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Abstract 

Airborne particulate matter (PM2.5) is a critical component of air pollution that has significant impacts on 
human health and the environment. This study presents a comprehensive analysis of PM2.5 concentrations 
in the Indian region using data from the Modern-Era Retrospective Analysis for Research and Applications, 
Version 2 (MERRA-2) reanalysis. While previous studies often relied on ground-based measurements for 
such analysis, this study uniquely employs MERRA-2, a sophisticated global atmospheric reanalysis dataset, 
for its high spatio-temporal resolution and comprehensive coverage. The study encompasses the period 
from 2018 to 2021 and focuses on key aspects of PM2.5 dynamics, including seasonal and regional 
variations, pollution sources, and the impact of anthropogenic activities. MERRA-2 data is utilized to 
evaluate PM2.5 concentrations, sub-component contributions (such as carbonaceous, sulphate, dust, and 
seasalt), and their spatiotemporal distribution across distinct climatic seasons. Results highlight the 
intricate interplay of various aerosol components and meteorological factors that contribute to the 
distinct spatiotemporal patterns of PM2.5 in India. Notably, the Indian region experiences elevated PM2.5 
concentrations during the winter months, characterized by intensified biomass burning and stagnant 
atmospheric conditions. Conversely, the monsoon season brings a respite, as increased rainfall and 
atmospheric cleansing lead to reduced pollution levels. The study also explores the impact of India's 
COVID-19 lockdowns on air quality, revealing a consistent reduction in PM2.5 concentrations during 
lockdown phases in 2020 compared to previous and subsequent years. While the lockdowns temporarily 
improved air quality, localized spikes emphasize the complexity of pollution sources and dynamics. In 
conclusion, this study underscores the utility of MERRA-2 reanalysis data in providing a comprehensive 
view of PM2.5 concentrations and dynamics in the Indian region. By leveraging high-resolution atmospheric 
data, this research advances our understanding of pollution patterns, sources, and trends, offering 
valuable insights for air quality management and policy formulation. 
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MAP-AQ: Monitoring, Analysis and Prediction of Air Quality 

IGAC Regional Working Groups 



ANGA: African Group on Atmospheric Sciences, Americas Working Group 


