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Abstract

Flooding phenomenon is deliberated as the
world’s vilest comprehensive risk in terms of
scale, existence, geographical extent, forfei-
ture of life and goods along with dislodgment
of people and demographic events. A flood
risk map of the Bongaon sub-division was
generated using multi-criteria decision
approach (MCDA) through geographical data-
set, viz. rainfall, elevation, slope, soil, geo-
morphology, distance of river to the main
channel, vegetation vigor, fractional impervi-
ous surface, road density, land use/land cover.
Fifty-five validation points are used to eval-
uate the flood hazard risk map. The validation
result proposes that MCDA and geospatial
technology are very influential approaches in
flood risk analysis and mapping. The derived
flood risk map was reclassified into five
categories through manual classification meth-
ods in ArcGIS software, such as very low risk,
low risk, medium risk, high risk, and very
high risk. The flood risk map portrays that
probably 74.70 km2 (8.96%) of the area
comes under very high flood risk areas. The
medium flood risk areas are calculated as

242.02 km2 (29.02%), distributed in the
central north, north-west and south-west part
of the study site. The overall user accuracy
and producer accuracy of the flood risk map
was calculated as 69% and 72%, respectively.
Choosing suitable factors may be useful to
planners and developers for future develop-
ment and land use planning.
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4.1 Introduction

Flood hydrology covenants with the functionality
of time and space reliant developments of waters
and are engrossed on hydraulic and engineering
magnitudes of floods. Flood in association with
climate change and meteorological variability in
the recent past in India have already been ana-
lyzed and discussed by several researchers
(Guhathakurta et al. 2011; Nandargiand and
Dhar 2003). Moreover, there is a substantial
chronological dissimilarity in the monsoon rain-
fall connected to climatic erraticism in India. To
generate the flood hazard map, numerous issues
are required for accurate mapping under cir-
cumstances of data and other constituents’ inad-
equacies that epitomize the condition in most of
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the countries. In general, computable data of the
flood predisposing factors derived through a num-
ber of specialists accordingly, the format and spatial
resolution of the data illustration differs between
various sources. Earlier several research studies
were conducted using remote sensing and GIS
technique to generate the flood inundation areas
(Haq et al. 2012; Patel and Srivastava 2013; Ouma
and Tateishi 2014; Kazakis et al. 2015; Roy and
Sarker 2016; Dhruvesh et al. 2016). For the past
two to three decades, researchers were elaborating
on evolving dissimilar approaches and facsimiles
for flood risk mapping using Remote Sensing and
Geographical Information System (Dandapat and
Panda 2018). Fuzzy logic (Nugraha et al. 2018),
logistic regression (Lim and Lee 2018), analytical
hierarchy process (Matori et al. 2014), artificial
neural networks (Elsafi 2014), frequency ratio (Cao
et al. 2016), multi-criteria decision support system
(Samanta et al. 2016) and weights-of-evidence
(Rahmati et al. 2016) are limited eminent and sat-
isfactory approaches in natural hazard modelling for
investigating the multifaceted difficulties in different
parts of the world.

Floods are perhaps the most frequent, perva-
sive calamitous and recurrent natural hazards in
India. North 24 Parganas are one of the most
flood-prone regions in West Bengal (India) due
to heavy rainfall in monsoon season, highly sil-
ted Ichamati River system, inadequate capacity
to carry the high flood discharge (http://www.
wbiwd.gov.in/uploads/ANNUAL_FLOOD_-
REPORT-_2016.pdf), improper drainage, land
use/land cover characteristics, geomorphology,
etc. (Majumder et al. 2017). The human inter-
ferences subsidizing to flood events are princi-
pally in the practice of repossession of wetlands
and surface water bodies, modification in land
use configuration, creation of impenetrable link-
ages of roads, formation of extensive built-up
areas, deforestation etc. Ajin et al. (2011) con-
ducted a study to generate the flood risk maps of
the Vamanapuram River basin reliant upon
multi-criteria assessment using geospatial tech-
nologies. Ismail and Saanyol (2013) have con-
ducted a research for the flood vulnerability

mapping in the Kaduna River of Nigeria using a
digital elevation model (DEM) and hydrological
analysis. Getahun and Gebre (2015) carried out
the study on flood hazard assessment and map-
ping of flood inundation area of the Awash River
Basin in Ethiopia using GIS and HEC-
GeoRAS/HEC-RAS Model.

The flood vulnerability mapping demarcates
risk areas in the Gangetic plain by assimilating
local acquaintance, hydrological, climatological,
and geomorphological data using various meth-
ods. Consequently, hazards hypothetically detri-
mental physical extent, the phenomenon for the
feature of life or injury, property impairment,
ecological dilapidation, socio-economic com-
motion (Getahunand and Gebre 2015). The cre-
ation of a very high spatial resolution GIS
database is costly and time-consuming. Recently,
several investigations have been done to evaluate
flood hazards using geospatial technology
(Mandal and Mandal 2015). Frequency ratio
(Tehrany et al. 2015), analytical hierarchy pro-
cess (Stefanidis and Stathis 2013), fuzzy logic
(Pradhan 2011), logistic regression (Fustos et al.
2017), artificial neural networks (Abdellatif et al.
2015), and weights of evidence (Tehrany et al.
2017) and multi-criteria decision support systems
are few well known and acceptable methods in
flood hazard modelling for analysing complex
problems different regions.

