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Abstract

Extreme weather events induced by rapid
climatic change owing to irrational anthro-
pogenic actions in recent times have dramat-
ically increased the frequency and severity of
floods across the world. Modeling the flood
susceptible zones provide the much-needed
requisite sustainable tool to prevent and
mitigate the flood occurrence and its possible
adversity on human society. The fundamental
objective of the present study is to investigate
the application of Frequency Ratio (FR)
model in estimating the flood susceptibility
areas of Torsa river basin located at the
eastern Himalayan Foreland Basin. Flood
inventory data of 100 flooding locations for
2017–2019 is collected from National Disaster
Management Plan and processed in ArcGIS
10.3 platform to prepare the flood inventory
map with 70% training and 30% validation.
Eleven major flood causative factors such as
altitude, geology, slope angle, slope aspect,
rainfall, drainage density, plan curvature,

distance from river, soil type, topographic
wetness index, and land use and land cover
are extracted from SRTM DEM with 30 m
spatial resolution. Each individual causative
parameter is processed in ArcGIS 10.3 soft-
ware to prepare individual causative maps for
acquiring the essential values of fluvio-
hydrological and spatiotemporal features of
flooding parameters mandatory for the calcu-
lation of F.R model. The flood susceptibility
map computed on the basis F.R model is
finally validated using Receiver Operating
Characteristics (ROC) curve method to mea-
sure its scientific temperaments such as accu-
racy and efficiency. The estimated ROC curve
value for Frequency Ratio (F.R) model is 0.92
which is considerably good and reliable for
flood susceptibility determination. The model
depicts that around 12 blocks are susceptible
to flooding events in the district of Alipurduar
and Cooch Behar district of Terai-dooars
region. In Alipurduar district nearly 11.01%
of people are vulnerable to flood while in
Cooch Behar district it is about 3.79%. Most
of these blocks and their people are highly
exposed to flood and other fluvio-hydrological
hazards.
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10.1 Introduction

Flood is a natural persuasive phenomenon
defined by the inundation and overflow of water
from the surrounding streams, rivers, lakes,
aquifers, estuaries, and reservoirs to the con-
tiguous areas that usually remain unsubmerged
(Fattorelli et al. 1999). Flood is generally the
outcome of a complex geological and hydro-
geomorphological environment and often epito-
mizes the most intimidating and outrageous nat-
ural disaster of global scale owing to its rampant
adversity in terms of destruction to life and
property (Gashaw and Legesse 2011). Though
the flood occurrence and its decimating impact
are inevitable, yet the rational scientific evalua-
tion and management of flooding events along
with its causes and repercussion can be dealt with
the adaptation of radically relevant analysis and
forecasting methods (Cloke and Pappenberger
2009; Tehrany et al. 2015). Ascertaining the
flood hazard zone and computing flood suscep-
tibility maps will certainly become an imperious
tool in preventing, managing, and mitigating the
flooding prevalence and its prospective hostile
imprints on the human society.

Generally, flood management methods are
broadly divided into three segments viz. pre-
flood measures, flood event forecast, and post-
flood response (Kourgialas and Karatzas 2011).
Flood management can usually be accomplished
by integrating the anticipation, preparation, pre-
vention, and evaluation of destruction (Konadu
and Fosu 2009). Such critically acclaimed flood
management programs can be conceivable only
through the effective determination of flood sus-
ceptibility areas (Tehrany et al. 2013). The
accurate and consistent identification of flood-
prone areas and preparation of flood susceptibil-
ity maps enables the prompt response, diminishes
the probable adversity of flood hazard, and
thereby present a scientific means of early
warning or caution (Kia et al. 2012).

Effective neutralization of flooding adversity
through rational and scientific flood modeling is
the paramount attribute of the formulation of

comprehensive watershed management (Rahmati
et al. 2016). Forecasting of flood events by
determining the flood susceptible areas are rela-
tively challenging owing to the lack of availability
of specific and reliable hydrological data due to
the dearth of sophisticated hydrological observa-
tion stations (Khosravi et al. 2016). In the recent
time, hydrologists across the world have designed
and enunciated different types of flood risk and
susceptibility models formulated on the basis of
the natural properties or parameters of watershed.
These models are found to be reasonably suc-
cessful in resolving the flood induce hazards in
different parts of the world (Jayakrishnan et al.
2005; Bahremand et al. 2007). In case of tradi-
tional hydrological model, the adopted method-
ology is simple and mostly based on linear
assumption mechanism which is relatively inap-
propriate and irrational for the holistic studies of
watershed management (Liu and De Smedt 2004).
Thus, these conventional and traditional hydro-
logical methods are somewhat incompetent and
have failed to provide a comprehensive assess-
ment of flood susceptibility (Li et al. 2012; Teh-
rany et al. 2014). The advent of Remote Sensing
and GIS techniques in the field of Hydrological
science has greatly helped the researcher and
administrator to streamline various fluvio-
hydrological mitigation plans to deal with the
pre-hazard, during hazard, and post-hazard envi-
ronmental circumstances. Frequency Ratio (F.R)
model based on robust Remote Sensing and GIS
manoeuvre is considered significantly competi-
tive and highly precise in contrast to any other
nonlinear multivariate models to accurately eval-
uate the flood susceptibility area for any regional
studies(Liu and De Smedt, 2004; Pourghasemi
et al. 2012; Youssef et al. 2014). Several studies
carried out across the world in recent contempo-
rary period that unveils the satisfactory result of
Frequency Ratio model. For example, Naghibi
et al. (2015) while using Frequency Ratio model
in Moghan watershed concluded that the model is
highly accurate with nearly 91.21% in flood sus-
ceptibility determination. Similarly, Jaafari et al.
(2014) used Frequency Ratio (F.R) model to
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demarcate and prepare the landslide susceptibility
map of Caspian forest. The model yields around
89.12% of precision. In another instance, Rajse-
khar et al. (2013) achieved remarkable higher
accomplishment of exactitude in measuring the
drought categorization, drought duration identifi-
cation, and drought severity studies.

