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R — gitgsy RaAer &7 (WHR) 3R 3w-af¥asm era (NWI) & #Aeel somel & efidaerella avor
(@fét & aiten) v oot Ated gear § S ResR iR & & eesma & d gl &1 afedt &
#ES WHR 3R NWI # #gcaqol ador o §, St 3 3R S Fameet & ganfdd ad &1 98 e oF
AT & 9gel AoAlg & GNIeT U Ageaqul 315 3@t (Wet spell) 1 ST &Xar &, S axat &t 7 a1 af,
e IR 3R 3eTgfSe garT sfdetET At 1-3 A, 2024 % R H Fg I AW AT T A T
qieasT f3asT (Western Disturbance - WD) & werriad off, o/ Eeh ®ROT IRA Ieharal IREWROT (Induced
cyclonic circulation)ﬁtmwmmﬁwﬁ#mgml oo argHEsy fRufadl @ ey ador &
geodl & AT U Jefmel ardre]or IR R @ difaRed, 3Re aeR & e f e amqfd & s
el # Agcaqul ARee fGarl ol & 39 gaw o awt f g # dern HR 7R RS F Ay e
IR 1 Sfshar 1 I ST

39 eaae ¥ dfReelr faaler 3R el & amfd & d Sfedr d9w @ gar gear g, S aReel
e (Sseguasm) AR 3o afRaedt are (Tassed3ns) # efiadmle aur $i g3l & 3cheed aat 7
FgcaquT fAEr e §1 Atew gonfodl, Ry ®v @ aftest fater, T s wew Gt @ wwsen
& # Agd qEAe # gur 3R WA AT F el & veud & AU 3edd smaas g1 3w ek,
T, S, e 3R FATell S o Tl W RS g st g8 3N A sferarg Faeh dfrerat # s 5
Afoat & enfAer gul s ot & kst & g wer F 3 A B FTELHHAR AR s b osuwst A
mmwaﬁ#ﬁ,gﬁmlﬁwmmfraaaa%gﬁawﬁmmwg%lmm
m@rwm%%zmﬁﬁ%mwmrmgﬁmmmlﬁwmaﬁgé,mm
STETHHR F TA ET gTedifeh, 3 A H SEAFER F a0 @ 9gd ol A g8, 36% e RaTae
v, RO 3R IAEs H T @1l afasT & My F Sioarg aRadd & dest # 5o Atgw Yo &
Sriimifoish weTTal &1 I 9T S aifRel

ABSTRACT. Winter precipitation in the Western Himalayan Region (WHR) and the plains of Northwest India
(NWI) is a notable weather phenomenon that occurs between December and early March. The winter months bring
critical precipitation to the WHR and NWI, impacting agriculture and water resources. This paper investigates a
significant wet spell during the first week of March, characterized by heavy rainfall, intense thunderstorms, and
hailstorms across both regions. The wet spell during 1%-3“March, 2024 was primarily influenced by a Western
Disturbance (WD), which led to the formation of induced cyclonic circulation and induced low-pressure systems. These
atmospheric conditions created a conducive environment for the occurrence of heavy precipitation. Additionally, a steady
supply of moisture from the Arabian Sea significantly contributed to the event. This influx of moisture enhanced rainfall
intensity and facilitated the development of severe thunderstorms and hail.

This investigation highlights the intricate relationship between Western Disturbances and moisture supply in
generating winter precipitation events in the WHR and NWI. Understanding these interactions of weather systems mainly
WD is vital for improving weather forecasting and managing the effects of extreme weather in the region. During this
episode some of the stations like Karta, Jammu, Nahan and Manali received record breaking rainfall and placed in top 5
categories in climatological records. The heavy rainfall data revealed that on 3March, the subdivisions of Jammu &
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Kashmir and Uttarakhand recorded the highest rainfall, with some stations receiving 12 cm, followed by Haryana at
10cm. Station-wise data indicates that on 2"March, the highest number of stations in the Himachal Pradesh subdivision
reported heavy rainfall, followed by Jammu & Kashmir. On 3 March, however, stations experienced heavy to very
heavy rainfall in Jammu & Kashmir, followed by Himachal Pradesh, Haryana, and Uttarakhand. Future research should
explore the long-term implications of these weather patterns in the context of climate change.
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1. Introduction

Winter precipitation over the Western Himalayan
Region (WHR) and plains of the Northwest India (NWI)
is a significant weather event that typically encompasses
the months of December through February, extending into
early March. This period is characterized by various
weather patterns and impacts due to the region's unigque
geographical and climatic features. During these winter
months, essential rainfall is brought to the WHR and
NWI, influencing agriculture and water availability.

