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Abstract:

Floods areone of the most severe natunaizardsNatural and anthropogenic climate chaage

a changing landscape have the potenti@xacerbatélood impacts An in-depth understanding
of flood types, processes and causative ofacis essential in planning effective flood
management strategiesn-depth understanding of flood events needsalyses oftheir
hydrological as well as geomorphic characterisfid®e understanding of paafloods, often in
conjunction with traditionalanalyses of flood frequency and magnitudan also unravel
changegelated to flood hazard. The new flood management stratageginclusion of non
structural measures on the basisanf understanding odbasin to reach scale procesdgor
sustainable magement of flood hazgrdowever,to be effectiveit should be based on an
understanding of flood dynamic$his study provides a review fothe various aspects of flood
hazardwith particular focus on the dynamical processes that underpin the flood phenomenon
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Introduction

Floods areone of the major naturalazards with manifold societamhplications Recurrent floods
span nearly every part of the Indian sudntinent In terms of frequency and severitndia is
amongt theworst floodaffected country in the worJdnly second tBangladeshAgarwal and
Narain, 198; NRSC, 2013) In particular,Himalayan rives, thataret he | i f ebl ood of
societal and economic weleing, represent some of the most hazardduser systers in the
world. In India, approximatelytO million hectars of landis prone to flooding (NDMA, 2008),

of which the Ganga River basin accountsriearly half offlood affected region (GFCC, 2012).
Flood causeshigher loss to lives, properties, livelihood systems, infrastructure and public
utilities thanany othematuralhazard.Despite structural and nestructuralmeasureso control

and manage flood hazards in Inddeleteriousflood impactscontinue to persist and accrue
(Agarwal and Narain, 198). As a nation faced with continued urbanization, a changing climate,
and ever increasing demand for flepbd built environmentthe study of floods hazards is an
exceedingly urgent priority. To this end, a multidisciplinary understandifhgflooding
phenomenon anprocesses is needed.

Floods occur when water flow (dischargexceedshe channekapacity resulting in the sub
mergence ohdjacentlands which is usually the floogblain, thereby causing or threatening to
cause damage and loss to life and property. In hydrology, floods are defined as flow events with
magnituds much higher than the mean or akflow. This broadens the definition of flotb

include events thato not necessarilgverflow the channekspecially in deep channels.

Floods are also important geomorphic evest because the processes of erosion and
transportation during a flooeiventand deposition (in the recession phase of a flood) have direct
bearing on river morphology and sediment and nutflares between channghnd floodplairs.
Morphological and flux variability in the channeke critical determinaatof river ecosysters
andtheir health

Floods occur on multiplespace and timescales An understanding of thepatiotemporal
distribution of flood hazard i prerequisitfor the characterization ahagnitudefrequency
relationshig of a hydrological system in aver basin.When floods occuthroughout the
country, major flood prone areas in the Indian rivers basins are mostly concentrated in the
Himalayan River basins (Fig. 1). These river basins are also characterised by high elevation of
upstream region respsible for higher sediment supply at downstream reaches, high rainfall
intensity and larger basin area. All these physical characteristics contribute towards higher water
discharge and sediment supply in downstream readhes.study provides a review othe
hydrologic and geomorphic processes associated thélspatictemporal variability of flood
events. The hydrologic and geomorphic characteristics of flood hazards have been used to define
the types, processes and various factors responsible forHeaids with special reference to
Indian rivers.While physical processes critically underpin the understanding of flood hazards
and a focus the present study, it is worth noting @ahaslistic understanding of the flood hazard

also requiregontinued atntion to the human dimensions, including governancecapdcity
building.



