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Abstract sub-watersheds has a high to very high flood
susceptibility area. Drainage density, basin
slope, circulatory ratio, relative relief, relief
ratio, stream frequency, and ruggedness num-
ber are the most important morphometric
parameters for flooding in the study area.
Since there were no such government or
private historical flood records that are
required for flood modeling, various morpho-
metric parameters have been accurately used
to measure sub-watershed-wise flood suscep-
tibility. The performance and efficiency of this

Present work has .been .conducted with an method are validated using ROC and AUC,
integrated outlook involving the morphomet-

ric parameters, geological, and climate data by
geospatial techniques for determining the
probability of spatial flood risk. A ranking
method has been employed to prioritize the
sub-watersheds for susceptibility to flooding.
The results of this study depict that 48.18%
area of the basin including 11 out of 26

The present study investigates sub-watershed
prioritization for flood susceptibility mapping
of the Silabati River basin (India) based on
morphometric parameters. This river basin is a
sixth-order drainage system with an adendritic
drainage pattern and traverses an area of
4247.99 km®. Almost every year, the lower
stretch of the Silabati river basin experiences
floods due to physiographic characteristics
and excessive rainfall during a short time. The

which ensures a considerable amount of
accuracy (89.2%) of the study. Moreover, this
research may be used as a guideline for
surface runoff harvesting and flood mitigation
at the sub-watershed level.
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economy (Leskens et al. 2014; Yang et al. 2015;
Bui et al. 2020; Islam and Ghosh 2021). United
Nations Office for Disaster Risk Reduction
(UNISDR) reported that the human life losses
due to flood events were around 15 lakhs and
around 11.1% mortality rate in the world during
1996-2015. Developing nations like India, Sri
Lanka, and Bangladesh portray a very high
impact rate. The flood scientists and organiza-
tions have predicted that annual losses up to US
$415 billion worldwide due to floods in 2030
(Grabs 2010; Karamouz and Fereshtehpour
2019; WMO 2016; UNISDR 2015). Floods of
small watersheds area (less than 1,000 km?)
reveal a complex and sudden response time due
to the orographic nature of rainfall in the high
land region (Destroet al. 2018; Obeidat et al.
2021). Some direct and indirect factors such as
rainfall characteristics, drainage properties, infil-
tration, environmental conditions, evapotranspi-
ration, and anthropogenic activities are the
significant factors that impact the intensity of
flood susceptibility (Azmeri and Vadiya 2016;
Jodar-Abellan et al. 2019; Samanta et al. 2018).
Identification of vulnerable areas for floods is a
very important precursor to reduce the negative
impact on human life and infrastructure (Ali et al.
2020).

Watershed management focuses on reducing
the negative impact of surface runoff or floods,
and surplus water use for various beneficial
purposes such as irrigation, groundwater storage,
and reduces erosion (Ratna et al. 2017; Sebastian
et al. 1995). For water resource management, the
optimum use of watersheds is important (Worku
et al. 2020). Morphometric parameters for pri-
oritization of sub-watersheds within a basin is
necessary for the conservation of land and water
resource (Aher et al. 2014). Various research
studies have employed morphometric investiga-
tion for the prioritization of sub-watershed-wise
flood or erosion susceptibility (Bhatt and Ahmed
2014; Abuzied et al. 2016; Ameri et al. 2018;
Asfaw and Workineh 2019; Charizopoulos et al.
2019; Hussein et al. 2019; Kannan et al. 2018;
Rajasekhar et al. 2020; Alam et al. 2020; Das
2020; Islam and Deb Barman 2020). These
researches have employed some algorithms from
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some classic works such as Horton (1945, 1932),
Smith (1950), Strahler (1952), Miller (1953), and
Schumm (1956). According to Strahler (1964),
morphometric parameters depicted a relatively
very simple method. To investigate the geomor-
phic history, geological and hydrological condi-
tions of the basins, it may be employed.
Morphometric features of the basin are very
important parameters that influence flood inten-
sity. Therefore, this research of the basin mor-
phometry can provide a very significant database
in relation to their hydrological responses (Borga
et al. 2008). Of late, remote sensing (RS) and
geographical information systems (GIS) have
been extensively employed with the objective of
watershed management (Chatterjee et al. 2013;
Okumura and Araujo 2014; Hasanuzzaman et al
2021). Digital elevation model (DEM) is a very
high-resolution RS data and it’s freely available
for access. It is a very effective tool for the
accurate investigation of watershed morphomet-
ric parameters (Ratnam et al. 2005; Samanta
et al. 2018; Majumder et al. 2019; Hasanuzza-
man and Mandal 2020).

Silabati Basin of West Bengal is also having
ample water resources but very unevenly dis-
tributed in its upper, middle, and lower reaches
of the basin. The western part is a drought-prone
area while the eastern part faces the flood prob-
lem in years of surplus rain. In both cases, people
suffer from loss of life and damage to properties.
Therefore, this region is demanding to utilize the
available water resources judiciously to solve the
problems of water shortage as well as to prevent
the misuse of water. This research work is a
small effort to evaluate the flood of Silabati Basin
that contributes to its present configuration in an
integrated manner for scientific and judicious use
and also for development watershed and sub-
watershed wise surface runoff harvesting and
flood management. Moreover, this type of work
is relatively absent at the national level or
regional level. Thus, the main objective of this
research is the prioritization of sub-watersheds
corresponding to flash floods or floods based on
morphometric analysis using geo-spatial tech-
niques. The output of this present research can be
utilized to help the government to take the
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necessary steps in those regions that are suscep-
tible to floods and very high possibility for runoff
harvesting.

2.2 Study Area

The present study is executed over the Silabati
river basin situated in the southwestern part of
the Bengal Basin. The Silabati or Silai River as
well as Arkusa Nala and their ramifying channels
have furrowed up the Dwarkeswar-Kangsabati
interfluve at Hura block and flows over three
districts of Puruliya, Bankura, and West Medi-
nipur. It is the principal tributary of the Rup-
narayan River (Shit et al. 2015). The river
Silabati originates at Baragram village (23°15'N
and 86°39'E) of Puruliya district on Manbazar-
Adra road and flows southeast for about 20 km
in Puruliya district. The river leaves the district at
Puncha block and enters Bankura district near
Salanpur of Indpur block (Fig. 2.1).

