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Abstract

This present study of flood susceptibility mapping was car-
ried out in GIS. | have taken into consideration Dakshina
Kannada District of Karnataka. The study area is mainly
Dakshina Kannada (South Canara) which is the southern
coastal district of Karnataka State. The area receives rainfall
mainly during south west monsoon season. The monsoon
has mainly affected agricultural lands, buildup lands and
other natural and man-made structures. | have mainly taken
into analyze the flood affected details in this district over the
period of ten years (2009-2019). Yearly once this type of
natural disaster or heavy rainfall (flood) has affected this
area. As Floods continue to pose greater threat to floura,
fauna and properties a clear understanding and assessment is
required to evaluate the flood prone areas. The Remote sens-
ing and GIS were used to estimate the risk of flood suscepti-
bility in this district. Frequency ratio model was used to de-
rive the flood susceptibility map. ASTER DEM was used to
generate the slope length. The Ten conditioning factors such
as slope, aspect, elevation, Normalized difference vegetation
Index (NDVI), Landuse/Landcover (LULC), distance from
road, distance from river rainfall, soil types and Stream
Power Index and Topographic Wetness Index and also flood
inventory map were used.

Key words: flood, heavy rainfall, South West monsoon,
damages, frequency ratio model, flood zone mapping,
Dakshina Kannada, GIS.

Introduction:

Floods in the India have detrimental effect on the popula-
tion, economy and governance. It is therefore essential to
study these effects to understand the dynamics associated
with them for proper planning recommendation. Rainfall
extremes cause flood situations. Increased surface runoff and
precipitation higher than the capacity of outgoing discharge
causes the water level to rise leading to the submerge of are-
as which is not conducive to sustainable development. Pre-

diction of floods is essential tool for all the decision makers
with respect to the lives of people as well as resources.
Flood models helps in understanding the floods and predict
them beforehand so that proper checks and prevention
measures are taken in advance to limit the loss of property as
well as people. Reaction to natural disasters play a major
role in managing them particularly in the case of floods. A
good flood model should have a proper early warning sys-
tem to facilitate prevention.

Flood hazard assessment and mapping is used to identify
areas at risk of flooding, and consequently to improve flood
risk management and disaster preparedness. Flood hazard
assessments and maps typically look at the expected extent
and depth of flooding in a given location, based on various
scenarios (e.g. 100-year events, 50- year events, etc.).
Measures to improve preparedness can include changes in
land-use planning, implementation of specific flood-
proofing measures, creation of emergency response plans,
etc. Flood hazard assessments can be further expanded to
assess specific risks, which take into consideration the soci-
oeconomic characteristics (e.g. industrial activities, popula-
tion density, land use) of the exposed areas.

Flood Hazard Mapping is a vital component for appropriate
land use planning in flood-prone areas. It creates easily-read,
rapidly-accessible charts and maps which facilitate the iden-
tification of areas at risk of flooding and also helps prioritise
mitigation and response efforts (Bapulu & Sinha, 2005).
Flood hazard maps are designed to increase awareness of the
likelihood of flooding among the public, local authorities
and other organisations. They also encourage people living
and working in flood-prone areas to find out more about the
local flood risk and to take appropriate action (Environment
Agency, 2010). Flood hazard maps can be used by develop-
ers to determine if an area is at risk of flooding, and by in-
surers to determine flood insurance premiums in areas where
flood insurance exists. Geographic Information Systems
(GIS) are frequently used to produce flood hazard maps.
They provide an effective way of assembling information
from different maps and digital elevation models (Sanyal &
Lu, 2003). Using GIS, the extent of flooding can be calculat-
ed by comparing local elevations with extreme water levels.
Key components of flood hazard assessment and mapping
include data for Digital Elevation Models (thus the topogra-
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phy characteristics of the area) and hydrological models to
simulate various flood events and their impacts. The data
can be further supplemented by land cover data, soil data,
and other datasets. For creation of maps and visualization
tools, additional software (e.g. ArcGIS) may be required.
Topography data can be collected (e.g. using LIDAR tech-
nology), or already existing topography datasets can be uti-
lized, where available. The depth and extent of flooding is
mapped using GIS software by measuring local land eleva-
tions in relation to extreme water levels. Flood modelling
and scenario design further requires hydrological data and
historical data on flooding events and rainfall patterns, as
well as climate data. These variables are used to assess the
flood depth and extent under different scenarios.

High-risk flood areas can thus be identified, allowing plan-
ners to improve preparedness and design interventions.
Flood hazard assessments and related maps can also be
adopted by land use and development planners as part of an
integrative approach to improve flood preparedness that can
improve future land developments and raise community
awareness.

