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WX — 9 TS 1 36837 A0 AN H Fad A& W ARG a6 H STortaAfaw=n afahr
(Hydrometeorological dynamics) ®I Sd &ReT &1 SHH IR-aii¥e g IRad=elear 3R a1 & @y
sOh TEOeY & [3eeivol, Se-URd A g yonfedl (LPS) #T o§ToT guls], IgRms-aia-3af™ (DAD)
Hedichat, aif¥eh asl At 3R aTe IGRdl & e T T 3holed, 916 & Sf31 fAwA H g HE
& foT A1ty @ FAEdSa @ gee (NADM) faftr & seqaaien, 3R a6 aifdedr @ @afa axe arr
3er e gfarolt et (ENSO) &t gt iR At aft & gfawdt & & sia:frar & s anfde 8
I H A AR AIREh ®eet & fAv 45 adty aif¥e sifteas g@en & @Y v 121-adg awt
Seriie &I fAaford forar arm &, S 9w aRaderiiedr 3R a1 afadr & e aifeahr fageror #r
HeTH Farar g| IRomH aaa § fF 9fe & v aRaderlear gEr ¥ @ 1960 & & & A
a6 #1 3gR R aRACT F IeAwNT gefdr ¥ AHAEIT &1 3HS o@r, gAed a6 g daa &
3f gt & Efeat & @ Ad @ € S g Aol & GNfT e F oot Hr et &
AgcaquT fAF F @ik F &1 g LPS AEg &9 & IR &, 3y &7 & Soer &1 7 w31 916 ol
€1 23-25 Se$ 1924 & weal & DAD ah & 1-fe, 2-feet 3R 3-feet &1 3afer & fow afdr & oo &y
Seaad Ed TeS F Arer AT &1 vH@ S A S Reites Rufadt & favewor & @b ferdr &
f& sifRewier e 9w & ad ot & uercas @uda & 9 9fl NADM o 3=a 3R et a3k
gafau a1 & FaMel saagR (Epochal behaviour) @1 g2 §1 a6 &I 3GRT IJHIR N AT AT HAGR
ENSO feufaat arer anf & 31 g 2

ABSTRACT. This study aims to investigate the hydrometeorological dynamics of monsoon floods on the Kaveri
River, Southern India. It encompasses the analysis of interannual rainfall variability and its correlation with floods,
characterization of flood-inducing low-pressure systems (LPS), depth-area-duration (DAD) evaluation, assessment of the
relationship between annual rainfall totals and flood frequencies, application of the normalized accumulated departure
from mean (NADM) method to identify flood-linked anomalies, and investigation of the interplay between EI Nifio
southern oscillation (ENSO) phenomena and monsoon rainfall patterns governing flood dynamics. The study employs a
121-year rainfall dataset, coupled with a 45-year annual maximum series for two hydrological monitoring stations,
enabling long-term statistical analysis of rainfall variability and flood dynamics. The results indicate that the interannual
variability in the basin is characterized by a notable increase in the frequency and magnitude of floods, particularly post-
1960s. Moreover, substantial flood events coincided with periods of above-average rainfall, underscoring the significant
role of rainfall anomalies in modulating flood dynamics. Intense LPS predominantly drive major floods in the basin,

especially in the deltaic zone. DAD curve of 23-25 July 1924 event has contributed the highest average depth of rainfall
over the basin for 1-day, 2-day and 3-day duration. Analysis of synoptic conditions associated with major floods indicate
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that most of the floods were associated with positive departure from mean rainfall in the basin. The NADM graphs show
epochal behaviour of high and low rainfall and therefore, floods. The frequency of floods is generally high in years with

normal or weak ENSO conditions.
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1. Introduction

In flood hydrometeorology, the spatiotemporal
distribution and genesis of large-scale flood events are
predominantly governed by episodes of intense to extreme
rainfall, representing a critical focus of scientific inquiry.
In general, the occurrence of floods is attributed to
exceptional synoptic conditions that generate precipitation
exceeding a drainage basin's capacity for absorption and
storage (Hirschboeck, 1988). The majority of river floods
are climatological phenomena, arising either directly from
precipitation events or indirectly from the melting of snow
and ice (Ward, 1978). This has led to a focused
investigation of precipitation-generating processes across
diverse spatial and temporal scales by meteorologists,
climatologists and hydrologists. Hydrometeorology is
commonly employed to investigate floods. However, from

a broader  perspective, insights gained from
hydrometeorological research have been utilized to
analyse flood \variability over extended periods

(Hirschboeck, 1988). In the Indian context, widespread
flooding in major river basins results from the synergistic
interaction of synoptic-scale monsoonal intensification,
antecedent  hydrometeorological ~ conditions, and
physiographic controls, all moderated by large-scale
atmospheric moisture flux convergence and interannual
climate variability (Nanditha and Mishra, 2024).

