm wavelengths [60].

The Version 2.0 AERONET retrieval products are expanded
and improved by providing total estimated errors (systematic, ran-
dom, and bias) for the radiometric and microphysical inversion
products. The Level 2 data, upgraded annually and only accessible
for a portion of the campaign, will be utilized for a sensitivity
study. These data include pre-field, and post-field calibration ap-
plied, automatically cleared clouds, and manually examined data.
The calibration uncertainty is the primary source of the estimated
0.01-0.02 uncertainty in AOD (Level 2) [54]. In India, the AERONET
program of NASA, USA, has erected a CIMEL sun/sky radiometer
at several locations. The processing algorithms have advanced
from Version 1.0 to Version 2.0 to Version 3.0. The AERONET
and PHOTONS websites both offer access to the Version 3.0
databases. Version 3.0 AOD data are computed for three levels
of data quality: Level 1.0 (unscreened), Level 1.5 (cloud-screened
and quality regulated), and Level 2.0 (quality-assured) [61]. Version
3.0 and Level 2 data were the only ones widely accessible for

all the parameters, thus we used them in our investigation. Others
have used this level data in the past, and the level 1.5 AOD value's
departure from level 2.0 is found to be between 0 and 5% over
IGB [62]. Previous studies have described the data processing,
cloud screened and the quality confirmed and inversion methods
[11, 16, 54, 60, 61].

3. Results and Discussion

3.1. Annual and Monthly Variation of AOD and Angstrom Exponent
(AE) over the Study Region from April-2009 to December-
2017

Fig. 2(A) shows the monthly variations of average aerosol optical
depth at 500 nm, 440 nm, and 340 nm. Fig. 2(B) shows the Angstrom
exponent (AE) at 440 — 870 nm, 500-870 nm, and 340 — 440 nm
over Jaipur from April-2009 to December-2017.

The peak value of aerosol optical depth at AOD 500 nm was
0.78 = 0.25, AOD 440 nm 0.85 + 0.27, and AOD 300 nm 1.00
+ 0.30 in July-2011 and the minimum value at AOD 500 nm
was 0.27 = 0.13, AOD 440 nm 0.30 * 0.14, and AOD 300 nm
was 0.37 * 0.17 in March 2013. The higher AODjqy nm, AODayg
nm, AODs4 nm values in June and July could be due to higher
quantities of water vapor in the atmosphere due to higher precip-
itation levels in these months. This may be caused by the large
amounts of water vapor and sea salts transported throughout India
from the Arabian Sea and Bay of Bengal, primarily from the Indian
Ocean [63]. Since water vapor and AOD are connected, greater
water vapor concentrations also result in higher concentrations
of AOD because water vapor-soluble aerosols grow hygroscopically
in their presence [64]. Long-range dust transport from the Arabian
Peninsula also contributes to net regional aerosol loading, with
AOD over the northern Arabian Sea increasing significantly in
May-June compared to April [65].

The Angstrom exponent (AE) is a characteristic parameter of
AOD wavelength dependence that shows the size of aerosol
particles. Depending upon the size aerosols particle categories
in four types, particle size: fine mode (d < 2.5 um) and coarse
mode (d > 2.5 um); fine mode is divided on the nuclei mode
(about 0.005 um < d < 0.1 wm) and accumulation mode (0.1um
< d < 2.5 um). Particles in the coarse mode are associated to
primary emissions from things like burning biomass and industrial
processes. This kind of particle strongly correlates with changes
in mass concentration [66, 67]. Most fine-mode particles are consid-
ered secondary aerosols produced by gaseous precursors, oxidants,
and/or changes in the weather [68-74]. Coarse-mode particles are
quite small and increase with decreasing particle size (fine-mode).
Fig. 2(B) depicts the temporal variation of AE over Jaipur.

