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Abstract: In this paper retrieving Aerosol Optical Depth (AOD) from Moderate Resolution Imaging Spectroradiometer (MODIS),was used to 
estimate the ground-level PM  in the south Indian region, the AOD and other meteorological parameters are also considered, with various grid 2.5

sizes helpful to find more accurate data prediction of PM  levels. The multiple regression methods are implemented in this article, the study 2.5

has shown good agreement in the prediction of PM at the Zoopark location, all other locations are in the moderate range. PM  particle's 2.5 2.5

Source identification was done based on Potential Source Contribution Function (PSCF), Concentration-Weighted Trajectory (CWT), and 
Cluster analysis archive the receptor dominating source regions. The Central India and East Indian regions are more dominating source 
regions at receptor locations in the winter season. The predominant sources are local sources at the receptor location. The cluster analysis has 
shown the intensity of combined trajectories towards receptor location. Winter season cluster III was dominating among the all seasons at 
receptor location.
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Atmosphere Aerosols are an important role in driving the 

pollution at ground level, dust loading coupled with black 

carbon emissions from local sources in northern India (Lau et 

al 2006) and Aerosol loading in East Asia (Kim et al 2007). 

The total loading of aerosol in climate is measured based on 

the AOD, AE, and SSA and may be based on surrounding 

regions these are the sea salt aerosol (sea), volcanic 

eruption, natural sources, and anthropogenic activities. The 

aerosol loading varies with source and climate conditions. 

The aerosol dust is transported from far away regions in the 

elevated layers (<3000m) towards the receptor regions (Sun 

et al 2001). However, the wind speed and wind direction are 

the dominating transportation of aerosols, it is proved by Xia 

et al (2011) that the south-westerly winds are dominating the 

central Tibetan Plateau. The AOD represents the columnar 

property of the atmosphere, few studies are retrieving AOD 

from remote sensing instruments to understand the columnar 

properties, aerosol vertical profile, and estimating the PM2.5 

(Wu et al 2016, Ferrero et al 2019). The field campaign study 

also helpful in AOD properties, from the literature study the 

ISRO-GBP field campaign measured AOD with MICROTOPs 

instruments, fine particles dominating with the fine mode 

around 0.23 mm and coarse mode around 1 mm(Singh et al 

2006). Badarinath et al (2007) case study showing the dust 

storm over the south Indian region over Hyderabad, reveals 

that the diffuse-to-direct-beam ratio is the most appropriate 

parameter for dust monitoring, the variation in AOD also 

observed in dust and non-dust days it influences based on 

local meteorology. The cloud properties effect the presence 

of aerosols in the atmosphere, it influences on cloud droplet 

number concentration based on aerosol humidification 

(Gryspeerdt et al 2016). The particle charge state influence 

atmospheric humidity, which produces liquid bridging forces 

and electrostatic interactions among particles that may be 

negative or positive in charge, the agglomeration rate of 

particles would increase with a rise in the atmospheric 

humidity (He et al 2019). Such, aerosols influence 

agricultural production (Greenwald et al 2006). However, 

biomass burning significantly affects the aerosol optical 

properties locally as well in the downwind regions (Shaik et al 

2019). The overall aerosol properties in Indian regions 

change based on their production mechanisms, removal and 

transport processes can contribute to these variations 

(Ramachandran et al 2012). East Indian regions have high 

aerosol concentrations during winter than during summer 

months in an urban environment (Pani and Verma 2014). The 

source identification based on a Trajectory study by Shaik et 

al (2019) revealed the transport pathways originated from 

central India and adjacent oceanic regions during the post-

monsoon season. Ramachandran (2005) showed that the 

long-range transport of pollutants from the surrounding 

continental locations was found unhealthy indicating the 



influence of anthropogenic pollution. Banerjee et al (2015) 

concluded that based on a review of receptor models used in 

India, vehicular pollutions are dominating in Hyderabad 

region. The trajectory based approach identifies the source 

regions. In this article, assessment of the suitable MODIS 

instrument Terra/Aqua AOD and Meteorological parameters, 

to identify the ground-level PM  based on the multiple 2.5

regression analysis over Hyderabad. The missing gaps filled 

with predicted PM and identified the potential sources of 2.5

receptor location, based on backward trajectories, were 

CWT, PSCF, and cluster analysis are used in this study.

