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In August 2018, the southern Indian state of Kerala 
received unusually heavy rainfall leading to large-
scale flooding and destruction. Reliable flood inunda-
tion maps derived from remote sensing techniques help 
in flood disaster management activities. The freely 
available Sentinel-1A/B SAR data have the potential 
for flood inundation mapping due to its all-weather 
imaging capability. In this study, temporal dual-pol 
Sentinel-1 SAR data have been utilized. Single-date 
ALOS-2/PALSAR-2 commercial SAR data were also 
used to fill the gap between Sentinel-1 acquisitions 
during the peak flood-period. Two flood-mapping  
approaches, viz. rule-based classification in case of 
temporal SAR data and histogram-based thresholding 
approach in case of single-date imagery, were utilized 
in the study. Also, flood inundation mapping with dif-
ferent data constraints, i.e. availability of single-date 
and multi-date imagery has been analysed and dis-
cussed. The obtained results were validated with mul-
tiple data sources like survey data and secondary data 
from government agencies. An overall accuracy of 
90.6% and a critical success index of 81.6% were 
achieved with the proposed rule-based classification 
approach. This study highlights the potential of the 
combination of Sentinel-1 and ALOS-2/PALSAR-2  
data for flood inundation mapping. 
 
Keywords: Disaster management, floods, inundation 
mapping, remote sensing, rule-based classification. 
 
FLOODS usually inundate a dry land area and can result in 
substantial socio-economic losses due to their impact on 
transport and utility networks1. Flood events require con-
stant monitoring and mapping for effective and timely 
management of rescue and relief operations. Recent 
floods in the southern Indian state of Kerala have inun-
dated large parts of the coastal area as well as many urban 
and agricultural regions. Monitoring floods on a large 
scale using in-situ observations is limited by their geo-
graphic extent and the terrain. Remote sensing techniques 

have been successfully utilized for flood monitoring, hazard 
mapping2, risk assessment3,4 as well as modelling, and 
validation of weather forecasting and rainfall-runoff 
models. Optical remote sensing techniques have been 
successfully utilized for inundated region mapping ex-
ploiting the different spectral responses and using various 
image classification techniques5. However, these techniques 
are limited by cloud cover, especially over the tropics. 
 Synthetic Aperture Radar (SAR) techniques have all-
weather sensing capability and penetrate clouds, provid-
ing complementary active remote sensing data crucial for 
the tropical regions. Microwave signal backscatter is sen-
sitive to changes in the target dielectric properties and 
structure, which provides a fundamentally different re-
sponse from the water-covered areas. This provides a dis-
tinct ability to accurately estimate the waterbody extent 
using SAR data. The SAR data have been utilized for 
boundary mapping of water bodies6,7, being sensitive to 
tidal fluctuations. The combined use of optical and SAR 
data is also exploited for inundation mapping8,9. A review 
of SAR-based flood detection methods under forest cano-
py was done by Hess et al.10. Multi-frequency and multi-
polarization data have been used in various studies11–14. 
Many studies have demonstrated the capabilities of Ad-
vanced Land Observing Satellite Phased Array L-band 
Synthetic Aperture Radar (ALOS/PALSAR and ALOS-
2/PALSAR-2) images in flood extent mapping of differ-
ent land uses15,16. The combined use of ALOS PALSAR 
with other satellite data such as Radarsat-2 (ref. 17), 
Cosmos Skymed18–20 and TerraSAR-X21 has also been 
explored to compare the inundation mapping results ob-
tained from different wavelengths. Sentinel-1 images are 
useful to monitor the flood events in near real-time at a 
larger spatial region using the target region search  
method22. The combined use of AWiFS optical images 
and Sentinel-1 SAR images was explored in riverine-
based flood monitoring23. 
 A thresholding algorithm combined with Digital Eleva-
tion Model (DEM) was used to identify flooded areas 
from Radarsat-1 SAR imagery24. A supervised decision 
tree classifier was used for wetland mapping using
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Figure 1. Study area showing Alappuzha and Kottayam districts in Kerala, India. 
 
