Chapter 6 )
Flood Inundation and Hazard Mapping s
of 2017 Floods in the Rapti River Basin

Using Sentinel-1A Synthetic Aperture

Radar Images

Rajesh Kumar

Abstract Globally, the flood magnitude and flood-induced damage are increasing.
Hence, the geospatial technology has been used to minimise the adverse effects of
floods and to plan the floodplain for the betterment of floodplain dwellers. One of the
major causes of floods in the Rapti River basin is heavy rainfall induced by the
break-in-monsoon condition. These days, geoscientists and planners use Sentinel-
1A TW GRD synthetic-aperture radar (SAR) image for flood extent mapping. Gauge
level and flood duration data recorded at Bhinga, Balrampur, Bansi, Regauli,
Birdghat, Kakarahi, Uska Bazar and Trimohinighat sites provide the basis for the
selection of SAR images. Extensive floods occurred in the Rapti River basin during
August 13-September 01, 2017. The flood duration in the Rapti River basin varied
from 3 (Bhinga) to 18 days (Birdghat) in 2017. The flood duration, normally,
increases from the upstream to downstream along the Rapti River due to decreasing
slope and discharges contributed by the tributaries. In this study, Sentinel-1A GRD
SAR images of August 21 and 25, 2017, have been selected for flood mapping in the
Indian part of the Rapti River basin. The water level of rivers was above the danger
level (DL) at Bansi, Regauli, Birdghat, Kakarahi, Uska Bazar and Trimohinighat
gauge and discharge (G/D) sites on August 21 and 25, 2017. The propagation of
flood peaks and affected areas has been analysed using water level data and SAR
images for the mentioned periods. The actual flooded areas covered 2046.7 km? area
of the Indian part of the Rapti River basin during August 21-25, 2017. The
validation of flooded areas has been done using GPS way points collected during
field survey (November 2017) and Landsat 7 ETM+ images (August 24, 2017).
Breach sites in flood-prone areas have been mapped using Sentinel-2A and B MSI
images. The z-score method has been used for the standardisation of development
block-wise flooded areas (km?) and number of flood-affected villages. After
standardisation, these two parameters have been added to formulate development
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block-wise flood hazard index (FHI). High to very high FHI values have been
observed in Siddharthnagar and Gorakhpur districts.

Keywords Sentinel-1A IW GRD SAR - Rapti River basin - Backscatter values -
Danger level - Unprecedented flood - Flood hazard index