MATERIAL AND METHODS

Study area and source regions: In this study south Indian 

region, Hyderabad was chosen, Hyderabad city was 

developed and the urban city was full of traffic and industrial 

areas surrounded. The pollution may be due to local source 

regions dominating as well as transport of pollutants may 

influence the pollution in the city region. The average annual 

rainfall is 136.1 mm, average altitude of 542 meters, the 

highest being Banjara Hills at 672 meters. Hyderabad has the 

surrounding with different regions such as Industrial and rural 

areas, whereas the CPCB monitoring location (Fig. 1) 

operates under Telangana state pollution control Board 

(TSPCB). The region is full of developed area so the pollution 

is under control such that continuous monitoring stations are 

very useful for the assessment of urban impact. The study 

region is located in south Indian region which was Deccan 

tebetaian. The study region domination pollutants are the 

vehicular activities and nearby industrial sources, building 

contraction and metro construction emissions such 

anthropogenic sources are main contributions of Hyderabad 

pollution levels as well as the outside the city agriculture 

burning and wast burning around the city are the secondary 

level sources but the effect of all these sources transport by 

the wind from far away regions. The boundary states are 

Fig. 1. Study location Hyderabad (six locations)

Maharashtra in north, Karnataka in west, Andhra Pradesh in 

the south, Chahattisgarh states are east side located for 

Telangana state. Patancher industrial area located North 

West direction, small and medium industries are sourended 

by 40 km from the center of city Hyderabad, all other sides are 

agriculture land bounded. The biomass burning of Agriculture 

waste burning maybe influence.

MODIS AOD data collection: The satellite AOD product is 

provided by the Moderate Resolut ion Imaging 

Spectroradiometer (MODIS) on the Terra/Aqua instrument 

(Levy and Hsu et al 2017). The MODIS instrument is a multi-

spectral radiometer, designed to retrieve aerosol 

microphysical and optical properties over land and ocean. 

The MODIS instrument produces global coverage in 1 or 2 

days and captures most of the aerosol variability due to this 

high sampling frequency. In this study, the MODIS level 2 

daily AOD data from Terra (MOD04_3K, MOD04_L2 

Collection 6.1) and Aqua (MYD04_3K, MYD04_L2) are used, 

which is reported at 3K for 3Km and L2 for 10km. Were used 

the instated of missing AOD, 3x3 or 5x5 grid product. The 

MODIS AOD data product was downloaded from NASA 

LAADS (https://ladsweb.modaps.eosdis.nasa.gov/).

Meteorological data collection: The meteorological data 

was adapted from CPCB (https://app.cpcbccr.com/ccr 

/#/caaqm-dashboard-all/caaqm-landing) at Hyderabad. The 

meteorological parameters are temperature, humidity, 

pressure, wind speed, and wind direction and PM  are 2.5

secondary data collectedfrom May 2018 to May 2019.

Backward trajectory: Global Data Assimilation System 

(GDAS) was used as meteorological data input to the model 

Hysplite trajectory (Stein et al 2015). The 7-day back 

trajectories at a height of the surface layer (100,500 and 1000 

m) archive for source analysis. Stein et al (2015) highlight the 

recent applications of the HYSPLIT modeling system, 

including the simulation of atmospheric tracer release 

experiments, radionuclides, smoke originating from wildfires, 
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Fig. 2. Meteorological variation of all locations

volcanic ash, mercury, and wind-blown dust. The back 

trajectories to very sophisticated computations of transport, 

mixing, chemical transformation, and deposition of pollutants 

and hazardous materials. Based on the above-generated 7-

day-backward trajectories, the PSCF, CWT, and Cluster 

analysis were analyzed using the TrajStat tool (Wang et al 

2009). The spatial resolution was 0.5×0.5° established to find 

the source paths. The PSCF grid values in the study domain 

are calculated by counting the segment endpoints. the 

outliers are removed based on IQR and Z-score methods. 

The filtered data was divided into 80% for model fitting and 

20% for validation. The AOD and meteorology influence PM 

2.5 concentration near ground level, were as the multiple 

regression analysis was used to predict the PM  at six 2.5

locations in Hyderabad, the MODIS data extracted based on 

Python scripts, were as 5x5 and 3x3 grid data considered for 

fill the gaps in average grid AOD. The model validation based 

on statistical parameters (RMSE, NMB, d, and R) concluded 

the best fit model for MODIS collection.

