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ABSTRACT 

 
Aerosols play an important role in the earth's environment across the globe through their 

involvement in various earth system cycles. The change in the aerosol properties may cause short 
and long-term impacts, the knowledge of such changes is useful in the estimation of the pollution 
sources of any region. We have carried out the analysis of the aerosols' optical and radiative 
properties using AERONET station data from 2018 to 2021 in Dibrugarh City. The higher Aerosol 
Optical Depth (AOD) values during winter and pre-monsoon months indicate high anthropogenic 
activities, and biomass burning in Dibrugarh. The impact of various sources and daily meteorological 
parameters help in understanding the diurnal variations of the AOD, Ångström Exponent (AE), 
and column water (CW). Fine aerosol fractions dominate the aerosol volume, but sometimes the 
long-range transport of dust affects aerosol properties during pre-monsoon months (MAM). 
MODIS-derived AOD and AERONET AOD values show a good correlation, with R2 = 0.68. The 
highest volume of the aerosols reaches up to 0.11 µm3 µm–2 during pre-monsoon months, whereas 
it lies below 0.05 µm3 µm–2 in other seasons. SSA values indicate the presence of scattering aerosols 
but in 2020, a sudden decline in the SSA values shows a strong rise in the absorbing aerosols. 
Throughout the study period (2018–2021), the positive radiative forcing indicates a rise in 
atmospheric heating. 
 
Keywords: Dibrugarh, AERONET, Aerosols Optical Depth, Ångström Exponent 
 

1 INTRODUCTION 
 

Natural and human activities vary at local and regional scales and impact day-to-day weather 
and long-term climate, which influence the atmospheric and meteorological processes. The 
atmospheric aerosols from various natural and anthropogenic sources play an important role in 
the radiative budget through absorption, diffusion, and scattering of solar radiation along with 
the change in the cloud properties (Prasad et al., 2007; Derimian et al., 2008; Kaskaoutis et al., 
2013; Pani et al., 2016). The change in the radiative budget affects greatly the hydrological cycle 
(Chauhan and Liou, 2022; Ramachandran and Rupakheti, 2021). The atmospheric aerosols along 
with greenhouse gases are one of the main sources of climate change (Kaufman et al., 2002; Van 
Houtan et al., 2021). The atmosphere is dynamic and varies from one location to another location 
depending on the meteorological parameters (temperature, winds, relative humidity, water 
vapor) and transport of air mass from surroundings (Bhuyan et al., 2014). 

In the last three decades, atmospheric aerosol characteristics in India are studied in detail 
(Goloub et al., 2000; Singh et al., 2004; Prasad and Singh, 2007, 2009; Singh and Chauhan, 2022). 
In recent years, atmospheric pollution is increasing due to growing urbanization, industrialization, 
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anthropogenic activities, and traffic locally and on the highways (Singh et al., 2004; Tripathi et 
al., 2005; Sarkar et al., 2018, 2019; Singh and Chauhan, 2020). Most of the studies in India focused 
on the northern, central, and southern parts of India but in the eastern parts of India, long-term 
analysis of the atmospheric aerosols using ground and satellite observations is limited (Pathak et 
al., 2010, 2012; Dahutia et al., 2018, 2019).  

The eastern part of India (Assam) is close to the international border of China, Myanmar, 
Bhutan, and Bangladesh and is the hub of the “tea garden”. The surrounding regions cover the 
oldest oil production field. Assam is considered one of the remote states and is not connected 
with the capital (Delhi) of India and the other parts, however, with the recent, development of 
infrastructure, especially road and air networks, the Government of India made efforts to 
connect this remote area with the other parts.  

In the eastern part of India, Assam is one of the largest states, and Dibrugarh is one of the major 
cities. In this region, biomass burning, oil exploration, oil refineries, tea industries, brick kilns, forest 
fires, and other anthropogenic emissions are the major sources of air pollution (Pathak et al., 2012). 
Depending on the seasons and meteorology, the atmospheric conditions in the north-eastern 
parts of India are influenced by the long-range transport of airmass from all the surrounding regions, 
especially from the outflow of the Indo-Gangetic Plains, Bay of Bengal, and southern Asian countries 
(Gogoi et al., 2009, 2011, 2017; Rana et al., 2019; Chauhan et al., 2022; Singh and Chauhan, 2022). 
Sometimes, the cyclones originated from the Bay of Bengal, after landing on the Indian coast 
moved to the eastern states, and caused strong aerosol mixing, influencing the aerosol properties 
of this region (Chauhan et al., 2022). Using limited data from June 2008 to May 2009, Pathak et 
al. (2010) have shown seasonal and temporal variations of AOD with a maximum AOD during the 
pre-monsoon season (0.69 ± 0.13 at the wavelength 500 nm in March 2009) and a minimum 
during the monsoon withdrawal period (0.08 ± 0.01 at the wavelength 500 nm in October 2008). 
The Ångström Exponent was observed to be highest during the monsoon and pre-monsoon 
season and lowest during the pre-monsoon and withdrawal monsoon period. Such high values 
of Ångström Exponent represent smoke from surrounding areas and low values characterize local 
or long-range transport of dust. 

Pathak et al. (2012) have shown a long-term analysis to characterize the aerosol properties 
over the northeastern part of India using ground MWR (multi wavelength radiometer) data. During 
the study period, a major influence of the mixed-type aerosols was followed by continental average, 
urban and biomass burning, and desert dust. These analyses suggest strong seasonal variations 
during the study period. Pathak and Bhuyan (2014) studied the climatology of the particulate 
matter using ground observations and suggested that the PM2.5 concentrations have a relationship 
with the fire events and observed a decline in the PM2.5 and black carbon (BC) concentration from 
2007 to 2012. Pathak et al. (2016a) have also analyzed the transport efficiencies of trace gases 
and black carbon over Dibrugarh using the Regional Emission Inventory in Asia (REAS) and INTEX-B 
data. They emphasized the long residual time and long-range transport of the chemical species 
affecting the northeastern cities of India.  

To study the detailed aerosol properties, NASA has deployed the AERONET instrument in many 
countries throughout the world, which provides quality aerosol data. In India, the first AERONET 
station was deployed at the Indian Institute of Technology Kanpur campus, under cooperation 
between NASA and IIT Kanpur which was led by Brent Holben from NASA and Ramesh Singh from 
IIT Kanpur. IIT Kanpur AERONET station is operational as of January 2001 which provided high-
quality aerosol data, which was not available earlier. Since 2018, the NASA AERONET station is 
operational on the campus of Dibrugarh University (latitude 27.451°N, longitude 94.897°E; Fig. 1) 
which is located in the upper Brahmaputra basin of north-east India surrounded by Arunachal 
hills, dense forest, and oil/gas producing wells. This is a unique station to study the influence of 
surrounding air mass on various aerosol optical properties at Dibrugarh station which was not 
possible earlier. 

During the winter season (December–February), Dibrugarh suffers from dry weather in contrast 
to wetter weather conditions during the monsoon season (June–September) (Pathak and Bhuyan, 
2014, 2016b). The rainy days vary up to 25 days during the monsoon season with thick clouds. 
Arunachal Pradesh is located in the north, about nearly 100 km distance from the study site, and 
another hill and mountain range to the east and south has rain-bearing monsoon winds to reach 
this region while preventing access to the cold and dry winds of Central Asia. The hilly topography  
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Fig. 1. AERONET is deployed on the campus of Dibrugarh University. 

 
of the area allows unhindered advection only from the IGP in the west or the Bay of Bengal in the 
southwest and upper-level transportation from regions beyond the hills.  

In this paper, we present a detailed analysis of aerosol optical properties derived from the 
AERONET data which is located in the eastern parts of India for a recent period from 2018 to 
2021. This is the first analysis of the dynamics of aerosol parameters observed using the AERONET 
data in the northeastern state of India. The current analysis of aerosol properties using AERONET 
data for a short period of four years shows strong seasonal variability and influence of long-range 
transport of airmass from the surrounding regions. We have also shown the comparison of the 
satellite AOD observation with the AERONET data for the same study period and with the earlier 
studies in this region. 
 

