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ABSTRACT

A research study was conducted for mapping and estimation of water spread area using Sentinel-1A satellite
data in Manamelkudi block of Pudukkottai district. The most important aspect of water resource planning
and management is mapping and regular monitoring of surface water bodies. Remote sensing has become
most widely used method for measuring and monitoring of waterbody dynamics due its temporal and
spatial availability. European Space Agency’s Sentinel-1A data provides high quality SAR data which is
used widely used for its ability to penetrate through clouds and illumination independence. The acquired
satellite data is processed using SNAP Software. The Water spread area was derived from the processed
data using Thresholding approach. The back-scattering values generated through pre-processing in decibel
ranges from -7.072 to -29.39 for August 2020 (Pre-Monsoon), -6.189 to -26.634 for December 2020 (Post-
Monsoon) and -7.582 to -30.387 for April 2021(Summer). The water spread area in selected 15 Tanks were
52.461 ha, 386.74 ha and 299.41 ha on 17th August 2020, 15th December 2020 and 14th April 2021 respectively.
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Introduction

Water is the main constituent of earth’s atmosphere
which is vital for foundation of life and essential for
most of living organisms. Water covers about 70% of
earth’s atmosphere in the forms of rivers, ponds,
seas, oceans, etc., Surface waterbodies like rivers,
ponds, lakes, channels, reservoirs and dams play an
important role in socioeconomic development and

environmental balance, and irreplaceable natural
resources for humans’ life and development which
includes agricultural, industrial, household, recre-
ational and environmental activities (Song et al.,
2016; Pekel et al., 2016). Water is a critical input for
agricultural production and plays an important role
in food security. Management of water resources
involves building of dams or reservoirs around riv-
ers for constructing storages and regulating flows.
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The most important aspect of water resource plan-
ning and management is mapping and regular
monitoring of water bodies at river basins/sub ba-
sins, lakes, ponds, etc., (Yun et al., 2016).

The conventional methods of calculating water
spread usually involves in field survey, which is
costly, time-consuming method, require consider-
able man power and sophisticated instruments. To
overcome this problem satellite data is used. In the
past decades, numerous satellite sensors capable of
monitoring waterbody dynamics were launched.
Remote sensing has become most widely used
method measuring and monitoring of waterbody
dynamics for its timing and accuracy (Dumitru et al.,
2015 and Garcia-Pintado et al., 2015). Both Optical
and Microwave sensors are used for surface water
studies. Optical remote sensing can also be used in
monitoring of changes in water surface areas due to
its availability. Even though, Optical satellite sensors
are affected by cloud cover and cannot provide data
during night time which cannot be effective.

Satellite-based SAR (Synthetic Aperture Radar)
data is widely used in surface water studies because
of its all-weather (Chen et al., 2020), day-and-night
sensing capabilities and the ability to detect inun-
dated areas covered by vegetation. Sentinel-1A SAR
Ground Range Detected (GRD) in VV polarization is
commonly used  for its high resolution (10m) and
greater accuracy in surface water monitoring  (Èotar
et al., 2016 and Pham et al., 2017).

 Several methods have been proven effective for
in  monitoring of waterbody and  mapping, includ-
ing thresholding (McFeeters et al., 1996), supervised
/ unsupervised classification (Lu et al.,2007),  Deci-
sion tree method (Chen et al., 2015), Image segmen-
tation (Jiang et al., 2014), Fuzzy classification ( Mar-
tinis et al., 2015) and deep learning (Bonafilia et al.,
2020). Thresholding techniques on SAR images for
surface water mapping are simple and extensively
used method  since it has greater efficiency,
computationally less time-consuming and effective-
ness ( Gstaiger et al., 2012;) Kuenzer et al., 2013).

Materials and Methods

Study area

South Vellar sub-basin is one of main tributary of
Agniyar River Basin with total area of 2010 sq.km. It
is bounde by Agniar and Ambuliyar sub basin in the
North, Bay of Bengal in East, Velamalai hills and
Cauvery basin in West and Pambar basin in South.

The sub-basin covers about an area of 2034 km2

mostly in the districts of Tiruchirappalli and
Pudukkottai. It flows for a distance of 137 kilometres
from its origin and drains into Bay of Bengal near
Manamelkudi taluk of Pudukkottai district.
Manamelkudi blocks of Pudukkottai District was
selected as study area which has a 15 no. of water
storage tanks (Table .1) with total tank area of
1918.635 hectares. The study area map is shown in
Fig. .1

Satellite data

In this research Sentinel-1A SAR C-Band
(5.405GHz) GRD was used collected from ESA (Eu-

Table 1. List of Water storage tanks

Tank Name Total Area (In ha)

