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Abstract

Delineating a flood map is critical in order to perceive the potential risks of the event at
diverse communities living both in urban and rural settings in Bangladesh. A timely
generated flood map can help determine the losses of properties, calculate payment options
from insurances, and set up mitigation measures when required. Application of satellite
remote sensing (RS) and geographic information systems (GIS) are common these days to
determine inundated areas, and to calculate possible losses of economies at scale. However,
challenges remain while considering the available options for collecting satellite imageries
obtained during the monsoon season with more than 70% cloud coverages found in the data.
As a result, active synthetic aperture radar (SAR) sensors are a better choice to utilize the
data in delineating the inundated areas. In doing so, this scientific paper sets up a few
objectives to (i) prepare a flood map of Bangladesh using SAR remote sensing data available
from Sentinel-1 satellite; and (ii) generate the inundated maps using cloud-based product,
i.e., Google Earth Engine (GEE) in categorizing flood-affected districts of Bangladesh in
2020. Results have demonstrated that approximately 11% area of Bangladesh has been
affected by the 2020 flood mainly located in the north-central and north-eastern part of the
country. Moreover, the old Brahmaputra floodplain, Tista floodplain, lower Ganges-River
floodplain, and Karataya-Bangali floodplain have been severely affected by the flood. Note
that, the GEE-based automated processing systems adopted in this study have enhanced the
computational time while obtaining freely available satellite data to generate mitigation
strategies for the betterment of the communities suffered by the flood event.

Keywords: inundation, SAR sensors, Sentinel-1, Google Earth Engine, physiography, geographic information
system

Introduction

The temporary overflow of water that inundates typical drylands in any location is generally termed a flooding
event. Flood takes place due to heavy and continuous rains during the monsoon season, surges from storms that
strike the inland areas from the ocean, rapid melting of snow, or damaging the dams, embankments, or levees
during the high rainfall season (NOAA, 2021). Recently, the frequency of global flooding events has been
increasing significantly due to deforestation, abrupt changes in landuse and landscapes, increasing number of
coastal storms, inadequate management of urban stormwater runoffs, and climate change (Asinya & Alam, 2021;
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Baky et al., 2020; Dung et al., 2021; Haque et al., 2021; Hirabayashi et al., 2013; Jothimani et al., 2021; Khosravi
etal., 2016, 2018; Manawi et al., 2020; Mubialiwo et al., 2022; Nsangou et al., 2021). Flooding is considered as
one of the major natural disasters globally that poses enormous damage to life, economy, environment, and
nonliving objects (e.g., infrastructures, transportation networks, houses, urban centers, crops, etc.) (Ahmed et al.,
2017; Dung et al., 2021; Hirabayashi et al., 2013; Messner & Meyer, 2006). Flooding is responsible for
approximately 40% of the devastating impacts of natural disasters throughout the world (Bich et al., 2011).
Scientists have reported that the damages are done in agricultural productions, disrupted human settlements,
polluted natural and built environment, and claimed lives (Chapi et al., 2017; Messner & Meyer, 2006; Sarhadi et
al., 2012; Yu et al., 2013). Approximately one billion people are living close to the vulnerable river basins that
are subjected to flood risk each year (UNU, 2018). These areas are expected to experience a potential increase in
excessive rainfall and precipitation in the coming years. Furthermore, the increasing number of populations living
close to the vulnerable areas to flooding may increase the loss of human lives and properties. The figures are
expected to become almost doubled by the year 2050 (Ahmed et al., 2017; Taherkhani et al., 2020). Developing
countries are considered as the most vulnerable areas to experience the havoc done by floods in this particular
time frame. Bangladesh is one of the critical countries to get inundated by floods due to the fact of the unique
geographical setting and excessive river flow during the monsoon season. Scientific evidence has suggested that
one-third area of the country may experience the flood as an annual event in the face of unprecedented climate
change (Haque et al., 2021; Khosravi et al., 2018; Rahman et al., 2019; Singha et al., 2020). Moreover, the
potential scenarios have demonstrated that Bangladesh may experience food insecurity due to loss of rice
production (i.e., the staple food for the people of Bangladesh) mostly damaged by an increasing number of floods
(Singha et al., 2020).

