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Abstract: Due to climate change and uncontrolled
urbanization, frequencies of floods are increasing these years.
In a developing country like India, flood creates a great havoc
which takes many years to get restored. To mitigate the affect
of flood disaster, an accurate flood inundation warning is
required.

In this system, a geographic information system (GIS) model
is developed on the basis of Digital Elevation Model (DEM) and
the shapefile of buildings. They accurately analyze the land
behavior in presence of flood and identify the flood inundation
risk of different places. This would be helpful to take active
measures to mitigate the destruction caused by flood, in time
being. Global Precipitation Measurement’s (GPM) half-hourly
rain data is used to find the impact of rain on current flood
conditions in various areas; this helps to warn the people living
in nearby places, as they also may have threat of life and
property.

This system also contains the flood relief system which is a
web-based system (developed using PHP) having web
application and MySQL database, to create a platform that
provides a foundation that prepares the donors to help the
victims of flood with various kinds of donations. This system
informs the donors by sending an SMS using a GSM module.
This is done to prepare the donors with their donations,
immediately after the flood warning is released. These
donations would equip the authorities to provide essential
needs of the flood victims. This system is developed for
Mumbai city, India’s largest city as it is a city affected by flood
almost every year causing great destruction of property and
life.

Index Terms: GIS, remote sensing, DEM, Ardunio, MySQL,
PHP, GSM

I. INTRODUCTION

Temporary overflow of water to a normally dry area due
to entrance of large amount of water which cannot be
drained at the same rate and gets accumulated is called
flood. The source of this large amount of water can be heavy
rainfall, precipitation, rise in water level of river, broken
dams which may be caused due to levees failure, improper
drainage basins, natural disasters like storm surges and
earthquake in water, known as Tsunami. Whatever may be
the source of flood water but it has the potential to destroy
the life and property in huge amounts, that too without
warnings or signs which makes people, authorities and
government powerless and helpless to avoid the havoc it
creates.

Flood is the deadliest natural disaster which affects
millions of people every year. Various technologies are
being developed to warn people for flood and mitigate the

damage, yet many millions of people are affected by flood.
International disaster database declares that in 2018, 109
floods occurred throughout the world which devastated the
lives of many people as shown in “Figure 1” [1]. India is a
developing country which is affected by flood every year
especially in its monsoon season which is from June to
September. The southern and north-western India receives
50%-75% of their total annual precipitation in this season.
India receives average rainfall of 200-300 mm [2].
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Figure 1. Statistics of floods occurred in 1970-2018.

Mumbai is taken as study area for this work because
Mumbai is the largest city on India’s Konkan coast in west
coast and it is the financial capital of India. Mumbai is the
most densely populated metropolitan city of India with
population of 18,394,912 as of 2011. Mumbai generates
6.160% of India's GDP, accounts for 25.0% of industrial
output from India and brings 70.0% of capital transactions to
India's economy. The ports of Mumbai execute 70.0% of
India’s maritime trade. This city provides a lot of
employment opportunities, for instance, the factories in
Mumbai produces 10.0% of total factory employments in
India. The industries in Mumbai produce 25.0% of total
industrial outputs for India. Mumbai benefits the Indian
government’s revenue as the citizens of Mumbai pay 33.0%
of total income tax collections, 60.0% of total customs duty
collections, and 20.0% of total central excise tax collections
in India. The companies of Mumbai play a vital role in
foreign trade as 40.0% of India's foreign trade is done in
Mumbai [3]. These factors get disturbed when Mumbai is hit
by floods every monsoon and produce a very negative
impact on the economy of its state and that of the nation.
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In monsoon season western and central India receives
more than 90% of their total annual precipitation. India has
coastline of 7516.6 km which cross through Mumbai, this
makes it more prone to flood due to water overflow from
coastal seas. Apart from this uncontrolled construction,
antiquated drainage system and ruination of Mangrove
ecosystems due to aquaculture expansion increase the
damage cause by floods in Mumbai [4].

In 2017 Mumbai was flooded due to 468 mm of rainfall
within 24 hours and two to three days of heavy rainfall over
central India; this killed 14 people. This flooding caused a
building to collapse, killing at least 21 people [5]. The
transport system of trains and roadways was collapsed.

In 2005 Maharashtra floods, which were caused due to
944 mm (37.17 inches) of rainfall within 24 hours, 644mm
(25.35 inches) within 12 hours which killed 1,094 people [6].
The loss incurred was about Rs. 550 crores (US$100
million). The damage caused to transport was very huge.

