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ABSTRACT

In tropical climatic conditions, floods occur during heavy rainfall. Floods during this
thick cloud cover partially stops the optical imagery to pass through the atmosphere and record
the surface reflectance. Another kind of satellite imagery that is available is microwave remote
sensing data that can pass through the clouds. However, the exploration of this microwave
remote sensing began recently for earth observation applications. So, the algorithms and methods
available for exploiting advantages from microwave data is still under research. The current part
of the work is to explore the methods available to differentiate between the microwave data
(Sentinel-1) and Optical imagery (Sentinel-2) in flooded and built-up area estimation. The
ultimate aim is to conclude with most suitable datasets and fast computing methods in estimating
the built-up area and flooded area during the emergency disaster time. Two case studies taken up
for the study are August 2019 East Godavari floods and October 2019 Titli cyclone. So, the
adopted method to estimate the flooded areas and built-up areas from the Sentinel-1A and
Sentinel-2B was RGB clustering (Red, Green and Blue clustering) using the derived RGB colour
combinations in snap 7.0 software. The datasets were classified into built-up, flooded area and
vegetation areas using Random Forest supervised classification, a machine learning technique
Validation of estimated built-up and flooded areas estimated from Sentinel-1A and Sentinel-2B
was done using the random pixel distribution technique. Since the de-centralisation of estimated
flooded areas and built-up area helps in fast distribution of the response forces to the affected
area, estimation of built-up and flooded area was also taken up for the sub-districts of East
Godavari district, India. Finally, the study estimates the damaged built-up and vegetation due to
August 2019 East Godavari floods from Sentinel-1A and Sentinel-2B. Flooded area due to ‘Titli’
cyclone 2018 was estimated in East Godavari, Visakhapatnam and Vijianagaram districts of
Andhra Pradesh state.

KEYWORDS: Microwave remote sensing, optical remote sensing, RGB clustering, Random
Forest supervised classification, damage estimation

INTRODUCTION

The current work is centred at exploration of differences between sentinel-1 and sentinel-
2 in terms of methodology and estimation of built-up and flooded areas. The current research
extends the RGB combinations exploration towards flooded areas estimation in Sentinel-2 and
built-up area estimation in Sentinel-1 from previous research work of flooded area estimation in
Sentinel-1 and built-up area estimation in Sentinel-2 respectively. 2014 Uttarakhand floods and
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August 2019 floods in East Godavari district of Andhra Pradesh state in India, revealed that the
rivers in tropical regions are dynamic. There are two major ways to rescue people from flood.
First to save immediately after flood and second is encouraging people to build residences in
flood resilient places which are of immediate and gradual methods respectively. Hence the
reason for India there are rescue teams and flood analysis teams jointly working for flood risk
management. Since the existence of dynamic weather phenomenon, emphasis shall be on rescue
operations during flood time unlike on replacing residences to flood resilient locations. Hence
the reason for the current research is on fast computable and reliable method in mapping flooded
areas to support in emergency times.

To obtain the spatial and temporal information of earth’s surface elements like built-up
areas, vegetation, flooded areas and water bodies, major methods existed are field survey,
airborne remote sensing and satellite remote sensing. Every year thousands of people losing their
livelihoods, huge damage to infrastructure due to cyclones leading billions of economic losses to
Andhra Pradesh state of India. Assessing the damage occurred immediately after cyclone ensures
the early redressal mechanisms from the government to stabilise the livelihoods of people as
soon possible. This motivated the current research to study about the damage assessment due to
cyclones over Andhra Pradesh state. Andhra Pradesh was selected as a study because, among
three states (Odisha, Andhra Pradesh and Tamilnadu) affected due to cyclone at east coast of
India, AP is at centre of them, running into huge economic loss every year compare to other
states. The urban areas are also expanding at a rapid pace with congested streets, clustered
settlements, concentrated infrastructure and dense population. Due to the presence of these
elements in urban areas, field survey is highly difficult in terms of time and work for estimating
the damage due to disaster. Hence remote sensing, sensing from far, plays a very important role
in assessing damage in terms of its capacity to cover a vast area in one acquisition time and high-
resolution acquisition capability at economically viable price [Joyce et al., 2009; Klemas, 2009].
These remote sensing capabilities in times of disaster emergency, motivated the current research
towards exploration of different remote sensing datasets and their differences in capabilities in
estimating the flooded areas, built-up areas, vegetation and water bodies. The ultimate aim is to
assess the damage caused by Cyclones in Andhra Pradesh state, India. Damage in terms of built-
up area, vegetation, and inundated area using SAR and Optical imagery. The aim of the current
research is to find out advantages and limitations of a S-1A (microwave remote sensing satellite
data) and S-2B (optical remote sensing satellite data) in estimating built-up, flooded and
vegetation areas. Finally, to explore the fast computing methods, so that disaster response forces
can mitigate computing time and hence more time can be invested in rescue tasks (fig. 1).
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Fig. 1. Displaying the aim of current work
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The main objectives of this research are:

e Analysing time and dates of 2018 Titli cyclone and 2019 August floods (in East
Godavari district) that affected the Andhra Pradesh state for data acquisition.

e Exploring differences in methods between Sentinel-1A and Sentinel-2B in estimation
of flooded areas, built-up and vegetation areas.

e Damaged area estimation of Built-up area, vegetation due to august 2019 EG floods.
Flooded areas due to 2018 Titli cyclone in East Godavari, Visakhapatnam and
Vizianagaram districts of Andhra Pradesh state and August 2019 floods in East
Godavari district of Andhra Pradesh state.

e Accuracy assessment of the results obtained.

Study area for Titli cyclone is East Godavari, Visakhapatnam and Vizianagaram districts

of Andhra Pradesh state, India. Study area for 2019 August East Godavari floods is East
Godavari district (fig. 2).

70° 80° 90° 100°

30°

Waran "Lx‘

18

1
20°

Hyderabad

Vijayawada

90°

Legend

- EastGodavari

D Visakhapatnam
Bengaluru Chennai B Vizianagaram

14
4°

ure I

340

T
78° 80° 82° 84° Dated :22/11/2019

Fig. 2. Study area of the current work

The chapter of the background information details about conceptual understanding on
floods, Cyclone, built-up area. Then it details about the current practices of flood, built-up areas
estimation. Finally, it details about two case studies that were taken up currently and
distinguishing the two different datasets namely Sentinel-1A, which is microwave remote
sensing data and Sentinel-2B, which is optical remote sensing data.

The continuous heat of water forms water vapor. The water vapor converts to water
during rains and the heat get released to the atmosphere. This released heat warms up the
surrounding air and makes it move up thereby decreasing the pressure. This low-pressure area
attracts the high-pressure winds around. This cycle repeats until a low-pressure system
surrounded by high speed winds. This system is called cyclone. Tropical cyclones which formed
over warm ocean basins from which they intensify into severe to very severe cyclones. One such
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very severe cyclone ‘HUDHUD?’ that hit east coast of Andhra Pradesh state in 2014 left huge
economic loss besides human loss [Jain, 2015]. Flood is an overflow of huge amount of water
upon dry land by crossing normal limits. In India, millions of human lives, cattle and agricultural
crops are being destroyed due to lack of planning and improper weather forecasting [Saptarsi et
al., 2018]. Flood usually crosses the distances at a greater speed ad increases with greater
heights. Hence every minute counts in rescue operations. Any delay in identifying the flood
areas and sometimes predicting the flood areas may cost a life.

East Godavari district located at East bank of Godavari river in Andhra Pradesh state,
India. It got affected by the severe floods occurred during first week of the August 2019. Heavy
and incessant rainfall lead the flood water from Godavari river to cross river banks and inundate
the nearby districts. Hence this is our first current study to compare the flood area estimation
between the Sentinel-1A and Sentinel-2B data sets [Pradesh, 2019].

Mission
Sentinel -1A Sentinel -2B
Microwave Optical remote
remote sensing sensing

Fig. 3. Difference between the S-1A & S-2B

Among the different types of remote sensing (RS), microwave RS and optical RS are the
two RS types most popularly advancing into the estimation of built-up and flooded areas.
European Space Agency (ESA) launched two major satellites name Sentinel-1 and Sentinel-2.
Sentinel-1 is a combo of two satellites namely Sentinel-1A (S-1A) and Sentinel-1B (S-1B) which
are the sensors of microwave remote sensing. Sentinel-2 is a combo of two satellites namely
Sentinel-2A (S-2A) and Sentinel-2B (S-2B) which are the sensors of optical remote sensing (fig.
3).