AF data were retrieved for the period 2009-2017 from AERONET.
Fig. 2(B) describes in contrast to the variance in AODsyp nm, AODuyg
nm, and AODs4 nm values, September had the highest monthly
average Angstrom Exponent (AE) was maximum (1.53 *+ 0.43)
for 500 — 870 nm, (1.49 + 0.4) for 440-870 nm and (1.19 * 0.32)
for 340 — 440 nm wavelengths in September 2011 respectively.
The lowest value of Angstrom Exponent (AE) recorded (0.26 +
0.12) for 340 — 440 nm, (0.16 = 0.08) for 440 — 870 nm and
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Fig. 2. (A) Aerosols Optical Depth (AOD) and (B) Angstrom Exponent (AE annual variations with mean = Standard Deviation for wavelengths
(500-870 nm,440-870 nm, and 340-440 nm) at Jaipur station from April-2009 to December-2017.
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(0.15 = 0.07) for 500 — 870 nm wavelengths and during June
2014 respectively showing the dominance of course particles as
shown in Fig. 2(B). The higher value of the Angstrom Exponent
denotes the preponderance of fine-mode particles with more sig-
nificant spectral variation in AOD.

Fig. 3 shows the inter-comparisons of the annual cycle of mean
AOD variation for different months in mean + SD values of AODsg
nm, AODy nm, AODss nm and Angstrom Exponent 500 — 870
nm, 440 — 870 nm, and 340 — 440 nm at Jaipur station during
2011. For a better understanding of the AOD trend over the region,
2011 year is being selected because of the availability of the data
points throughout the year. It is clear from the results that the
AOD (Fig. 3(A)) values were higher in July and lower values for
wavelength 340 nm, then gradually decreased with an increase
in wavelengths, while these Angstrom Exponent (AE) values were
found to be higher in September lower in June month for all
wavelengths. Then from July, these values were found to increase
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till December (Fig. 3(B)). Because the extinction's spectral structure
is associated with the particle size, the Angstrom Exponent (AE)
is also a significant predictor of the most prominent aerosol sizes
[54-56].

3.2. Seasonal Variation of AOD and AE at Different Wavelengths

The seasonal average AOD values at 340 nm, 440 nm, and 500
nm at the Jaipur station during the study period April-2009 to
December-2017 are shown in Fig. 4(A). The mean highest, *
Standard Deviation values of AODs4 nm, AODyy nm, and AODsq
nm were 0.57+0.10, 0.62+0.10, and 0.73=+0.11, respectively ob-
served in Monsoon. However, the lowest AOD values observed
during Pore-Monsoon for AOD;49 nm, AOD44 nm, and AODsg
nm were 0.44%+0.06, 0.47+0.06, and 0.55+0.08, respectively.
Aerosols can absorb moisture and grow hygroscopically, which
favors the formation of particles such as sulfate, nitrate, sea-salt,
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or mineral dust particles [75-77]. It is demonstrating from Fig.
5(A) that the values of AOD fluctuate at shorter wavelengths (340
nm and 440 nm) differ from that at longer wavelengths (500 nm)
at Jaipur station.

The seasonal variations of average Angstrom Exponent (AE)
values at 500 — 870 nm, 440 — 870 nm, and 340 — 440 nm at the
Jaipur station during the study period April-2009 to December-2017
are shown in Fig. 4(B). The mean * SD values of Angstrom Exponent
500 — 870 nm, 440 — 870 nm, and 340 — 440 nm were 1.10+0.20,
1.08+0.17, and 0.83+0.14, respectively observed highest in
post-Monsoon. However, the lowest AE values observed during
Pre-monsoon for Angstrom Exponent 500 — 870 nm, 440 — 870
nm, and 340 — 440 nm were 0.37+0.13, 0.40%0.14, and 0.59+0.15,
respectively. The Angstrom Exponent (AE) is found to be minimal
during the Pre-monsoon month of April-May, and it gradually
increases to the maximum values during the post-Monsoon period
(December and March).