In these ways Mumbai floods are bringing a huge damage
of life and property. So, it is very crucial for the nation to
preserve its financial capital Mumbai from frequent flood
damage [7]. In this work, a GIS based model is developed
which identifies the blue-spots (place where the water gets
in and accumulates because it has no outpour) which makes
the buildings of this area more prone to flood, those
buildings are identified using ArcGIS [8], a GIS based
software.

The amount of rain water, which totally inundates an area
that is prone to flood, is calculated and is known as the fill-
up value; later this value helps to identify when the flood
water will flow out to its nearby places. The near-real time
precipitation data generated through remote sensing is
processed to identify the present condition of flood through
which a flood warning can be released for the people living
nearby. A flood relief system is developed which contains a
website based on PHP, this enables the donors to get
registered and it stores their information in a database. These
donors are informed about the potential flood victims who
may suffer, when the flood warning is generated so that they
can send their donations to the flood victims.

I1. LITERATURE SURVEY

There are many existing flood warning systems such as,
Central Water Commission (CWC) of government of India.
It monitors the flood situation by observing discharges along
the major rivers in the country and issues a flood warning.
This Flood warning Network has 325 stations which covers
197 low lying cities and towns. This system is able to
mitigate low to moderate level of floods, but it fails to be
accurate in case of Mumbai which have only four rivers and
which is mainly hit by pluvial flood almost every year.

Dadasaheb K. Mane [9] proposed a flood warning system
which uses ultrasonic sensor, deployed by the river side to
monitor the water level of the river, this system monitors
flood but any disturbance caused due to wind or sound of
water alters the data. Morcover, the ultrasonic sensor has
lesser range, which is up to 3 meters. Hence, it is not much
reliable. Barometric Pressure sensor is implemented to
identify the water level of the river as it avoids all the

CVR Journal of Science and Technology, Volume 18, June 2020

DOI: 10.32377/cvrjst1810

disturbances using a pipe and generates an alert, as proposed
by Azid et al. [10]. But it is limited only for fluvial flood
where flood occurs mainly due to river overflow and it
views the incoming flood only from one region i.e. where
the sensor is deployed in case of a large river, multiple
sensors can help to understand all the flood sources.
Moreover, this can warn only the people residing by river
side, which is not the exact case of Mumbai.

According to Khalaf et al. [11] and Devaraj et al. [12],
water level sensor can be used to sense the water level in
rivers; forming a network of these sensors can produce a
flood warning but fails to give information of the direction
in which flood water is flowing, especially in a residential
area. The information about the direction of flow of flood
water would help much more accurately. Hence it produces
a flood warning but not accurate enough to help people of
Mumbai due to inadequate sensors in the network which
would tell the direction of flow of flood water. Moreover,
the rain data must also be considered to track the current
flood condition.

Dense number of rain gauges that form a network can
help to track the precipitation rate and identify flood risk as
proposed by Carbone et al. [13], but it is not economically
feasible for India, moreover it should be setup in a flat area,
a place which has no blockage towards sky and must be
away from any kind of blockages such as buildings, trees,
etc. Moreover, this network requires maintenance of the rain
gauges, as damage of a single rain gauge can diminish the
accuracy. This is hard to implement in Mumbai city which
has very dense population that makes this approach
inappropriate.

To get accurate precipitation data for flood warning in
addition to number of rain gauges, optimal locations to setup
rain gauge is also vital, Kriging technique is used for this
purpose, according to Sajal Kumar Adhikary et al. [14], this
technique provides good quality rainfall estimates to release
accurate flood warning, but it takes a lot of effort to
practically implement it, satellite data can be used as a
substitute to get rainfall information in flood-plain. In
addition to this the study of terrain's surface and hydrology
helps better to build an accurate flood warning system as it
tells where the flood water is going to get accumulated and
where inundation will occur.

Flood-plain mapping helps to understand the direction of
flow of flood water, which can be implemented by DEM. It
is the raster data set which provides the information of
elevation at every location. This is used to compute the
structural properties of watershed area to plot the
susceptibility to floods according to Keighobad et al. [15].
This data provides the information of flood risk in an area,
but it is a static topographic model, a dynamic model helps
better.