Silabati River watershed presents a unique
physical setting in the sense that hard rock pla-
teau and fringe area, laterite covered upland,
undulating tract, and flat alluvial plain, all are
found in a single basin (Shit et al. 2016; Islam
et al. 2020). Actually, the entire geomorphic unit
is the southeastern continuation of the
Chhotanagpur Plateau (Fig. 2.2). Plateau Fringe
lies in the extreme northwestern part, which is
the remnants of the spurs projecting from the
Chhotanagpur plateau. Its elevation varies from
160 to 227 m and is characterized by high rela-
tive relief and moderate slope. Archaean rocks
composed of granite, gneiss, schist occupy this
area (Dolui et al. 2014; Gayen et al. 2013). The
plateau slope lies in the eastern part of the pla-
teau fringe. This part is covered by crystalline
rocks of the Archaean age and characterized by
hillocks, low ridges, and valleys. Passing over
the plateau slope, the basin area presents a dis-
sected upland covered by hard rocks and old
alluvium with lateritic capping. The terrain is
characterized by irregular, non-contiguous, and
uneven tracts (Shit and Pati 2012). The central
undulating and rolling plain to the east of this
dissected upland presents a flattened and rolling

topography. This lateritic part is underlain by
deposits of older alluvium and shows dissected
badland topography at places (Shit and Maity
2012). This rolling plain gradually merges into a
flat alluvial plain to the east consisting of assor-
ted materials of sub recent to recent age. Flood
plains are confined mainly along the major rivers
which allow sudden discharge sometimes caus-
ing heavy floods.

Silabati River basin has got its climatic char-
acteristics due to its tropical location. The upland
tract in the west is much drier than that of the
eastern part. The basin area enjoys a sub-tropical
humid climate characterized by “Monsoon”
conditions with marked seasonal variations. The
mean annual rainfall of the basin varies from
110 cm in the west to 121 cm in the east
(Fig. 2.2). The rainfall during monsoon months
from June to September receives around 78% of
the total annual rainfall with July and August
being the rainiest months. The temperature starts
rising from March and attains its extremes up to
48 °C during May. Otherwise, the basin is
characterized by a mean minimum temperature
of 21 °C and a maximum temperature of 33 °C.
With the onset of the monsoon, the temperature
drops appreciably. December and January are the
cold months with mean maximum and minimum
temperature as 26 °C and 11 °C, respectively.

2.3 Data and Methods

The conceptual framework of the method applied
in this present study is depicted in Fig. 2.3. For
the objective of watershed characterization and
prioritization of sub-watersheds of the Silabati
River basin, twenty-six morphometric parameters
were selected (Table 2.1). According to the total
weight value of sub-watersheds, the total ranking
method was used for the ranking sub-watersheds
(Watershed prioritization) (Biswas et al. 1999;
Puno and Puno 2019). The main morphometric
parameters of the basin are linear, areal, and relief
aspects of watersheds (Melton 1957; Strahler
1964). For computing the morphometric indices,
basic parameters of a watershed like a basin
length, basin area, perimeter, lengths of streams,
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and the number of streams for each stream order watersheds prioritization, the morphometric

have been calculated directly from the Digital
Elevation Model (DEM) using GIS techniques.
The DEM was downloaded from www.search.
earthdata.nasa.gov and www.earthexplorer.usgs.
gov with the resolution is 30 m and 12.5 m
(Radar Imagery 2001-2006). First of all, filling
the DEM for finding out the missing data was
accomplished followed by the generation of
stream network and flow accumulation map of
the Silabati River Basin (SRB) and then to sub-
divide the SRB into sub-watersheds. Mathemati-
cal equations were used for the measurement of
other morphometric parameters of the basin like
drainage density, ruggedness number, circularity
ratio, basin relief, length of overland flow, rela-
tive relief ratio, basin slope, hypsometric integral,
elongation ratio, stream frequency, and relief ratio
(Obeidat et al. 2021). These mathematical equa-
tions are depicted in Table 2.1. For the sub-

ranking method (Total Rank) was employed
(Patel et al. 2012). According to morphometric
parameters value, each sub-watershed was divi-
ded into various prioritized rank groups, where
rank 1 represents the very low probability for
floods risk, and so on (Obeidat et al. 2021).

The selected 12 parameters of morphometric
have been employed for the sub-watersheds
susceptibility map of the flood (Table 2.1). All
these parameters of morphometric are related to
flood either directly or indirectly. Out of twelve
parameters, eight parameters (relief ratio, basin
area, circularity ratio, drainage density, basin
slope, ruggedness number, relative relief ratio,
and stream frequency,) have a direct relationship
with the surface flow or flood possibility. The
higher values of eight parameters are indicating
the higher degree of possibility to flood risk. So,
these parameters of sub-watershed having the
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Fig. 2.2 a Climate map and b Geological map (Source Geological Survey of India) of the study area

highest values are given the top rank (5). On the
opposite side, the other four parameters (shape
factor, hypsometric integral, length of overland
flow, and elongation ratio) have an inverse rela-
tionship to surface runoff or flood possibility.
The lower values of the four parameters are
indicating a higher degree of flood possibility and
these parameters are given the top rank (5).
Firstly, each parameter value was summed, and

normalized from O to 1 to find out the specific
prioritized rank of the sub-watershed. The same
value of sub-watershed has defined the similar
ranking. After that the sub-watersheds are divi-
ded into five floods susceptibility categories
(very high, high, moderate, low, very low pri-
ority) following a simple equation to demarcate
the interval length that is (Maximum-Minimum)/
5 (Farhan and Anaba 2016).
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2.4 Results and Discussion

2.4.1 Morphometric Parameters
According to the flow accumulation of the SRB,
26 sub-watersheds were demarcated using the
ArcGIS 10.8 software (Fig. 2.4). The final out-
puts of the morphometric investigation of all sub-
watersheds were depicted in Fig. 2.5 and
Table 2.2. To determine the flood susceptibility
map, the geomorphologic and hydrological rela-
tion in the study area was used (Fig. 2.5).