Correct and up-to-date floodplain maps can be
the most cherished tackles for evading unadorned
social and fiscal victims from floods. One of the
flood risk management against flood impact at
the regional scale is the identification of vulner-
able areas to provide early warning, facilitate
quick response and decrease the impact of pos-
sible flood events. The aims of the present
research work are to find out the appropriate
conditioning factor of flood susceptibility of the
Bongaon Sadar sub-division and its applicability
in various regions. Therefore, the flood risk map
of Bongaon Sadar sub-division was generated
through multi-criteria decision approach
(MCDA) based on the integration of remotely
sensed products and secondary datasets.
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4.2 Study Area

Bangaon subdivision is part of the Ichamati–
Raimangal Plain, located in the North of the North
24 Parganas (West Bengal, India). Figure 4.1
shows the location of the map of the Bongaon sub-
division. The sub-division is divided into 3
blocks, namely Bagda, Bangaon and Gaighata.
Bongaon subdivision is particularly susceptible to
flooding because of its physiography and tropical
monsoon climate characterized by drenching
rainfall and unplanned management of floods
(Ghosh and Mistri 2015). The sub-division is a
part of the lower Gangetic delta and is also
remarkable on the vast gradational surface (Saha
2015). Bhagirathi and Hooghly River flow over
the western side of the sub-division (Mondaland
Bandyopadhyay 2014). Ichamati River flows
through the center Surface expression of normal
fault is running through the Burdwan–Debagram–

Jalangi area (Sengupta 1966), flowing through the
eastern part of the North 24 Parganas (north and
south) districts eventually exits in the Raimangal
River vis-à-vis the Bay of Bengal. The annual
temperature of the study area ranges between 8
and 41°C in January and May, respectively. The
highest relative humidity of the study area is
recorded as 80% in July. The annual average
rainfall of the study area is calculated as
1,579 mm. The major crop of the study area is
recorded as rice, wheat, pulses and other oil seeds.
As per the 2011 census, the total population of the
study area was recorded as 1,063,028, with a
population density of 838.17 km2. Bangaon sub-
division had a literacy rate of 80.57%.

The dwindling of this Ichamati River can be
accredited to extreme sedimentation load, less-
ening headwater supply, tidal interference,
growth of cultivated land and numerous instinc-
tive interferences into the river regime like the
creation of bridges, road on the riverbed by
intruding its natural flow (Saha 2015). Around
50% of the total population in Bongaon and
almost 75% of its properties are placed in flood
susceptible extents (http://cgwb.gov.in/
documents/Bhujal_News_24_1.pdf). Several

number of life-threatening flood measures befell
during the past two decades and instigating
substantial mutilation to life and stuff acme the
inevitability for suitable flood administration
trials in the sub-division.

4.3 Materials and Method

4.3.1 Collection of Secondary Data

Quantitative methods are employed for the
exploration of geometric data to inaugurate spa-
tial associations stuck between causative factors
and floods. To classify a flood risk zone, a multi-
parametric dataset encompassing satellite data,
conformist maps containing Survey of India
(SOI) topographical sheets has been employed
for the generation of thematic maps, like drai-
nage density, built-up areas, road density and
surface waterbody, etc.

4.3.2 Analysis of Flood Frequency

The most important factor for determining the
flood hazard is flood frequency. Available data of
flood occurrences for the decade 1996–2016 was
obtained from the sub-divisional office of Bon-
gaon, North 24 Parganas in West Bengal (India).
This information was used to generate the fre-
quency of flood occurrence in the study area. The
flooded areas for each year were integrated into a
single layer of the GIS database and polygon
shapefile were prepared for each year.

4.3.3 Satellite Data Acquisition
and Preprocessing

Landsat8 Operational Land Imager (OLI) data of
two different time periods (Month of October and
February) were acquired from the United States
of Geological Survey (USGS) Earth Explorer
community. The satellite data was radiometri-
cally and geometrically corrected using ERDAS
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Imagine software version 9.0. The Satellite data
was geo-referenced in Universal Transverse
Mercator (UTM) projection system and World
Geodetic System (WGS) 84 datum. Advanced
Space Thermal Emission Radiometer (ASTER)
Global Digital Elevation Model (GDEM) data
(2010) with a spatial resolution of 30 m was used
for the topographical analysis, collected through
the Earth Remote Sensing Data Analysis Center
(ERSDAC) and the NASA Land Processes Dis-
tributed Active Archive Center (LP DAAC).