In this work, DEM map of Mumbai is used to identify the
areas of sinks. All the sinks belonging to the same group are
identified and grouped together. The buildings which fall
under the sink regions are identified and declared as the
region having risk of floods. Moreover, remotely sensed
precipitation data is processed to release flood warning. The
objective of this work is to develop a customized flood
warning for Mumbai, improve the accuracy of flood
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warning using sinks, release timely warnings and develop a
flood relief system.

II1. FLOOD WARNING SYSTEM BASED ON SINKS

A. Identification of flood-risked Buildings

To understand the affect of flood in different areas, the
elevation data of the affected area is to be studied. A Digital
Elevation model (DEM) map provides the elevation data of
earth’s surface. The DEM data of Mumbai used for this
work is taken from NASA’s STRM DEM data. This DEM
data has to get geo-processed, in order to understand the
flood dynamics.

GIS is a framework used for gathering, managing, and
analyzing geological data. It integrates many types of data
and performs various operations on them. The output of
processed information is shown in the maps; they have
specific geographical coordinates in reference to the actual
geographical coordinates. The basic unit of a map is pixel or
cell. ArcGIS is the software that provides a platform to
perform geo-processing on the input data.

For this work DEM map is taken as input of the flood
warning system. It has 90 meters horizontal resolution. It
also has a vertical resolution or accuracy. The elevation
shown in DEM map, which is less than vertical accuracy,
might be an error. These errors should be removed before
geo-processing the data to obtain flood warning. The DEM
map is made error free and is used to identify sinks in the
flood plain area that is shown in DEM map. All the cells
having elevation less than zero are identified as sink cells,
where as zero is considered as the normal ground elevation.

All the pixels having sinks and the pixels which have
continuous sinks are grouped to find out the whole region of
sink. These regions are dissolved to identify the sinks as
whole which gives us the information about the inundation
areas as the flood water gets accumulated in these regions.

Vector map is a map consisting of points, lines or
polygons used to represent a delineation of three-
dimensional data, such as parks, buildings or water bodies.
The collection of vector data is called a shape-file as shown
in “Figure 2”. A shape-file contains a table attached to it,
called as attribute table which stores the data of the vectors
drawn in the shape-file. A shape-file is required to draw the
delineation of the shape of raster (a 3-D object).

In order to have more accuracy of flood warning i.e. up
to building’s level, the shape-file of buildings is
superimposed on the sink’s map. To exactly super-impose a
map on other map, it must be geo-referenced in order to get
the information without any errors of direction. To match a
digital map to real world ‘geo-referencing’ is done. Geo-
referencing is the assignment of a real world geographical
coordinate system to a digital map, which specifies each
location as a set of latitude (horizontal) and longitude
(vertical).

Latitude is a point formed by the angle between the plane
of equator and the centre of the Earth. Longitude is the angle
formed by a reference meridian to another meridian, from
east to west. Geo-referencing is done to precisely match
different layers over a base layer on a map, in this case the
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geo-referencing is used to map the buildings over sinks map,
and this is done to get building level accuracy. Geo-
processing is done to identify the buildings which have the
risk of flood, and to warn them.

Figure 2. The Mumbai city buildings Shape file.

The flood risked buildings are pin-pointed by
implementing the algorithm shown in the flow chart of
“Figure 3”. This is implemented by creating the model in
ArcGIS and automating the model by a python script which
takes in the inputs, automatically processes it and provides
the flood risked buildings as output.

This provides us with a static model of area having sinks,
where the flood water gets accumulated. To get more
accurate flood warning system, we have to make the flood
warning dynamic, for that the hydrological aspects of this
area must be considered, such as flow direction of water.

REMOVE ERRORS
IN DEM

{

IDENTIFY SINKS

{

GROUP SINKS OF SAME
REGION

L ]

DISSLOVE ALL REGIONS

'

FLOOD PRONE
BUILDINGS

Figure 3. Flood-risked buildings Identification Flow chart.

B. Identification of fill-up value of sinks

To identify situation when the accumulated flood water
will flow out to its neighboring places, the fill-up value is to
be identified. For this purpose the volume of sinks can be
identified by adding the elevation of all pixels; this addition
will provide the height. The area of sinks is identified by
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finding the area of pixels of different regions of sinks. The
inundation in an area can be caused by two reasons; first
reason is due to precipitation and another is due to water
flowing from higher elevation to lower elevation area. To
identify the water accumulated in an area besides that which
is due to precipitation, the flow direction must be
considered. The flow direction of water is calculated by
identifying the steepest continuous neighbor pixel for a
given pixel, from the eight surrounding pixels, this provides
the flow direction map.