2.4.1.1 Linear Parameters
Basin perimeter is a very significant basic
parameter of morphometric parameters as an

indicator of basin shape and size. The minimum
perimeter value was found as 32 km (SW 5) and
the maximum value was found as 176.44 km
(SW 25). A strong correlation is depicted
between basin perimeter and area (Obeidat et al.
2021). A significant indicator of surface runoff
feature is basin length (Christopher et al. 2010;
Taha et al. 2017). In the present study, basin
length rangesfrom 5.89 km (SW 13) to 49.36 km
(SW 25). Also, a strong correlation is depicted
between stream length and basin length (Obeidat
et al. 2021). The stream order of the SRB extends
up to six orders but all sub-watersheds vary from
first order to fourth order. The high stream
numbers represent the high surface flow or rapid
peak flow (Bhat et al. 2019). In the study river
basin, the total stream number is 2559, and 1285
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Table 2.1 Detailed information of morphometric parameters

Parameter no

Linear

Areal

Relief

1

2
3
4

W

10

11

13

14

15

16

17

18

19

20

Morphometric parameter
Basin perimeter (P)
Basin length (L)
Stream order (U)

Total number of streams
(Ny)
Stream length (L,)

Total number of streams
)

Stream length (L,)
Basin area (A)

Drainage density (D)

Length of overland flow
(Lo)
Stream frequency (Fy)

Elongation ratio (R,)

Circularity ratio (R.)

Shape factor (Sy)

Basin relief (H)

Relief ratio (R,)

Relative relief ratio (R,)

Basin slope (B;)

Ruggedness number (R,)

Hypsometric integral (HI)

Formula/definition

Perimeter of the watershed (km)
Length of the basin (km)
Hierarchical rank

Total no. of streams of all orders

Length of the stream (km)

Total no. of streams of all orders

Length of the stream (km)
Plan area of the watershed (km?)

(Dg = L,/ A, where

L, = total stream length of all orders
(km)

A = area of the watershed (km?)

L,= 1/(2*D,), where D, = drainage
density

Fs=N, /A, where

N, = Total number of streams of all
orders

A = area of the basin (km?)

R.= 1.128*%(AN0.5)/L;, where
A = area of the basin (kmz)
Ly, = basin length (km)

R.=4 x mx Al P?, where
n=3.14

A = area of the basin (km?)
P = perimeter (km)

NS L,% / A, where
L;, = basin length (km)
A = area of the basin (kmz)

H = h— hy, where
h = maximum height (m)
h;= minimum height (m)

R,= H/L;,, where
H = total relief (km)
L, = basin length (km)

R,= H/P, where
H = total relief (km)
P = perimeter of the basin (km)

B,= H/L;, x 60, where
H = total relief (km)
L;, = basin length (km)
.= Dy * H, where
H = basin relief (km)
D, = drainage density
HI = (Emean_ min)/(Emax_ min)a where
Enean = the weighted mean elevation

E,.qx = maximum elevation
E,.;, = minimum elevation
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streams are first-order streams (50.2%) in all sub-
watershed. Among the 26 sub-watersheds, SW
25 has the highest total number of the stream
(320) and SW 8 has the minimum total number
of the stream (18 streams). Stream length indi-
cates the contributing area of a basin of a certain
order (Magesh et al. 2011). According to Strahler
(1952), the higher the stream length the lower the
infiltration, and the greatest runoff-producing
power of the basin. The SRB’s total stream
length of all orders is 3274.96 km.

2.4.1.2 Areal Parameters

The sub-basin area of the SRB ranges from 26.26
km? (SW 19) to 543.42 km? (SW 25). These sub-
watersheds are located at the maximum rainfall
area of the basin. Drainage density is controlled
mainly by two factors, such as relative relief and
slope of the basin (Magesh et al. 2011). So, it is
directly correlated with flood or flash flood. The
drainage density is high which means minimum
infiltration rate and maximum surface runoff of
the watershed (Kelson and Wells 1989). In the
current study, maximum drainage density was
found as SW 3, and the minimum was found as
SW 5. According to Horton (1945), length of
overland flow denotes the length of water flow
over the land surface before it becomes concen-
trated into defined stream channels. Climate
conditions, rocks, soil material, relief, and veg-
etative are the main influential factors of the
length of overland flow (Youssef et al. 2009).
The length of the overland flow value of the SRB
is 0.77 and it varies from 0.06 (high probability
to flood) for SW 5 to 0.88 for SW 18. Therefore,
sub-watersheds 5 and 6 were given the top rank
(5) that these sub-basins have high susceptibility
for the flood. According to Horton (1932), stream
frequency denotes the ratio between the total
number of streams and area. If the stream fre-
quency value is high, maximum surface flow and
minimum infiltration are recorded (Melton
1957). The highest stream frequency of the SRB
is found for SW 3 and the lowest for SW 1. SW 3
with the high vulnerability of sub-watershed for
flooding with low infiltration capacity. Accord-
ing to Schumm (1956), the bifurcation ratio is the

ratio between the number of stream segments of
a given order to the number of segments of the
next higher order. Its low value means that it is
structurally less disturbed watersheds (Strahler
1964) and the maximum value represents the
high runoff producing capability of a basin in a
short lag time (Howard 1990). The SRB has
found a mean bifurcation ratio value of 2.52, and
it varies from 1.64 to 4.75 across the sub-
watersheds.

According to Horton (1932), the elongation
ratio signals about the basin shape. The elonga-
tion ratio ranges between 0.6 and 0.8, which
means basin characteristics have steep slopes and
high relief. Another side, its value is close to 1
which means that the basin characteristic has
very low relief (Dar et al. 2013). In this work,
SW 12, 13, 18, 19, 20, and 21 have the lowest
sensitivity to flooding, whereas SW 7 has the
highest indicating more susceptibility to flood-
ing. According to Miller (1953), the circulatory
ratio is the proportion of the watershed area to
the area of the circle having the same perimeter
of the watershed. Geological structures, rough-
ness, slope, climate, frequency of stream, and
length of stream are controlled by the circulatory
ratio (Bisht et al. 2018). Its value is directly
correlated with flash floods. Its higher value
indicates the minimum time taken to surface
runoff and maximum time taken to infiltration. In
this research, SW 6 has the lowest circulatory
ratio value, and SW 12 to have the highest value
(high potential for flooding). Sub-watersheds 4,
5,8,9, 10, 12, and 16 are given the highest rank
(5) due to the high circulatory ratio value,
whereas sub-watersheds 6 and 26 are referred to
the least rank (1). The shape factor determines
the rate of sediment and water yield (Farhan et al.
2017). The low value of the shape factor repre-
sents maximum relief and steep slopes that
indicate a high probability of flood. The shape
factor values of the SRB vary from 0.93 (SW 12)
to 5.83 (SW 23). Sub-watersheds 1, 2, 3, and 23
with high shape factor values are denoted by the
lowest rank (1), and sub-watersheds 10, 12, 13,
18, 19, 20, and 21 with the low values are
denoted by the highest rank (5).
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2.4.1.3 Relief Parameters