Early investigations into these dynamics within the
present study area—the Kaveri (Cauvery) Basin, include
Banerji and Narayanan’s (1966) comprehensive
hydrometeorological investigation, which encompassed
major flood episodes between 1892 and 1956 as well as
the significant 1961 event. Their analysis revealed that
most floods were linked to intensified monsoon activity,
predominantly triggered by synoptic-scale depressions
over the Bay of Bengal, underscoring a strong
atmospheric—fluvial coupling in flood genesis. Subsequent
work by Sawant, et al. (2015) analysed spatio-temporal
rainfall variability over the Kaveri Basin during the
twentieth century, while Sreelash, et al. (2020) assessed
recent alterations in the hydrological regime and examined
the links between shifting rainfall patterns and their
impacts on the hydrological characteristics of the Kaveri
Basin. The study reported significant declines in both total
precipitation and the frequency of rainfall events,
particularly across the middle basin, which manifested as
reduced streamflows in the main stem and tributaries and
highlighted the basin’s pronounced sensitivity to ongoing
climatic variability.
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Building on these earlier assessments and
recognizing the paucity of research on monsoon flood
hydrometeorology in the Kaveri Basin, the present study
undertakes a comprehensive analysis of the synoptic
conditions associated with large-scale flood events. It
explores interannual rainfall variability in relation to flood
occurrences, applies the Normalized Accumulated
Departure from Mean (NADM) method to assess flood
dynamics, and examines the role of synoptic-scale low-
pressure systems and El Nifio events in modulating
monsoonal rainfall and associated flood patterns.

1.1. Kaveri River: geomorphic and climatic setting

The Kaveri Basin is located between latitudes
10°92'-13°30' North and longitudes 75°27'-79°54' East
(Fig. 1). It spans across the states of Tamil Nadu,
Karnataka, Kerala and the Union Territory of Puducherry.
The river rises at an elevation of 1341 m at Talakaveri,
situated in the Bhramagiri Ranges of the Western Ghats in
the Kodagu district of the Karnataka State. Flowing south-
eastward across the Mysore Plateau it enters Tamil Nadu
plains and eventually drains into the Bay of Bengal. The
river spans 800 km in length and drains an area of 81,155
km2. The major tributaries of the Kaveri River are the
Hemavati, Kabini, Shimsha, Akravathy and Bhavani. The
Kaveri Basin is bordered by the Western Ghat to the west
and the Eastern Ghat to the east and south. The basin is
separated by ridges to the north that divide it from the
Krishna and Pennar Basins. The Kaveri Basin consists of
two main geomorphic regions, the western Mysore
Plateau, characterized by expansive valleys and gently
sloping streams, and the eastern Tamil Nadu plains, which
exhibit fluvial and deltaic features with Quaternary
sediments (Kale et al., 2014; Mahadev, et al., 2025). The
Kaveri Basin is largely underlain by crystalline rocks of
Archaean—Proterozoic  age, comprising  gneisses,
charnockites, and granites (Sharma & Rajamani, 2001;
Valdiya, 2001). The basin is characterized by numerous
lineaments, faults and shear zones, trending both north-
south and east-west, which extend across the Kaveri Basin
as well as the adjacent regions (Ramasamy, 2006;
Vaidyanadhan, 1971; Valdiya, 2001).

The Kaveri Basin is primarily governed by the
southwest monsoon in Karnataka and Kerala, and by the
combined effects of the southwest and northeast
monsoons in Tamil Nadu. The average annual rainfall in
the basin ranges from over 2500 mm in the headwaters
(Western Ghat) to approximately 700 mm in the lower