6.1 Introduction

Earth scientists and planners extensively use satellite images from active and passive
remote sensing satellites for quick, accurate and real-time mapping of the flooded
areas and hazard assessment in a river basin across the world. Active sensors utilise
near-infrared and microwave region of the electromagnetic spectrum for terrestrial
mapping (Jensen 2018). These sensors have the capacity to sense the Earth’s objects
during cloudy and light rainfall weather conditions. These sensors also work round
the clock. However, the passive sensors do not detect the Earth’s objects at night and
during cloudy and light rainfall weather conditions. Hence, satellite images acquired
by the active sensor are extensively used for flood mapping and its propagation
downstream. But many researchers have used satellite images of the active and
passive sensors to map the flood extent, depth, duration and turbidity (Kumar and
Acharya 2016; Bhatt et al. 2016; Kumar 2016). Flooded or water pixel extraction
from the top-of-atmosphere or surface reflectance images of the passive sensors,
namely, Landsat operational land imager and thermal infrared sensor (OLI-TIRS),
thematic mapper (TM), enhanced thematic mapper plus (ETM+) and multispectral
scanner (MSS), are based on the normalised difference water index (NDWI),
modified normalised difference water index (MNDWI), density slicing of near-
infrared and shortwave infrared bands, visual interpretation and tasseled cap trans-
formation (Crist and Cicone, 1984; McFeeters 1996; Jain et al. 2006; Xu 2006;
Romshoo et al. 2018). Furthermore, the coarse spatial resolution images of Moderate
Resolution Imaging Spectroradiometer (MODIS) and National Oceanic and Atmo-
spheric Administration (NOAA) Advanced Very High Resolution Radiometer
(AVHRR) sensors are used for large-scale mapping of the flooded areas due to
their high temporal resolution (Ahamed and Bolten 2017; Islam and Sado 2000).
Presence of speckles in SAR image is a major disadvantage because it makes the
texture analysis of image complicated (Lee 1981). Speckles in SAR images also
influence the spatial characteristics of the backscattering coefficient of different
Earth’s objects that largely depends on surface roughness, dielectric constant,
polarisation and incident angle of SAR waves (Senthilnath et al. 2013). Wind-
induced ripples, the velocity of floodwaters, heavy rainfall and submerged vegeta-
tion and crops make the surface of the flood inundation rough that further creates a
problem in image analysis and classification (Huang 2008; Eisuke 2012). Speckle
filtering minimises the speckle noise, but it further degrades the resolution and object
information of the SAR image (Sheng and Xia 1996; Manavalan 2017). Further-
more, the adaptive speckle filtering methods conserve the edges and texture
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information by computing the kernel mean and normalised standard deviation
(Senthilnath et al. 2013). Different types of adaptive filters have been developed
for the speckle suppression of SAR images. These are mean, median, refined Lee,
sigma Lee and Lee (Lee 1981), Frost (Frost et al. 1982) and Gamma MAP (Lopes
et al. 1990) filters. According to Qui et al. (2004), “In general, no filter consistently
outperforms others. Each filter has its unique strengths and limitations”. Hence, the
selection of despeckle filter for SAR images depends on the nature of the study (Lee
etal. 1994). Manavalan and Rao (2014) pointed out that the despeckle filtering is not
necessary when the flood inundation surface is smooth. Flooded area mapping using
SAR images is based on different methods like visual interpretation (Oberstadler
et al. 1997), Ostu’s method and thresholding of backscattering values (Hirose et al.
2001; Yamada 2001; Tan et al. 2004; Bhatt et al. 2013; Manjusree et al. 2015; Ban
et al. 2017), band ratio and change detection (Giustarini et al. 2013; Schlaffer et al.
2015), SAR image-based supervised classification (DeRoo et al. 1999; Borghys
et al. 20006), fuzzy rules (Pulvirenti et al. 2013), region growing (Mason et al. 2012a;
Giustarini et al. 2013) active contour model (ACM) (Kass et al. 1988; Williams and
Shah 1992; Horritt 1999), grey-level co-occurrence matrix (GLCM) (Song et al.
2007), segmentation and object-oriented image analysis techniques (Li et al. 2007).
Many methods of extracting flooded areas from different SAR images are directly or
indirectly based on finding an appropriate threshold range (Manavalan 2017).

Due to improvement in the spatial and temporal resolution, the Sentinel-1A SAR
image has been used for detecting floods in rural areas (Clement et al. 2017).
However, in urban areas, high density of buildings causes radar shadow and double
bouncing effects that further creates a problem in detecting flooded areas (Clement
et al. 2017). Therefore, the detection of flooding in urban areas requires fine
resolution SAR images of COSMO-SkyMed, TerraSAR-X and RADARSAT-2
(Mason et al. 2012b; Pulvirenti et al. 2016).

In developing countries like India, the flood-prone areas are extensively used for
agriculture and business activities. Despite huge investment on flood control mea-
sures in India, the flood-induced damage to houses, public utilities, the standing
crops and the affected population has been increasing since 1980, inferring
encroachment of high-value land use on chronically flood-affected areas (Sivasami
2002). Hence, flood hazard assessment using geospatial technology is a
nonstructural measure for minimising the adverse effects of floods in flood-prone
areas (Manjusree et al. 2015). Flood hazard assessment in Bihar has been analysed
using flood layers (1998-2010), hazard area and number of floods in a year param-
eters, derived from RADARSAT-1 and RADARSAT-2 (C-band) HH polarisation
images (Manjusree et al. 2015).

Uttar Pradesh has the highest flood-prone areas in India. The total flood-prone
areas in Uttar Pradesh account for 73,400 km? (Planning Commission 2011).
However, the total flood-prone areas in the Rapti River basin account for 4322.6 km
% which is ~5.9% of the total flood-prone areas of Uttar Pradesh. The Rapti River, its
tributaries and sub-tributaries experience severe floods in the monsoon season due to
heavy downpour. Against the backdrop of above-mentioned methods and studies,
the present study aims to map the flooding extent of 2017 floods in the Indian part of
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the Rapti River basin and to prepare a flood hazard map at development block level
using the parameters, i.e. flooded areas and flood-affected hamlets.