The difference between the highest elevation and
lowest elevation is called basin relief. It plays an
important role in various aspects such as drai-
nage development, erosional properties of the
terrain, landforms development, surface and
subsurface water (Magesh et al. 2011). In this
study, sub-watershed 21 is determined as the
minimum and sub-watershed 3 as the maximum.
It depicts that the basin has the maximum
potentiality to produce floods. In the present
study, SW 12 is the most sensitive sub-watershed
for floods, whereas SW 20 is the least sensitive
one. Sub-watersheds 6, 12, and 13 are found to
have a high value of relief ratio values.
According to Macka (2001), the relative relief
ratio has a direct relationship with the probability
of floods. In the present study, sub-watersheds
20, 21, 22, 23, 25, and 26 with low relative relief
ratio value has been given the lowest rank (1) and
sub-watersheds 3, 4, 5, 6, 8, 12, and 14 with high
values are denoted by the highest rank (5). Basin
slope has an impact on the hydrological pro-
cesses such as the amount of surface runoff and
speed, and the time (Meraj et al. 2013). Steep
slope and high relief of the basin increase the
probability of flash floods. In the present study,
sub-watersheds 1, 2, 20, 21, 22, 23, 24, 25, and
26 with the lowest basin slope values are denoted
by the lowest rank (1). Sub-watersheds 3, 12, and
13 with the highest values are denoted by the
highest rank (5). Ruggedness is the nature of the
surface undulations of the basin (Selvan et al.
2011). If the ruggedness number is maximum,
there is a high possibility for erosion and flash
floods (Patton and Baker 1976). It is directly
related to flooding (Obeidat et al. 2021). Sub-
watersheds of the study areas 8, 12, 13, 18, 19,
20, 21, and 26 with the lowest ruggedness
number are denoted by the lowest rank (1). Sub-
watershed 1 with the highest ruggedness number
are denoted by the highest rank (5). Hypsometric
Integral is a very important parameter to deter-
mine the interrelations existing among the
lithology, climate, erosion, and tectonic uplift
(Pavano et al. 2018). Hypsometric integral value
is lowest for SW 22 and SW 26 and hence these
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watersheds are given top rank (5) while SW 5,
SW 7, SW11, and SW 21 with the highest hyp-
sometric integral are given the lowest rank (1).

The eight direct morphometric parameters
(basin slope, basin area, circularity ratio,
ruggedness number stream frequency, relief
ratio, drainage density, and relative relief ratio)
and four indirect parameters (length of overland
flow, shape factor, hypsometric integral, and
elongation ratio) weights are employed for the
Pearson correlation coefficient matrix in Fig. 2.5.
This matrix revealed that the correlation of the
all-morphometric parameters are correlated to
each other. According to the result of the corre-
lation analysis, the strongest correlation has been
found between the basin relief and basin slope
(r = 0.96). Moreover, the circularity ratio to
other morphometric parameters has been found
as the weakest correlation.

2.4.2 Prioritization of the Sub-basin
for Flood Susceptibility

The morphometric total ranking method was
used for assessing the flood hazard. Table 2.2
and Fig. 2.6 illustrate the results of this study.
The total ranking method was used for the total
score of twelve factors for each sub-watershed.
The flood prioritization map of the SRB repre-
sents two sub-watersheds (18, and 21) with very
high flood probability. About 5.61% of the total
area is under this category and this area is also
the same as that of the historical flood. Around
42.57% of the total area encompassing nine sub-
watersheds (12, 13, 17, 19, 20, 22, 24, 25, and
26) are under the high flood susceptibility zone.
The results of the study represent that this is a
high flood-prone area. Around 27.65% of the
total basin area distributed over ten sub-
watersheds (5, 6, 7, 8, 9, 10, 11, 15, 16, and
23) are included in the moderate class flood risk
category. Sub-watersheds 1 and 14 are fall under
the low flood risk class with around 11.60% of
the total basin area. Sub-watersheds 2, 3, and 4
with around 12.68% of the total area of the basin
are included under very low flood risk areas. The
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Table 2.2 Details description of the results of the study with weight values

SW A D; L, F, R, R. 'S R R, By R,
1 15 2 5 3 1 4 1 1 1 1
2 204 1 2 1 5 5 1 1 1 1
3023 1 2 1 3 5 1 1 1 1
4 14 11 1 2 5 2 2 2 1
5 11 5 2 2 5 4 3 5 3 1
6 11 5 2 2 1 4 5 5 3 2
7 45 2 1 4 3 1 1 4 1 5
8 13 2 2 3 5 3 3 5 3 1
9 25 2 5 2 5 2 2 2 2 2
0o 15 2 2 2 3 5 2 5 2 2
n 1.5 2 5 3 4 3 2 3 2 2
2 14 2 1 1 5 55 5 5 1
B3 15 2 3 1 3 5 5 3 5 1
4 1 4 1 2 1 3 5 4 3 4 1
15 15 2 4 3 2 2 2 3 2 2
6 35 2 4 3 3 2 1 1 1 2
17 15 2 5 3 4 3 2 4 2 3
18 1 5 2 4 3 5 4 3 5 3 2
19 15 2 4 3 4 3 2 5 2 2
20 45 2 5 3 3 1 1 3 1 4
20015 3 5 3 4 1 5 5 5 2
2 15 2 5 2 5 4 2 4 2 2
22 45 2 5 4 2 1 1 1 1 3
24 55 2 5 3 3 2 1 2 1 3
25 55 2 5 3 3 2 1 1 |1 4
26 15 2 4 5 4 3 2 4 2 2

upper part of the basin is a very low flood risk
area. The lower-middle segment of the river
basin is observed to be in a vulnerable condition
since it belongs to the very high to high flood
susceptible category. Also, these results are the
same as that of the rainfall active area and
geology. Current research represents that rainfall
has a strong relationship with flood susceptibil-
ity. This work will be helpful for the authorities
to take appropriate measures for reducing flood
risk or surfaces runoff harvesting. Moreover, this
work may be employed in other areas, when the
historical flood data and validation are not
available.