Unscientific and unreasonable practices of
land use and land cover (LULC) like indiscrim-
inate deforestation, unplanned expansion of
cropland, overgrazing, uncontrolled and irra-
tional growth of human settlement, unscientific
method of mining, extension of linear infras-
tructure such as roadway and railway, etc., are
gradually degrading the spatiotemporal homeo-
static equilibrium mechanism of the watershed
(Bishaw 2001; Tiwari and Chatterjee 2010). The
evidence of such jeopardizing adversity is
apparent in recent times manifested in the form
of frequent flood events along with the longer
duration of water inundation within the flood
plain areas. The Torsa river basin/watershed sit-
uated in the Himalayan Foreland Basin in the
Eastern Himalaya is no exception in such cases.
The intense increase in channel bed elevation
owing to excessive sedimentation as a result of
radical LULC transformation experienced by the
region in recent decades have massively caused
the obstruction of active channel path and fre-
quent change in cross valley slope (Jain and
Sinha 2004; Mukhopadhyay 2014). As a result,
the high rate and magnitude of river channel
sedimentation along with the substantial channel
migration has induced severe flood events and
related repercussions (Chakraborty and Ghosh
2010). The densely populated blocks under the
district of Alipurduar and Cooch Behar located in
the northern edge of the state of West Bengal,
India are continuously exposed to the vulnera-
bility of recurring flood hazards particular from
the adverse impact of the Torsa river and its
tributaries. Every year, tens and thousands of
people along with the huge natural resources are
utterly devastated by the dreadful and catas-
trophic hydro-geomorphic hazards like floods
triggered by the mighty Torsa river and its
tributaries in its basin areas. Therefore, an
attempt has been undertaken to make a scientific

study of the Torsa river basin and determine the
potential flood susceptibility areas by applying
the Frequency Ratio (F.R) model.

10.2 Study Area

The study area includes the Torsa river basin
located at the Eastern Himalayas foredeep basin
and extents between 25°55ʹ46ʺ N to 26°51ʹ 35ʺN
and 89°15ʹ 22ʺ E to 89°47ʹ 22ʺ E (Fig. 10.1). It
covers an area of about 3340.99 km2 and pre-
dominantly lies in the district of Alipurduar and
Cooch Behar of West Bengal, India. The Torsa
river is a transboundary river originating from
Tibet and flows through Tibet, India, and Ban-
gladesh. The entire course of Torsa river extends
to around 295 km, out of which 75 km is in
Tibet, 80 km in Bhutan, 99 km in West Bengal,
India, and 45 km in Bangladesh. The important
tributaries of Torsa rivers are Holong, Chhoto
Torsa, Kaljani, Napania, Gadadhar, etc. The
south-easterly dipping, fast-changing dynamic
landscape at the foredeep basin of Himalayas
controls the entire physical units or more clearly
the drainage system in this area. The basin
comprises alluvial soil of recent geological for-
mation (Holocene period) and it is characterized
by the presence of numerous hydro-fluvial fea-
tures like swamps, natural levees, oxbow lakes,
palaeo-channels, flood plains, etc. The entire
designated area which lies in the Terai-dooars
belt experiences tropical monsoonal climate with
temperature ranging between 23 °C in summer
and 10 °C in winter. Moderate and heavy rainfall
encourages extensive agricultural activities.

10.3 Methods and Materials

10.3.1 Earth Observation Data

Remotely sensed multispectral band satellite data
has emerged as a cost-effective, time-saving, and
highly accurate tool to inspect flood hazards
(Mouat et al. 1993; Coppin and Bauer 1996;
Kaiser 2009; Chamling and Bera 2020). Landsat 8
Operational Land Imager (OLI) with 30 m
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compatible spatial resolution satellite imageries
are downloaded from US Geological Earth
Explorer Landsat data archive (http://
earthexplorer.usgs.gov/). It comprises of multi-
spectral band of green (0.5 lm), red (0.6–0.7 lm),
and near Infrared (1.1 lm)which is then registered
in Universal Transverse Mercator (UTM) projec-
tion to prepare hybrid composite land use and land
cover (LULC) classification map of study area in
the ERDAS IMAGINE 2014, a raster-based
geospatial software version: 16.5 (v16.5.0.852).
For delineation of Torsa river watershed along
with extraction of important flood causative
parameters, Shuttle Radar Topography Mission
(SRTM) digital elevation model (DEM) with
90 m resolution is obtained from US Geological
Earth Explorer (http://earthexplorer.usgs.gov/)

(Table 10.1). All the prerequisite computations of
hydrological outputs are processed and executed
in the ArcGIS 10.3, ESRIgeospatial software.