4.3.4 Rainfall Distribution

The rainfall data of the Bongaon sub-division
and its surrounding station were collected from
the IMD station. A total of five station data
rainfall data of the past 10 years (2006–2016)
were collected. The annual average rainfall data
was calculated for each station. Finally, the
rainfall distribution map of the study area was
prepared using the radial basic function
(RBF) method using ArcGIS spatial analyst tool.

Fig. 4.1 Location map of Bongaon sub-division
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4.3.5 Soil Characteristics

The soil map of the study area was acquired from
the National Atlas Thematic Mapping Organi-
zation (NATMO), Kolkata, West Bengal, India,
and finally validated with the published litera-
ture. The vector layer of the soil map of the
Bongaon sub-division was prepared after geo-
processing operation in ArcGIS software v9.3.

4.3.6 Distance of River to Main
Channel and Drainage
Density

Areas located close to the main river channel and
flow accumulation path are more likely to get
flooded (Islam and Sado 2000). Therefore, the
polygon buffer of the main channel is created as
500 m, 1000 m, 1500 m, 2000 and more than
2500 m in ArcGIS software v9.3. Drainage net-
work is first digitized from the SOI toposheet.
After that, the drainage network has been vali-
dated with the Landsat8 Operational Land Ima-
ger (OLI) satellite data. The drainage density of
the study area is calculated as follows:

Dd ¼ Total length of drainage channel in sq km

Area ðwithin 5sq kmÞ

4.3.7 Surface Elevation and Slope:

Surface elevation is another natural factor that
causes flood. In areas of higher elevation, the
probability of flood occurrence is relatively
lower than that of the lower elevation. In areas
of lower elevation, the terrain is generally gen-
tle, and the flow of water remains slow and
holds the water for a long duration of time. The
elevation map of the study area is derived
through ASTER digital elevation model data.
A slope map of the study areas is prepared from
ASTER Digital Elevation Model (DEM) Data.
The slope angle of each pixel is generated from
ArcGIS software v9.3.

4.3.8 Geomorphology

By a combination of spectral band7 (SWIR 1.55–
1.75 µm), band10 (TIR 10.40–12.50 µm) and
band6 (NIR 0.77–0.90 µm) of Landsat8, image
analysis was performed to identify the geomor-
phic characteristics like river/stream, abandoned
channel, old and new alluvial plain, ox-bow lake,
paleochannel, natural depressions, back swamps
and meander scar. The geomorphological map
was prepared with the evidence used by Cha-
turvedi and Mishra (2015) and Mukherjee
(2006). After that, the selective field checks were
performed to assess the validity of the pre-field
image interpretation.

4.3.9 Analysing of Land Use/Land
Cover and Vegetation
Characteristics

The land use classes derived are often not satisfac-
tory because of the limitation of spatial resolution in
remote sensed imagery and the heterogeneity of
urban landscapes. A range of impervious surfaces
may be mixed with other land cover types such as
forest, soils and pastures. Land use/land cover is an
additional imperative persuading factor of flood
hazard (Alexakis et al. 2014).

The vegetation characteristic of the study area
was derived using a near-infrared and red band of
OLI sensor data of Landsat8. The normalized
difference vegetation index (NDVI) was calcu-
lated using channel 5 and channel4 of the land-
sat8 OLI sensor using the following equation:

NDVI ¼ ðNear infraredChannel5 � RedChannel4Þ
Near infraredchannel5 þ Redchannel4

4.3.10 Fractional Impervious Surface
Area (FIS)

Impervious surface is demarcated as the surface
avert water penetrates the soil and is mainly
associated with conveyance and building

4 Flood Risk Zone Identification … 55



rooftops. FIS can be perceived and enumerated
because of their massive topographical coverage
and chronological occurrence of data collection,
thus deciphered numerous ecological disputes
such as land cover for hydrological and eco-
friendly mockups. In this study, to calculate the
FIS following equation has been followed:

FIS ¼ 1� FVC

where FVC refers to Fractional Impervious Sur-
face Area.

FVC can be calculated using the following
equation proposed by Calson and Ripley (1997):

FVC � ðNDVIsÞ2

whereas, NDVI refers to normalized difference
vegetation index. ND0VIs can be calculated
using the following equation proposed by
Basarudin and Adnan (2014).

NDVIs ¼ NDVI � NDVIlow
NDVIhigh � NDVIlow

FVC ranges between 0 and 1.

4.3.11 Population Density

Population pressure is another important factor of
the hazard map. A village-based vector layer is
prepared from the entire sub-division and inte-
grated with the GIS database based on 2011
census data. The population density of the study
area is calculated as

Population density ¼ Total number of population in a village

Area in km2

4.3.12 Road Density

In this research, all the metalled, unmetalled and
pucca village roads of the study area were digi-
tized. All the roads were extracted primarily from
the SOI topographical sheet and improved using
Google Earth image in shapefile format. The

density is calculated as the length of the road per
sq km. After that using the spatial analyst tool of
ArcGIS software, the road density map was
generated.

