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Diurnal variability of PM2.5 over India using 
MEERA-2.  

Key highlights: 
 

• Diurnal pattern of ambient PM2.5 is exam-
ined over India using MERRA-2 reanalysis 
data. 
 

• MERRA-2 data is calibrated using reference 
in-situ data (CPCB). 

 
• Diurnal amplitude exceeds 30 μg m−3 over 

large part of the country. 
         

• Annual increasing trend is strongly gov-
erned by the trend in Oct–Feb. 

 

• A declining planetary boundary layer 
height contributes to the rise in PM2.5 in 
these months. 

Summary: 
 

  PM2.5 exposure in some areas of India and 
identify the times of maximum and minimum 
exposure and its seasonal shift. This explains 
the underestimation in satellite-based PM2.5 
exposure estimates (related to ground-based 
measurements that cover 24-h duration) that 
uses AOD data from sensors onboard polar-
orbiting satellites crossing India in the late 
morning to early afternoon hours. In the re-
gions where the diurnal amplitude is small, 
satellite-based estimates of exposures are 
more representative. We also show that the 
increasing trend at the annual scale is strong-
ly controlled by an increase in PM2.5 during 
the Oct–Feb period. This suggests that if the .  
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Figure 1. Relationship between (a) the median bias in MERRA-2 data at every 10th percentile range and (b) the 

root mean square error (top panel) and correlation coefficient (bottom panel) at every hour before and after the 

bias correction. Spatio-temporal matching is done by averaging data from all ground-based monitoring sites fall-

ing within a single MERRA-2 grid for a 1-hr duration. A flow chart regarding data processing is given in supple-

mentary information S2. 



emissions during these months can 
be controlled at the source, the in-
creasing annual trend can be arrest-
ed. Although we map hour-by-hour 
changes in PM2.5 concentration in 
this work, we cannot identify the pri-
mary sources with this data alone. 
Further analysis is required to attrib-
ute source characterization to the 
observed hourly variation in PM2.5 
exposure. However, this study pro-
vides the opportunity to identify the 
major sources that can be attributed 
to the maximum PM2.5 
(corresponding to the observed peak 
timing) exposure at a regional scale. 

The integration of the spatially and 
temporally continuous MERRA-2 rea-
nalysis data with ground-based meas-
urements (temporally continuous) 
and satellite-based measurements 
(temporally discontinuous but can 
provide information at high spatial 
resolution) is perhaps the way for-
ward in the future. We hope these 
results would help formulate better 
air pollution mitigation plans so that 
the national burden of disease 
attributed to ambient air pollution 
could be decreased by evidence- 
based policy actions at the regional 
and national levels. 
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Major findings : 
 

• The integration of the spatially and temporally continuous MERRA-2 reanal-
ysis data with ground-based measurements (temporally continuous) and 
satellite-based measurements (temporally discontinuous but can provide 
information at high spatial resolution) is perhaps the way forward in the fu-
ture to estimate he surface PM2.5 concentration. 

 
• Our results reveal a large diurnal amplitude in PM2.5 exposure in some are-

as of India and identify the times of maximum and minimum exposure and 
its seasonal shift. This explains the underestimation in satellite-based PM2.5 
exposure estimates (related to ground-based measurements that cover 24-h 
duration) that uses AOD data from sensors onboard polar-orbiting satellites 
crossing India in the late morning to early afternoon hours. 
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Figure 1: Mean annual ambient PM2.5 exposure in India for each hour cycle (00:00 IST repre-
sents 00:00–01:00 IST duration).  
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