10.3.2 Delineation of Watershed
and Extraction of Flood
Causative Parameters

Torsa river basin is delineated using ArcHydro
tool by exercising SRTMDEM and topographical
map in ArcGIS 10.3 software following WGS
1984, UTM zone 45N projected coordinate sys-
tem. Principal watershed area, drainage basin,
length of river, drainage density, and drainage
network with 20 m contour interval are computed
and extracted employing hydrological toolset

Fig. 10.1 Location of the study area

164 M. Chamling et al.

http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/
http://earthexplorer.usgs.gov/


performed in ArcGIS 10.3 platform (Bera et al.
2019). The watershed SRTM DEM with
3,650,694 pixels having 30 m spatial resolution is
analyzed in ArcGIS spatial analyst surface tool to
extract slope angle and slope aspect. For identi-
fication of the major soil composition of the study
area, soil map derived from National Bureau of
Soil Survey (NBSS) and for demarcating the
prominent lithology and geology of the region,
geological map of Geological Survey of India are
processed and digitized in ArcGIS 10.3 software
using geographical coordinate system (WGS
1984; WKID 4326). The rainfall data is retrieved
from Indian Metrological Department (IMD) lo-
cal metrological substations (Table 10.1). The
land use classifications are computed from mul-
tispatial band raster imageries, image interpreta-
tion, and classification process. Maximum
Likelihood Classification (MLC) supervised
method; a commonly used algorithm geospatial
quantitative appraisal technique is used to prepare
the land use categorization by performing in

ERDAS IMAGINE, a raster-based geospatial
software version: 16.5 (v16.5.0.852).

10.3.3 Flood Causative Conditioning
Factors

To develop a strong methodology (Fig. 10.2) and
to identify and evaluate the flood susceptibility, it
is perquisite exercise to determine the potential
causative parameters or factors and establish
their relationship with flood occurrence (Liu and
De Smedt 2005; Pradhan 2009). Flood suscep-
tibility determination of any watershed relies on a
large set of data as the independent variables
which are effective enough to cause flooding.
The processing and analyzing of such large set of
causative factors in modeling process demand
sufficient time and technology which often
delays the quick and prompt response to flood
mitigation (Campolo et al. 2003; Sanyal and Lu
2004). Considering some important parameters

Table 10.1 Specifications of standard data set

Sl. no. Data type Path/row
Index/map
no

Acquisition
period/publication

Spatial
coverage

Resolution Source

1 SRTM DEM 2017 Alipurduar and
Cooch Behar
district

30 m USGS earth explorer

2 Landsat OLI 8 139/42
139/41

2019 Alipurduar and
Cooch Behar
district

30 m USGS earth explorer

3 Geological
quadrangle
map

78/F 2002 Alipurduar and
Cooch Behar
district

1:500,000 Geological survey of
India

4 Topographical
map

78F/7,
78F/11

1970–71 Alipurduarand
Cooch Behar
district

1:500,000 Survey of India

5 Soil map Sheet no. 3 1991 Alipurduar and
Cooch Behar
district

1:500,000 National bureau of soil
survey and land use
planning

6 Meteorological Rainfall data of 2017 is
retrieved from Hasimara, Cooch
Behar, Alipurduar,
TufanganjNagrakata, and
Banarhat submeteorological
stations

Alipurduar and
Cooch Behar
district

– Indian meteorological
department
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and their subsequent critical analysis are required
to evaluate the flood susceptibility for any region
(Pradhan and Lee 2010; Skilodimou et al. 2003;
Erena and Worku 2018). Therefore, eleven major
flood causative factors of the Torsa river basin
are considered to identify the flood susceptibility
areas. These are altitude, geology, soil type,
slope angle, rainfall, slope aspects, land use,
drainage density, plan curvature, and topographic
wetness index (TWI). The quantile method is
applied to classify the each and every indepen-
dent variable as each class contains similar
number of features and found to be highly

efficient in classification (Tehrany et al. 2013;
Kia et al. 2012; Rahmati et al. 2016).

Altitude

Elevation differences always fabricate alteration in
the climatic features, vegetation composition, and
soil conditions (Aniya et al. 1985). Hence, altitude
is one of the decisive factors in flood susceptibility
mapping. The elevation map is for the designated
basin using SRTM DEM with five important ele-
vation (m) categories viz. <100, 100–200, 200–
300, 300–400, and >400 (Fig. 10.3a).

Fig. 10.2 Schematic
presentation of methodology
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Geology

Among the dominant parameters in driving the
hydrological response like flood events, geology
is often considered as the prominent one. The
geology directly governs the flow path of surface
and subsurface flow and its spatial distribution
within the catchment, bedrock permeability,
layers thickness, outcrop size, nature of interface
between bedrocks and soil horizons, watershed
water storage, etc. Drainage network, drainage

density runoff, permeability power, etc., which
are vital in manoeuvring the flood and it is
immediately controlled by the underlying geo-
logical arrangement. Therefore, the knowledge of
geological structures and their characteristic is
essential in predicting flood susceptibility. The
prepared geological map of selected basin area
shows four major geological formations. It
includes Sub Himalayan Shivalik, Baikunthapur
formation, Shaogaon formation, and recent flood
plain (Fig. 10.3b).

Fig. 10.3 Flood causative
factors a Altitude b Geology
c Slope angle d Slope aspects
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Slope Angle

Considered as one of the important factors in
flood occurrence due to its direct control over
surface runoff and percolation, slope angle is
extracted from the SRTM DEM, and the entire
study area is classified into five slope angle (°)
zone viz. <2.42, 2.42–9.98, 9.98–22.39, 22.39–
35.08, and >35.08 (Fig. 10.3c).