 The CWT, PSCF, and Cluster analysis based on 

predicted PM  concentrations identified the sources of PM  2.5 2.5

near the study region. The 7-day back-trajectories data from 

Hysplite model was archived. The whole study was divided 

based on the Indian meteorology department (IMD) four 

seasons (winter, pre-monsoon, Monsoon, and Post-

monsoon). The layers are identified as long-range transport 

of dust at the receptor location. The threshold criterion for 

PM  was 60 ug/m  in PSCF. Han et al(2007)gave the 2.5

3

calculation of endpoints in a particular grid cell, which allowed 

for calculating the PSCF. In the CWT method, each grid cell is 

assigned a weighted concentration by averaging the sample 

concentration. The trajectory endpoint time in the grid cells 

has been weighted by the PM  corresponding trajectory. 2.5

Cluster analysis based on the Ecudian methodology was 

used in this study to cluster the seasonal dominant paths and 

contribution areas. The clustering technique shows the 

average trajectory paths.

RESULTS AND DISCUSSION

Variation of AOD and meteorological parameters: The 

AOD was maximum at  Bollarm (0.54) and minimum in 

Zoopark (0.47) observed in this study. The meteorology of the 

six locations (Fig. 2) with standard deviations shows that the 

PM2.5, AOD, BP, and SR parameters are more deviations at all 

locations but theless deviation within Ambient Temperature 

(AT), Relative humidity (RH). It may be due to the topography 

of land and climate conditions and as well as the long-range 

transport of the pollutants.

MODIS AOD for prediction of the PM : 2.5 2.5AOD-PM relation 

was a great correlation observed in some locations. The 
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Parameter Bollaram Central univercity IDA Patancher Sanath nagar Zoo park

MOD_3K RMSE 15 15 11 54 10 12

D 0.53 0.59 0.81 0.21 0.78 0.76

NMB -0.15 -0.02 -0.02 -0.84 -0.04 0.05

R 0.37 0.36 0.37 -0.43 0.69 0.60

MOD_L2 RMSE 12 14 12 55 11 11

D 0.52 0.66 0.71 0.22 0.73 0.85

NMB -0.009 0.11 -0.03 -0.87 -0.03 0.10

R 0.59 0.55 0.68 -0.39 0.62 0.80

MYOD_3K RMSE 15 15 13 47 10 10

D 0.52 0.73 0.62 0.25 0.81 0.74

NMB -0.12 0.14 -0.08 -0.67 -0.02 0.01

R 0.53 0.46 0.42 -0.34 0.45 0.58

MYOD_L2 RMSE 14 16 11 44 11 11

D 0.52 0.60 0.82 0.22 0.74 0.80

NMB -0.12 0.11 -0.04 -0.67 -0.01 0.09

R 0.46 0.40 0.70 -0.50 0.65 0.75

Table 1. Model performance statistical parameters

MODIS all products (MOD_3K, MOD_L2, MYOD_3K, and 

MYOD_L2) had good correlations at Zoo park observed in 

this study. The Patancher and IDA locations are moderate 

correlation seen, other locations are below moderately 

correlation observed, it may be due to different meteorology 

around the regions and as well as the land properties are 

more uncertain in MODIS AOD retrievals (Sathe et al 2019). 

The correlation coefficient R, RMSE, d, and NMB model 

validation parameters are shown (Table 1) the best-fit 

combination. The statistical parameters are used(Sathe et al 
  

  

RMSE=12 
NMB=0.05 
R=0.60 
D=0.76 

RMSE=11 
NMB=0.10 
R=0.80 
D=0.85 

RMSE=10 
NMB=0.01 
R=0.58 
D=0.74 

RMSE=11 
NMB=0.09 
R=0.75 
D=0.8 

Fig. 3. Scatter plot for PM Predicted and Observed at Zoopark location for four MODIS AOD2.5

2398 Selvetikar Ashok et al



  

 

Fig. 4. CWT analysis with different seasons (same scale for all figures follows the Figure (a) legend).