Winter precipitation in NWI is characterized by
several critical aspects, affecting both the WHR and the
adjoining plains, including Punjab, Haryana, Chandigarh,
Rajasthan, Uttar Pradesh (UP), and even extending into
North Madhya Pradesh (MP).The precipitation over the
region manifests primarily as snowfall in the higher
reaches of the WHR, leading to the accumulation of snow
that impacts tourism, local travel, and Infrastructure and
heightens avalanche risk. In contrast, the plains adjoining
WHR receive rainfall, crucial in dam management,
agriculture, and water resources. However, it may also
cause waterlogging and localized flooding mainly in the
region's urban areas. The basic drivers of winter
precipitation over this region of study are the WDs, which
originate in the Mediterranean and bring moisture-laden
air into the region, often intensified by embedded induced
cyclonic circulations. These weather systems significantly
influence regional climate patterns and socio-economic
activities. Local Infrastructure often suffers due to heavy
andpersistent ~ snowfall,  which  hampers local
transportation and disrupts daily and routine utilities. The
impact on agriculture is twofold: it provides essential
moisture for Rabi crops but poses risks like frost or hail
damage. Moreover, snowmelt from these winter events
contributes substantially to the region's water supply,
sustaining rivers and reservoirs critical for downstream
needs in the ensuing dry months.

Winter precipitation in NW1 is crucial in shaping the
region’s climate, influencing water resources, agriculture,
and daily life. Understanding these patterns helps in
preparing for and mitigating the impacts of severe weather
events.

Research on Western Disturbances (WDs) is actively
progressing, with numerous studies examining various
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aspects such as observation, monitoring, impacts, climate
change, and their association with other weather systems.
A review book by Dimri and Chevuturi (2016) is a
significant resource for understanding WDs from an
Indian perspective. Recently, Hunt et al. (2024) have
contributed a comprehensive review that further expands
on this topic.

In a detailed analysis, Hasan and Pattanaik (2024)
studied ten WDs and their associated cyclonic circulations
from 2018 to 2022. Dimri et al. (2023) compared WD and
non-WD days in relation to winter precipitation from 1987
to 2020. Additionally, Dar (2023) explored trends in
winter precipitation extremes over the WHR linked to
WDs. Hunt et al. (2024) investigated the influence of
climate change on the water cycle in the WHR during
winter. The evolution, seasonality, and impacts of WDs
were examined by Hunt et al. (2018a), while extreme
daily rainfall mechanisms in northern India were detailed
in Hunt et al. (2018b). Furthermore, Hunt et al. (2019)
analyzed the declining trend of WDs. Mirza and Pattnaik
(2024) studied 10 WD events during the winter season
that caused extreme precipitation over the WHR with
emphasize on associative mechanisms leading to the
Induced Circulations.

Kumar et al. (2015) documented the winter
frequency of WDs over Himachal Pradesh, and in a
subsequent study, Kumar et al. (2017) focused on heavy
rainfall events in March 2015 across parts of India.

Building on this foundation, the current paper
investigates a case study of heavy precipitation,
thunderstorms, and hailstorm activities occurring from 1%t
4"March, 2024, over NWI.

2. Data and methodology

In this paper, a case study of heavy precipitation,
thunderstorms, and hailstorm activities that occurred from
18-4"March, 2024, over NWI have been studied.
According to the India Meteorological Department (IMD),
NWI comprises 9 meteorological subdivisions: Jammu-
Kashmir Ladakh Gilgit Baltistan-
Muzaffarabad,Himachal Pradesh, Punjab, Uttarakhand,
West Rajasthan, East Rajasthan, Haryana—Chandigarh-
Delhi, West UP, and East UP. These meteorological
divisions of NWI are shown in green in Fig. 1.