HI Total Normalization | Prioritized rank  Priority
rank

5 30 0.40 3 Low

2 26 0.20 2 Very low
1 22 0 1 Very low
4 26 0.20 2 Very low
1 33 0.55 7 Moderate
2 33 0.55 7 Moderate
2 33 0.55 7 Moderate
2 33 0.55 7 Moderate
2 33 0.55 7 Moderate
2 33 0.55 7 Moderate
1 33 0.55 7 Moderate
2 37 0.75 9 High

2 36 0.75 9 High

2 31 0.45 4 Low

4 32 0.50 5 Moderate
5 32 0.50 6 Moderate
2 36 0.75 9 High

2 39 0.85 10 Very high
3 36 0.75 9 High

3 35 0.65 8 High
342 1.00 11 Very high
337 0.75 9 High
332 0.50 6 Moderate
3 35 0.65 8 High

4 36 0.65 8 High

1 35 0.65 8 High

2.4.3 Validation

In the present context, accurately measuring and
preparing the flood susceptibility map with vali-
dation is a very crucial and difficult task. The
present study used success and prediction rate
methods to validate the model by comparing
predicted hazard areas to existing hazard loca-
tions (Zare et al. 2013). To do this, a total
number of 200 known flood sites are demarcated
from the flood map of 2017 (Figs. 2.1 and 2.6)
published by the National Remote Sensing
Centre (bhuvan.nrsc.gov.in). Therefore, an area
under curve (AUC) method evaluated the
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PH L

Fig. 2.8 a Flood water spill over the area near Ghatal,
b flood water spill over the road near Ghatal, ¢ flood water
spill over the bridge near Chandrakona, d flood water spill

government or private historical flood records that
are required for flood modeling, sub-watershed-
wise flood susceptibility analysis has been done
using the morphometric investigation. The cur-
rent study result depicts that around 48.18% of
the total basin area is included under the high to
very-high-flood susceptibility category. Basin
slope, relative relief ratio, drainage density, cir-
culatory ratio, relief ratio, stream frequency, and

over the area near Chandrakona, e flood water spill over
the area near Salboni, f flood water spill over the road near
Salbani (Source Field Photographs 2020)

ruggedness number are the most important mor-
phometric parameters for flooding in the study
area. The performance and efficiency of this
method are validated using the AUC model that
ensures a considerable amount of accuracy
(89.2%) of the study. The flood prioritization map
of the SRB represents two sub-watersheds (18
and 21) with very high flood probability. About
5.61% of the total area is under this category and
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this area is also the same area as the area of the
historical flood. Around 42.57% of the total area
over nine sub-watersheds (12, 13, 17, 19, 20, 22,
24, 25, and 26) are under the high flood suscep-
tibility zone. The result of the study represent that
this is a high flood-prone area. Therefore, the
current study depicts that managing the flood of
the area is much needed. It should be the main
focus of the government to protect human lives
and agricultural land. Moreover, this study carried
out using the combination of morphometric
analysis with GIS may act as an important tool to
understand sub-watersheds parameters related to
flooding management.

References

Abuzied S, Yuan M, Ibrahim S, Kaiser M, Saleem T
(2016) Geospatial risk assessment of flash floods in
Nuweiba area. Egypt J Arid Environ 133:54-72

Aher PD, Adinarayana J, Gorantiwar SD (2014) Quan-
tification of morphometric characterization and prior-
itization for management planning in semi-arid tropics
of India: a remote sensing and GIS approach. J Hydrol
511:850-860

Ali SA, Parvin F, Pham QB, Vojtek M, Vojtekova J,
Costache R, ... Ghorbani MA (2020) GIS-based
comparative assessment of flood susceptibility map-
ping using hybrid multi-criteria decisionmaking
approach, nave Bayes tree, bivariate statistics and
logistic regression: a case study of Topl’a basin,
Slovakia. Ecol Indicators 117:106620. https://doi.org/
10.1016/j.ecolind.2020.106620

Alam A, Ahmed B, Sammonds P (2020) Flash flood
susceptibility assessment using the parameters of
drainage basin morphometry in SE Bangladesh. Quat
Int. https://doi.org/10.1016/j.quaint.2020.04.047

Ameri AA, Pourghasemi HR, Cerda A (2018) Erodibility
prioritization of sub-watersheds using morphometric
parameters analysis and its mapping: a comparison
among TOPSIS, VIKOR, SAW, and CF multi-criteria
decision-making models. Sci Total Environ 613-
614:1385-1400

Asfaw D, Workineh G (2019) Quantitative analysis of
morphometry on Ribb and Gumara watersheds:
implications for soil and water conservation. Int Soil
Water Conser Res 7:150-157

Azmeri HIK, Vadiya R (2016) Identification of flash flood
hazard zones in mountainous small watershed of Aceh
Besar Regency, Aceh Province, Indonesia. Egyptian J
Remote Sens Space Sci 19:143-160

Md. Hasanuzzaman et al.