2019) to identify the model performance. MOD_3K has all 

locations are negative NMB indicating except Zoopark the 

negative shows that models are in general estimating lower 

PM  concentration than observed the model was under 2.5

predicting PM . For positive indicate that over predicting the 2.5

PM concentration than observed values. The correlation 2.5 

coefficient higher values shown at Zoopark were as low as 

the correlation shown in other regions. The RMSE has seen 

higher (54 ug/m ) at Patancheru and other locations low in 3

range (11-15 µg/m ), Here we observed that the Patancheru 3

RMSE value has peaked in all MODIS collections compared 

to other locations. The correlation was great at the Zoopark 

and lower relation at Patancheru. The RMSE variation range 

(11-14µg/m ) except the Patancheru region. The MYOD_3K 3

and MYOD_L2 have nearly similar values in RMSE, d, and 

NMB, where the good agreement in correlation coefficient in 

the MOD_L2 product was seen. the scatter plot for the 

Zoopark location (Fig. 3) the best fit model data from multiple 

regression analysis, it is seen from the model validation 

analysis. The scatter plot shows the 3% and 5% percentage 

error line from the standard line (0 % error), were as the most 

of the points within 3% error line, few points are above the 5% 

in MYOD_L2 product, the grater resolution data have more 

deviation from the standard line seen in this study.

Back Trajectory Analysis for Source Identification

Concentration-Weighted Trajectory (CWT): The CWT 

analysis (Fig. 4a, b, c, d) form all seasons identified in the 

winter season was dominating among the all seasons. The 

weighted trajectory paths are seen from East India regions 

and coastal regions are major sources. Were as other 

seasons being weightage of trajectory seen to be less. The 

pre-monsoon identifies the two paths which are from land 

and sea regions, which effect may be due to land and sea 

breeze effect nearby coastal regions, the one path from 

central India and the other is from the Bay of Bengal. The 

monsoon season will be a dominating trajectory from West 

India and the Arabian Sea. The post-monsoon will be 

affected by East Indian regions. The two seasons (winter and 

pre-monsoon) have two identification paths and the other two 

(monsoon and post-monsoon) have one transport path. 

Potential Source Contribution Function (PSCF): The 

potential source contribution function shows the receptor 

source regions, shows the all seasons PSCF (Fig. 5 I, II, III, 

and IV) for Winter, pre-monsoon, monsoon, and post-

monsoon seasons. The winter season sources are from 

coastal and East regions, were as the pre-monsoon 

contribution source areas seen to be high from sea regions 

other from the West region. There are very low source 

regions in monsoon and post-monsoon seasons.

Cluster analysis: Trajectory cluster analysis was applied to 

identify the clustering of the seasonal base analysis of the 

study period at the receptor location. The Winter, pre-

monsoon, monsoon and post-monsoon seasons (Fig. 6 a, b, 

c and d) were presented. The legend shows the height of the 

trajectory with respective each cluster. The each cluster's 

contribution (Table 2) towards the receptor site in 
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Fig. 6. Cluster analysis with different seasons at surface layer and elevated layer

  

Fig. 5. PSCF analysis with different seasons at surface layer and elevated layer

percentage, with six clusters divided based on the direction. 

The clusters are dominating central India and North West 

Indian regions in the winter season. The pre-monsoon 

season has different direction clusters but the Bay of Bengal 

has the low-level trajectories seen in this season. The 

monsoon season has all clusters from the Arabian Sea region 

and West India. Most of the trajectories are from local 

regions, the Winter polluted cluster was Cluster I, the mean 

concentration as 72.05 µg/m  but the number of polluted 3

trajectories is 179 which is the highest number of the 

trajectory seen in Winter season. The least polluted trajectory 

means 34.64µg/m associated with cluster III in monsoon. 3 

The polluted clusters has the less number of trajectories but 

the intensity of pollutant transport is more, compared to other 

clusters.

Reduction in PM  under high RH due to the deposition of 2.5
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Winter Number_traj Mean_value Standard devation Polluted_num Polluted_mean_value Polluted_stdev Ratio (%)