2 DATA AND METHOD 
 

For the current analysis, we have used data available through ground and satellite observations.  
 

2.1 AERONET data 
The ground observation of the aerosol properties provides support in the calibration of the 

satellite data. The AERONET project is a ground-based remote sensing aerosol observation  
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Table 1. The percentage contribution of aerosols at Dibrugarh. 

 
Pollutant  
Continental Dust Mixed Type Clean  

Condition 
Anthropogenic  
Aerosols 

Biomass  
Burning 

AOD < 0.7 
AE < 1.0 

AOD > 0.7 
AE < 0.8 

AOD > 0.7 
AE = 0.8 to 1.0 

AOD < 0.3 
AE > 1.0 

AOD = 0.3 to 1.0 
AE > 1.0 

AOD > 1.0 
AE > 1.0 

Winter 3.64 0.00 0.97 28.82 62.38 4.17 
Pre-monsoon 7.72 0.02 0.55 15.11 63.16 13.44 
Monsoon 24.91 0.00 0.00 41.64 33.41 0.05 
Post-monsoon 2.02 0.00 0.00 68.87 28.59 0.52 

 
network jointly developed by NASA and PHOTONS (PHOtométrie pour le Traitement Opérationnel 
de Normalisation Satellitaire; University of Lille, CNES, and CNRS-INSU) (Holben et al., 1998). The 
data is observed in near-real-time and processed by the NASA team and available at the AERONET 
web portal (https://aeronet.gsfc.nasa.gov/). Currently, we have used the Version 3, Level 2 dataset 
with an improved algorithm (Giles et al., 2019). Dubovik and King (2000) and Dubovik et al. (2000) 
discussed the detailed methodology of retrieving aerosol optical and radiative properties from 
AERONET stations. The analysis of various aerosol properties (aerosol optical depth, Angstrom 
exponent, column water, single scattering albedo, volume size distribution, and radiative properties) 
for the first time is presented in this study. The AERONET station was not operational from July-
September 2019, June–September 2020, and February–April 2021 due to due to technical and 
logistic problems so no data is available during these periods. The source characterization of 
aerosols was done using AOD and AE values (Tiwari et al., 2018; Rai et al., 2020). The threshold 
values of AOD and AE for various sources have been discussed in Table 1 following the approach 
of Rai et al. (2020). 

 
2.2 Meteorological Data 

We have considered meteorological data (air temperature, station level pressure, relative 
humidity, wind velocity, and wind direction) through the Reliable Prognosis (https://rp5.ru/
Weather_in_the_world) for the periods 2018 and 2021. This website is designed and supported 
by Raspisaniye Pogodi Ltd., St. Petersburg, Russia, since 2004. The data is based on the actual 
observations from 13 observatories and also forecast data. Based on these data, forecasts are 
prepared by the Meteorological Office of the United Kingdom, which are available through 
14 websites under the contract between the Meteorological Office and Raspisaniye Pogodi Ltd. 
All the data are fully quality-controlled and freely available to the users. 

 
2.3 Satellite Data 

For the current analysis, we have also used the Aqua MODIS 550 nm wavelength AOD data. 
The daily data is averaged over the Dibrugarh with a spatial resolution of 1 km × 1 km. The daily 
AOD datasets are acquired using Google Earth Engine (https://code.earthengine.google.com/) 
and the data is provided by the Land Processes Distributed Active Archive Center (LPDAAC) 
geoportal (a component of NASA's Earth Observing System Data and Information System (EOSDIS)) 
(https://lpdaac.usgs.gov/products/mcd19a2v006/). 

 
2.4 Calculation of Radiative Forcing 

Using AERONET aerosol retrievals, we have computed shortwave radiative forcing related to 
the natural and anthropogenic aerosols. Both, the top of the atmosphere (RFTOA) and the bottom 
of the atmosphere (RFBOA) radiative forcing are estimated. The station-level data provide the 
RFBOA and RFTOA values, where  
 

TOARF c a
TOA TOAF F↑ ↑= −  (1) 

 

( )( )BOARF 1c a
BOA BOAF F SA↓ ↓= − −  (2) 
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where FTOA and FBOA are the fluxes at the top of the atmosphere and bottom of the atmosphere, 
and the subscripts a and c represent the fluxes with and without aerosols. The arrows show the 
direction of the flux. SA is the spectral average of the scattering albedo calculated at all four 
wavelengths of the sun photometer. For the same solar geometry, we have used the data with a 
Solar Zenith Angle (SZA) of 60° ± 5°. García et al. (2012) and Derimian et al. (2008) have discussed 
in detail the calculation of the radiative forcing using AERONET data. 
 
2.5 Airmass Trajectory Analysis 

We have carried out the analysis of long-range transport of airmass using the HYSPLIT trajectory 
model. For the seasonal analysis of the airmass trajectories, we analyzed the daily backward 
trajectory over Dibrugarh for 100 hours from 2018 to 2021. Stein et al. (2015) and Rolph et al. 
(2017) have discussed the details of the HYSPLIT model. For this analysis, we have used Global 
Data Assimilation System (GDAS) data with a spatial resolution of 1° × 1°. 
 

3 RESULTS AND DISCUSSION 
 
3.1 Weather CONDITIONS 

We have considered four seasons winter (December–February: DJF), pre-monsoon (March–
May: MAM), monsoon (June–September: JJAS), and post-monsoon (October–November: ON). 
Dibrugarh has a humid subtropical climate with high humidity (99.67%) in July, the highest rainfall 
(123 mm) in June during the pre-monsoon season, and low humidity (35%, dry) observed during 
the winter months (DJF) (Fig. S1). The relative humidity during pre-monsoon months varies in the 
range of 50 to 85%, during monsoon season (JJAS) humidity varies in the range of 60–99%, later 
with the start of post-monsoon months (ON) gradual decline is observed until the end of the winter 
season (DJF). From 2018 to 2021, the highest daily temperature is about 30.6°C in July, whereas 
the highest monthly mean temperature of 30.5°C was observed in August each year. The lowest 
daily temperature of 14.7°C and the lowest monthly mean temperature of 16.8°C (coldest) are 
observed in January. The highest daily pressure (756.95 mm Hg) and the lowest (736.06 mm Hg) 
respectively were observed in January and August. During the pre-monsoon season, a gradual 
rise in temperature with a gradual fall in air pressure is observed. The pressure shows variations 
opposite to the temperature. Similarly, the highest monthly mean pressure (753.02 mm Hg) and 
the lowest (740.65 mm Hg) were observed respectively in December and July. Fairweather and clear 
skies are interspersed with occasional fog, and haze during the winter season (Pathak et al., 2010). 
The sky during the pre-monsoon season looks to be clear and partly cloudy. By the end of March, 
rainfall continues until the end of the monsoon over the entire northeast. The winter season is 
relatively short and is the coldest of the year, with a daily average temperature below 22°C. During 
pre-monsoon season, the temperature varies in the range of 22–26°C, the land surface heats up, and 
strong convection develops due to the formation of local depressions, especially in the afternoon. 
The maximum and minimum temperature increases during the monsoon and temperature decreases 
during the post-monsoon season, with a daily minimum equal to the pre-monsoon season and a 
maximum of 26°C. The relative humidity level is normally 60%, during monsoon season, and reaches 
up to 80% and above with winter signifying a subtropical humid environment (Fig. 2).  

