
1 
 

 

Riverine Flood Hazard: Part A. Types, Processes and Causative 

factors 

Vikrant Jain*  
Discipline of Earth Sciences, Indian Institute of Technology Gandhinagar, Palaj Gandhinagar, Gujarat 382355, 

India, vjain@iitgn.ac.in, ORCID id: https://orcid.org/0000-0003-2854-618X 

Mussie Beyene
 

Department of  Civil and Environmental Engineering, University of Maine, Orono, Maine 04469-5711, USA; 

Mussie.Beyene@maine.edu, ORCID id: http://orcid.org/0000-0002-1817-264X 

L. Sardine Varay 
Department of  Geology, Centre of Advanced Studies, University of Delhi, Delhi 110 007, India; 

sardinevaray@gmail.com, ORCID id: https://orcid.org/0000-0002-4831-8902 

Robert James Wasson
 

Institute of Water Policy, Lee Kuan Yew School of Public Policy, 469A Bukit Timah Road, Singapore-259770 
spprjw@nus.edu.sg, ORCID id: https://orcid.org/0000-0003-4318-1182 
 

Shaleen Jain 
Department of  Civil and Environmental Engineering, University of Maine, Orono, Maine 04469-5711, USA; 

Shaleen.Jain@maine.edu, ORCID id: http://orcid.org/0000-0003-1792-4421 

 

Keywords: Return period, flood discharge, climate change, sediment transport, flood power, 

palaeoflood, flood management, statistical hydrology 

Abstract:  

Floods are one of the most severe natural hazards. Natural and anthropogenic climate change and 

a changing landscape have the potential to exacerbate flood impacts. An in-depth understanding 

of flood types, processes and causative factors is essential in planning effective flood 

management strategies. In-depth understanding of flood events needs analyses of their 

hydrological as well as geomorphic characteristics. The understanding of palaeofloods, often in 

conjunction with traditional analyses of flood frequency and magnitude, can also unravel 

changes related to flood hazard. The new flood management strategies need inclusion of non-

structural measures on the basis of an understanding of basin to reach scale processes for 

sustainable management of flood hazard; however, to be effective it should be based on an 

understanding of flood dynamics. This study provides a review of the various aspects of flood 

hazard, with particular focus on the dynamical processes that underpin the flood phenomenon.  
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Introduction  

Floods are one of the major natural hazards with manifold societal implications. Recurrent floods 

span nearly every part of the Indian sub-continent. In terms of frequency and severity, India is 

amongst the worst flood-affected country in the world, only second to Bangladesh (Agarwal and 

Narain, 1996; NRSC, 2013). In particular, Himalayan rivers, that are the lifeblood of Indiaôs 

societal and economic well-being, represent some of the most hazardous river systems in the 

world. In India, approximately 40 million hectares of land is prone to flooding (NDMA, 2008), 

of which the Ganga River basin accounts for nearly half of flood affected region (GFCC, 2012). 

Flood causes higher loss to lives, properties, livelihood systems, infrastructure and public 

utilities than any other natural hazard. Despite structural and non-structural measures to control 

and manage flood hazards in India, deleterious flood impacts continue to persist and accrue 

(Agarwal and Narain, 1996). As a nation faced with continued urbanization, a changing climate, 

and ever increasing demand for flood-proof built environment, the study of floods hazards is an 

exceedingly urgent priority. To this end, a multidisciplinary understanding of flooding 

phenomenon and processes is needed.  

Floods occur when water flow (discharge) exceeds the channel capacity, resulting in the sub-

mergence of adjacent lands which is usually the flood plain, thereby causing or threatening to 

cause damage and loss to life and property. In hydrology, floods are defined as flow events with 

magnitudes much higher than the mean or usual flow. This broadens the definition of floods to 

include events that do not necessarily overflow the channel, especially in deep channels.  

Floods are also important geomorphic events, because the processes of erosion and 

transportation during a flood event and deposition (in the recession phase of a flood) have direct 

bearing on river morphology and sediment and nutrient fluxes between channels and floodplains. 

Morphological and flux variability in the channel are critical determinants of river ecosystems 

and their health.  

Floods occur on multiple space and time scales. An understanding of the spatio-temporal 

distribution of flood hazard is a prerequisite for the characterization of magnitude-frequency 

relationships of a hydrological system in a river basin. When floods occur throughout 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 responsible 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 reaches. This study provides a review of the 

hydrologic and geomorphic processes associated with the spatio-temporal variability of flood 

events. The hydrologic and geomorphic characteristics of flood hazards have been used to define 

the types, processes and various factors responsible for flood hazards 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 that a holistic understanding of the flood hazard 

also requires continued attention to the human dimensions, including governance and capacity 

building. 
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Types of Floods  

Flood events may be classified on the basis of  physical mechanism that causes the flood event. 