C-band CCRS airborne SAR data by Baghdadi et al.25. 
Split-based automatic thresholding was developed by 
Greifeneder et al.26 using 696 ENVISAT ASAR archived 
images for waterbody mapping. Split window approach 
has also been used for flood damage assessment27. A hie-
rarchical split-based approach combined with region 
growing and change detection was demonstrated for flood 
mapping with an overall accuracy of 89% (ref. 28). An 
automated approach combining backscatter-optimized 
thresholding, region growing and change detection was 
proposed for flood mapping in urban areas29. Interfero-
metric coherence was also used for detecting flooded  
urban and vegetation areas30,31. 
 The launch of Sentinel-1A/B satellites by European 
Space Agency (ESA) provides the first freely available 
SAR data acquired in dual-polarization mode with a tem-
poral resolution of 12 days. Inundation mapping with the 
Sentinel-1 ground range detected (GRD) products using 
cloud processing with Google Earth Engine was done by 
Amitrano et al.32. Few studies describe multi-temporal 

Sentinel-1 data capabilities for inundation mapping in 
different land uses/land covers33–35. The combined use of 
ALOS-2 and Sentinel-1 in the delineation of flooded  
vegetation was explored by Plank et al.36. A multi-
temporal colour composite flood area delineation was  
also proposed using dual-pol Sentinel-1 data in conjunc-
tion with DEM34. 
 In this study, a simple and robust rule-based algorithm 
has been developed using Sentinel-1 SAR data for mapping 
flood inundation. The results obtained were validated 
with a ground-based survey and also with secondary data 
from Government agencies. 

Study area and datasets 

Two districts in Kerala, viz. Kottayam and Alappuzha, 
which were among the eight districts that experienced 
devastating flood events during August 2018, were  
studied in detail (Figure 1). 
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Figure 2. Photographs captured on 9 September 2018 show the devastation caused by the floods 
in (a) Padanad, (b) Chengannur, (c) Kadapra and (d) Thiruvalla towns in Alappuzha district, Kerala 
(photos credit: Harsha Rajan). 

 
 

Table 1. SAR data utilized in mapping flood inundation 

  Acquisition  Incidence 24 h rainfall 
DoA Satellite mode Polarization angle (mm) 
 

5 May 2018 Sentinel-1 IWS VV + VH 38.615 – 
22 June 2018 Sentinel-1 IWS VV + VH 38.615 28.9 
16 July 2018 Sentinel-1 IWS VV + VH 38.615 128 
28 July 2018 Sentinel-1 IWS VV + VH 38.615 2.11 
9 August 2018 Sentinel-1 IWS VV + VH 38.615 24.77 
21 August 2018 Sentinel-1 IWS VV + VH 38.615 4.63 
17 August 2018 ALOS-2 Stripmap HH + HV 36.283 78.45 
23 February 2018 Sentinel-2 M1LC B8/B4/B3 –  

DoA, Date of acquisition; IWS, Interferometric wide swath. 
 
 
 The study area was selected since it is characterized by 
multiple landuses such as urban, rural and also ecologi-
cally sensitive land features such as wetlands and  
mangroves. The Vembanad lake, a Ramsar site37, is also 
present in the study region. It is considered to be the  
largest brackish-water lake in India. The Vembanad lake 
is fed mainly from 10 different rivers and rivulets, of 
which major rivers that directly drain into it are Pamba, 
Achenkovil, Manimala and Meenachil; a part of the  
Periyar also drains near Cochin, which eventually reaches 
the Arabian Sea. Due to perennial water availability, 
many fish-farms and paddy fields were developed at  
the periphery of the lake area. Torrential rainfall in several 
parts of Kerala resulting from the southwest monsoon  
and continuous heavy rainfall during August 2018  
resulted in significant accumulation of rainwater in many 
dams. Heavy rainfall, along with the controlled release of 

dam water, caused sudden flood-like conditions in the 
state. The floods resulted in massive-scale damage to  
urban and rural regions. Figure 2 shows the extent  
of damage visible after the rainfall subsided by the end of 
August 2018. 