Wind plays an important role in local climatology and helps in the transportation of air pollutants. 
During the winter season (DJF), the winds are mostly north to easterly with some fraction of 
southerly and westerly winds (Fig. S2). During the pre-monsoon season (MAM) the wind direction 
remains almost the same, but the wind velocity is relatively higher compared to the winter 
season. During the monsoon season (JJAS), the wind direction varies south-easterly and southerly, 
and the wind velocity is higher compared to the pre-monsoon season with less calm conditions. 
During the post-monsoon season (ON), wind velocity and frequency are weaker compared to other 
months, and wind directions vary from northerly to easterly. During the pre-monsoon to monsoon 
season, the air mass reaches over the AERONET station from the Indo-Gangetic plains, West 
Bengal, and southern parts of India. The Indo-Gangetic Plains (IGP) is one of the highly polluted 
areas, and the outflow (Rana et al., 2019) from the IGP seriously affects the aerosol properties 
measured at the Dibrugarh location depending upon the meteorological conditions, wind speed, 
and wind direction. 
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Fig. 2. The seasonal mean of Air Temperature, Air Pressure, Relative Humidity, and Rainfall in Dibrugarh. 

 

3.2 Variability of Aerosol Parameters 
Fig. 3(a) shows the properties of the aerosols in the wavelength range 340–1600 nm with 

strong seasonal and inter-annual variability from January 2018–April 2021. A maximum AOD peak 
(> 1) is observed from mid-January to mid-March and the second maxima peak from September 
to November 2018. In 2019, the maxima peak is observed in February–March, the second peak 
in May 2019, and no major changes were observed during October and November. In 2020, similar 
peaks are observed from February–March, afterwards, an increase in AOD is observed during 
January 2021. These peaks in AOD values are attributed to the natural changes or the variability 
in the meteorology and transportation of the aerosols (Singh et al., 2004). The pronounced higher 
concentrations are found during February–April mainly due to changes in sources of aerosols and 
meteorology (Figs. 1, S1, and S2).  

The temporal variation of daily mean AOD (500 nm), column water (CW), and Ångström Exponent 
(AE; 440–870 nm) is shown in Figs. 3(b), 3(c), and 3(d). The daily mean AOD values during winter 
and pre-monsoon seasons are mostly higher compared to the monsoon and pre-monsoon seasons. 
During February and March, the daily mean AOD values are sometimes 2 times the monthly mean 
AOD values. Fig. 3(c) shows daily variations of AE in the range of 1.0–1.5 from January 2018 to 
April 2021. The higher AOD (more than 1.5 times during January–March) with a higher Ångström 
Exponent represents the impact of anthropogenic aerosols (Tiwari et al., 2018). The column 
water values show strong seasonal variations, CW values from April to May vary in the range of 
4–5.5 cm, 5–6 cm during June–August, and more than 6 cm in August (Fig. 3(d)). During other 
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months, CW values are less than 3.5 cm. Higher values of CW are an indicator of the onset of 
monsoon and rainfall (Singh et al., 2000; Kumar et al., 2009). For the source characterization, we 
plotted the AE against AOD (Fig. 3(e)) and categorized the sources into six categories. During the 
winter season (December to February), the influence of anthropogenic aerosols is observed to 
be highest (62.38%), followed by clean conditions (28.82%) and biomass-burning aerosols (4.17%). 
The share of polluted continental (3.64%) and mixed aerosols (3.81%) is quite low (Table 1, Fig. 4). 

 

 
Fig. 3(a). Wavelength dependency of the Aerosol optical depth in Dibrugarh. 

 

 
Fig. 3(b). The daily mean AOD (500 nm) from January 2018–April 2021. 

https://doi.org/10.4209/aaqr.220320
https://aaqr.org/


ORIGINAL RESEARCH 
 https://doi.org/10.4209/aaqr.220320 

Aerosol and Air Quality Research | https://aaqr.org 8 of 22 Volume 23 | Issue 6 | 220320 

 
Fig. 3(c). The daily mean Angstrom Exponent (AE) from January 2018–April 2021. 

 

 
Fig. 3(d). The daily mean column water (cm) from January 2018–April 2021. 

 
The impact of dust loading is not observed in the winter season (AOD > 0.7, AE < 0.8). During 
pre-monsoon season (March–May), the impact of local anthropogenic aerosols increases and 
reaches 63.16% whereas the clean conditions decrease and reach 15.11%. A pronounced rise of 
up to 13.44% is observed in biomass-burning aerosols. The continental Pollutants (PC) increase 
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up to 7.72% whereas the mixed aerosols reduce to 0.55%. During this season, the dust aerosols 
increased to 0.02%. This could be due to the long-range transport of desert dust. We have also 
analyzed airmass trajectory both in the forward and backward direction. The long-range transport 
of airmass from the western parts of India has also been observed during this season although 

 

 

Fig. 3(e). Angstrom Exponent variations with AOD during different seasons. Characterization of Aerosol shows the effect of 
anthropogenic activities over Dibrugarh. 

 

 

Fig. 4. Percentage variations of different types of aerosol in different seasons. 
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these events are quite rare (Fig. 5). A detailed discussion of the air mass trajectories (Fig. 5) is in 
Section 3.5. During the monsoon season (JJAS), contributions of anthropogenic aerosols are 33.41% 
followed by continental pollution up to 24.91%. In the monsoon season, the clean conditions are 
found to be highest (41.64%) as the rainfall helps to reduce the aerosol concentration. In the rainy 
season, biomass aerosols is low limited to 0.05%. In post-monsoon months, the clean conditions 
increase significantly and reach 68.87% followed by anthropogenic aerosols (28.59%), PC (2.02%), 
and biomass burning (0.52%) (Fig. 4). The burning of wood and other biomass product is common 
for cooking and warming houses over the year, except during the monsoon season when biomass 
and wood are wet (Lhungdim et al., 2006; Rabha et al., 2019). During the pre-monsoon months, 
the farmers and residents burn the dry grass in the region, so that new green biomass is grown 
to feed their cows and buffalos. 

The diurnal variations of the AOD, AE, and CW are used in various remote sensing data and 
also used in radiative forcing calculations. For diurnal variation analysis of AOD, CW, and AE, we 
have analyzed the percentage departure of each data point from the daily means. The unavailability 
of the data for certain months limits the overall comparison of the seasonal variations of various 
years. The diurnal variations of aerosol optical parameters and CW are shown in Fig. 6. The maximum 

 

 
Fig. 5. The 100 hours backward trajectory on Dibrugarh for (i) DJF, (ii) MAM, (iii) JJAS, and (iv) ON from 2018 to 2021. The long-
range transport of airmass to Dibrugarh can be seen clearly. The trajectory clearly shows the different sources of airmass in 
different seasons. 
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Fig. 6(a). Diurnal Variations AOD for different seasons - DJF, MAM, JJAS, and ON during 2018–2021. 

 
variations in AOD values are seen during the morning and evening hours whereas variations in 
the afternoon are comparably lower. AOD values show a positive departure before noon and a 
negative departure in the afternoon time. During pre-monsoon and post-monsoon seasons, the 
diurnal variability in AOD is lower. The hourly average values are higher in the noontime during 
winter, pre-monsoon, and post-monsoon seasons (Fig. S3(a)). Such variations may be attributed 
to the diurnal variations of the local pollutants coming due to anthropogenic activities (Singh et 
al., 2004). During monsoon season morning and evening hourly average values are higher which 
may be due to an increase in anthropogenic activities. The positive shifts in AOD before noon at 
Dibrugarh is different compared to the other AERONET station in the Indo-Gangetic Plains which 
show a negative shift (Singh et al., 2004) before noon.  

Fig. 6(b) shows diurnal variations of CW. A negative departure is observed in the early morning 
hours. Between 0730 to 0830 hours, a positive peak is observed in all seasons. Later, a negative 
maximum departure is observed in the later afternoon and evening time. The diurnal variations 
are lower during the pre-monsoon months. Based on the hourly average values, the CW values are 
observed to be highest during monsoon season (JJAS) followed by post-monsoon months (ON) 
and pre-monsoon months (MAM) (Fig. S3(b)). During DJF, an increase in CW is observed until 
1130 hours and afterward, decline until evening. Similar changes are observed during JJAS, but 
during MAM and ON months, the CW is found to be higher during the morning and afternoon.  