Slope Aspect

Slope aspect is a crucial parameter in evaluating
the geomorphological stability by influencing the
intensity of precipitation and soil moisture. To
determine the water flow direction is perhaps the
most important application of slope aspect com-
putation. It is prepared in ArcGIS 10.3 software
using Arc hydrological tool and classified slope
into nine major direction classes. They are flat,
north, south, east, west, northeast, northwest,
southeast, and southwest (Fig. 10.3d).

Rainfall

The most widespread meteorological factor
which leads to flooding is the amount, intensity,
and duration of rainfall. The magnitude of flood
is often portrayed by analyzing the peak water
level during the flood by considering the various
aspects of rainfall. During the monsoon season
due to heavy rainfall, the rivers and lakes are
frequently overburdened with additional water
which results in inundation and overflow into
surrounding areas. The chosen study area is
divided into five rainfall zone viz. <2650, 2650–
2900, 2900–3150, 3150–3400, and >3400. The
computed rainfall map shows the basin receive
relatively higher rainfall (Fig. 10.4a).

Drainage Density

The ratio of total length of watershed channels to
the basin area is considered as drainage density.
The watershed with high drainage density often
triggers flashy flood hydrograph and frequent
flood susceptibility. It is expressed as

Dd ¼
Pn

1 L

A
ð10:1Þ

where, Dd means drainage density, L stands for
length of stream, and A denotes stream basin.
The selected basin is divided into six drainage
density classes, namely, <0.39, 0.39–0.78, 0.78–
1.17, 1.17–1.56, and >1.56 (Fig. 10.4b).

Plan Curvature

Plan curvature is an important parameter on flood
probability of watershed. The curvature map
processed and computed in ArcGIS. 10.3. The
whole areas of basin have three important cur-
vature plans. They are concave, flat, and convex.
The Plan curvature value ranges between <2.02,
2.02–0.033, 0.33–0.45, 0.45–0.56, and >0.56
(Fig. 10.4c).

Distance from the River

Generally, flood occurs adjacent to river banks
and inundates the low-lying areas of flood plains.
Flood magnitude and its spatial distribution
usually depend on the distance from the river.
Being one of the important causative factors,
distance from the river is produced based on
digital layer of flow network of proximity anal-
ysis on ArcGIS software. Six flood potential
classes were obtained on the basis of distance
from the river. They are >500, 500–1000, 1000–
1500, 1500–2000, and >2000 (Fig. 10.4d).

Soil Type

Soil plays a crucial role in influencing the runoff
and subsurface characteristics in watershed and
acts as a potential factor in causing flood in the
downstream of the watershed. Pedological fac-
tors like soil types, characteristics, and compo-
sitions strongly determine the hydrological
response to rainfall, water storage capacity,
infiltration rate, and eventually the flood recur-
ring condition. On the basis of the National
Bureau of Soil Survey and Land Use Planning
(NBSS& LUP), the major soil type which is
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found in the study area and includes very fine
loamy (W007) and coarse loamy soil (W008) of
piedmont plain soils (Ap) and coarse loamy
(W010), fine (W026) and fine silty (W028)
belonging to Active alluvial plain or flood plain
soils (AaA) (Fig. 10.5a).

Topographic Wetness Index (TWI)

Topographic Wetness Index (TWI) is also com-
monly known as compound topographic index
(CTI) which is widely used to quantify the
topographic or spatial scale control on

Fig. 10.4 Flood causative
factor a Rainfall b Drainage
density c Plan curvature
d Distance from river
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hydrological processes. It is based on the slope
and upstream area which helps to identify the
surface runoff flow paths and thus regarded as a
significant index in examining the flood potential
of any watershed. It is expressed as

TWI ¼ ln
As

tanb

� �
ð10:2Þ

where, TWI means Topographic Wetness Index,
As stands for specific watershed area and b
denotes curvature slope (in degree). The high
TWI with the value of >17.6 is randomly dis-
tributed over the basin area while the low TWI
value of <4.4 lies in the extreme northern parts of
the study area (Fig. 10.5b).

Land Use and Land Cover (LULC)

Land use and land cover (LULC) is an important
factor in determining the hydrological condition
of watershed along with topography and geol-
ogy. With increasing anthropogenic activities
and far and wide development and alteration of
catchment area land use/cover, the incidence of
flood frequency has increased many folds over
the year. The land use and land cover transfor-
mation is found to be highly capable to trigger
alteration of river basin hydrograph and increase

the annual mean discharge, flood frequency, and
overall damage. In total six LULC classes are
identified in the study area namely agricultural
land, built-up area, current fallow land, barren
land, vegetation, and water body. The northern
part of the basin area is covered with dense
vegetation while the middle portion of the study
area shows moderately high built-up scenario.
Overall the study basin area is dominated by
agricultural land with sporadic barren land
(Fig. 10.5c).

10.3.4 Statistics and Mapping of Past
Flood Location

In order to examine the flood potentiality, the
flood inventory maps are prerequisite for the
study of relationship between flood occurrence
and their causative factors (Manandhar et al.
2010). The highly accurate and appropriate data
of past historical flooding is obtained to create
the spatial database and prepare the flood sus-
ceptibility map of the Torsa river basin. Around
100 flood location statistics that were occurred in
the past from 2017 to 2019. These were collected
from Disaster Management Plan of Alipurduar
and Cooch Behar district and verified with
intensive field survey. The specific flood events

Fig. 10.5 Flood causative factor a Soil type b TWI c LULC
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location is used as raster network (30 � 30 m)
applicable in Frequency (FR) model. Thereafter,
flood inventory map is prepared using “create
fishnet” technique of PNGRIS field survey,
satellite dataset, disaster management database,
and aftermath flooding events. 70% of total flood
location points (i.e., 70 points) were randomly
designated as the training data for flood modeling
while the remaining 30%, i.e., 30 points were
used as non-flood points for validation group on

the scale of 1:25,000 (Rahmati et al. 2016) and
are shown in Fig. 10.6.