3.3. Backward Trajectories Analysis Using HYSPLIT Model

In terms of altitude and distance, the backward trajectories indicate
the many long-range transport modes. The backward trajectories
of air masses are necessary to determine the origin of aerosol
sources and the transport paths that lead to observation sites.
Over Jaipur during the pre-monsoon season, the air mass appears
to have traveled from distant source areas, including the Arabian
Peninsula, the Sahara Desert, and the Thar Desert. Almost identical
sources of aerosols over IGP were reported [22]. The Middle East
and the Thar Desert regions are the principal sources of the con-
taminated dust particles that dominate the air masses over Jaipur
[78]. 5-day back trajectories from the HYSPLIT model at 500, 1000,
and 1500 m altitudes were undertaken to identify the sources
and analyze how transport patterns affect the concentrations of
air pollutants over Jaipur, India (Fig. 5). The day with highest
(>1) values of AOD were selected for Jaipur region during the
study period. The back trajectories during 1 November 2010, 1
June 2012, 8 November 2013, 1 January 2015, 1 October 2016 and

19 November 2017 were studied over Jaipur based on the National
Oceanic and Atmospheric Administration's Hybrid Single-Particle
Lagrangian Integrated Trajectories (HYSPLIT) model (https:/www.
ready.noaa.gov/HYSPLIT.php) [79].

Fig. 5 depicts the travel pathway and origin of dust particles
with 120-h back trajectories simulated for three distinct heights
(500, 1000, and 1500 m AMSL) at 08:00 UTC over Jaipur using
the NOAA HYSPLIT trajectory model. The air mass at low and
middle altitudes comes from the continental region, as seen in
(Fig. 5). From January to December, the air mass appears to be
transported from distant source regions such as the Arabian
Peninsula, the Sahara Desert, and the Thar Desert over Jaipur.
The variations in the two parameters (i.e., AOD and AE) over
Jaipur are almost gradual and stable, notwithstanding natural
changes or fluctuations in meteorological conditions and aerosol
transport. Different kinds of aerosols could be transported from
various regions to the observation sites due to changes in seasonal
wind patterns. Examples include sea salt from the ocean, dust
from the desert, and anthropogenic aerosols from biomass and
urban-industrial sources. Except in the instance of July and
December 2011, where the air mass at higher altitudes appears
to originate from The Persian and The Oman gulf region, the
air mass trajectories unambiguously indicate the Thar Desert as
the main source of the dust. Gautam et al. [22] identified essentially
the same sources of aerosols over IGP. According to Tiwari et
al. [80], the air masses dominant over Jaipur are polluted dust
particles primarily from the Middle East and the Thar Desert
regions. As the pre-monsoon month's progress, coarser particles
like dust and sea salt become increasingly articulated with longer
pathways and significant latitudinal variations, causing havoc on
Jaipur [62].

3.4. Classification of Aerosol Types Using Cluster Techniques
(AOD Versus AE)

The daily scatter graph of AOD 500 nm versus The Angstrom
Exponent (AE) (440-870 nm) over Jaipur during April 2009-
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December 2017 illustrates in (Fig. 6). The cluster technique is
useful to categorize and evaluate the impacts of various sources
on the daily aerosol concentration and aerosol particle size. The
variation in the relationship between the AOD and The Angstrom
Exponent (AE) [13,81-85] is also being investigated. The atmos-
pheric Aerosol can be categorized accordingly by using different
methods. Correlation between AOD and Angstrom Exponent (AE)
is one of the most efficient method to determine size and amount
of different atmospheric particles [81-83]. AOD calculates the re-
duction of solar radiation due to aerosol-induced sunlight scattering
and absorption. The Angstrom formula calculates how the AOD
depends on wavelength. By identifying physically comprehensible
cluster locations, this scatter plot can be used to differentiate be-
tween the various forms of aerosol [83]. For greater consistency
in identifying aerosols, the multi-cluster analysis is significantly
more effective than pairings of clusters (as in the current study)
[86]. Aerosols can be characterized mostly using Mahalanobis clas-
sification which is a practical technique of merging many di-
mensions of multi-wavelength optical information [84].
Several researchers classified different aerosol types using the
AOD-AE clustering method across various regions [83, 87]. AOD
> 0.25 and AE < 0.7 indicate coarse mode particles, such as
dust, and were used as threshold values to identify different aerosols
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Fig. 6. Daily scattered plot of AOD (500 nm) versus AE (440-870) over
Jaipur station during April-2009 to December-2017.