Inundation mainly occurs in the area where the water
flows in but does not flow out (which means the region
formed by combination of continuous pixels where none of
surrounding pixels is having steepest elevation, from which
the water can flow through), this region is called a
watershed. A watershed is an area on the top of the slope
which has a common point for concentrated drainage flow
known as pour point. Pour point is the lowest point in the
boundary of watershed. A watershed may contain many
watersheds which are called as sub-basins. The watershed
area is described from the flow direction, which is derived
from the DEM. Watershed area is used to determine the
catchment area for precipitation data, as the affect of rain in
any part of a region is same as that of whole region because
the water doesn’t flow out till it reaches the fill-up value.
The fill-up value gives the information when the water will
start flowing out of the watershed area and will make the
nearby areas inundated and it is derived from “Eq. (1)”.

Fill-up value = Sink volume /Watershed area (D)

C. Finding current situation of flood using Near-Real time
precipitation data

The volume of sink and the watershed area is used to
determine the fill-up value of the sink. After determining the
fill-up value the near real-time precipitation data is used to
dynamically check whether the sink is filled or not, this is
done by identifying whether the current rainfall has
exceeded the height of pour-point of sink, which gives the
information of inundation for that area. This information can
be used to warn the people living in a watershed region and
nearby places and helps the authority to evacuate the people
residing there.

D. Web-Based Flood relief system

The flood relief provided by the government is not
available soon and not sufficient. To meet this lack, a large
group of donors are required to be prepared well before,
who can send relief to the flood victim’s for the time being
and can help them. To prepare this system the donors are
made to sign up for donations through a web-page,
especially the donors residing in the nearest unaffected
regions. So that when a flood warning is released, donors are
sent an SMS which gives them the information of flood
victims suffering in a particular place, and encourage them
to come forward and send donations to help the flood
victims. These donors are informed to get prepared well
before for the donations and when need arises the victims
can receive their help from them.
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PHP is a server-based backend language used to develop
dynamic web pages. It is used here to develop registration
webpage. HTML is used to develop static web-pages and
CSS language is used to style the web-page. All these
languages are used to develop a website where donors can
sign-up, they have to give their information and phone
number. All their data is stored in a database. When a flood
warning is released this list of donors is retrieved from the
database and the information of flood victims is given to
them through SMS sent to their respective phone numbers.

F. SMS containing donation information

GSM module is used to send SMS using its SIM 900A
module, it basically contains a modem. It is controlled by
Arduino Nano which contains Atmel ATmega328
microcontroller; it operates on 5V and at the clock Speed of
16 MHz. AT commands are used to control the modem.
There are various commands for different operations such as
AT+CGDAT for establishing a connection, ATD for dialing
up a connection or AT+HCMGS for sending SMS to a
receiver. Flow chart as shown in “Figure 4” shows the
process to send SMS which would inform the donors about
the flood victims and would encourage them to help these
people.

SETUP CONNECTION

X

SETUP NETWORK CONNECTION

DEFINE TEXT AND PHONE
NUMBERS

SEND SMS FUNCTION

END CONNECTION

Figure 4. SMS over GSM communication Flow chart.

IV. IMPLEMENTATION & RESULTS

ArcGIS 10.5 is used to develop the sink based flood
model. It is GIS based software which provides
infrastructure to generate maps and manage geographic
information. Shuttle Radar Topography Mission (SRTM) by
NASA is used to get the remote sensed DEM data which
determines the flow and displacement of the flood water
over the land. It consists of 176 orbits, acquiring the Digital
Elevation Model (DEM) of 80% of the land from between
60 degree North and 56 degree south latitude, except some
areas where the hills block to measure the actual height. It
has pixel size of 3 arc second (approx. 90 meters). It is
arranged in the form of tiles of one degree each. This means
each pixel of DEM map of Mumbai used in this work is of
90 meters as shown in “Figure 5”.

In ArcGIS various geo-processing tools are used to
develop this flood warning system such as, spatial analyst
tool-set; it contains the tools required to process the data on

58 CVR College of Engineering



E-ISSN 2581 — 7957
P-ISSN 2277 - 3916

the basis of its space. It is used to make the DEM map error
free, identify the sinks, group the sinks and dissolve them to
get overall sinks. Moreover, ArcGIS contains conversion
toolset, which contains the tools used to convert the raster
(3-D) data to vector data (2-D) for certain operations which
operate only on a vector data. The output of first model has
a map showing the risked buildings along with the table
containing the data of regions having sinks with their depths.
The model is scripted to get automated using the python
plug-in called as arcpy.