Data 

In this study, temporal level-1 GRD Sentinel-1 C-band 
SAR images with VV/VH polarization and a Single Look 
Complex (SLC) ALOS-2 SAR image with HH/HV pola-
rization were utilized. Table 1 provides details of SAR 
data characteristics and the date of acquisition. The aver-
age 24 h precipitation obtained from the India Meteoro-
logical Department (IMD) station at Kottayam is also 
shown in the table38. 
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Figure 3. Rule-based classification algorithm for single date and multi-date SAR data in inundation 
mapping. The single-date inundation analysis was done using L-band ALOS-2/PALSAR-2, while the 
multi-date inundation analysis was performed on Sentinel-1 time-series data.

 
 
 There was a major rainfall event between 15 August 
and 17 August 2018, where the rainfall measured in Kot-
tayam for these three days was 99, 79 and 79 mm respec-
tively38. This massive surge in rainfall in mid-August 
caused fresh inundation of large tracts of the study region. 

Methodology 

SAR data pre-processing 

The GRD Sentinel-1 data were calibrated using the SNAP 
toolbox to convert pixel intensity into radar backscatter 
coefficient. The obtained radar backscatter images were 
multi-looked with three looks in the azimuth and three 
looks in the range direction, which resulted in 30 m pixel  
size. Multi-looked radar backscatter images were then 
geocoded using the range-Doppler terrain correction  
algorithm in the SNAP toolbox. The level 1.1 SLC 
ALOS-2/PALSAR-2 data were pre-processed using 
SNAP software. The SLC data were calibrated to form a 
radar backscatter (σ 0) product and further multi-looked 
with four looks in the azimuth and seven looks in the 
range direction, which resulted in 28 m pixel resolution. 

The calibrated multi-looked imagery was geocoded using 
1 arc sec SRTM DEM. 

Selection of training dataset 

Sentinel-2 optical false colour composite (FCC) imagery 
was used for manual digitization of test samples in the 
experiment. Test polygons were selected from the image 
for permanent water areas, urban regions and other land 
uses, and they were categorized as water, urban and other 
classes. The chosen test polygons were overlaid on the 
SAR imagery for further analysis. The permanent water-
inundated region sample comprises 1.56 sq. km (1727 
pixels), while the urban class sample contains 1.44 sq. km 
(1600 pixels), and all other features were combined under 
other classes having an area of 4.03 sq. km (4485 pixels). 
The third class defined as ‘other classes’, comprises mostly 
rural areas with human settlements and vegetation. 

Flood detection approaches 

In this study, the potential of single-date and multi-date 
SAR imagery having dual-polarization (VV/VH or HH/HV) 
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in flood detection and quantification is demonstrated. Sen-
tinel-1 SAR data were used in multi-date flood detection 
and inundation mapping approach, while ALOS-2/ 
PALSAR-2 imagery was used in single-date flood detec-
tion and inundation mapping. The methods used in this 
study are categorized based on either single-date or multi-
date images described hereafter. Figure 3 summarizes the 
methodology implemented for this study in the flowchart. 
 
Multi-date dual-pol Sentinel-1-derived inundation map-
ping: A rule-based classifier was developed using dual-
polarization SAR data to differentiate permanent water 
bodies, flooded/inundated areas and non-water regions 
from a stack generated from pre-flood and post-flood  
images. An RGB image was generated based on the flood 
water inundation mapping by Jo et al.34. The calibrated 
images were converted into decibel scale using the for-
mula 20log10 (DN), where the DN refers to the calibrated 
linear radar backscatter power values. 0