[86]. Mixed aerosols were shown by 0.01 < AOD < 0.7 and 0.7
< AE < 1.7 [88]. Urban/industrial aerosols were distinguished
using 1.7 < AOD > 0.01 and 1.7 < AE > 0.7 [81]. Urban and
industrial aerosols were present throughout the year over the re-
search location. AOD > 0.5 and AE > 1.0, on the other hand,
indicate biomass-burning aerosols are present over the selected
region [88].

4. Conclusions

The present study demonstrates the significant variations in atmos-
pheric parameters over the Jaipur region. The study mainly empha-
sizes trends in Aerosols Optical Depth (AOD) and Angstrom
Exponent (AE) over the Jaipur in the vicinity of the dust source
northwestern part of India during April-2009 to December-2017.
The characteristics of aerosol optical properties were observed
using CIMEL sun-photometer instruments, which is part of the
AFrosol Robotics NETwork (AERONET). The atmospheric pollu-
tants are responsible for the monthly, annual, and seasonal
variations. Among the several sources, the presence of anthro-
pogenic dust affects the studied region dominantly. Based on the
relationship between AOD and AE, the various aerosol types were
categorized which confirm the presence of different aerosol par-
ticles over the Jaipur region. Additionally, it helps to calculate
the radiation budget and its effects on Earth's climate. Hence,
the accessibility of more geographic ground-based measurements
and aerosols identification are of utmost significance.

It is crucial to emphasize the unpredictability, constraints, and
potential outcomes of current investigation. Within certain bounds,
the HYSPLIT model can give a crucial overview of the pollutant
transit routes to the target area. In a present study, ground data
and aerosol dispersion models may be utilized to better understand
the aerosol properties over the Jaipur region, which are close to
the Indo-Gangetic Plan (IGP).

The following points were concluded from the present study.

* The monthly AOD and AE variation trend significantly changes

throughout the study period over the study location. Higher
AQOD values were observed during July-2011, while lower AOD
values were observed during March-2013 for 340 nm, 440
nm, and 500 nm wavelengths, respectively. The average AE
shows higher values in September 2011 and the lowest observed

Table 1. AOD (500 nm) versus AE (440-870) over different Indian stations with aerosol types.

Study Region Types of Aerosols AQOD (500 nm) AE References
Urban/Industrial AOD > 0.50 AFEsg0-870 < 1.0 Kaskaoutis et al.
Hyderabad
Desert Dust AOD > 0.60 AEsg0 570 < 0.70 (2009) [82]
Continental Average AOD > 0.20 AEsg0 1225 < 1.4 Pathak et al.
Dibrugarh
Desert Dust AOD > 0.45 AEsgo 1225 < 0.7 (2012) [89]
dust AOD > 0.25 AFE440870 < 0.7
Mixed aerosols AOD < 0.3 AE40.670 < 0.7
Jaipur . Present Study
Urban/Industrial 0.01< AOD < 0.7 AFEu03870 0.7 < AE < 1.7
biomass burning A AOD > 0.5 AE40.670 > 1.0



Ranjitkumar Solanki and Kamlesh Pathak

value in July 2014 for all wavelengths. Lack of soil moisture
raises the production rate of natural aerosols such as soil dust
and they are not removed from the atmosphere by rainfall.
This could be the reason for high aerosols optical depth values
during June and July onwards.

* Seasonal fraction of AOD trend observed higher AOD for wave-
lengths 340 nm as compared to 440 nm, and 500 nm wave-
lengths, while the opposite trend was observed for AE during
seasonal analysis.

* During the pre-monsoon season, Middle Eastern countries,
the Sahara Desert, and India's Thar Desert, have been identified
as significant sources of transported mineral dust and pollu-
tants over the study region.

«In order to determine the origin of air masses in the Western
Indian (Jaipur) region, the HYSPLIT model was employed for
trajectory analysis. Apart from regional and local sources (such
as biomass combustion, resuspended desert dust, vehicle, and
industrial pollution), incremental increase was seen through-
out the investigation.

* The 5-day air mass back trajectory analysis also shows that
the western (arid) regions of Iraq, Afghanistan, Iran, and
Pakistan are foremost contributors of atmospheric aerosols
and the mineral dust during the pre-monsoon and monsoon.
As well as study shows the urban industrial and dust particles
are the major source of aerosols loading over the study region.
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