Bhatt S, Ahmed SA (2014) Morphometric analysis to
determine floods in the Upper Krishna basin using
Cartosat DEM. Geocarto Int 29(8):878-894

Biswas S, Sudhakar S, Desai R (1999) Prioritization of
sub watersheds based on morphometric analysis of
drainage basin—a remote sensing and GIS approach.
J Indian Soc Remote Sens 27(3):155-166

Bisht S, Chaudhry S, Sharma S, Soni S (2018) Assess-
ment of flash flood vulnerability zonation through
geospatial technique in high altitude Himalayan
watershed, Himachal Pradesh India. Remote Sens
Appl Soc Environ 12:35-47

Borga M, Gaume E, Creutin JD, Marchi L (2008)
Surveying flash floods: gauging the ungauged
extremes. Hydrol Process 22:3883-3885

Bui DT, Hoang ND, Martinez-Alvarez F, Ngo PTT,
Hoa PV, Pham TD, Samui P, Costache R (2020) A
novel deep learning neural network approach for
predicting flash flood susceptibility: a case study at a
high frequency tropical storm area. Sci Total Environ
701:134413

Bhat MS, Alam A, Ahmad S, Farooq H, Ahmad B (2019)
Flood hazard assessment of upper Jhelum basin using
morphometric parameters. Environ Earth Sci 78:54.
https://doi.org/10.1007/s12665-019-8046-1

Charizopoulos N, Mourtzios P, Psilovikos T,
Psilovikos A, Karamotsou L (2019) Morphometric
analysis of the drainage network of Samos Island
(northern Aegean Sea): insights into tectonic control
and flood hazards. CompesRendus-Geosci 351:375—
383

Chatterjee S, Krishna AP, Sharma P (2013) Geospatial
assessment of soil erosion vulnerability at watershed
level in some sections of the Upper Subarnarekha river
basin. Environ Earth Sci 71(1):357-374

Christopher O, Idowu A, Olugbenga A (2010) Hydrolog-
ical analysis of Onitsha North East drainage Basin
using Geoinformatic techniques. World Appl Sci J 11
(10):1297-1302

Dar RA, Chandra R, , Romshoo SA (2013) Morphotec-
tonic and lithostratigraphic analysis of intermon-
taneKarewa Basin of Kashmir Himalayas. India.
J Mountains Sci 10(1):1-15

Destro E, Amponsah W, Nikolopoulos EI, Marchi L,
Marra F, Zoccatelli D, Borga M (2018) Coupled
prediction of flash flood response and debris flow
occurrence: application on an alpine extreme flood
event. J Hydrol 558:225-237

Das S (2020). Flood susceptibility mapping of the
Western Ghat coastal belt using multi-source geospa-
tial data and analytical hierarchy process (AHP).
Remote Sens Appl Soc Environ 20:100379. https:/
doi.org/10.1016/j.rsase.2020.100379

Dolui G, Chatterjee S, Das Chatterjee N (2014) Weather-
ing and mineralogical alteration of granitic rocks in
Southern Purulia District, West Bengal, India. Int
Res J Earth Sci 2(4):1-12


http://dx.doi.org/10.1016/j.ecolind.2020.106620
http://dx.doi.org/10.1016/j.ecolind.2020.106620
http://dx.doi.org/10.1016/j.quaint.2020.04.047
http://dx.doi.org/10.1007/s12665-019-8046-1
http://dx.doi.org/10.1016/j.rsase.2020.100379
http://dx.doi.org/10.1016/j.rsase.2020.100379

2 Flood Susceptibility Mapping Using Morphometric Parameters and GIS 29

Farhan Y, Anaba O (2016) Flash flood risk estimation of
WadiYutum (southern Jordan) watershed using GIS
based: morphometric analysis and remote sensing
techniques. Open J Modern Hydrol 6:79-100

Farhan Y, Anbar A, Al-Shaikh N, Mousa R (2017)
Prioritization of semi-arid agricultural watershed using
morphometric and principal component analysis,
remote sensing, and GIS techniques, the Zerqa River
Watershed, Northern Jordan. Agric Sci 8:113-148

Gayen S, Bhunia GS, Shit PK (2013) Morphometric
Analysisof Kangshabati-Darkeswar Interfluves Area
in West Bengal, India using ASTER DEM and GIS
techniques. J GeolGeosci 2:133. https://doi.org/10.
4172/2329-6755.1000133

Grabs WE (2010) Regional flash flood guidance and early
warning system. Associated Programme on flood
management. WMO, Switzerland

Hasanuzzaman M, Mandal S (2020) A morphology-
independent methodology to assess erosion, accretion
and lateral migration of an alluvial channel using
geospatial tools: a study on the Raidak-I river of
Himalayan Foothills. Sustain. Water Resour Manag
6:35. https://doi.org/10.1007/s40899-020-00393-9

Hasanuzzaman M, Gayen A, Shit P (2021) Channel
dynamics and geomorphological adjustments of Kal-
jani River in Himalayan foothills. Geocarto Int, 1-28.
https://doi.org/10.1080/10106049.2021.1882008

Horton R (1932) Drainage basin characteristics. Trans Am
Geophys Union 13:350-361

Horton RE (1945) Erosional development of streams and
their drainage basins; hydrophysical approach to
quantitative morphology. Bull Geol Soc Amer
56:275-370

Howard AD (1990) Role of hypsometry and planform in
basin hydrologic response. Hydrol Process 4(4):373—
385

Hong H, Pradhan B, Xu C, Bui DT (2015) Spatial
prediction of landslide hazard at the Yihuang area
(China) using two-class kernel logistic regression,
alternating decision tree and support vector machines.
CATENA 133:266-281

Huang X, Tan H, Zhou J, Yang T, Benjamin A, Wen SS,
Li S, Liu S, Liu A, Li X et al (2008) Flood hazard in
Hunan province of China: an economic loss analysis.
Nat Hazards 47:65-73

Hussein S, Abdelkareem M, Hussein R, Askalany M
(2019) Using remote sensing data for predicting
potential areas to flash flood hazards and water

resources. Remote Sens Appl Soc Environ
16:100254. https://doi.org/10.1016/j.rsase.2019.
100254

Islam A, Deb Barman S (2020) Drainage basin mor-
phometry and evaluating its role on flood-inducing
capacity of tributary basins of Mayurakshi River,
India. SN Appl Sci 2:1-23. https://doi.org/10.1007/
$42452-020-2839-4.pdf

Islam A, Ghosh S (2021) Economic transformation in the
wake of flood: a case of the lower stretch of the

Mayurakshi River Basin, India. Environ Dev Sustain,
1-41. https://doi.org/10.1007/s10668-021-01310-6
Islam A, Sarkar B, Das BC, Barman SD (2020) Assessing
gully asymmetry based on cross-sectional morphol-
ogy: a case of Gangani Badland of West Bengal,
India. In: Gully erosion studies from india and
surrounding regions (pp 69-92).Springer, Cham.
https://link.springer.com/chapter/10.1007%2F978-3-
030-23243-6_5