The maximum variations in AE values are also seen during morning and evening hours and 
lower variations are observed between 0930 to 1330 hours. During pre-monsoon, monsoon, and 
post-monsoon seasons, AE values show a positive shift in early morning hours whereas, during 
the winter season, the variation is mostly low or negative (Fig. 6(c), Fig. S3(c)). The variations are 
opposite to the AOD variation. The hourly mean values of AE decrease and shifts toward negative 
after 8:30 to the daytime in each season. During DJF, the AE values show strong diurnal variability 
with maxima peaks during morning and evening times due to lower boundary layers (Bhuyan et 
al., 2014) with low temperatures. In 2018, we even found that the AE values are higher from 
0830 hours to 1330 hours, AOD values are also found to be higher in other years. During MAM, 
the AE shows less variability in comparison to DJF and varies in the range of 1.20–1.40. The 
morning and evening highs are also the same as DJF but during 2018 and 2021, the values show 
a significant fall in the evening. During JJAS, AE values are high in the early morning hours and 
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increase after 1530 hours, this could be due to the rise in anthropogenic activities in the evening. 
During ON, the AE values are similar during 2018 and 2019 but during 2020, the values show a 
decline. During 2020, we observe low monthly mean pressure, low wind, high relative humidity, 
and higher rainfall in Dibrugarh.  

 

 
Fig. 6(b). Diurnal Variations column water (CW) for different seasons - DJF, MAM, JJAS, and ON during 2018–2021. 

 

 
Fig. 6(c). Diurnal Variations AE for different seasons - DJF, MAM, JJAS, and ON during 2018–2021. 
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Fig. 7. Variations of Fine mode fraction (500 nm) with AOD (500 nm) during different seasons. 

 
The relationship between fine mode fraction (FMF) and total AOD can be utilized to discriminate 

aerosols with similar solar extinction but the difference in sizes such as marine airmass, biomass 
burning, dust, and others (Suman et al., 2014). For this purpose, we have shown the relationship 
between the fine mode fraction and total AOD (at 500 nm) for Dibrugarh (Fig. 7) The red dots are 
showing the FMF with AOD > 0.5 and blue, FMF with AOD < 0.5. During DJF, the dominance of 
the fine aerosols can be seen as most values are more than 0.5. Also, these fine aerosols with AOD 
> 1 and FME > 0.9 indicate the presence of biomass-burning aerosols. During MAM, a significant 
number of coarse aerosols and fine aerosols are observed and attributed to the aerosols mixing 
(Xie et al., 2018). During JJAS, scattered patterns show the rise in the coarse particle as the number 
of scattered points show FMF < 0.5, whereas the AOD values are mostly less than 0.5 which shows 
the impact of the polluted continental and clean conditions. The fine aerosol concentration is 
higher during the ON as FMF and AOD values are mostly higher than 0.5. These changes in the 
FMF and AOD values also strengthen the analysis of aerosols based on AOD and AE values and 
provide a better estimate of the sources and types of aerosols.  

The temporal variations of MODIS-derived daily and monthly mean AOD with daily and monthly 
mean AOD obtained by AERONET for the period January 2018 to June 2021 are shown in Fig. S4. 
The average AOD (for the whole study period) is 0.32 using MODIS data whereas the average 
AOD using AERONET data is 0.42. The maximum and minimum values of AOD are 1.52 and 0.01 
by MODIS data and 2.25 and 0.04 by AERONET data respectively. It is seen that the AERONET 
AOD values are higher in comparison to MODIS-derived AOD. The correlation in MODIS-derived 
daily mean AOD and AERONET AOD is shown in Fig. 8. MODIS and AERONET data show an R2 of 
0.684 whereas AOD values are higher using AERONET with respect to MODIS (Fig. 8). The MODIS 
data is observed twice a day (morning and afternoon) whereas AEROENT data provide a full-day 
measurement. Also, MODIS data can be low bias in the morning and high bias in the afternoon 
which is also reported in previous studies (Green et al., 2009). Hence, MODIS AOD values are lower 
in comparison to AERONET at Dibrugarh but both data show a good correlation.  

 
3.3 Particle Size Distribution and Optical Properties 

The volume size distribution of aerosols at the Dibrugarh station shows bi-model distribution 
with strong seasonal variations (Fig. 9(a)). The maximum volume of aerosols in fine and coarse  
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Fig. 8. The linear fit of AERONET AOD (500 nm) and MODIS AOD (550 nm) from Jan 2018–June 
2021. 

 

 
Fig. 9(a). Seasonal mean variations of the volume size distribution of aerosols from 2018–2021. 

 
modes is observed in the radius range of 0.11–0.33 µm and 2.90–6.64 µm respectively. During 
DJF, the volume of fine mode particles (< 1 µm) is higher compared to coarse particles, with 
maxima peaking during 2018, followed by 2020, and 2021. The volume of particles is lowest 
during the winter season of 2019. During MAM 2019 and 2020, the volume of fine particles is 
higher compared to coarse particles just like the winter season. During the MAM 2018, we 
observe a high volume of coarse mode particles (Fig. S5(a)). In this season, only two days (23 and 
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25 April 2018) of data are available so we exclude it from seasonal analysis (Fig. 9(a)). On 23 April, 
the volume of coarse mode particles is higher than the fine mode and on comparing them with 
the seasonal mean of 2019 and 2020, the volume of both modes is significantly higher (75% in 
fine mode and 2.77 times in coarse mode) in April 2018. On 25 April, a significant fall in the volume 
of fine mode aerosols and coarse mode is also observed with respect to 23 April. But on 25 April, 
the peak in coarse mode shifts from 2.24 µm to 3.86 µm and in fine mode, the peak shifts from 
0.19 µm to 0.11 µm. On 25 April, the rise in daily temperature is observed with a fall in pressure, 
relative humidity, and wind speed. Also, AOD and AE values indicate the presence of mixed 
aerosols (dust + biomass burning aerosols) (Fig. S5(b)). The 150-hour back trajectory (Fig. S5(c)) 
shows that change in the source of the airmass on 23 and 25 April 2018 and in the same figure 
we have also shown the MODIS fire points. During JJAS and ON, the dominance of finer aerosols 
is observed but this is relatively lower compared to the winter season (DJF). The volume of coarse 
particles is relatively lower during the whole study period with respect to finer particles. Fine 
dust particles reach over the AERONET location depending upon the meteorological conditions. 
The diurnal variations of the size distribution of the aerosols (Fig. 9(b)) are found to be dependent 
on meteorological conditions, month to month. During the winter months (DJF), from 0700 to 
1000 hours, the volume of the particles was found in the range of 0.03 to 0.04 µm3 µm–2 with the 
size of particles in the range of 0.113 to 0.225 µm. The second peak of the higher volume of the 
finer particle is observed in the late afternoon from 1500 to 1600 hours. During this time, a sudden 
rise in coarse mode particles is observed. During the pre-monsoon season (MAM), the diurnal 
volume of fine mode particles (0.074 ± 0.044 µm3 µm–2) is found to be higher than that of the 
coarse mode particles (0.060 ± 0.038 µm3 µm–2). During morning hours, the volume varies in the 
range of 0.05 to 0.06 µm3 µm–2, and enhancement in volume is observed after 1300 hours, up to 

 

 
Fig. 9(b). Diurnal variations of the size distribution of aerosols during different seasons. 
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0.074 ± 0.044 µm3 µm–2 (fine mode aerosols). Similarly, the volume of course mode particles varies 
in the range of 0.03 to 0.05 µm3 µm–2 during the morning hours. It reached 0.060 ± 0.038 µm3 µm–2 

at 1300 hours and remained higher until 1600 hours in the evening. During the monsoon season 
(JJAS), higher volume is observed during morning and evening hours and the volume is comparable 
to pre-monsoon months (during morning and evening hours). The data is not available from 0900 
to 1200 hours. During post-monsoon months, the volume is lowest concerning other seasons 
(< 0.02 µm3 µm–2). Also, the volume remained stable throughout the day. These conditions suggested 
that Dibrugarh was mostly impacted by the aerosols due to local anthropogenic activities. Also, forest 
fire activities (controlled and uncontrolled) are common during MAM in the eastern parts of India 
and, the fields are prepared for the new crop, so the volume of the finer particles is higher 
(Badarinath et al., 2009). 