It is worth noting that Bangladesh is situated in a low-lying flat location that is going through extensive and
frequent flooding almost every year in flood-prone regions (Ara & Ostendorf, 2017; Baky et al., 2020; Rahman
et al., 2019). Additionally, it is also one of the most densely populated and disaster-prone countries in the world
(Ahmed et al., 2017; Moniruzzaman & Chattoraj, 2021). Typically, the flooding in Bangladesh depends on the
intensity, magnitude, and duration of rainfall across the three major river basins such as the Ganges, the
Brahmaputra, and Meghna (Hanlon, 2020; Singha et al., 2020). These three rivers also fabricate the country as
one of the world’s largest deltaic countries (Hanlon, 2020). From the Himalayan Mountain region, these three
rivers carry a huge volume of water along with 1 billion tons of silt every year (Ali, 2007). It has been found that
the delta gradually sinks during the sediment deposition and compaction stage each year because of floods. The
water with a high current transports sands and sediments that cause riverbank erosion till it slows down. After
that, it causes sediment deposition along the riverbank and therefore develops natural levees, helping in
compaction within sands, as it gets slower. Almost 70% of land areas of Bangladesh are currently used for
agricultural crop production, where paddy is the main crop as it is cultivated up to three times annually (Singha
et al., 2020). The occurrence of extensive flooding every year is typically responsible for damaging the standing
paddy fields throughout the country, which eventually triggers food insecurity (Singha et al., 2020).

Interestingly, there are some noticeable variations of landuse and patterns of flooding in the northern and southern
areas of Bangladesh. In the case of the northern part of the delta, it has been observed that sediments are carried
out by the river usually help in developing the floodplain, particularly during the monsoon season (Brammer,
2012; Hanlon et al., 2016). On the other hand, a different scenario is found in the coastal areas in the south. In the
southern coastal areas, sediments are carried and discharged out to the sea by the rivers flowing with high currents
and speeds during the monsoon period when it rains heavily sometimes 100 mm in a day. However, the sediments
are thrown back to the inland areas by the tidal waves during the dry season. This happens in the summer season
when the tidal wave enters almost 300 km upstream of the coastal zone. Furthermore, when the flow of water
current gets slower, the formation of silt takes place in the inland areas. Also, the water finds its way when all
high tides are calmed down and water current enhanced, consequently clear out channels and keep the area free
and navigable.

In order to perceive the risks and potential inundation areas of flooding for the whole country, it is required to
have access to a comprehensive and reliable flood map. Consequently, flood maps can help to understand the
associated risks at communities at the local level (e.g., municipalities), manage floodplains accordingly, and
introduce appropriate monitoring and mapping schemes to respond to the potential disaster management
strategies. The frequency of flooding can be detected from the nature of inundation (i.e., water level) during the
specific period and at the specific areas that are known as flooding hotspots. The three major river basins of the
Ganges, Brahmaputra, and Meghna are usually inundated by their tributaries that discharge huge volumes of water
(190,000 m3s) during the monsoon into the river basins (Ali, 2007). These flooded hotspots are usually inundated
approximately five times every year from 2014 to 2018, covering an area of about 28,586 km? (Singha et al.,
2020). Riverine floods vary widely depending on source mechanism, global location, geology, and physiography
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(O’Connor et al., 2002). Furthermore, highly accurate flood mapping provides key information in strategic
planning for the authorities responsible for estimating potential damages to ensure sustainability at the regional
and community level (Papila et al., 2020).

Satellite-borne remote sensing and geographic information systems (GIS) technologies are widely used in the
recent time as a prominent tool for mapping, monitoring, analyzing, managing, modeling geospatial data, and
scientifically generating spatio-temporal scenarios (Gupta et al., 2020; Moniruzzaman et al., 2018, 2021; Rousta
etal., 2020b, 2020a, 2020c; Sanyal & Lu, 2004; Tripathi & Tiwari, 2020, 2021). Satellite imageries can determine
the extent of flooding over large geographical areas, providing an advantage over in situ data sources where the
information can have limited spatial and temporal resolution whilst being costly to acquire (Clement et al., 2018).
Additionally, satellite imageries enable fast, reliable and cost-effective results for monitoring large geographical
coverages, thus providing geospatial information to support disaster monitoring and management effectively and
efficiently (Papila et al., 2020). Over the past several decades, remote sensing and GIS are effective in handling
large hydrological datasets to create more accurate flood hazard maps in terms of spatial and temporal resolution
(Shahabi et al., 2020).