Sentinel-1 mission is the first and one among the five earth observation missions of
European Space Agency (ESA) that are developed for Copernicus joint initiative to continue the
C-band SAR Earth Observation heritage of the European Space Agency’s ERS-1, ERS-2 and
ENVISAT, and Canada’s RADARSAT-1 and RADARSAT-2. Remote sensing from S-1
depends on transmission, reception, absorption, and direction of sensors energy. The C-band has
a wavelength of 5.8 cm, which is common on many airborne research systems and space-borne
systems (including IRS Oceansat-1 and RISAT) [Aher et al., 2014]. The electromagnetic waves
are produced by excited atoms. Every atom of a material produces the electromagnetic waves
into multiple directions or multiple plain of oscillations. This type of light beam which has
vibrations in more than one plain is called “Unpolarised light”. If the light beam which has
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vibrations in one plain is called “Polarised light”. In polarised radar, the antenna or Synthetic
aperture can transmit or receive signals in either horizontal or vertical mode. Similarly, the
antenna receives either the horizontally or vertically polarised backscattered energy and some
radars can receive both. These two polarisation states are designated by the letters H (for
Horizontal) and V (for Vertical). Thus, resulted in four combinations of polarisation effects
[Bhatta, 2011].

Polarisation effects:

e VV — Vertical transmit, Vertical receival;

e VH — Vertical transmit, Horizontal receival,

e HH — Horizontal receival, Horizontal transmit;

e HV — Horizontal transmit, Horizontal receival.

Sentinel-1 revisit period is increased due to two factors. Firstly, due to inclusion of
Terrain Observation with Progressive Scans SAR (TOPSAR) technique, resulting in a large
footprint while maintaining a relatively high spectral resolution. Secondly, Sentinel-1 mission
consists of two satellites (Sentinel-1A and Sentinel-2B, launched in 3" April 2014 and 25" April
2016 respectively) which will individually record radar images for every 12 days, disregarding
the weather and time of the day. The two satellites share the same orbital plane with 180° orbital
phasing difference, so that temporal resolution also shared between them resulting in revisit time
reduced from 6—12 days [Yague-Martinez et al., 2016]. The S-1 Synthetic Aperture Radar (SAR)
imaging instrument is able to switch between four sensor observation modes: Strip Map (SM),
Interferometric Wide Swath (IW), Extra-Wide Swath Mode (EW) and Wave-Mode (WV) with
different spatial resolutions and different swath widths. For the current work, IW mode (250 km
swath width and approximately 10 m spatial resolution) was taken.

Sentinel-2 mission consists of two satellites Sentinel-2A and Sentinel-2B launched in 23
June 2015 and 7™ March 2017 respectively with orbital phasing difference of 180° to each other,
with swath width of 290 da'. Remote sensing from S-2 depends on transmission, reception and
absorption of parts of Electromagnetic spectrum, with different spatial resolutions [Kaplan,
Avdan, 2017]. S-2 is carrying a Multi-Spectral Imaging Instrument (MSI). In S-2, all 13 spectral
bands are openly accessible, unlike the S-1, in which among VV, VH, HH, HV polarised bands
only VV, VH are accessible to all including other non-European citizens. Among 13 spectral
bands, 4 are visible (with 10 m spatial resolution), 6 are of Near Infrared (with 20 m spatial
resolution) and 3 are of Short-Wave Infrared bands (with 60 m spatial resolution). Revisit time
of S-2A and S-2B together makes up revisit time of 5-10 days of revisit time.

The histogram of the imageries assists in differentiating between the water and non-water
classes. Using histogram thresholding technique, backscattered (Sigma nought) distribution of
pixel values of features can be differentiated with higher values of backscatter indicate non-water
class and lower values indicate water class. This method of Threshold technique is one among
popular methods for flood estimation [Dadhich et al., 2019]. Sometimes, threshold technique is
applied with morphological filtering operations, which helps in filling the gaps and holes
resulting from binary mask of threshold technique [Jo et al., 2018]. RGB clustering is current
popular method which is easy to estimate the flood areas using RGB colour combinations
[Uddin et al., 2019].

