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ABSTRACT

Severe weather events are the biggest natural disaster in the world, crippling
infrastructure, crops and human lives. Asia, the most populated continent on this planet
with dense population clusters experiences severe weather events through
thunderstorms, torrential rains, lightning and violent wind gusts leading to vulnerable
socio-economic conditions. India, faces the wrath of the severe weather events round
the year with pre-monsoon season, specifically impacted by thunderstorms, lightning,
strong gusty winds and associated destructions. The multi-scale factors controlling
these events originate from the local boundary layer dynamics to the large multi-scale
climate variability, significantly impacting the urban settlements and poses a grave

challenge to the forecasters to issue a precise, timely and error-free forecast.

The current thesis is formulated to achieve better insights towards severe thunderstorms
and its dynamics across northwest India, one of the major urban hotspots of the region.
The thesis addresses investigation based the observational analysis of the climatology
of thunderstorm days over northwest India. The observational study is followed by high
resolution WRF modelling sensitivity studies to precisely demarcate the most suitable
PBL schemes for thunderstorm simulations over north India. The study further dives
into ultra- high kilometre scale modelling of thunderstorms, specifically targeting urban
clusters of Delhi-NCR. The motive of this thesis is to address the gaps in high-
resolution simulation of thunderstorms, its evolution, owing to natural and
anthropogenic induced land surface modifications, investigation of diagnostic

predictors of convection and long - term climatological trends.

The current thesis begins with the examination of thunderstorm occurrences over

northwest India during the last five decades during pre-monsoon and post monsoon
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season. Significant inter-decadal fluctuations in thunderstorm frequency and intensity
were envisaged from the long - term observational analyses. The findings depict the
large variability in the frequency and amplitude of thunderstorms over the region. The
study further researched on the significance of the thunderstorm days over the region.
The scientific outcome paved way to further probe the significance of multiple
meteorological parameters in understanding the evolution of thunderstorms. The
exhaustive observational information of thunderstorm days over the region laid the

foundation for the observational ground work for further research.

The second section of the thesis explored the multiple stability indices over the region,
to detect the thermodynamics signal during convection. The stability indices are
researched during thunderstorm and non-thunderstorm days. The K Index (KI), Lifted
Index (LI), Showalter Index (SI), Convective Available Potential Energy (CAPE) and
Convective Inhibition (CIN) are among the stability indices utilized for this study.
Multiple techniques like box plots and Empirical Cumulative Distribution Function
(ECDF) were utilized to detect the role of multiple stability indices in precise detection
of thunderstorms. The Colour Coded Correlation is employed to detect the improved
detection of high performing and low performing stability indices in thunderstorm
detection. The True Skill Statistics (TSS), used in the study, further explores the optimal
threshold values as per each index’s role for thunderstorm and non-thunderstorm days.
This scientific metric is superior in generating area specific stability index threshold,

rather than relying on conventional thunderstorm climatological threshold.

The thesis, after working though observational thunderstorm detection and progresses
into high resolution modelling, simulating severe thunderstorm occurrences using
Weather Research and Forecasting (WRF) model. Boundary Layer dynamics has a

significant impact on storm onset and further intensification. To address this research
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problem, the current study investigated the sensitivity experiments of PBL schemes
through MY]J, YSU, BouLac, TEMF and Shin-Hong. The simulation exhibited MYJ
scheme to be among the best in precise simulation of near-surface conditions and storm
initiation. This study throws light on the crucial role in precise selection of boundary
layer physics for thunderstorm simulation and improved predictability at regional
scales. The physics of the upper atmosphere plays a vital role in thunderstorm evolution.
Model derived upper - level variables are validated with Wyoming upper air sounding
data. These results, exhibited the variability in simulation of upper - level

meteorological parameters.

The last section of the thesis utilized advanced Urban Canopy Modelling experiments
to examine the urban morphology and its impact on thunderstorms. Simulations were
performed to investigate the role of urban surfaces in altering the local convection using
WREF with ingestion of UCM. The study further researched on the ingestion of high-
resolution Urban Fraction data from Sentinel product. The study performed control run
(WRF UCM with default MODIS LULC 21 Class product) and experimental run (WRF
UCM with default MODIS LULC 21 Class product with Sentinel Urban Fraction data).
The scientific findings demonstrated the more precise position of urban cores improves
timing and severity of thunderstorms owing to the high heat capacity, impermeable
surfaces and enhanced sensible heat fluxes and localized convergence. The results
further demonstrate the urban clusters as not just passive backdrops, albeit active

participants in the regional storm dynamics.
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