1 202 72 8.4 179 74.2 4.3 21.6

2 45 65 11.6 29 72.1 5.5 8.33

3 79 68 10.3 61 72.5 5.8 38.1

4 163 64 12.4 98 73.3 5.5 13.52

5 42 63 14.3 26 73.4 5.9 7.22

Pre_monsoon

1 118 43 7.6 0 0 0 18.29

2 49 48 10.8 6 69.4 7.8 7.91

3 51 50 10.4 9 66.4 4 7.91

4 199 48 11.3 38 66.9 4.4 31.3

5 115 42 11.5 11 67.8 7.7 19.22

6 98 47 9.7 11 66.7 5.9 15.3

Monsoon

1 154 21 5.6 0 0 0 22.59

2 89 25 7.4 0 0 0 12.4

3 111 34 12.7 10 62.4 2.7 17.15

4 124 18 3.2 0 0 0 18.9

5 133 21 4.2 0 0 0 20.9

6 55 32 9.2 2 63.1 4.8 7.95

Post monsoon

1 97 55 19.2 42 71.1 6.4 29.23

2 60 50 23.9 24 70.1 5.4 17.76

3 55 40 13.2 4 67.8 5.1 15.03

4 26 54 25.7 15 72.6 5.1 8.20

5 67 42 22.3 16 69.1 6.1 22.40

6 16 33.33 27.28 4 72.18 7.53 7.38

Table 2. Polluted clusters and associated trajectory's numbers 

dust particles, the high average temperature in the 

patancheru area (30.51 ) observed may be due to the oC

industrial zone. The temperature inversion leads to higher 

values of pollutants in the winter season (Yadav et al 2019), 

PSCF has shown high source regions in the winter season 

compared to other seasons. The variation of meteorology 

gives the climate change in the northeast region (Deb and Sil 

2019). Numerous studies also shown that meteorology is a 

great influence on the ground level particulate concentration 

and transboundary aerosols (Tiwari et al 2015, Yadav et al 

2016). As well as several studies show that the correlation 

between AOD and ground-level PM  concentration and 2.5

estimation of Particulate matters from AOD (Lv et al 2017, 

Shao et al 2017, Lu et al 2021, Tuna et al 2021).

Previous studies are shown based on back trajectory 

analysis of effective origin source regions and long-range 

transport of pollutants (Conte et al 2020, Hong et al 2019, 

Owega et al 2006). The satellite retrieval studies shown the 

better agreemt for hydrometeorological studies (Suchithra 

and Agarwal 2021). Road dust particles are effecting on Plant 

Species (Bemmansour et al 2021). Soni et al (2018) reported 

that the PM and AOD nonlinear multi-regression model 2.5 

performance was better for the Jaipur region. The AOD 

influences the cloud properties (Balakrishnaiah et al 2012, 

Kumar 2013, Gopal et al 2016,).The observational study has 

shown the AOD-PM over china region (Xin et al 2016) 2.5

concluded that there was a high consistency of AOD versus 

PM  and the correlation coefficient ranges from 0.64 to 0.70 2.5

across China. The European hot-spot areas are identified by 

Squizzato and Masiol (2015)based on the statistical 

approaches to understand the influence of external and local 

contribution of PM sources such as back-trajectories cluster 2.5

analysis, PSCF, and CWT analysis, here we are also 

concluded that the most dominating sources based on 

trajectory calculation, and in our study. The back-trajectory-

based source apportionment of airborne sulfur and nitrogen 
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concentrations identified the source contribution at the 

receptor (Gebhart et al 2011). The dust outbreaks are 

identified in Spain (Cabello et al 2016). The tracking of 

Hazardous air pollutants from refinery fire based on trajectory 

by Shie and Chan (2013). The comparative study within two 

cities was analyzed for source identification (Kong et al 

2013). 

In this study found that the high contribution regions from 

East Indian regions and coastal regions in Winter season, the 

pre-monsoon origins from Bay of Bengal and central Indian 

regions, the most of air mass transport from these regions.

CONCLUSIONS

In this study, the assessment of ground-level PM is 2.5 

based on meteorology and MODIS AOD. The multiple 

regression analysis was adopted in this study. The good 

perdition of PM at the Zoo park location was found, were as 2.5

other locations are in the moderate range. On the other hand, 

source identification based on trajectory-based analysis as 

CWT, PSCF, and cluster analysis has shown in this study, the 

long-range transport of the PM and potential source regions 2.5

from the East India and Coastal regions are the potential 

source regions at receptor locations, among all seasons 

winter season local pollutant are dominating. It is maybe due 

to anthropogenic and vehicular activities. The cluster 

analysis provided the main mechanism of similar types of 

trajectories transporting paths towards the receptor. Cluster 

III in the winter season was dominating at receptor location. 

The study was useful for the health policymakers to establish 

new guidelines. As well as the pollution assessment of the 

remote location.
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