Using Tasselled Cap Transformation (TCP) technique of Orthogonal transformation
model from segmented Sentinel-2 images, finally classifying the flooded areas one among
complicated methods currently practised [Nedkov, 2017]. Another method, which uses of altitude
and precipitation information, is One-class classifier Bias support vector machines (BSVM).
Land cover classification using Best Available Pixel (BAP) composites, times series and
ecological information [Gomez et al., 2016]. The chance of cloud free data over the same

1 Suhet. Sentinel -2 User Handbook, European Space Agency, 2015
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location increases with repeat observation. Cloud free surface reflectance composites over larger
areas can be auto generated from choice-based Landsat observations. These BAPs can be
produced with preferred rule-based criteria for specified applications like land cover [Griffiths et
al., 2013; White et al., 2014]. But for the current study, RGB clustering method was explored in
Sentinel-2 for flooded areas estimation. This method uses of RGB colour combinations and
based on visual interpretation; the elements of the earth surface get classified.

Built-up damage assessment using coherent change detection [Guida et al., 2018]. In
some cases SAR simulation technique is explored besides comparing with real SAR images to
mitigate distortions of the high buildings and other urban features due to occlusions in SAR
images [Balz, 2004]. But for the current study RGB clustering from RGB colour combinations
was explored, which formulates as a fastest and simplified method in built-up estimation
followed by damage estimation.

There are two major techniques for built-up area extraction from satellite imagery.
Firstly, techniques based on conventional multi-spectral image classification like supervised,
unsupervised, object based or deep learning classification [Ndehedehe et al., 2013; Rawat,
Kumar, 2015; Forget et al., 2017; Bramhe et al., 2018]. Secondly, techniques based on
normalised differences indices like normalised difference built-up index (NDBI), urban index
(UI), enhanced built-up index (EBI), principal component analysis based built-up area index
(PCABALI), etc. [Xu, 2007; Kumar et al., 2012; Varshney, 2013; Valdiviezo et al., 2018]. For the
current built-up area estimation the RGB clustering from RGB colour combination as suggested
[Vigneshwaran, Selvaraj, 2018] was used.

The current study is taken up with certain limitations in data and processing. First is the
Data availability without same dates from S-1A and S-2B, since S-1A and S-2B are two different
satellites launched in different orbits at different launching times. Second is the pre-processing of
S-2B was not extended for removing the cloud cover from the imagery at least near to the cloud
data due to the lack of resources in terms of software and algorithms to ensure it.

MATERIALS AND METHODS OF RESEARCHES

Entire methodology was majorly divided under five major parts. Firstly, pre-processing
of both S-1A and S-2B using Snap 7.0 and Sen2Cor plugin respectively. Pre-processing is
followed by flooded areas and built-up areas estimation. Later the damaged built-up and
vegetation due to august 2019 east Godavari floods. The acquired results from classification
were validated using random pixel distribution technique in Snap software (fig. 4).
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Fig. 4. Main methodology workflow
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Since the current work is about comparing the estimation of S-1A and S-2B, the datasets
were acquired as per the timing of two case studies of August 2019 floods in East Godavari
district and Titli cyclone during October 2018 in East Godavari, Visakhapatnam and
Vizianagaram district. The datasets were also acquired as per the requirements of built-up and
vegetation estimations. The sources for this data acquisition are Copernicus open access hub,
Alaska satellite facility and National disaster response force (table 1).

Table 1. Dates of data acquired for current work

Mission August Floods Built-up Titli Cyclone
Sentinel-1A Preflood: 2" May 2019 28" September 2018 Preflood:
Flood: 6™ August 2019 2" May 2019 28" September 2018
Flood:
10" October 2018
Sentinel-2B Preflood: 61" May 2019 6™ May 2019
Flood: 4" August 2019

Since the current study aims at differentiating flooded areas, built-up and vegetation,
between microwave and optical data, S-1A and S-2B were acquired. These are openly
accessible. The properties of S-1A and S-2B that were acquired for the current study are
mentioned in the following (table 2).