 
3.4 Scattering Properties of the Aerosols 

Fig. 10(a) shows variations in the seasonal mean of single scattering albedo from 2018 to 2021. 
During DJF, the SSA values are higher at a lower wavelength and lower at longer wavelengths 
showing a strong influence of local anthropogenic sources and biomass-burning aerosols. During 
2020 and 2021, we found a pronounced decline in SSA values (< 0.90) showing an increase in the 
absorbing nature of aerosols (Singh et al., 2004). During MAM, the SSA values are higher at a 
higher wavelength (> 0.90) and lower at lower wavelengths (< 0.90) due to the presence of mixed 
aerosols in 2018 (Fig. S5(d)). We have also observed similar changes in the volume of particles 
where we find a higher volume of coarse particles (more than 0.10 µm3 µm–2) in 2018. In 2019, the 
SSA at 440 nm is observed to be lower and afterward shows an increase in SSA values at 675 nm 
wavelength followed by a decline at higher wavelengths (875 and 1020 nm). Such characteristics 
behavior of SSA reflects strong mixing of existing anthropogenic aerosols and airmass reaching 
in the vicinity of the AERONET site from various sources, showing SSA higher than 0.90. During 
2020, lower SSA at higher wavelengths and higher SSA at the lower wavelengths (< 0.90) indicate 
the presence of anthropogenic and biomass-burning aerosols. During JJAS, the SSA values are 
higher than 0.90 and indicate the presence of aerosols due to local anthropogenic sources and 
continental air mass. A significant fall in SSA values is observed in 2019 with respect to 2018 
during JJAS. During ON, no major change in the scattering properties of the aerosols is observed 
with respect to JJAS in 2018 and 2019. But in 2020, SSA values and wavelength variability seems 

 

 
Fig. 10(a). Wavelength dependency of seasonal mean SSA from 2018–2021. 
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Fig. 10(b). Diurnal variations of Single Scatter albedo during various seasons. 

 
to be affected more by the aerosols due to biomass burning and anthropogenic sources. Hence 
the site is mostly influenced by mixed aerosols absorbing in nature (dust and biomass burning) 
during pre-monsoon months. Later, we investigated the diurnal variations of the SSA in different 
seasons. The impact of the rise in the local emission is strongly observed (Fig. 10(b)). During DJF 
(winter months), SSA values are observed to be lower in comparison to other seasons (MAM, 
JJAS, and ON). During DJF, the SSA values decrease from morning to afternoon and later increase 
from afternoon to evening. SSA is higher at lower wavelengths and also, especially in morning 
and evening hours. During MAM and JJAS, the SSA is stable at 440 and 675 nm wavelengths and 
diurnal variations are observed at 870 and 1020 nm wavelength (fall in SSA values). During ON, 
the diurnal variations are closer to the DJF, but this time SSA values are higher. So, significant 
variations are also seen in the diurnal variation in the spectral behavior of the aerosols especially 
at a higher wavelength with lower SSA due to anthropogenic aerosols along with mixed aerosols. 

 
3.5 Airmass Trajectory 

For the estimation of the source of the aerosols reaching the Dibrugarh, we have carried out 
the analyzed the backscatter trajectory. The daily 100 hours back trajectory over Dibrugarh of 
each month and each season from 2018 to 2021 are shown in Fig. 5. The trajectory plot supports 
the variation found in the properties of the aerosol at Dibrugarh. The trajectory shows mostly 
local airmass is affecting the Dibrugarh. We also found long-range transport of airmass from IGP, 
northwestern parts of India, and sometimes the Gulf peninsula within 100 hours in DJF and MAM. 
During JJAS, due to the onset of monsoon, the airmass trajectory shows the source location in 
the Bay of Bengal and later in ON, again along with local sources of airmass for the long-range 
transport from IGP. During MAM, the transport from central and western parts of India, the 
properties of the aerosol show the presence of dust aerosols.  

 
3.6 Instantaneous Radiative Forcing 

The monthly mean RFBOA and RFTOA values are observed to be negative during 2018 and 2019 
and are shown in Fig. 11. The two-year average of RFBOA is –52.61 ± 19.63 W m–2 and the mean 
RFTOA is –20.6 ± 9.41 W m–2. The minimum values of RFBOA and RFTOA are observed during January 
and March due to the presence of absorbing aerosols because biomass burning either in open 
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Fig. 11. Monthly mean radiative forcing of total aerosols for atmosphere (RFATM), Bottom of the 
atmosphere (RFBOA), and Top of Atmosphere (RFTOA) from 2018 to 2019. No data is available for 
2020 and 2021. 

 
fields or for cooking purposes (Badarinath et al., 2009), absorbs most of the radiation. The maximum 
values of RFBOA are observed during December whereas the maximum RFTOA is observed during 
October. The calculated RFATM is observed to be positive most of the time with an average of 32 
± 14.64 W m–2 and it is maximum during October 2018. The overall results indicate the warming 
of the atmosphere over Dibrugarh and the increase in the absorbing aerosols caused more 
atmospheric heating from January to March.  

 

4 CONCLUSIONS 
 

A detailed discussion of the properties of the aerosol of the Dibrugarh AERONET station has 
been carried out using the station level and satellite data from 2018 to 2021. This region is mostly 
affected by the north to easterly winds throughout the study period whereas, during pre-monsoon 
(MAM) and monsoon (JJAS) months, the west and southerly winds also affect this region. Aerosols 
properties have shown strong seasonal variations with the highest AOD (1.4) observed in March 
month. The monthly mean AOD values vary in the range of 0.6 to 1.2 with the lowest during 
monsoon seasons (JJAS). From January to March, the high anthropogenic activities affect the AE 
which varies in the range of 1.0 to 1.5 (monthly mean). Sometimes, the long-range transport of 
plumes from crop burning in Punjab (Kaskaoutis et al., 2014; Chauhan and Singh, 2017; Sarkar et 
al., 2019) and outflow from the IGP (Gogoi et al., 2011; Rana et al., 2019) influence the aerosol 
properties (Fig. 5) and strong mixing of the aerosols. The long-range transport of dust is also 
observed during the pre-monsoon months (MAM) affecting the properties of the aerosol observed 
at Dibrugarh. The column water shows a strong seasonal pattern and more than 5.5 cm of column 
water is observed during monsoon months showing the influence of the southern monsoon. The 
diurnal variations in meteorology and anthropogenic activity show pronounced diurnal variability 
of aerosols. The current AOD values are higher compared to the observations reported earlier 
(Pathak et al., 2010) due to growing anthropogenic activities. The fine mode fraction of the aerosols 
varies in the range from 0.26 to 0.99. The fine mode fraction of aerosols is found to be highest 
during the winter months and lowest during the pre-monsoon months. MODIS and AERONET 
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data show a reasonably good correlation with R2 = 0.68 given the poor resolution of MODIS data. 
MODIS shows low AOD values in comparison to AERONET data since AERONET is a point source 
representing an average aerosol of a small area compared to the large areas observed from MODIS 
data. The bi-modal nature of aerosols is observed at Dibrugarh in the range of 0.110–0.33 µm for 
fine mode and 2.90–6.64 µm for coarse particles. During the pre-monsoon months of 2018, the 
volume of the coarse particles is highest (0.11 ± 0.007 µm3 µm–2) but in other seasons, the volume 
of the fine particles is found to be higher compared to the coarse particles. The aerosols show 
mostly high scattering nature at lower wavelengths and low at the higher wavelengths and the 
impact of mixed aerosols is also visible in SSA values during the 2018 pre-monsoon season. In 
2020, the influence of absorbing aerosols is observed and SSA values are lower in all the seasons 
in the year 2020, this could be due to the COVID-19 pandemic (Chauhan and Singh, 2020) and 
can be included in future studies. The instantaneous radiative forcing calculation shows heating 
of the atmosphere due to positive RF values (RFATM 32 ± 19.63 W m–2) and cooling of the surface 
(RFBOA of –52.61 ± 19.63 W m–2). These variations in the aerosol properties suggest the impact of 
biomass burning, local pollution, and other anthropogenic sources.  