Figure 5. Mumbai DEM map.

The DEM map is made error free and the sinks are
identified as shown in “Figure 6”. The sink pixels give
information about the inundated regions, all non-blue pixels
show sink pixels of different depths, where the reddish
pixels show the more depth sinks and light-colored pixels
show less depth sinks.

Figure 6.  Sink pixels showing inundated regions.

The continuous sink pixels are grouped into a region as
shown in “Figure 7”. Different colors of groups distinguish
the different depths of sink regions. The dark-colored ones
reveal the deep sink regions whereas the light-colored reveal
the less deep sink regions.
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Figure 7. Grouped region’s of sinks.

The grouped sinks are dissolved to identify the sinks in
the entire Mumbai city. This will give us the information of
the areas having inundation risks. The shape-file of
buildings is mapped onto the map of dissolved sinks by geo-
referencing them, then the buildings having flood risk are
identified. The pink colored region is the region of sink and
the buildings within these sinks are having flood risk as they
lie in sink region as shown in “Figure 8” the output also
contains a table listing the buildings having flood risk.

Figure 8. The buildings having flood risk are displayed.

The direction of flow of the flood water is determined by
identifying the neighbor pixel having the least elevation,
through which the water gets to flow, from the flow
direction map the watershed area is derived as shown in
“Figure 9”. The different color regions display the different
outpour points into different watershed areas.

Figure 9. Various Watershed areas are displayed.
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The fill-up value is calculated using the sinks volume and
the watershed area. The sink volume is identified by
subtracting the average height of normal elevation from the
elevation of sinks, this gives the height a sink when
multiplied by the sink region’s area it gives the volume of
sinks. The volume of sinks and watershed area provides the
fill-up value of sink as few of them are shown in the
attribute table of “Table 1”.

The fill-up value of all sinks in millimeters, so it is easy
to analyze on the basis of rainfall data as rainfall data is also
in millimeters. The OBJECTID and Value fields specify the
unique number for each sink region. Count Field gives
information about the number of features each individual
region contains in it.

TABLE 1.
TABLE CONTAINING FILL-UP VALUES OF EVERY WATERSHED REGION
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To make the flood warning system accurate, the NASA’s
GPM (Global Precipitation Mission) Integrated Multi-
satellite Retrievals for Global Precipitation Measurement
mission (IMERG) rain data is taken. This provides near-real
time half-hourly rain data of the Mumbai city. This data is
analyzed with respect to the nearby rivers and the
watersheds.

A model is developed in ArcGIS and scripted which
continuously monitors the rain data with respect to land
hydrology to analyze how rain is causing the flood such as
its behavior on the rivers and the watersheds. Finally all the
models are combined to produce the accurate flood warning
in form of a table containing the names of buildings which
face the risk of being inundated and need to get evacuated.

This model was implemented on 2™ July 2019, when
Mumbai received highest rainfall of that in last 10 years.
The half-hour GPM IMERG data was constantly collected
and implemented in the model of flood risked buildings and
that of fill-up value which gave the result of buildings which
were going to get inundated and needed to get evacuated.

The result gave a huge list of buildings where were
having flood risk and needed to get warned to be in their
homes and the old houses were to get evacuated. Some of
the buildings for which warning is given are shown in the
table given in “Table 27,
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TABLE II.
TABLE CONTAINING LIST OF FLOOD RISKED BUILDINGS.

Table

EME-RL 111
ind_area_ras
OBJECTID* | Value | Count | name type
y 1 1 @‘M\dd\e Ground Shoal
2 34| 1083Siddhivinayak Mandir place_of worship
3 55 1748
4 57 2090 |Jayanti Jagannath Pendre Park
5 75 4297 stadium
5 85 1444 [Gateway of India monument
7| 07| 2483TajMahal Hotel hotel
8 115 3116 Vidhan Bhavan apattments