10.3.5 Flood Susceptibility Modelling

10.3.5.1 Frequency Ratio (FR) Model
Frequency Ratio (F.R) model is a bivariate sta-
tistical analysis (BSA) method which facilitates
the computation of probabilistic relationship

Fig. 10.6 Flood inventory
map of Torsa river basin
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between the independent and dependent variable
along with multiclassified map. It is a simple
method that predicts the possibility of occurrence
of certain attributes and the results can be under-
stood with an ease (Bonham-Carter 1994; Yilmaz
2010). Past flooding events and their condition
factors forms the basis for FR model. The rela-
tionship between the flood events occurrence area
and the flood causative factors can be inferred
from the association among the areas where the
flood has not occurred and the flood causative
factors. To identify the closeness of such rela-
tionship, frequency ratio approach is the highly
suitable statistical technique. Frequency Ratio (F.
R) model is found to be significantly effective in
ranking the preferred causative factors on the
basis of their capacity to influence the flood events
(Kannan et al. 2013). It is expressed as

FSI ¼
X

FR ð10:3Þ

where, FSI indicates Flood Susceptibility Index
while FR means frequency ratio. To compute
frequency ratio, the empirical equation is used.

FR ¼ NpixðSXiÞ=
Pm

i¼1 SXi

NpixðXjÞ=
Pn

j¼1ðXjÞ ð10:4Þ

where, FR stands for Frequency Ratio, NpixðSXiÞ
indicates the number of pixels of floods within
the class i of parameter variable X, NpixðXjÞ
denotes the number of pixels of parameter vari-
able Xj, m means number of classes in parameter
variable Xi, and n is the number of parameters in
the area of interest (study area).

The frequency ratio (FR) is calculated for all
the layers which are used in this investigation
and the frequency ratio (FR) is acquired on the
basis of these values (Table 10.2). Using the
spatial analysis tool of ArcGIS 10.3 software, the
thematic maps are reclassified and prepared.

Frequency ratio (F.R) is a reliable method
which is used globally for mapping flood sus-
ceptibility and analyses the relationship of ratio
between the area where the flood event occurred
to the whole area of interest (Yilmaz 2009; Sha-
fapour et al. 2019). If the FR value is found to be
higher than 1, it indicates that the parameters or
factors are strong enough in influencing the

Table 10.2 Determining the relationship between the flood
locations and flood causative factors applying Frequency Ratio (F.R)

Factors Class No. of pixels in sub-
basin

No. of
floods

Frequency ratio (F.
R)

Altitude <100
100–200
200–300
300–400
>400

288,963
62,818
29,315
12,563
25,128

70
10
0
0
0

1.03
0.00
0.00
0.00
0.00

Geology Sub Himalayan
Shivaliks
Baikunthapur
Formation
Shaugaon Formation
Recent Flood Plain

117,260
150,763
8375
20,941

29
22
10
19

3.02
0.75
0.06
0.24

Slope angle (°) <14
14–28
28–42
42–56
>56

409,037
8905
804
34
7

75
5
0
0
0

1.10
0.04
0.00
0.00
0.00

Slope aspect F
N

39,416
40,816

3
9

0.55
1.10

(continued)
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flooding. On the other hand, if the FR is less than
1, it denotes the existence of a negative relation-
ship between the flood event and operational
variables (Lee and Talib 2005; Sujatha et al.

2013). The ratio is applied to determine the sus-
ceptibility index of the flooded area and finally, it
prepares the flood susceptibility map based on
frequency ratio model using empirical equation.

Table 10.2 (continued)

Factors Class No. of pixels in sub-
basin

No. of
floods

Frequency ratio (F.
R)

NE
E
SE
S
SW
W
NW

44,350
53,782
64,797
57,327
47,926
41,376
28,997

12
10
9
10
14
9
4

1.09
1.06
1.01
1.09
1.40
1.01
0.61

Rainfall (mm) <2650
2650–2900
2900–3150
3150–3400
>3400

123,570
140,654
78,504
56,000
16,019

5
17
8
19
31

1.01
1.59
0.89
1.72
2.00

Drainage density <0.39
0.39–0.78
0.78–1.17
1.17–1.56
>1.56

113,072
159,139
102,556
37,691
6329

10
29
27
8
6

0.56
1.09
1.69
0.90
0.73

Plan curvature Concave
Flat
Convex

142,387
201,019
75,381

0
80
0

0.00
1.00
0.00

Distance from
river

<500
500–1000
1000–1500
1500–2000
>2000

240,510
131,020
41,212
5385
660

25
18
16
11
10

2.92
2.03
1.90
0.87
0.63

Soil type W007
W008
W010
W026
W028

54,442
58,630
117,262
83,757
104,696

12
35
14
10
9

1.60
3.75
1.70
1.20
1.06

TWI <4.4
4.4–8.8
8.8–13.2
13.2–17.6
>17.6

203,212
87,055
78,321
19,697
30,502

30
35
5
5
0

0.80
1.20
1.85
0.85
0.00

LULC Vegetation
Plantation
Waterbody
Barren land
Built-up
Agricultural land

115,166
52,348
16,751
25,127
41,880
167,512

25
16
10
8
14
7

3.42
2.00
1.90
1.84
1.98
1.00
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FSI ¼ AltitudeFRð Þþ LithologyFRð Þþ SlopeangleFRð Þ
þ SlopeaspectFRð Þþ DrainagedesnityFRð Þ
þ DistancefromriverFRð Þ
þ PlancurvatureFRð Þþ SoiltypeFRð Þ
þ TWIFRð Þþ ðLanduseFRÞ

ð10:5Þ

where, FSI means flood susceptibility index and
FR is frequency ratio. The acquired pixel values
are thereafter classified on the basis of natural
break classification scheme (Regmi et al. 2014;
Ozdemir 2011; Pourghasemi et al. 2012; Zare
et al. 2013; Moghaddam et al. 2015).