6.2 Study Area

The entire Rapti River basin extends from 26° 18’ 00” N to 28°33'06” N and
81°33/00" E to 83°45'06” E and accounts for 25,793 km? of area, out of which
44% (11,401 km?) lies in Nepal and 56% (14,392 km?) in Uttar Pradesh (Fig. 6.1)
(Rana et al. 2009; Kumar 2010). Administratively, the Rapti River basin covers
Bahraich, Shrawasti, Balrampur, Siddharthnagar, Maharajganj, Gorakhpur,
Kushinagar, Deoria, Sant Kabir Nagar and Basti districts of Uttar Pradesh.

The Rapti River originates from the Nepalese part of the lesser Himalaya where
this river is known as the West Rapti. It is the largest tributary of Ghaghara River,
which, in turn, is a major constituent of the Ganga (Rana et al. 2009; Kumar 2010;
Kumar et al. 2013). The Jimruk, Burhi Rapti and its tributaries, Rohini and Gaura
River are the major left bank tributaries of the Rapti. The right bank tributaries are
Ami and Taraina River. In the Indian part of the basin, six gauge and discharge
(G/D) sites, namely, Kakardhari, Bhinga, Balrampur, Bansi, Regauli and Birdghat
(Gorakhpur), are located along the Rapti River. Kakarahi, Uska Bazar and
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Fig. 6.1 Location map of the study area
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Fig. 6.2 Drainage map and gauge and discharge (G/D) sites of the Rapti River basin

Trimohinighat G/D sites are located along the Burhi Rapti, Kunhra and Rohini
River, respectively (Fig. 6.2). The study region is a part of the vast alluvial plain
of the Ganga where the depth of alluvium varies from ~4 to 6 km (Singh 1996). The
major geomorphic features of the study area are piedmont alluvial plain, older
alluvial plain, older floodplain and active floodplain (GSI and NRSC 2012). Fur-
thermore, the active and older floodplains constitute the flood-prone areas of the
Rapti River basin. In this study, areas bordered by the embankments are mapped as
an active floodplain. The older floodplain is protected by the embankments. How-
ever, breaches in embankments cause flooding therein (Fig. 6.3). Agriculture is a
general land use pattern in the study area (Yadav 1999).

6.3 Material and Methodology

Sentinel-1 consists of two-satellite constellation, namely, Sentinel-1A and Sentinel-
1B. Sentinel-1A C-band SAR operated at a frequency of 5.405 GHz to detect the
Earth’s objects. Sentinel-1A and B missions were launched on April 3, 2014, and
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Fig. 6.3 Geomorphic features of the study area along with breach locations due to 2017 floods
(Modified after GSI and NRSC 2012)

April 25, 2016, by the European Space Agency (ESA) under Europe’s Copernicus
programme, respectively, (ESA 2018a). The orbit height of Sentinel-1A and B is
693 km with a combined temporal resolution of 6 days. However, the temporal
resolution of a single Sentinel-1 satellite is 12 days at the equator (ESA 2018a). The
level-1 ground range detected (GRD) data products of Sentinel-1A have been used in
this study. Interferometric wide swath (IW) GRD data product has dual polarisation
modes, i.e. VV and VH. With the help of an Earth ellipsoid model, the GRD level-1
data have been detected, multi-looked and projected to the ground range (ESA
2018b). Sentinel-2 is a multispectral instrument (MSI). This is a two-satellite
constellation, namely, Sentinel-2A and Sentinel-2B that were launched on June
23,2015, and March 07, 2017, by the ESA, respectively (ESA 2018c). The temporal
resolution of the combined Sentinel-2 satellites is 5 days at the equator, while it is
10 days for a single satellite (ESA 2018c). The height of the orbit of Sentinel-2A and
B satellite is at 786 km (ESA 2018c). Sentinel-2 operates in visible, near-infrared
and shortwave infrared part of the electromagnetic spectrum (Table 6.1) (ESA
20184d).

