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ABSTRACT: 
 
North India, since time immemorial remained the cradle of agricultural development. Every year during the monsoons, there is a 
high upsurge in the river Rapti. This leads to heavy flooding in the area and takes a toll on life and property besides submerging 
acres of precious agricultural land. Till now, such floods have been mapped using satellite data from optical sensors, but in 
monsoons due to cloud cover the task becomes difficult. Spaceborne SAR (Synthetic Aperture RADAR) data solves this problem by 
offering all-weather availability. This study aims to utilize the potential of C-band dual PolSAR data from Sentinel-1A for flood 
mapping and analysis of its impact on agriculture along with suggesting mitigation measures. Sentinel-1A data of January and 
September 2018 was taken and pre-processed. Thereafter, an interferogram was prepared and was phase filtered using modified 
Goldstein phase filter to remove phase distortions and a DEM (Digital Elevation Model) was prepared. The phase maps generated 
were analyzed for phase variations after removing the topographic phase and it was found that there was very less phase variation 
from urban and agricultural lands surrounding the river which clearly indicated heavy flooding and submergence of land in water. 
Using the DEM map generated, hydrological processing was done to delineate flow lines and calculation of catchment area at point 
of maximum submergence of agricultural land. This was followed by the generation of contours in the area and finally, the flood 
impact analysis was done by calculating the water volume in watershed during the flood. 
 
 

1. INTRODUCTION 
 
SAR or Microwave remote sensing has truly revolutionised the 
world of remote sensing with its versatile nature and all-weather 
availability (Abdikan, Sanli, Ustuner, & Calò, 2016). Like 
many other areas of study, SAR remote sensing has been highly 
useful in mapping and analysis of floods (Tripathi & Kumar, 
2017). Floods have been a normal natural calamity for the 
people living in areas of low elevation (Huete, 2011). And 
every year, there is a huge loss of life and property which 
people of these areas face. The reasons for this are 
miscellaneous, sometimes the rivers swell up due to rains and at 
other times there is untimely release of water from dams 
(Confuorto, Plank, Novellino, Tessitore, & Ramondini, 2016). 
This results into large scale water logging and submergence of 
agricultural areas (Dore, Patruno, Pottier, & Crespi, 2013). This 
study aims to evaluate the potential of SAR data for the 
mapping and analysis of flood in the Terai area lying on the 
foothills of Nepal Himalayas. The study area is Gorakhpur city 
and adjoining areas. This area being the hub of development 
activities in eastern Uttar Pradesh is unable to harvest the 
benefits of government efforts due to yearly floods in the Rapti 
river and its tributaries (Chen, Masini, Liu, You, & Lasaponara, 
2016). In this study, it was aimed to analyse the flood scenario 
using C-band SAR data and find out ways to minimise the 
impact of floods and store the logged water for further usage in 
dry seasons. Also, it was intended to map and calculate the 
submerged agricultural land. The Digital Elevation Map (DEM) 
generated after phase unwrapping was used to generate flow 
lines using HEC-GEOHMS tool. The flood lines were analysed 
and thereafter watershed area was delineated. Using this 

watershed area, flow lines were clipped out lying in it and using 
that a location at stream junction was chosen which has 
maximum area of submergence. And using this, the volume of 
water was calculated to suggest a reservoir to be built at this 
place of adequate capacity to minimise the impact of flood and 
provide water for domestic and other purposes. 

 
2. STUDY AREA AND DATASET 

 
2.1 Study Area 

The study area chosen for this study is the city of Gorakhpur in 
eastern Uttar Pradesh. Located in 26.7588 0 N and 83.3697 0 E, 
the city is located on the banks of river Rapti, adjoining the 
international border with Nepal. It is the headquarters of 
Gorakhpur district and Gorakhpur division and has been one of 
the most flood vulnerable districts of Uttar Pradesh and there 
has been a considerable increase in the frequency and intensity 
of floods in the last one-hundred years. Situated in the low lying 
terai region, accumulated flood waters make the development 
difficult and cause an increase in diseases and delay in essential 
relief services to reach in time. Therefore, it was necessary for 
proper inundation mapping of floods in the region. 
 
2.2 Datasets  

The datasets chosen was Single Look Complex (SLC) 
Interferometric pair of C-band SAR data from Sentinel-1 one 
from the month of January 2018 and the other one from 
September 2018 with dual polarisation channels of VV and VH 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3/W6, 2019 
ISPRS-GEOGLAM-ISRS Joint Int. Workshop on “Earth Observations for Agricultural Monitoring”, 18–20 February 2019, New Delhi, India

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLII-3-W6-521-2019 | © Authors 2019. CC BY 4.0 License.

 
521

mailto:kshrtripathi@gmail.com
mailto:reetkamal@iitrpr.ac.in


 

 
 

Figure.1. Study area (The dot shows the location of 
Gorakhpur) with pre-processed SAR image 

 
. 