4.3.13 Multi-criteria Analysis

GIS-based multi-criteria decision analysis
(MCDA) can be thought of as a process that
combines and transforms spatial and aspatial data
into a resultant decision. This practice is an
arithmetical scheme reliant upon biophysical
aspects, which are directly or circuitously asso-
ciated with the event of floods. In this study,
elevation, slope, drainage density, the distance of
river to the main channel, vegetation vigour,
fractional impervious surface, road density, land
use/land cover were taken as the most important
elements for appraising the flood hazard.
Weights were consigned to the rasterized data
layers and using map algebra in the spatial ana-
lyst tool to run a multi-criteria analysis. Subse-
quently, among the weighting measures, each
aspect was segregated into five sub-factors, each
of which was specified a ranking cost for the
analogous sub-factor. For every aspect, the
weighted influence ranking was attained by
bourgeoning its burden by the ranking value for
the analogous sub-types. The entire assessed
threat, attained by tallying the weighted flood
statuses of all the features were categorized into
five classes—very low, low, moderate, high and
very high. The overall methodology of the study
area is illustrated in Fig. 4.2.

4.3.14 Verification and Observation

Finally, flood hazard risk maps were composed
in the GIS platform and the maps were endorsed
in the field to evaluate its exactitude. The pro-
cedure has been completed through a field visit to
describe how meticulously the flood risk map
settles with the concrete field condition. For the
field justification, 55 GPS ground truth data of
flood pretentious areas delineated organized with
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their corresponding LULC types were demar-
cated and a point shapefile has been generated.
The LULC features that are set up within flood-

affected areas (e.g. built-up areas, cultivated land,
agricultural fallow and landscapes located in a
hazardous area) are confirmed at the field,
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Fig. 4.2 Overall methodology of the research work
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considered as a flood risk indicator. This point
shapefile was superimposed with flood hazard
and risk maps and then the flood hazard risk
maps were verified with the actual field
situations.

4.4 Results

The details of the flood pre-disposing factors
were described in chapter VI, which are directly
or circuitously associated with the happening of
floods. All the features governing flood hazard
layers were rehabilitated into raster format. Fur-
thermore, these raster maps were reclassified.
Weighted sum operation in spatial analysis
extension of ArcGIS v9.3 was charted to assim-
ilate all Normalized Rating Index (NRI) and
Normalized Weight Index (NWI) and to produce
a pixel by pixel (15 m spatial resolution) flood
hazard and /or vulnerability database (Tables 4.1
and 4.2). The weights of the selective themes
were consigned on a scale of 1 to 5 reliant upon

their impact on the flood menace. Apposite
weights were allocated to the eleven aspects and
their discrete aspects after understanding their
importance in causing flood hazard occurrence in
the sub-division. Among the elevation factors,
LULC weighted the highest with 21%, followed
by rainfall with 15%, slope with 13%, elevation
with 8%, soil with 8%, road density with 8%,
distance from the river by 7.5%, geomorphology
by 7.5%, vegetation vigour by 7% and fractional
impervious surface by 5%, respectively. The
factors were weighted based on their virtual
prominence to each other and to their estimated
significance in initiating floods in the Bongaon
sub-division. For every aspect, the subjective
menace ranking was attained by multiplying its
burden by the ranking worth for the conforming
sub-factor.

Monthly rainfall data of five meteorological
stations within the Bongaon sub-division for a
period of (2005–2016) were obtained from the
meteorological department. Monthly data were
then converted to annual mean rainfall. The

Table 4.1 Rate, normalized rating index, weight index based on MCDA of flood hazard assessment of Bongaon sub-
division

Parameters Category/class Rate Normalized rating index
(NRI) [Individual/total]

Weight
(W)

Normalized weight
index (NWI)

Rainfall (mm) Less than 1450 5 0.33 15 1.5

1451–1500 4 0.27

1501–1520 3 0.20

1521–1543 2 0.13

More than
1543

1 0.07

Elevation (m) <5.0 m 5 0.38 8 0.8

5.1–7.5 4 0.31

7.6–10.0 3 0.23

>10.1 1 0.08

Slope (degree) Less than 1.0° 5 0.33 13 1.3

1.1–1.5° 4 0.27

1.6–2.0° 3 0.20

2.1–4.0° 2 0.13

More than 4.1° 1 0.07

(continued)
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Table 4.1 (continued)

Parameters Category/class Rate Normalized rating index
(NRI) [Individual/total]

Weight
(W)

Normalized weight
index (NWI)

Land use/land
cover

River/surface
waterbodies

5 0.28 21 2.1

Low laying
area

4 0.22

Moist fallow 3 0.17

Built-up area 1 0.06

Agricultural
fallow

2 0.11

Crop land 3 0.17

Vegetation
vigour (NDVI)