10.3.5.2 Flood Susceptibility Map
Validation

The application of any model depends on its
accuracy and reliability which need to be vali-
dated scientifically (Akgun et al. 2008; Pradhan
et al. 2009). For the present flood susceptibility
map validation, the receiver operating charac-
teristics (ROC) curve is applied to assess its
suitability. The ROC curve is a simple, useful,
and efficient universal method to determine the
feature, indentify and predict the system (Swets
1988; Hong and Cho 2015). In ROC curve, true
positive (correctly predicted pixels) rates are
plotted along Y-axis while false positive (incor-
rectly predicted pixels) rates are shown along X-
axis. To substantiate the model, area under curve

(AUC) is considered. If the AUC value is 1, it
indicates that the model is perfectly suitable for
estimating flood susceptibility. The value of 0.5
or less means the model is inappropriate while
the value greater than 0.75 denotes flood pre-
dictability is reasonably suitable (Egan 1975;
Ozdemir and Altural 2013; Heagerty and Saha-
Chaudhuri 2017). As per Rahmati et al. (2016),
the quantitative relationship between AUC and
model prediction accuracy is classified into five
categories viz. poor (0.5–0.6), good (0.7–0.8),
very good (0.8–0.9), and excellent (0.9–1.0). The
result of ROC curve as in Fig. 10.7 reveals that
AUC value of the Torsa river basin is found to be
0.92. Therefore, on the basis of computation and
validation of AUC, it can be concluded that the
flood susceptibility mapping of Torsa river basin
is considerably accurate with FR model being a
more suitable technique for identifying and
mapping the flood susceptibility area.

10.4 Results and Discussion

The flood susceptibility zones or areas of Torsa
river basin is determined by calculating the ten
flood causative parameters or conditioning fac-
tors in Frequency Ratio model (Table 10.2). Each
factor of flooding conditions is critically inves-
tigated and meticulously analyzed as flood
occurrence is generally the outcome of one or

Fig. 10.7 ROC of flood
susceptibility map of Torsa
basin based on F.R model
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more causative parameters. The scrutiny of ele-
vation map of the basin reveals that the area with
less the 100 m altitude is highly prone to flood
events. These high flood susceptibility areas are
spread over the entire region except in the
northern parts where higher altitude is found
(Fig. 10.3a). With respect to geology, recent
flood plain geological formation adjacent to river
banks is liable to higher flooding incidents
(Fig. 10.3b). Similarly, Shaogaon formation
geological sites covering the larger part of the
basin is also under moderately higher vulnerable
to flood (Table 10.2). The whole basin except for
a small portion in the northern part lies within a
low slope angle of <2.42° which portrays very
high flood frequency (Fig. 10.3c). While inves-
tigating Torsa river basin, it is observed that the
areas with east, south-west, west, and south-east
are under high flooding events zone (Fig. 10.3d).
On the other hand, land with no aspect reveals
low flood (Table 10.2). In terms of rainfall, the
entire basin area receives sufficiently high rain-
fall. Higher rainfall of more than 3150 mm and
above which mostly occurs in the northern and
eastern portion of the upper catchment of river
Torsa provides ample discharge to cause flooding
in the southern part of the basin (Fig. 10.4a). In
the study area, the Plan curvature index depicts
that the entire region is a flat surface which can
easily lead to flooding during heavy monsoonal
rainfall season (Fig. 10.4c). The computed drai-
nage density reveals that the basin has a dense
network of streams. Very high drainage density
of >1.56 km2 is randomly scattered all over the
basin area which makes the southern part highly
susceptible to flood (Fig. 10.4b). Distance from
the river map indicates that the flood events are
expected up to 2000 m away from the river. In
other words, areas lying within this distance are
more prone to flood than away from the 2000 m
(Fig. 10.4d). The highest flood events are found
within the 500–1000 m and 1000–1500 m dis-
tance away from the rivers (Table 10.2). The
examination of soil type is found in the basin and
it denotes that the coarse loamy soil (W008) of
piedmont plain (Ap) is found in the northern and
central part while at the south, fine loamy soil
(W026) belonging to Active alluvial plain or

flood plain soils (Aa) spreads extensively. Fine
silty soil (W028) of AaA lies near the river bank.
On the other hand, very fine loamy soil (W007)
of Ap is scattered away near northwest and
northeast of the basin. In general, the pedological
factors of soils reveal that the entire basin is
highly susceptible to flood (Fig. 10.5a). Topo-
graphic Wetness Index (WTI) calculation indi-
cates that the areas with 4.4–8.8 TWI value and
less than 4.4 are under high flood incidents while
TWI value of 13.2–17.6 and greater than 17.6
shows no flood events (Table 10.2). Land use
and land cover (LULC) map depicts high flood
events in agricultural land located at the central
and southern areas of the Torsa river basin
(Fig. 10.5c). Most of the flooding has taken place
within the flood plains which are situated close to
the rivers (water body) (Table 10.2).