Table 2. Properties of data that were collected

Sentinel -1A Sentinel -2B
Properties: Properties:

e Mission — Sentinel-1A with Synthetic Aperture Radar |e  Mission —  Sentinel-2B with

(SAR) imaging instrument; multispectral imaging (MSI)
e Sensor acquisition mode — Interferometric wide swath instrument;

mode (IW); e  Level of processing mode — L1 C;
e Resolution type — High; e Bands — 13 spectral bands;
e Product type — Ground range detected high resolution | e  Revisit time of together S2A and S2B

images (GRDH); — 5-10 days
e Level of processing mode — L1;
e Polarisation type — Standard Dual polarisation (SDV)
=VV+VH;
e  Spatial resolution — 10 m;
e Reuvisit time of together S1A & S2B range — 6—12 days

Pre-processing of S-1A and S-2B involves in correction of the imageries to further
process for specified applications. Pre-processing workflow consists of seven major methods
followed as suggested here [Filipponi, 2019]:

1. Apply orbit file: This step corrects the orbit between mission’s swath and real
ground. The required orbit states vector for orbit file correction are provided within the metadata
of SAR products and are not reliably accurate. The precise orbit of satellites is determined after
few days and are available after the product generation.

2. Thermal noise removal: Since the S-1A and S-1B both are of active sensors; it
imprints some thermal noise on imageries while transmitting and recording active microwave
sensor’s energy. Hence the S-1A and S-1B imageries’ intensity is disturbed by the additive
thermal noise, especially in the cross-polarized channel [Park et al., 2017].
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3. Calibration to Sigma 0: Since the values recorded in the datasets are not easy
interpretable, all the backscattered energy that got recorded by the sensor gets calibrated to sigma
0 values, which are interpretable by the successive processing algorithms.

4. Speckle removal: Speckle is like a granular or salt and pepper noise in SAR
imageries due to the interference of waves [Lee et al., 1994]. Lee filter with window size of 7*7
was applied to remove the speckle in S-1A imageries.

5. Slice Assembly: Since the current data are in one orbit, the swaths collected can
be just assembled. That’s the reason why the mosaic technique is not applied for current study
area extraction from multiple swaths.

6. Range Doppler Terrain Correction: The SAR sensor of S-1A or S-1B records the
data in right looking orientation, and hence the data also looks like a mirror image of real world.
The range doppler terrain correction is applied to correct the imagery orientation from sensor’s
orientation to earth’s orientation.

7. Mask out to study area: Finally, the data was masked out to the study area, using
respective study area boundaries.

Sen2Cor plugin:

o Sen2Cor is a Level-2A processor, for which the main purpose is to correct single-
date S-2 Level-1C Top-Of- Atmosphere (TOA) products from the effects of the atmosphere and
to deliver Level-2A Bottom-Of-Atmosphere (BOA) reflectance product. Other products
generated by the Sen2Cor plugin are Aerosol Optical Thickness (AOT) map, a water vapour
(WV) map and a Scene Classification (SCL) map with quality indicators for cloud and snow
probabilities [Main-Knorn et al., 2017].

. Sen2Cor plugin workflow consists of five modules coordinating interactions
within the workflow. The Scene Classification (SCL) and Atmosphere correction (AC) modules
are specially designed for processing the S-2 Level-1C input data into Level-2A products.

The main processing workflow consists of five following methods [Gascon et al., 2017]:

1. Cloud Detection: to detect the cloud cover, which later used for removing the
cirrus cloud.

2. Scene Classification (SCL): to classify the input S-1C data into 11 classes viz.,
vegetation, soils, cirrus class, water, snow, cloud shadows, dark area pixels, unclassified
saturated or defective pixels including 2 classes for cloud probabilities (medium, high).

3. Retrieval of Aerosol Optical Thickness (AOT): to retrieve the aerosols values
from Level-1C data and then measure for the visual transparency of the atmosphere.
4. Retrieval of Water vapor (WV): to retrieve the water vapour values from the

Level-1C for which the Atmospheric Pre-corrected Differential Absorption algorithm will be
used.

5. Conversion of TOA to BOA: The values of Top of the Atmosphere (TOA) will be
calibrated to Bottom of the Atmosphere (BOA) which helps is analysing what is on the earth’s
surface, by neglecting the values reflected from top of the atmosphere.

6. Finally, the results obtained were multi-size mosaiced (since that bands of S-2B
were of multiple spatial resolutions) and masked out to the study area.

The RGB clustering is the most common technique for data compression and iso-
clustering works better on an optimal number of classes usually unknown [Komac, 2006;
Mohamed, Verstraeten, 2012]. The RGB clustering functions are a simple classification
algorithm that quickly compresses a three-band image into a single-band pseudo-colour image
without necessarily classifying any particular features and without a signature file and decision
rule. The RGB clustering provides greater control over the parameters used to partition the pixels
into similar classes [Kumar et al., 2016; Mahi et al., 2016]. After exploring for RGB clustering,
random forest classification technique was used to classify image into flooded and non-flooded
areas. Random forest classification over maximum likelihood was chosen supervised
classification of specified classes. Since RF method ensures a unique predictive validity and
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model interpretability within known machine learning methods [Horning, 2010; Clement et al.,
2017].