The following are the major flood types: 

 

Overbank  flooding 

Overbank flooding is the most common type. It is caused by high discharge or low bank full 

channel capacity. Increase in discharge is governed by excessive or intense rainfall during wet 

seasons or due to heavy rainfall during cyclonic activity related with low-pressure systems 

(rainstorm-floods) or due to snow-melt contribution. Channel bankfull capacity, and hence 

overbank flooding is governed by aggradation-degradation processes, which are controlled by 

available flow energy and its mode of expenditure (Jain  et al., 2018). These channel processes 

are governed by a threshold defined through the ratio of specific stream power (ɤ) and critical 

stream power (ɤc) (Bull, 1979). Specific stream power is defined as the liberation rate of kinetic 

energy from potential energy per unit of bed area (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 aggradation-degradation in a river channel is 

defined as (Bull, 1979)ï  

Threshold = ɤ/ ɤc (1) 

where, ɤ the specific stream power and ɤc the critical stream power. The specific stream power 

(ɤ= ɔ.Q.s/w), is a function of unit weight of water (ɔ), discharge (Q), bed slope (s) and channel 

width (w). Critical power (ɤc) depends on the volume, density and grain size of sediment load 

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

parameters.   
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Figure 1: [A] Elevation distribution in different river basin of India. The data used is Shuttle 

Radar Topography Mission (SRTM) 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 India averaged over 12 years (1998 to 2009) (data source: 

http://www.geog.ucsb.edu/~bodo/TRMM/);  Himalayan river basins are characterized by 

maximum rainfall [C] Flood prone areas of India (modified from NDMA guidelines on 

management of floods, 2008 ); The maximum flood prone area lie in  Himalayan 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. 

 

https://hydrosheds.cr.usgs.gov/datadownload.php?reqdata=30bass
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Channel bankfull capacity increases due to erosion process, when threshold will be positive, that 

is, unit stream power exceeds critical power. However, negative threshold value leads to channel 

siltation and reduction in bankfull capacity because stream loses its sediment load. In general, 

sudden change in elevation along long profile (i.e., slope variability) is responsible to create such 

conditions (Fig. 2). For example, river reaches at downstream of mountain front are mostly 

affected by aggradation processes, where threshold of aggradation-degradation will be towards 

aggradation process (Fig. 2). These reaches are characterised 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 power. Himalayan rivers 

draining north Bihar plains are typical example of such low stream power and high sediment 

supply channels, which are characterized by extensive siltation and frequent overbank flooding 

(Jain and Sinha, 2003a; Sinha  et al., 2005). In general, overbank flooding in a channel reach is a 

function of both climatological/hydrological and geomorphological processes in a river basin.  

The ratio of flow energy to sediment transport is key to understanding channel processes and 

morphological evolution of alluvial rivers. Huang and Nanson (2000, 2002) defined maximum 

flow efficiency (MFE) as an 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 on the basis 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 (Bawa et 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 distribution of siltation process. 

 

Channel shifting and avulsion process  

Channel shifting is a geomorphic event driven by the avulsion process, which causes flooding in 

a new area of the river basin. Avulsion is defined as the sudden change in flow direction of a 

channel often with complete discharge into the new channel. Flooding due to avulsion generally 

causes extensive damage because a new area far from the main river is affected, where flood 

preparedness is absent or insufficient. Location of this new flood affected area is governed by 

connectivity structure around the river channel (Sinha  et al., 2013). Avulsion occurs when the 

slope of the pre-existing channel becomes less than the across-channel slope. Such processes are 
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common in the rivers on the aggrading plains in front of the Himalaya, where channel 

sedimentation quickly fill s pre-existing channels producing the conditions for channel avulsion. 

The floods along the Kosi River and its tributaries in the north Bihar plains are well-known 

examples of an avulsion-driven flood hazard, where the channel bed was at higher elevation than 

the floodplain level (Wells and Dorr, 1987; Jain and Sinha, 2004; Sinha  et al., 2014; Jain  et al., 

2018) (Fig. 3). 

 

 
 

3. (A) The Kosi River is a well-known 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 avulsions are also 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 (S2) is more than the existing channel slope (S1). (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. This super-elevated 

condition of the channel bed is responsible for a steeper gradient across the embankment and hence 

makes it susceptible to avulsion. (modified after Sinha, 2009; Sinha  et al., 2014; Jain  et al., 2018) 
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Outburst floods 

These are the most severe flood events and include engineered dam failures, landslide lake 

outburst floods (LLOFs) and glacial lake outburst floods (GLOFs).  OôConnor et al.,(2013) gives 

two broad classes of impoundments, which 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 moraines. An 

outburst can be triggered by seismic activity, snow avalanche, landslide, volcanic eruption, 

intense snowfall, calving at the terminus of a glacier, piping of the earthen dam, or overtopping 

of a constructed dam (Fig. 4).  

 

 
Figure 4: A sketch of Glacial and Landslide Outburst 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 damming/advancing glacier and 

increasing the melting rate of the glacier that contributes melt water to the lake. Himalayan rivers 

are also characterised by damming of lakes due to major landslides (Wasson,  et al., 2008; 

Wasson  et al., 2013). Climate warming and monsoon intensification will enhance the likelihood 

of outburst floods in near future by increasing the number of landslide dammed lakes and glacial 

lakes (Wasson  et al., 2013; Westoby et al., 2014). Such outburst floods bring about long lasting 