<0.0098 5 0.33 7 0.7

0.0099–0.16 4 0.27

0.17–0.23 3 0.20

0.24–0.50 2 0.13

>0.50 1 0.07

Fractional
impervious
surface

<20 1 0.10 5 0.5

21–35 2 0.20

36–50 3 0.30

>51 4 0.40

Table 4.2 Rate, normalized rating index, weight index based on MCDA of flood hazard assessment of Bongaon sub-
division

Parameters Category/class Rate Normalized rating
index
(NRI) [Individual/total]

Weight
(W)

Normalized
weight index
(NWI)

Geomorphology Abandoned channel 3 0.07 7.5 0.75

Active river channel 5 0.12

Back swamp 3 0.07

Channel bar 5 0.12

Deep depression 4 0.09

Meander scar 5 0.12

Newer alluvial plain 4 0.09

Older alluvial plain 2 0.05

Older alluvial plain- type ii 1 0.02

Ox-bow lake 4 0.09

Paleochannel 4 0.09

Shallow depression 3 0.07

(continued)
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average annual rainfall map was prepared
through radial basis function and the rainfall map
was divided into five categories (Fig. 4.3). In the
classification process, the sub-division with
higher rainfall (mm) is assigned 1 as it would be
very extremely pretentious by a flood. The ele-
vation map of the study area was prepared
through ASTER satellite data and the Bongaon
sub-division was categorized into 4 sub-
categories of elevation zone (Fig. 4.4). Areas
with the lowest elevation zone were considered
as most vulnerable to flooding, thus ranked 1
which is less than 5.0 m. Following the flood
hazard classes, there were the class high (5.1 m–

7.5 m) ranked 2, class moderate (7.6 m–10.0 m)

ranked 3 and class low (>10.1 m) very low
ranked 4. The slope layer of the Bongaon sub-
division was prepared from the ASTER Digital
Elevation Model (DEM) data and reclassified
into five sub-categories in the order of flood
hazard rating. The ASTER DEM was down-
loaded from USGS Earth Explorer Community
(https://earthexplorer.usgs.gov/). The pixel reso-
lution of ASTER DEM data is 30 m considered
for this analysis. In the present research, less than
1° slope is considered as high risk for flood
hazard (Fig. 4.5). LULC characteristics of the
sub-division were reclassified into a common
scale permissible of their rainwater intellection
capabilities for the flood hazard examination into

Table 4.2 (continued)

Parameters Category/class Rate Normalized rating
index
(NRI) [Individual/total]

Weight
(W)

Normalized
weight index
(NWI)

Soil Type Very deep to deep, poorly
drained, fine loamy to fine

5 0.25 8 0.8

Very deep, fine loamy,
poorly to imperfectly drained

4 0.2

Very deep, fine loamy,
poorly to moderately well
drained, fine loamy

2 0.1

Very deep, moderately well
to poorly drained, coarse
loamy to fine

2 0.1

Very deep, poorly drained,
fine loamy

3 0.15

Very deep, poorly to
moderately well drained, fine
to coarse loamy

3 0.15

Very deep, poorly to well
drained, fine to sandy

1 0.05

Distance from
the river (m)

Less than 500 5 0.33 7.5 0.75

501–1000 4 0.27

1001–1500 3 0.20

1501–2000 2 0.13

More than 2001 1 0.07

Road density
(km2)

<0.59 1 0.07 8 0.8

0.60–0.76 2 0.13

0.77–0.92 3 0.20

0.93–1.1 4 0.27

>1.2 5 0.33
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flood evaluation outcomes for land cover element
map (Fig. 4.6) Based on the flood causing
physiognomies of the LULC types, river and/or
surface water bodies as a very high rating, low
laying area was assigned high flooding, moist
fallow and crop land were assigned as moderate
class, agricultural fallow was demarcated as low
rating and the built-up area was assigned as very
low rating. Vegetation characteristics designate
the presence of the landscapes and are commonly
categorized by the amount and form of vegeta-
tion, which reflects its usage, milieu, agronomy

and cyclic phenology. The vegetation character-
istics of the Bongaon sub-division have been
classified into five sub-zones (Fig. 4.7). The low-
density vegetation cover was assigned as a high
rating for flood vulnerability and the high-density
vegetation cover was demarcated as a low rating
for flood hazard. The reclassified map of frac-
tional impervious surface (FIS) of the Bongaon
sub-division is illustrated in Fig. 4.8. The lower
FIS value implies a higher permeability, whereas
the higher FIS value indicated lesser permeabil-
ity. The geomorphological characteristics of the