VV-postσ  was  
assigned to the red band, 0

VH-postσ  to the green band, and 
0 0
VV-pre VH-pre(0. * )5 +σ σ  assigned to the blue band. It has 

been demonstrated that pre-existing water exhibits black 
colour, whereas flooded water shows a blue colour, and 
the rest of the features such as vegetation and urban  
exhibit red to green colour shades34. Sentinel-1 image  
acquired on 5 May 2018 was considered pre-flood, whereas 
the imagery acquired during August 2018 at which the 
flood event occurred was considered as post-flood im-
agery. Since the blue-coloured region depicts flooded 
area, a simple logical rule was developed to segregate on-
ly blue colour from the imagery, thereby extracting only 
the flooded region. The unique feature of this technique is 
the non-requirement of existing water body GIS layers to  
extract flooded regions. Figure 3 describes the rule-based 
classifier. The regions classified as pre-inundated and 
newly inundated were combined and permanent water 
bodies were masked, and the resultant water pixels were 
used to estimate the total inundation area. However, using 
this approach, flooding in urban areas might be slightly 
underestimated due to shadows and double/multiple 
bounce scattering from the built structures. 
 
Single-date ALOS-2/PALSAR-2-derived inundation map-
ping: The calibrated ALOS-2/PALSAR-2 data acquired 
on 17 August 2018 was the only available seen between 9 
and 21 August 2018, during which the rainfall and flood 
inundation were maximum. From the ALOS-2 SAR back-
scatter, a few samples were selected from water and  
non-water classes, and their statistical mean and standard 
deviation parameters were computed for 0

HH ,σ  0
HVσ  and 

0 0
HH HV/σ σ  (Table 2). 

 Based on the above statistical analysis, a threshold of  
–8 dB in HH polarization and –20 dB in HV polarization 
was chosen, and pixels less than both the threshold values 
were assigned as water pixels and the rest as a non-water 
feature. The classified binary output was subjected to 

morphological operations to fill the gaps. The permanent 
water body was masked to obtain a more reliable flood 
inundated area. 

Accuracy assessment approach 

As the flood event occurred at a larger spatial scale, i.e. at 
many locations in Kerala, it is difficult to validate a  
larger region due to resource constraints. So, a small site, 
as shown in Figure 1, which was heavily affected by the 
flood, was chosen for accuracy assessment. The valida-
tion data were collected in the third week of August 2018 
after the heavy rainfall. Hence, the result obtained from 
the SAR image acquired on 21 August 2018 was utilized 
in the accuracy assessment. Validation points were  
collected from the flood-affected area, and the informa-
tion was used for digitizing flood-area polygons manually. 
The polygon vector was rasterized with the same spatial 
resolution of the SAR image with flood and non-flood 
classes. Different performance indices exist to assess the 
flood mapping accuracy, such as overall accuracy33, 
probability of detection (POD), false alarm rate (FAR)39 
and consistent rate40. Many of these performance indices 
are derived based on the number of pixels detected as 
flood/non-flood by the algorithm and ground truth data 
(Table 3). 
 Producer’s (PA), user’s (UA) and overall (OA) accura-
cies are the widely used measures for either a multi-class 
or binary class categorization problem. The accuracies of 
non-flood and flood classes are derived as follows 
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Table 2. Statistical analysis of ALOS-2/PALSAR-2 SAR backscatter

 σ0
HH σ0

HV 
 

Parameters Water Non-water Water Non-water 
 

Mean –18.26 –2.74 –30.9 –10.87 
Standard deviation 2.08 3.99 1.52 3.15 

 
 

Table 3. Flood mapping performance metrics 

  Validation data 
 

  Flood Non-flood 
 

Rule-based output Flood 4920 (A) 1010 (C) 
 Non-flood 10113 (B) 58435 (D) 
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Figure 4. Trend showing VV and VH polarization mean backscatter and standard deviation for waterbodies, urban areas and other features.
 
 

 
Figure 5. Time-series Sentinel-1-based inundation mapping. (a–d)
Inundation maps derived using dual polarization Sentinel-1 SAR data.
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where f and nf in eq. (1) denote flood and non-flood class. 
High PAf denotes low overestimation and vice versa, and 
the same rationale holds for UAf. However, in the flood 
mapping approach, the non-flood class is quantitatively 
larger than the flood class6,41. This would result in overall 
accuracy overestimation due to its sensitivity to the size 
of the non-flood class. Whereas CSI42 does not consider 
truly classified non-flood pixels to be reliable in the flood 

mapping accuracy assessment approach. Also, Cohen’s 
kappa coefficient (κ) is derived for measuring the reliability 
between ground truth and algorithm output43,44. In this 
study, we have derived all the above-mentioned indices. 

