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Design storm estimation for flood
risk assessment in the temperate
Himalayan basin using hydrological
modelling
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Fleod frequency analysis and hydralogical madeiling are erucial for water resource management and
flood mitigation, especially in regions vulnerable to extreme weather. This study utilises the HEC-
HMS hydrological madel to simulate rainfall-runoff processes and generate design storms for various
return perods across 24 sub-watersheds of the Ihelum Baskn, Kashmir. The model setup includes
rainfall transformation using the ModClark method, baseflow estimation through the Linear Reservair
Method, and flood routing via the Muskingum approach. Satellite-based gridded rainfall data and
sub-basin-specific hyetographs were vsed as meteorclogical inputs te ensure spatially distributed
precipitation representation. Callbration and validetion were perfarmed using discharge data from
Sangam, Ram Munshibagh, and Asham gauging stations (2020-2023), covering five high-flow events.
This research marks the first application of event-based design storms at the sub-watershed scale in
the KashmirValley using HEC-HBS, providing high-resefution insights into fleod risk patterns. The
madel showed strong agreement with ebserved hydrograghs (R? = 0.78, NSE = 0.56, RSR < 0.6, FBIAS
within = 25%). Sensitivity analysis identified curve number, time of concentration, and infiltration
rates as key pararmeters influencing perfarmance. Results indicated varied hydrological responses,
with watersheds like Lower Jhelum, Sindh, Lidder, and Pohre showing higher peak discharges dee to
steep slopes, while low-bying areas such as Wular- 1l and Anchar exhibited prolonged flood retention.
Urbarised watersheds like Dal and Wilar-| showed moderate to high peaks, highfighting infrastructure
vulnerability. Design storms for 2-500-year return periods identified eritical fload-prone zones, offering
insights for infrastrecture planning and risk management. This research highlights the effectiveness of
HEC-HMS model as an impartant non-structural fleod mitdgation measure in a mountaineus region of
Kashmir.
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Hydrological modelling is an impartant wol b water resource planning, Aood hazard mapping sed infrastruciune
design' ™, 1t simulated the hydrobogical processes such as precipiiation, infiltration, surface runofl and channel
Do bo predict hawy the water will flaaw in o watershed!. ['Ej.'drl:-r::gin: Engineering Centers Hydrologic Maodelling
Syatern (HEC-HMS) s the mest commonly used model among the commonly wied vdrological models to
analyse Bood risks under different hydmlogical conditions”". The miegeation of these models with remole
sensing (R5) and geographic information syatem (G18) technologies has significantly increased the accuracy of
these models',

Event-based ruinfall-rumedl models simuolse the bvdrologic responses of individual peak stoon events,
which makes them ileal for Aood forecasting and infrastructure design'™'% These models didfer from
cotitinuous models in the aspect that they focus on indvidual @orms, hence eliminating the computational
needs but capturing peak discharges, which are needed for imfrastructure design’. The models prove useful in

Callege of Agricultural Engineering and Technology, SEUAST-Kashenir, Shalimar Srinagar 190025, India
‘I:Il:g-:lrl:rr.i.-.nl. of Enviranmental Sustainahility and Climate Change, IUST, Awantipara 192122, india. "Division of
Sl Srience, FOH, SKUAST-Kashmir, Shalimer Srinagas 130025, Indie “Division of Frudt Science, FOH, SKUAST-
Kashrnir, Shalirnar Srinsgar 190025, India. “Owil Engineering Depactment, Callege of Enginesring, King Khalid
Undversity, Abha 61421, Saudi Arabia.  emaik attaridress @gmail.com, yasirallaf 198E@gmail.com

Scientific Reports|  [zpec) 1533358 | hitps idea orgil0. 103641 S98- 025 -1 T000-x nature porifohio