Fig. 4.3 Reclassified rainfall
map of Bongaon sub-division
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sub-division play an important role in flood
hazard susceptibility. In the Bongaon sub-
division, new alluvial plain zones, channel bar
and meander scar were providing a high rating
for flood risk (Fig. 4.9). High to moderate flood
vulnerability areas were demarcated as aban-
doned river channel, paleochannel, ox-bow lake,
back swamp and deep depression due to the
location adjacent to the very high susceptibility
zone. Moreover, the low flood susceptibility zone
was assigned as an older alluvial plain and
shallow depression (Table 4.2).In this research,

very deep to deep, poorly drained, fine loamy to
fine soil has been assigned higher weightage and
the very deep, poorly to well drained, fine to
sandy has been assigned the lower rating
(Fig. 4.10). Moreover, very deep, poorly to well
drained, fine to sandy soil was demarcated as a
low rating of flood hazard. Finally, the soil map
was transformed into raster format and reclassi-
fied based on their water infiltration capacity into
flood rating results for the soil factor map
(Table 4.2). Less than 500 m distance from the
active river channel is considered as more prone

Fig. 4.4 Reclassified
elevation map of Bongaon
sub-division
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to flood hazards in the Bongaon sub-division.
The rating has been decreased with the increas-
ing distance from the river channel due to a
decrease in ferocity (Fig. 4.11).

The road densities played a significant role in
flood hazards as it is disturbing the free flow of
water and restrict the passage of flood discharge.
The road density of the Bongaon sub-division
has been categorized into 5 sub-zones
(Fig. 4.12). The higher road density was
assigned a low rating and the lower road density
region was demarcated as a higher rating for
flood hazard. Following the very high suscepti-
bility to flooding class, there was a class very
high (<0.59 per km2), 0.60–0.76 per km2 graded

as class 2, 0.77–0.92 per km2 placed as class 3,
0.93–1.1 per km2 ranked as class 4 and very low
ranked as >1.2 per km2.

The calculated flood risk index values of the
output database vary from 0.05 (Low) to 0.68
(High) (Table 4.3). The derived flood risk map
was reclassified into five categories through
manual classification methods in ArcGIS soft-
ware, such as: (i) very low risk (less than 0.15),
low risk (0.16–0.26), medium risk (0.27–0.33),
high risk (0.34–0.48), and very high risk (more
than 0.49) (Fig. 4.13). The ‘medium risk’ is
measured along the areas that might be season-
ally overwhelmed in the wet season. The ‘very
low risk’ refers to the areas prone to very low

Fig. 4.5 Reclassified slope
map of Bongaon sub-division
(Slope map was generated
from ASTER DEM Data;
Spatial resolution—30 m)
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occurrences of floods, almost nil. Moreover, the
‘very high risk’ and ‘high risk’ zones of flood
denote the conceivable areas of flood that can
eventuate because of the periodic as well as
intermittent heavy rainfall.

Zonal statistical tool of ArcGIS software v9.3
was used to determine the areal distribution of
flood risk areas of the Bongaon sub-division. The
flood risk map portrays that probably 74.70 km2

(8.96%) of the area comes under very high flood
risk areas (Table 4.3). These areas were mostly
distributed in the south-east, north, north-east

and some small pockets of the central part of the
Bongaon sub-division. Approximately, 19.36%
(161.45 km2) of the area falls under high risk,
distributed in the eastern and northern part of the
sub-division. The medium flood risk areas are
calculated as 242.02 km2(29.02%), distributed in
the central north, north-west and south-west part
of the study site. About 28.33% (236.33 km2) of
the Bongaon sub-division falls under the low
flood risk areas which are disseminated in the
central, southern and western part of the sub-
division (Fig. 4.13).

Fig. 4.6 Reclassified land
use/land cover map of
Bongaon sub-division
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A total of 55 sites were designated to measure
the flood substantiations events (Table 4.4).
These points are distributed in different direc-
tions of the sub-division and distributed in the
entire region of the sub-division. Chronological
floods events were used as verifications sites.
There were 13 sites (VP1, VP2, VP4, VP12,
VP17, VP18, VP19, VP20, VP37, VP43, VP44,
VP45 and VP46) of ‘very high’ risk of flood
events and eight sights (VP6, VP14, VP25,
VP30, VP31, VP42, VP5 and VP55) of ‘high’
risk for flood events were checked. The medium
flood risk validation points are demarcated as
VP10, VP13, VP16, VP23, VP27, VP29, VP36
and VP52. These areas are usually waterlogged

for 3 to 4 days or a short duration of the flood
because of the concentrated rainfall events. The
low flood risk validation points are designated as
VP3, VP7, VP8, VP21, VP26, VP32, VP39,
VP40, VP49 and VP51. The user accuracy and
producer accuracy of low flood risk areas were
calculated as 89% and 80%, respectively.
Moreover, VP5, VP9, VP11, VP15, VP22,
VP28, VP33, VP34, VP35, VP38, VP41, VP47,
VP48, VP50 and VP53 are considered as very
low risk. These areas were not also inundated
since 2005 and mostly characterized by high
elevation, far from the river channel, dense
vegetation cover, protected from the flood by
anthropogenic activities. The user’s accuracy and

Fig. 4.7 Reclassified
vegetation characteristics
(NDVI) map of Bongaon sub-
division
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producer’s accuracy of the predictive map of
flood hazard in the Bongaon sub-division were
calculated as 69% and 72%, respectively. Hence,
the result of the analysis indicated that the
methodology is satisfactorily consistent for sub-
stitute response.