Jodar-Abellan A, Valdes-Abellan J, Pla C, Gomariz-
Castillo F (2019) Impact of land use changes on flash
flood prediction using a sub-daily SWAT model in
five Mediterranean ungauged watersheds (SE Spain).
Sci Total Environ 657:1578-1591

Karamouz M, Fereshtehpour M (2019) Modeling DEM
errors in coastal flood inundation and damages: a
spatial nonstationary approach. Water Resour Res 55
(8):6606-6624

Kannan R, Venkateswaran S, Vijay Prabhum M,
Sankar K (2018) Drainage morphometric analysis of
the Nagavathi watershed, Cauvery river basin in
Dharmapuri district, Tamil Nadu, India using SRTM
data and GIS. Data Brief 19:2420-2426

Kelson KI, Wells SG (1989) Geologic influences on
fluvial hydrology and bed load transport in small
mountainous watersheds, northern New Mexico,
USA. Earth Surf Proc Land 14:671-690

Leskens JG, Brugnach M, Hoekstra AY, Schuurmans W
(2014) Why are decisions in flood disaster manage-
ment so poorly supported by information from flood
models? Environ Modell Softw 53:53-61. https://doi.
org/10.1016/j.envsoft.2013.11.003

Markantonis V, Meyer V, Lienhoop N (2013) Evaluation
of the environmental impacts of extreme floods in the
Evros River basin using contingent valuation method.
Nat Hazards 69:1535-1549

Melton MA (1957) Correlations structure of morphome-
tric propertiesof drainage systems and their controlling
agents. J Geol 66:442-460

Malik MI, Bhat MS, Kuchay NA (2011) Watershed based
drainage morphometric analysis of Lidder catchment
in Kashmir valley using Geographical Information
System. Recent Res Sci Technol 3(4):118-126

Magesh NS, Chadrasekar N, Soundranagyagam JP (2011)
Morphometric evaluation of Papanasam and Man-
imuthar watersheds, part of Western Ghats. Tirune-
lueli District, Tamil Nadu, India: a GIS approach.
Environ Earth Sci 64:374-381

Macka Z (2001) Determination of texture of topography
from large scale contour maps. GeografskiVestnik 73
(2):53-62

Majumder R, Bhunia GS, Patra P, Mandal AC, Ghosh D,
Shit PK (2019) Assessment of flood hotspot at a
village level using GIS-based spatial statistical tech-
niques. Arab J Geosci 12(13):1-12. https://doi.org/10.
1007/s12517-019-4558-y

Meraj G, Yousuf AR, Romshoo SA (2013) Impacts of the
geo-environmental setting on the flood vulnerability at


http://dx.doi.org/10.4172/2329-6755.1000133
http://dx.doi.org/10.4172/2329-6755.1000133
http://dx.doi.org/10.1007/s40899-020-00393-9
http://dx.doi.org/10.1080/10106049.2021.1882008
http://dx.doi.org/10.1016/j.rsase.2019.100254
http://dx.doi.org/10.1016/j.rsase.2019.100254
http://dx.doi.org/10.1007/s42452-020-2839-4.pdf
http://dx.doi.org/10.1007/s42452-020-2839-4.pdf
http://dx.doi.org/10.1007/s10668-021-01310-6
https://springerlink.bibliotecabuap.elogim.com/chapter/10.1007%252F978-3-030-23243-6_5
https://springerlink.bibliotecabuap.elogim.com/chapter/10.1007%252F978-3-030-23243-6_5
http://dx.doi.org/10.1016/j.envsoft.2013.11.003
http://dx.doi.org/10.1016/j.envsoft.2013.11.003
http://dx.doi.org/10.1007/s12517-019-4558-y
http://dx.doi.org/10.1007/s12517-019-4558-y

30

watershed scale in the Jhelum basin. M Phil disser-
tation. India: University of Kashmir. http://dspaces.
uok.edu.in/jspui//handle/1/1362

Miller VC (1953) A quantitative geomorphic study of
drainage basin characteristics on the Clinch Mountain
area, Virgina and Tennessee, Proj.NR 389-402, Tech
Rep 3. New York: Columbia University, Department
of Geology, ONR

Obeidat M, Muheeb A, Farah A-H (2021) Morphometric
analysis and Prioritisation of watersheds for flood risk
management in WadiEasal Basin (WEB ), Jordan,
Using Geospatial Technologies. J Flood Risk Manag
14 (2). https://doi.org/10.1111/jfr3.12711.

Okumura M, Araujo AG (2014) Long-term cultural
stability in hunter—gatherers: a case study using
traditional and geometric morphometric analysis of
lithic stemmed bifacial points from Southern Brazil.
J Archaeol Sci 45:59-71

Patel D, Dholakia M, Naresh N, Srivastava P (2012) Water
harvesting structure positioning by using geo-
visualization concept and prioritization of mini-
watersheds through morphometric analysis in the Lower
Tapi Basin. J Indian Soc Remote Sens 40:299-312

Patton PC, Baker VR (1976) Morphometry and floods in
small drainage basins subject to diverse hydrogeo-
morphic controls. Water Resour Res 12:941-952

Pavano F, Catalano S, Romagnoli G, Tortorici G (2018)
Hypsometry and relief analysis of the southern
termination of the Calabrian arc, NE Sicily (southern
Italy). Geomorphology 304:74-88

Puno GR, Puno RCC (2019) Watershed conservation
prioritization using geomorphometric and land use-
land cover parameters. Global J Environ Sci Manag 5
(30):279-294

Ratna Reddy V, Saharawat YS, George B (2017)
Watershed management in South Asia: a synoptic
review. J Hydrol 551:4-13

Rajasekhar M, SudarasanaRaju G, SiddiRaju R (2020)
Morphometric analysis of the Jilledubanderu River
Basin, Anantapur District, Andhra Pradesh, India, using
geospatial technologies. Groundwater Sustain Dev
11:100434. https://doi.org/10.1016/j.gsd.2020.100434

Ratnam KN, Rao VV, Amminedu E (2005) Check dam
positioning by prioritization of micro-watersheds
using SYI model and morphometric analysis. Remote
Sens GIS Perspect 33(1):25-38

Samanta RK, Bhunia GS, Shit PK et al (2018) Flood
susceptibility mapping using geospatial frequency
ratio technique: a case study of Subarnarekha River
Basin. India Model Earth Syst Environ 4:395-408.
https://doi.org/10.1007/s40808-018-0427-z

Sebastian M, Jayaraman V, Chandrasekhar MG (1995)
Space technology applications for sustainable devel-
opment of watersheds. Technical report. Bangalore:
Indian Space Research Organization

Md. Hasanuzzaman et al.