The Frequency Ratio model susceptibility
unveils that the areas lying near the river banks
are under very high flood susceptibility zones in
the river Torsa basin (Fig. 10.7). High flood
susceptibility areas lie just at the margin of very
high flood vulnerable zones. Low and very low
flood-prone areas are scattered particularly at the
outer parts. Flooding events with moderate
magnitude are spatially found over the whole of
the basin at the periphery areas of high flooding
zones (Fig. 10.8).

Around six blocks each in the district of
Alipurduar and Cooch Behar of Tera-dooars
region of Himalayan foredeep basin is situated
within the Torsa river basin (Fig. 10.9). In case
of Alipurduar district, the six blocks/
municipalities are Alipurduar-I, Alipurduar-II,
Kalchini, Kumargram, Madarrihat-Birpara, and
Alipurduar municipality. Alipuruduar munici-
pality with six wards is highly vulnerable as
31.37% of its populations are affected by the
flooding events. Similarly, Kumargram and
Alipurduar-II blocks are also under threat to high
frequency of flood occurrence as nearly 22.42%
and 22.165% of the populations are susceptible
to flood, respectively (Table 10.3). Alipurduar-I
(10.54%), Kalchini (9.91%), and Madarihat-
Birpara (8.23%) blocks are relatively less sus-
ceptible. Alipurduar-II block has the highest
number of affected villages (n = 41) followed by
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Alipurduar-II (n = 28), Madarihat-Birpara (n-
28), Kumargram (n = 24), and Kalchini
(n = 18). In general, 11.01% of the populations
of Alipurduar district is susceptible to flood
occurrence and associated events caused by river
Torsa and its tributaries (Table 10.3). On the
other hand, in case of Cooch Behar district,
nearly 3. 79% of people are exposed to havoc of
floods arising from river Torsa and its associated
tributaries. The people settled in six blocks of
Cooch Behar-I, Cooch Behar-II, Mathabhanga-
II, Tufanganj-I, Tufangaj-II, and Dinhata-II are

directly affected by the flood and inundation
phenomena every year during the monsoonal
season. Tufanganj-I shows that largest number of
vulnerable people i.e. 22.71% followed by
Mathabhanga-II with 17.86%. Blocks like
Tufangaj-II (4.83%), Dinhata-II (3.65%), Cooch
Behar-II (3.39%), and Cooch Behar-II (1.90%)
were found to be less affected by fluvio-
hydrological hazards like flood. Tufanganj-I
block has the highest number of villages prone
to flood, i.e., n = 37. Similarly, Cooch Behar-II
(n = 23) and Mathabhnaga-II (n = 20) blocks

Fig. 10.8 Flood
susceptibility map based on
Frequency Ratio Model
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also have considerably higher number of villages
vulnerable to flooding. Cooch Behar-I (n = 12),
Dinhata-II (n = 12), and Tufanganj-II (11) are
relatively under low susceptible belts
(Table 10.3).

The very high or severely affected blocks are
situated along the proximity of river Torsa, Sil
Torsa Kaljani, Dima, Poro, Jayanti, and Raydak-
I, etc. Sil Torsa and Buri Torsa are completely
detached from the main Torsa due to nodal points
(off-take) avulsion. Abovementioned rivers are
the tributaries of river main Torsa. Basically, Sil
Torsa and Buri Torsa are the spill channels of
river Torsa. Different types of avulsion took
place within the Torsa river basin due to natural

siltation on the channel courses and anthro-
pogenic activities or stress on the river channels
or within the river basin. River bed mining and
channel bed thalweg shifting are very common
fluvio-hydrological events in this fast-changing
landscape. The Himalayan rivers are debouched
in front of the Himalayan frontal thrust or
specifically within the Himalayan foredeep basin.
When Himalayan rivers enter in the foothill of
the Himalayas, channel or geomorphic gradient
drops suddenly. As a result, rivers become wide,
sluggish, and braided in nature. National high-
ways with railway corridors create this foredeep
basin as interlacing drainage system. River Torsa
and its tributaries are no exception. To mitigate

Fig. 10.9 Flood susceptible
blocks and districts of Torsa
river basin of Himalayan
foredeep basin
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Table 10.3 Flood vulnerable statistics of Torsa river basin

District No. of
blocks

Blocks No. of
gram
panchayat

Gram
panchayat (GP)

Gram
panchayat
wise total
no. of
affected
villages

Total
no. of
people
affected

Blockwise
% of
people
vulnerable
to flood
(Torsa
river basin)

Total % of
people
vulnerable
to flood in
the district
(Torsa river
basin)

Alipurduar 6 Alipurduar-I 6 Pararpara
Vivekananda-I
Vivekananda-II
PurbaKathalbari
Tapshikatha
Banchukumari

3
1
1
11
5
7
n = 28

20,800 10.54 11.01

Alipurduar-II 5 Majherdabri
Kohinoor
Parokata
Samuktala
Mahakalguri

12
2
7
10
10
n = 41

43,654 22.16

Kalchini 6 Jaigaon
Rajabathkhawa
Dalsingpara
Garopara
Kachini
Latabari

4
3
1
5
2
3
n = 18

25,035 9.91

Kumargram 5 Kumargram-
Sankosh
Barobisha
Kamakhyaguri-
I
Kamakhyaguri-
II
Turtutikhanda