The Sentinel-1A SAR images have been used for mapping the flooded areas and
pre-flood water bodies, while the Sentinel-2 images have been used for mapping of
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Table 6.1 Spectral bands of the Sentinel-2A and B sensor

Sentinel-2A Sentinel-2B
Central Central Spatial
Band wavelength | Bandwidth | wavelength | Bandwidth | resolution
number | Band name | (hm) (nm) (nm) (nm) (m)
1 Coastal 443.9 27 4423 45 60
aerosol
2 Blue 496.6 98 492.1 98 10
3 Green 560 45 559 46 10
4 Red 664.5 38 665 39 10
5 Vegetation 703.9 19 703.8 20 20
red edge
6 Vegetation 740.2 18 739.1 18 20
red edge
7 Vegetation 782.5 28 779.7 28 20
red edge
8 NIR 835.1 145 833 133 10
8a Vegetation 864.8 33 864 32 20
red edge
9 Water 945 26 943.2 27 60
vapour
10 Cirrus 1373.5 75 1376.9 76 60
11 SWIR 1613.7 143 1610.4 141 20
12 SWIR 2202.4 242 2185.7 238 20

Source: Sentinel online (2018)

the geomorphic features and breach sites. Landsat 7 ETM+ images of 30 m spatial
resolution (EarthExplorer 2017) have been used for accuracy assessment of flooded
and non-flooded areas extracted from the Sentinel-1 SAR images (Table 6.2). The
Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM) at 90 m
spatial resolution (CGIAR-CSI 2008) has been used to extract the Rapti River basin
boundary using hydrology module of the spatial analyst tool of ArcGIS 10. The
development block boundaries have been digitised from the administrative atlas of
Uttar Pradesh (Census of India 2001). The hamlet point feature data have been
obtained from Mizushima Laboratory (2013). The geomorphic map has been
obtained from Bhuvan, an Indian Geo-platform of ISRO (GSI and NRSC 2012).
The rainfall and water level data have been obtained from the irrigation department
of Uttar Pradesh (Irrigation & Water Resource Department 2017). Synoptic weather
system information has been collected from all India weekly weather report (August
10-15, 2017), India Meteorological Department (IMD), Govt. of India (IMD 2017).

In this study, the Sentinel-1A TW GRD products of VV and VH polarisations
have been processed using Sentinel Application Platform (SNAP) tool. The
pre-processing steps using SNAP tool are given in Fig. 6.4. The standard procedures
such as orbit correction, thermal noise removal, calibration (sigma0), speckle
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Fig. 6.4 Pre-processing Raw Sentinel-1A GRD
steps of Sentinel-1A GRD SAR Image
SAR image
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y

Calibration

l

Speckle Filtering

I

Terrain Correction

k'

Calibrated and Geometrically
Corrected SAR Image

filtering and terrain correction have been applied on the raw SAR images to obtain
the geometrically correct image along with backscattering values (sigma0) (Twele
et al. 2016; Clement et al. 2017). A 7 x 7 Gamma MAP filtering method has been
used for speckle suppression of the Sentinel-lA GRD SAR images. The sigma(
values have been converted into logarithmic scale, i.e. decibel (dB).

In this study, the selection of SAR images is based on the flood occurrence,
duration and movement of the flood crest downstream. The statistics of training sites
of flooded areas computed from VV and VH polarisation images of August 21, 2017
show unimodal distribution. Hence, the VV polarisation images of August 21, 2017
have been used for flood pixel extraction. Many researchers concluded that the VV
polarisation of Sentinel-1A IW GRD product is appropriate for the flood detection
(Twele et al. 2016). But VV polarisation is more affected by wind-induced ripples on
the surface of the floodwaters than other polarisations (Manjusree et al. 2012). The
VH polarisation image of August 25, 2017 provides better results for mapping the
flooded areas than the VV polarisation using thresholding of the backscattered
values. The histogram of training site statistics of the VV polarisation image of
August 25, 2017, shows a polymodal distribution, while it is a unimodal distribution
for VH polarisation image (Fig. 6.5). Hence, the computation of threshold value for
the extraction of flooded areas from VH polarisation image is easy and appropriate.

