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WR — TE HETTA 1951 & 2024 T e, ¥R # HAYA-d Hageil Ididier (Pre-monsoon
convective activity) #¥ icR-a1¥e aRadereflicrar A g war &, s g faaRor, awf & &t 3k deqy
agHS fRanst W sEds yHE W Hfed Bl Ar-AS (MAM) @isid & eRrel ast & et &1 amrediga
faReoT Fse Hagel st (SCY) (SR, 1951, 1990, 2006, 2015, 2023) # 3Mad ¥ 3RWF ATGA-II
et a1fafafdr 3R FFER Fageh ast (WCY) (39, 1964, 1965, 1966, 1973, 1984) & 3iad & & awr
AT & Yehe FAT Bl BTl & ANt F Hagen AAMAT & FROT AYA-Gd aW F AN & & Focd
vafar gdY a1$ &1 argHs gfkansit fr qfAw FF gase & fov, aw, ot & e, dage suesy Rafas
Fsil (CAPE), didad Taiha AH AR (VIMD), Fef F135 e (TCC), Tl HictH Foli3s fafFas arex
(TCLW), |k fafamor 3k e & s @Rl afgd v #Aes el == & fov a@er Jwerfa faeewor
(Composite anomaly analysis) fFar aTar &1 Taifae fazevor &g gRadaelear #i 39PR &d §,
SCY & &R &8 §§ AeE-qd aw afafafd 3k WCY & eRiet &t gs awh aifafafer #r e &1 850
hPa W gar & Yfo®d YIedidiy Rd & U Hecaul faeadesd Yohe aXa ¢, f@d SCY & ek o
aRE=Ror 3R WCY & aRre gamsit # qd 7 3R sgota a@r a3 g, St Hagen fafafer & genfia &&=
¥ argrsery A A A | SR &ar ¥l SCY a¥ 9@ g3 argHsNy e, A afHwon, et
1 Rufa 3R Bed & o Tl F grr-ar w7k [ weitla &=a € sefs WCY a¥ Juda
vafoal e &1 ¥ ey dagelr afafafr & gae g agEsd gfkanst & Sfedr sid-Eey @t
@ifhd #d § AR & ST GETee Y6t U Siefary 3eghed & fov Ageaqul AT gere wd gl
Hagel AMATAT T FIh STofarg HRAT A S5, TG AT Tolaledl F HAGA-Gd TcIehl N FHSA Y
Fordr § 3R A AeA F gemat F @A AR e F T Femae saqe dere S gl

ABSTRACT. This study examines the interannual variability of pre-monsoon convective activity over Telangana,
India, from 1951 to 2024, focusing on its influence on rainfall distribution, rainy days, and associated atmospheric
processes. Normalized analysis of rainy days during the March-May (MAM) season reveals above-average pre-monsoon
rainfall activity in Strong Convective Years (SCY) (e.g., 1951, 1990, 2006, 2015, 2023) and below-average rainfall
activity in Weak Convective Years (WCY) (e.g., 1964, 1965, 1966, 1973, 1984). A marginally increasing trend in pre-
monsoon rainfall due to convective activity is observed in recent years. To understand the role of atmospheric processes,
composite anomaly analysis is performed for key meteorological variables, including rainfall, rainy days, Convective
Auvailable Potential Energy (CAPE), vertically integrated moisture divergence (VIMD), total cloud cover (TCC), total
column cloud liquid water (TCLW), solar radiation, and soil water content. Spatial analyses highlight regional variability,
showing enhanced pre-monsoon rainfall activity during SCY and suppressed rainfall activity during WCY. Wind patterns
at 850 hPa reveal a significant discontinuity over peninsular India, with intensified circulations during SCY and an
eastward shift in winds during WCY, emphasizing the role of atmospheric dynamics in modulating convective activity.