Flooding in Bangladesh normally occurs during the monsoon season from June to September (Ali, 2007). The
convectional rainfall of the monsoon adds up to the relief rainfall caused due to existence of the Himalayas in the
North (Bookhagen & Burbank, 2010). Also, atmospheric blockings affect the rainfall anomalies, climate
variability, and land surface temperature significantly (Rousta et al., 2014, 2018) that may trigger inundation and
waterlogging conditions. Optical satellite remote sensing technology usually fails to capture imageries of monsoon
in Asia due to dense cloud cover and an overcast situation in the atmosphere (Qadir & Mondal, 2020). However,
Sentinel-1 synthetic aperture radar (SAR) data can provide all-weather, day and night, global observation of the
earth's surface consistently (ESA, 2021). Consequently, the SAR sensors can penetrate through clouds and can
accurately identify the ground surface including the surface water. As a result, SAR-based data are effective for
flood mapping and forecasting (Ouchi, 2013; Teshebaeva et al., 2015; Tripathi & Tiwari, 20193, 2019b). SAR
systems and the Sentinel-1 satellites are programmed with active sensors that emit a radar pulse and record the
backscatter after interaction with the target (i.e., land surface in particular) at the satellite. They provide an
advantage over optical sensors by enabling the collection of data through cloud cover and during the night
(Clement et al., 2018). Hence, the study aims to prepare a flood inundation map of Bangladesh for July 2020 using
Sentinel-1 SAR datasets upon employing Google Earth Engine (GEE) systems as a geospatial tool. The study
shows the spatial extend of the July 2020 flood and its areal distribution for the whole country. Note that, the
model employed in this study can generate accurate flood maps and can enhance the understanding of potential
flood risks zonation in similar geographic settings during monsoon. In the following section, we illustrate the
geographical settings of the study area, raster and vector data properties, comprehensive method of model
building, results, and discussion, followed by concluding remarks.

Materials and Methods

Study Area

Bangladesh covers an area of 147,570 sq km (Rasel et al., 2013). It extends from 20'34N to 26'38N latitude and
from 88'01E to 92'41E longitude (Figure 1) (Aziz et al., 2021). The Maximum extension of Bangladesh is about
440 km in the E-W direction and 760 km in the NW-SE direction, and predominantly characterized by rich fertile
flat land. Most of the country is situated in less than 12 m (39 ft) above sea level, and it is estimated that around
10% of its land area would be flooded if the sea level were to rise by 1 m (3.3 ft) in the next 30 years (Karim &
Mimura, 2008). Approximately, 17% of the country is covered by forests and 12% is covered by hill systems. The
country's Haor wetlands (wetland ecosystem in local language) are of significance to global environmental science
(Byomkesh et al., 2008).
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Figure 1: Map of the study area.

The population of the country has been estimated to 163 million, one of the most densely populated countries in
the world (Singha et al., 2020). The Ganges, Brahmaputra, and Meghna are the major river systems in the country
with 230 branches of small rivers and tributaries (Singha et al., 2020). The hydro meteorological characteristics
of these three river basins are the same and are usually the reason for major flooding in the country.

The annual average precipitation varies from 200 mm to 2000 mm and almost 80% of precipitation has been
observed during the monsoon season, which occurs usually between June and September (Singha et al., 2020). .
In 1987, 1988 and 1998, Bangladesh has experienced three major floods, leaving trails of devastation and human
misery (Mirza, 2003). In 2020 Bangladesh has again severely suffered from a monsoon flood where 102 Upazila
(i.e., sub-district levels of government system) and 654 unions (i.e., bottom layer local government entity) have
been inundated in flood, affecting 3.3 million people and leaving 7,31,958 people water logged (CARE, 2020).

Datasets Used

We have used Sentinel-1 SAR data to perform our analysis in this study. Note that, Sentinel-1 has been launched
in April 2014 and is the first satellite constellation of the European Space Agency’s (ESA) Copernicus Programme
and comprises of two satellites that share the same orbital plane—Sentinel-1A and Sentinel-1B (Bousbih et al.,
2019; Tripathi & Tiwari, 2020, 2021). They carry a C-band (i.e., 5.7 cm wavelength) synthetic aperture radar
(SAR) instrument, which can collect data in all-weather conditions including day and night time consistently.
Sentinel-1 SAR has a spatial resolution of 5m x 20m with 12 days temporal resolution (ESA, 2021). The SAR
data has been accessed from freely available Sentinel Scientific Data Hub (scihub.Copernicus.EU). Details of the
obtained SAR datasets are summarized in the table 1.