Types of Floods

Flood events may be classified on the basigphbf/sical mechanism that causes the flood event
The following are the major flood types

Overbank flooding

Overbank flooding is the most common tyjiteis causedoy high discharge orow bankfull

channel capacityincrease in discharge governed byexcessive or intense rainfall during wet
seasons or due to heavy rainfall during cyclonic activity relatgd low-pressure systems
(rainstormfloods) or due to snownelt contribution.Channelbankfull capacity and hence
overbank floodings governedby aggradatiordegradationprocesses, whichre controlled by
available flow energy and its mode of expendit{dain et al, 2018) These channel processes
are governed by a threshold defined through
stream Jp(Bul,d379) Specific stream power is defined as the liberation rate of kinetic
energy fom potential energy per unit of batdea (Bagnold, 1966), and represents the available
power for geomorphic work while critical stream power represents the power needed to transport
the available sediment load. The threshold of aggraddegnadation ina river channel is
defined as (Bull, 1979)

Threshold =¥/ ¥, Q)

where, ¥ the specitlieicrdgicalstreane @ower. phe speaific streach power
(= o. Q. s/ w) ,unitiwsightaof wiatard),dischasge (Qh bed slope (s) acithnnel
width (w). C.y depgends @nltheojumey @ensity(and grain size sédiment load

(Qs). Hence, channel processes and bankfull capacity are governed by these fundamental
parameters.



70°0'0"E 80°0'0"E 90°0'0"E
[ A] River basin Elevation[m]
boundary [ 10-390
[ 1391-1271
[ 11272 - 2847
[[7]2848 - 4464

I 4465 - 8569

30“q’0"N

20°q'0"N

z

°

5 .

o X .

< | e— w

[B] River basin  Rainfall [nm/yr] [D] River basin Contributing
’t boundary [o-592 boundary Catchment Area

[[7]593-1254 Low
[ 11255-1965 —— Moderate

£ [ 11966 - 2964 —— High =

S I 2965 - 9664 |- | —— Very High |2

o . 1 S

™~ 8 b

z z
=3 5
o 3 B=J
4 S
N <
z z
4 °
e A o b o
=) & L4 S
~ | — Km & R K ‘-a‘ -

70°0'0"E 80°00°E 90°0'0"E 70°0°0"E 80°0'0"E 90°0'0"E
Figure 1:[A] Elevation distribution in differentiver basin of India. The data usedSauttle
Radar Topography MissiofsRTM) Digital Elevation Model DEM) of 90 m spatial resolution
(data source: https://hydrosheds.cr.usgs.gov/dataavail.php); [B] Rainfall distribution over
different river basins of biia averaged overl2 years (1998 to 2009) (data source:
http://www.geog.ucsb.edu/~bodo/TRMMY/); Himalayan river basins are characterized by
maximum rainfall [C] Flood prone areas of India (modified from NDMA guidelines on
management of floods, 2008 )hd maximum flood prone area lie iHimalayan river basins [D]
Variation of contributing catchment area in different river basins of India derived from SRTM
DEM. Drainage boundaries were obtained from
https://hydrosheds.cr.usgs.gov/datadownload.php?reqdata=30bass
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Channel bankfull capacitycreass due to erosion process, when threshold will be posithes

is, unit stream powerexceedgritical power However, negativéhreshotl valueleads to channel
siltation and reduction in bankfull capacity becaageamlosesits sediment loadin general,
sudden change in elevation along long profile,(slope variability)is respamsible to create such
conditions (Fig. 2). For example, river reaches at downstream of mountain front are mostly
affected by aggradation processes, where threshold of aggradegoadation will be towards
aggradation process (Fig. 2). These reaches lsaeacterised by sudden decrease in channel
slope, which reduces specific stream power, whereas higher and coarser sediment supply from
mountains reaches is responsible for higher value of critical stream pdingalayan rivers
draining north Bihar plainsare typical exampleof suchlow stream poweand high sediment
supplychannelswhich are characterized Bxtensive siltation and frequent overbank flooding
(Jain and Sinha, 20@3Sinha et al, 2005).In general, gerbank floodingn a channel reach is a
function ofbothclimatologicalhydrologial and geomorpblogical processes iariver basin.