3. METHODOLOGY 

The datasets were first splitted to separate out the study area 
and remove any radiometric distortion. Thereafter the datasets 
were deburst since the data was acquired in scan or burst mode. 
Thereafter the data was calibrated and multilooked to generate 
square pixels of around 9m×9m size. This was followed by co-
registering the datasets wherein one dataset of later date was 
aligned with the data of earlier date pixel by pixel. Following 
this, interferometric processing was carried out wherein an 
interferogram was generated and phase values were studied for 
changes if any. DEM assisted topographic phase removal and 
modified Goldstein phase filtering was then carried out to 
further flatten the interferometric phase and remove phase 
distortions if any. A DEM (Digital Elevation Model) map was 
prepared to see the low-lying areas in and around the city to 
correlate the water accumulation in these areas for inundation 
map prepared. Since closer fringes mean that more sensitive is 
the interferogram is to the topographic height, hence higher is 
the quality of DEM. For global DEM generation, SRTM 
(Shuttle RADAR Topography Mission) Was used in X and C 
bands with up to 4m accuracy. Hence the DEM map was 
prepared by simulating the unwrapped interferometric phase 
with wrap ambiguity of interferogram wrapping each time to 2π 
removed, over an automated plugin for SRTM. The plugin links 
up the interferometric fringe information with the SRTM co-
ordinates and downloads a linked elevation information. This 
information generates the DEM map and georectifies the image. 
The DEM map showed several paleochannels of the river which 
got filled with water during rains resulting in bifurcation of 
main channels into several small channels. Lastly, areas with 
high backscatter were masked out from the calibrated map for 
both time periods and inundation maps so prepared were 
overlaid on Google earth. The DEM map was used to generate 
streamlines or flow lines to see the direction of runoff flood 
water. This was used to generate and calculate watershed. The 
watershed was used to clip out the streamlines in the area of 
maximum accumulation of flood water. This was further used to 
locate a junction of maximum submergence of agricultural area 
and the volume of accumulation was calculated to suggest a 
reservoir to be built to direct the flood water into it so as to 
prevent further submergence of precious agricultural land.  
               

 
4. RESULTS AND DISCUSSION  

 
4.1 Pre-processing  
 
The datasets were pre-processed by splitting wherein each 
subswath was delineated and treated into a separate product to 
locate the ‘IW’ tile containing the study area (Black et al., 
2017; Dwivedi, Narayan, Tiwari, Dikshit, & Singh, 2016; 
Keydel, 2007). Thereafter the products are deburst since each 
subswath contains a series of bursts where each burst is trated 
as a separate SLC (Single Look Complex) product (Zhou, 
Chang, & Li, 2009). Each burst includes all individually 
focused complex bursts into a single subswath image. Hence 
deburst is needed to separate out the subswath products 
(Sunuprapto & Hussin, 2000). This is followed by calibration 
which is a useful tool since it directly relates the pixel values 
with the RADAR backscatter and makes the SAR imagery 
useful for quantitative interpretation (Shirvany, 2012). Since a 
SAR imagery has two directions of dimensions which are 
unequal- the range direction and the other azimuth direction and 
it has different spatial resolutions along these directions which 
make the image to have inherent speckle noise. To remove this 
ambiguity and generate square pixels, the image is multilooked 
(Li & Bethel, 2008).  
 
4.2 Interferometric processing 

The study area was subsetted from the pre-processed images of 
both the time frames and was coregistered together with root 
mean square error of 0.02. In coregistration, the slave image 
usually of the later time frame is aligned pixel wise with respect 
to the master image of the earlier time frame (Mccormack, 
Thomas, & Solomon, n.d.). This way, the changes that have 
taken place over the time frame are delineated and can be 
studied with great ease with respect to the variations in the pixel 
level (Chung, Liu, Cheng, Lee, & Shieh, 2015; Keydel, 2007; 
Sunuprapto & Hussin, 2000). Thereafter, an interferogram was 
generated from the coregistered image product, to see the 
changes that have occurred on the surface due to deformations 
if any and the change in phase that occurs as the waves return to 
the RADAR sensor after interaction with the target. Thereafter, 
terrain correction was done using SRTM DEM assisted 
orthorectification in which DEM map was generated. 

 
Figure.2. Elevation map 

4.3 Hydrological Processing 

The elevation map was used to generate flow lines using HEC-
GEOHMS. These lines indicate the route that water would 
follow in the event of flood based on elevation differences in 
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the topography of the land surface. Thereafter the catchment 
grid delineation was done followed by adjoint catchment 
processing. This created the run-off lines of flood water. After 
this a suitable point was taken on the major junction of drainage 
lines and a watershed area was delineated. The area of 
watershed polygon was calculated using calculate area tool. The 
watershed polygon was used to clip out drainage lines. The 
contour map generated with contour spacing 20m is shown as 
below in Fig. 3- 

 
Figure. 3. Contour Map 

 
The flow accumulation map, and Flow Direction maps, Fig.4, 
were also generated using the elevation map to see the direction 
of flow accumulation which is clearly towards low lying 
agricultural and urban areas and a suitable watershed area was 
marked. 
 

 
 

 
Figure.4. Flow Direction Map 

 
The delineated watershed area map was created by selecting a 
junction of flow lines where the maximum agricultural area 
showed submergence and was calculated to be 74 sq. Km. as 
shown in Fig. 5 and Fig.6- 

 
 

Figure.5. Watershed overlay on Google Earth 

 
Fig.6. Watershed Map 

 
Once the watershed area was calculated, a Triangulated 
Irregular Network (TIN) map was generated to find a suitable 
area for having a reservoir, based on flow accumulation in the 
watershed and calculation of volume of accumulated water. The 
TIN map is showed in Fig. 7. 
 
Based on the watershed area and TIN maps, surface run-off 
volume was calculated over the areas where maximum damage 
has been done to agricultural lands. The volume came to be 
around 12,25,412.19 litres. Which should be the minimum 
capacity of the reservoir that could be built, and all the water 
could be diverted to it causing abatement to the land 
submergence in flood like situations. 
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Figure.7. TIN Map showing high water accumulation over 

agricultural and urban low-lying areas 
 

 
CONCLUSION 

 
Spaceborne, C-band SAR data has good feasibility for flood 
inundation mapping as well as hydrological analysis specially 
for areas where flooding in the months of monsoon is a yearly 
phenomenon. This results into heavy loss of life and property 
besides submergence of agricultural land. This study aims to 
minimize the loss of precious agricultural land by calculating 
the volume of surface run-off from a watershed area so that the 
water could be diverted and stored for other applications into a 
reservoir.  
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