In 2020 there have been a total of six spells of floods occurred in Bangladesh. The flood has started in June and
the 3" spell has been the most severe one, which lasts between 20" July and 08" August 2020 (BWDB, 2020).
As a result, we have selected the “Before flood” and “During flood” time window from 28" May to 04" June
2020 and 20 July to 25" July 2020 respectively for capturing the appropriate data.
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Table 1: Characteristics of Sentinel 1 SAR data set and others spatial data used in this study.

RS data Date Satellite Sensor Format/mode Polarization Pass
28/05/2020
Before flood to Sentinel-1 GRD/IW
04/06/2020 Y, Descending
20/07/2020
During flood to Sentinel-1 GRD/IW
25/07/2020
Vector data Geographic co- Projected co-ordinate Source
ordinate system system
District shapefile WGS1984 UTM Zone 45&46 Bangladesh Agricultural
Research Council (BARC)
(http://barc.gov.bd/)
Physiographic map WGS1984 UTM Zone 45846
Bangladesh Country of
Major river map WGS1984 TM Zone 45&46 Alamance (BCA)
Methods

Data Collection and Pre-Processing

The fundamental data collection and processing methods have been carried out in Google Earth Engine (GEE)
platform. The steps are described in the following section (Figure 2):

Load the Sentinel-1 and Study Area Data in the GEE Code Editor

The study area shapefile and the Sentinel 1 SAR data have been loaded for analysis in the GEE code editor
platform.

Mosaic and Clip Sentinel-1 SAR Data

The Sentinel-1 SAR data has been mosaiced and afterwards clipped by the pre-loaded study area shape file (i.e.,
vector data set) in the GEE code editor platform.

Export the Clipped Data in Google Drive for Further Analysis

The clipped image has been resampled to 30m spatial resolution and exported to Google drive in GeoTIFF format.
Note that, Geo TIFF format is a commonly used processed satellite data that can be employed for analysis and
scientific models.
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Figure 2: GEE data processing steps view
‘Before Flood’ and ‘During Flood’ Image Classification

We performed unsupervised classification technique to classify the water and non-water bodies for both ‘before
the flood” and ‘during flood” images using ISO data Cluster Classifier. The unsupervised classification mainly
used cluster analysis, while the cluster was to put pixels into several classes according to the similarity of the
pixels. The aim was to ensure the distance between pixels in the same class such as: (i) as small as possible, and
(ii) as large as possible, between the distances of two different classes. The core issues of unsupervised
classification were the selection of the initial class parameters and required iteration adjustment (Haibo et al.,
2011). Water bodies werea specular reflector of the radar pulse, resulting in the minimal signal returned to the
satellite (Jung et al., 2010; Schlaffer et al., 2015). Thus, water bodies and non-water bodies were easily classified
for both ‘pre flood” and ‘during flood” images by performing 1SO cluster unsupervised classification options
available in ArcGIS software.

Flooded Area Identification Removing Permanent Waterbodies

Before the flood water inundates a particular area, we have prepared the map of permanent waterbodies those
have been demonstrating as river, ponds, canals, and swamps. Afterward, we have prepared the maps those have
demonstrated permanent water bodies and flood inundation areas together. Upon subtracting the before flood
images from the joint permanent and flood water images, we have obtained the actual flood map (details are
shown in equation 1). Eventually the flood map represents the inundated areas due to flood on 25" July 2020 to
represent the whole country.

During flood image Before flood image  _ Flood map 0Q)
(Flood water + permanent water) (Permanent water) (Flood water only)

Flood Area Calculation

District wise total flooded area were retrieved using district shape file (i.e., vector datasets) and zonal statistical
tools in ArcGIS platform. After this, we analyzed the district wise flood inundation map to demonstrate
approximate area under inundation.

Results and Discussion

Figure 3 (a) is showing the existing water bodies and major rivers of Bangladesh before the flood occurs.
Eventually this map is representing the permanent water bodies of the country. Major permanent water bodies are
mainly situated in the north-eastern side (i.e., Haor area of Bangladesh). Also, dominant permanent water bodies
are found at the south-west part of Bangladesh (i.e., the Sundarbans mangrove forest in the coast of the country).
Moreover, there are some major water bodies found in the south-eastern side of the country, which is representing
the Kaptai lake area (i.e., one of the biggest lakes of the country for hydroelectricity production).
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Figure 3: Flood maps of 2020; (a) before flood scenario and (b) during flood scenario.