4.5 Discussion

Due to geographical characteristics, unplanned
infrastructure and land use planning have a high
level of flood risk. Flooding has become a regular
phenomenon and continues to threaten the vul-
nerable social and economic infrastructure of the

sub-division. A flood risk map is a vivacious
constituent for apposite land use forecasting in
flood susceptible spaces. It produces easily read,
quickly reachable graphs and diagrams which
assists the superintendents and architects to cat-
egorize the extents of threat and highlight their
vindication exertions (Gitikaand Ranjan 2016).
Moreover, the flood vulnerability maps are
intended to proliferate cognizance of the possi-
bility of the drowning among the civic, indige-
nous specialists and other establishments by
endorsing greater sentience of the risk of
flooding.

The spatial variability of slope in the Bongaon
sub-division is less, however, it plays an

Fig. 4.8 Reclassified
Fractional Impervious Surface
(FIS) map of Bongaon sub-
division
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important role in hydrodynamic friction for flash
flood simulation. The amount of water infiltration
is reliant upon the peripheral aspects and soil
properties, which differ based on the form of soil
(Tejedor et al. 2013), types and texture (Nyarko
2002). Loamy soil water permeation is a factor
that prerequisites to explain the processes of
runoff, soil loss and aquifer recharge in addition
to irrigation management and plant water con-
venience (Rimba et al. 2017). Population density
is higher in lower elevated and flat areas and
these areas have a very high liability to flash
flooding. Additionally, descending areas should
also be a focus as these are predisposed to des-
cend during flood events (Cao et al. 2016). So,

the increase of sedimentation in river water
caused loss of navigation which is also a great
threat to the ecological balance of the river basin
(Adel 2012).

The relationship between the occurrence of
flooding and the classes of each conditioning
factors was analysed. The elevation analysis
outcomes designate that the lowest elevation was
most persuasive on flooding. Moreover, results
also showed that lower slopes along the eastern
and northern parts of the sub-division inferred
greater occurrence of flooding. Due to the lower
slope, the speed of water flow has been lessened
and upsurges the time for absorption and infil-
tration of water into the ground (Alemayehu

Fig. 4.9 Reclassified
geomorphological map of
Bongaon sub-division
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2007). The slope encourages the direction of the
amount of surface runoff (Dai et al. 2002), and
have a leading effect on the impact of rainfall to
streamflow (Sawyer et al. 2004). According to
Krumbein (1965), a flat surface is disposed to
waterlogging; whereas, the steeper slope allows
water to flow speedily. In the Bongaon sub-
division, a high grade is consigned to less than 1°
slope for the gentle gradient of the flood plain;

whereas, a little score is apportioned for the slope
of more than 4.1°. Due to the heavier rainfall
during flooding, river levels will increase and
causing an overflow of water into areas closest to
the riverbank. Road density is also a major factor
of flood susceptibility mapping as it decreased
the infiltration capacity of the terrain and is a
source of runoff (Tehrany et al. 2017). The
physical properties of the soil were considered to

Fig. 4.10 Reclassified soil
map of Bongaon sub-division
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develop soil type factors. In the Bongaonsub-
division, sandy soil has greater drenched
hydraulic conductivities than better-textured soils
because of the great pore space between the soil
elements. An earlier study also reported that the
infiltration rate of the sandy soils is much higher
than the clayey soil (Wondim 2016). Moreover,
the areas situated adjacent to the main river
channel and flow accumulation path are prone to

flood (Islam and Sado 2000). Mojaddadi et al.
(2017) suggested that soil types have a straight
influence on water stowage, penetrability and
drainage.

LULC plays an important role in recognizing
the sensitive regions prone to flooding. Areas
covered with the vegetation compromise the
levels of protecting appliances, creating land less
lying to flooding and a negative relationship

Fig. 4.11 Reclassified
distance from the river map of
Bongaon sub-division
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exists between a flood event and vegetation
density (Al-Zahrani et al. 2016). LULC charac-
teristics are a significant environment scheming
the hazards as its solidities designate the
appearance of the landscape and its geotechnical

chattels (Pareta 2004). The infringement of the
areas are responsible for floods by human set-
tlements and infrastructural development (Njoku
et al. 2017). Results derived in this study also
indicated that all NDVI classes of more than 0.24

Fig. 4.12 Reclassified road
density map of Bongaon sub-
division

Table 4.3 Areal
distribution of flood risk
index map of the Bongaon
sub-division

Flood risk index Area (km2) Percent

Very low 119.55 14.33

Low 236.33 28.33

Medium 242.04 29.02

High 161.45 19.36

Very high 74.70 8.96
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have minimal impact on flood occurrence. The
spatial extent of regional geomorphic features
like new and old alluvial plain, meander scar,
paleochannel, ox-bow lake, active river channel,
abandoned river channel, natural depression, etc.,
are largely helpful in delineating flood suscepti-
bility zone (Majumder et al. 2017).