Results 

The radar backscatter trend for different land features was 
analysed, and the results of water inundation mapping by 
single-date and multi-date-based SAR techniques have been 
demonstrated. Test polygons were selected from the image 
for permanent water areas, urban regions and other land-use 
features. The test polygons were categorized as water,  
urban and other classes for statistical analysis (Figure 4). 
 Due to the strong double-bounce effect from an urban 
area, a relatively high backscatter was observed in co-pol 
(VV) than cross-pol (VH). Whereas due to specular  
reflection from water bodies very low backscatter was 
observed in both VV and VH polarizations. In VV polari-
zation, the backscatter values for urban and water classes 
ranged from –0.9 to 0 dB and –21 to –18 dB respectively. 
In VH polarization, it varied from –9.8 to –9 dB and –24 
to –22 dB respectively. 

Multi-date Sentinel-1-based flood inundation  
mapping 

Sentinel-1 dual-pol (VV/VH) data were used in inunda-
tion mapping by applying the rule-based algorithm and 
time-series inundation maps were generated. Though the 
water pixels were further delineated into the pre-existing 
inundated area and freshly inundated area, both the water 
classes were combined to estimate the total flood-
inundated area. The pre-existing inundated area does not 
include permanent water bodies because the Sentinel-1 
GRD product has an in-built water mask, eliminating the 
permanent water bodies. Hence in this study the perma-
nent water bodies were masked in order to estimate the 
flood-inundated area. Figure 5 shows the inundated area 
before, during and after the floods. The red colour depicts 
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the inundated region, and the blue colour shows perma-
nent water bodies. 

Single-date ALOS-2/PALSAR-2 flood inundation  
mapping 

From the single ALOS-2/PALSAR-2 SAR data, the radar 
backscatter values of 0

HHσ  and 0
HVσ  were used to deli-

neate water and non-water pixels. Based on the backscatter 
analysis of test polygons on ALOS-2/PALSAR-2 back-
scatter imagery, a simple rule-based classifier was devel-
oped to delineate water and non-water pixels. In this 
single-date flood inundation map, the results obtained do 
not cover the entire study area (Figure 6). 
 The flood event occurred following excess rainfall 
event from 15 to 17 August 2018 (Table 1). No Sentinel-
1 imagery was available immediately during the flood 
event, which resulted in a gap in the flood inundation 
analysis. The single ALOS-2/PALSAR-2 dual-polarization 
data acquired on 17 August 2018 were used to fill the gap 
in flood inundation mapping of the Sentinel-1 time series. 
As discussed earlier, the ALOS-2 swath does not cover 
the entire study area; the results obtained were clipped to 
the ALOS-2 swath extent. To maintain consistency, the 
spatial extent of ALOS-2 results were confined to the  
same spatial extent of Sentinel-1 for further analysis.  
 
 

 
 

Figure 6. Flood inundation region shown in red colour mapped using
single-date dual-pol ALOS-2/PALSAR-2 data on 17 August 2018.
(Inset) RGB composite of ALOS-2/PALSAR-2 image with red band
assigned to HH polarization, green band to HV polarization and
HH/HH ratio assigned to blue band. 

Table 4 gives the change in inundated regions for the 
gap-filled time series. The table also clearly shows the 
increase in inundated regions following heavy rainfall  
between 15 and 17 August 2018. The increase in the inun-
dated area during July was due to the rainfall event on 16 
July 2018 (ref. 38). 