Figure 3 (b) is demonstrating the water bodies and major rivers of Bangladesh during the flood situation. These
water bodies are both permanent and inundated during the flood events. As mentioned earlier on, flood capturs
almost one third of the areas in the country. Majority of the inundation occurs in the north-east and north-west
zone of the country (see Fig. 3a for details). Consequently, Figure 4 exhibits only the inundated areas during the
2020 flood including major rivers of Bangladesh. Many areas in Bangladesh have been affected by flood,
particularly in the north-central part of the country, which comprises both sides of the the Jamuna and
Brahmaputra river. Additionally, the north-eastern part of Bangladesh has suffered inundation within the river
catchment basin at a distance of approximately 20 km from the center of rivers. Comparing the flood map with
the physiographic map of Bangladesh (see Figure 5 for details), it is evident that the old Brahmaputra floodplain,
Tista floodplain, Low Ganges-River floodplain and Karataya-Bangali floodplains are severely affected by the
recent 2020 flood.
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Figure 4: Flood inundation map of Bangladesh occurred in July 2020.

Table 3 exhibits the area of each district, flood-affected area, and percentages of flood affected regions in

descending order where we have observed Jamalpur and Sirajganj districts are the worst affected districts. In fact,
more than 30% of the total area in these two mentioned districts have been inundated.
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Figure 5: The physiography of Bangladesh (BARC, 2021)

Interestingly, Figure 6 illustrates the name of districts highly affected by flood with at least 40,000 ha of land
areas has undergone in water. The geographic location of these districts is located mostly in the north-western
part of the country. Moreover, few districts are existing in the north-eastern part such as Habiganj and Sylhet. It
is worthwhile to note that approximately 11% area of the whole country has gone under water in this 2020 flood
event.
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Table 3: District wise flood inundation area of Bangladesh during July 2020.

Total Flood Flood Total Flood Flood

DIST_NAME Area (ha) ::;2%?:) Affected% DIST_NAME Area (ha) ::efzcz(tﬁ;j) Affected%
JAMALPUR 206639.02 | 74422.89 36.02 NARAYANGANJ 77957.13 5407.38 6.94
SIRAJGANJ 243204.64 | 86860.98 35.72 MOULVI BAZAR | 269960.69 | 16895.7 6.26
NETRAKONA 286100.52 | 78040.71 27.28 PANCHAGARH 138775.32 | 8634.33 6.22
KURIGRAM 226406.54 | 52379.1 23.13 PATUAKHALI 227625.18 | 13725.9 6.03
TANGAIL 344780.79 | 79210.26 22.97 MUNSHIGANJ 93204.19 5346.27 5.74
MANIKGANJ 137477.49 | 31569.75 22.96 GOPALGANJ 154443.86 | 8657.19 5.61
SHERPUR 132564.37 | 29848.41 22.52 SHARIATPUR 124854.35 | 6952.32 5.57
HABIGANJ 257034.82 | 57649.86 22.43 FENI 85915.40 4756.59 5.54
BOGURA 290795.23 | 64435.05 22.16 LAKSHMIPUR 132727.13 | 7347.69 5.54
KISHOREGANJ 251118.24 55098 21.94 GAZIPUR 167662.61 | 8956.08 5.34
JOYPURHAT 96330.31 | 20826.54 21.62 CUMILLA 313276.94 | 16541.91 5.28
BRAHMANBARIA | 191503.52 | 40250.61 21.02 NOAKHALI 248258.20 | 13099.5 5.28
NAOGAON 344771.65 | 71282.7 20.68 BARISHAL 220494.60 | 11377.62 5.16
GAIBANDHA 217400.20 | 41402.88 19.04 THAKURGAON 181574.78 | 9241.47 5.09
PABNA 241071.92 | 45471.24 18.86 BHOLA 192269.44 | 8604.63 4.48
SUNAMGANJ 370253.17 | 65012.58 17.56 MEHERPUR 70925.40 3173.85 4.47
NATORE 19124791 | 33175.17 17.35 CHUADANGA 112525.33 | 4707.45 4.18
SYLHET 345369.81 | 49587.39 14.36 SATKHIRA 343841.65 | 13321.62 3.87
RAJSHAHI 237589.91 | 32988.42 13.88 COX'S BAZAR 215669.94 8133.3 3.77
FARIDPUR 206649.44 | 25066.44 12.13 JHENAIDAH 194277.11 | 7252.02 3.73
MYMENSINGH 427911.38 | 49286.16 11.52 KHULNA 364500.22 | 11859.84 3.25
RANGPUR 232414.24 | 26630.01 11.46 JASHORE 252903.73 | 7402.77 2.93
DINAJPUR 346076.90 | 39623.04 11.45 JHALAKATI 72055.10 2025.18 2.81
NAWABGANJ 172965.28 | 19311.66 11.17 BARGUNA 130580.00 | 3577.32 2.74
MADARIPUR 111547.29 | 12178.53 10.92 MAGURA 104443.84 | 2825.91 2.71
NARSINGDI 116326.10 | 12165.93 10.46 CHATTOGRAM 418660.02 | 10252.8 2.45
KUSHTIA 168517.25 | 16535.43 9.81 NARAIL 96453.50 2149.83 2.23
LALMONIRHAT 123435.75 | 11354.49 9.20 PIROJPUR 116489.05 | 2091.15 1.80
NILPHAMARI 167371.62 | 14718.96 8.79 BAGERHAT 351591.39 | 4249.26 121
RAJBARI 112153.63 9069.3 8.09 RANGAMATI 531944.05 | 4836.96 0.91
DHAKA 152011.58 | 11226.33 7.39 BANDARBAN 431670.31 1094.76 0.25
CHANDPUR 169564.55 | 12072.69 7.12 KHAGRACHHARI | 250108.14 170.73 0.07
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Figure 6: List of districts underwent flood water at least having 40,000 ha inundated area.