4
7
4
2
7
n = 24

39,921 22.42

Madarihat-
Birpara

7 Birpara-I
Birpara-II
Bandapani
Totopara
Lankapara
Hantapara
Rangalibazna

1
3
6
3
3
3
9
n = 28

15,270 8.23

Alipurduar
Municipality

6 Alipurduar
Municipality
ward no.5
Alipurduar
Municipality
ward no.8
Alipurduar
Municipality
ward no.13
Alipurduar
Municipality
ward no.16

n = 6 20,664 31.67

(continued)
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Table 10.3 (continued)

District No. of
blocks

Blocks No. of
gram
panchayat

Gram
panchayat (GP)

Gram
panchayat
wise total
no. of
affected
villages

Total
no. of
people
affected

Blockwise
% of
people
vulnerable
to flood
(Torsa
river basin)

Total % of
people
vulnerable
to flood in
the district
(Torsa river
basin)

Alipurduar
Municipality
ward no.18
Alipurduar
Municipality
ward no.20

Cooch
Behar

6 Cooch Behar-
I

5 Moamari
Falimari
Ghughumari
Dawaguri
Panisala

2
1
3
4
2
n = 12

5425 1.90 3.79

Cooch Behar-
II

8 Patlakhawa
Madhupur
Pundibari
Khapaidanga
Takagach
Marichbari
Baneswar
Khagrabar

2
7
2
3
6
1
1
1
n = 23

10,112 3.39

Mathabhanga-
II

12 Fulbari A
Fulbari B
Barasoulmar
Ruidanga
Latapata
Putimari
Ghoksadanga
Premerdanga
A.K. Paradubi
Nishiganj-I
Nishiganj-II
Unishbisha

1
2
1
1
1
1
3
1
2
2
2
3
n = 20

35,072 17.86

Tufanganj-I 9 Natabari-I
Maruganj
Dhalpal-II
Balabhut
Chilakhana-I
Chilakhana-II
Deocharai
Balarampur-I
Balarampur-II

3
2
3
4
9
2
8
4
2
n = 37

50,685 22.71

Tufanganj-II 2 Baxirhat
(Barokodali-II)
Shalbari-I

3
4
4
n = 11

8090 4.83

Dinhata-II 2 Nazirhat-I
Nazirhat-II

2
3
n = 12

7506 3.65

10 Large-Scale Human Intervention and Estimation of Flood … 179



the flood hazard, British ruler (since colonial
period) along with Bengal landlord wanted to
construct vertical concrete structures along both
sides of the natural rivers. This unscientific and
unrealistic approach has been practicing till
today. Long stretch concrete high embankments
have been built almost all the rivers within the
Torsa river basin with the help of West Bengal
Irrigation Department. Not only concrete high
elevation embankments along with culverts,
sluice gate, bridges etc. have also been con-
structed across the natural course of rivers. Due
to unexpected population explosion along with
forest land conversion, channel bed siltation is
accelerating during monsoon seasons. In case of
piedmont zone or Sub-Himalayan region of
Bhutan–Bengal foothill zone produces a huge
amount of dolomite dust and supplies to main-
stream like river Torsa through its tributaries. So,
flood hazard is very common recurring phe-
nomenon in this region. Not only the above-
mentioned blocks of Alipurduar and Cooch
Behar districts of West Bengal almost all foothill
blocks are suffering due to such fluvio-
hydrological hazard or disaster. During mon-
soon, due to shallow depth of rivers, the channel
beds are cannot accommodate the huge amount
of precipitated water within the channel beds and
results catastrophic or devastating flood.

10.5 Conclusion

Systematic computation and scientifically sound
flood susceptibility mapping of any region pro-
vide the comprehensive knowledge of prominent
factors that are responsible for triggering flood
events, its spatial distribution, and formulation of
preventive and risk management planning. In
total, eleven flood causative factors viz. altitude,
geology, slope angle, slope aspect, rainfall, drai-
nage density, plan curvature, distance from river,
soil type, topographic wetness index, and land
use and land cover are taken into consideration.
These flood causative parameters are processed to
extract the necessary fluvio-hydrological and
spatiotemporal features to identify the flood sus-

ceptibility areas of Torsa river basin processed by
Frequency Ratio (FR) Model in Remote Sensing
environment. The Frequency Ratio (FR) Model
indicates very high flood susceptibility areas
located at the south and southeastern part with
high vulnerable zone at the margin of very high
flooding susceptible zone. Moderate flood zones
are randomly distributed over the basin while
low, very low flood occurrence is found in the
northern and central part. In general, Frequency
Ratio (FR) model identifies the Torsa river basin
susceptible to frequent flooding events. The
model advocates that the entire basin is prone to
flood every year with more severity in the
southern and southeastern areas except in the
north due to the presence of higher elevation.
While validating the model with receiver operat-
ing characteristics (ROC), it is found that the
Frequency Ratio model is highly reliable and
accurate and can be significantly used to identify
and predict the flood susceptibility zones of any
areas. Therefore, the model can be effectively
utilized by the policymakers and planners across
the world to prevent and mitigate the flooding
events and their adverse damage to human soci-
ety. From the colonial era, we tried to borrow the
western philosophy and models to combat such
devastating fluvio-hydrological hazard or disaster
without getting the similarities of the hydro-
geomorphological setup of the region. The
anthropogenic stresses on these rivers and within
this river basin indirectly invite such recurring
flood hazard. The model with field validation
proves the realistic situation as well as the
necessity of implementation of real-time man-
agement procedures.
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