9] 13|  2646/Bombay Stock Exchange
0] 66| 258 Cruise Teminal
i 78] 1444
2] 186 1787 oof
13 193] 703|Mumbai CSMT (Suburban) roof
W[ 211 11743|Gitanjali Garden apartments
66| Walsingham House School apartments
6] 232 1444 |Jamshed Bhabha Theatre apartments
7| 238 1425 Bij Kutir Shopping Centre retal
18] 246]  722|Woodland Appartments apattments
18]  260]  12999 |Regency Hotel apattments
20[ 261 3098|Dariya Mahal 3 apartments
21 270 2489|Sagar Kunj apartments
22| 275]  1046|Hanuman Bhavan apattments
23] 285]  703[Glenogle apattments
24 31 3933[Trade View
25] 329 2109|Nehru Planetarium
26] 335 1729|Madhu Kunj
27| 3 4836
28 356 1406 |Seva Sadan
29 365] 1444 |Bakhtawar
30[ 3783|7809 |Pleasant Palace
3 379] 2489 |Bharat Villa
32| 383 4941|Symphony
33| 384 703|WIAA Club
34 42]  1083[Tulip
35 423| 34602 |Daisy Lea

36 436 722 |Saint Elizabeth's Hospital

apattments
apattments
apartments
apartments
apattments
apartments
apantments
apattments
apattments
apartments
apartments
apattments

The website is created which displays the information of
flood warning; it also contains the web-page where the
donors can register themselves. To identify the website a
domain name required and a server is needed to host the
website. The web-page is created using PHP, which is
connected to the phpMyAdmin database in backend, to store
the donor’s information as shown in “Figure 10”. In order to
send SMS to inform the donors about the flood victims and
encourage them to come forward and help the flood victims
by donating their donations, nearby donation centers were to
be set up by non-government organizations. In this way this
website acts as a mediator to connect the donors with the
non-profit organizations and provides the facility to help the
flood victims.

Sorws ot » kb 27760 » B ke g

Bowse f Srwus ] SOL \ Sewen [ men o Egen o et ) Opesens X Taggens

Recort Favortos
| o S s 0 4 5 ol Quary ook 010010 saconds |
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#-.4 inlormaton_schama

phonermber

Figure 10. Donor’s information is stored in the database.

When the flood warning is released the donors are send a
personalized SMS asking them to help the flood victims by
providing their donations to the victims. To automate this
work as it is very time consuming manually, a device is
created dedicated to send SMS by using Ardunio nano,
which is used to send commands to the GSM module as
shown in “Figure 11”.
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GSM based Device that sends SMS.

Figure 11.

This flood warning system uses DEM of 90 meters
accuracy to create a static model of sinks and identifies the
buildings having inundation risk which is very accurate. It
also takes GPM IMERG data having 0.1 arc seconds of
accuracy i.e. 11 kilometers. This data helps to study the
impact of rain on the Mumbai floods, the direction of flow
of flood water, where the water gets accumulated and the
pour points with respect to the falling rain. The models are
automated using python script which takes very less time to
execute as soon as the half-hourly averaged rainfall data is
available as input.

The existing flood warning system by CWC releases
flood warning, district wise [16] as it is accurate in
providing the information regarding the districts only, but
more accurate system helps the flood victims a lot more
such as this work which produces flood warning as per
buildings.

The existing rain gauge based flood warning system [17]
has less accuracy than this work as it can produce flood
warning up to street level, which is good but not much
accurate. With rain gauge system the accuracy can be
improved by deploying more number of rain gauges which
is not much feasible. This work also overcomes the
limitation of rain gauges as it takes the remote sensed rain
data to monitor the formation of flood and produce a flood
warning.

V. CONCLUSIONS

Flood is the most devastating natural disaster in India.
The flood inundation warning system should be capable of
accurately mapping the effect of flood over a region. The
GIS model is produced, which identifies the sinks in
different regions and maps it according to the buildings
constructed in that area. This gives us the information about
affected buildings. Their fill up value is calculated based on
the sink volume and the watershed area. The buildings
constructed within the sink area are pronounced as buildings
having flood-risk as these areas have no outpour till the
flood water will reach the level of their pour-point. These
kinds of buildings are determined. With the help of near-real
time rain data through remote sensing the outpour time of
the inundated areas are calculated and the flood warning is
released to the nearby places. Hence, an accurate flood
inundation warning up to buildings level is released.
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The flood relief system is developed based on the website
which registers the concerned donors for the flood relief and
this data is stored in the database. From here the GSM
module, controlled by Arduino nano sends the donors the
flood information through SMS, even before the flood
inundation starts the authorities are equipped with donations
which are necessary for the victims.

In future this system can be improved by using the
précised rainfall prediction data with this model to get more
accuracy also more accurate DEM data and remote sensed
data from aircrafts or satellite with high accuracy can be
used.
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