Remote sensing and Geographic Information System tech-
niques has made tremendous contribution in flood monitor-
ing and damage/risk assessment that helps the disaster man-
agement authorities to mitigate and plan accordingly. They
have been universally used in various environmental as-
sessment studies as they are cost effective and reduction of
errors. Advancement in RS and GIS techniques has led to
improvement in disaster management studies such as flood
susceptibility mapping. This mapping can be easily pro-
cessed with the help of GIS and RS. Arc MAP is a compre-
hensive software package for the processing, display, analy-
sis and modelling of flood susceptibility mapping.

Need for the study:

Flood maps are used for various purposes by governments,
like emergency planning (e.g. evacuation) and spatial plan-
ning. In the case of spatial planning a distinction can be
made between places where flood maps serve an advisory
purpose, and places where there is a binding legislation to
use flood hazard or risk information. Flood zones (either
extent or danger zones) is an informative tool for decision
makers. The flood zone maps can be used for land use plan-
ning, flood control and drainage planning and flood control
and warning purposes. They are mainly used here because
year by year this type of disaster (heavy rainfall) affected in
this area, so flood zone mapping is very important of this
district. This district is mainly for coastal nearer district so
flood affection is yearly high. Some emergency planning
purposes is very important and essential in this district.

Objectives of the study:

The scope of the study is to estimate the flood risk and
flood susceptibility mapping for the Dakshina Kannada dis-
trict, Karnataka. The objectives are as follows:

» To create flood inventory map for the study
area.

» To create a flood susceptibility map using fre-
guency ratio model.

Study Area:

Dakshina Kannada is a district in the state of Karnataka in
India with Mangalore as its headquarters. It is sheltered by
the Western Ghats on the east and surrounded by the Arabi-
an Sea on the west, Dakshina Kannada receives abundant
rainfall during the monsoon. According to the 2011 census
of India, Dakshina Kannada district had a population of
2,083,625. Dakshina Kannada features a Tropical Mon-
soon climate . The average annual rainfall in Dakshina Kan-
nada is 4,030 millimetres (159 in). The rainfall varies from
3,774.1 millimetres (149 in) at the Mangalore coast, 4,530
millimetres (178 in) at Moodabidri and 4,329 millimetres
(170 in) at Puttur near the Western Ghats. The average hu-
midity is 75% and peaks in July at 89%.

Dakshina Kannada (South Canara) is the southern coastal
district of Karnataka State with an area of 4866 Sq.K.M. The
district is bound by sea in the west and Western Ghats in the
East, Udupi district in the North and Kerala State in the
South. Mangaluru is the district head quarters of Dakshina
Kannada and it has become an education hub with a number
of reputed institutions offering variety of courses attracting
students from all over the country and abroad. It is also fa-
mous for its beaches, temples and religious places of wor-
ship.

DAKSHINA KANNADA
STUDY AREA

£
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Table 1. Data for flood susceptibility mapping
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SOIL

The flood conditioning factors used for the study are alti-
tude, slope (Fig 3), aspect (Fig 4), geology, distance from
river (Fig 9), distance from road (Fig 8), soil type (Fig 10),
land use/cover (Fig 6), rainfall (Fig 7), Normalized Differ-
ence Vegetation Index (Fig 5), Stream Power Index (Fig 12),
Topographic Wetness Index (Fig 11), Sediment Transport
Index and curvature.

Fig 10. Soil
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Fig 13. Methodology for Flood Susceptibility Map

Results and Discussions:

I. Estimation of Flood Susceptibility condi-

tional factors

The flood inventory map was prepared by interpreting and
compiled from news reports, literatures, Bhukosh website.
Some random points were also used in this study. Because
using the polygon format of the inventory was problematic
for the algorithm and the results. In most of the similar sus-
ceptibility modelling, the inventory data was used as a point
format. A total of 327 flood events were identified in the
Dakshina Kannada district. In this study, models such as
frequency ratio is used for flood susceptibility mapping.
The flood conditioning factors used for the study are alti-
tude, slope, aspect, distance from river, distance from road,
soil type, land use/cover, rainfall, Normalized Difference
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Vegetation Index, Stream Power Index, Topographic Wet-
ness Index.

The flood conditioning factors of altitude, aspect and slope
were obtained from digital elevation model (DEM). DEM
for the study area was generated from the ASTER.