After pre-processing, a thresholding procedure has been used to extract the flood
pixels from the Sentinel-1A IW GRD SAR images. On the basis of statistics of the
training sites of the flooded areas (minimum, mean, median and standard deviation),
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Fig. 6.5 Histogram of backscattering values (dB) of training sites of flooded areas (a) VV
polarization and (b) VH polarisation of Sentinel-1A IW GRD SAR image (August 25, 2017)

lower and upper limit of the threshold range has been decided. Backscattering values
(dB) of the flood areas are normally distributed for which the mean + 3 standard
deviation covers 99.7% of the distribution (Fig. 6.5) (Motulsky 2014). In this study,
the lowest value of all training sites has been taken as the lower limit of the threshold
range. The upper limit (UL) has been obtained using Eq. (6.1):

UL = [(u + 30)] (6.1)

where ¢ stands for the standard deviation of training site backscattered values in
decibel (dB) and u is the mean backscattering values of training sites (flooded areas).

The actual flooded areas have been obtained by subtracting the pre-flood water
bodies (June 02—10, 2017) from the total flooded areas of August 21-25, 2017. The
accuracy assessment of actual flooded and non-flooded areas of August 25, 2017 has
been done with the help of the Garmin eTrex global positioning system (GPS)
waypoints and reference points selected from the Landsat 7 ETM+ images (August
24, 2017). The overall accuracy of flooded and non-flooded areas of August
25, 2017 is 91.6% with a high kappa coefficient value of 0.83. The user’s accuracy
for the flooded areas is 94.87% (Table 6.3).

The breach sites in the embankments have been mapped through visual interpre-
tation of false colour composite (FCC) of Sentinel-2 MSI post-flood images (10 m
spatial resolution). The development block-wise flood hazard assessment of 2017
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Table 6.3 Accuracy assessment of flooded and non-flooded areas (August 25, 2017)

Producer User accuracy | Producer accuracy User accuracy
Class accuracy (%) (%) (pixels) (pixels)
Flooded 88.1 94.87 37/42 37/39
Areas
Non-flooded 95.12 88.64 39/41 39/44
areas

Overall accuracy, (76/83), 91.6% Kappa coefficient, 0.83
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Fig. 6.6 Association between development block-wise flooded areas and flood-affected hamlets

floods has been based on two parameters, namely, development block-wise flooded
areas and number of flood-affected hamlets. The linear association between these two
parameters is strongly positive as the coefficient of determination (R?) value is 0.79
(Fig. 6.6). Hence, the z-score (z) method has been applied for the standardisation of
these two parameters (Eq.6.2) (Burt et al. 2009):

t=(—n)/o (6.2)

where y stands for a parameter. 4 and ¢ are mean and standard deviation of a
parameter, respectively.

The z-score values of these two parameters have been added linearly to make a
composite index, i.e. flood hazard index (FHI). Furthermore, the development block-
wise FHI values have been classified into four categories using natural break
classification method.
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6.4 Results and Discussion

6.4.1 Cause and Occurrence of 2017 Floods

The 2017 floods in the Rapti River basin were caused by the heavy rainfall during
August 12—14 due to the break-in-monsoon system (IMD 2017). The highest rainfall
of 303.6 mm was recorded at Kakarahi G/D site on August 14. Overall, the high
rainfall was recorded at all the G/D sites of the basin on August 14 (Fig. 6.7). Hence,
flooding was observed at all the G/D sites except Kakardhari. The flood peak which
occurred at Bhinga on August 14 takes 2 days to reach Balrampur G/D site. The
synchronisation of peak floods occurred at Bansi, Regauli and Birdghat. The
unprecedented flood occurred at Bansi on August 21, 2017, when the water level
crossed the previous highest flood level (1998) by 0.06 m. The flood peaks at
Trimohinighat, Kakarahi and Uska Bazar occurred on August 16, 18 and
20, 2017, respectively. Deviation of the maximum water level (MWL) from the
danger level (DL) at Bansi, Regauli, Birdhat, Kakarahi, Trimohinighat and Uska
Bazar was large and ranged between 1.53 and 3.14 m. Such a large deviation of
MWL indicates that the major floods occurred at these G/D sites in 2017 (Table 6.4).
When the water level in a river remains above the DL by 1 m or more, it is defined as
major floods (Dhar and Nandargi 2003).