 

ACKNOWLEDGMENTS 
 
The authors thank Dibrugarh University and NASA for providing the AERONET data. Thank to 

Reliable Prognosis for Meteorological Data, Google Earth Engine, and NASA LPDAAC teams for 
MODIS (MCD19A2-v6) data. The authors are grateful to Professor Neng-Huei (George) Lin, 
Editors-in-Chief and Professor Li-Hao Young, Managing Editor, AAQR for their editorial 
comments/suggestions which have helped us to improve the earlier versions of the manuscript. 
Our thanks are to the two anonymous reviewers for their useful comments/suggestions which 
helped us to improve the earlier versions of the manuscript.  

 

SUPPLEMENTARY MATERIAL 
 

Supplementary material for this article can be found in the online version at https://doi.org/
10.4209/aaqr.220320 

 

REFERENCES 
 
Badarinath, K.V.S., Chand, T.R.K., Prasad, V.K. (2009). Emissions from grassland burning in 

Kaziranga National Park, India–analysis from IRS-P6 AWiFS satellite remote sensing datasets. 
Geocarto Int. 24, 89–97. https://doi.org/10.1080/10106040701207225 

Bhuyan, P.K., Bharali, C., Pathak, B., Kalita, G. (2014). The role of precursor gases and meteorology 
on temporal evolution of O3 at a tropical location in northeast India. Environ. Sci. Pollut. Res. 
21, 6696–6713. https://doi.org/10.1007/s11356-014-2587-3 

Chauhan, A., Singh, R.P. (2017). Poor air quality and dense haze/smog during 2016 in the Indo-
Gangetic plains associated with the crop residue burning and Diwali festival., in: 2017 IEEE 
International Geoscience and Remote Sensing Symposium (IGARSS), Presented at the 2017 
IEEE International Geoscience and Remote Sensing Symposium (IGARSS), pp. 6048–6051. 
https://doi.org/10.1109/IGARSS.2017.8128389 

Chauhan, A., Singh, R.P. (2020). Decline in PM2.5 concentrations over major cities around the 
world associated with COVID-19. Environ. Res. 187, 109634. https://doi.org/10.1016/j.envres.
2020.109634 

Chauhan, A., Liou, Y.A. (2022). Influence of major typhoons on ocean, atmosphere and air quality 
of Northwest Pacific during August 2020. Atmos. Environ. 271, 118923. https://doi.org/10.1016/
j.atmosenv.2021.118923 

Chauhan, A., Kumar, R., Liou, Y.A., Singh, R.P. (2022). Effect of cyclones on atmospheric and 
meteorological parameters, in: Asian Atmospheric Pollution, Elsevier, pp. 521–547. 
https://doi.org/10.1016/B978-0-12-816693-2.00021-4 

Dahutia, P., Pathak, B., Bhuyan, P.K. (2018). Aerosols characteristics, trends and their climatic 

https://doi.org/10.4209/aaqr.220320
https://aaqr.org/
https://doi.org/10.4209/aaqr.220320
https://doi.org/10.4209/aaqr.220320
https://doi.org/10.1080/10106040701207225
https://doi.org/10.1007/s11356-014-2587-3
https://doi.org/10.1109/IGARSS.2017.8128389
https://doi.org/10.1016/j.envres.2020.109634
https://doi.org/10.1016/j.envres.2020.109634
https://doi.org/10.1016/j.atmosenv.2021.118923
https://doi.org/10.1016/j.atmosenv.2021.118923
https://doi.org/10.1016/B978-0-12-816693-2.00021-4


ORIGINAL RESEARCH 
 https://doi.org/10.4209/aaqr.220320 

Aerosol and Air Quality Research | https://aaqr.org 20 of 22 Volume 23 | Issue 6 | 220320 

implications over Northeast India and adjoining South Asia. Int. J. Climatol. 38, 1234–1256. 
https://doi.org/10.1002/joc.5240 

Dahutia, P., Pathak, B., Bhuyan, P.K. (2019). Vertical distribution of aerosols and clouds over 
north-eastern South Asia: Aerosol-cloud interactions. Atmos. Environ. 215, 116882. 
https://doi.org/10.1016/j.atmosenv.2019.116882 

Derimian, Y., Léon, J.F., Dubovik, O., Chiapello, I., Tanré, D., Sinyuk, A., Auriol, F., Podvin, T., 
Brogniez, G., Holben, B.N. (2008). Radiative properties of aerosol mixture observed during the 
dry season 2006 over M'Bour, Senegal (African Monsoon Multidisciplinary Analysis campaign). 
J. Geophys. Res. 113, D00C09. https://doi.org/10.1029/2008JD009904 

Dubovik, O., King, M.D. (2000). A flexible inversion algorithm for retrieval of aerosol optical 
properties from sun and sky radiance measurements. J. Geophys. Res. 105, 20673–20696. 
https://doi.org/10.1029/2000JD900282 

Dubovik, O., Smirnov, A., Holben, B.N., King, M.D., Kaufman, Y.J., Eck, T.F., Slutsker, I. (2000). 
Accuracy assessments of aerosol optical properties retrieved from Aerosol Robotic Network 
(AERONET) Sun and sky radiance measurements. J. Geophys. Res. 105, 9791–9806. 
https://doi.org/10.1029/2000JD900040 

García, O.E., Díaz, J.P., Expósito, F.J., Díaz, A.M., Dubovik, O., Derimian, Y., Dubuisson, P., Roger, 
J.C. (2012). Shortwave radiative forcing and efficiency of key aerosol types using AERONET 
data. Atmos. Chem. Phys. 12, 5129–5145. https://doi.org/10.5194/acp-12-5129-2012 

Giles, D.M., Sinyuk, A., Sorokin, M.G., Schafer, J.S., Smirnov, A., Slutsker, I., Eck, T.F., Holben, B.N., 
Lewis, J.R., Campbell, J.R., Welton, E.J. (2019). Advancements in the Aerosol Robotic Network 
(AERONET) Version 3 database–automated near-real-time quality control algorithm with 
improved cloud screening for Sun photometer aerosol optical depth (AOD) measurements. 
Atmos. Meas. Tech. 12, 169–209. https://doi.org/10.5194/amt-12-169-2019 

Gogoi, M.M., Krishna Moorthy, K., Babu, S.S., Bhuyan, P.K. (2009). Climatology of columnar aerosol 
properties and the influence of synoptic conditions: First-time results from the northeastern 
region of India. J. Geophys. Res. 114, D08202. https://doi.org/10.1029/2008JD010765 

Gogoi, M.M., Pathak, B., Moorthy, K.K., Bhuyan, P.K., Babu, S.S., Bhuyan, K., Kalita, G. (2011). 
Multi-year investigations of near surface and columnar aerosols over Dibrugarh, northeastern 
location of India: Heterogeneity in source impacts. Atmos. Environ. 45, 1714–1724. 
https://doi.org/10.1016/j.atmosenv.2010.12.056 

Gogoi, M.M., Babu, S.S., Moorthy, K.K., Bhuyan, P.K., Pathak, B., Subba, T., Chutia, L., Kundu, S.S., 
Bharali, C., Borgohain, A., Guha, A. (2017). Radiative effects of absorbing aerosols over 
northeastern India: Observations and model simulations. J. Geophys. Res. 122, 1132–1157. 
https://doi.org/10.1002/2016JD025592 

Goloub, P., Deuze, J.L., Herman, M., Marchand, A., Tanre, D., Chiapello, I., Roger, B., Singh, R.P. 
(2000). Aerosols Remote sensing over land using the Spaceborne Polarimeter POLDER 
Proceedings of the IRS 2000, St. Petersberg, Russia, July 23–30, 2000. 