Majority of the recent body of literature have generated flood maps and vulnerable areas utilizing optical satellite
senor data in GEE platforms (Lal et al., 2020). However, the problem with optical data is that it is opaque to cloud
cover, which makes the use of SAR data inevitable for flood mapping (DeVries et al., 2020). Moreover, SAR data
requires complicated pre-processing and data processing stages for generating comprehensive flood map (Tripathi
etal., 2021). The present study has attempted to incorporate the advantage of using SAR data and GEE platform
for generating higher resolution flood map in a quicker and cost-effective way. This study may solve several issues
raised in the contemporary literature. However, the coding and models employed in this study enhance the
methods by (i) overcoming the time required for data pre-processing stages, (ii) utilizing SAR data, which are
available for free of cost, and (iii) requiring limited access to expensive software upon accessing to GEE platform.
Consequently, all the data captured through the modeling techniques in this study can be easily saved in cloud
while avoiding the expensive data storage devices.

Concluding Remarks

Sentinel-1 data processing and preparation required for generating flood maps have always been challenging for
researchers worldwide. For natural hazards like floods when there is dense cloud cover in the atmosphere, the
only sensor that can be utilized for studying such extraordinary situations is the active SAR sensor. However,
owing to the large data size and need of high-end computing facilities often restrict even routine research to be
carried out. In such situation, cloud computing methods are highly beneficial in terms of time and resources. GEE
is one such cloud-based facility that is available for budding researchers and analysts in the field of satellite remote
sensing. In 2020, Bangladesh has experienced severe flood event in various phases. Sirajganj, Tangail, Netrokona,
Jamalpur, Naogaon, Sunamganj, Bogura, Habiganj, Kishorganj, Kurigram, Sylhet, Mymensingh, Pabna,
Gaibandha, and Brahmanbaria districts are the most severely affected locations in the country. Approximately
11% area of the entire country has been affected by the destructive flood. The old Brahmaputra floodplain, Tista
floodplain, Low Ganges-River floodplain and Karataya-Bangali floodplain have been severely affected by the
2020 flood. This study utilizes freely available satellite datasets and uses GEE for easing out the complicated and
time-consuming data processing and preparation steps. The important novelties of this study are as follows:

e Cost-effective and time-saving approach for mapping of floods and flood-affected area calculation,
which has immense potentials in developing countries;

e Timely mitigation and disaster management strategies can be executed with the availability of such
empirical evidence available at any geographical setting; and

e The study paves the way for further research where flood modelling can be carried out using the
GEE platform and satellite-based remotely sensed data, which will make the results available for
policymakers in the least possible time.

Additionally, the current study extends several scopes and potentials of future research while integrating digital
elevation model (DEM) to enhance flow of water from upstream to downstream that may leave few areas more
vulnerable to other. Also, the authors are recommending that scientists interested to use our generated model shall
review the appropriate codes in details before employing the method in different geographical setting.
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