Namargur Eri 62.932
Thinnayakudi Eri 62.793
Athambur And Vinaitheeratha Eri 142.867
Thalaikottai Eri 43.259
Edayathimangalam Eri 195.462
Ollanur Eri 105.534
Mumbalai Eri 60.68
Keeranur And Vellur Eri 285.11
Thandalai Kanmoi 60.68
Keelakuruchi Kanmoi 41.329
Nelvali_Kanmoi 73.493
Manamelkudi Kanmoi 150.363
Vichur Kanmoi 171.563
Kodikulam Eri 191.157
Manjakudi Kanmoi 271.413
Total Area 1918.635

ropean Space Agency)’s Sentinel Scientific Data Hub
(https://scihub.copernicus.eu/) in Interferometric
Wide Swath (IW) Mode. It has dual polarization ca-
pacity (HH+HV & VV+VH) with a spatial resolu-
tion of 5m*20m, swath of 250 Km and temporal reso-
lution of 6- 12 days. Previous research findings show
that VV polarized data provides significantly
greater accuracy than VH polarized data in
analysing surface water  Clement et al., 2017). Three
datasets with interval of 4 months viz. August 2020,
December 2020 and April 2021 were taken. The Sen-
tinel 1A SAR data was downloaded from
Copernicus Open Access Hub (Fig. 2.).  The down-
loaded image optimized through series of process-
ing techniques (Fig..3).

The pre-processing of Sentinel 1A

The pre-processing was done with SNAP software
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Fig. 1. Location of Water Tanks in Manamelkudi block of Pudukkottai district

Fig. 2. Overview of Sentinel 1A data acquisition of study area

developed by European space Agency (ESA). The
thermal noise in SAR data affects the quality of the
image which is removed by S-1 thermal noise re-
moval. Then a precise orbit file was applied, which
provides accurate satellite position and velocity in-
formation. Radiometric calibration is important pro-
cess in SAR image for quantitative analysis and è0 to

db. (decibels) were created. Range Doppler Terrain
was done to improve geolocation accuracy using
SRTM (Shuttle Radar Topography Mission). Then
Lee’s speckle filter with 7*7 window size (Wu et al.,
2015; Amitrano et al., 2014) was applied to remove
speckle noises in SAR image and improve image
quality.
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Thresholding

Various studies applied thresholding value on SAR
data in water detection (Tavus et al., 2018; Liang et
al., 2019). Thresholding techniques on SAR images
extensively used method due of their efficiency and
computationally less time-consuming. Here, histo-
gram thresholding method is used for detection of
water from non-water area (Schumann et al., 2009;
Pulvirenti et al., 2011). The water area maps have
been generated using histogram thresholding.

Results and Discussion

Synthetic Aperture Radar satellite data were down-
loaded in August 2020, December 2020 and April
2021.The download data were pre-processed using
SNAP software. The back-scattering values gener-
ated through pre-processing in decibel ranges from
5.072 to -29.39 for August 2020, 6.189 to -26.634 for

December 2020 and 4.582 to -30.387 for April 2021.
Lower (Darker tone) backscattering values corre-
sponds to water pixels while higher (brighter tone)
backscattering values corresponds to constructions
and settlements. The Intermediate backscatter val-
ues corresponds to vegetation, bare land and dry
soils.

Water body area estimation

The thresholding method (histogram thresholding)
is commonly used simple and most effective method
in generating binary images. The threshold value is
derived empirically through manual method (hu-
man operator). The db. (decibel) values derived
through histogram thresholding were -20 for August
2020, -19 for December 2020 and -21 for April 2021
which used in estimating and mapping of water
spread area in tanks. The total water spread area in
Water tanks is estimated as 69.57 hectares in August
2020 Fig.3 (a), 386.74 hectares in December 2020
Fig.3.2. (b) and 299.41 hectares in April 2021 Fig..2.
(c) is shown in Table.1. The water spread in Decem-
ber is high due to North-East monsoon season and
low in August due to post-summer season and it
does not receive rainfall in South-West monsoon.
The previous studies include Huang et al. (2018) and
Tavus et al. (2018) also used Thresholding approach
for mapping of surface water found effective.

Major difference in water spread area observed in
Namargur Eri which was completely dry in August
2020, 20 ha water spread in December and 12 ha in
April 2021. Manjakudi Kanmoi has highest water
spread in August 2020 than December 2020 and

Fig. 3. Methodology for Mapping of Water Spread Area.

Fig. 3. Water Spread Area Map - (a) August 2020 (b) December 2020 and (c) April 2021
(a) (b) (c)
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April 2021. Keeranur And Vellur Eri has water
spread in December 2020 and April 2021 than Au-
gust 2020.

Conclusion

The Thresholding method using Sentinel-1A SAR
were used to estimate the water spread area in
Manamelkudi block of south velar sub-basin with
SNAP software was found to be effective and it con-
firms that water spread area can be estimated and
monitored. The estimated total water spread area in
December 2020 is 386.74 hectares, August 2020 is
69.57 hectares and 299.41 hectares in April 2021.
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