Green, M., Kondragunta, S., Ciren, P., Xu, C. (2009). Comparison of GOES and MODIS aerosol 
optical depth (AOD) to aerosol robotic network (AERONET) AOD and IMPROVE PM2.5 mass at 
Bondville, Illinois. J. Air Waste Manage. Assoc. 59, 1082–1091. https://doi.org/10.3155/1047-
3289.59.9.1082 

Holben, B.N., Eck, T.F., Slutsker, I., Tanré, D., Buis, J.P., Setzer, A., Vermote, E., Reagan, J.A., 
Kaufman, Y.J., Nakajima, T., Lavenu, F., Jankowiak, I., Smirnov, A. (1998). AERONET—A 
Federated Instrument Network and Data Archive for Aerosol Characterization. Remote Sens. 
Environ. 66, 1–16. https://doi.org/10.1016/S0034-4257(98)00031-5 

Kaskaoutis, D.G., Sinha, P.R., Vinoj, V., Kosmopoulos, P.G., Tripathi, S.N., Misra, A., Sharma, M., 
Singh, R.P. (2013). Aerosol properties and radiative forcing over Kanpur during severe aerosol 
loading conditions. Atmos. Environ. 79, 7–19. https://doi.org/10.1016/j.atmosenv.2013.06.020 

Kaskaoutis, D.G., Kumar, S., Sharma, D., Singh, R.P., Kharol, S.K., Sharma, M., Singh, A.K., Singh, 
S., Singh, A., Singh, D. (2014). Effects of crop residue burning on aerosol properties, plume 
characteristics, and long-range transport over northern India. J. Geophys. Res. 119, 5424–
5444. https://doi.org/10.1002/2013JD021357 

Kaufman, Y.J., Tanré, D., Boucher, O. (2002). A satellite view of aerosols in the climate system. 
Nature 419, 215–223. https://doi.org/10.1038/nature01091 

Kumar, S., Singh, A.K., Prasad, A.K., Singh, R.P. (2009). Annual variability of water vapor from GPS 

https://doi.org/10.4209/aaqr.220320
https://aaqr.org/
https://doi.org/10.1002/joc.5240
https://doi.org/10.1016/j.atmosenv.2019.116882
https://doi.org/10.1029/2008JD009904
https://doi.org/10.1029/2000JD900282
https://doi.org/10.1029/2000JD900040
https://doi.org/10.5194/acp-12-5129-2012
https://doi.org/10.5194/amt-12-169-2019
https://doi.org/10.1029/2008JD010765
https://doi.org/10.1016/j.atmosenv.2010.12.056
https://doi.org/10.1002/2016JD025592
https://doi.org/10.3155/1047-3289.59.9.1082
https://doi.org/10.3155/1047-3289.59.9.1082
https://doi.org/10.1016/S0034-4257(98)00031-5
https://doi.org/10.1016/j.atmosenv.2013.06.020
https://doi.org/10.1002/2013JD021357
https://doi.org/10.1038/nature01091


ORIGINAL RESEARCH 
 https://doi.org/10.4209/aaqr.220320 

Aerosol and Air Quality Research | https://aaqr.org 21 of 22 Volume 23 | Issue 6 | 220320 

and MODIS data over the Indo-Gangetic Plains. J. Ind. Geophys. Union 13, 17–23. 
Lhungdim, H., Roy, T.K., Guruswamy, M., Arokiasamy, P. (2006). Health system performance 

assessment: World health survey, 2003, India. International Institute for Population Sciences, 
Mumbai. https://www.researchgate.net/publication/281645628_Health_System_Performance
_Assessment_World_Health_Survey-2003_Assam_Report 

Pani, S.K., Wang, S.H., Lin, N.H., Lee, C.T., Tsay, S.C., Holben, B.N., Janjai, S., Hsiao, T.C., Chuang, 
M.T., Chantara, S. (2016). Radiative effect of springtime biomass-burning aerosols over Northern 
Indochina during 7-SEAS/BASELInE 2013 campaign. Aerosol Air Qual. Res. 16, 2802–2817. 
https://doi.org/10.4209/aaqr.2016.03.0130 

Pathak, B., Kalita, G., Bhuyan, K., Bhuyan, P.K., Moorthy, K.K. (2010). Aerosol temporal 
characteristics and its impact on shortwave radiative forcing at a location in the northeast of 
India. J. Geophys. Res. 115, D19204. https://doi.org/10.1029/2009JD013462 

Pathak, B., Bhuyan, P.K., Gogoi, M., Bhuyan, K. (2012). Seasonal heterogeneity in aerosol types 
over Dibrugarh-North-Eastern India. Atmos. Environ. 47, 307–315. https://doi.org/10.1016/j.
atmosenv.2011.10.061 

Pathak, B., Bhuyan, P.K. (2014). Absorbing and scattering properties of boundary layer aerosols 
over Dibrugarh, Northeast India. Int. J. Remote Sens. 35, 5527–5543. https://doi.org/10.1080/
01431161.2014.926424 

Pathak, B., Borah, D., Khataniar, A., Bhuyan, P.K., Buragohain, A.K. (2020). Characterization of 
bioaerosols in Northeast India in terms of culturable biological entities along with inhalable, 
thoracic, and alveolar particles. J. Earth Syst. Sci. 129, 1–13. https://doi.org/10.1007/s12040-
020-01406-z 

Pathak, B., Chutia, L., Bharali, C., Bhuyan, P.K. (2016a). Continental export efficiencies and 
delineation of sources for trace gases and black carbon in North-East India: Seasonal variability. 
Atmos. Environ. 125, 474–485. https://doi.org/10.1016/j.atmosenv.2015.09.020 

Pathak, B., Subba, T., Dahutia, P., Bhuyan, P.K., Moorthy, K.K., Gogoi, M.M., Babu, S.S., Chutia, L., 
Ajay, P., Biswas, J., Bharali, C. (2016b). Aerosol characteristics in north-east India using ARFINET 
spectral optical depth measurements. Atmos. Environ. 125, 461–473. https://doi.org/10.1016/
j.atmosenv.2015.07.038 

Prasad, A.K., Singh, R.P. (2007). Comparison of MISR-MODIS aerosol optical depth over the Indo-
Gangetic basin during the winter and summer seasons (2000–2005). R Remote Sens. Environ. 
107, 109–119. https://doi.org/10.1016/j.rse.2006.09.026 

Prasad, A.K., Singh, S., Chauhan, S.S., Srivastava, M.K., Singh, R.P., Singh, R. (2007). Aerosol 
radiative forcing over the Indo-Gangetic plains during major dust storms. Atmos. Environ. 41, 
6289–6301. https://doi.org/10.1016/j.atmosenv.2007.03.060 

Prasad, A.K., Singh, R.P. (2009). Validation of MODIS Terra, AIRS, NCEP/DOE AMIP-II Reanalysis-2, 
and AERONET Sun photometer derived integrated precipitable water vapor using ground-
based GPS receivers over India. J. Geophys. Res. 114, D05107. https://doi.org/10.1029/2008
JD011230 

Rabha, R., Ghosh, S., Padhy, P.K. (2019). Effects of biomass burning on pulmonary functions in 
tribal women in northeastern India. Women Health 59, 229–239. https://doi.org/10.1080/
03630242.2018.1452834 

Rai, A., Singh, R.P., Shukla, D.P. (2020). Source Characterization of Aerosols and Trends During 
2000–2019 Over Delhi (India), Presented at the IGARSS 2020-2020 IEEE International 
Geoscience and Remote Sensing Symposium, IEEE, Waikoloa, HI, USA, pp. 5517–5520. 
https://doi.org/10.1109/IGARSS39084.2020.9323348 