The flood duration in the basin varied from 3 (Bhinga) to 18 days (Birdghat)
during 2017 floods. The flood duration along the Rapti River in the basin showed an
increasing trend from upstream to downstream due to decrease in slope and dis-
charges contributed by the tributaries. Hence, the extreme downstream Birdghat G/D
site recorded the highest flood duration of 18 days from August 15 to September
01, 2017 (Table 6.5).

Due to the high water level in Rapti, Burhi Rapti, Gaura and Rohini River,
breaches in embankments occurred during 2017 floods. A breach of 130 m length
occurred in the right embankment of the Burhi Rapti River (breach ID 1) (Table 6.6).
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Fig. 6.7 Rainfall recorded at different G/D sites during August 10-15, 2017
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Table 6.4 Maximum water level (MWL), danger level (DL) and highest flood level (HFL) in Rapti

River basin

DL MWL, Deviation of MWL

G/D Site (m) 2017 (m) Date from DL (m) HFL (year)

Kakardhari 131 130.77 August —-0.23 132.37 (2014)
13,2017

Bhinga 119.5 | 120.11 August 0.61 120.3 (2014)
14, 2017

Balrampur 104.62 | 105.52 August 0.90 105.51 (2014)
16, 2017

Bansi 84.9 85.88 August 0.98 85.82 (1998)
21,2017

Regauli 80.3 81.84 August 1.54 82.12 (2000)
21, 2017

Birdghat 7498 | 77.22 August 2.24 77.54 (1998)
21,2017

Kakarahi 85.65 | 88.79 August 3.14 88.97 (1998)
18, 2017

Uska Bazar 83.52 | 85.05 August 1.53 85.62 (1998)
20, 2017

Trimohinighat | 82.44 | 85.23 August 2.79 85.43 (2001)
16, 2017

Source: Irrigation and Water Resource Department (2017)

Table 6.5 Flood duration in Rapti River basin during 2017

G/D site River Days above DL Date

Kakardhari Rapti 0 N.A.

Bhinga Rapti 3 August 13-15
Balrampur Rapti 8 August 13-20

Bansi Rapti 11 August 16-26

Regauli Rapti 15 August 15-29

Birdghat Rapti 18 August 15-September 01
Kakarahi Burhi Rapti 14 August 14-27

Uska Bazar Kunhra 12 August 15-26
Trimohinighat Rohini 11 August 13-23

Source: Irrigation and Water Resource Department (2017)

Two breach sites (ID 3 & 4) were located along the Rohini River (Fig. 6.3). Two
breaches (ID 7 & 11) were also mapped along the right bank embankment of the
Gaura River. The rest of the breach sites were located along the Rapti River. The
largest breach (ID 9) of 132 m occurred in the left bank embankment of the Rapti
River. Such large breaches in embankments indicate that the structural measure is
not a permanent solution for flood control in the basin. Breaches in embankment
often produce more coarse to medium sand in the floodwaters that settle in the
nearby embankment-protected arable land. Such deposition of coarse and medium
sand in the arable land makes it infertile for many years (Kumar 2010).
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Table 6.6 Breach in Breach site ID River name Length (m)
embankments during 2017 - -
1 Burhi Rapti 130
floods
2 Rapti 40
3 Rohini 50
4 Rohini 80
5 Rapti 110
6 Rapti 36
7 Gaura 99.3
8 Rapti 71.9
9 Rapti 132
10 Rapti 23.9
11 Gaura 113
12 Rapti 94.4
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Fig. 6.8 Actual flooded areas and pre-flood water bodies of the Rapti River basin (Indian part)

6.4.2 Flooded Area of the Rapti River Basin in 2017

The actual flooded area in the basin is 2046.7 km2, while the pre-flood water bodies
account for 68.6 km?* only (Fig. 6.8). The flood-prone area covers 30% geographical
area of the Rapti River basin (UP). During 2017 floods, the actual flooded areas



6 Flood Inundation and Hazard Mapping of 2017 Floods in the Rapti River. . . 91

account for 38.8% geographical area of the total flood-prone area. The actual flooded
areas of the flood-prone region cover 80% of the total actual flooded areas of the basin.