Accuracy assessment 

The accuracy assessment was performed as described ear-
lier. The permanent water body pixels were excluded 
while calculating the indices. UAf and UAnf values were 
97.9% and 85.2% respectively, indicating that the flood 
area generated by the RGB method matches with ground 
truth data (Table 5). The OA, CSI and κ values were 
90.6%, 81.6% and 81.2% respectively, indicating a close 
match to the reference data. 

Discussion 

Multiple torrential rainfall events in Kerala have caused 
sudden flood events in eight out of 14 districts of the 
state. In this study two districts were chosen and the  
inundation area was mapped before and after the flood 
event. The study area is peculiar since it has perennial  
inundated regions due to either the spill from Vembanad 
lake or agricultural activities. This study analysed the  
potential of Sentinel-1 dual-pol temporal data to map and 
differentiate permanently inundated and freshly inundated 
areas. The flood inundation mapped using L-band ALOS-
2/PALSAR-2 dual-pol data was used to fill the gap  
between 9 and 21 August when the flood was at its peak. 
 
Table 4. Flood inundation area estimated by different SAR-based 
techniques (analysis done for ALOS-2/Sentinel-1 common area covering
  part of the study area only) 

 Inundation area (sq. km) 
 

Parameters Dual-pol Sentinel-1 ALOS-2/PALSAR-2
 

22 June 2018 304.6 – 
16 July 2018  326.41 – 
28 July 2018  303.63 – 
9 August 2018  246.47 – 
17 August 2018 – 363.82 
21 August 2018  336.48 – 
27 August 2018  336.09 – 
2 September 2018  284.34 – 

 
Table 5. Performance metrics for the validation site 

 Rule-based method (%) 
 

Producer accuracy – flood class (PAf) 82.90 
Producer accuracy – non-flood class (PAnf) 98.30 
User accuracy – flood class (UAf) 97.90 
User accuracy – non-flood class (UAnf) 85.20 
Overall accuracy (OA) 90.60 
Critical success index (CSI) 81.60 
Kappa coefficient 81.27 
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Figure 7. Graph showing inundated area estimated by RGB-based method. The light pink colour 
depicts RGB-based estimate and grey-coloured bar shows the validation data of the Central Water 
Commission (2018). Line plots show rainfall data for Kottayam and Alappuzha districts, Kerala. 

 
 

 
 

Figure 8. Change map showing the occurrence of flood inundation using RGB composite from 
dual-pol based inundation maps. Red band is assigned to 9 August, green band to 21 August and 
blue band to 27 August 2018. 
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Figure 9. Change map showing recession of flood inundation using RGB composite from dual-pol based inun-
dation maps. Red band is assigned to 21 August, green band to 27 August and blue band to 2 September 2018. 

 
 
Table 6. Occurrence and recession of flood – RGB composite inputs

Band Change map 1 Change map 2 
 

Red 9 August 2018 21 August 18 
Green 21 August 18 27 August 18 
Blue 27 August 2018 2 September 2018 
 

Figure 7 shows the change in the inundated area esti-
mated by the techniques and the rainfall data38 of the total 
study area. 
 The inundation area increased swiftly after the increase 
in rainfall on 16 July and 21 August 2018. On 16 July 
2018, there was torrential rainfall in Kottayam (more than 
450 mm) whereas Alappuzha had comparatively less 
rainfall (290 mm). Though the rainfall was more, the  
inundation area did not increase due to the reservoirs 
built across rivers such as Pamba and Kakki, and a spill-
way built across the rivers Manimala, Meenachil and 
Achenkovil, all of which drain into Vembanad lake and 
then into the Arabian sea. This led to a slight increase in 

