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Surface solar radiation (SSR) governs the Earth’s energy
balance, atmospheric circulation, agricultural productivity,
and solar-energy potential. Global SSR has passed
through decades of “dimming” and partial “brightening,”
driven by shifting aerosol loads and cloud cover. India’s
rapid industrialisation, dense aerosol loading over the
Indo-Gangetic Plain, and strong monsoon—-ENSO
coupling make it a critical test-bed for these radiative
changes. This poster synthesizes two complementary
IMD studies, a 54-year trend analysis and an ENSO /

Introduction & Motivation Data & Methods

+ Daily global & diffuse radiation from thermopile and
shaded-band pyranometers (290—4000 nm); 10-minute
readings averaged to daily means

+ Multi-stage QC: station-year IQR outlier removal, stations
with >30% missing data excluded, plus abrupt-spike
consistency checks

4+ Trend detection: non-parametric Mann—Kendall test (a =
0.05) with magnitude from Sen’s slope estimator; OLS
shown only for visualisation

4+ ENSO phases from the Oceanic Nifio Index (ONI): El

Results I: Long-Term Dimming (1970-2023)
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Results II: ENSO vs. Aerosol (2003-2023)
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Annual mean global radiation declined significantly at every
one of the 12 long-term stations. Losses are steepest at
northern / western stations (New Delhi, Ahmedabad),
consistent with rising aerosol loading and urban emissions
over the Indo-Gangetic Plain, while coastal / southern
stations (Chennai, Trivandrum) show moderated declines,

Percentile and composite analyses show ENSO modulates
diffuse and global radiation in a spatially heterogeneous
way, arid Jodhpur peaks in El Nino years, humid Srinagar
peaks in La Nina years but station-wise Pearson correlation
confirms this signal is statistically significant at only 1-2 of
15 stations, explaining at most ~28-31% of interannual

aerosol attribution study, into one unified picture of what

o _ _ _ Nino = +0.5°C, La Nifa < -0.5°C (3-month running mean,
Is driving India’s changing solar climate.

buffered by maritime humidity and monsoon circulation. variance where detected.
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highland climates across India — from Jodhpur’s hot desert
to Shillong’s subtropical highlands.
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Discussion: The decline is concentrated in the pre-monsoon /
early-summer peak rather than spread evenly across the year, it
points to a seasonal source, consistent with pre-monsoon haze and
biomass-burning aerosol loading over northern India.

4+ Mann-Kendall does not explicitly correct for residual serial
correlation

Data: India Meteorological Department (National Data Centre, Pune).
Reanalysis: ECMWF ERAS5; Copernicus Atmosphere Monitoring
Service (CAMS).

Sources: https://doi.org/10.1007/s00024-026-04037-5
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Unique IMD stations
across both studies

combined ERAS/CAMS analyses are domain-averaged, large-scale context,

not station-level attribution
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