6.4.3 Downstream Movement of 2017 Floods

Downstream movement of the flood has been analysed with the help of flood extent
in window 1 and window 2. The actual flooded area in window 1 on August
21, 2017, was 205 km?, while it was 131 km? on August 25, 2017 (Fig. 6.9). The
water level recorded at Kakarahi and Uska Bazar G/D site was above the DL with a
decreasing trend during August 21-25, 2017 (Table 6.7). The window 2 largely
covers the older floodplain between the Rapti and Gaura River downstream of
Birdghat G/D site. The actual flooded area in window 2 was 91 km® on August
21, 2017, while it was increased to 143 km? on August 25, 2017 (Fig. 6.10). The
main causal factor for an increase in flooded area was breaches in embankments
along the Rapti and Gaura River. Such breaches in the embankments in window
2 were caused by the flood flow from the upstream reaches.

6.4.4 Development Block-Wise Flood Hazard Assessment

Flood hazard assessment in a populated river basin is basically based on certain key
parameters such as elevation, flooded areas, turbidity, flood frequency, depth,

,}qu:n,ga I'l]

Legend
% ; Pre-flood Water Bodies Actual Flooded Are:
®  Place Name Railway Line Road || Window 1 =l (June 02-10,2017) M mul;azsugnﬁ) ?
Actual Flooded Area
(Aug. 21, 2017)

Fig. 6.9 (a) and (b) Actual flooded areas on August 21 and 25, 2017 in the window 1
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Table 6.7 Danger level (DL), water level (WL) and deviation of WL from DL in Rapti River basin
during August 21 and 25, 2017

WL WL Deviation of WL Deviation of WL

Danger | (August (August from DL from DL

level 21,2017) |25,2017) |(m) (August (m) (August
G/D Site (m) (m) (m) 21, 2017) 25, 2017)
Kakardhari 131 129.01 128.83 -1.99 —2.17
Bhinga 119.5 118.06 118.11 —1.44 —1.39
Balrampur 104.62 | 104.51 103.98 —0.11 —0.64
Bansi 84.9 85.88 85.33 0.98 0.43
Regauli 80.3 81.84 81.4 1.54 1.1
Birdghat 74.98 77.22 76.6 2.24 1.62
Kakarahi 85.65 87.71 86.93 2.06 1.28
Uska Bazar 83.52 84.99 84.09 1.47 0.57
Trimohinighat | 82.44 83.92 81.63 1.48 —0.81

Source: Trrigation and Water Resource Department (2017)

Legend ) Pre-flood Water Bodies Actual Fiooded Area — Actual Flooded Area
e pPlaceMame 4 BreachSie [ {June 02-10, 2017) (Aug. 21, 2017) (Aug. 25, 2017)

Road [ Window 2

Fig. 6.10 (a) and (b) Actual flooded areas on August 21 and 25, 2017 in the window 2 along with
breach locations

duration, flood-affected population and hamlets (Sanyal and Lu 2006; Manjusree
et al. 2015; Kumar and Acharya 2016; Kumar 2016; Kumar et al. 2016). In this
study, the development block-wise flooded areas show the extent of flooding, while
the number of flood-affected hamlets indicates the flood-induced damage. Therefore,
a composite index (FHI) has been computed using these parameters.

In this study, development block-wise low flood hazard is observed in all
districts except Siddharthnagar (Fig. 6.11). Generally, the low flood hazard zone
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Fig. 6.11 Development block-wise flood hazard categories with label IDs. Name of the districts is
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Table 6.8a District-wise flood-affected development blocks in low flood hazard zone

District Affected development block (label ID)
Bahraich Nawabganj (70)
Shrawasti Sirasia (65) and Gilaula (67)

Mabharajganj Part of Siswa Bazar (32), Ghughuli (33), part of Partawal (34), Siswa Bazar (35),
Nichlaul (36), Maharajganj (37), Mithaura (41) and Nautanwa (43),

Kushinagar Sukrauli (82), Captanganj (83), Hata (84) and Motichak (85)

Deoria Gauri Bazar (24), Barhaj (25), Deoria (26), Rampur Karkhana (27), Baitalpur
(28) and Desai Deoria (29)

Gorakhpur Gola (2), Belghat (3), part of Gagaha (4), Urua (5), part of Kauriram (7) and part

of Belghat (13)
Sant Kabir Part of Semariyawan (73, 74 & 78) and Baghauli (75)
Nagar
Basti Rudhauli (79), Saughat (80) and Ramnagar (81)

lies in the older alluvial plain that comes under flood-free zone or Bangar land
(Table 6.8a).