The ratio of flow energyo sediment transport ikey to understandg channel processes and
morphological evolution of alluvial riverdduangand Nansor(2000, 2002)defined maximum

flow efficiency (MFE) asan equilibrium state when sediment transport for a given stream power
condition will be at a maximum. They quantified this state as a function of stream power and
stream discharge ondhbasis of hydraulic analysis. The stability of a channel (the dominance of
aggradation or degradation processes) is governed by the distance of a channel reach from the
MFE state, because all channel reaches try to achieve this state through changes in
morphological processes. Recent work shows that the concept of MFE can be successfully used
to explain variability in channel processes and morphological appearance in different kinds of
rivers (Baweet al, 2014; Nanson and Huang, 2017).
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Figure 2:i) Important factors controlling the dynamics of riverine flood; ii) siltation reduces the
water carrying capacity of river channel thereby causing overbank flooding; iii) Geomorphic
processes along long profile exert significant control on spatial distibafisiltation process.

Channel shifting and avulsion process

Channel shifting is a geomorphic evelnitven bythe avulsion processwhich causes flooding in

a new areaof theriver basin.Avulsion is defined as the sudden change in ftbwectionof a
channel often witltomplete discharge timthe new channel. Flooding due to avulsion generally
causes extensive damage because a new area far from the mais aifected, where flood
preparedness absent o insufficient. Location of this new flood &kcted area is governed by
connectivity structure around the river channel K8iret al, 2013).Avulsion occurs when the
slope ofthe pre-existing channel bemnesless than the acroshannel slope. Such processes are



common in therivers on theaggradingplains in front of theHimalaya, where channel
sedimentationquickly fill s pre-existing channal producing theonditiors for channel avulsion.
The floodsalong the Kosi Riverand its tributaries in the north Bihar plaiase well-known
examples of anavulsiondriven flood hazardwhere the channel bed was at higher elevation than
the floodplain leve(Wells and Dorr, 1987Jain and Sinha, 200&jnha et al, 2014 Jain et al,
2018 (Fig. 3).
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3. (A) The KosiRiver is a wellknown example of channel shifting due to avulsion. A channel shifting
event in 2008 caused major flooding hazard in an area which was far from the main channel. The
River is dynamic because of frequent avulsions in the past. These aswstoalso responsible for
around 110 km westward shifting of the Kosi River in the last 250 years. Palaeochannels were drawn
from Gole and Chitale (1966). (B) A site becomes susceptible to channel avulsion when the slope of
the potential channel {5is more than the existing channel slopg)($C) Channel cross section
across the Kosi River near the avulsion site. The channel bed is at a higher elevation than the
floodplain due to extensive sedimentation of the channel at the avulsion site. Thislsugtd
condition of the channel bed is responsible for a steeper gradient across the embankment and hence
makes it susceptible to avulsigmodified afterSinha, 2009Sinha et al, 2014 Jain et al, 2018)



Outburst floods

These are the mosevee flood eventsand includeengineereddam failures landslide lake
outburst floods (LLOFsand glacial lake outburst flood&LOFs) O 0 €taln2013rgives

two broad classes of impoundmentghich are potential sources of outburst floods viz., a)
valleys blocked by ice, landslides, constructed dams, and volcanic materials and b) closed basins
such as tectonic depressions and calderas, and those rimmed by glaciers and ndgraines.
outburst canbe triggered by seismic activity, snow avalanche, landslide, volcanic eruption,
intense snowfall, calving at the terrasof a glacier, piping of theearthendam, or overtopping

of a constructed dai(frig. 4).

Figure4: A sketch of Glacial and LandskdOutburst Flood showing the causes and triggering
factors of flash floods (highlighted in orange).

Glacier lakes can be formed due to the interception of melt water of a glacier by another
advancing/surging glacier or the terminal moraines of the same glacier. Increased temperature
contributes to its formation by hastening the velocity of the dammingfethg glacier and
increasing the melting rate of the glacier that contributes melt water to théllaleayan rivers

are also characterised by damming of lakes due to major landslides (Wastsah, 2008;
Wassonet al, 2013).Climate waming and monsoon intensification will enharite likelihood

of outburst floodsn near futureby increasing theumber oflandslide dammed lakes agthcial
lakes(Wassonet al., 2013;Westobyet al, 2014) Such aitburst floodsoring aboutong lasting
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