Only VV band was explored for the built-up estimation from S-1A as suggested here
[Deepthi et al., 2018]. The RGB colour combination of NIR, Red, NIR bands for built-up in S-
2B was explored as suggested here [Vigneshwaran, Selvaraj, 2018].

RESULTS OF RESEARCHES AND THEIR DISCUSSION

Samples of flooded areas were taken from the RGB colour combination result. So
whichever the areas appeared in bright red colour channel, those are considered as training
samples for flooded areas. Along with flooded areas, samples of waterbodies were taken from
the areas of dark black colour and finally remaining areas were considered as samples for non-
flooded areas. With these training samples, RF supervised classification was computed to
estimate the flooded areas out of S-1A RGB colour combination (fig. 5) and S-2B (fig. 6)
respectively. Flooded area of august 2019 East Godavari floods was estimated as 600.806251
km?. The Non-flooded areas were estimated as 9748.992449 km? and waterbodies estimated as
440.793296 km?,

Flood map of East Godavari district, August 2019
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Flood map of East Godavari district, August 2019
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Samples of built-up areas were taken from different RGB colour combination result by
altering the RGB colour channels and using Google Earth. The areas appeared in red colour
channel considered as training samples for built-up areas. Along with built-up areas, samples of
vegetation from green colour channel and water body samples from dark black colour were
taken. The RF supervised classification was computed to estimate the built-up areas out of S1-A
RGB colour combination (fig. 7) and (fig. 8) respectively. Built-up map of East Godavari, 2018
from S-1A i.e., estimated was 1276.094558 and from S-2B (2018) estimated was 500.305358

km?.
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Built-up map of East Godavari district,May 2018-19
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Fig. 7. Built-up map of East Godavari, 2018 from S-1A, i.e., estimated was 1276.094558 km?
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CONCLUSIONS

The RGB clustering through RGB colour combination is basic method finally adopted
after exploration among the fast computing methods which assists in fast computation and
estimation of the flooded areas and estimation of the damaged built-up and vegetation areas due
to the august 2019 East Godavari floods, India. Before applying the RGB clustering for the S-2B
Imageries, pre-processing is a major requirement, since the S-2B is not resistant from
atmospheric and weather disturbances while recording the energy from the surface of the earth.
Sen2Cor plugin was used for fast pre-processing of the S-2B imageries.

In S-2B the flooded area estimated was high than S-1A. Decentralisation to the level of
sub-districts or mandals of East Godavari district was performed. The observation made here is
the districts lied at the banks of the Godavari river, has low flood area estimation in S-1A and
high flood area estimation in S-2B. The reason could be the gap of the two days late acquisition
by S-1A and early data record by the S-2B. Hence, the limitation here would be the availability
of the S-1A data during the occurrence of the flood but not two or few days later the event.
Otherwise, S-2B would be preferred over S-1A. Because, S-2B data may be available during the
floods and it gives approximate aerial extent of floods.

In terms of built-up area estimation, S-1A has higher area than S-2B. Decentralisation to
the level of sub-districts or mandals is performed to analyse which are the areas might get
classified as built-up area in S-1A built-up area estimation. The observation made from this
decentralisation is that the sub-districts which has the high land cover of the fallow lands and dry
lands over the mountainous areas also got classified as built-up areas in S-1A. Hence, this
current work should be extended towards the delineation of the fallow lands and drylands from
the built-up areas in S-1A for accurate built-up area estimation.

Further outlook:

o This work could be further extended towards careful exploration for the training
samples collection in S-1A, since in our current work parts of fallow lands and dry lands were
classified as built-up areas.

o What could be the changes in estimations of built-up, vegetation, and flooded
areas would be with cloud free Sentinel -2B data.

. Differentiating on same dates data of S-1A and S-2B.

. Currently only the flooded area was estimated, but the quantitative analysis of
flood depth also needed to explore [Jo et al., 2018]. Because depth of the flood water formulates
more crucial part for disaster rescue teams to evacuate people and to plan rescue operations.
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