inundation area despite the study area experiencing a 
couple of heavy rainfall events45. 
 After the rainfall during 15–17 August 2018, the flood 
event resulted in about 402.2 sq. km of inundated area. 
The combined effect of heavy rainfall in both Kottayam 
and Alappuzha districts and the simultaneous opening  
of reservoirs (reservoir outflow during the flood event  
accessed from the Central Water Commission (CWC)  
report44) caused higher inflow of water to the Vembanad 
lake area. Due to the land-use change pattern of the lake, 
it was reported that its carrying capacity to hold water  
inflow had reduced from 1.63 to only 0.63 billion cubic 
metres (BCM) (ref. 44). All these factors contributed to 
the devastating flood event that occurred from 15 August 
to 27 August 2018. Figure 7 indicates that the grey bar 
showing 480 sq. km was the inundated area estimated for 
Kottayam and Alappuzha after the flood event by the 
CWC report44. This estimate was used as the secondary 
data validation for the present study. The RGB-based  
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inundation mapping algorithm had estimated an area of 
about 402.22 sq. km on 21 August 2018. The graph also 
shows a decrease in the inundation area as the inundated 
region started draining after 21 August 2018 in the RGB-
based estimate. 
 The increasing and receding flood pattern is shown  
using an RGB composite of the time series. The inputs 
for the RGB composite for flood occurrence (change map 
1) and its recession (change map 2) were the RGB-
derived inundation maps (Table 6). 
 The inundation inputs from each period contribute to 
the difference in colour for both RGB composites. In case 
of increasing flood pattern shown in change map 1  
(Figure 8), the pixels inundated throughout the time  
series are shown in white colour. The absence of red  
colour clearly indicates that the region has been flooded 
after 9 August 2018. Regions which are green in colour 
are those that were flooded during the event and receded 
before 27 August 2018. In contrast, the regions in cyan 
colour have been inundated from the flood event till 27 
August with respect to the RGB composite analysis. The 
pixels representing yellow colour highlight the flooded 
regions on both 9 and 21 August 2018. Few magenta and 
blue pixels indicate the region was inundated before and 
after the flood event, the reason for which is unclear. 
 The recession in the flood inundated area is shown in 
change map 2 (Figure 9). The red coloured region indi-
cates areas flooded on 21 August and drained thereafter. 
White colour shows areas being inundated from 21  
August to 2 September 2018. While yellow colour depicts 
floods during 21 August and 27 August 2018, that had 
drained thereafter. 
 The accuracy assessment performed using indices 
based on ground truth showed considerably high overall 
accuracy than CSI. The value of CSI that describes flood 
class alone is promising considering implementing rule-
based thresholding for flood mapping. The CSI and κ 
values are almost similar, whereas the difference between 
CSI and OA is majorly attributed to misclassification that 
occurred in the non-flood class. The study can be further 
explored by integrating the satellite-derived flood maps 
with hydrologic and hydrodynamic modelling. 

Conclusion 

With the launch of the Sentinel-1 SAR satellite, the  
potential utility of freely available SAR data for various 
applications has increased primarily due to the availabi-
lity of large time-series SAR data. The mapping of large 
spatial regions affected by natural disasters such as floods 
is essential for targeted relief efforts. This study explores 
the utility of dual-pol SAR data for accurate flood inun-
dated mapping using simple techniques. It demonstrates 
flood-inundated mapping capabilities for various datasets 
acquired on single and multi-temporal dates. The study 
highlights using a rule-based classifier in case of availa-

bility of pre-flood images where an RGB image is formed 
by pre- and post-flood images. It also demonstrates  
the flood inundation mapping of regions without any  
pre-flood imagery. The dual-pol single-pass ALOS-2/ 
PALSAR-2 can provide efficient flood maps. Nonethe-
less, the freely available Sentinel-1 imagery has the max-
imum potential utility for inundation area mapping and 
change detection monitoring due to its reliable 12-day  
repeat-pass orbit. The results show that a considerable 
accuracy of 81.6% (CSI) is achieved with the rule-based 
classification technique. Simple and concise maps were 
generated to understand the progression and retreat of the 
flood event by combining the results obtained from multi-
temporal images. This approach is scalable and can be 
applied to any other flood events. This study demon-
strates the ability of simple SAR techniques for the gen-
eration of reliable flood inundation maps at a relatively 
high temporal resolution. It can be extended further by 
developing automatic flood-inundated mapping tech-
niques using Sentinel-1 time series data on cloud compu-
ting platforms such as Google Earth Engine. 
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