Medium flood hazard zone is found in the development blocks of Shrawasti,
Balrampur, Siddharthnagr, Maharajganj, Gorakhpur and Sant Kabir Nagar districts
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Table 6.8b District-wise flood-affected development blocks in medium flood hazard zone

District Affected development block (Label ID)
Shrawasti Ikauna (66), Hariharpur (68) and Jamunaha (69)
Balrampur Pachperwa (57), Gainsari (58), Tulasipur (59), Harraiya Satgharwa (60),

Shridattganj (62), Utraula (63) and Gaindas Buzurg (64)

Siddharthnagar | Birdpur (44), Naugarh (45), Shohratgarh (47), Kheserha (50), Mithwal (51) and
Domariyaganj (52)

Mabharajganj Paniara (30), Partawal (31), Pharenda (38) and Lakshmipur (42)

Gorakhpur Gagaha (6), Kauriram (9), Khajani (14), Shahjanwa (15) and Pali (19)
Sant Kabir Mehdawal (71), Semariyawan (72), Khalilabad (76) and Santha (86)
Nagar

Table 6.8c District-wise flood-affected development blocks in high flood hazard zone

District Affected development block (Label ID)
Balrampur Balrampur (61)

Siddharthnagar | Jogiya Khas (48), Barhni Bazar (54) and Itwa (55)
Maharajganj Dhani (39) and Brimanganj (40)

Deoria Rudrapur (23)

Gorakhpur Barhalganj (1), Brahmpur (8), Bansgaon (11), Khorabar (12), Piprauli (17),
Chargawan (18) and Campierganj (22)

Table 6.8d District-wise flood-affected development blocks in very high flood hazard zone

District Affected development block (Label ID)
Siddharthnagar Uska Bazar (46), Bansi (49) and Bhanwapur (56)
Gorakhpur Jungal Kaudia (21)

(Table 6.8b). In general, this flood zone falls in the topographically low-lying areas
of older alluvial plain and older floodplain. Such low-lying areas comprise oxbow
lakes, abandoned and minor channels. In the local language, these lakes and chan-
nels are called as chaurs that often get flooded during the monsoon season. The high
flood hazard zone falls in the development blocks of Balrampur, Siddharthnagar,
Maharajganj, Deoria and Gorakhpur districts (Table 6.8c). This zone covers the
topographically low-lying areas of older alluvial plain, older and active floodplain.

In Siddharthnagar district, a very high flood zone is observed in Uska Bazar,
Bansi and Bhanwapur development blocks that fall in the active floodplain of
Kunhra, Rapti and Burhi Rapti River (Fig. 6.11). Jungle Kaudia development
block of Gorakhpur district also falls in the very high flood zone (Table 6.8d). Jungle
Kaudia block comes under the older and active floodplain of Rapti and Rohini River.
The topographically low-lying areas of the older floodplain of this block are
protected by embankments. Breaches in embankments along the Rohini and Rapti
Rivers often cause floods in Jungle Kaudia block.
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6.5 Conclusions

The 2017 floods in the Rapti River basin have been caused by the heavy rainfall due
to the break-in-monsoon condition. Breaches in embankments are another reason for
flooding in embankment-protected areas, i.e. older floodplain. Major floods occurred
at Regauli, Birdghat, Kakarahi, Uska Bazar and Trimohinighat G/D sites in 2017.

Siddharthnagar and Gorakhpur were the most flood-affected districts in 2017.
The confluence of the Burhi Rapti and Rohini River with the Rapti comes under the
very high flood hazard zone due to backwater effect. The development block-wise
flood hazard zone of a major flood in the Rapti River basin has immense importance
to the district administration for the execution of flood management strategies at the
block level. The geospatial approach used in this study for flood hazard assessment
can be improved with the help of amount of compensation money given to the
floodplain dwellers whose houses were damaged by the 2017 floods.

Methods discussed in this study are easy to detect flood-affected areas during the
monsoon season using freely available Sentinel-1A TW GRD SAR images. Sentinel-
1A SAR detects the Earth’s objects round the clock and during cloudy and light
rainfall weather conditions. Hence, Sentinel-1 GRD SAR images have immense
potential for the implementation of flood fighting measures during floods.
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