Ramachandran, S., Rupakheti, M. (2021). Trends in physical, optical and chemical columnar aerosol 
characteristics and radiative effects over South and East Asia: Satellite and ground-based 
observations. Gondwana Res. 105, 366–387. https://doi.org/10.1016/j.gr.2021.09.016 

Rana, A., Jia, S., Sarkar, S. (2019). Black carbon aerosol in India – a comprehensive review of 
current status and future prospects. Atmos. Res. 218, 207–230. https://doi.org/10.1016/j.
atmosres.2018.12.002 

Rolph, G., Stein, A., Stunder, B. (2017). Real-time environmental applications and display system: 
READY. Environ. Modell. Software 95, 210–228. https://doi.org/10.1016/j.envsoft.2017.06.025 

Sarkar, S., Singh, R.P., Chauhan, A. (2018). Crop residue burning in northern India: Increasing threat 
to Greater India. J. Geophys. Res. 123, 6920–6934. https://doi.org/10.1029/2018JD028428 

https://doi.org/10.4209/aaqr.220320
https://aaqr.org/
https://www.researchgate.net/publication/281645628_Health_System_Performance_Assessment_World_Health_Survey-2003_Assam_Report
https://www.researchgate.net/publication/281645628_Health_System_Performance_Assessment_World_Health_Survey-2003_Assam_Report
https://doi.org/10.4209/aaqr.2016.03.0130
https://doi.org/10.1029/2009JD013462
https://doi.org/10.1016/j.atmosenv.2011.10.061
https://doi.org/10.1016/j.atmosenv.2011.10.061
https://doi.org/10.1080/01431161.2014.926424
https://doi.org/10.1080/01431161.2014.926424
https://doi.org/10.1007/s12040-020-01406-z
https://doi.org/10.1007/s12040-020-01406-z
https://doi.org/10.1016/j.atmosenv.2015.09.020
https://doi.org/10.1016/j.atmosenv.2015.07.038
https://doi.org/10.1016/j.atmosenv.2015.07.038
https://doi.org/10.1016/j.rse.2006.09.026
https://doi.org/10.1016/j.atmosenv.2007.03.060
https://doi.org/10.1029/2008JD011230
https://doi.org/10.1029/2008JD011230
https://doi.org/10.1080/03630242.2018.1452834
https://doi.org/10.1080/03630242.2018.1452834
https://doi.org/10.1109/IGARSS39084.2020.9323348
https://doi.org/10.1016/j.gr.2021.09.016
https://doi.org/10.1016/j.atmosres.2018.12.002
https://doi.org/10.1016/j.atmosres.2018.12.002
https://doi.org/10.1016/j.envsoft.2017.06.025
https://doi.org/10.1029/2018JD028428


ORIGINAL RESEARCH 
 https://doi.org/10.4209/aaqr.220320 

Aerosol and Air Quality Research | https://aaqr.org 22 of 22 Volume 23 | Issue 6 | 220320 

Sarkar, S., Chauhan, A., Kumar, R., Singh, R.P. (2019). Impact of deadly dust storms (May 2018) 
on air quality, meteorological, and atmospheric parameters over the northern parts of India. 
GeoHealth 3, 67–80. https://doi.org/10.1029/2018GH000170 

Singh, R.P., Dey, S., Tripathi, S.N., Tare, V., Holben, B. (2004). Variability of aerosol parameters 
over Kanpur, northern India. J. Geophys. Res. 109, D23206. https://doi.org/10.1029/2004
JD004966 

Singh, R.P., Chauhan, A. (2020). Impact of lockdown on air quality in India during COVID-19 
pandemic. Air Qual. Atmos. Health 13, 921–928. https://doi.org/10.1007/s11869-020-00863-1 

Singh, R.P., Mishra, N.C., Verma, A., Ramaprasad, J. (2000). Total precipitable water over the 
Arabian Ocean and the Bay of Bengal using SSM/I data. Int. J. Remote Sens. 21, 2497–2503. 
https://doi.org/10.1080/01431160050030583 

Singh, R.P., Chauhan, A. (2022). Sources of atmospheric pollution in India, in: Asian Atmospheric 
Pollution, Elsevier, pp. 1–37. https://doi.org/10.1016/B978-0-12-816693-2.00029-9 

Stein, A.F., Draxler, R.R., Rolph, G.D., Stunder, B.J., Cohen, M.D., Ngan, F. (2015). NOAA’s HYSPLIT 
atmospheric transport and dispersion modeling system. Bull. Am. Meteorol. Soc. 96, 2059–
2077. https://doi.org/10.1175/BAMS-D-14-00110.1 

Suman, S., Gadhavi, H., Ravi Kiran, V., Jayaraman, A., Rao, S.V.B. (2014). Role of coarse and fine 
mode aerosols in MODIS AOD retrieval: a case study over southern. India. Atmos. Meas. Tech. 
7, 907–917. https://doi.org/10.5194/amt-7-907-2014 

Tiwari, S., Kaskaoutis, D., Soni, V.K., Dev Attri, S., Singh, A.K. (2018). Aerosol columnar characteristics 
and their heterogeneous nature over Varanasi, in the central Ganges valley. Environ. Sci. Pollut. 
Res. 25, 24726–24745. https://doi.org/10.1007/s11356-018-2502-4 

Tripathi, S.N., Dey, S., Chandel, A., Srivastava, S., Singh, R.P., Holben, B.N. (2005). Comparison of 
MODIS and AERONET derived aerosol optical depth over the Ganga Basin, India. Ann. Geophys. 
23, 1093–1101. https://doi.org/10.5194/angeo-23-1093-2005 

Van Houtan, K.S., Tanaka, K.R., Gagné, T.O., Becker, S.L. (2021). The geographic disparity of 
historical greenhouse emissions and projected climate change. Sci. Adv. 7, 4342. https://doi.org/
10.1126/sciadv.abe4342 

Xie, Y., Li, Z., Li, L., Wagener, R., Abboud, I., Li, K., Li, D., Zhang, Y., Chen, X., Xu, H. (2018). Aerosol 
optical, microphysical, chemical and radiative properties of high aerosol load cases over the 
Arctic based on AERONET measurements. Sci. Rep. 8, 1–9. https://doi.org/10.1038/s41598-
018-27744-z 
 

https://doi.org/10.4209/aaqr.220320
https://aaqr.org/
https://doi.org/10.1029/2018GH000170
https://doi.org/10.1029/2004JD004966
https://doi.org/10.1029/2004JD004966
https://doi.org/10.1007/s11869-020-00863-1
https://doi.org/10.1080/01431160050030583
https://doi.org/10.1016/B978-0-12-816693-2.00029-9
https://doi.org/10.1175/BAMS-D-14-00110.1
https://doi.org/10.5194/amt-7-907-2014
https://doi.org/10.1007/s11356-018-2502-4
https://doi.org/10.5194/angeo-23-1093-2005
https://doi.org/10.1126/sciadv.abe4342
https://doi.org/10.1126/sciadv.abe4342
https://doi.org/10.1038/s41598-018-27744-z
https://doi.org/10.1038/s41598-018-27744-z

	ABSTRACT
	1 INTRODUCTION
	2 DATA AND METHOD
	2.1 AERONET data
	2.2 Meteorological Data
	2.3 Satellite Data
	2.4 Calculation of Radiative Forcing
	2.5 Airmass Trajectory Analysis

	3 RESULTS AND DISCUSSION
	3.1 Weather CONDITIONS
	3.2 Variability of Aerosol Parameters
	3.3 Particle Size Distribution and Optical Properties
	3.4 Scattering Properties of the Aerosols
	3.5 Airmass Trajectory
	3.6 Instantaneous Radiative Forcing

	4 CONCLUSIONS
	ACKNOWLEDGMENTS
	SUPPLEMENTARY MATERIAL
	REFERENCES