The SPI and TWI conditioning factors were obtained by (fig
14)

SPI = Agtanf

TWI = In (=
=m (tan ,6)
Fig 14. SP1 and TWI formulae

where As is the specific catchment area, and g (radian) is the
slope gradient (in °).
STI (fig 15) and NDVI were obtained by
A .
STI = (==-)6 (sin £/0.0896)3

22.13
Fig 15. STI fomulae

factor. A greater ratio indicates a stronger relationship be-
tween a conditioning factor and flooding, and vice versa. If
the FR value is higher than 1, the relationship is strong, and
conversely weak if less than 1(Lee and Talib 2005; Sujatha
et al. 2013). For calculating a Flood Probability Index (FPI),
the FR value for each factor was added to the training area.
The flood hazard value represents the relative hazard to
landslide occurrence.
FPI=Frl+Fr2+Fr3+ K+ Frn

where Frl is the rating of each factor’s type or range, such
that the greater the value, the higher the susceptibility to
flood occurrence and the lower the value, the lower the sus-
ceptibility to landslide occurrence.The frequency ratio was
the ratio of the probability of an occurrence to the probabil-
ity of a non-occurrence for given attributes. The frequency
ratio will be calculated according to equation 1:
FR= % of pixels of flood /% of pixels in domain (D)

Tab 2. Frequency Ration Model Calculation

5No FACTORS CLasses | Number [ Pixekiin [ Pixein Pixels in | FR
where £ is the slope at each pixel, and As is the upstream ol oo
area NDVI = NIR - RED /NIR + RED. ‘ o S S ot At Bt
where NIR is the near-infrared band and RED is the red J II: 601:: wﬂf 4?:5 6;5
band. 0308 me 5424 | 0056409
The factors such as soil types was constructed with 4 groups : ; : i'n 94“ m:,: :4 3
namely Dystric Netrosols, Dystric Regosols, Eutric netrosols s | oam | w Lo |
and Plinthic Aeriosols. The rainfall factor has 16 sta- ELEVATION ! N I S
tions.The NDVI was reclassified into 5 factors. The : A | v N WARIR{ Redan
Landuse/Landcover was reclassified into(Waterbody, Forest, ; : O
Barren land, Vegetation and Built-up). Distance from also ; & R ol
classified into 5 factors. Aspect (Direction) was constructed o el (el ool (e
using 10 factors namely flat, north, northeast, east, southeast, 3 T B B TRy T i B R
south, southwest ,west , northwest and north. 3| wozerss | oveoe | om3we3 | 108751
3 3 10.09174 487072 9.833337 1.026278

I1. Frequency Ratio Model i B B Ml i B

FR is a cost effective and essential BSA method for evalu- S I e I v B
ating the impact of each classes of the conditioning factors N [N S
on the flood occurrences. FR is the expression of the ratio of . o | e e lessrml| pivams
the probability of an occurrence of any environmental attrib- 5 s ikl e s i
ute to that of a non-occurrence for said attribute (Lee and 7 % |l s | eeesl e
Sambath 2006; Lee and Pradhan 2007). It is regarded as a e i | s |
simple, easily understandable method (Yilmaz 2007). The ‘ SOILTVFES ! el B B
greater the FR, the more substantial is the relationship be- il i il i
tween occurrence and specific variable (Pradhan 2010b; : i i
Sujatha et al. 2013). All the scaled flood conditioning factors 1 I R R B
were classified, in order to perform FR analysis in GIS. s ' 1’; ;5“ “I’Df“ '
While many classification techniques exist, the quantile DETANCE 1 N R T R
method was chosen for this purpose, based on its popularity 2 B || oese | lss |
(Tehrany et al. 2013). Altitude, slope, SPI, TWI, NDVI, 3 T |amen| averr | 620 | 0mm
rainfall, distance from river and distance from road were ; 3| el UM |f RGO || BRH
categorized into 10 equal area classes. FR was applied and : Y|SBl | eelm |0
the weights were assigned to each class of each conditioning e
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Fig 16. Flood Susceptibility Map

Conclusion:

Frequency ratio can therefore be efficiently used in flood

susceptibility mapping. In particular, the particular method
can be quickly and effectively applied to areas with less map
data, and at minimal to low cost. Flood susceptibility maps
are of increased help to urban planners and engineers. They
can easily choose and mark high susceptible area with re-
spect to floods for further detail survey and identification of
suitable locations to implement development. The results
discussed here may be used as basic data to assist in slope
management and urban land use planning.
GIS techniques and analysis are valuable tools pertaining to
various fields. They have been used for mapping, modelling
and analysis of various applications in disaster management
at different scales. Floods are hazardous natural disaster
phenomena which cannot be prevented. The present study
shows a simple and cost-effective way of using geographical
information system for creating flood susceptibility map
from the available data base. This study attempts to prepare
flood susceptibility map using ArcGIS software tools. Using
the flood susceptibility map, flood prone areas can be identi-
fied, which will assist in appropriate planning of develop-
ment works.
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