975



MAUSAM, 77, 3 (July 2026)

SCY years exhibit increased atmospheric instability, moisture convergence, cloudiness, and soil water content, along with
reduced solar radiation, whereas WCY years show opposite trends. These findings underscore the complex interplay of
atmospheric processes driving convective activity and offer critical insights for regional water resource management and
climate adaptation. By linking convective activity to broader climatic factors, this study enhances the understanding of
pre-monsoon dynamics in Telangana and provides valuable input for forecasting and mitigating extreme weather impacts.
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1. Introduction

The pre-monsoon period in India, from March to
May, is crucial to the nation's hydrometeorological
system. As per the India Meteorological Department
(IMD), this period makes considerable contributions to the
total annual precipitation, especially over southern India,
with precipitation between 40-50 cm in south Kerala and
10-20 cm in other parts (Bhowmick et al. 2023). Even
though it is transitional, pre-monsoon experiences intense
convective activity fueled by mesoscale and synoptic-
scale systems (Dalal et al. 2012; Vinay and Naidu 2020).
These convective activities from scattered thunderstorms
to composite mesoscale convective systems (MCS)
account for more than 90% of pre-monsoon rainfall and
are frequently followed by dangerous situations in the
form of heavy rain, hail, gusty winds, and lightning
(Houze 1977; Puranik and Karekar 2004; Singh and Singh
2015; Bhowmick et al. 2023).

The impact of pre-monsoon convection is not limited
to meteorology. The events often lead to agricultural loss,
infrastructural damage, and deaths. Approximately 80% of
thunderstorm-related fatalities in India take place during
this season (Bhardwaj et al. 2017). In the world, it is
estimated that 16 million thunderstorms occur per year
(Khan and Arsalan 2007), and the significance of knowing
convective mechanisms becomes more important.
Thermodynamic processes like Convective Available
Potential Energy (CAPE), ground moisture, solar
irradiance, and vertical moisture fluxes are at the core of
initiating as well as maintaining these systems (Moncrieff
and Miller 1976; Murugavel et al. 2014; Emanuel 1994;
Seneviratne et al. 2013). CAPE, in turn, is a primary
measure for determining atmospheric instability, while
vertically integrated moisture divergence (VIMD) is
indicative of moisture transport essential for convective
rainfall (Ullah and Gao 2012). Cloud-related parameters,
including Total Cloud Cover (TCC) and Total Column
Cloud Liquid Water (TCLW), also affect radiative
processes and energy balances (Stephens 2005; William et
al. 2009).

Convective activity is extremely sensitive to local
and regional causes. Land surface heating, topography,
and wind regimes on a larger scale interact with each
other to define the nature, frequency, and magnitude of
convective systems (Schneider et al. 2018; Riehl and
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Malkus 1958). In the Indian subcontinent, the South
Peninsular  region, particularly  Telangana, has
heterogeneous terrain and meteorological conditions
favouring the generation of convection (Stella and
Agnihotri 2015; Agnihotri and Dimri 2018). Disturbances
in easterly winds and Pacific typhoon remnants sometimes
intensify convection and even lead to tropical cyclones
over the Bay of Bengal (Srinivasan et al. 1973). Although
there are studies on convective variability over the global
tropical and subtropical regions like South Asia, Africa,
and South America (Houze et al. 2015; Romatschke et al.
2010; Zuluaga and Houze 2015). Indian studies have
primarily been focused on the northeastern states in terms
of short-term thunderstorm instances or extreme events
(Pramanik 1939; Roy and Chatterji 1929; Sahu et al.
2020). As a result, there is a significant lack of long-term
climatological studies of pre-monsoon convection,
especially over Telangana.

To address this gap, the present study conducts a
comprehensive  74-year (1951-2024) climatological
assessment of pre-monsoon convective activity over
Telangana. Using long-term rainfall and rainy-day
datasets, the study classifies years with above-average
rainfall as Strong Convective Years (SCY) and those with
below-average rainfall as Weak Convective Years
(WCY). Composite anomaly analysis is employed to
examine key atmospheric and surface variables such as
CAPE, VIMD, TCC, TCLW, solar radiation, and soil
moisture to understand the mechanisms that drive
convective variability. Furthermore, the study explores the
role of large-scale atmospheric circulation, including 850
hPa wind patterns, and examines potential teleconnections
with global climate drivers such as El Nifio—Southern
Oscillation (ENSO). By analyzing spatial and temporal
patterns, this research enhances our understanding of the
long-term trends and variability of pre-monsoon
convection in Telangana.

This research delivers new insights on the dynamics
of convective systems within a climatically exposed area.
The results hold significant implications for disaster risk
reduction, agricultural  planning, water resource
management, and regional climate adaptation planning.
This contribution to the current literature incorporates the
longer-term observational evidence with dynamic and
thermodynamic variables, which aids the expanding
research base in monsoon transition stages and facilitates