Smith K (1950) Standards for grading texture of erosional
topography. Am J Sci 248(9):655-668

Strahler A (1952) Hypsometric (area-altitude) analysis of
erosional topography. Geol Soc Am Bull 63:1117-1142

Strahler A (1957) Quantitative analysis of watershed
geomorphology. Trans Am Geophys Union 38:913-920

Strahler A (1964) Quantitative geomorphology of drai-
nage basins and channel networks. In Chow V (Ed),
Handbook of applied hydrology (pp 439-476). New
York: McGraw Hill

Schumm S (1956) Evolution of drainage systems and
slopes in badlands at Perth Amboy, New Jersey. Geol
Soc Am Bull 67:597-646

Selvan MT, Ahmad S, Rashid SM (2011) Analysis of the
geomorphometric parameters in high altitude gla-
cierised terrain using SRTM DEM data in central
Himalaya, India. ARPN J Sci Technol 1(1):22-27

Shit PK, Maity R (2012) Rill Hydraulics—an experimen-
tal study on gully basin in lateritic upland of
PaschimMedinipur, West Bengal. India. J] Geogr Geol
4(4):1-11

Shit PK, Pati CK (2012) Non-timber forest products for
livelihood security of tribal communities: a case study
in PaschimMedinipur District, West Bengal. J] Hum
Ecol 40(2):149-156. https://doi.org/10.1080/
09709274.2012.11906533

Shit PK, Paira R, Bhunia G et al (2015) Modeling of
potential gully erosion hazard using geo-spatial tech-
nology at Garbheta block, West Bengal in India.
Model Earth Syst Environ 1:2. https://doi.org/10.
1007/s40808-015-0001-x

Shit PK, Bhunia GS & Maiti R (2016) Spatial analysis of
soil properties using GIS based geostatistics models.
Model Earth Syst Environ 2:107.https://doi.org/10.
1007/s40808-016-0160-4

Swets JA (1988) Measuring the accuracy of diagnostic
systems. Science 240:1285-1293

Taha MMN, Elbarbary SM, Naguib DM, El-Shamy I1Z
(2017) Flash flood hazard zonation based on basin
morphometry using remote sensing and GIS tech-
niques: A case study of Wadi Qena basin, Eastern
Desert, Egypt. Remote Sens Appl: Soc Environ
8:157-167

Toduse NC, Ungurean C, Davidescu S, Clinciu I,
Marin M, Nita M D, ...Davidescu A (2020) Torrential
flood risk assessment and environmentally friendly
solutions for small catchments located in the Romania
Natura 2000 sites Ciucas, Postavaru and Mare. Sci
Total Environ 698:134271. https://doi.org/10.1016/j.
scitotenv.2019.134271

UNISDR (2015) Making development sustainable: the
future of disaster risk management. In: Global assess-
ment report on disaster risk reduction. Geneva,
Switzerland: United Nations Office for Disaster Risk
Reduction (UNISDR)


http://dspaces.uok.edu.in/jspui//handle/1/1362
http://dspaces.uok.edu.in/jspui//handle/1/1362
http://dx.doi.org/10.1111/jfr3.12711
http://dx.doi.org/10.1016/j.gsd.2020.100434
http://dx.doi.org/10.1007/s40808-018-0427-z
http://dx.doi.org/10.1080/09709274.2012.11906533
http://dx.doi.org/10.1080/09709274.2012.11906533
http://dx.doi.org/10.1007/s40808-015-0001-x
http://dx.doi.org/10.1007/s40808-015-0001-x
http://dx.doi.org/10.1007/s40808-016-0160-4
http://dx.doi.org/10.1007/s40808-016-0160-4
http://dx.doi.org/10.1016/j.scitotenv.2019.134271
http://dx.doi.org/10.1016/j.scitotenv.2019.134271

2 Flood Susceptibility Mapping Using Morphometric Parameters and GIS 31

WMO (2016) World meteorological organization: flash ~ Youssef AM, Pradhan B, Gaber AFD, Buchroithner MF

flood guidance system (FFGS) with global coverage (2009) Geomorphological hazards analysis along the
Brochure Egyptian Red Sea Coast between Safaga and Quseir.
Worku G, Teferi E, Bantider A, Dile YT (2020) Prioritiza- Nat Hazard 9:751-766
tion of watershed management scenarios under climate ~Zare M, Pourghasemi HR, Vafakhah M, Pradhan B
change in the Jemma sub-basin of the Upper Blue Nile (2013) Landslide susceptibility mapping at vaz water-
Basin, Ethiopia. J Hydrol Regional Stud 31:100714. shed (Iran) using an artificial neural network model: a
https://doi.org/10.1016/.2020.100714 comparison between multilayer perceptron (mlp) and
Yang YCE, Ray PA, Brown CM, Khalil AF, Yu WH radial basic function (rbf) algorithms. Arab J Geosci
(2015) Estimation of flooddamage functions for river 6:2873-2888

basin planning: a case study in Bangladesh. Nat
Hazards 75:2773-2791


http://dx.doi.org/10.1016/j.2020.100714

	2 Flood Susceptibility Mapping Using Morphometric Parameters and GIS
	Abstract
	2.1 Introduction
	2.2 Study Area
	2.3 Data and Methods
	2.4 Results and Discussion
	2.4.1 Morphometric Parameters
	2.4.1.1 Linear Parameters
	2.4.1.2 Areal Parameters
	2.4.1.3 Relief Parameters

	2.4.2 Prioritization of the Sub-basin for Flood Susceptibility
	2.4.3 Validation

	2.5 Conclusion
	References