However, the population density is very high
in the sub-division due to its fertile alluvial plain
(Paul and Chatterjee 2012; Jana et al. 2011).
A huge chunk of settlements is observed in the
sub-division and make some barriers (Saha
2015). Residents are using the riverbed as agri-
cultural land for many decades. So, the increase
of sedimentation in river water caused loss of

navigation, which is also a great threat to the
ecological balance of the river basin (Adel 2012).
Consequently, by the construction of a railway
bridge at Majdia (Nadia District, West Bengal), a
water barrier has been developed.The road is an
important anthropogenic factor inducing flood
hazards. Versini et al. (2010) stated that road
network and traffic monitoring are a major cause
for flood event managers. Consequently, by the
construction of a railway bridge at Majdia (Nadia
District, West Bengal), a water barrier has been
developed. Valdiya (2004) reported that the
obstructions caused by the construction of arti-
ficial infrastructures, considerably encumber the
free flow of water.

Fig. 4.13 Flood risk map of
Bongaon sub-division

4 Flood Risk Zone Identification … 71



Table 4.4 Assessment of the validation point of flood risk map of Bongaon Sub-division

Validation
point (VP)

Ground observation/existing
data base (2005–2016)

Flood risk
index

Validation
point (VP)

Ground observation/existing
data base (2005–2016)

Flood
risk
index

VP1 2006–2009, 2011, 2013–
2016

Very high VP29 2007, 2008 Medium

VP2 2006–2009, 2011, 2013,
2015, 2016

Very high VP30 2006–2009, 2015, 2016 High

VP3 Nil Low VP31 2007, 2011, 2015, 2016 High

VP4 2007, 2008, 2015, 2016 Very high VP32 2007, 2008 Low

VP5 Nil Very low VP33 Nil Very low

VP6 2007, 2008, 2015, 2016 High VP34 Nil Very low

VP7 2015 Low VP35 Nil Very low

VP8 2007, 2008 Low VP36 2011, 2015, 2016 Medium

VP9 Nil Very low VP37 2006–2009, 2011, 2013–
2016

Very
high

VP10 2007, 2008 Medium VP38 Nil Very low

VP11 Nil Very low VP39 Nil Low

VP12 2006–2009, 2015, 2016 Very high VP40 Nil Low

VP13 2006–2009, 2011, 2013,
2015, 2016

Medium VP41 Nil Very low

VP14 2007, 2008, 2015, 2016 High VP42 2006 -2009, 2015, 2016 High

VP15 Nil Very low VP43 2006–2009, 2011, 2013–
2016

Very
high

VP16 2007, 2008, 2015 Medium VP44 2006–2009, 2011, 2013–
2016

Very
high

VP17 2006–2009, 2011, 2013–
2016

Very high VP45 2006 -2009, 2015, 2016 Very
high

VP18 2006–2009, 2011, 2013–
2016

Very high VP46 2007, 2008, 2015, 2016 Very
high

VP19 2006–2009, 2011, 2013–
2016

Very high VP47 Nil Very low

VP20 2006–2009, 2011, 2013–
2016

Very high VP48 Nil Very low

VP21 2006–2009, 2011, 2013,
2015, 2016

Low VP49 2007, 2008 Low

VP22 Nil Very low VP50 Nil Very low

VP23 2007, 2008, 2015, 2016 Medium VP51 2007, 2008 Low

VP24 Nil Very low VP52 2011, 2015, 2016 Medium

VP25 2007, 2008, 2015, 2016 High VP53 Nil Very low

VP26 2015 Low VP54 2006 -2009, 2015, 2016 High

VP27 2007, 2008 Medium VP55 2007, 2008, 2015, 2016 High

VP28 Nil Very low
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4.6 Conclusion

The flood risk map of the Bongaon sub-division
was generated through MCDA based on the
integration of remotely sensed products and
secondary datasets. The substantiation report
advocates that remote sensing and GIS tech-
niques are very influential approaches in flood
risk exploration and planning. Eleven flood
acclimatizing features were nominated and a
flood inventory map was exploited to generate
the flood dichotomous reliant layer. The MCDA
method exposed in this research can be enriched
further by counting these constraints, likewise
rainfall, elevation, slope, distance from the river,
road density, land use/land cover, etc. Hence, the
extenuation actions can be accurately completed,
and the controlling of flood menace is made easy.
The generated flood risk map may be beneficial
to proposers and creators for selecting an
appropriate place for the forthcoming expansions
and land use forecasting, and also to trace
assemblies in the rickety regions. It could be of
practice for specialists of the area for confirming
security to the people of pretentious areas. This
research also ropes the accompanying of the
outmoded hydrological, with the contemporary
geospatial tools, hence augmenting the assem-
blage, storage, analysis, management and
demonstrating of flood data, along with being
more cost, period and manpower competent.
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